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The Expression of the Heads’ Leadership in the Activity of the Administration of
District Municipality
Rūta Adamonienė, Rūta Čiutienė

Kaunas University of Technology, Lithuania
Abstract
Today, the public sector is faced with very high demands. The leadership plays important role as in business sector. The managers of public
sector organizations need to develop leadership abilities. This paper examines the expression of leadership in administration of district municipality
issue. Peculiarities and features of leadership of public sector managers were the empirically researched in the district municipal administration selected
at random. Leadership features were assessed in terms of employees and managers. Analysis of the research results showed the biggest need for
employees in the fields of stress management and motivation.

Introduction
Today‘s public sector is suffering transformations that are not of less importance than in those private sector.
Budgets are decreasing and requirements of citizens, organizations and authorities are increasing. Society requires the
indices of efficiency, activity changes, improving activity of institutions of public sector (Puškorius, Raipa, 2002). Besides,
in terms of leadership the public sector is showing more resemblance to business sector. It is usual to relate leadership
expression and business sector. Under the circumstances of activity of modern organizations the leadership becomes not
of less importance in public sector as well (Gill, R., 2009).
Presentation of qualitative services is impossible without a proper attention of organization. In this process the
most important role falls on the leaders and they are the only persons responsible for the organization comprehensively.
In conditions of modern economics one of the most important factors is ability of the manager to make some
decisions useful to welfare of the company. But the skills of management are not enough in this place. That means that not
only inter-reliance and support are needed but also an expression of features of manager as leader, competency and ability
of manager-leader to use modern methods of management in order to improve enterprise’s activity as well.
Admission and placement of managers and employees in organizations of public sector are strictly regulated by the
law of civil service of Lithuanian Republic and other post legislative deeds. In absentia of universal model describing the
manager-leader, in theoretical point of view it would be relevant to study the notions describing the leadership and their
meaning, to analyze principles of management – leadership, to distinguish the main features, abilities, characteristics of
the manager-leader and to describe his role in improvement of activity of the organization.
Usually the managers of public sector are striving for coordination of citizens’ needs with political goals and
objectives of parts interested. Activity of the managers is being evaluated according to their perception who are the users
of services of their institution, what are their requirements and how could they be coordinated with political attitude
without infringing on interests of clients/citizens or other participants.
It is important to every organization in public sector to determine directly the results of satisfaction of employees
related to the available image of the organization and its mission, work environment, organization’s systems of management
and administration and management, career, development of personal skills and products and services provided by
the organization. Usually the organizations in striving to determine if their employees are satisfied are arranging their
questioning, but another or additional methods can be used (for example, studies of purposive groups). The organizations
also have a lot of inner indices according to which they can evaluate what results are reached in aspects of organization’s
employees’ satisfaction, activity, skills development, motivation and participation in organization’s life.
Ymmarrino J.F. and Dansereau F. (2008) emphasize that leadership needs followers. The leadership is impossible
without the followers. In the leadership an inter-dependence is evolving between leaders and followers. Shamir B. (2011)
states that „leadership takes time“. During the certain period the followers may react to characteristics of the leader
positively and to become accustomed to them. Then the risk evolves that the usual characteristics of the leader are not
working or are not giving sufficient effect. Maintaining of leaders and followers relationship requires certain characteristics
of leadership. Studying the aspects of the leadership often difficulties evolve how to distinguish correctly activities of
leadership and not leadership and what changes in organization are related to successful expression of leadership in
organization (Crevani, L. et al., 2010; Raelin, J. 2011).
Goal of research: to research a phenomenon of leadership in administration of district municipality.
Object of research: expression of leadership of managers in organizations of public sector.
Methods of research: analysis and synthesis of literature, induction and deduction, analysis of secondary data,
questionnaire, systematization, comparison, summation of data and methods of graphic representation.
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Theoretical aspects of expression of leadership of managers
Despite the proportionally increasing number of studies on leadership, it is still important to determine what it is,
without paying attention to the fact that it could be learned or to forecast the importance of leadership. In this context the
leadership is limited by two meanings: first, our understanding is limited even if our information is apparently unlimited;
second, despite all claims to the leaders how to solve all problems it is emphasized that the role of individual leaders is
very limited even when the meaning of the leadership cannot be unevaluated (Grint, 2005).
According to John Sculley, the leadership turns around the vision, ideas, and directions, and is related rather to
inspiration of people, determination of direction and goals than to daily activity and implementation of plans. The leader
has to manage more than simply to use or increase own possibilities. He has to inspire other people to perform jobs instead
of controlling the people according to the laundry list. The author mentioned describes the leadership as self-confidence,
possession of vision well comprehensible to others, development of trust between colleagues and efficient actions that help
implementing own potential of leader as well (Bennis, 1989). Sternberg R.J. (2008) pointed that the synthesis wisdom,
intelligence and creativity lead to leadership success.
Analyzing where the power of leaders is laying perdue, the literature speaks of strategy, vision or great ideas
(Goleman et al., 2007). The leadership is an ability creating the value of non material resources (Ulrich and Brockbank,
2007). There are a lot of conceptions of the leadership and every one of them is correct in own way. Another definition of the
leadership term indicates that leadership is diversion of group members’ activity needed to perform the task and process of
leader’s effect to them when: leadership involves others – employees and followers; means unequal distribution of power
(strength) between the leader and group members; is an ability to use different forms of power by affecting behavior of
own followers in different ways; related to valuables (Stoner, 1999).
Distinguishing principles of the manager and the leader it is not difficult to notice that the manager’s expectations
are here and now and those of the leader are in the future. In other words, the second is looking not only more widely
but more further as well. According to references of Masiulis and Sudnickas (2008) the use of the principles allows
subjectively evaluation whether supposed manager is only the manager or the manager-leader.
According to Masiulis&Sudnickas (2008), the leadership and the management are very different methods of people
organizing based on different principles (Table 1). Inspiration, passion, emotions specific to the leader are opposite of
the managers rationality, formality organization. The task of the manager is to perform a mission of the organization by
concentrating to the main management functions and to ensure an efficient work by emphasizing control, and the task of
the leader is to create an environment where individuals or teams are taking incentives themselves in order the vision of
the organization to be implemented.
Table 1. Principles of management and leadership (Masiulis&Sudnickas, 2008)
Manager
Ensures activity standards
Determines procedures and systems allowing efficient activity
Successfully solves the problems evolved
Uses the experience of past
Takes actions
Determines clear evaluable goals

Leader
Determines big expectations
Determines valuables and principles allowing better
understanding of priorities
Searches for possibilities to reach the goal
Prepares to solve the future problems
Takes a look from new different perspectives
Foresees future demands

Referring to Hernez-Broome (2002), the leadership style in the management context usually is a way of leader’s
behavior with subordinates in order to influence them and to encourage their desire to fight for the goals of organization.
The level of authority, types of authority, relation to subordinates or production only - all these factors are reflecting the
management style of the manager-leader. As every manager is an unique person it is very complicated to assign a certain
manager to a certain style despite many different classifications of theoretical management styles. Management styles
and personality of the leader have to be independently related to success of organization, i.e. organizational culture.
Differences between the manager and the leader show that the leaders could be the people not only performing
a certain job or playing certain role. Any employee from the lowest to the highest rank can be a leader. The leaders are
contributing very mush to efficiency of organization’s activity.
Analyzing features of good leader it is important to understand that the leadership is not a certain science but an art to be
a student, proficient and reaching for perfection. The leadership as well as the features of leadership are depending on the
person. Jogulu U.D. (2010) emphasizes that leadership behavior is strongly affected by cultural context as well. Cultural
standards and beliefs of different societies are determining people’s perception of working place and expectations.
However there are some specific topics that can be found in many lists of leadership experts. The features have to
be described not as separate constituents bus as a part of integrated integer. In other words, there is a significant overlap
and many descriptions could be applied to more than one feature (Drouillard, Kleiner, 1996). The following essential
features of the leader are being distinguished (Drouillard, Kleiner, 1996; Levine, Crom, 2003): communicativeness,
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honesty, sincere interest in others, striving for awards and acknowledgements, orientation towards the team, having clear
imagination and ideas, decisiveness and responsibility, competence.
According to Boyatzis and McKee (2006), the leader is an emotional manager of the group. If he will be able to
encourage an enthusiasm of the people, the work results will increase significantly, if he will provoke an annoyance and
worries of the people, they will be unsettled. This shows one more important aspect of primal leadership: it is not limited
by persuasion that work is done well and substitutes desire to get in touch with the manager. In order the leadership would
be useful to everyone the manager undoubtedly has to be lettered emotionally, i.e. to be able to manage himself and
relationship with people.
Stogdill (1974) analyzed the results of 124 studies on leader features performed in 1904-1948, and made a conclusion
often cited lately that „the person does not become the leader because he is characterized by a certain combination of
features “. Having improved the methodology of his research in 1974 Stogdill already reviewed 163 studies on leader
features performed in 1949-1974. This time he stated that certain features are increasing a possibility that the person
characterized by these features can become a successful leader (Table 2).
Table 2. Features and abilities typical to efficient leadership (Stogdill, 1974)
Features

Abilities

Adaptation to the situation
Vigilance in respect of social environment
Ambitiousness and orientation towards achievements
Self-entrenchment
Tendency towards cooperation
Decisiveness
Reliability
Tendency towards domination (striving to influence others)
Energy
Obstinacy
Self-trust
Stress toleration
Desire to take responsibility

Intellectual abilities
Conceptual thinking
Creativity
Discretion and diplomacy
Eloquence
Perception of tasks given to group
Organization
Ability to convince others
Sociability

Analyzing these features and abilities of the leadership it could be stated that the features are difficult to be learned
and they emerge from inside the person, and abilities are being obtained through experience and they could be learned.
Every manager-leader is obtaining certain characteristics on which leadership style and manners depend. It depends
not only on genes, our race or nationality, gender but also on a surrounding environment: culture, education, influence
of parents, etc. Personal features are being developed through the personality itself, abilities and skills and valuables
(Nahavandi, 2006).
Currie and et al (2009) highlighted the importance of leadership for institutional changes in public sector. The
governments should force behavioral changes and institutional context in leadership in public sector. Goals – oriented
leadership have be imbued with Professional values but not only promoted by government policy. Besides, for successful
realization of the leadership in the organizations of public sector the aspects of organization’s culture, leadership and
socialization are important.
Modern leaders are required to have the traditional features such as integrity, perspicacity, courage and they also
could be expected to have a vision, will take a risk and will be able to make strategic decisions (Čyžiūtė, 2009). As
Alio (2009) states the leader has to have not only the features suitable to leadership but also the competency allowing
qualitative realization of leadership tasks.
Therefore although concept and features of leadership are being analyzed for few centuries, it’s not revealed to the
end. The essential ability of the leader is to communicate and also to be honest, sincere, to be able to oriented not only to
the tasks but to employees as well, to have clear and realizable visions, to be competent and able to take responsibility.
In summarizing, it could be stated that the role of the manager-leader in organization of public sector is related to
the ability to manage and to adjust to the changes not only inside organization but outside also well, to cooperation and
ability to work in team, to making of quick, risky decisions and taking responsibility for the tasks given, to correct use of
own abilities and those of substitutes, to increase own competence constantly and encourage the substitutes to improve,
to look creatively towards own activity and to motivate himself and others.
Research results
Research methodology. The research was performed in the municipal administration of the district selected at
random. The questionnaires were prepared to the employees and the managers for this research. In order to ensure the
reliability of the research results, 25 respondents - managers and 115 respondents - employees were interviewed. The
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extent of the research was determined with reference to Paniott (1986) formula. During the preparation of questions for
the questionnaires such principles were taken for the base as clearness, unequivocality and reliability. In order to save the
time of the respondents almost all questions were close. Because the specific of activity and the people differ in every
organization those characteristics (features) of the manager-leader were selected that best fit the specific of the activity of
public sector organizations.
By performing the questionnaire of the managers and the employees of municipal administration of the district
analyzed the striving was to determine the leadership style, orientation, dominating features and the main leadership
features of administration managers.
The work experience of the employees of district municipal administration researched who participated
questioning and where the women are amounting 78,57 percent and the men are amounting 21,43 percent, therefore
these respondents could be called experts: experience of 57,14 percent of respondents in organization is more than
5 years, 28,57 percent are working from 1 to 5 years. The experience of the managers interviewed is sufficient,
directly related to municipal policy.
Peculiarities of leadership of municipal administration managers. During the research it was determined that (Fig.
1), the strongest features of the managers are responsibility (100 percent), competence (100 percent), cooperation (90
percent) and communicability (80 percent). Many of the managers interviewed also emphasized the diligence, iniciativity
and honesty (each 70 percent). Whereas the municipal employees interviewed are evaluating their direct manager
differently. According to their the opinion managers are less tended for cooperation (50 percent) and communication
(58,3 percent), but are fair enough (58,3 percent), organized and self-confident (each 66,7 percent).

Figure 1. Dominating features of managers of district municipal administration, in percent

After evaluation of dominating features emphasized by the managers and comparison of the evaluations to the
opinion of the employees big differences appeared in some cases (Fig.2).
The biggest deviation (-67) was calculated beside the feature of strictness: no one of the manager interviewed
think they are strict whereas even 67 percent of the employees suppose their managers are characterized by strictness.
According to the statements of the employees interviewed very different from those of the managers, their direct managers
are characterized by domination (42 percent), suggestibility, decisiveness and striving for the power (each 25 percent).
It should be emphasized that the managers of administration were better evaluated for understanding of collective
needs (deviation +30) and carefulness (deviation +23). Whereas managers’ creativity (deviation -43), motivation
(deviation -40), initiativity (deviation -37) and team work (deviation -32) were evaluated worse.
Comparison on dominating and desirable features of the managers of analyzed district municipal administration
allows determining directions of development of managers of administration in striving for the leadership (Fig. 3).
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Figure 2. Differences of opinion of managers and employees of district municipal administration in evaluation of dominating
features of managers, in percent

Figure 3. Comparison of the most desirable features of manager-leader to the existing ones, in percent

The research determined that in point of view of the employees, the managers are lacking the features of the leader
in the field of stress management (75 percent). Whereas only 10 percent of the managers participating the research stated
that they are able to manage the stress and no employee confirmed their statement. 40 percent of the managers are stating
that motivation is one of the most important features, whereas no employee interviewed indicated their manager has the
feature. Besides, the employees indicated the respect to subordinates (75 percent), rightness (66,67 percent) and tact and
ethical behavior (each 58,33 percent) as important features of the leader.
In summary it should be stated that the biggest attention by both the managers and the employees was given to
responsibility, competence, communicability and rightness, and the least was to loyalty, striving for power, imagination
and intuition.
The research results showed that part of the managers interviewed (40 percent) are trying to round up teams
because work could be done more efficient and rapidly in teams, but the bigger part of the managers (60 percent) are
rounding up teams only sometimes after evaluation of the situation and they do this reasonably because the activity
of public administrative organization, functions of subdivisions, duties of employees and decision making are strictly
regulated and not always the will of the managers is available.
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Conclusions
Theoretical and practical results of the research are stating that:
The leadership is an important function of the management in any level and especially in the highest level where
strategic vision and management of changes are the most important abilities required. The essential ability of the leader
is to communicate as well as to be honest, ingenuous, be able to orientation not only towards the tasks but the employees
as well, to have clear and implementable visions, to be competent and able to take responsibility. Changing environment
constantly requires new abilities, discovering and development of personal characteristics.
According to the data of empirical research, dominating features of district municipal administration managers
are responsibility, competency, cooperation and communicability. The most desirable features of district municipal
administration managers are help to employee, rightness, self-confidence and tact. The biggest need for employees in
district municipal administration was shown in the fields of stress management and motivation.
Analysis of the research results allow to state that the managers of the organization researched are evaluating
themselves as leaders better than their employees, who are watching those „leader“ features outside. The research results
also showed that the leadership style of such managers is oriented mostly towards the task than the employee, they are
more pernickety watching their subordinates – employees in order to be sure the task is being performed properly. For the
managers of municipal administration analyzed, the work performed is more important than professional development
and personal satisfaction of the employees.
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Abstract
Behavioural principle in finance is one of the most important making the financial analysis of farms, identifying the problems, choosing and
making timely financial decisions in order to prevent economic difficulties and financial distress. Average financial ratios according to farm size and
types of farming are important as guide for farmers how to manage short-term solvency, economic activity and long-term solvency. This paper presents
the research results on financial management in Lithuanian farms according to farm size and types of farming. Using these research results farmers
can identify how far they are from the moderate financial management towards conservative or aggressive financial management, and what kind of
difficulties can arise in both cases. Each farmer has the different attitude towards risk and return, and only the comparison of farm financial ratios with
average financial ratios confirms or rejects this attitude.
Key words: financial ratios, short-term solvency, long-term solvency, profitability, turnover, business and financial risk, farm size, types of
farming

Introduction
Behavioural principle in finance says: “when all else fails, look at what others are doing for guidance” and “let’s
try to use the information”. This information can be very various, and one type of information is average values for
financial ratios, as indicators of financial situation. If financial ratios of farms match average values or are close to it,
it is considered that manager or other decision-making personnel stands for moderate financial management approach.
Deviation from average values of ratios on one or the other way reflects conservative or aggressive financial management
approach. Agriculture as economic activity has very high business risk. Liberalization of farmers’ financial support
increased financial risk, because together with national support increases debt capital in capital structure. Under the
moderate financial management business and financial risk should be combined, i.e. the higher the business risk, the lower
should be financial risk.
Scientists economists pay attention to connection between direct payments and investments (Vercammen, 2007),
revenue-raising methods (Haagsma and Koning, 2005), the impact of interventional prices and direct payments to
uncertainty and risk of revenue (Sckokai and Moro, 2009), financial risk and default (Atwood and Buschena, 2003;
Jakusonoka, 2010). These are fragmentary surveys of farm viability and financial health, in many cases not forming
holistic approach to farm financial management.
The object of the research is financial ratios of Lithuanian farms. The aim of the research is to evaluate and compare
financial ratios in Lithuanian farms according to farm size and types of farming. The aim is implied by following tasks:
1) to develop the methodology for calculation of financial ratios; 2) to calculate average financial ratios in Lithuanian
farms according to farm size and types of farming; 3) to make comparative analysis of financial ratios in Lithuanian
farms according to farm size and types of farming; 4) to provide possible solutions of financial management according to
different situation of the farm. Research period – 2007-2009 years.
Research Methods
Agriculture is a specific economical activity. The methodology for calculating some of financial ratios is different
because of specific recognition of revenue, biological assets and subsidies.
The structure of assets is important when evaluating the solvency and the assets turnover of a farm. Traditionally assets
in the balance sheet are grouped into fixed and current. If assets during the activity change its form or if its value is lower
than the estimated value for fixed assets, those assets are treated as current. Usually current assets are used during one cycle
of an activity, and fixed assets transfer its value to costs through the depreciation. These are the main differences between
current and fixed assets. An additional type of assets in agriculture is biological assets. According to 17th Business Accounting
Standard “Biological assets”, these assets include plants and animals. It is grouped into crops, perennial plantations and animals.
According to the main differences of current and fixed assets, the perennial plantations and productive livestock should be
included into fixed assets, while crops and other livestock – into current assets (Alekneviciene, 2008). Some problems occur
because of livestock. If livestock is grown in less than one year, it should be treated as current assets. However, the breeding
livestock which is not intended for sale, but planned to be transfered to the productive herd, should be treated as fixed assets
(Alekneviciene, 2008). Under Farm Accountancy Data Network (FADN) all current assets provided in balance sheet, crops,
all financial assets and livestock with the exception of breeding animals are assigned to current assets. In order to determine
farm policy for assets financing, current assets need to be divided into permanent and temporary. Temporary current assets are
used to earn seasonal revenue (in agriculture – crop revenue). This classification may be carried out in various ways. One of the
way is to calculate the ratio of total output (without output crops) to total output. To produce gross production, excluding crops,
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permanent current assets are needed. According to moderate assets financing policy permanent current assets require long-term
sources of finance. If net working capital ratio is higher than the ratio mentioned, conservative assets financing policy is carried
out, otherwise – aggressive.
Turnover (assets usage effectiveness) ratios do not directly reveal the threat of short-term insolvency, economic
and financial difficulties, but fully facilitate or worsen these processes. Valladares and Flores (2005) indicate the following
turnover ratios: inventory turnover, accounts receivable turnover, accounts payable turnover, assets (current, fixed and
total) turnover.
Long-term solvency (capital structure, stability) ratios are maintained as indicators of financial difficulties.
Scientists calculate various ratios of long-term solvency. Valladares and Flores (2005) indicate these long-term solvency
ratios: gross debt ratio, debt to equity ratio, capital multiplier, long-term debt ratio and times interest earned ratio. Fosberg
ir Ghosh (2006) define capital structure by using gross debt ratio and debt to equity ratio. Eriotis, Vasiliou and VentouraNeokosmidi (2007) evaluate capital structure by using debt ratio and interest coverage ratio. Stability can also be evaluated
by using financial leverage which can be calculated as financial debt to equity ratio in assessment of financial leverage
effect, i.e. influence of financial risk on return on equity. Given the fact that any of the assets, liabilities, equity ratios show
the capital structure and financial risk, it is sufficient to calculate one of them – debt ratio. Next to it, as Eriotis, Vasiliou
and Ventouris-Neokosmidi (2007) indicate, it is appropriate to calculate the interest coverage ratio, which shows an ability
of a farm to cover its fixed financing costs.
Economical difficulties in the farm occur when investments become inefficient and the farm begins to work
unprofitably. Profitability is a proportion between profit and a certain company activity indicator, usually related to profit.
Profitability ratios are usually interpreted unambiguously: the higher profitability is, the better is the management of a
farm. Scientists present many various profitability ratios by dividing different types of profit by sales revenue, assets and
equity. Usually gross, net, assets and equity profitability ratios are calculated.
Gross profit margin is usually calculated as gross profit to sales revenue ratio. This ratio reflects the effectiveness
of company’s production operations (Martirosianiene, 2004). Traditionally gross profit is the difference between sales
revenue and the costs of sales. The vital difference between gross profit and gross production profit in farms is that latter
doesn’t include the depreciation as fixed costs of production. When calculating gross production profit margin, subsidies,
related to revenue, have to be added both to gross production profit and sales. If variables mentioned weren’t increased
by subsidies, related to revenue, gross profit margin would be misrepresented (Alekneviciene, 2008). In agriculture, as
economic activity, a significant business risk incurs because of the affect of natural-climatic and biological factors. While
having a high business risk, a farmer, who manages his finance moderately, will try to reduce financial risk. To evaluate
business risk an operating leverage degree is calculated, to evaluate financial risk – financial leverage degree, and to
evaluate total risk – total leverage degree. The operating leverage degree is calculated as:
EBITt − EBITt −1
EBITt −1
OLE =
St − St −1
St −1

here:

EBIT – earnings before interests and taxes; S – sales revenue plus subsidies, related to revenue;

(1)

t – years.

The financial leverage degree is calculated as:
ROEt − ROEt −1
ROEt −1
FLE =
EBITt − EBITt −1
EBITt −1

here:

(2)

ROE – return on equity.

Limitations of the research:
1) the sample of farms cover all districts, natural zones and reflect different farming conditions, but they can not
reflect both efficient and non-efficient farms;
2) fuel, electricity, contractual work is treated as fixed costs in FADN, so distorts operating leverage degree;
3) all financial assets are treated as current assets in FADN, and this in some extent distorts short-term solvency
ratios.
Research Results
To determine balance or current insolvency farmer should calculate short-term solvency ratios and compare it with
average ratios according both to farm size and types of farming. There are presented average short-term and long-term
solvency ratios according to farm size in Table 1. The data shows that the bigger farm is, the smaller is current ratio,
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and vice versa. This ratio varies from 30 to 2.5. There is no possibility to calculate quick ratio because FADN lacks
information about stocks. Cash ratio varies from 14.3 to 0.7 and has opposite reliance with farm size. According to types
of farming (Table 2), the biggest current and cash ratios are in mixed farms, where crops (correspondingly 18.2 and 8.4)
and grass-feeding animals (correspondingly 15.4 and 5.8) dominate. The smallest ratios are in cereals and rapes farms
(correspondingly 3.1 and 1.2).
Table 1. Average Short-term and Long-term Solvency Ratios in Lithuanian Farms According to Farm Size in 2007-2009
Title

Current ratio

Cash ratio

Net working
capital ratio

Ratio of total output
(without output crops)
to total output

Debt ratio

Interest
coverage ratio

< 10

22.1

11.4

0.95

0.41

0.045

34.7

10–< 20

30.0

14.3

0.97

0.53

0.017

114.3

20–< 30

27.7

12.4

0.96

0.46

0.040

57.6

30–< 40

14.3

6.6

0.93

0.45

0.062

59.9

40–< 50

7.0

3.0

0.86

0.44

0.117

40.2

50–< 100

6.0

2.4

0.83

0.43

0.145

27.9

100–< 150

4.5

1.7

0.78

0.36

0.198

22.0

>= 150

2.5

0.7

0.60

0.19

0.306

14.4

Made by the authors. Source: FADN.

Depending on farm size, long-term sources of financing (equity and long-term liabilities) were used to finance
from 60 to 97% of its current assets. Policy of financing is strongly correlated with farm size: the bigger farm is, the less
conservative is the policy of financing. Cereals and rapes farms have the least long-term sources of finance (68%) while
mixed farms where crops and grass-feeding animals dominate – a lot of (94%). Research of average farms data revealed
that all farms implemented conservative financing policy because net working capital ratio is bigger than ratio of total
output (without crops output) to total output. Closest to the moderate policy are dairying and mixed crop production –
swine-breeding farms.
Table 2. Average Short-term and Long-term Solvency Ratios in Lithuanian Farms According to Types of Farming in 2007-2009
Current
Cash
Net working
Ratio of total output (without
Interest
Type of farming
Debt ratio
ratio
ratio
capital ratio
output crops) to total output
coverage ratio
Cereal and rapes
3.1
1.2
0.68
0.06
0.238
20.0
Crops
4.1
1.5
0.76
0.10
0.156
25.9
Horticulture
7.8
3.6
0.87
0.02
0.122
22.8
Dairying
7.3
3.0
0.86
0.70
0.128
21.0
Mix (dominating crops)
18.2
8.4
0.94
0.25
0.056
50.0
Mix (dominating grass15.4
5.8
0.94
0.58
0.081
36.9
feeding animals)
Mix of crops and grass
7.1
2.7
0.86
0.52
0.119
37.7
feeding animals
Mix of crops and swine10.0
3.2
0.90
0.73
0.128
37.3
breeding
Made by the authors. Source: FADN.

When farm’s current ratio is higher than average, there can be these reasons of excessive short-term assets
accumulation: there are many stocks (it has to be checked whether there are illiquid stocks; or a farmer deliberately left the
stocks for next year sale; whether there are large areas of crops); there are many receivables, particularly from customers,
whose delay to pay reduces the cash ratio; there are too many cash in the account. That indicates inefficient usage of
current assets.
As shown by studies, the majority of farmers implement conservative assets financing policy. This is determined
by significant business risk and dominance of conservative financial management approach among farmers. A threat for
short-term insolvency is caused only by aggressive assets financing policy, in particular, when net working capital ratio
is negative. Then part of fixed assets is financed by short-term liabilities. Conservative assets financing policy guarantees
good short-term solvency of a farm, but reduces profitability because long-term debts are more expensive than short-term.
When a farm faces short-term solvency problems, one of a ways out is to restructure its loans: to change short-term into
long-term; to extend the period of long-term loans and reduce annual payments for bank. It is important to pay attention
that such decision is appropriate only in viable farms (Jakusonoka, 2010). To estimate long-term insolvency or financial
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difficulties the farmer should calculate long-term solvency ratios and compare them with average ratios according both to
farm size and types of farming.
Studies show that in Lithuanian farms, depending on their size, averagely from 1.7 to 30.6% total assets are debtfinanced. When total land area increases, financial risk increases too. According to types of farming debt ratio varies from
the lowest in mixed farms, dominated by crops (0.056) to the highest in cereals and rapes farms (0.238). Farm liabilities
include both financial and non-financial debt. Interest is paid only for financial debts. Therefore, when a higher total debt
ratio and financial risk exist, interest coverage ratio can be lower and show a lower financial risk. Interest coverage ratio
in Lithuanian farms, depending on their size, varies from 114.3 to 14.4. When total land area increases, interest coverage
tends to decrease, but the link is not as strong as with short-term solvency or debt ratio. According to types of farming
interest coverage ratio varies from a minimum in cereals and rapes producing farms (20.0) to the maximum in mixed
farms, dominated by crops (50.0). When liabilities exceed 50% of total assets and (or) an interest coverage ratio is less
than 6, there is a threat of financial difficulties. It should be noted that in the Order of Agriculture Minister of “For farms
seeking to benefit from support by the measures of Lithuanian Rural Development Programme 2007-2013 the rules of
economic viability approval” (2009, May 15, No. 3d-350) much higher debt ratio values are given (0.7-0.8) in order to
facilitate financial support.
With a high business risk in agriculture, this capital structure ratio is not allowed even when managing finances
very aggressively. In addition, it must be remembered that subsidies, related to assets, are classified as equity and falsely
increase the farm’s financial stability. Five years after the farmer’s contract with the National Paying Agency under the
Ministry of Agriculture, a farmer must execute his obligations to the Agency and the farm cannot be liquidated despite of
economic difficulties. Otherwise, all provided financial support or a part of it may have to be repaid to the Agency. The
authors do not recommend including grants and subsidies in equity during the period of valid contract between the farmer
and the Agency.
As already mentioned, the economic difficulties in the farm can arise when the investment become inefficient,
i.e. farm begins to operate at a loss. Table 3 shows average profitability and turnover ratios according to total agricultural
area, while Table 4 – according to types of farming.
Table 3. Average Profitability and Turnover Ratios in Lithuanian Farms According to Farm Size in 2007-2009
Farm size
Gross production
Net profit
Return on
Return on
Assets
Current assets
(hectares)
profit margin
margin
assets
equity
turnover
turnover
< 10
79.1
26.8
8.8
9.4
0.33
1.46

Fixed assets
turnover
0.42

10–< 20

87.9

33.0

10.5

10.8

0.32

1.26

0.43

20–< 30

92.8

40.8

13.8

15.2

0.34

1.16

0.48

30–< 40

94.7

47.7

17.3

20.6

0.36

1.15

0.53

40–< 50

96.9

52.7

21.2

29.4

0.40

1.29

0.59

50–< 100

88.8

48.8

18.7

25.0

0.38

1.23

0.56

100–< 150

84.9

47.4

20.0

28.8

0.42

1.29

0.63

>= 150

75.4

40.6

19.4

33.1

0.48

1.51

0.70

Made by the authors. Source: FADN.

The highest gross production profit margin was earned by farms with a total land area from 40 to 50 hectares
(96.9%), while the lowest – by farms with a total area from 150 hectares (75.4%). According to types of farming, this ratio
was largest in mixed crops and grass-feeding animals’ farms (93.3%) and lowest in mixed crops and swine-breeding farms
(70.2%). It should be noted that this ratio increased to a certain farm size, and then began to decrease.
The highest net profit margin was also earned by farms with a total land area from 40 to 50 hectares (52.7%),
while the lowest – by farms with a total land area of up to 10 hectares (26.8%). According to types of farming net profit
margins varied from 31.6% in mixed crops and swine-breeding farms to 47.4% in mixed crops and grass-feeding animals’
farms. The biggest difference between gross profit and net profit margins was in mixed farms, dominated by grass-feeding
animals. There are two possible reasons for this difference: relatively higher fixed costs and (or) greater negative result of
financial and investment or other activity.
The highest return on assets and return on equity were earned by farms with a total land area from 40 to 50
hectares (correspondingly 21.2% and 29.4%), while the lowest ratios were in farms with a total land area less than 10
hectares (correspondingly to 8.8% and 9.4%). In order to determine which farms financed their activity most efficiently
it is necessary to calculate the difference between the return on equity and return on assets. Studies have shown that in
all cases the premium for financial risk was positive i.e. the lending of farms in the market was efficient. The highest risk
premium (13.7 percent points) was earned by farmers who owned or rented 150 and more hectares of total land area. It
can be stated that due to production economies of scale these farmers have managed not only to produce cheaper, but
also to cover fixed financing costs (interest). Conversely, the lowest financial risk premium (0.3 percent points) has been
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received by farmers with total land area from 10 to 20 hectares. According to types of farming the highest financial risk
premium (11.8 percent points) was earned by farmers, who raise cereals and rapes and the lowest – by farmers who had
mixed farms dominated by grass-feeding animals.
The most effective management of assets in 2007-2009 was in farms with 150 hectares and more of total land
area. This efficiency of assets is explained by economies of scale. There was a strong positive linear relationship between
the assets turnover and farm size, except that the assets turnover in the farms of 40-50 hectares was faster than in the farms
with 50-100 hectares of total land area. Total assets in the farms had an average from 0.32 to 0.48 turnovers per year, or
“turned over” every 2-3 years. Even more pronounced linear relationship emerged between fixed assets turnover and the
size of farms: in all cases, the fixed assets turnover accelerated with increasing farm size. Fixed assets in the farms had an
average of 0.42-0.70 turnovers per year, or “turned over” every 1.4-2.4 years. Current assets turnover and farm size didn’t
have a strong relation. Current assets in the farms averagely “turned over” 1.2-1.5 times per year. This approximates the
average process time (242-318 days).
Table 4. Average Profitability and Turnover Ratios in Lithuanian Farms According to Types of Farming in 2007-2009
Gross production Net profit
Return
Return on
Assets
Current assets
Fixed assets
Type of farming
profit margin
margin
on assets
equity
turnover
turnover
turnover
Cereal and rapes
77.6
41.3
20.9
32.7
0.51
1.44
0.79
Crops

80.6

42.4

18.9

25.4

0.45

1.30

0.68

Horticulture

84.8

43.2

18.9

23.3

0.44

1.50

0.62

Dairying

91.3

47.2

15.4

19.2

0.33

1.37

0.43

87.1

41.0

15.6

17.9

0.38

1.15

0.57

93.0

40.7

12.8

15.0

0.32

1.14

0.44

93.3

47.4

16.4

20.9

0.35

1.22

0.48

70.2

31.6

13.3

16.5

0.42

1.34

0.62

Mix (dominating crops)
Mix (dominating grassfeeding animals)
Mix of crops and grassfeeding animals
Mix of crops and swinebreeding
Made by the authors. Source: FADN.

According to types of farming the most effectively total and fixed assets were used in cereals and rapes farms,
while the least effectively – in dairying and mixed farms, where grass-feeding animals dominate. Under the same amount
of sales revenue and subsidies, fixed assets turnover is slower because of investments in technology, tractors, agricultural
machinery and other fixed assets while current assets turnover depends on the duration of the production process. Current
assets turnover was fastest in horticultural farms (1.5 times per year).
Assets turnover usually slows down because of these reasons: accumulation of a lot of different current assets
(inventory, receivables, cash); the extension of the production process (e.g. instead of summer rapes winter rapes are
grown); substantial investments in technology, agricultural machinery, tractors and other fixed assets; usage of a small
part of fixed assets manufacturing capacity; cultivation and sales of a small amount of total production; reduction of
agricultural output market prices and so on.
Farm’s economic difficulties are deepened by 1st and 4th reasons. Possible solutions to these difficulties: reducing
the illiquid stocks, bad debts, hiring fixed assets, better management of money.
Slower assets, especially current, turnover not always impacts farm’s profitability negatively. If a farmer accumulates
reserves due to inflation, assets turnover is slowing down, but profit increases because of lower production costs. An
impact on the return on assets can be both negative and positive. And vice versa, not always faster assets turnover has a
positive impact on farm’s profitability. For example, a farmer who sold all the stocks in autumn can significantly reduce
sales revenue if the prices rise in spring. After minimizing the cash balance farmer accelerates assets turnover, but if he
starts to default he loses prestige, the creditors will tighten credit conditions.
As mentioned earlier, when a major business risk exists, farmer who manages finance moderately will try to reduce
financial risk. Figures 1 and 2 present the operating, financial and total risk degrees according to farm size and types
of farming. Sales revenue, including subsidies related to revenue, profit before interest and taxes and return on equity
changes were examined by comparing 2007 year with 2009.
It should be emphasized that after selection of different time periods, risk ratios mentioned can differ a lot as the
size of business risk changes because of: the implemented changes in business and its financing made by every individual
farmer who belongs to a farm group according to the total land area or types of farming; the affection of natural-climatic
and biological factors to economic activity; a change in agricultural production demand elasticity; the increased ratio
of fixed costs to total costs. On the same business risk influencing factors, it is important to compare the average and
individual farm ratios, but the comparability of average operating, financial and total risk ratios according to farm size and
types of farming is poorly informative.
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Figure 1. Operating, Financial and Total Leverage Degrees in Lithuanian Farms According to Farm Size in 2007-2009
Made by the authors. Source: FADN.

During the period of research a rather atypical trend was revealed considering the fact that average ratios were
studied. Almost all farms, except farms of 10-20 and 30-50 hectares, faced the fact that the increase of sales revenue
by 1 percent led to decrease of profit before interest and taxes from 0.26 to 6.63%. The main possible causes of this
phenomenon are different changes in stocks and agricultural production prices or a reduction of fertility in crop yields
or livestock productivity. Despite the fact that the operating leverage degree in farms of 10-20 hectares is positive, it
represents a very high risk: a change of sales revenue by 1 percent causes a change of profit before interest and taxes as
much as 16%! The highest financial risk was taken by farms with 50-100 and 30-40 hectares. The only difference is that
the farms of 30-40 hectares borrowed inefficiently.

Figure 2. Operating, Financial and Total Leverage Degrees in Lithuanian Farms According to Types of Farming in 2007-2009
Made by the authors. Source: FADN.

After grouping the farms according to types of farming and calculating operating leverage degrees it is seen that
in all types of farms when sales revenue increased, profit before interest and taxes decreased. The highest business risk
(-3.84) was in mixed farms, dominated by crops. According to types of farming borrowing was effective in all cases. The
highest financial risk was assumed by mixed farms where grass-feeding animals dominate. On these farms, the increase
of profit before interest and taxes by 1 percent caused the increase of return on capital by 7.14 percent. The highest total
risk according to farm size was experienced by farms with 10-20 hectares, and according to types of farming – by mixed
farms, dominated by crops.
Business risk is hardly controlled, while the control of financial risk is much easier. In order to reduce risk, it needs
to be diversified i.e. crops and livestock must be combined so that the sales revenue would be negatively correlated.
Diversification is usually carried out in aspect of the most important factor. For example, natural-climatic factors may be
very important when growing the crops while animal diseases and the elasticity of demand – for livestock farming.
Conclusions and discussions
Comparative analysis of financial management in Lithuanian farms according to farm size and types of farming
identifies how far the farmers are from the moderate financial management towards conservative or aggressive financial
management, and what kind of difficulties can arise in both cases.
The results showed that current and cash ratios depend on farm size: the bigger the farm is, the lower short-term
solvency ratios are. According to types of farming the highest current and cash ratios are in mixed farms dominated by
crops and grass-feeding animals while the smallest – in cereal and rapes farms. A situation like this arises in respect of
the fact that those farms are stored in more stocks and biological assets. Financing policy is very strongly correlated with
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farm size: the bigger the farm is, the less conservative financial policy is carried out. Examination of the average farm
data revealed that all farms implemented conservative financing policy. This is determined by dominance of significant
business risk and conservative financial management approach among farmers. Mixed dairying and crops and swinebreeding farms are closest to the moderate policy.
Studies showed that in Lithuanian farms, depending on their size, averagely from 1.7 to 30.6% total assets are debtfinanced. When total land area increases, financial risk increases too. According to types of farming debt ratio varies from
the lowest in mixed farms, dominated by crops to the highest in cereal and rapes farms. When liabilities exceed 50% of
total assets there is a threat of financial difficulties. Although, in order to liberalize the financial support much higher debt
ratio values are given (0.7-0.8). With a high business risk in agriculture, capital structure ratios like these are not allowed
even when managing finance radically aggressively. In addition, it must be remembered that subsidies, related to assets,
are classified as equity and falsely increase the farm’s financial stability. The authors do not recommend including grants
and subsidies in equity during the period of valid contract between the farmer and the Agency.
The highest return on assets and return on equity were earned by farms with a total land area from 40 to 50 hectares
(correspondingly 21.2% and 29.4%), while the lowest ratios were in farms with a total land area less than 10 hectares
(correspondingly to 21.2% and 29.4%). Studies have shown that in all cases the premium for financial risk was positive
i.e. the lending of farms in the market was efficient. The highest risk premium (13.7 percent points) was earned by farmers
who owned or rented 150 and more hectares of total land area.
The most effective management of assets in 2007-2009 was in farms with 150 hectares and more of total land area.
According to types of farming the most effectively total and fixed assets were used in cereals and rapes farms, while the
least effectively – in dairying and mixed farms, where grass-feeding animals dominate.
The highest operating leverage degree was in farms with 10-20 hectares and the greatest financial risk was assumed
by farms with 50-100 and 30-40 hectares. The only difference is that the farms of 30-40 hectares borrowed inefficiently.
The authors identified some problems concerning the FADN data. First of all, the sample of farms cover all
districts, natural zones and reflect different farming conditions, but it is questionable – are they reflect both efficient and
non-efficient farms? Second, fuel, electricity, contractual work is treated as fixed costs in FADN, so distorts operating
leverage degree. Third, all financial assets are treated as current assets in FADN, and this in some extent distorts shortterm solvency ratios.
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Model of Rural Area Change Management Using the Principle “Bottom-up”
Vilma Atkočiūnienė, Rasa Vaišnoraitė
Aleksandras Stulginskis University, Lithuania
Abstract
The management of changes in rural area is rather sophisticated process in which the integration of various management models and principles
can be met. The article deals with the changes peculiar to rural areas and the factors of internal and external or real-life environment that mostly impacts
on these changes. The endogenous model of changes in rural area has been analyzed more widely, and the scheme of the development of rural area has
been given. Attributes of the “bottom-up” principle have been identified, the expression of these attributes in the management means of changes initiated
by the rural development actors and the analysis of the forces stimulating and impeding these changes made the basis to determine and substantiate the
combined elements of the model of rural area change management using the “bottom-up” principle. The investigation aim is to justify the model of
the rural area change management using the “bottom-up” principle. Strategy of local activity group of Kretinga Municipality titled “The Improvement
of Life Standards in Kretinga Municipality in 2007 - 2013” has been chosen for empirical investigation. The method of real-life analysis of the forces
has been used for the identification of people involvement into the forces stimulating and opposing the preparation of the strategy. These forces have
been estimated in accordance with the scores of the impact strength. The model of the rural area change management using the “bottom-up” principle
has been made on the basis of the explicit methodology of strategic management integrating the results of empirical analysis. The identification and
validation of the model elements has shown that the model can change if governed by the goal of the change management and other factors of internal
and external or real-life environment. It has been determined that the rural area change management using the “bottom-up” principle is based on the
change management through the accurate and precise implementation.
Key words: rural area, change management,”bottom-up” principle, endogenous development
JEL classification: M100; M380.

Introduction
The changes in rural areas are closely related with dynamic, constantly changing conditions of rural internal and
real-life environment that should be managed in order to avoid the consequences of negative changes.
There are many investigation data of changes in management organizations, management models, etc. in
management literature (Clement 1994; Zakarevičius, Hannan, 2003; Vanagas, 2007; Melnikas, Smaliukienė, 2007; Raipa,
2010 et al.). Unfortunately, the management of changes in rural areas is analyzed insufficiently. Mostly the economic and
social rural development (Jasaitis, 2006; Baležentis, 2011), rural development and environment protection (Ališauskas,
Jakienė, Jankauskienė, 2007), and other spheres of sustainable development (Dapkus; Lisinskienė; Šukys) are analyzed.
Flora, Sharp, 1997 investigated the aspects of the development of rural communal organizations, the dichotomy and
interaction of cities and villages, the changes of rural social infrastructure, etc.
One of the models of the rural area management changes is the endogenous development model that is peculiar
of the change management using strategic means the basis of which consists of the driving forces of rural area, and the
utilization of the potential of local resources to reach and implement strategic priorities. Because every rural area is unique
due to the behaviour of the rural development actors, the abundance of local resources, values, culture and problems, thus
the changes of the latter elements should be managed in the limits of the internal country structure using the “bottomup” principle. Strategic directions of the European Union and the national agricultural and rural development policy are
oriented to the improvement of the life quality of rural inhabitants and the economic well-being while solving social
and cultural problems, implementing the integrated strategies of rural development prepared following one of the main
“bottom-up” principles of LEADER method and its utilization.
Complexity of the rural development policy, expansion of the EU, and intensification of the local initiatives reveals
the demand for intensive collaboration between the scientists and local people. The determination of new possibilities,
the models of change management and strategic directions, as well as the formulation of problems and problem solutions
requires some knowledge, and on the side of local population readiness to study, participation and planning of the country
future. Therefore, the theoretical concepts of the rural area change management should be analyzed more widely and after
their utilization during empirical investigation the rural area change management model should be prepared.
The investigation object is the rural area change management.
The investigation goal is to substantiate the “bottom-up” model of rural area change management.
The research tasks are as follows:
1. To analyze the theoretical concepts of the rural area change management.
2. To disclose the local forces impacting on the attainment of change aims.
3. To determine and substantiate the elements of the model in accordance with the principle of the rural
area change management.
The investigation methods used are as follows: Analysis and synthesis of scientific literature investigating the
principles of organization change management and their usage in the context of the rural area change management.
Induction and deduction methods identifying the actors of rural development, starting from the highest down to the lowest
local level (national institutions, and the institutions of local authorities: district municipal administration, township,
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local activity group, organizations of country people community, various kinds of clubs including women and youth
clubs, other non-governmental organizations, farmers, businessmen, country folk, etc.) and the means used to manage the
changes in the rural areas (plans, programs, strategies, meetings, rural holidays and festivals, etc.). The pilot area Kretinga
Municipality has been chosen for the analysis. After the determination of the rural development actors and the means they
use for the change management the expression criteria of the “bottom-up” principle has been investigated. It has been
determined that the expression of the “bottom-up” principle is the strongest in the local development strategy titled “The
Improvement of Life Standards in Kretinga Municipality in 2007 - 2013” prepared by the local activity group, where
great attention is given to the involvement of the population into the process of the strategy preparation. The analysis
of the “force-field” has been fulfilled trying to define the opposing and stimulating forces by involvement of the local
community into the strategy preparation process. Theoretical and empirical tests allowed to appear the model of the rural
area change management in accordance with the “bottom-up” principle.
Theoretical concepts of the rural area change management in accordance with the “bottom-up” principle
Analyzing the theoretical concepts of the changes many scientists (Stoškus, 2005; Vanagas, 2007; Hoag, Pritchard,
Cooper, 2002, et al.) investigate the changes in the organizational level. Analyzing the changes in the rural areas these
changes are understood differently thus it is necessary to consider and discuss their conception, the origin of causes and
management methods.
Lithuanian scientists Bagdonas and Bagdonienė (2000) have estimated as the changes every rise and disappearance
(i.e., structural changes) of the new elements and their relations, and the transformations of the modus operandi of
individual elements and their groups, modification of operating parameters of management subsystem, displayed in its
behaviour.
P. Zakarevičius (2003) after the generalization of the research of the other authors (Quinn, 1980, Magnusen, 1981,
Carnall, 1990) has defined as the changes all the transformations that undergo trying to improve and change in essence
one or other elements of the standard lifestyle. These changes are governed by the modifications in the change processes
or due to the conditions of the external and real-life environment.
Investigating the changes undergoing in the rural area especially significant becomes the level of the formation of
the change reasons and its “bottom” comprehension. The “bottom” approach should be understood as the opinion of the
rural community itself about the rise of the changes, management necessity and other reasons in the area.
The importance of the internal changes in the rural area is greatly significant, and their management is a rather
complicated process. The management involves not only the identification of the changes and the comprehension of the
management necessity, but the planning of the changes, analysis of the resources, the promotion of the initiatives of the
rural development characters, and the incitement of cooperation and the partnership relations. The change management
is an elaborate process because it needs specific knowledge, competence, and the motivation of the rural development
characters. In order to successfully adapt to the environmental changes they should be initiated in the locality itself. All
the characters of rural development participating in the local level are involved into the process of the adoption of the
strategic solutions and on the whole into the management of these changes.
E.Laumenskaitė and A. Vasiliauskas (2006), P. Jucevičius (1998) have stated that the management of strategic
changes is not an inert activity but the search of the new ways of activity and their employment into the practice. Because
of these reasons the strategic changes necessarily influence many people acting in social economic system and raise the
requirement to all of them to change as individuals. When the changes take place for a longer period of time not only the
activity and behaviour of the people transforms but the personal beliefs, attitudes, moral values, perception, etc. Only on
the understanding that in parallel with the strategic goals of the locality the behaviour and thinking of the people change
these goals can be successfully implemented.
The object of the rural area management is the processes enacted in the elements of rural locality. In such a case
when the changes are planned the integrated strategy of the area development becomes the management instrument.
Therefore, the controllable changes are those ones that correspond to the aims of the area strategy oriented to the sustained
and long-term perspective. Meanwhile the strategy aims depend on the type of the changes (see Table 1).
Rural area change management is understood as the strategic one when it embraces three stages that are closely
related with each other. They are system strategy analysis, the creation of the strategy itself and its implementation. Also
the strategic change management is understood not as the non-recurring episodic activities, but constantly occurring
and innovative ones. Efficient coordination of the rural area changes with the changes of the rural internal and real-life
national situation oriented into the lasting perspective utilizing the local potential and competitive priorities is peculiar to
the strategic management.
Changes occurring in rural areas can lead to both exogenous and endogenous factors. Exogenous factors that cause
changes in the area can be social, technological, economic, political, and competitive environmental factors (e.g., market,
competition, etc.).
Endogenous development is the form of changes, which takes place more with the aid of more internal development
pulses, based on local values, entrepreneurial spirit and local resources, decentralized, “bottom-up” initiatives and
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emerging solutions because this is the inner potential of rural areas cost-effective (dynamic and comprehensive) use
(Atkočiūnienė, 2008).
Table 1. Classification of changes (according to Vasiliauskas, 2001; Stoškus, Beržinskienė, 2005; Arimavičiūtė, 2009)
Criterion of classification

Types of changes

Complexity

-

technical;
organizational;
economic, political, social, cultural, demographic;
sectorial.
micro changes, macro changes;
global, local.
partial, systematic.

Level of reason formation

-

“top“ initiated, “bottom“ initiated.

Content

Extent

Time and process

Management frequency

evolutionary, revolutionary;
radical, progressive, initiated;
planned, unplanned;
spontaneous, manageable;
qualitative, quantitative, mixed.
complex, partial;
episodic, periodic, trivial, necessity.
causal, resultant.

Speed

slow, rapid.

Environmental

internal (endogenous);
external (exogenous);
mixed (neoendogenous);
positive, negative

Endogenous development, can also be defined as the type of development that is oriented in time and managed
inside the social system (rural area), within the limits of the community.
V.Atkočiūnienė (2008) attributes the endogenous development factors to:
 Rural human, economic, natural and cultural resources and their alignment.
 Rural development actions and decision-making innovation.
 Rural development actors’ competencies and skills necessary to “help yourself”.
 The formation of identity-building of rural area capital (development potential).
 Citizen involvement in the decision-making process.
 Multifunctional use of rural development decisions.
 Horizontal and vertical partnership and cooperation promotion.
The management of endogenous factors and their changes can effectively determine the local competitive
advantages, the local resources and their development with external support from the public financing programs.
Rural areas change management according to the “bottom-up” principle may be implemented through the rural
area social, economic, natural resource analysis, SWOT analysis and the development and implementation of the local
development scenarios, the estimation of rural vitality, community education programs, etc.
Preparing the changes in strategies of the rural areas, in particular, the forces behind these changes are analyzed in
the first instance. They are found to be the best way to solve the problems they face in determining the strategic direction
for the development area. Of course, the strategic changes of each area are caused by different reasons, but there are
common grounds, which can be classified according to the territorial capital components:
• Natural resources and their management are natural resources (terrain, soil, flora and fauna, water resources,
climate), as well as the public services, infrastructure, historical and architectural heritage related to those
resources.
• Locality culture and identity are the system of values of the local population, rural history and interests of the
people, their attitude, recognition of forms, etc.
• Human resources are the area-resident men and women, families, demographic and professional characteristics
of the population and social structure.
• Technological experience and skills are technological mastery, the ability to develop technologies and to
improve them.
• Local institutions and management, business rules, community, norms and values. This component also
includes the financial resources (institutions, businesses, residents) and their management (savings bonds),
because the local government can not distance itself from the formal support of local actors’ activity (public
and private funding).
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•

Activity and business enterprises are economic and social activities, their geographical location, and
structure.
• Market and external communication is involvement in various markets, trading and sales networks.
• The area’s image and perception as local residents are aware of their place of residence and image as it looks
externally to the different view of passing tourists, arriving guests, residents of neighboring areas, etc.
While preparing integrated change management strategies, there is always the question which rural elements of
the system should be included (see Figure 1). In the local development strategy, business sectors should be formulated
according to the priority goals. Such choice is determined by the location identity and its competitive advantages.

Figure 1. Theoretical scheme of the system elements of the development in rural areas

K. Lewin (1951) recommended the use of “force-field” method to environmental forces which have an impact on
the decision making or the identifying of the situation. He said that each situation is like a temporary equilibrium, which
is determined by the two different forces: the stimulating and the impeding ones. The stimulating or positive forces are
the forces that transform the current situation, and the impeding or negative forces are those that keep the actual situation
(the status quo in Latin), or worsen it.
Defining the objective or problem of the changes in the rural areas, it is necessary to assess: the available resources,
traditions, personal interest, relationships of the actors of rural development, intercourse, social or organizational
purposefulness, attitudes, laws, individual or group needs, current or past practices, management policies and standards,
values, desires, prices, rural development participants’ roles, events, demographic problems, etc.
The identification of the factors encouraging the changes in the rural areas stimulates creativity, helps to define the
vision (the goal or proposed change), and the forces necessary to facilitate and the weaknesses that need to be reduced,
provided that the change is successfully implemented.
It is really important to manage human resources, their flow in the area, improving the system of motivation, the
development of values, the ability to adapt to environmental changes, etc. It is necessary to define common objectives
with all the actors of rural development, to identify an appropriate and suitable model for all interested parties in the
change management to help the management process change that engages all stakeholders in rural development actors.
Many modern scholars of management (Duck, 1993, Kotter, 1995; Hammer, 1996; Camps, 1998, Clement 1994,
and Hannan, 2003) recognize that there are no fully universal change management models, because the changes take place
in different ways due to different environmental factors. In each case, in accordance with the common methodological
provisions the application of specific, appropriate site-specific changes takes place in management practices.
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Strategic change management of the area includes two closely related levels: the organizational level, i.e., the
exchange of people management and the individual level, i.e., the self-government. Therefore, from this perspective,
changes in distribution are twofold: to be determined in accordance with the methodology or to be further developed.
In accordance with the approach, strategy changes include only those actions that are classified as from “above”,
i.e., at the level of the organization to the people who perform them. To be developed on the basis of point of view, the
policy changes include the selecting of a new strategy and its implementing not only on the organization level but also at
individual level when the people implementing the strategic changes themselves are directly involved in the experiments
and discussions combining different interests, etc. (Laumenskaitė, Vasiliauskas, 2006).
Regardless of which change management model we choose, the contents of the management of all the changes
consist of several closely related elements, processes, actions, such as the perception that change management requires
the know-how of theoretical and practical knowledge, the willingness and intention to change for the rural development
actors, as well as the effects of changes in all areas and items within it are very high and they need to manage the selection
of appropriate methods.
Environmental forces affecting rural areas under the management of change through “bottom-up” analysis
Rural development actors managing the changes in rural areas continue to face the positive and negative
environmental forces affecting the selection of qualitative change management methods / tools. Identification of all rural
development actors, methods and means by which they manage the changes, disclosed that most of the ‘bottom-up”
principle’s features of expression, has the local development strategy prepared by the local action group, where the
greatest emphasize is on the involvement of the most citizens in decision-making process.
For the analysis of “force-field” method, the strategy of local activity group of Kretinga Municipality titled “The
Improvement of Life Standards in Kretinga Municipality in 2009 – 2013” has been chosen. The aim of the analysis is to
establish one of the “bottom-up” principle features of expression, i.e., the involvement of the population in the strategy
development process.

Figure 2. The “force-field” chart of the people involvement into the development process of Kretinga municipality rural
development strategy titled “The Improvement of Life Standards in Kretinga Municipality in 2009 – 2013”

The imposition of the groups of stimulating forces and impeding forces, they had been estimated by the strength
of 5-point system (5 - very strong impact, 4 - severe impact, 3 - moderate impact, 2 - low impact, 1 - very weak or
insignificant effect).
The assessment of the forces and their influence on the strength scores showed what change management mode
to choose, and whether the change aim is to be successfully implemented. In this case the propelling or stimulating force
is stronger, but to achieve a goal, it should be noted that, according to K. Lewin (1951), people can be involved in the
decision-making process in two ways:
• by reducing the conflicting forces of change in the plan;
• increasing the forces pushing the plan of the changes forward.
In the present case there is a combination of two techniques, such as a stimulating of driving force, i.e., the
target problem / priority setting policies to eliminate such negative developments as the forces opposing the fear that
the villagers will not allow for social innovation, and will not want to get involved in the decision-making process. In

27

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

this case, involving rural people in decision-making process, it is necessary to use different methods of involvement and
awareness (of their activities, and production of goods, possibilities to perform certain functions, and continuity).
In summary, there may be slight errors in decision-making in the development of the strategy “The Improvement of
Life Standards in Kretinga Municipality in 2009 – 2013”. However, the more rural development actors will be voluntarily
involved in the decision-making process the lower will be the risk that the strategy of the change management in rural
areas is not feasible or less effective. Utilization of the change management, and positive stimulating or driving forces
to eliminate the impeding or hindering forces, ensure the greater opportunities for the prompt and effective realization of
the change tasks.
With the help of “force-field” analysis the composite elements of the change management of the rural areas
in accordance with the “bottom-up” principle of model should be oriented to the change of concerns about culture,
knowledge, perceptions of the actors of rural development, as well as in promoting change, objectives and the precise
formulation of the distribution of tasks and functions.
The composite elements of the rural area change management in accordance with the “bottom-up” principle of
the model
Managing the change in rural areas in accordance with the “bottom up” principle there is a large and ever expanding
management of concepts, methods, and instrument abundance. On the other hand, there is a significant gap between the
tools of theoretical analysis and their practical application. In this case, the great importance for the model of the effective
change management based on the selection of the “bottom-up” principle have both internal and external or real-life
environmental factors.
Rural development actors of all levels in order to achieve the effective performance, and development, should
coordinate their activity objectives and processes with the environment in general, and depending on the situation should
adjust them.
When the goals or targets are transformed into concrete indices or measures and become the part of the activity of
the rural development players and their internal culture, they are passed on to any interested individual.
Changes associated with the redistribution of powers and responsibilities, technological processes also affect all
the decisions taken by the management of change for the solution efficiency.
Rural areas change management according to the “bottom-up” principle of the model is constructed based upon the
results of the theoretical and empirical analysis (Laumenskaitė and Vasiliauskas (2006), Jucevičius (1998), Atkočiūnienė
(2008) et al.). The theoretical analysis has shown that this model should be developed by preparing a strategic management
methodology, and with the aid of empirical analysis the composite elements of the model were defined. In this way, this
model can be adapted to specific rural areas and specific rural development actors or their groups. Background model are
the integrated operations of the rural development actors managing the processes in rural areas.
As already mentioned, each actor operating in rural areas apply some of the ‘bottom-up” method approaches in
rural development using specific management practices. These approaches are characterized by attention to people, and
improvement of their quality of life with concerted measures. That these measures were effective, the rural development
actors analyze the local resources and the environment in the broad and narrow sense. It is also required to bring the goals
of rural area change management and having a shared vision, set action policies, and functions in accordance with the
power and competence.
At the same time, all the actors of rural development perform certain functions in rural areas, which according to
figures from the surrounding environment can be divided into environmental, economic, social, and political (institutional)
ones. These features of rural development actors include four main dimensions of sustainable rural development and
ensure an integrated, continuous development.
After the splitting of the function, it is appropriate to provide lightweight, easily achievable targets and initiatives
to support their management. For long-term goals, but for the fear of changes and the consequences of the lack of
competence, short-term goals can be provided, as well as the “quick wins” to achieve the set plans by implementing a
“step-by-step” practice. At the same time, the implementation of changes should be promoted by including more rural
development actors into the decision-making process. In this way, not only the decision-making responsibility could be
shared, but also ensured the effective communication. The human culture, understanding of the change management
activities and, in general, about the processes taking place in rural areas are faced with.
Faced with the lack the skills of rural development actors and the diversity of their views counseling, training
organization, participation in discussions, meetings with other actors of rural development and communication in society
is necessary. The usage of citizens’ participation approaches would form and positively direct, the perceptions and
expectations of rural people about the processes in the rural areas. Using the most varied and innovative techniques the
reaction of people can be monitored and their needs analyzed when making solutions of problematic issues. These actions
include the appropriate measures. In particular, the changes should be measurable in value, investigated whether these
changes are needed, or if they make any difference to the rural area, and the improvement of quality of life of its residents.
It is also necessary to identify the leaders of the changes in management and their implementation, and to encourage them.
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The rest of the population and rural development actors should be informed of highly successful developments and their
added value with the aid of information, and to be more sharing of the best practices.

Figure 3. Model of the rural area change management according to the “bottom-up” principle

It should also be noted that changes in the implementation of the promotion of “rural development actors in
behavioral change”, and the change management measures are effectively implemented and the results are to be achieved
only when the obstacles prohibiting the implementation of the change are removed, the feedback mechanisms are provided,
and the leaders are motivated to promote continuous progress and achievement support.
In summary, the initiators of change and installers must consider in detail each stage of the innovation, to see the
whole process of change and its constituent parts, and the sources of risk and their possible causes.
The usage of the rural area change management model not only facilitates the change structuring and ensure the
coherence of their implementation, but may serve as the tool of the risk factors’ prevention and environmental management
tool ensuring the successful implementation of change objectives and helping to avoid the opposing forces that prevent
the change in rural areas in accordance with the “bottom-up” principle.
Conclusions
1. The analysis of the theoretical concepts of change management showed that the management of the rural areas’
change in accordance with the constituent parts of the “bottom-up” principle of the model, should be based on the
methodology still to be developed: rural development actors, and their expertise, resources and environmental analysis,
change management tools, a common vision of the country and the activity directed to an integrated local economy.
The changes in management are focused on the implementation of clearly defined areas of development goals. Such
an approach and the related models are known as the management of change through the implementation of the rural
development objectives. The innovation activities, which should be linked to innovative strategic objectives, lead to
changes.
2. Changes taking place in rural areas and their management are defined as an endogenous development, which is
characterized by local values, “bottom-up” impulses, policy making into the management and overall strategic
decision-making process in which all levels of local actors operating in rural development are engaged.
3. Rural development actors’ agreed objectives and a clear problem of the change management helps to resist the negative
effects of environmental factors that hinder the implementation of the change plan.
4. Modifications of the factors generating the rural area change management in accordance with the “bottom-up” principle
of the model can be divided not only into the interior (the demographic changes, culture, resources) or external (rural
development policy, globalization), but also by the goal sought, information that we have and we can get, the urgency
in the implementation of the changes, the support of rural development actors in the governance model, etc.
5. Empirical study disclosed that the changes in the rural area in accordance with the “bottom-up” principle can be
controlled through the following steps: population studies and needs analysis; rural development actors in the decisionmaking and implementation process; promotion of the local people to participate in managing the rural elements of
the system; the local population’s awareness about the area activities; consulting the local population on the problem
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areas; priority given to the target groups of the rural development actors; localized actions to manage the priorities
of the population needs and local resources; the share of the responsibilities between the operating actors in the rural
development area in forming a horizontal partnership between the local bodies.
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Development Policy for Revitalization of Fragments of Historic Rural Areas in
Peri-urban Landscape. Case of Veršvas Landscape Reserve
Ligita Ažukaitė, Jurga Vitkuvienė, Indrė Gražulevičiūtė-Vileniškė
Kaunas University of Technology, Lithuania
Abstract
Before the phase of intensive urbanization urban settlements consisted only small islands in vast rural and natural areas. This separation between
urban and rural helped retaining traditional residential, working, and sacral environments both in cities and in rural settlements. However, radical
social, economic, demographical shifts had induced the growth of cities. The industrial and agricultural revolutions, intensive migration into urban
areas had strongly changed not only the ways of agricultural production, but also the functions and lifestyles of rural settlements. In recent decades the
agricultural and natural areas at the fringe of the cities are being increasingly built up with residential, industrial, infrastructural, commercial structures.
The limits between the urban and rural areas became unclear and hardly distinguishable; this causes vanishing of traditional rural environment from
social, economic, and even cultural points of view. This unprecedented urban expansion causes threats to the identity and even survival of relics of rural
landscape, such as historic rural settlements, farmsteads, residencies of former manors, characteristic for their historical, cultural, social, ecological
etc. values and significance. Changes of functions, communications system and links, shifts in ecological balance, changes of visual characteristics of
environment, changes of lifestyles and ignorance of society are the main issues causing problems of preservation and integration in urban development
of valuable relics of rural areas. This justifies the relevance of the research. The aim of the research was to analyze the present situation and potential of
fragments of historic rural areas affected by urban development and to illustrate the possibilities of sustainable integration of the relics of rural landscape
into urban development with the case of Veršvas Landscape Reserve in the territory of Kaunas using the concept of ecomuseum.

Introduction
The analysis of literature on the process of urbanization and its influence on development of rural areas had revealed
that sustainable integration of relics of rural areas into urban development is the subject of multidisciplinary research
and raises issues relevant to different fields: how to preserve the authentic character and social viability of the relics of
rural areas?; how to integrate structurally and functionally the fragments of rural environment into expanding peri-urban
areas?; how to create identity and distinctiveness of peri-urban areas of new development as a basis of social cohesion
between the new residents and old residents of rural areas?; what new uses are possible of relics of rural landscape, which
had irreversibly lost their authentic function?; how to induce the interest of local communities and society in the rural
heritage and to find a place for it in the life of contemporary urban society? These questions helped formulating the aim
of the article, which is to demonstrate the present situation and prospects for more sustainable development of fragments
of rural areas – village settlements, manor residencies, and even small towns – absorbed into urban territories. The case
of Veršvas Landscape Reserve in the territory of Kaunas was chosen to demonstrate the potential benefits of relics of
rural environment in urban development. The concept of ecomuseum, integrating preservation on site, contemporary
use, education and community participation was chosen as possible solution for revitalization of relics of rural landscape
existing in Veršvas Landscape Reserve. The research encompasses the analysis of literature, research on site in the territory
of Kaunas, and systematization and generalization of the results.
Theoretical aspects
Two types of settlements are clearly distinguished in the classification of residential areas, i.e. rural and urban.
Rural settlements are characteristic to rural areas, where the largest part of world’s population had lived before the age of
urbanization (Lambin et. al., 2001; Vanagas, 2003). Rural settlements and areas are still traditionally seen as living and
working environment of the population involved in agricultural production. However the increasing role of cities and
urban living had caused not only the spread of urban lifestyles and values into rural areas, but also the unprecedented
territorial expansion of cities. Territorial urban expansion is one of the most dynamic and significant processes of the 20th
and 21st centuries. This process causes radical shifts in economic development, functions, and visual characteristics of
peri-urban areas of large cities (Gordon and Richardson, 2000; Squires, 2000; Jurevičienė, 2005), but its consequences
are felt in smaller urban areas and in rural settlements existing in the strong socioeconomic influence of cities as well.
As a consequence of urban sprawl, intensive construction and infrastructure development activities spread into rural
areas extending in the vicinity of urban areas (Gordon and Richardson, 2000; Lambin et. Al., 2001). Development of
infrastructure and communication system further stimulates urban sprawl (Soule, 2007). This territorial expansion of urban
structures and urban socioeconomic environment directly threatens the valuable features of traditional rural landscapes
reflecting historical development of traditional lifestyles, organization of rural areas, agricultural activities, vernacular
and professional rural architecture (Bučas, 2001).
In Lithuanian cities in recent decades the relics of rural landscape absorbed into urban environment are treated as
foreign bodies hindering envisioned urban development. The former rural areas of extensive use are radically changing
under the influence of urbanization; architectural objects are being demolished or lose their authentic features because
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of interventions ignoring their authentic forms, structures, and materials (Jurevičienė, 2005). Abandoned objects of rural
built heritage rapidly decay without continuous maintenance and their use and revitalization possibilities are limited
by the uncompromising changes in surrounding environment (Vitkuvienė and Ažukaitė, 2010). The above discussed
problems of development of rural areas affected by urban pressure attain significant attention of researchers. For example,
G. Overbeek ir I. Terluin (2006) analyzed the shifts of lifestyles and functions in rural areas affected by urban pressure.
J. S. Deng et al. (2009) analyzed the alterations of landscape structures and land use in the territories affected by urban
sprawl in China. Preservation of rural heritage absorbed into urban environment is also a rapidly developing area of
research. M. Fonseca et al. (2001), J. Vitkuvienė (2005), J. Jurevičienė (2005), G. Swensen and G. B. Jerpasen (2005,
2008), J. Vitkuvienė and L. Ažukaitė (2010) had contributed to this field.
Research results
The present situation. The review of the present situation of the fragments of rural areas in urban and peri-urban
landscape is based on the results of the previous researches (Ažukaitė, 2010; J. Vitkuvienė and L. Ažukaitė, 2010). This
article presents short generalizations of the analyses on site of fragments of rural landscape in the territory of Kaunas. The
analysis encompassed four types of potentially culturally significant relics of rural environment: 5 fragments of village
settlements, 4 residencies of former manors, 3 farmsteads, and 4 individual buildings. General results of the analysis,
demonstrating complicated prospects of rural relics in the territory of Kaunas are presented in table 1.
Table 1. Analyzed fragments of rural areas in the territory of Kaunas (with refernce to L. Ažukaitė (2010), J. Vitkuvienė and L.
Ažukaitė (2010))
Name and type of the object

Level of
urbanization of
surroundings
(1 – high, 2 –
average, 3 - low)

Manor
residencies

Fragments
of village
settlements

Farmsteads

Individual
buildings

Fragments of Marva
manor residence
Linkuva manor
residence
Sargėnai manor
residence
Aukštoji Freda manor
residence
Fragments of
Biruliškiai settlement
Fragments of
Milikoniai settlement
Fragments of Linkuva
settlement
Fragments of Užšiliai
settlement
Fragments of
Naujasodis settlement
Farmsteads in the
vicinity of Linkuva
manor residence
Tirkliškės manor
house
Kazliškės manor
house
Armališkės manor
house
Armaniškės manor
house

Determined
level of cultural
significance
(1 - features of
cultural value, 2 valuable property,
3 - monument)

Present
state (1

- bad, 2 satisfactory,
3 - good)

Prospects of
preservation and
social revitalization (1- low; 2 - av-

General
assessment
demonstrating
potential of the
object

erage, 3 - high)

1

1

1

1

4

2

3

2

3

10

2

2

2

1

7

2

3

3

3

11

1

2

2

1

6

1

1

2

2

6

2

2

2

3

9

3

2

2

2

9

1

1

2

1

5

3

2

2

2

9

2

2

2

2

8

2

2

2

2

8

1

2

2

2

7

1

2

2

2

7

The analysis has demonstrated that the successful integration of fragments of rural environment into urban
development directly depends on the type of the rural relic, its cultural value and social significance, and the character
of surrounding or envisioned urban development. The industrial and infrastructural development has the most negative
impact on the use and survival possibilities of rural heritage objects and territories. This problem is well illustrated
with the case of Marva manor residence in Kaunas, which has rapidly declined when city’s waste water treatment plant
was constructed in the vicinity. The use of surrounding territories for recreational or cultural purposes or for extensive
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housing development have the most positive and beneficial influence on the preservation and social revitalization of
rural heritage in urban settings, as far as such development allows at least partially preserving the authentic character
of surrounding environment of the rural objects and together attracts social interests and potential visitors. Aukštoji
Freda manor residence curre3ntly the site of botanical garden is the example of such development. The research has
demonstrated that the residencies of former manors have the highest potential to be successfully integrated into urban
development. These objects have exceptional cultural value, ecological and social significance.
The aspects of significance. The analysis of literature and research on site had revealed that the fragments of rural
territories absorbed into urban environment, even if often ignored and abandoned, are significant from visual, identity,
social, cultural, and ecological points of view. Considering that, four aspects of significance of historic fragments of rural
territories in urban environment were distinguished:
▪ Potential for landscape formation. Rural areas have characteristic compositional links between the built objects
and their visual background, compositional harmony of natural and man-made features.
▪ Semantic potential. Rural relics in urban environment reflect different stages of historical development of urban
and rural environments and their interconnections.
▪ Potential for multifunctional development. Historical features and functions of relics of rural environment
can stimulate social, cultural, economic diversity and diversity of built environment in peri-urban areas of new
development.
▪ Ecological potential. Relics of rural environment in urban areas usually are characterized with abundant greenery,
active and diverse natural processes.
The potential for sustainable development. In order to demonstrate the potential contribution of fragments of rural
environment to sustainable development of urban areas simultaneously preserving their rural identity and maintaining
social and economic viability, the analysis and interpretation of the principles of and the guidelines for sustainability
was carried out. Key issues of sustainable integration of fragments of rural areas formulated based on national and
international documents (Rio..., 1992; Lietuvos..., 2003, 2009) are presented below:
▪ Integration of fragments of rural environment into urban development based not only on the criteria of economic
benefits and functionality, but also on their sociocultural and ecological potential could result in harmony between
manmade elements and structures of different historical periods and natural environment and contribute to preservation
of natural and cultural heritage and aesthetic quality of landscape.
▪ Information based contemporary decisions on integration of the relics of rural environment into urban development
involving all the related stakeholders (local communities, residents of the city, preservation sector, developers etc.) can
create socioculturally, socioeconomically, and ecologically valuable resources in peri-urban areas for future generations.
▪ The re-use of fragments of rural landscape in urban development implemented in accordance with priorities
of environmental protection can contribute to biodiversity preservation and maintaining of ecological balance in urban
areas.
▪ Sustainable integration of fragments of rural settlements into peri-urban development creating public spaces,
social centers, recreation facilities and infrastructure, retaining valuable features of rural landscape and preserving its
identity, can substantially contribute to the sustainable interaction of rural and urban areas and enhance the quality of life
for rural communities in peri-urban areas, new residents of peri-urban development, and all the residents of the city.
▪ Adaptive re-use of abandoned rural buildings, including historical ones, thus avoiding new construction,
contributes to rational use of resources. Ecological urban farming in the relics of rural areas, development of cultural,
creative industries can contribute to more sustainable consumption and production.
▪ Integration of fragments of rural areas in urban development highlighting their valuable features and based on
the needs and preferences of local communities, society and other interested parties can create philotopic values for these
rural sites, i.e. attachment of communities to them, and contribute to the wider understanding and appreciation of rural
heritage by the urban residents.
▪ Identification, evaluation, and maintenance of valuable rural areas at the fringe of urban territories or in the
territories where the urban development is planned can be helpful detecting and preserving the resources beneficial for
high quality future urban development including preservation and rational use of recreational resources and increasing
tourism potential.
▪ Complex efforts of revitalization and integration into urban development of the relics of rural landscapes can
provide useful experience of coordinating the actions of heritage preservation, territorial planning, socioeconomic
development and the provisions of different legal documents.
Conceptual idea for development of ecomuseum in Veršvas Landscape Reserve
The present situation and features. Veršvas Landscape Reserve is the unique territorial complex of natural and
cultural landscape at the fringe of Kaunas city. The territory of the Reserve stretches between Via Baltica highway and
high-rise residential neighborhood of Šilainiai and encompasses the picturesque valley of Veršvas rivulet with abundant
vegetation and biodiversity in which the relics of historic rural structures have survived. The relics of rural development
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in the territory of the Reserve include the residence of Linkuva manor and historic farmsteads. Linkuva manor dating
back to the 16th century has rich history. Together with continuous agricultural function it has served as a residence of
Jesuit monks and accommodated religious function; during the inter-war period it served as a summer residence of
Kaunas archbishop J. Skvireckas and was decorated with sculptures and ornamental plants. Even during the period of
Soviet occupation it was used as an educational farm. The function of the Soviet period was close to historical use; though
disrespect to the history and heritage of the country caused destruction of valuable artworks and low quality architectural
interventions, which had disfigured spatial structure of the site. The historic Linkuva village settlement stretches northeast
from the residence; even if historically strongly connected to the residence, currently it is not included in the territory
of the Reserve (Bučas and Rickevičienė, 2001). Despite valuable natural and cultural features of the area, the signs of
physical decline and abandonment are visible throughout the territory of the Reserve. The rivulet is polluted and littered
with household waste, historic buildings of the manor and sculptures of the inter-war period decay without continuous
maintenance. The ruins of the buildings of Soviet period are scattered throughout the site. The social centrality of the area
has also vanished. Currently the main building of the residence is subdivided into flats and accommodates several families.
The farmsteads and Linkuva village settlement still serve for their original residential function. However, the interests of
developers and of society are concentrated in commercial, infrastructural and housing development in the neighboring
areas. New developments contradict and erase the historical-cultural and spatial structure of the area. Individual housing
development has already intruded into historical territory of manor residence.
The ecomuseum. Researchers underline the challenge of management of peri-urban landscapes, where the collision
of rural and urban values and structures occur. If completely uncontrolled this dynamic and contradictory process may
result in the loss of legibility of cultural-historic structures and formation of landscapes without clear identity (Swensen
and Jerpasen, 2005, 2008). According to G. Swensen and G. B. Jerpasen (2005), “the result is an indistinct neither/nor
landscape where it is easy to become confused about what kind of landscape one is dealing with. It is neither urban nor
rural.” They note that in order to be able to counteract strong forces working in different directions at the rural-urban
interface, there is an urgent need to develop long term strategies for handling cultural-historic environments situated
on the peripheries of large cities. Current status of Veršvas Landscape Reserve does not ensure the preservation of the
physical structure and sociocultural and socioeconomic viability of the site and does not prevent the intrusion of new
constructions to the historic area. Considering that, development policy proposals, based on our research on integration
of rural relics into urban landscape and the ecomuseum concept (Fig. 1.), were formulated for this valuable cultural and
natural landscape complex:
Territorial preservation and linking potential of landscape. The proposals include expanding the current territory
of the Reserve to include the historical Linkuva village settlement in the ecomuseum. In the concept of ecomuseum
natural and cultural landscape is seen as unifying element linking different relics of rural settlements, green structures,
and infrastructural objects.

Figure 1. Concept of ecomuseum. With reference to Italų... (2005)

“Old new uses”. Researches demonstrate mutual interconnections between social and physical structures.
According to G. Swensen and G. B. Jerpasen (2005), changes in social traits will give rise to changes in landscape, and
may result in transformation of its cultural structures. In order to retain the physical and cultural-historical landscape
structures the appropriate socioeconomic and sociocultural structure is needed. The idea of ecomuseum is oriented towards
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simultaneous preservation of the past and creation of the present. This can be done not only through heritage preservation
and sustainable architectural innovations, but also through adapting the territory and existing buildings to new functions
which have roots in the historical uses of the site. In the proposals for Veršvas ecomuseum the traditional functional zones
of landscape reserve are reorganized and transformed into thematic sectors.
Four thematic sectors linked by the bicycle and pedestrian routes, paths, roads and other infrastructure are proposed
based on distinctive cultural features and natural values, different activities, processes and preservation needs in different
parts of the area. Sector of natural landscape covers the area of 98 ha and is envisioned as the area for preservation of
ecosystems and biodiversity, natural character of landscape, public passive and active leisure and ecological education.
Sector of ethnocultural landscape covers are of 19 ha and encompasses historical rural homesteads with the relics of
traditional land use. This sector would represent traditional rural practices and innovative ecological agriculture, cultural
industries and ethnocultural education. Entertainment sector covers area of 8 ha and encompasses the historic property
of Linkuva manor residence with historic buildings and green structures. Contemporary art and education centre, public
space for gatherings, exposition of exotic plants and the museum of Linkuva manor are envisioned in this sector. Sector
of historic urban landscape covers 5 ha and encompasses the relics of historic Linkuva settlement. This sector would
represent physical structure and values of historic village settlement.
Public use and community involvement. The idea of ecomuseum is based on community participation and
contemporary use of landscape and heritage resources in order to create viable constantly evolving landscape not frozen
in time. Public use and use for education and commercial purposes of the majority of the sectors of ecomuseum would
be beneficial for economic sustainability of local community and dissemination and wider understanding of natural and
rural values and countryside living.
Mutual reinforcement. The status and activities of ecomuseum would be beneficial not only for preservation of
identity and lifestyles of rural environment in urban settings, but also for development of the entire urban area: would
contribute to the economic diversity, quality of life, social viability and ecological sustainability, visual diversity and
identity of peri-urban area and increase cultural and tourism potential of the city.
Conclusions
1. Expanding urban lifestyles and growing urban population cause physical expansion of urban settlements and
urbanization of countryside. This causes threats to legibility of historic rural landscapes and preservation of rural
heritage. This problem is the most relevant to the elements of rural environment, such as the residencies of former
manors, rural settlements and their fragment, individual buildings, absorbed by rapid urban development of large fast
growing cities. Intensification of anthropogeneous processes, shifts in ecological balance, changes of road network
and visual environment, shifts in values and lifestyles of communities and society threaten the distinctiveness and even
survival of these rural objects closely linked to their authentic environment. Researches demonstrate negative shifts in
the physical state of rural objects affected by urbanization. However the interface of rural and urban landscapes cannot
be seen as totally negative phenomenon. The intensification of socioeconomic processes in the urbanized areas and the
identity and distinctiveness of the relics of rural environment can result in creation of unique high quality peri-urban
development together preserving and adding new values to the relics of rural areas.
2. The territory of Veršvas Landscape Reserve, including Linkuva manor residence, historic farmsteads and historic
Linkuva village settlement stretching in the vicinity of the Reserve, has exclusive potential for sustainable integration
into urban environment. The vision for development of this territory is ecomuseum in the territory of Kaunas
city. Institution of ecomuseum in the territory of Veršvas Landscape Reserve and re-use of the rural areas based
on their historic functions and contemporary needs could contribute to the sustainable development of the area
and entire Kaunas city: improve the quality of life and visual features in the site and neighboring areas, promote
multifunctional development, socioeconomic viability and social cohesion of this peri-urban area, contribute to its
identity, distinctiveness and ecological sustainability, provide new recreational opportunities to the residents of the
city and promote cultural tourism. This attempt to apply the concept of ecomuseum to the relics of rural landscape
demonstrates its flexibility. The research field could be further expanded for analysis of application of the concept of
ecomuseum for village settlements and small towns affected by the pressures of physical and social urbanization.
References
1.

Ažukaitė L. (2010). Kaimo kraštovaizdyje susiformavusio statybinio paveldo panaudojimo galimybės urbanistinėje plėtroje. Tyrimų vietose
ataskaita, Kauno technologijos universitetas.

2.

Bučas J. (2001). Kraštotvarkos pagrindai, Technologija, Kaunas.

3.

Bučas J., Rickevičienė R. (2001). Ekspertizės išvados dėl Linkuvos dvaro sodybos ir joje esančių pastatų panaudojimo. Kultūros paveldo
departamento Kauno teritorinis padalinys, Kaunas.

4.

Fonseca, M., Sobreira, F., Rainho, M.E., Oliveira, M. (2001). Unbridled Development of Urban Space and its Implications on the Preservation
of Landmarks – the Morro da Queimada Archeological Site, Ouro Perto, Brazil. Cities 18, pp. 381 - 389.

35

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

5.

Italų instituto paskaita apie visiškai naują, neįprastą muziejų formą – ekomuziejų. (2005). Available at: www.muziejai.lt/prev_vers/images/
paskaita_ekomuziejai.doc.

6.

Gordon P.; Richardson, H. W. (2000). Defending Suburban Sprawl. The Public Interest 33.

7.

Jurevičienė J. (2005). Kaimo aplinkos reliktai šiuolaikiniame mieste. Urbanistika ir architektūra 29, pp. 62 - 67.

8.

Lambin, E. F. et al. (2001). The Causes of Land-use and Land-cover Change: Moving beyond the Myths. Global Environmental change 11, pp.
261 - 269.

9.

Lietuvos Respublikos aplinkos ministerija (2009). Nacionalinės darnaus vystymosi strategijos pakeitimo projektas. Available at: http://www.
am.lt/VI/index.php#r/1034

10.

Rio deklaracija apie aplinką ir plėtrą. (1992). Available at: http://www.pprc.lt/dv/?p=80

11.

Soule, D. C. (2007) Remaking American Communities. University of Nebraska Press.

12.

Squires, G. D. (2000). Urban Sprawl. Causes, Consequences & Policy Responses. The Urban institute Press.

13.

Jerpasen G. B. and Swensen G. (2005). When City Invades the Countryside – Cultural-historical Environments in Spatial Planning. Sustainable
Development and Planning II 2, pp. 1281 - 1290.

14.

Swensen, G. and Jerpasen, G. B. (2008). Cultural Heritage in Suburban Landscape Planning. A Case Study in Southern Norway. Landscape and
Urban Planning 87, pp. 289-300.

15.

Vanagas, J. (2003). Miesto teorija. Vilnius.

16.

Vitkuvienė J. (2005). Buvusių dvarų sodybų reikšmė miesto savitumui. Urbanistika ir architektūra 29, pp. 120 - 124.

17.

Vitkuvienė J., Ažukaitė L. (2010). Kaimiškojo paveldo kaitos tendencijos urbanistinėje plėtroje (Kauno pavyzdžiu). Mokslo straiosnių rinkinys
„Urbanistinė drieka: miesto ir kaimo sandūra“. Kaunas: Technologija, pp. 71 - 81.

Ligita AŽUKAITĖ, Master student at Kaunas University of Technology, Department of Architecture and Land Management. Address:
Kaunas University of Technology, Faculty of Architecture and Civil Engineering, Department of Architecture and Land Management,
Studentų g. 48, Kaunas 51367, Lithuania; E-mail: a.ligita1@gmail.com; Tel.: (8-37) 300456; Fax: (8-37) 451546. Research interests:
preservation of built heritage of rural origination in urban environment.
Jurga VITKUVIENĖ, Lecturer at Kaunas University of Technology, Department of Architecture. Address: Kaunas University of
Technology, Faculty of Architecture and Civil Engineering, Department of Architecture and Land Management, Studentų g. 48, Kaunas
51367, Lithuania; E-mail: jurga.vitkuviene@ktu.lt; Tel.: (8-37) 300456; Fax: (8-37) 451546. Research interests: development and
preservation of residencies of former manors, preservation of built heritage of rural origination in urban environment, architectural
design in historic built environment.
Indrė GRAŽULEVIČIŪTĖ-VILENIŠKĖ, Lecturer at Kaunas University of Technology at the Department of Architecture and Land
Management. Address: Kaunas University of Technology, Faculty of Architecture and Civil Engineering, Department of Architecture
and Land Management, Studentų g. 48, Kaunas 51367, Lithuania; E-mail: grazuleviciute@yahoo.co.uk; Tel.: (8-37) 300456; Fax: (8-37)
451546. Fields of interest: preservation of built heritage, economic aspects of cultural heritage, sustainable architectural design.

36

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Exploring Serbian Consumers’ Attitude Towards Ethical Values of Organic,
Fair-trade and Typical/Traditional Products
Noureddin Driouech, Hamid El Bilali

Mediterranean Agronomic Institute of Bari, Italy

Sinisa Berjan, Mirjana Radovic
University of East Sarajevo, Bosnia and Herzegovina

Aleksandra Despotovic

University of Podgorica, Montenegro
Abstract
The new Millennium has seen a renewed and intensified interest in issues of business ethics and corporate social responsibility (CSR). This has
been partly driven by a wave of concern about conduct and governance of business and partly reflects a growing interest amongst consumers, policy
makers and businesses, in forms of production and consumption that are more sustainable and more ethically oriented. This is typified by growth in
demand of products encompassing ethical values such as organic and Fair Trade products. However, research knowledge base about consumers and
their behaviour and attitude from an ethical perspective is relatively weak. Consumer attitude to foods is mainly influenced by concerns (e.g. food
safety, human health, environmental impact) and commodity attributes (e.g. quality, taste, freshness and packaging). The objective of this paper is to
get an insight on Serbian consumer attitude towards agro-food products with ethical values (AFPEV) namely organic, Fair Trade and typical/traditional
products. This paper is based on the literature and an online self-administered questionnaire, carried out from December 2010 through June 2011 with
104 Serbian adult consumers, dealing with understanding of and knowledge about AFP and relationships with ethical values; AFPEV buying frequency;
main criteria and reasons for buying AFPEV; opinion about AFPEV price and consumer willingness to pay; potential impacts on animal health and
welfare as well environmental, economic social and civic impacts of buying AFPEV; purchasing channels; and main sources of information about
AFPEV. Serbian consumers have a good knowledge about AFPEV that are bought by 98% of the sample. Most of the respondents relate ethical values
to the respect of environment (73.5%) and organic production (49.0%). The main reasons for buying AFPEV are quality (35%), organic certification
(17%), and taste (15%). Price seems less important. The main sources of information about AFPEV are mass media, newspapers and magazines
(summing up 46%). However, the majority of Serbian consumers prefer to get information directly from the supply chain actors mainly sellers and/
or producers. AFPEV are bought mainly from the specialized shops (34%) and supermarkets (26%) to achieve personal satisfaction, for health, safety,
natural resources conservation, and environment protection. Consumers do not always buy sustainable products as consequences of environmental
concern or to benefit the community or due to personal beliefs but mainly to give priority to health. Ethical factors are important in some cases, but they
may be overstated. Results indicated that most Serbian consumers perceived that AFPEV as healthier and portray a positive attitude towards AFPEV
thus showing a high willingness to pay higher prices. Serbian consumers seem to have a positive attitude towards organic, fair trade and typical products
due to the sustainable benefits that they can bring about. Therefore, institutional and domestic market conditions should be improved for insuring
long-term market development and information campaigns should be organised to increase Serbian consumers’ awareness and consciousness and to
strengthen their positive attitude towards AFPEV.
Key words: Serbia; consumer; attitude; agro-food products; ethics

Introduction
There was a renewed and intensified interest in issues of business ethics and corporate social responsibility (CSR)
in the new Millennium. This has been partly driven by a wave of concerns about conduct and governance of business
in the wake of some ethical scandals. It also partly reflects a growing interest amongst consumers, policy makers and
businesses themselves in more sustainable and more ethically oriented production and consumption. This is typified by
growth in demand of some products such as organic and Fair Trade ones (Brinkmann & Peattie, 2008).
Consumers often preferred products for reasons other than classic economic calculation. They connected
consumption with their religious, ethnic, racial, national, class, and other identities. In recent decades, consumers’ product
choice has been increasingly influenced by a growing concern for transnational and global issues of justice, care for
the environment, and human right. Global movements and network mobilize consumers to make political and ethical
purchase (Micheletti, 2003).
According to Brinkmann (2004): “Business ethics…mainly with moral criticism…of business behaviour. Within
a market economy, business behaviour is not independent from consumer behaviour and consumer acceptance... Rather
than criticizing business alone…or passing on the blame to the market and to the consumer…it seems more fruitful
to consider issues such as Organic, Fair Trade, social and environmental sustainability on one hand and consumer
dishonesty on the other hand as a shared responsibility of business and consumer...“. Perception research combines
elements of psychology, sociology, anthropology and economics (Albaum & Smith, 2005). A series of beliefs, which can
be cognitive or evaluative, can combine to create an attitude (Heberlein, 1981). The link between attitudes, intentions and
behaviour has been explained (Fishbein & Ajzen, 1975). Stakeholders and actors dealing with ethically-oriented products
or marketing scholars seeking to better understand this process, are hampered by the fact that the research knowledge
base about consumers and their behaviour from an ethical perspective is relatively weak (Aguer et al., 2003). Research
related to consumer attitude and preference for organic products is very imperceptible (Chinnici et al., 2002). Consumer
attitude to foods is mainly influenced by quality attributes. Ethical factors are important in some cases, but they may be
overstated (Browne et al., 2000).
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In a market system economy, the price system model using the free forces of supply and demand decides production
and consumption behaviours of society. By purchasing products consumers define products required by society and
consumers` collective buying of such products sends signal to producers who are assumed to positively respond to profit
signals. Depending on the strength of the signal, producers will reallocate factors of production in favour of products that
are in demand as manifested in votes by society through their purchasing power (Tshuma et al., 2010).
The objective of this paper is to get an insight on Serbian consumer perceptions of and attitude towards agro-food
products with ethical values (AFPEV) i.e. organic, fair-trade and typical and traditional ones.
This paper is based on secondary data, from the literature, and primary data collected through an online selfadministered questionnaire (https://www.surveymonkey.com/s/SK7HXQS) conducted from December 2010 through
June 2011 with a sample of 104 Serbian adults. Participation was entirely anonymous and responses have been analyzed
only in aggregate. The sample interviewed for this preliminary explorative research was not equally distributed among
women and men; majority were female (54.9%). Most of respondents (61.1%) were single. As for education, 72% of the
sample has university education, 12.5% has secondary school level and only 6.7% has post-graduate level. The range of
age was from 18 to 50 and above. Concerning the household composition, 8% of surveyed sample has people with health
problems (i.e. allergy) (Table 1).
Table 1. Profile of respondents (n=104)
Items
Gender
Age

Family status

Level of education

Household composition

Number

Percentage (%)

Male
Female

47
57

45.1
54.9

18-24
25-30
31-40
41-50
51 and over

16
25
27
22
14

11.1
27.8
31.5
22.2
7.4

Single
Married
Married with children

43
16
25

61.1
11.1
27.8

Primary school
Technical professional school
Secondary school
College/University
Post-graduate (Master, PhD)
Other

1
0
16
13
75
7

1
0
15.4
12.5
72.1
6.7

Children
Elders
People with health problems
None of above

48
53
13
23

45.3
50.5
8.4
18.9

The questionnaire was designed and made available in English and Serbian languages. The survey aimed at
collecting data on: (i) consumer attitude towards AFPEV; (ii) attributes of these products that are important in choosing
them; (iii) the level of confidence as in different sources of information and in the certification and control system.
The questionnaire first section dealt with respondents’ knowledge about AFPEV; if they buy AFPEV and buying
frequency; main criteria and motivations for purchasing AFPEV; understanding of ethical consumption; main AFPEV
bought; comparison of AFPEV taste with respect to conventional ones; opinions about AFPEV price and willingness
to pay; if they pay attention to products labels; main reasons for not buying AFPEV. The second questionnaire section
dealt with consumer perceptions and access to information about AFPEV in particular respondents were asked if they
think that they have some impacts with their choice such as environmental impacts (e.g. decreasing food miles and
CO2 emissions; biodiversity and ecosystems conservation; minimising pollution and better natural resource use; local
and regional supply chains and markets); impacts on animal health and welfare; social and civic impacts (e.g. food
quality and safety contributing to human health; safe and equitable workplace; gender equity; transparent and trustworthy
organic food systems; civic responsibility and care; human rights); economic impacts (e.g. fair and equitable financial
return for farmers/producers, availability and affordability to consumers); level of knowledge on AFPEV; main sources
of information; where they buy AFPEV; willingness to get more information about AFPEV and preferred communication
methods and media. Data were submitted to a descriptive analysis, which gives a picture of frequencies of variable, thanks
to the use of synthetic indicators (e.g. trend, means). Data collected were analyzed using Microsoft Excel.
The rationale for carrying out this research is that if AFPEV are to economically compete with conventional
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ones, market for these products must be guaranteed through effective demand that is not based on speculative shocks
but rather consumers’ driven. AFPEV market development in Serbia supposes consumers are well informed and aware
of benefits and positive impacts of these products, and fully committed. Nevertheless, before any behaviour can be
changed, it is necessary to evaluate the current state of consumer awareness and knowledge that’s to say consumer
attitude and perception. Regarding organic products, consumer perceptions define the potential market demand for organic
commodities (Bhaskaran & Hardley, 2002).
Results of research
As for the degree of knowledge about AFPEV, all the respondents seem to be well knowledgeable since just 5.1%
of them do not know about AFPEV. Most of the interviewed Serbian consumers connect ethical values to the respect
of environment (73.5%) and organic production (49.0%) (Fig. 1). An organic sector survey conducted in the spring of
2010 showed that around 230,000 ha of land are currently either organically certified or in the process of certification.
The survey data suggest that at least 3,000 small-scale farmers are involved in organic production (März et al., 2011).
In the recent years there has been a growing concern and debate about ethical values linked to organic foods production
and consumption. The growing interest in organic and ethical production and trade has been both consumer driven and
trade driven (Browne et al., 2000). However, the debate around the ethics of organic food has been framed around divide
between production and consumption (Clarke et al., 2008). AFPEV are bought by the 78% of the sample.

Figure 1. Consumer knowledge about AFPEV

The main reason for buying AFPEV is quality (35%) followed by organic certification (17%) and taste (15%).
Price seems less important than the previously mentioned reasons (Fig. 2).
Many studies showed that the Serbian consumers that are 25-40 years old, urban and educated (and mostly female)
are ready to buy and to pay more for certified organic agro-food products (OAFP) (Maslac, 2009). The Republic of Serbia;
especially the Ministry of Agriculture, Forestry and Water Management (MAFWM); issued new regulations and laws
dealing with geographical indications (GIs), organic production, wine and food safety (MAFWM, 2009).
A number of authors subscribe to the notation that a significant growth in production and demand for organic
products is very apparent. Major reasons cited in favour of this trend range from, safety of consumers, nutritional value
of organic food products and the environmental friendly component associated with organic production (Maguire et al.,
2001; Greene, 2001). Reasons of buying organic products could be grouped according to concerns (e.g. food safety,
human health, environmental impact) and commodity attributes (e.g. quality, taste, freshness and packaging) (Yiridoe
et al., 2005). However, responds towards organic food products changes according to countries background, level of
awareness, product availability and attitude changes. Nevertheless, consumers have positive attitudes towards organic
products that are perceived as healthier than conventional ones (Chinnici et al., 2002; Harper and Makatouni, 2002).
Organic agro-food products are produced according to the precautionary principle, keeping pesticides, additives and
other chemicals use at a very low level (Alrøe et al., 2002), and many consumers perceive organic food as better for
health than conventional one (Brandt, 2003). Others believe that the organic production methods are at least as safe as the
conventional ones (Brandt, 2003). Yiridoe et al. (2005) have admitted that some of the general concerns with regard to
consumer perception towards OAFP include food safety, environmental impact, human health, taste, nutritional value and
visual appeal. Some researchers found that organic food consumers are less likely to consider price as important compared
to consumers who don’t and never purchase organic products before (Williams and Hammitt, 2000).
A consumer survey carried out by Zarić et al. (2009) showed that almost all Serbian respondents (98.52%) consider
traditional products of good quality. In the same survey, Zarić et al. (2009) showed that purchasing decision is based on
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quality then price. Packaging size and sales location as well as consumer knowledge about products are less important.
Serbian consumers still have positive attitude towards traditional domestic products. In fact, almost 80% of respondents
think that they would buy the same traditional domestic products in the future, which shows that traditional products enjoy
consumer confidence (Zarić et al., 2009).
Consumers’ confidence in quality and safety of products like meat, fruit, vegetables, bread and baked goods is far
bigger in case of products sold in big chains and supermarkets, than in small shops that are not a part of any chain. This
may be explained with bigger turnover, which necessarily leads to better quality of products (Barjolle et al., 2009).

Figure 2. Reasons for buying AFPEV

As for information channels, it seems that indirect communication (mass media: TV, radio, internet, etc.) and
newspapers and magazines (summing up 46%) are the most likely way to be informed about AFPEV. Direct channel of
communication like educational institutions (25%), chatting with friends (18%) and in stores and shops (6%) are also
quite important (Fig. 3). However, the surveyed people would preferably get informed by direct sources like those hosted
directly by selling point, suppliers, and producers (summing up about the 46% of responses) and via labels (17%). Direct
relationship with producers is still one of the preferred information channels (14%).

Figure 3. Sources of information about AFPEV

Empirical evidence shows that consumer’s difficulty in locating environmentally directed products is partly
due to lack of information (Brown & Wahlers, 1998). A survey carried out by Zarić et al. (2009) showed that in most
cases, purchase of traditional products is a part of tradition in Serbian households. The most common forms of obtaining
information about these products are via the “word-of-mouth” communication method (35%). Nevertheless, advertisement,
through different types of media (e.g. radio, TV, newspapers, internet, etc.), is an important source of information (20%).
Unfortunately, there is in Serbia no clear-cut distinction between ordinary domestic products and traditional ones with
geographical indications. Serbian consumers mix between these two terms and consider them the same (Zarić et al., 2009).
Many Serbian producers use words as “eco”, “traditional”, “healthy food” and others for labelling and differentiating their
products. According to the Geographical Indications Law and other regulations their use is not allowed but they can still
be found on the markets.
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The surveyed consumers buy AFPEV mainly from the specialized shops (34%) followed by supermarkets (26%)
while only 24% of respondents buy them directly from producers/farmers (Fig. 4). However, this result is probably
influenced by the still reduced direct contact with producers. Moreover, fair trade products cannot be bought through
direct channels, so probably the result refers mainly to organic food. According to a survey dealing with shopping habits
in Serbia (Barjolle et al., 2009), mini-markets, bakeries, small shops, green market and kiosks are the most frequently
visited places for daily small shopping especially if the spent sum is lower than 12 €.
Some studies have identified that lack of organic food availability in stores is considered as one of the barriers to
consumer purchase (Byrne et al., 1991; Davies, 1995). Although the motivation or intention is high but it is impossible to
transform the intention into practice due to low availability (Vermeir & Verbeke, 2004).
Market channels of the organic products in Serbia are on-farm selling, farmers green markets, large supermarket
chains and specialized shops of healthy food (Maslac, 2009). The retail sector for organic food in Serbia is still
underdeveloped. There are only a few specialised outlets in Belgrade and Novi Sad (März et al., 2011).
Consumers do not have many options for buying traditional products. They are usually channelled to big retail
stores and markets. Products of domestic origin are usually purchased in mega markets (26%), supermarkets (22%) and
green markets (21%) (Zarić et al., 2009).

Figure 4. Places where consumers buy AFPEV

Motivation for buying AFPEV comes from the idea that by simply purchasing them it is possible to have an ethical
impact (85%). When interviewees were asked about options, they highlighted respecting the environment (e.g. minimising
pollution, better natural resources use, climate change mitigation, biodiversity conservation) (Fig. 5). Similar consumer
concerns and motives versus environmental issues have been reported in another explorative study in Southern Italy
(Driouech et al., 2010). The majority of consumers have realized that their purchasing behaviour has a direct impact on
many ecological problems (Laroche, 1996). The growth of organic agriculture is seen as part of the emerging marketing
trends where consumers demand to know what benefits a food could deliver before making a purchasing decision. People
who purchase organic food have been classified into four groups (Davies et al., 1995) namely: greens - people who are
concerned with the environment; food phobic - those who are concerned about chemical residues in food; humanists people who are preoccupied with factory farming methods and; hedonists - people who believe that a premium products
must be better and importantly taste better.

Figure 5. Different aspects of consumer ethical contribution/impact
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Conclusions
This paper explored Serbian consumers perceived ethical values and impacts they may have through
consumption of organic, fair trade and typical/traditional agro-food products. Serbian consumers are quite well
informed about the benefits of AFPEV. Most of them relate ethical values to the respect of environment and organic
production. The main reason for buying AFPEV is their higher quality while the main sources of information about
AFPEV are mass media, newspapers and magazines. However, the majority of Serbian consumers prefer direct
contact with sellers and/or producers. AFPEV are bought mainly from the specialized shops and supermarkets not
only to achieve personal satisfaction, for health, safety but also natural resources conservation and environment
protection. In order to broaden the information available about AFPEV, it is important to establish information
campaigns about the principles, the practices, the environmental and other benefits of AFPEV, especially organic
products. The Serbian organic market is still young and the development of consumer recognition of and credibility
for organic labels and confidence in the organic certification system needs more time.
All in all, it can be concluded that there is a potential for AFPEV in the Serbian market. Although Serbian consumer
motivation for buying AFPEV is mainly based on health and environmental criteria, they are widely perceived to be
ethical. However, Serbian market actors need to bear in mind that, unlike food safety issues, ethical and environmental
issues related to agro-foods are relatively new for Serbian consumers.
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Abstract
The aim of research is to present the development potential of Polish rural areas and agriculture under the conditions of globalization. The
analysis of the problem was based on selected items of subject literature. The development of agriculture and rural areas becoming more and more
depended on current processes of the world economy. Polish rural areas have many strengths (e.g. a large area of agricultural land in Poland, relatively
low agricultural production intensity, the structure of farms preventing excessive depopulation of rural areas). It allows the hope that Polish rural areas
could be an important element demonstrating the European development paths.
It is expected that Membership of Poland in the Union structures as well as processes of globalization are not only the passive background for
Polish agriculture but they also determine the conditions of necessary changes allowing improvement of its competitiveness. Poland, becoming a part of
the European Union, joined the group that undertakes extensive efforts at the WTO forum to maintain the European model of agriculture in the process
of globalization.
Key words: globalization, agriculture, rural areas

Introduction
Worldwide economic integration has intensified as expansion of global commerce, finance and production links
together the fate of nations, communities and households across the world’s major economic regions and beyond within
an emerging global market economy (McGrew, 2006). Globalization is a relatively new concept but still very important,
being analysed from the different point of viewes (Missala, 2006, p. 87; Kisiel, Koszyk-Białobrzeska, 2007, p. 305).
In the assessment of the influence of globalization on the agricultural sector its dimensions, i.e. macroeconomic,
microeconomic as well as social and environmental aspects should be considered (Czyżewski, Poczta-Wajda 2008, p. 8).
Adamowicz (2005, p. 32) highlights that globalization processes cause that Polish agriculture becomes a part of the open,
global economic system. The competitive pressure in that system forces every economic entity to apply the strategy of
low prices. The scope of economic globalization proliferation in the field of agriculture and agribusiness will, however, be
inhibited by the practices of agricultural interventionism and protectionism that will continue despite liberalization trends
and attempts at modifying the agricultural policy systems applied by the major food exporters and importers.
Polish path to competitive agriculture, which is under strong pressure of the global market, leads through the
European integration that has lead to inclusion of Polish agriculture into the Common Agricultural Policy and the European
Union Structural Policy. The process understood in that way is called “globalization through Europeization” (Czyżewski,
Henisz-Matuszczak, 2005, p. 19).
The integration-globalization processes of rural areas and agriculture in Poland create the new world of agriculture
and rural areas, new agricultural economy and the new man of agriculture and rural areas. Rural areas were the beginning
and co-determine the path of development for the contemporary world (Tomczak 2009, p. 189).
The current trends in the European Union policy for agriculture represent transition from the common agricultural
policy to common rural and agriculture development policy. In Europe wider thinking about rural areas focused on
diversified forms of economic activity (multifunction development) and support to social capital is observed. Diversification
of rural economy in Poland will not take place too quickly because of the limited budgetary capacity of the State (Kisiel,
Marks-Bielska, 2007, p. 64; Kłodziński, 2005, pp. 17-18).
The aim of research is to present the development potential of Polish agriculture and rural areas under the
conditions of global changes. It shows the possibilities of development ecological agriculture in Poland on the background
of European agriculture.
Research methods: study of economic literature, analysis of statistical data concerning the Polish agriculture
especially ecological farms. This work is monographic in its character. Analyzing experiences, tendencies of Polish
agricultural, the following methods were used: systematic, comparative, logical analysis and synthesis. Both tabledescriptive and graphic forms of presentation of the subject have been employed.
Challenges of globalization for rural areas and agriculture of Poland
Globalization is currently becoming the fundamental challenge for the entire economic and political system of the
world. Rural areas and agriculture play in that system, particularly as concerns the development and regulatory powers, a
rather subordinate role or a role resulting from increased dynamics of non-rural and non-agricultural forces. The future of
the rural areas in Poland is determined by three major processes – evolution in production, structure and social dimension
of agriculture resulting from the processes of integration and globalization (Tomczak 2009, pp. 178-179) .
Poland, becoming a part of the European Union, joined the group that undertakes extensive efforts at the WTO
forum to maintain the European model of agriculture in the process of globalization. It is difficult for Polish farmers to
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match the production costs and productivity levels achieved in agriculture of countries where resources of fertile soils and
climate are more favorable for agricultural production. Agriculture, besides production of food, fulfills numerous other
functions such as maintaining biodiversity and landscape diversification in rural areas, continuation of folk traditions
and customs. The importance of extra-production services rendered by farmers has become more apparent after it was
established that farmers could obtain significant funds within the Common Agricultural Policy for implementation of
agricultural-environment programs or as a consequence of farming under unfavorable conditions (Wilkin 2005, p. 19,
Marks-Bielska 2010, p. 192).
It is expected that appreciation of multifunction role of agriculture and non-market importance of its products (that
possess the values of public goods) will represent publicly accepted attitude for support to agriculture from domestic and
Union sources (Wilkin, 2005, p. 19).
Multifunctionality in agriculture is linked tightly to sustainable development of agriculture and rural areas as well
as the new approach to analysis of economics in highly developed countries referred to as post-productivism. Processes
taking place in agriculture play an immensely important role for implementation of the assumptions of sustainable
development, i.e. the process occurring in parallel in at least three interlinked dimensions: environmental, economic and
social. Wilkin (2008, p. 39) highlights that current studies on Multifunctionality of agriculture indicate that:
- multifunctionality of agriculture is the condition necessary for sustainable development of the country,
- numerous functions performed by agriculture are poorly identified, quantified and described,
- non-commercial functions of agriculture are becoming the base for legitimization and the main objective of
public support for agriculture,
- the phenomenon of jointness, that is linking the positive external effects of agriculture with production of market
goods, makes exclusion of elements of protectionism from agricultural policy impossible; market competitiveness cannot
be the exclusive criterion for existence of agriculture.
The supporters of agriculture liberalization propose leaving the issues of size, structure and spatial distribution
of agricultural production to the market mechanism operating under conditions of open economy (globalization). On the
other hand, the environmental or social goals concerning agricultural or rural areas should be regulated through the public
policy focused on those specific issues. The problem is that retaining, e.g. natural or cultural values in certain rural areas
cannot be achieved without retaining agricultural activities in those areas. Certain production, social and environmental
functions are inseparable. This is the base of jointness in relation to multifunctionality of agriculture. If we want to retain
an adequate level of biodiversity then we must also protect agriculture. The choice of appropriate social values and
priorities imposes limitations on the rule of the market (Wilkin 2008, p. 39).
It should be assumed that globalization processes outlined so far would progress and expand. They will also take
over the agriculture. Consecutive WTO rounds will probably cause further liberalization of agricultural trade and limited
state or community bodies’ intervention in the agricultural market. Preparing for that situation the competitive sector in
Polish agriculture should be strengthened through modernization and expansion. This is the main task of agricultural policy.
Strengthening specific “niche agriculture” focused on a relatively small and diversified groups of buyers formulating very
high requirements, particularly in highly developed countries, is another area of activity of the earlier mentioned policy
(Adamowicz 2005, p. 122).
Polish agriculture against the background of the EU-27 employs significant resources of labor and land. The first
of them represents 18% of labor resources in the Community while the land resources represent almost 9% of total land
resources there. The evidently lower share of Polish agriculture is recorded as concerns capital outlays that represent
5,2% of capital outlays incurred by the agriculture of the EU-27. This means that in Polish agriculture the relations
between means of production are different than in the Community. One person working in Polish agriculture has ca.
2-times smaller land resources than the average for the EU-15. Lower than in Poland land resources per one person
working in agriculture occur only in Greece, Slovenia, Malta and Rumania, that is the countries in which, with the
exception of Rumania as concerns a few products, agriculture is not competitive for the Polish sector as a consequence
of the volume of production and its products structure. The capital outlays in Polish agriculture per one person employed
in it are 3,5 times lower than the average for the entire EU-27 and almost 6 times lower than the average for the EU-15
(only in Rumania they are lower than in Poland). Those two relations reflecting the equipment of the active factor in the
process of production that is the labor resources with the other two production factors, i.e. land and capital indicate poor
competitive position of Polish agriculture as concerns competitiveness of resources and determine low labor productivity
in agriculture sector as a whole (which does not exclude obtaining high labor productivity in microeconomic scale by
selected entities, i.e. specific individual farms). Also the relations between capital outlays and land resources in Poland
are among the lowest in the EU-27. In Polish agriculture that relation is almost twice lower than the EU average. That
relation indicates relatively low production intensity in Polish agriculture. The low intensity level causes that the share
of Polish agriculture in production generated in the agriculture of the EU-27 is 5,7% only. Very high labor resources in
Polish agriculture, large land resources, low capital outlays and also relatively low, as compared to the resources available
to Polish agriculture, level of production cause that productivity of labor and land in Polish agriculture is low (Poczta,
Siemiński 2008, p. 172).
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Productivity of labor in Polish agriculture measured as production generated is almost 3 times lower than the
EU-27 average and over 5 times lower than the average for the EU-15 (lower labor productivity than Polish agriculture
is characteristic for agriculture in Rumania and Latvia only among the EU-27 countries). The very low productivity in
Polish agriculture is a threat for Polish agriculture or it must result in low pay for outlays of labor in agriculture necessary
to maintain the competitive position (Poczta, Siemiński 2008, p. 173).
Considering that reality, an opportunity can be offered by development of ecological agriculture, which requires
higher outlays of labor and larger resources of land than intensive agriculture. Ecological production may be carried out,
first of all, in multifunctional family farms (Stankiewicz 2009, p. 3).
The utilised agricultural area used by ecological farms in the EU countries increased from about 700 thousand ha in
1993 to over 8 million ha in 2008. It means that, over time it grew more than 10-fold. In the enlarged EU ecological farms
in 2008 used ca 4% of the total utilised agricultural area. In Poland, the participation of all ecological farms in total utilised
agricultural area in 2008 was ca 2% (Fig. 1).

Figure 1. The participation of ecological farms area in total utilised agricultural area in selected European countries in 1993
and 2008
Source: Jończyk K., Stalenga J. 2010, p. 88.

Ecological development of agriculture in Poland results in numerous consequences of fundamental importance
for the country. As a result of stimulating the initiatives by farmers and rural communities a definite improvement of
achievements in vegetable and animal production can take place. This applies to the improvement of both quantity and
quality of agricultural products. Quality improvement is linked to the nutritive and storage criteria. At the same time
the food of the highest quality can influence profitability of exports, mainly to the EU countries where a large demand
for products of that type is observed. It is projected that in rural areas small processing plants and agricultural products
storage venues will be established. Development of rural infrastructure, medical services, tourist activities, including ecoagritourism will take place. This is linked to creating additional jobs for the community (Stankiewicz 2009, p. 3).
Poland, as a consequence of a relatively low level of consumption of chemical yield generating products, large labor
resources in rural areas and relatively pure natural environment and high level of biodiversity possesses highly favorable
conditions for development of ecological agricultural production (Stankiewicz 2009, p. 3). The visible increase in interest in
ecological farming method occurred in Poland after EU integration (Tab. 1).
As a member of the EU, Poland has gained access to the consumer market exceeding 400 million people from affluent
Community countries. The Polish ecological food offer is very rich as it encompasses, among others, vegetables and fruit,
vegetable and fruit products, honey, cured meat products, flours, pasts, buckwheat, cereal products and bakery products
(Stankiewicz 2009, p. 3).
Polish farmers have a possibility of using EU subsidies for that production type within the framework agri-environmental
program that represent an important element in Rural Development Program (RDP). Within the frameworks of the for the
years 2007–2013 those subsidies will amount from PLN 260/ha to PLN 1800/ha, depending on the production type and stage
(production with the certificate or production during transformation to eco-production) (Stankiewicz 2009, p. 4). In 2010 the
area of ecological agriculture in Poland was 518,5 thausands ha.
To assure competitiveness of the Polish agricultural sector in the uniform European market, fulfill the
requirements of food security of the country, assure the basic mass of raw materials for Polish agricultural-food
industry, retain the positive balance of foreign trade in agricultural-food products and secure sustainable development
of agriculture and rural areas, the sector of market agriculture consisting of ca. 100,000 farms operating at least 10
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million ha of agricultural land and supplying ca. 80% of agricultural market production should develop in Poland by
2020 (Poczta, Siemiński 2008, p. 207).
Table 1. Number of ecological farms and utilised agricultural area occupied by them
Utylised agricultural area –
Year
Number of farms
UAA [thausand ha]
1999
513
7,0
2000
949
11,7
2001
1787
38,7
2002
1977
43,8
2003
2286
49,9
2004
3760
82,7
2005
7182
167,0
2006
9194
216,8
2007
11870
287,5
2008
14896
314,9
2009
17423
416,5
2010
20956
518,5

Average size of farm [ha]
13,6
12,3
21,6
22,2
21,8
22,0
23,2
23,6
24,2
21,1
23,9
24,7

Source: Jończyk K., Stalenga J., 2010, p. 90 and data of Ministry of Agriculture and Rural Development

Formation of the three following sectors in agriculture: 1. commercial sector, 2. multifunction sector and 3. social
sector can be expected. The sector of high market production and commercialized agriculture will consist of both large
area agriculture that has grown from the former sector of State-owned Farms, high market production and specialized
family farms as well as a variety of corporate farming forms. The typical family multifunction farming benefiting from
the external protection and supported by limited market support programs as well as developing to a larger scale structural
programs promoting long-term sustainable development will form the second strengthening sector of Polish agriculture.
Supported multifunction farms and agriculture combining production diversification, agritourism, processing, services of
differentiated type and support to public, landscape and ecological functions of agriculture will mitigate the tensions in the
employment in rural areas. The sector of social and hobby farming will be the third sector of agriculture that will develop
in Poland more clearly than today (Adamowicz 2005, p. 123).
Conclusion
1.

Two trends – globalization and decentralization dominate in development of contemporary world. They have
important influence on economic and political environment and the situation of rural population. Polish rural areas are
and will be subject to deep transformations. It seems that during the nearest years, as a consequence of accumulated
influence of many factors, the rate of changes in Polish rural areas will be very high, maybe the highest during some
tens of years. The changes occurring are the consequence of complex internal and external processes. In the global
scale the function of rural area as an area of human activity, in particular historically developed and focused on food
production has been changing.
2. In Poland, in line with the globalization trends, it is necessary to strengthen market farms to, among others, secure
the competitive position of Polish agriculture in the EU market and food security of the country. On the other hand,
however, considering significant labour resources accrued in rural areas, the people living in rural areas must search
for additional and alternative sources of income. An opportunity for using the labor resources of Polish rural areas
could be also offered by highly labor-intensive ecological agriculture.
3. Poland has many strengths, which in view of global rivalry could contribute to its relatively favorable inclusion in
the general development trends. A large area of agricultural land in Poland, relatively low agricultural production
intensity influencing lack of excessive and unfavorable influence on the environment as well as the structure of farms
preventing unjustified and excessive depopulation of rural areas allow the hope that Polish rural areas can find not
only its important place in the new European concept of rural areas development but also they could be an important
element demonstrating the European development paths.
The development paths for rural areas of Poland depend, and will depend increasingly on the solutions and activities
resulting from the actual relation of Polish rural areas to the Common Agricultural Policy.
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Abstract
The paper aimed at presenting the dynamics and structure of phenomena occurring in the Polish agricultural land market. The paper covers
the period from 1992 (commencement of activities of the government institution of the State Treasury Agricultural Property Agency (APA), which as
of 2003 has been operating as the Agricultural Property Agency responsible for transformations in the market of agricultural land in Poland) until 2009
(availability of statistical data). The aim was devoted into the tasks: 1. to summarise the dynamics and tendencies of agricultural land market in Poland
in the period 1992-2011; 2. to characterize legal regulations on the agricultural land properties, which have influence to the land market in Poland; 3. to
forecast the real changes and tendencies in the agricultural land market in Poland in nearest future. Changes in the agricultural land to income coefficient
showed that enlargement of the farm area in subsequent years required investing more funds obtained from the agricultural production. The demand in
the agricultural land market may also be influenced by the planned amendments to the Act on managing the agricultural property of the State Treasury
concerning, e.g. the possibility of larger (30 proc.) than so far (20 proc.) exclusions of land from live lease contracts and termination of lease contracts.
Tenants possessing funds, creditworthy and able to exercise the pre-emption rights in purchase of land and converting the fee for the land that they
intend to buy from the APA into instalments, in case of which there are no legal obstacles to purchase land, aim at acquiring the largest possible area
of land and invest in the land. The Polish agricultural land market is at the development stage that can be supported by the increase in prices and lease
rents for agricultural land. It is expected that the accepted policy of the state concerning the management of available space will develop and implement
a comprehensive system for both using the agricultural land and allocation of agricultural land for non-agricultural uses.
Key words: aricultural land market, Agricultural Property Agency (APA), lease, sale

Introduction
Land is the fundamental component of wealth of every nation. During the history almost all civilisations took
immense efforts to defend the rights to land and to create institutions to administer those rights. Well-defined, disposable
rights to land form the base for any land reforms (Zawojska, 2005b). In the wide context of the Polish economy systemic
transformation process the notion and importance of land management gained a new dimension.
Introduction of market economy highlighted the economic importance of land as an important revenue-generating
factor. Land became the subject of changes in ownership relations and Polish economy restructuring and organisational
transformations. After moving from the centrally planned economy to the market economy the need for transformation of rural
areas by means of skilful positioning of new non-agricultural functions in the rural space also occurred. Inevitability of the
processes of change in land use that determines the development of urbanisation, transport and agricultural production leading
to the changes in land function and value is the consequence of that change (Zaremba, 2007).
The tight link with land as the basic factor and means of production and direct dependence of the effects of agricultural
production on natural conditions determining also the market value of agricultural real properties within the area of their
influence are the characteristics differentiating agriculture from other sectors of the economy (Łaguna, 2006).
The major characteristics of structural transformations in agriculture of the country in which progressing
transformation processes take place are:
• flow of land as well as other means of production between sectors assuring obtaining the required level and
structure of agricultural production, development of legal-organisational forms of entities in agriculture and mutual
relations between them,
• flow of land (and other means of production), e.g. within individual farms sector and development of rational
agricultural structure as a consequence,
• achievement of the assumed production effectiveness rate and possibly favourable income parity in agriculture
simultaneously,
• rural community development and improvement of the natural environment quality (Kobyłecki, 2004; p.p. 9-10).
Privatisation and organisation (defining) ownership rights were among the most important components of systemic
reforms in Poland after 1989. That also covered the agriculture, and in particular the then existing sector of State ownership
in agriculture (Wilkin, 1998). Ownership transformations in State-owned agriculture as well as in the other sectors of Stateowned economy in Poland are considered representing one of the most important components in management effectiveness
improvement. The large share of private agriculture in Poland indicated that from the perspective of ownership agriculture
was relatively best prepared to meet the market economy requirements. Additionally, that situation caused that changes in
that sector of economy, compared to other sectors, were not among the top priority tasks. However, it was the agriculture
sector for which the decision on absolute liquidation of State ownership was taken. The scope of transformations had
no precedence in other sectors of the economy, even those where State-ownership monopoly dominated. Many premises
contributed to taking the decision on privatisation of State-ownership in agriculture (Mioduszewski, 2006). The reasons
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for restructuring the State-owned Farms (PGR) most frequently mentioned include economic and structural (related to
transformation of ownership rights and economic effectiveness increase) as well as political (State-owned Farms as
socialist, privileged, subsidised sector “did not fit” the new systemic conditions) considerations.
According to the Act of 19.10.1991 on management of agricultural real property of the State Treasury (Dz U of
1991 No. 107, item 465 as amended), State-owned Farms were liquidated and included in the Resource of Agricultural
Property of the State Treasury (ZWRSP). That resource also took over the land of the State Land Fund (PFZ). This
resource in Poland is managed by the State institution established on the basis of the above Act – Agricultural Property
Agency (ANR), which, until 2003 operated under the name of the Agency for Agricultural Property of the State Treasury
(AWRSP). The Agency took 4.7 million ha of land of which, by the end of 2009, it disposed permanently of 53proc. of
land (ca. 2,5 million ha), of which ca. 1.9 million ha was sold. The Resource still maintains ca. 2.2 million ha (35proc.), of
which the majority (1.7 million ha) is leased. Around 331,000 ha are still available for disposal (Rynek ziemi …, 2010) (to a
large extent land that is difficult to dispose of representing low level of agricultural suitability).
In considerations on the Polish agriculture systemic transformation the restructuring of State-owned farms is the
key point of discussions. Those farms, at the start of the systemic transformation, played a very important role in both
agriculture and rural areas development. As a result of accepted legal and economic-financial solutions, during the first
stage of agriculture systemic transformation economic and social degradation of those farms took place while during the
second stage of the transformation they were liquidated and on the base of their property business entities in new legalownership forms were established (Dzun, 2001).
Implementation of the market economy principles and privatisation of the national economy created foundations
for natural land concentration processes (Szymańska, Wielicki, 2005). Land is the basic production resource in agriculture
despite the replacement of land with capital that currently occurs (Johnson, 2002, Marks-Bielska, Kisiel, 2006). Land as
a production resource plays a definitely more important role in agriculture than in other manufacturing sectors as it plays
the role of both the production space and the means of production in the double role of the object of work and the means
of work (Poczta, 1994).
Land as means of production possesses three characteristics that neither the capital nor the labour possess. First –
the aggregated supply of land within a short period of time is inflexible and insensitive to changes in prices. Second,
in case of appropriate use it is not subject to wear during the production process, although in long term the area of
land suitable for agricultural production or its quality resulting from inappropriate use may change. Third – the land
factor is spatially absolutely immobile (Czyżewski, Henisz-Matuszczak, 2004). The inevitability of land for agricultural
production influences its value for agriculture and the lack of mobility determines the situation that sometimes it is a not
fully profitable production factor (the land rent is not obtained) and it does not move to production sectors characterized
by higher profitability (Poczta, 1994; Marks-Bielska 2009, p. 240).
Next to the exploitation of land as the basic factor of agricultural production, the non-agricultural values of that
land as the basic component of rural areas gain on importance. Those are the values of the landscape, tourism values
and sport and recreation as well as other values. The market of agricultural land in Poland is divided into two markets as
concerns its ownership, which covers the market of private farmers’ land and the market of the State Treasury land. The
first of them is regulated by market mechanisms and to a minor extent supported by preferential loans for land purchase
for young farmers; the other is regulated by the State and, to a certain extent, supported by the market mechanism
(tenders) (Rudnicki, 2002).
The land market possesses a specific characteristic as land is not the good the volume of which could be increased
by production proportionally to the demand (Szymańska, Wielicki, 2005). The situation in the agricultural land market is
influenced by the demand-supply trends. Because of the local character of that market immanent imbalance in that respect
is characteristic for it. Under the Polish conditions the spatial disproportions in land supply and demand are permanent.
They are conditioned by, on one hand, relatively high supply of available land from the State Treasury Agricultural
Property Stock in the areas of western and northern Poland and the permanent shortage of land for sale in the southern
area that possesses highly dispersed structure of agriculture. Lack of land for expanding family farms is also experienced
in Wielkopolskie and Kujawsko-Pomorskie voivodships. In that area of the country outstanding as concerns the high
agricultural culture and concentrations of economically strong farms established in their relations with the market the
competition in purchasing land from the State Treasury Agricultural Property Stock between farmers and managers of
units of large area agricultural enterprises emerged (Szymańska, Wielicki, 2005).
The agricultural land market reflects the general macroeconomic situation and structural changes in agriculture.
Accession of Poland to the European Union and as a consequence appearance of various form of financial assistance,
including direct subsidies the level of which depends on the farm size, contributed to increasing the interest in acquiring
agricultural land. The prices of agricultural land depend on numerous factors, including, e.g. the demand, the economic
situation of farmers, profitability of agricultural production, location, size of plots and possibilities of changing the use of
that land (Kiszczak, Szczecińska, 2005).
Managing the resources of agricultural land is a very important component of both the agricultural policy and rural
areas development. Although the vast majority of those resources are privately owned (mainly by individual farmers) to
an increasing extent those resources are becoming a private-public good. The goals, directions and methods of agricultural
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land resources management are determined not only from the perspective of land as the fundamental factor of production
in agriculture but also from the perspective of the main values important for the entire society (natural, cultural, aesthetic
and other values). Reconciliation of improvement in use effectiveness of agricultural land as the fundamental factor of
agricultural production and land as the carrier of goods for the entire society poses a problem. The success of that concept
depends on higher compensation for performance of general social goals. At the same time, however, improvement in
education and skills of farmers in the area of agricultural production as well as concerning performance of non-production
functions of farms is necessary to allow effective performance of tasks in the area of using the resources of agricultural
land consequential to multifunctional agriculture (Dzun, 2007).
Considering the fact that land is an extremely precious and non-renewable component of national assets it should
be treated as a special means of production the use of which, as in the other highly developed countries, should remain
under protection and supervision of the State (Wilkin, 1994).
Agricultural real property according to article 2 section 2 of the Act of the 11th of April 2003 on management of the
agricultural system (DzU of 2003, No. 64, item 592), effective as of the 16th of July 2003 is agricultural land as defined by
the civil code (that is land that is or can be used for conducting production activities in agriculture in the areas of vegetable
or animal production, not excluding horticultural, orchard and fishery production), excluding real properties situated in
the areas allocated in physical development plans for purposes other than agriculture (Jurcewicz, 2006).
Efficient land transactions and a functioning land market play an important role in economic development and
growth for several reasons. First, they provide access to land for the farmers who are the most productive but who own
less land than they require. Second, they allow the exchange of land as the off-farm economy develops. Third, they
facilitate the use of land as collateral to access credit markets (Swinnen, Vranken, 2009).
Among the European Union countries, Poland belongs to the group of the countries with the largest resources of
agricultural land. According to the European Commission data, the total area of agricultural land in the current EU-27 countries
was 182,103,000 ha, of which 16 million (ca. 9 proc. of the total area of agricultural land in the EU). The per capita area of
agricultural land in Poland is 0.42 ha. Poland, with 2.5 million farms (17 proc. of the total number of farms in the EU), ranks
second in that respect in the EU after Rumania. The average area of agricultural land (AL) per farm in the EU in 2005 was
almost twice larger than in Poland (11.9 as compared to 6 ha).
According to the General Agricultural Census in Poland in 2002 1.6 million (84,0 proc.) users of individual farms
owned all their agricultural land while 14.4 proc. (280,800 farms) conducted their activities using also leased agricultural
land and 1.8 proc. of the farms used common or other types of land. 37,900 (1.9 proc.) of land users were tenants only
while 242,900 (12,4 proc.) were owners of at least a part of the land operated (Marks-Bielska, 2009).
The object of investigation - agricultural land market in Poland.
The aim of investigation - to present the dynamics and structure of phenomena occurring at the Polish agricultural
land market.
The aim was devoted into the tasks:
1. to summarise the dynamics and tendencies of agricultural land market in Poland in the period 1992-2011;
2. to characterize legal regulations on the agricultural land properties, which have influence to the land market in Poland;
3. to forecast the real changes and tendencies in the agricultural land market in Poland in nearest future.
Research methods
Problem analyses were carried on the basis of published subject literature, applicable legal regulations and data from
the Agricultural Property Agency (APA) and the Central Statistical Office (GUS). Particular attention was focused on the
State market of agricultural land in Poland (agricultural property from the State Treasury Agricultural Property Stock).
Analyzing different experiences, tendencies of agricultural land market as well as legal regulations on the
agricultural land properties, the following methods were used: systematic, comparative, logical analysis and synthesis.
The background of the research was formulated in the theory of production factors (land) as well as property rights
economics (ownership of land, lease) (Alchian 1987). Systematic approach methods for social systems were discussed in
Žukovskis (2007) and Žukovskis (2008).
Polish agricultural land market in the perspective of statistical data
In private farming the vast majority of land is taken over by the following generations in the family together with
the other assets. In many cases the forms of that transfer are traditional and have a negative influence on the agricultural
structure not only by postponing land concentration, but it also happens that the transfer contributes to further division
of farms (distribution within the family). For several years already an increasingly evident correlation has been observed
between the transformations occurring in the area structure of the farms and intensifying process of diversification in land
areas use functions – from a small auxiliary farm serving first of all the purposes linked to the place of residence and
daily life of the family farming for its own use to high market unit aiming at strengthening its market position. From the
perspective of the situation in the agricultural land market the first of the above-mentioned groups strengthens it mainly
on the supply side while the second one builds up the demand. In both farm categories, however, non-market (family)
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transactions form the base of the assets possesses. In 2007, the notary offices recorded 67,000 contracts concerning
changes of ownership that were non-market in their nature. This means that such situations applied to, in average, 37
cases per 1000 farms, which means that their number was lower by 1/3 than the number of market transactions. Donations
represented the majority (81 proc.) of cases in that group (Rynek ziemi…, 2008; Marks-Bielska, 2009).
In 2009, notary offices recorded just fewer than 68,000 entries concerning non-market changes in agricultural
land ownership and that was 10,000 less than a year earlier (decrease by 13 proc.). Similarly to the preceding years,
the majority, almost 93 proc. of those transactions, concerned transfer of land within the family. Usually that procedure
is applied for donations and that was so also in 2009 when they represented 82 proc. of the total number of contracts
made within the frameworks of non-market land trade (in 2008 that percentage was 79 proc.). The number of donations
compared to the preceding period decreased by as much as 10 proc. (Rynek ziemi…,2010).
The Agricultural Property Agency, since 1992 until the end of 2009, sold – ca. 1.98 million ha of land, i.e. 38 proc.
of land taken over to the State Treasury Resource of Agricultural Property. Excluding the years 1992-1994, the area of
land sold in individual years in most cases exceeded 100,000 ha (Fig. 1).

Figure 1. Area of agricultural land sales from the State Treasury Agricultural Property Resource during the years 1992-2009
Source: Own elaboration based on the data provided by Agricultural Property Agency (APA)

The low level of sales during the initial years of Agency operation resulted mainly from the lack of capital among
the potentially interested parties and the situation that the properties taken over by the Agency were not prepared in
formal-legal aspect for privatization in that form (the necessity of establishing or updating the registers of land and
mortgages, division by land survey, reestablishing of borders). The land taken over for the Resource was subject to the
so-called restructuring as on the basis of the analysis of local needs and conditions the subject and direction of disposal of
the individual parts of taken over State-owned farms were determined. To encourage purchase of land the Agency allowed
the possibility of acquiring the property from the Resource on preferential terms and conditions with payment of the sales
price on installments (Rynek ziemi …, 2008; Marks-Bielska, 2009; Rynek ziemi …, 2010).
The record sales of property from the Resource took place in 1996 (193,000 ha), when the buyers of agricultural
property could apply for 5 years holiday from the agricultural tax on the purchased land independent of its area. As of
1997 such exemption was limited to the area of up to 100 ha.
The clear decrease in the volume of land sales from the Resource in 2003 was caused, first of all by establishment
of the so-called “claims for land left on the other side of the Bug river” In December 2002, the Constitutional Tribunal
considered statutory exclusion of the possibility of obtaining compensation for the property left in the east inappropriate.
In this way the bases were established for satisfying the claims by people resettled from areas east of the Bug River from
the property of the Resource. Only at the end of January 2003, however, the Sejm (Parliament) passed the Act according
to which people with the rights resulting from resettlement could participate on special terms and conditions in tenders
organized by the Agency for sale of land property. They acquired the right to compensation by counting up to 20 proc. of
the value of the real property left outside the present borders of the Republic of Poland as payment of the sales price for the
property of State Treasury purchased. So far, however, the people resettled have not shown much interest in agricultural
land and the majority of them are interested in disbursements of funds from the Compensation Fund (by 31.12.2007 they
purchased just 5,000 ha of land from the Agricultural Property Agency) (Rynek ziemi …, 2008; Marks-Bielska, 2009).
During the next period the volume of land sales from the Stock was rather even although years 2005 and 2006
were positively outstanding. At the same time the barriers to the scale of disposal of property that were linked mainly to
the shrinking market offer and deteriorating incomes in agriculture increased gradually (Rynek ziemi…, 2010; p.p.15-16).
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Analysis of the dynamics of sales indicates that the result of sales achieved in 2008 was significantly lower than during a
number of preceding years. The achieved sales of agricultural property from the Agricultural Property Stock in 2008 was
78,000 ha and reached the level of 69,2 proc. of the volume planned for that year (113,000 ha). That situation resulted
from many factors among which the authors of the Report from activities of the APA in 2008 (Raport, 2009) listed:
- deteriorating incomes situation in agriculture and decreasing purchasing power of farmers (mainly as a consequence
of a significant decrease in sales prices for agricultural products and increase in prices of the means of production), which
influences the ability to purchase land directly. According to Central Statistical Office data the so-called prices scissors indicator
(indicator of the relation between agricultural products sold and prices of goods and services purchased for the purpose of
current agricultural production and investments) in 2008 was 91,0 proc., which was the worst result since 2002;
- more stringent criteria applied by the banks in originating preferential loans for purchase of agricultural land with
interest subsidy from the Agency for Restructuring and Modernisation of Agriculture;
- intensification of activities of municipalities all over Poland in making changes to the local physical development
plans and studies on conditions and directions of development as a result of which some of the agricultural lands loose
their current function (e.g. being transformed into land for investments) – until completing the procedure involved there
is no possibility of conducting appropriate valuation of the land and sales of it.
Analyzing the data by the Central Statistical Office on prices of agricultural land since 1998 it can be concluded that the
average price of arable land in private transactions systematically increased during the recent years, with the exception of 2002
when a slight decrease occurred. In 2003 the price per 1 ha of arable land was at the level of PLN 5753, and in 2004 it increased
by more than 15 proc. to PLN 6634 per 1 ha. The trend of increasing land prices in Poland continues. The price per 1 ha of arable
land in the private market in 2005 increased to PLN 8340 that is by more than 24 proc. as compared to the average price in 2004.
In 2006 the price per 1 ha of arable land was at the level of PLN 9290 and in 2007 – PLN 12134 per 1 ha (Marks-Bielska 2009).
In 2008 it was 15388 PLN per 1 ha and in 2009 – 17042 PLN per 1 ha. However, the pace of growth of prices on the neighbourly
market in 2009 was slower than in previous years. While prices in 2006-2008 went up by 29 proc. on average annually, in 2009
they grew only by 11 proc.. One may conclude, therefore, that the situation on the land market was affected not only by supply
barriers, which previously had fuelled the growth of process for agricultural lands, but also by growing investment limitations
of the buyers. In view of a worsening economic situation in the agricultural sector, part of entities, in particular the ones still in
a development phase in which they did not achieve a fully competitive market position, were unable to extend their production
assets (Rynek ziemi… 2010).
The situation in the State market encompassing mainly the sales of real property from the Resource of Agricultural
Property of the State Treasury looks similar. In 2003 the average price for agricultural land was PLN 3737 per 1 ha,
while in 2004 it increased by almost 25 proc. to PLN 4682 per 1 ha. Also the initial data for 2005 confirms that the
high increase trend continues. The average sales price per 1 ha of agricultural land from the State Treasury Agricultural
Property Resource in 2005 increased by ca. 20 proc. over the average price in 2004 to PLN 5607. That trend manifested
even stronger during the years 2005-2006. In 2006, the APA sold 1ha of agricultural land for the average amount of
PLN 7374 (price increase by 31,5 proc., as compared to 2005). In 2007, that amount was already PLN 9773 per 1 ha,
i.e. 32,5 proc. more than in 2006. Year 2008 was another period during which State-owned agricultural land increased in
price significantly and the price per 1 ha of typical agricultural land averaged PLN 12540, i.e. it was over 28 proc. more
expensive than in 2007. Despite certain symptoms of a decrease in demand for land, also in 2009 the increase in its price
by 19 proc. was recorded. As a consequence, for the first time the rate of price increase for land from the Stock exceeded
that in the private market where during that time the price of land increased by 11 proc. only. This, nevertheless, does not
change the fact that still land purchase price in case of land from the Stock was lower than in the transactions between
neighbours. In 2009, in transactions with participation of the APA the price per 1 ha was slightly less than PLN 15,000
while in private transactions it was PLN 17,000 (Rynek ziemi…, 2010).
Lease is also treated as one of the market forms of trade in land next to purchase and sale transactions. During the
initial period of Agency existence, the demand for purchase of land was small while lease was highly popular. It required
less capital outlays than land purchase, which had major influence on attractiveness of that form of State Treasury owned
land disposal. The domestic lease market in Poland, from the formal point of view applies mainly to the State Treasury
Agricultural Property Resource as lease between neighbors concern mainly small areas and the majority of lease contracts
in the private market are of informal nature and they are not monitored by the State (Marks-Bielska 2009).
The Agricultural Property Agency leases the real property of the Resource of Agricultural Property of the State
Treasury on terms and conditions specified in the Act of 19.10.1991 on management of agricultural real property of the
State Treasury (Dz U of 1991 No. 107, item 465 as amended) and in the Regulation by the Minister of State Treasury (Dz.
U. No. 140, item 1351). As indicated by the data presented in figure 2, during the years 2004-2009 a decreasing trend in
lease of land while in 2006 a slight increase as compared to 2005 was observed. In 2009 the total of 1.8 million ha of land
was leased, where new transactions covered ca. 19 thousand ha. This was the lowest level of leases over the entire period
of privatisation conducted by the APA. The decrease in the area leased is initiated by the APA for both organisational and
economic reasons. The Agency limits the number of small lease areas (in particular those up to 5 ha) and increasingly
rarely grants extensions on lease contracts offering the land for sale according to the process of exercising the pre-emption
rights (Rynek ziemi …2010).
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Figure 2. Area of agricultural land leased from the State Treasury Agricultural Property Resource during the years 1992-2009
Source: Own elaboration based on the data provided by Agricultural Property Agency (APA)

Lease of land from the Resource is a source of land allowing increasing the farms area, including the area of family
farms. That function of the Agency is strengthened by the co-called „exclusion clause”, which in case of lease exceeding
300 ha in area allows separation of a part of the land during the duration of the lease contract for separate development.
The lease as a form of disposal of the State Treasury property is characterized by rotation. In 2009, ca. 124,000 ha, was
returned to the Resource from lease. The area sold to tenants within the frameworks of the applicable right of first refusal
is also included in the area of returned leased land (Rynek ziemi … 2010).
The rent for leased agricultural land of the Resource is established in most cases on market principles as a result
of conducted tenders. In the lease contracts it is generally determined in the form of the natural measure of decitonnes (dt)
of wheat. The rents for lease of agricultural land from the Resource are payable in arrears for a half of the calendar year.
The cash amount to be paid by the tenant is computed using the average wheat price during the year half preceding the date
of payment announced by the Central Statistical Office (GUS). Regulations also allow determining the rent according to a
monetary measure but that solution is rarely applied and the choice of that form of payment must be made by the tenant.
The levels of rent obtained by the Agency are influenced mainly by the individual characteristics of agricultural properties
(presence of buildings, land quality, spread, location, etc.), market factors, local demand and supply of agricultural land
(Marks-Bielska 2009).
The level of rents achieved for agricultural land, despite fluctuations resulting mainly from individual characteristics
of land leased (soil quality, spread, location, etc.) and also caused by market factors and despite differences in the local
demand for land lease, generally oscillated around 2 dt of wheat per 1 ha per year during many initial years of Agency
operation. On the other hand, in the land lease contracts made during the last few years, particularly after 2003, the level
of rent for agricultural land started increasing. In 2009, the average rent expressed as wheat equivalent offered by tenants
for agricultural land was 5,8 dt while in the contracts made during the earlier years it was: in 2008 - 6,9 dt, in 2007 - 6,7
dt, in 2006 – 4,0 dt, and during the years 2005 and 2004 –3,8 dt and 3,5 dt respectively. The average rent for agricultural
land (excluding the rent for components) for all the live lease contracts as at the end of 2009 amounted to the equivalent
of 2,8 dt of wheat1 (Raport z działalności …2010).
Leasehold, although so important, from the point of view of agriculture development, has been marginalized by
Polish legislation. Although for many years it had a large share in case of farmer farms, it is not regulated by detailed legal
regulations. A draft act to govern those issues has been prepared. The issues of leasehold are specified in the Civil Code
formulated during the turn of 1950s and 1960s. At that time leasehold was considered a fragile and rudimentary institution.
Despite the change in reality after 1990s, leasehold is still governed by the same regulations, absolutely unsuitable for the
nature of leasehold. The Civil Code treats that form in excessively general terms and the enacted Acts are often insufficient.
There are no regulations determining the minimum duration of leasehold while the maximum duration does not always
secure return on outlays on agricultural production, which can effectively discourage farmers from modernization and
investments in leased real property. Leasehold offers little freedom of action while legal regulations offer more protection
to the lessor (Marks-Bielska et al. 2006; Marks-Bielska 2009).
A separate segment of the land market is the sale of land to foreigners. Since Poland’s accession to the European
Union, the provisions on concluding such transactions were amended and the purchase of property by European Economic
Area citizens (European Union Member States and Norway, Iceland and Lichtenstein) was facilitated. Despite the fact
that some transactions do not require a permit any more (where foreigners leased the land and managed it personally for a
1 Considering the increase in rents offered by tenants and the need for updating the level of rents in case of contracts that are extended or effective
for at least 10 years, in 2006, the Agency implemented the uniform method for determining the new rent level for lease in case of such contracts. For
that purpose the procedure was developed that, in principles, assumed the level of rents for individual classes of land in newly made contracts for the
reference base.

54

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

period of 3 or 7 years – depending on voivodeship), the actual number of contracts registered in the register of the Ministry
of Interior and Administration confirmed that the scale of the phenomenon consisting in the purchase of agricultural land
by foreigners was not very significant (Marks-Bielska, 2009).
In 2009, the number of permits issued for that purpose even decreased (274 in 2006, 266 in 2007, 307 in 2008 and
195 in 2009). The area of agricultural land covered by those permits, however, increased (2006 – 532 ha, 2007 – 394 ha,
2008 – 1253 ha, 2009 – 1613 ha). Also the area of agricultural land actually purchased by nationals of other countries
registered in the Ministry of Interior and Administration registers in 2009 was slightly larger than during the preceding
years (523 ha in 2006, 346 ha in 2007, 384 ha in 2008 and 467 ha in 2009). Those transactions did not influence the change
in the share of land area in possession of foreigners and continually it remains at the level of 0,3 proc. of the total area of
land property (Rynek ziemi …, 2010).
In 2009, the stagnation in the agricultural land market in Poland became even deeper although its symptoms were
visible already in 2008. Since then the more vivid trade in agricultural land observed during the years 2006-2007 was
stopped. That vivid trade was a highly positive phenomenon because it stimulated agricultural structure transformations
and in particular the land concentration and economic strengthening of farms that aimed at improving their position in
agricultural structures.
Conclusion
1. Land is a specific resource that is not movable and not multipliable and as a consequence rational land management
is necessary. Considering the fact that the market mechanism is insufficient for efficient agricultural land market
operation State intervention in that area seems necessary.
2. There is need for functioning of a government agency such as e.g. the APA that would shape the agricultural land
market in Poland according to the directions of agricultural policy at the level of the country and the EU. It should be
remembered that institutions are built slowly overcoming many difficulties.
3. The socio-economic development is the effect of change but also continuity because every point in history (process),
in which we are is determined by the past while at the same time it is the starting point for the future. Well-functioning
public institutions have very important functions to fulfil in the economy. Within the analysed field they may, e.g.
support sustainable economies in rural areas contributing to combining the interests of the contemporary generation
with the needs of the future generations. The achievements of the APA accrued so far should be retained and used in
the appropriate way.
4. The agricultural real property market in Poland is at the stage of development. The increase in prices and rents for
agricultural land treated now not only as means of production are clear signals of that. Beside the use of land as
a component in agricultural production, the non-agricultural values of land as a component of rural areas gain in
importance. That includes landscape, tourist and recreation as well as other values.
5. In Poland the majority of land used for agriculture is owned by the person farming on it. It is also important that
in Polish agriculture, also during the centrally planned economy, private ownership of agricultural land was the
dominating form of ownership. The state sector in Polish agriculture during the peak period of its development owned
19 proc. of agricultural land, produced 18 proc. of global production, 19 proc. of end production and 21 proc. of
market production of agriculture (calculated at fixed prices).
6. The supply limitations in the trade in land will be influenced by the reducing resources of land belonging currently to
the State Treasury. Sale and purchase transactions in this segment of property market will cover purchase of land by
persons who formerly leased the land, which in effect will not have particular impact on the changes in the agrarian
structure.
7. According to the Institute of Agricultural and Food Economics – National Research Institute (IAFE-NRI), growth of
prices for the land, irrespective of the land segment being analysed (private and owned or co owned by the Agency,
was a phenomenon of a permanent nature. However, the pace of growth of prices on the neighbourly market in 2009
was slower than in previous years. While process in 2006-2008 went up by 29 proc. on average annually, in 2009 they
grew only by 11 proc.
8. One may conclude, therefore, that the situation on the land market was affected not only by supply barriers, which
previously had fuelled the growth of process for agricultural lands, but also by growing investment limitations of the
buyers. In view of a worsening economic situation in the agricultural sector, part of entities, in particular the ones still
in a development phase in which they did not achieve a fully competitive market position, were unable to extend their
production assets.
9. Changes in the agricultural land to income coefficient showed that enlargement of the farm area in subsequent years
required investing more funds obtained from the agricultural production. According to the FADN data, a farmer had to
allocate 40 proc. of the annual income from farming in order to purchase 1 hectare of agricultural lands in 2007 while
In 2008 the analogous indicator fluctuated around 63 proc. and in 2009 this value went up to 67 proc..
10. The demand in the agricultural land market may also be influenced by the planned amendments to the Act on managing
the agricultural property of the State Treasury concerning, e.g. the possibility of larger (30 proc.) than so far (20 proc.)
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exclusions of land from live lease contracts and termination of lease contracts. Tenants possessing funds, creditworthy
and able to exercise the pre-emption rights in purchase of land and converting the fee for the land that they intend to
buy from the APA into instalments, in case of which there are no legal obstacles to purchase land (claims by former
owners, limit of own land per farm to 300 ha in a family farm and sale of the agricultural property by the APA may
take place if the total area of agricultural land owned by the buyer will not exceed 500 ha2), aim at acquiring the largest
possible area of land and invest in the land.
11. It is necessary to develop a nationwide system for rational agricultural land use including determination of the target
areas and directions as well as principles for control of the transformation process. The food balance of the country,
natural conditions and possibilities of employing people leaving agriculture should be assumed as main criteria for
the planning process.
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Possibilities of Establishing Hybrid Aspen Plantations in Latvia
Ligita Bite, Aina Muška

Latvia University of Agriculture

Kristaps Makovskis

Latvian State Forest Research Institute „Silava”
Abstract
The aim of the present research is to investigate the costs of establishing and maintaining hybrid aspen plantations and to calculate the gains
from them. The authors of the research calculated the costs of establishing, maintaining, and logging hybrid aspen plantations per 1 ha as well as the
amount of thermal energy to be generated from 1 ha of hybrid aspen plantations. The authors calculated the value of wood for hybrid aspen stands of
various ages by surveying the first hybrid aspen stands established in Latvia in Kalsnava parish.
Key words: hybrid aspen, plantation, cost

Introduction
According to data of the Central Statistical Bureau of Latvia, there are 2.43 mln ha of agricultural land in Latvia, of
which 378.3 thsnd ha or 16% are not used in agricultural production and is gradually overgrown with shrubs. Of this area,
50 thsnd ha are completely overgrown with shrubs, i.e. natural afforestation took place. Therefore, a problem is either to
transform this non-maintained and overgrown agricultural land into forest land or exploit it for growing energy crops.
Owners of this unutilised agricultural land could use it for establishing hybrid aspen plantations on condition that
this resource will be exploited for producing thermal energy and electricity at cogeneration power plants in the country,
thus increasing the share of thermal and electrical energy produced from renewable energy sources and reducing gas
emissions into the atmosphere.
By exploiting domestic resources, regional development could be promoted – the number of jobs in agriculture
will increase as well as science and research will be promoted.
The aim of the research is to investigate the costs of establishing and maintaining hybrid aspen plantations and
calculate the gains from them.
To achieve the aim, the following research tasks are set forth:
1. to describe the technology of growing hybrid aspens;
2. to calculate the costs of establishing and maintaining hybrid aspen plantations;
3. to calculate the amount of thermal energy to be generated from 1 ha of hybrid aspen plantations.
Fast-growing tree plantations have been established in many countries since the 1960s. In the world, aspen, poplar,
and osier plantations are exploited to obtain energy wood that is, in its turn, used for generating thermal and electrical
energy. In South America, eucalyptus plantations are popular owing to the fast growth of this plant and a possibility to
harvest it several times a year. .(Kasanen R., 2002, Haapala T., 2004) A cross-breed of common aspen and American aspen
was described for the first time in Germany in 1920 (Stenvall, 2004). Hybrid aspen was cross-bred in Sweden in 1939
(Rytter, 2002., 2006.). The first European countries that began to grow hybrid aspen were Sweden and Finland where
now saw logs, pulpwood, and energy wood is obtained from hybrid aspen (Kasanen R., Hantula J., 2002.). Hybrid aspen
plantations were introduced on unutilised agricultural land in Estonia starting with 1999 to produce pulpwood in as short
period as possible (Tullus, A., 2004.).
Hybrid aspen was not a popular tree in Latvia until the year 2000, yet this attitude has changed, as hybrid aspens
reach the greatest growing stock of wood – approximately 300 m3/ha – within a short period of time; the other species of
tress, in terms of this indicator, lack behind by 70-170 m3/ha. Therefore, studies have to be performed to identify the types
of soil in which the highest increase in growing stock of hybrid aspen can be gained.
The authors performed the present research based on data of a tree nursery of JSC “Latvijas valsts meži” in
Kalsnava as well as on data of the Research Institute of Skrīveri.
Owing to the qualities of hybrid aspen’s wood, it is easy to use it in paper production, and the content of pulp in
hybrid aspen is higher than in common aspen.
In the present research, the following research methods were applied: the monographic method, induction and
deduction methods, logical, constructive, and calculation methods.
Results
Hybrid aspen is suitable for climatic conditions in Latvia, as this crop is fast-growing and productive, and its wood
has many uses. Studies on the use of osier and grey alder as energy wood are conducted in Latvia as well.
Hybrid aspen features homogenously short fibres that are suited for paper production, and small-diameter fibres
with thin membranes are specific to its wood, thus making this wood very suitable for producing light, dense and smooth,
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and non-transparent paper. Pulp production requires wood with a low content of lignin, as such wood needs no intensive
boiling and decoloration (Klovāne I., 2006., Dubova I. 2000., Grandāns G. 2006., Avots M., 2007.).
Rich soils with a good aeration and moisture regime have to be chosen for hybrid aspen plantations. Before planting
aspens, the soil has to be prepared – weeds have to be removed and the soil has to be loosened, which will foster the
growth of trees in their first years, as well as it will be easier to perform agrotechnological maintenance operations during
this period. Nowadays soil is mostly prepared in lanes or land is fully ploughed. Depending on the purpose of plantation,
800-2000 hybrid aspen seedlings are necessary per hectare:
• fewer seedlings are needed for obtaining saw logs;
• more seedlings are needed for pulpwood or energy wood (Skagale G., 2007).
During the first 2-3 years after planting, agrotechnological maintenance operations are performed – grass is mowed
around young trees, which ensures more sunshine to trees and they are not overrun by faster-growing grasses. To protect
young hybrid aspen seedlings from rodents and wild animals, it is advised to construct a fence around the plantation
and place protective guards around seedlings. As hybrid aspen seedlings grow, protective guards will decompose under
exposure to sunshine and water without hindering the growth of seedlings.
The present research on hybrid aspen plantations is only started, as both its establishment and maintenance costs
are based on data for hybrid aspen plantations established at the Research Institute of Skrīveri in 2011.
Establishing 1 ha of hybrid aspen plantation costs LVL 1925, see Table 1. This total cost includes soil preparation,
construction of a fence around a plantation, cost of planting, and costs of seedlings and protective guards.
Table 1. Costs of establishing and maintaining a hybrid aspen plantation, LVL/ha
No

Operations

Cost, LVL/ha

%

1

Soil preparation

90

4.7

2

Fence and its construction

635

33.0

3

Planting

60

3.1

4

Hybrid aspen seedlings, 1000 pieces

510

26.5

5

Protective guards for 1000 seedlings

450

23.4

6

Agrotechnological maintenance (3 times)

180

9.4

7

Total

1925

100

Source: calculated by the authors

According to Table 1, soil preparation accounts for only 4.7% of the total cost, while hybrid aspen seedlings,
protective guards, and a fence make up the largest share of cost. Soil preparation is necessary to improve soil qualities,
eliminate weeds, and enhance moisture conditions. The choice of kind of soil preparation depends on the extent of
vegetation in a particular area; if soil preparation has not been performed, weeds overrun hybrid aspen seedlings during
the first year and they might wither away. Wild animals also like young hybrid aspen buds as feed; therefore, it is advised
to erect a fence around the plantation to protect seedlings. The minimum height of fence is 2 m so that big artiodactyls
(deer and elks) are not able to enter the plantation. A fence may not be erected if no large population of artiodactyls is
observed around the plantation, but it is possible only in a few regions of Latvia.
Planting hybrid aspens is done manually, seedlings are planted in raised mounds of soil, and a distance between
seedlings depends on the purpose of plantation. If 1000 seedlings have been planted per hectare, no thinning is required
until their age of 20-25 years, which reduces both the cost of seedlings and that of thinning.
Agrotechnological maintenance is usually performed 3 times until hybrid aspen seedlings reach a height of 50-150
cm and overrun grasses that are not able to overshadow seedlings anymore. Areas having a greater extent of vegetation
require maintenance operations until young trees reach the mentioned height.
It is possible to reduce costs by not erecting a fence around plantations or not performing maintenance operations if
growth conditions allow it. A fence around a plantation is required until young trees reach a height at which wild animals
are not able to reach their shoots and tops. Then the fence may be dismounted and used for other purposes.
The cost calculated for a hybrid aspen plantation might differ by region. Hybrid aspen seedlings may be purchased
only at a tree nursery of JSC “Latvijas valsts meži” in Kalsnava, therefore, the cost of transporting seedlings might differ
by region. The cost of planting and agrotechnological maintenance operations, which is manual work, might differ by
region, depending on the standard of living in a region of Latvia and the rate of unemployment in it. This cost might be
lower in regions with a higher rate of unemployment.
For further calculations, the data gained at the tree nursery of Kalsnava in which the first hybrid aspen plantations
were established in 1986 were used.
As we can see in Table 2, the total cost of logging a hybrid aspen plantation amounts to 2380 LVL/ha; it is assumed
that hybrid aspens reach a growing stock of 300 m3/ha at the age of 25 years.
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Table 2. Cost of logging a hybrid aspen plantation
Operation
Logging
Transportation of logs within logging sites
Transportation of logs away
Total
Source: calculated by K. Makovskis

Cost, LVL/m3

Cost LVL/ha

%

3.20
2.30
3.00
8.30

896
644
840
2380

37.6
27.1
35.3
100

According to Table 2, logging makes up the greatest cost, as it is assumed in this calculation that logging is
performed by a forest harvester, yet in some cases logging can be done by chainsaws. Choosing a harvester or a chainsaw
depends on the type of soil – it is advised to use chainsaws on wet soils, as a harvester, when moving on a logging area,
might make ruts which have to be filled with logging residues and damage roots of trees due to pressure caused by it.
Logging a stand by a harvester allows saving time. A forwarder is exploited to transport logs to a road. Trucks appropriate
for transporting logs are exploited to deliver logs to a final timber-yard. K. Makovskis calculated the value of wood for
a 25-year old hybrid aspen plantation at the prices of 2011; it amounted to 6420 LVL/ha, see Table 3. It is possible to
produce 719 MWh of thermal energy from this quantity of wood.
Table 3. Value of wood of a 25-year old hybrid aspen plantation
Saw logs
Pulpwood
Assortment, m3
Price LVL/m3
Value, LVL
Thermal energy, MWh
Source: calculated by K. Makovskis

127
28
3556
304

70
20
1400
168

Firewood

Residue

Total

73
18
1314
175

30
5
150
72

300
6420
719

Before conducting the calculation, it was assumed that saw logs account for 42.3%, pulpwood – 23.4%, firewood
24.4%, and residue – 10% of wood assortment (Apaļo kokmateriālu sortimentu...,2003). Timber prices were obtained by
summarising the real prices of various aspen timber assortments (Aktuālākais kokmateriālu pircēju..., 2011).
Saw logs, pulpwood, firewood, and residue can be obtained from hybrid aspen stands. Saw logs make up the largest
share, which is beneficial from the economic point of view, as purchase prices of saw logs are always higher, therefore,
a higher profit can be gained. A price of pulpwood changes depending on demand; its price ranged within 20 LVL/m3 in
2011; with increase in the demand for pulpwood in the future, its price might rise. The price of firewood was 18 LVL/
m3 in 2011; it might increase in the future because producers of woodchip consume this assortment of wood. Logging
residue is sold on logging sites, and its purchase price is calculated as the price of woodchip per cubic meter multiplied
by a coefficient.
With increase in the demand for wood and with decrease in wood resources in the world in the future, wood
prices will rise. By establishing a plantation at the current costs in 2011, it will be possible to gain profit in the future by
selling timber. There is no certain logging age set for a plantation, therefore, a timber market situation may be taken into
consideration – with decrease in purchase prices of wood, logging has to be postponed until prices go up. It is advised to
log hybrid aspen plantations before they reach an age of 41 years.
As we can see in Table 4, a profit of 2115 LVL/ha can be gained by establishing, maintaining, and logging a
plantation and selling wood obtained from it.
Table 4. Economic gains from a hybrid aspen plantation, LVL/ha
No
1
Establishment and maintenance of plantations
2
Logging of plantations
3
Value of wood
Profit
4
Source: calculated by the authors

Cost
-1925
-2380
+6420
+2115

By establishing hybrid aspen plantations at the establishment, maintenance, and logging costs and timber sales
prices of 2011, a total gain equals LVL 2115. It is very possible that timber sales prices will go up in the future, therefore, a
higher profit relative to investment will be gained. Relocation of Scandinavian paper-mills, which are the only purchasers
of Latvian pulpwood, to Africa and South America can be mentioned as a negative aspect. By moving the paper-mills,
the demand for pulpwood and, at the same time, purchase prices will decline, which could threaten exports of Latvian
pulpwood to Scandinavia.
The logging age of hybrid aspen stands is 41 years. To calculate the value of wood for hybrid aspen stands of
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various ages, the first hybrid aspen plantations established in Latvia in Kalsnava parish were surveyed and their growing
stock was estimated according to formula 1.1. The value of wood to be obtained for 32-year and 44-year old hybrid aspen
plantations is shown in Tables 5 and 6.

M = ∑ Vn / P

(1.1.)

where: M = growing stock of stands, (m3/ha)
∑Vn = sum of volume of individual trunks, (m3)
P = area of a sample site (ha) (Kas ir audzes šķērslaukums un kā to izmērīt.,2006)
As we can see in Table 5, the total growing stock of a 32-year old stand is 407 m3/ha, of which saw logs amount to
172 m3, pulpwood – 95 m3, firewood – 99 m3, and logging residue – 41 m3. The total value of the stand is 8703 LVL/ha,
and the amount of energy to be produced is 977 MWh/ha.
Table 5. Value of wood for a 32-year old hybrid aspen stand
Saw logs
Assortment, m3
172
Price, LVL/m3
28
Value, LVL
4816
Thermal energy, MWh
413
Source: calculated by K. Makovskis

Pulpwood
95
20
1900
228

Firewood
99
18
1782
238

Residue
41
5
205
98

Total
407
8703
977

A stand is 32-year old, and the rotation of aspens is presently set at 41 years. If this stand is regarded as a forest
stand, it may not be logged. If this stand were officially registered as a plantation, the advisable logging age of hybrid
aspens would be 25-30 years; in this case this stand could be logged already in 8 years.
As we can see in Table 6, the total growing stock of a 44-year old stand is 538 m3/ha, of which saw logs amount to
3
227 m , pulpwood – 126 m3, firewood – 131 m3, and logging residue – 54 m3. The total value of the stand is 11505 LVL/
ha, and the amount of energy to be produced is 1274 MWh/ha.
Table 6. Value of wood for a 44-year old hybrid aspen stand
Saw logs
Assortment, m3
227
Price, LVL/m3
28
Value, LVL
6356
Thermal energy, MWh
545
Source: calculated by K. Makovskis

Pulpwood
126
20
2520
302

Firewood
131
18
2358
314

Residue
54
5
270
113

Total
538
11505
1274

A stand is 44-year old, and since the rotation of aspens is presently set at 41 years, this stand had to be logged
3 years ago. After an age of 41, aspens become predisposed to rot, which makes such wood unusable for saw logs and
pulpwood; therefore, it is advised to log aspen stands as soon as they have reached their logging age.
According to the calculation result, a 44-year old stand has the highest value of its wood or LVL 11505, while a
32-year old stand – LVL 8703 and a 25-year old stand – LVL 6420.
With increase in the age of a stand, its value of wood rises. Before a stand is planted, its assortment at the age of
logging has to be known, as the number of seedlings and the cost of maintenance are calculated based on forecasts. If saw
logs are expected to be gained in the future, a smaller number of seedlings are planted, whereas if a stand is intended for
energy wood, a larger number of seedlings are required. Hybrid aspen stands may be exploited for several rotation cycles
because after a stand has been logged, it naturally regenerates by shoots; therefore, no seedlings have to be planted to
regenerate the stand. If a stand is exploited as a plantation for energy wood, 3 rotation cycles are possible; this means that
the stand may be used for 60-75 years. Over a period of 75 years, the crop can be harvested 3 times after it was planted
one time; formation and maintenance of a stand are required only during the first years after planting.
According to the authors’ calculation result, the wood of hybrid aspen has a significant role in producing thermal energy.
The authors will continue the present research, analysing economic gains from plantations of hybrid aspen, osier,
grey alder, and birch in various regions of Latvia.
Conclusions
1. Climatic conditions in Latvia are appropriate for establishing hybrid aspen plantations on a certain share of land
unused in agricultural production, thus increasing the share of thermal and electrical energy produced from renewable
energy sources and reducing gas emissions into the atmosphere.
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2. To establish a 1 ha of hybrid aspen plantations, LVL 1925 have to be invested; this total cost includes soil preparation,
construction of a fence around plantations, cost of planting, and costs of seedlings and protective guards. It is possible
to reduce costs by not erecting a fence around plantations or not performing maintenance operations if growth
conditions allow it.
3. The total cost of logging a hybrid aspen plantation amounts to 2380 LVL/ha; it is assumed that hybrid aspens reach
a growing stock of 300 m3/ha at the age of 25 years. According to the calculation result, the value of wood for a 25year old hybrid aspen plantation, at the prices of 2011, totals 6420 LVL/ha, and it is possible to produce 719 MWh of
thermal energy from this quantity of wood. Land owners’ total gain from 1 ha of hybrid aspen plantations, at the timber
sales prices of 2011, equals LVL 2115.
4. A 44-year old stand has the highest value of its wood or LVL 11505, yet it has to be taken into account that aspen
stands of this age become predisposed to rot, which makes such wood unusable for saw logs and pulpwood.
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Approach
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Abstract
The purpose of this research was to analyze, model and forecast the influence the above measures may produce on the employment parameters
in the agriculture of Russian Federation (RF) and on the rural development. The object of this research is the economically active rural population of
the Russian Federation. By using mathematical modeling methods we make forecasts and substantiate some alternative scenarios of changes in the
number of the employed in the Russian agriculture for the period ending 2040. A forecast estimation of demand for labor for implementing the inertial
and innovation scenarios of development of the agro-food complex implies analyzing the interconnections between volumes of production, labor
productivity, number of the employed in the agriculture, number of rural population of the able-bodied age and amounts of investments. As target
guideposts for the macroeconomic parameters we used the data presented in the State Program for Development of the Agriculture and Regulation of
the Markets for Agricultural Products, Feedstock and Food for the 2008-2012 Period and also the parameters contained in the inertial and innovation
options of development set out in the Concept of the Long-term Social-Economic Development of the Russian Federation for the Period Ending 2020.
An assessment of the influence the economic policy exerts on employment parameters in the agriculture of Russian Federation is made. Forecast
scenarios of the employed in the agriculture and forestry of Russian Federation are made by using the target guideposts for the sector set out in state
programs. The need to change the structure of employment for the rural population is explained. Expansion of non-agricultural activities is one of the
essential lines of the rural development policy.
Key words: agricultural policy, forecasting, employment, rural development
JEL classification: Q18 E27

Introduction
Purpose of investigation. The purpose of this research was to analyze, model and forecast the influence the
above measures may produce on the employment parameters in the agriculture of Russian Federation and on the rural
development. As target guideposts for the macroeconomic parameters we used the data presented in the State Program
for Development of the Agriculture and Regulation of the Markets for Agricultural Products, Feedstock and Food for the
2008-2012 Period and also the parameters contained in the inertial and innovation options of development set out in the
Concept of the Long-term Social-Economic Development of the Russian Federation for the Period Ending 2020.
Tasks and object of research. The five forecast scenarios of the employed in the agriculture and forestry of
Russian Federation are made by using the target guideposts for the sector set out in state programs. The object of this
research is the economically active rural population of the Russian Federation.
Methods. By using mathematical modeling methods we make forecasts and substantiate some alternative scenarios
of changes in the number of the employed in the Russian agriculture for the period ending 2040. A forecast estimation
of demand for labor for implementing the inertial and innovation scenarios of development of the agro-food complex
implies analyzing the interconnections between volumes of production, labor productivity, number of the employed in the
agriculture, number of rural population of the able-bodied age and amounts of investments. Some scenarios are generated
to make the basic provisions of the Concept of the Long-term Social-Economic Development of the Russian Federation
for the Period Ending 2020 more precise and figure out most probable options of changes in the number of the employed
in the agriculture. In addition to that, scenario demographic forecasts and estimations of the number of the employed
in the agriculture are made with taking into account the demographic dynamics of the population of the able-bodied age
(2020-2040). Instruments and methods of forecasting the number of the employed in the agriculture depending on the
rural demographic development scenarios and middle-term dynamics of the number and proportion of the population of
the able-bodied age are proposed.
Result of research
The State Program for Development of the Agriculture and Regulation of the Markets for Agricultural Products,
Feedstock and Food for the 2008-2012 Period [1] defined the basic lines of development of the sector, as well as the
mechanism of realization of the measures projected and the indicators of their effectiveness. The Concept of the Longterm Social-Economic Development of the Russian Federation for the Period Ending 2020 [2] is the innovation way of
development of the Russian economy, the agrarian sector including, which implies analyzing and forecasting the social
consequences and harmonizing the demand and supply for labor with taking into account the changes in the major macroeconomic indicators. According to the tasks set out in the state documents, one of the priority directions of development
of the agriculture is the expansion of the use of information technologies, improvement of the production organization
and management models and increase of labor productivity. In view of this we need to know how modernization of the
agriculture and transition to the intensive development model will affect the number of the employed in the sector given
the aforementioned program tasks are fulfilled, and what the response of the employment structure to changes related to
the new investment and technological policies will be.
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The Institute of Agrarian Problems of Russian Academy of Sciences (RAS) made a forecast of the number of the
employed in the Russian agriculture for the period ending 2020. The forecast estimation of demand for labor for both the
inertial and innovation scenarios of development of the agro-food complex implied analyzing the interconnection between
the production volumes, labor productivity, number of the employed in the agriculture, number of the rural population of
the able-bodied age and amount of investments. Some scenarios were generated that make the most important provisions
of the Concept of the Long-term Social-Economic Development of the Russian Federation for the Period Ending 2020
approved by the Government of RF on 15.10.2008 more precise and contain the most probable variants of alteration of
the number of the employed in the agriculture. In addition to that, some scenario demographic forecasts and estimations
of the number of the employed in the agriculture were made with taking into account the demographic dynamics of the
population of the able-bodied age (2012-2020). Methods and tools for forecasting the number of the employed in the
agriculture depending on the rural demographic development scenarios and medium-term dynamics of the number and
proportion of the population of the able-bodied age are also developed [3].
We arrived at the conclusion that under the conditions of decreasing number of the able-bodied population the
precondition for maintaining the food independence and necessary rates of development of the agrarian economy is the
growth of labor productivity manifesting itself in greater efficiency per unit of the resource input. The introduction of
information technologies and innovation forms of organization of labor and production is efficient when it causes the
labor productivity to increase. The technological renewal of the agricultural production, in turn, implies attracting efficient
investments in the fixed capital, which makes the demand for labor drop. The logarithms were found of the dynamic series
of indicators generated and included in the research (number of the employed in the agriculture, gross added value, labor
productivity, investments in fixed capital) and used in building econometric models. All the correlation matrix coefficients
are relevant on the level of 5%. The initial database (1998-2008) was formed by using the Rosstat official website [4],
which allowed select the indicators to be included in the regression models, identify the closeness of relations between
the variables on the basis of the correlation matrix, assess the effect of multicolinearity, check the forecasting qualities of
the model and make a retrospective forecast. The final stage of the research included scenario forecasting of the number
of the employed in the agriculture and forestry by applying the relationships derived. The values of those indicators that
are expressed in money terms were revalued by using the method of direct deflation into the prices of 2008 and taken as
basic. The amounts of investments in the sector are included in the model with a one-year retarded lag. The forecast is
analytical, has a stochastic nature and comprises five alternative scenarios.
Scenario 1. When making this variant of the forecast we used the State Program target guidelines, according to
which by 2012 the labor productivity will grow at an annual rate of 104.8-105.2%.
Scenario 2. This variant models the increase in the amount of investments in the agricultural fixed assets at a rate
of 107.1% to 110.6% per year, which is stipulated for by the State Program.
Scenario 3 is based on the assumption that the amount of investments will grow within the limits of 107.4109.2% per year as per the inertial option of the Concept.
In Scenario 4 the labor productivity dynamics in the sector constitutes 104-105% per year going in line with the
innovation option of the Concept.
Scenario 5 employs the investment growth rates that are set out in the innovation option of the Concept, i.e.
110.1-110.2% per year.
Figure 1 presents the forecast number of the employed in the agriculture calculated by using the check
numbers.

Figure 1. Scenarios of changes in the number of the employed in the agriculture according to different models of economic
development, thousand people
Source: own elaboration
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The results obtained show that if the target guidelines set out in the State Program for Development of the Agriculture
are met and the labor productivity grows at a pace of 104.8-105.2%, by 2012 the demand for agricultural labor will fall by
8% to make 6139 thousand people. Similar results are forecasted if the investments in agricultural fixed assets grow in line
with the Program. In case the amount of investments grows by 107.1-110.6% annually, then the demand for agricultural
labor is expected to drop by 8.1% down to 6137 thousand people. Consequently, achieving the rates of development of the
sector provided for by the State Program will make the demand for labor fall by 536-538 thousand people.
The inertial option of the Concept of Social-Economic Development of Russian Federation presumes that the
amount of investments will grow at a rate of 107.4-109.2% annually, which, according to the forecast, will cause the
number of the employed in the agriculture to fall by 2.7% by 2012 and then by 13.9% by 2020. Under this scenario the
forecasted demand of the sector for labor will equal 6495 thousand people in 2012 and 5750 thousand people in 2020. If
the innovation option of the Concept is followed with labor productivity increasing at a pace of 104-105% per year, the
number of the employed is expected to drop by 4.9% in 2012 and 16.9% in 2020. The greatest decrease in the demand for
labor can be anticipated if the investment growth rate goes in line with the innovation option of the Concept (Scenario 5).
In the latter case the number of the employed in the sector can fall by 10.3% (2012) and 24.7% (2020).
Under the innovation option of the Concept with its labor productivity and investment growth rates the absolute
decrease in the number of the employed in the agriculture will constitute 1.1 and 1.6 million people in 2012 and 2020,
respectively, which will aggravate the risk of rural unemployment that is already greater than that in urban areas. However,
according to the National Report “On the Progress and Results of Implementation in 2009 of the State Program for
Development of the Agriculture and Regulation of the Markets for Agricultural Products, Feedstock and Food for the
2008-2012 Period” [5] published by the Ministry of Agriculture, in 2008 the amount of investments in fixed assets in
the sector made just 93.6% of the level of the previous year. For 2009 the figure is 75.8%, and in 2010 the amount of
investments is expected to constitute 95% of the level of 2009. At the same time, the labor productivity growth rates are
in keeping with the target guideposts of the State Program. Consequently, the actual fall of the number of the employed
in the sector can turn smaller than it was presumed under the aforementioned strategies. The estimations derived can be
used as basic reference points when making strategic plans of agricultural development. One of the possible strategies of
retaining the discharged workers can be diversification of the employment structure and sources of income of the rural
population based on the model of multi-branch and multifunctional rural development.
Improvement of the level of efficient employment, increase in real wages with the view to improve the rural
population’s living conditions and improvement of competitiveness of various population groups on the labor market is
one of the most difficult tasks requiring changing the paradigm of rural development [6]. The current state of the agrarian
labor market is featured by inefficient agricultural employment that manifests itself in high concentration of low-qualified
labor at unprofitable farms, low intensity of labor and considerable underutilization of labor time, small proportion of the
employed in high-tech and science-intensive activities, discrepancy between the demand for and supply of qualified labor,
slow creation of new jobs. All this makes the opportunities of finding a job for the unemployed population shrink immensely.
Like most non-agricultural companies operating in rural areas, agricultural enterprises experience structural shortage of
personnel. Therefore, the initially understated value of qualified labor in the course of modernization of the sector will
inevitably be on the rise. It can be supposed that the new point of equilibrium will be set at a bigger wage and smaller
number of the employed in the agriculture, which will unavoidably make the number of the rural unemployed increase. At
the present time the countryside offers very limited opportunities of choosing among the spheres of application of labor.
A noticeable part of the structure of jobs is comprised of agricultural branches known for their seasonal fluctuations of the
demand for labor. Without creating additional non-agricultural jobs the agricultural labor productivity upsurge projected
in the Concept can lead to a further increase in unemployment. According to Rosstat, in September of 2010 the proportion
of rural residents among the unemployed, the number of the latter having been calculated by using the methodology
of the International Labor Organization (ILO), made 35.8%, which tops the proportion of rural population in the total
population of the country. Long-term unemployment among rural residents forms 33.6%, which is by far greater than that
for urban residents (28.5%). The unemployment is especially high among young people. Thus, in September of 2010 the
rate of unemployment among the young people aged 15-24 made 15.1% on the average, including 14.5% and 16.4% for
the urban and rural population, respectively. The coefficient of excess of the unemployment rate among the young people
aged 15-24 on the average over that among the adult population aged 30-49 makes 2.8 times, including 3.4 times for the
urban population and 2.0 times for the rural population [4]. In addition to that, the countryside retains a considerable
potential for latent unemployment, since the information available only captures the registered unemployed and thus can
hardly be considered complete. Owing to the difficult employment centers access the short-term unemployment is not
registered entirely. Moreover, the data on both the short- and long-term rural unemployment is understated because of
the superfluously bureaucratic procedure of acquisition of the status of an unemployed itself. Furthermore, the excessive
employment of low- and unqualified labor by agricultural companies still remains, which, on the one hand, opposes the
rural unemployment growth, but on the other hand, causes the costs of the companies experiencing qualified personnel
shortages to augment. In light of this, the promotion of non-agricultural activities and sources of income seems a most
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effective means of improving the rural territories’ development sustainability [7]. Food companies producing ecologically
pure products, branches of production and social infrastructure along with the emerging market for recreational, hi-tech
and medical services could form the basis for creation of new jobs in their respective small towns and rural localities.
For long decades the “production” function of the countryside was absolute. It was only viewed from the position of
placement of these or that branches of the agriculture supplying the population with food and the industry with feedstock.
Meanwhile, it is not once that both foreign and Russian scholars claimed that the countryside performed a far wider range
of functions: demographic, economic, ecological, social, recreational, cultural, and that of territorial development and
maintenance. Basing itself on the principle of multi-functionality as the fundamental of sustainable development and on
the system conception of the object, the state should support the complex rural development.
Thus, the implementation of the program provisions of the concept of development of the agriculture should be
accompanied by transformations not only in the structure of employment, but in the model of rural development itself.
Conclusion
Improvement of the level of efficient employment, increase in real wages with the view to improve the rural
population’s living conditions and improvement of competitiveness of various population groups on the labor market is
one of the most difficult tasks requiring changing the paradigm of rural development. The current state of the agrarian
labor market is featured by inefficient agricultural employment. An assessment of the influence the economic policy
exerts on employment parameters in the agriculture of Russian Federation is made. By using mathematical modeling
methods we make forecasts and substantiate some alternative scenarios of changes in the number of the employed in the
Russian agriculture for the period ending 2040. A forecast estimation of demand for labor for implementing the inertial
and innovation scenarios of development of the agro-food complex implies analyzing the interconnections between
volumes of production, labor productivity, number of the employed in the agriculture, number of rural population of the
able-bodied age and amounts of investments.
The results obtained show that if the target guidelines set out in the State Program for Development of the Agriculture
are met and the labor productivity grows at a pace of 104.8-105.2%, by 2012 the demand for agricultural labor will fall by
8% to make 6139 thousand people. Similar results are forecasted if the investments in agricultural fixed assets grow in line
with the Program. In case the amount of investments grows by 107.1-110.6% annually, then the demand for agricultural
labor is expected to drop by 8.1% down to 6137 thousand people. Consequently, achieving the rates of development of the
sector provided for by the State Program will make the demand for labor fall by 536-538 thousand people.
The branch structure of rural employment currently existing in Russia is inefficient and needs to be radically
changed by diversifying the agrarian economy and transforming the rural development model. In the nearest future the
structural shifts should be aimed at the following: technological renewal of the workplaces, labor productivity increase,
reduction of the proportion of agriculture in the employment structure, expansion of non-agricultural activities, liquidation
of inefficient and low-paid jobs with unhealthy working conditions and minimization of the shadow kinds of activity
that are beyond the society’s control. Expansion of non-agricultural activities is one of the essential lines of the rural
development policy. Diversification of the rural employment structure is expected to allow reduce the number of the
unemployed, overcome the seasonal nature of demand for labor in the agriculture, raise the level of incomes for different
social groups and create new jobs attractive for qualified workers, young people and women.
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Abstract
Paper provides an analysis focusing on Romanian professional valuers and their activity in the area of financial instruments’ measurement in
order to dimension their opinion, knowledge and perceptions in relation to a series of transformation processes taking place at national and international
level. Moreover, the determinants of their activity in the field of financial instruments’ measurement are also considered and analyzed. The employed
research methodology relies on implementing a questionnaire survey and regression analysis. Paper documents the association between the developed
activity and the valuers’ level of professional training when considering the national market of valuation services in the field of financial instruments.

Introduction
Paper focuses on accounting professionals being involved in financial instruments’ measurement process. Our choice of
trying to capture the perception of professionals in the area of accounting must be integrated within a larger objective that looks
at the respondents as a significant element in the dynamic of a national accounting system that went through complex accounting
reforms of more than two decades. When looking at accounting policy as an area of social and economic policy, we must
acknowledge the fact that political systems significantly impact upon societies. The transition from communism to capitalism
imposed professionals to witness a series of transformation processes. It is the perception of these processes and their impact
upon the profession that we are trying to capture. Despite the fact that Romanian accounting professionals knew communism
in a manner that imposes a series of particularities when compared to professionals in Baltic countries, we consider it relevant
to present our national perspective even if only focusing on the impact of passing through such significant transformation
processes leading the society from one political system to the other. We argue that the results offer significant insights on the
manner in which professionals in the area of accounting handled the dynamic of their national accounting system, therefore
suggesting ways to optimize the profession’s future development.
We are nowadays experiencing interesting times when many economies have suffered significant consequences as
a result of the worldwide recession caused by excessive credit expansion, revealing enormous gaps in our understanding
of how financial markets and financial governance systems work (Walker, 2010). The entire concept of stock market
based globalization seems to be reconsidered by its proponents as well as opponents, the first rethinking its achievement
process and the latter finding more arguments for their vision. We, as accounting scholars cannot look away and consider
the recent credit crunch did not affect stakeholders’ confidence in accountancy. Recent events only document significant
risk exposure not being captured and reflected through the financial reporting process.
In other words, besides the transformation processes taking place at national level we must also acknowledge the
dynamic being imposed by events taking place in the international arena. All these considerations were helpful in designing
our research demarche through which we have tried to capture such complex processes. Therefore, besides the above
mentioned research design aspects, we have also chosen to focus on a more narrow aspect in the activity of professionals
in the area of accounting. More precisely we focus on activities related to financial instruments’ measurement process.
We ground this research option based on our objective to capture the essence of the most recent debates in the area of
financial reporting.
We were previously mentioning the debates on a series of essential aspects in financial reporting that seem to
slow our walk towards the desired generally accepted accounting path. In this regard we must mention the shift in
accounting paradigms leading the accounting model from historical cost measurement towards fair value measurements
(Bonaci et al., 2010; Strouhal, 2009b; Strouhal, 2010). The international trend of using fair value as measurement base
for most of the financial instruments and for a series of other key elements capturing entities’ financial position, was
significantly impacted by the recent financial crisis. Both financial instruments, especially derivatives, and their fair value
measurement were placed in the center of all analysis being developed in relation to the recent events (Strouhal, 2009a).
Even if a significant number of studies (see Veron, 2008; André et al., 2009) defend the concept of fair value in the context
of the financial crisis, documenting how fair value ended up by being either the scapegoat or the shot messenger, it was
the turbulent times of 2007-2009 that brought a series of shortcomings of the concept even more into the spotlight (Bonaci
and Strouhal, 2011). Shortcomings and difficulties of mark to market accounting were significantly enhanced, bringing a
series of doubts regarding further moves toward more widespread use of fair value measurements.
Moreover, recent market conditions of the credit crunch and reduced market liquidity brought significant
challenges for users, preparers and auditors of financial statements, especially in terms of measurement issues. Under
such circumstances, we considered it interesting to capture the perception of national accounting professionals being
involved in the measurement process of financial instruments. We wanted to see to what extant are they up-to-date
with developments in the international arena and how well do they understand and handle such transformations when
considering their daily professional activity. Considering the fact that our national capital market cannot be compared
with developed capital markets where most of the problematic issues usually arise, we were expecting our respondents
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to have a low level of experience in the area of financial instruments measurement, or to put it from valuers’ point of
view, financial assets’ valuation. On the other hand, lifelong learning requires professionals to always be connected to the
developments taking place even at higher levels than those involved by their daily activity, therefore preparing themselves
to be competitive on the international market. This makes it even more interesting for us to follow the manner in which
the profession, which only two decades ago was dealing with switching from one political system to another, copes with
the above described dynamics.
Within this paper there will be developed an analysis focusing on Romanian professional valuers and their activity
in the area of financial instruments’ measurement in order to dimension their opinion, knowledge and perceptions in
relation to a series of transformation processes taking place at national and international level.
There will be also developed a regression model which weights clients asking valuers for services in the area of
financial instruments, and looks at it as a dependent variable in search for explanatory factors.
A Brief Insight on Romanian Accounting System Evolution
Before developing the proposed analysis we consider it necessary to briefly present an overview of historical
evolutions taking place in our national accounting system. The purpose of such an overview is to help set the stage which
hosts the proposed research demarche. Immediately after the fall of the communist regime, Romania started an ample
process of moving from a centralized economy towards market-based economy. The process then being started and the
reforms that followed proved to be difficult and complex, affecting multiple areas of the economic activity, including
accounting (Filip and Raffournier, 2010, p. 84). The change taking place in the political regime in 1989 also caused
serious necessities of chance in the area of regulation in order to better manage the new state of facts within the Romanian
economy and society. Introducing new accounting regulations and changing the accounting system became an obvious
reality. In fact, we could state that the political choice which was made in 1991 relied on three major aspects: the need for
implementing a new accounting system (after “getting out of the Russian school”); the necessity of adopting accounting
measures which were compatible with the prescriptions within the EU Accounting Directives, since the country was a
candidate for EU accession; and also the need of identifying an inspirational resource, since there was no time for creating
a new internal accounting system, the euphoria of becoming a EU member requiring quick reforms in different fields.
Analyzing changes taking place at national level since 1989 is done within several studies that are published or
accepted for publication within international trade literature. All these studies try to offer a perspective upon the stages
that can be established within the evolution of Romanian accounting history during the last two decades. Some delimit
two distinct periods (Filip and Raffournier, 2010), while others three (Ionascu et al., 2007), but all consider the first
decade of post-communist history as representing a single distinct stage.
The beginning of the period following the change of the political regime can for sure be characterized through
uncertainty. In the field of accounting regulation the major problem was to choose a suitable model of accounting system
to be implemented at national level. Trying to sum things up, we could say that due to economic and cultural similarities,
Romanian authorities have managed this situation based on their conviction that the French system was most adequate
for implementation at national level. After a close analysis we can easily find several other arguments for the political
choice then being made, such as France being considered the “cultural heart” of the world; the financial and technical
support offered by France for achieving the Romanian accounting reform; the good relationships between the French experts
and the Romanians which quickly became active (the Romanians’ knowledge of French language was also useful); the fear
of dominance by the German system (even though economic investments from Germany were foreseen and Hungary, with
which Romania has always had a delicate relationship, had chosen to guide its regulations on the German system); and last
but not least, the French model’s image of simplicity which could be adjusted and allowed a combination of answers for
all expectations on micro and macroeconomic level. It is therefore clear that reasons grounding the choosing of the French
accounting system comprise cultural, political and economic factors (Ionaşcu et al., 2007, p. 174).
If the first five years after the big political change taking place in 1989 were characterized by uncertainty related to the
steps necessary to be done in order to move towards a market-based economy, the following five brought uncertainty due to
Romania’s unclear political option in relation to the international environment. On the other hand, starting with the middle of the
‘90s, the Romanian economy experienced constant growth, while companies were trying to gain access to global markets (Filip
and Raffournier, 2010, p. 85), especially due to an enhanced need for investments within the national economy.
The 2003 – 2007 period can be considered as one of accounting harmonization of financial reporting, being significantly
influenced by the EU pre-accession process. Most of the accession negotiation chapters were closed during this period. Still,
when considering accounting regulations being issued in 2005 and 2006, we can notice a pronounced character of conformity
with a certain accounting referential (Ionascu et al., 2007). We must previously mention that in 2005 that period of adhesion to
two accounting referential is de jure ended due to the necessity of completely adopting the Acquis communautaire. It is actually
interesting to notice how Romania’s “joyride” with IFRS proves to be a gradual one that developed in parallel with the adoption
of the Acquis, both when having the candidate status as well as that of a member state. This allows us to consider the possibility
that the accounting harmonization process of national accounting regulations with the international referential did not stop from
its first initiatives until nowadays, even if changes in the regulatory background were numerous. The period following our EU

68

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

accession is the one restating the orientation towards the Anglo-Saxon accounting system and IFRS.
If we are to sum up those aspects within the Romanian accounting reform that helped us to further develop
our research demarche, we must mention the permanent tangency with IFRS. From this point of view we consider the
developed analysis to be useful for all countries going through similar processes that involve IFRS implementation due
to accounting professionals’ having to adapt to their requirements. And when we say requirements for sure we cannot
neglect the importance of measurement related aspects and the fair value related challenges.
Romanian accounting profession comprises two representative professional bodies at national level - The Body of
Expert and Licensed Accountants of Romania (CECCAR) and The Chamber of Financial Auditors of Romania (CAFR).
Besides these two professional bodies whose existence and activity is acknowledged both at national and international
level, we must also mention the Chamber of Fiscal Consultants (CCF) also arising on the Romanian labor market with
the declared objective of constituting a new liberal profession (the one of fiscal consultant), as well as organizing and
offering activities of fiscal consultancy as an independent activity. Considering the objective of our paper we have chosen
to focus our analysis on expert valuers who are members of the Body of Expert and Licensed Accountants of Romania, as
well as on members of the National Association of Romanian Valuers (ANEVAR). We consider the members of the later
professional body on the Romanian labor market to be closely linked to our study’s focus on measurement aspects. We
must also mention the fact that many professionals in Romania are actually members within all of the four professional
bodies being previously introduced. This once again documents the segmentation of the national accounting profession,
assuming a number of professional bodies fighting for supremacy on the market for similar services.
Research Design
The developed analysis uses information being obtained through implementing a questionnaire addressed to
Romanian valuers. Therefore, the employed research methodology relies on implementing a questionnaire survey. The
questionnaire represents the main research instrument being used and was directly administered to our sample valuers
through an electronic communication channel. The obtained responses were automatically recorded and structured,
generating the database which we used in developing the analysis.
The questionnaire followed information regarding three main aspects in valuers’ professional activity, as follows:
their clients, their professional training, and their professional activity in the field of accounting for financial instruments.
In terms of formulating the questions, the questionnaire mainly comprised distinctive questions having predefined options
for answering.
The questionnaire addressed a target audience comprising professional valuers who are members of the National
Association of Romanian Valuers, individuals and entities, as well as expert valuers who are members of the Body of
Expert and Licensed Accountants of Romania. All professionals fitting this description were included in the aimed sample
of respondents based on the information being available on the two professional bodies’ websites.
The number of professional valuers, regardless of their belonging to one professional body or the other, to
whom the questionnaire was sent, is of 1960. Among them, only a number of 1024 professionals actually received the
questionnaire, while the response rate being obtained when considering the number of professionals that actually received
the questionnaire is 6.054%.
With reference to the period of time being allocated to receive the responses, initially we did not delimit such a
period. Once the questionnaire was sent we noticed that most of the professionals responded to our e-mail within the first
4 days, while the last received respondent reacted in 8 days after launching the questionnaire.
Results of the Performed Analysis
The aimed objective was to dimension the percentage of clients asking for services in the area of financial
instruments when considering all the clients respondents had. As we can also observe from the graphical representation
corresponding to the first question, only approximately 5% of the respondents mainly develop their activity in the area of
financial instruments. Meanwhile, 84% of the respondents find themselves in the opposite situation, in 31 among the 62
considered cases the respondent having no professional activities in the field of financial instruments.
The analysis also focused on valuers’ professional activity by considering the respondents professional training. A
first aspect being considered in this regard was their knowledge in the field of financial instruments. We therefore found
that 38% of the respondents considered they had a medium level of knowledge in the field of financial instruments, while
only one person considered he was extremely well prepared in the approached field. Beyond looking at the valuers’
acknowledgement of their knowledge in the field of financial instruments, we considered it appropriate to also look
at their ability to transfer knowledge towards third parties and particularly towards other professionals in the area of
valuation. In this regard we also formulated a question that allowed us to check the accuracy of the previously received
answers, analyzing whether the respondents had been teaching any professional training courses in the field of financial
instruments. As expected, in accordance to their previous responses, only 7 professionals within the 62 respondents had
been experiencing the position of lecturers for financial assets’ valuation.

69

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Since the actual knowledge we have in a certain field is closely linked to professional training we further used
questions analyzing this aspect of professional valuers’ activity. One of these questions looked at the number of trainings in
the field of financial instruments being followed by the respondents. The time horizon being allocated by the respondents
to their professional training was also considered.
The obtained responses show that almost 70% of the respondents have participated at two or even less such
training programs. When also looking at the responses referring to the time horizon they have been allocating to their
professional training we conclude that less than 10 of our respondents had proven to be truly preoccupied with developing
distinct professional education and training. Overall, only approximately 30% of the valuers responding to our questions
have been benefiting of continuous professional training in the area of financial instruments when considering the last
decade in their activity.
On the other hand, due to the fact that the fourth question in the questionnaire allowed for multiple answers, when
considering the whole sample of respondents we can asses that the total number of participations to training programs in
the field of financial instruments is of 79. Using these results in order to calculate a medium number of participations we
obtain a quite low number of 1.27 participations per respondent.
Another aspect being analyzed was the manner in which valuers’ ground their valuation reports and whether
they present detailed information in this regard. This question was in purpose inserted within the second part of the
questionnaire. The obtained responses show that 80% of the respondents only provide a medium level of information with
reference to the technical valuation they usually achieve.
In order to obtain further details regarding the manner in which valuers develop their activity in the area of
financial instruments’ measurement we also asked the which were the methods they used in practice when dealing with
financial assets’ measurement. The most often mentioned methods were comparisons with trading of similar instruments
being issued by comparable companies or with previous transactions of the same instruments and the discounted cashflow method. The obtained responses document that professionals frequently rely on information that is taken from the
market, respondents often mentioning comparisons with other transactions on the market whenever these are possible.
Under such circumstances we consider that correctly assessing the information being obtained from the market, as well as
adequately integrating this information in the measurement process becomes vital. Besides approaches that heavily rely
on information coming from the market and/or income, some of the respondents also mentioned multiples (e.g. PER, P/
BV, P/S) which seemed to take the second place in valuers’ preferences when working in the area of financial instruments.
Respondents also mentioned the amortized cost involving the use of the effective interest rate.
Obtaining a general opinion regarding valuers’ knowledge on fair value was also considered when formulating the
questions within the implemented questionnaire. We therefore found that almost 95% of the valuers responding to our
questionnaire only assessed their knowledge on fair value to be medium at the most.
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Figure 1. Synthesis Graphs on the Analysis Being Developed on Professional Valuers Activity
Source: own analysis

Regression Analysis
This analysis is dedicated to documenting an association between valuers’ professional activity and their
professional training. Considering the typology of the variables being used and the fact that the dependent variable is a
qualitative one, being dimensioned on a five points Likert scale (1 representing the lowest level, 3 the medium level, and
5 the highest level), there has been proposed an ordinal regression model as follows:
where:
represents the dimension of the activity being developed by the valuers, expressed by considering the percentage
of clients asking for services in the area of financial instruments
represents the valuers’ declared level of knowledge in the field of financial instruments
represents the number of training programs in the field of financial instruments followed by the valuers
expresses how recent is the latest training program in the field of financial instruments being followed by the
valuers
considers whether valuers also use to teach training programs in the field of financial instruments
represents the level of particularization and details being offered when grounding a developed valuation
Table 1. Descriptive statistics for the considered variables is as follows:
AKnowledge

Activity
Mean
Median
Minimum
Maximum
Std dev.
Skewness
Kurtosis
Source: own analysis

0.95
0.50
0
5
1.408
1.801
2.361

NTrainings

2.73
3.00
1
5
1.104
-0.259
-0.979

1.79
2.00
0
5
1.473
0.407
-0.721
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ATrainings
2.61
3.00
0
5
1.832
-0.277
-1.373

LecturerPoz
0.11
0.00
0
1
0.319
2.507
4.429

ValueBase
3.23
3.00
1
5
1.062
-0.471
-0.300
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Two tests were applied in order to document the sustainability of the regression model, i.e. Likelihood ratio test
and the Chi-square test. The values being recorded when running the Cox-Snell R2 and Nagelkerke measure tests were
also analyzed for the same purpose. The results are as follows:
Table 2.
Coefficient estimate

Wald x2

P-value

Independent variables
AKnowledge (+)

19.880

295.737

0.000

NTrainings (+)

0.124

0.135

0.043

ATrainings (+)

-1.366

2.461

0.021

LecturerPoz (+)

0.082

2.585

0.042

-1.709

2.994

0.028

ValueBase (+)

Model x2=46,757, p< 0,000
Pearson Chi-Square = 168.632, P-value = 0.999
Deviance Chi-Square = 88.867, P-value = 1.000
Pseudo R-Square
Cox-Snell

0.530

Nagelkerke

0.581

Test of Parallel Lines
Chi-Square = 99.781, P-value = 0.035

Conclusion
1.

2.

Results document the sustainability of the proposed regression model. The value being obtained when running the CoxSnell R2 and Nagelkerke measure tests allow us to consider that valuers’ professional activity in the field of financial
instruments is determined in an approximately 50 % proportion by their professional training. Results document the
fact that when considering the national market of valuation services in the field of financial instruments, there is a direct
connection between the dimension of the developed activity and the valuers’ level of professional training under the above
mentioned circumstances.
On one hand this will significantly contribute to increasing their competitiveness on the labor market and also their
ability to keep pace with developments taking place in the international arena. The better trained professionals who
easily perform under current economic circumstances we have, the better are the chances that their contribution
makes a difference in the dynamics of the international arena even if by starting at a national level. On the other hand,
the better trained they are, the higher are the chances for them to expand their professional activities.
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Analysis of Expenditures for Economic Action and its Implications for Rural
Development
Ionel Bostan, Mihai-Bogdan Petrisor
“Alexandru Ioan Cuza” University of Iasi, Romania
Abstract
This article aims to analyze public spending on economic action in general and in particular we analized those expenditures for agriculture, fisheries
which have a great impact on the rural development. Analysis is performed both in Romania and in the light of the EU comparison. In this context of analize, we
also took in consideration public expenditures during 2008-2013 period, underlineing public expenditures for investments. It stands out the effort of Romanian
government for reconstruction and development in general, after the economic crisis, and in the particular case of this article rural development.

Introduction
The phenomenon of economic growth, now the most important part of sustainable development of human society,
was conceived from the beginning with the involvement of public expenditure as a variable impact. Obviously, the role of
this variable is even stronger in rural development, because many programs implemented in this field, both by domestic
money and European funds.
The purpose of the work consists in analyzing the expressions of spending for economic actions, especially those
for agriculture, economic and social life, including their role and the impact they have on the evolution of society in
general but also aiming to the rural development.
With over 56 % of the population in the 27 Member States of the European Union (EU) living in rural areas, which
cover 91 % of the territory, rural development is a vitally important policy area (European Commission).
According to Dammers ed and Marco Keiner (2006), throughout Europe, rural development is undergoing
tremendous change. Traditionally, rural areas were largely dominated by agriculture. Today, in the era of globalization,
the primary sector is in gradual decline. The number of farms and employees in agriculture is decreasing as well as their
income and contribution to the GDP. For Romania and Bulgaria this tendency is even stronger than in the first 15 states.
For Romania case, rural development means, according to Sarbu Georgian (2010), is maintaining life in rural areas
(economical growth, new jobs, attractiveness of the rural space as a place to live in, to work, reservoir of natural resources
and highly valued landscapes). Also it means the development of a range of economic factors and recognizing the current
critical importance of Agriculture, which we consider to be the most important of all.
As specific objectives of our research we have considered their role in various fields, highlighting the factors
that generated the mutations on public spending and the size and structure, analysis of the dynamics and structure of
the compressed public spending and the impact factors (specific effects) in specific conditions of various countries,
identifying common and specific issues and implications of positive or negative, deepening the analysis of the dynamics
and structure of public spending, including their impact on economic and social development opportunities aimed at
improving Romania, analysis of the implications of the crisis financial (2008-2010) on public spending in general and on
public spending for economic actions in particular and the related effects.
In relation to the purpose and objectives of the proposed research was carried out extensive research, which focused
on both general information on research topics involved, especially in the theoretical, in consultation with a number of
over two hundred bibliographic sources, and one based the collection and processing a large volume of statistical data,
developing analysis and synthesis, etc..
In the documentation was used, both primary sources (articles, books published by reputable publishers, magazines,
editorials, textbooks, treatises, theses, research reports) and secondary sources (statistical reports and annual reports
international bodies such as Eurostat, OECD, World Bank, IMF or the ECB). References studied is both domestic and
foreign. In terms of research methods has been widely applied and the comparative factor analysis, etc., which allowed the
differentiation and peculiarities of public spending (overall analysis and economic structure and functional) and impact
(differential) on their progress society.
Theoretical isues
From one perspective, government intervention in supporting or influencing national economy materializes
financially by funding specific expenditures, which form the so-called expenditure group economic activities. Most often,
these costs are funded from central budgets as an expression the leading role that public authorities have in the direction
of economic macro stabilization. Acknowledgment by national governments, even by constitutional text, the task of
ensuring favorable conditions for economic progress and overall socio-economic development is reflected in the design
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and promotion of specific economic policies, resulting in the implementation by financing expenditures from central
budgets without to exclude their financing and other budget components.
In the literature, these expenses are grouped as follows: expenditures of state economic sector development, grants
expenditure, expenditure on scientific research and technological development.
The first component of expenditure on economic activities in financial terms is a reflection of the state aimed
at building new economic, modernization of existing ones, the establishment of new industries by public enterprises,
etc.. Expenditure on subsidies reflected, in turn, state intervention aimed at supporting economic activities of public
entities or private enterprises or for certain reasons under certain circumstances (eg need to encourage exports, the supply
of products by these entities at a price lower than that would form under the free market, price differences are borne
by the state, etc..). Component of scientific research spending and technological development reflect public actions or
activities aimed at supporting knowledge and innovation, and recognized that the progress of mankind in general under
the determining influence of the knowledge of nations. The importance of this subgroup of expenditures for economic
action is independent of economic status or situation, but they reflect the values inherent in the size of the budgets
allocated for such operations.
Expenditure Review in Romania for economic actions and their impact on rural development
A summary statement of the proportions of expenditures recorded economic activities financed in Romania during
the period analyzed is presented in Table 1, showing that our country, like most countries in transition, he used a high
level of spending on economic activities and objectives in the early 1992s, with a general tendency to reduce in future
years. This phenomenon is not necessarily negative, since it occurs as a result of the fact Romania has done in all postrevolutionary period, the privatization of state enterprises (especially those consuming funds), reducing the scope of
public sector spending and hence material made public with it, while pursuing a consolidation of the economic system
based on private Initiative. It was done gradually economic actions to reduce costs while the expenditure on social and
cultural activities were increased (Table 1).
Table 1. Size and economic weight of public spending for economic actions in Romania during 1990-2008
Nr.
1992
1994
1996
1998
2000
2002
2004
2006
2008
Indicators
UNIT
Public expenditures for
1
946.5 5335.2 11331.8 25508.3 57573.6 7694.73 13630.80 23298.00 45231.90
economic actions (ROL billion)
2
% Total public expenditures
38.1
31.6
30.8
19.8
20.3
15.75
18.56
20.68
23.42
3
% of GDP
16.0
10.7
10.3
6.8
7.2
5.08
5.70
6.93
8.98
Source: own calculations after www.mf.ro; www.insse.ro

From the table, you can see the manifestation of a trend of decreasing public spending for economic actions,
reaching the minimum amount on the eve of 2002. This was caused mainly by the privatization of state enterprises and
the gradual restriction of the sectors in which the State had to intervene and support them.
Analysis of the structure of public expenditures for economic action in the period 1992-2008, highlights major
changes in specific countries in transition (Table 2).
Table 2. Structure of public expenditures for economic activities in Romania during 1992-2008 (share in total expenditures for
economic action)
Subgroup / Year
Scientific Research

1992

1994

1996

1998

2000

2002

2004

2006

2008

5.60%

7.02%

4.80%

5.51%

3.68%

3.88%

3.20%

5.74%

5.95%

Industry

45.08%

26.71%

24.81%

14.14%

15.73%

16.74%

12.67%

3.70%

1.43%

Agriculture and Forestry

22.94%

25.77%

27.97%

23.69%

22.51%

16.43%

22.11%

22.16%

22.41%

Transport and communications

18.37%

24.01%

25.38%

46.03%

51.72%

52.36%

54.20%

53.80%

55.14%

8.01%

16.50%

17.04%

10.63%

6.36%

10.60%

7.82%

14.61%

15.07%

Other economic activities

Source: own calculations after www.mf.ro; www.insse.ro

It is noted that the subgroup who suffered a first major change is related to the industry. Thus, if the public
expenditure budget in 1992 accounted for more than 45% of total expenditures for economic action, the end of 2008 they
represent only 1.43%, the main reason being closed and / or privatization of large public industrial complex.
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Transport and communication costs growth has been impressive, unlike those used in industry. Thus, in the
year 1992 is allocated to this domain only 18.37% of total expenditures for economic action, in 2008 this figure
reached over 55%.
State financial aid to enterprises are in various forms. They were used by all market economy countries, but
the place and importance attached form or another has varied by country, time, financial and economic conditions
and even social.
State aid, consistently applied and in Romania a long time, follows a different legal regime as a result of European
Union integration, which are authorized at Community level, with the exception of state aid schemes, within which notice
shall be made only . The total amount of state aid authorized in Romania in 2006 was two billion euros (more than 2% of
GDP), is necessary to reduce them in 2007, given that in Europe this proportion does not exceed 1% of GDP.
Deep economic crisis faced by the global economy and, implicitly, the Romanian economy and recent developments
that have taken place including Greece, to impose austerity measures are taken promptly. These measures concern in
particular the relocation of public expenditure analysis and a new structure to allow a mix of budgetary policies, fiscal and
monetary, short stop economic decline, and in perspective on a healthy economic recovery.
In this context, one of the main tools the government has at hand is the public investment program which, through
judicious allocation of available resources and spending can correct some imbalances emerged, particularly in construction,
or compensate for potential lower instantaneous availability of private sector funding in this area.
In this year, public investment expenditure financed from general government budget was allocated resources
amounting to approximately 33.4 billion lei, representing approximately 6.5% of GDP, respectively 16.7% of general
government expenditure. In Table 3 are presented in the consolidated general government public expenditure and
investment expenditure in the period 2008 to 2013 and their share in GDP.
Table 3. Public expenditure in Romania between 2008-2013 (the economic structure in general government) % GDP
2008
2009
2010
2011p
2012p
2013p
Public expenditures
36,98
39,42
40,72
36,79
35,76
34,78
Personal expenditures
8,86
9,53
8,58
7,38
7,05
6,60
Goods and Services
6,41
5,77
5,89
5,02
4,67
4,66
Interest
0,71
1,23
1,77
1,76
1,69
1,62
Subsidies
1,53
1,47
1,36
1,07
0,90
0,78
Social Assitance
10,52
13,02
13,87
12,67
12,06
11,40
Other transfers
2,60
1,18
2,44
2,60
2,36
2,45
Investment expenses
6,34
7,22
6,80
6,29
7,03
7,27
Investment expenses
(nominal values in billion
32,6
35,4
33,4
34,2
42,1
47,1
LEI)
Source: own calculations after Budget Fiscal Strategy during 2011-2013, http://codfiscal.money.ro/strategia-fiscal-bugetara-pe-anii2011-2013/

Public Expenditure Review for the economic actions on the European scene
They are directed primarily to public sector and private undertakings in the event of financial distress in the form
of state aid. This category of expenditure weights in the total gross domestic product are shown in Table 4.
Table 4. Dynamics of public expenditures for economic action in the period 1990-2009 (% of GDP)
2009

2008

2007

2006

2004

2002

2000

1995

1990

EU 27

:

4.2

3.8

3.9

3.8

3.9

:

:

:

Belgium

:

5.4

5.0

4.9

4.1

4.4

4.6

4.3

4.2

Bulgaria

:

4.7

4.7

4.4

4.9

3.6

3.5

:

:

Czech Republic

:

7.2

6.9

7.1

7.5

8.9

7.3

20.2

:

Denmark

3.2

2.9

2.9

3.0

3.1

3.2

3.4

3.9

4.0

Germany

:

3.5

3.3

3.3

3.6

4.0

1.7

11.1

:

Ireland

:

5.3

4.1

4.0

3.8

4.1

3.9

4.2

:

Greece

:

6.8

4.4

4.0

5.9

4.6

5.9

4.6

:

Spain

:

5.1

5.1

4.8

5.2

4.7

4.7

5.7

:

France

:

2.8

2.9

2.9

3.0

3.2

3.2

3.9

:
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Italy

:

3.7

4.0

4.8

3.8

4.1

2.7

4.4

5.9

Hungary

:

5.9

6.5

6.3

5.5

7,6

6.3

7.9

:

Austria

:

4.8

4.6

5.0

8.4

4,7

4.3

5.7

:

Poland

:

4.9

4.7

4.5

3.4

3,5

:

:

:

Portugal

:

4.3

3.6

3.7

4.3

4,7

5.1

5.2

:

Slovenia

:

4.7

4.1

4.1

4.3

4,5

5.2

:

:

Slovakia

:

5.4

4.1

3.9

4.3

6,7

11.1

10.1

:

Finland

:

4.7

4.4

4.7

4.7

4,9

4.7

9.0

6.4

Sweden

:

4.9

4.6

4.6

4.7

4,6

4.0

5.9

:

England

:

4.8

2.8

2.9

2.6

2,6

1.9

3.3

4.1

Norway

:

3.7

3.7

3.6

4.0

4,8

4.9

6.7

8.5

Source: Eurostat data

Changes in these rates of public expenditure is recorded only for economic activities over time, as all states in the
year 2008-2009 accounted for in the analysis, also including the EU 27 average, fall within a narrow range, between 3.5%
and 4.9%. Denmark and France to allocate a percentage lower than the range considered, only 2.8%. Denmark, for 2009,
increase public spending on economic measures as a share of gross domestic product to about 3.2%, the effect of setting
the global crisis.
In the 1990s, significant share of these expenditures were in the Czech Republic (20%), Germany (11.1%) and
Slovakia (10.1%). Following the data in Table 5, which reveals the economic activities of public expenditure per capita,
we support the fact that all states have increased allocations for the sector, Germany is the only case where they actually
reduced the cost of 2602 ECU / head capita (1990) to 429 euro (2000), and in 2008, 1057 euro per capita.
Table 5. Dynamics of public expenditure on economic activities per capita in the period 1990-2009 (euro)
2009

2008

2007

2006

2004

2002

2000

1995

1990

EU 27

1059.46

942.33

911.63

825.00

779.45

Belgium

1763.69

1610.83

1488.49

1149.33

1113.82

1101.93

884.76

619.52

Bulgaria

220.83

189.55

152.54

131.41

80.55

63.95

1044.00

855.18

787.91

652.44

699.77

442.33

835.95

1236.96

1220.26

1217.28

1134.85

1095.35

1082.37

1000.65

Germany

1057.47

963.91

946.17

977.16

1030.74

429.65

2602.03

Ireland

2238.53

1793.65

1646.49

1318.30

1237.26

962.56

497.65

380.12

Greece

1439.10

903.33

758.83

989.46

648.92

737.02

420.47

282.17

Spain

1246.89

1210.63

1068.83

985.47

773.15

669.95

588.88

France

859.51

853.35

827.30

782.37

788.44

734.28

729.56

Italy

979.49

1042.50

1197.85

905.36

896.18

543.21

647.60

Hungary

623.46

653.51

563.24

454.39

541.66

326.05

276.19

Austria

1674.01

1529.11

1551.87

2380.29

1252.17

1096.89

1256.70

Poland

469.45

384.00

319.56

181.50

192.83

Portugal

706.66

585.78

565.88

610.80

624.19

617.24

446.79

Slovenia

871.25

717.05

633.75

586.55

545.95

553.70

Slovakia

661.62

426.47

326.40

278.85

327.79

460.00

285.77

Finland

1667.69

1521.15

1482.50

1385.77

1349.62

1206.73

1725.77

Sweden

1792.32

1701.96

1618.87

1497.56

1361.18

1188.05

1267.18

England

1428.82

962.68

941.33

772.48

738.33

504.36

486.19

541.81

Norway

2443.85

2270.22

2098.52

1800.11

2127.00

1929.24

1652.52

1719.89

Czech Republic
Denmark

1320.81

Source: own calculations after data from Eurostat (1990, 1995 ECU)
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Norway is the country which allocates by far the highest amounts per capita, economic actions, worth 2443
euro, which can be explained by the fact that it is not subject to European regulations on maximum admissible level
of state aid.
Based on the key challenges identified, the Community Strategic Guidelines (CSG) and the Lisbon objectives
and Gothenburg, were established the following overall objectives: to facilitate the transformation and modernization
of production and processing sectors of agriculture and forestry, improve competitiveness and ensuring environmental
sustainability, maintaining and enhancing the rural environment, facilitating the movement of labor from agriculture to
other sectors and ensuring adequate economic and social conditions for rural populations.
Conclusions
Rural Development Programme focuses on three key challenges: the transformation and modernization of production
and processing in agriculture and forestry, maintain and enhance quality and ensure rural economic and social conditions
suitable for the rural population. Corroborating these issues with low relative situation of directing funds to agriculture in
Romania, we conclude that these challenges will continue to exist for a long time at the goal but no real chance of being
met. In the same context was seen as reducing public expenditure as economic recovery and stabilization imposed by the
financial crisis, which will aggravate further the objectives for achieving rural development. Simultaneously, we believe
that the main target in the coming period is to focus efforts to increase the amount of access European structural funds to
finance viable projects with positive impact on rural development, given that the funds used to date are very limited.
References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Bagdigen, Muhlis; ° Cetintaş, Hakan - Expenditure Causality between Public and Economic Growth: The Turkish Case, MPRA Paper No. 8576,
2008, http://mpra.ub.uni-muenchen.de/8576/
Copus Andrew K. - A Review of Planned and Actual Rural Development Expenditure in the EU 2007-2013, Nordregio (Nordic Centre for Spatial
Development), Stockholm 2010, http://www.rudi-europe.net/uploads/media/Deliverables_WP4-5_Update_May_2010.pdf
Carsten, Colombier - Does the Composition of Public Economic Growth Impact expenditure?, Swiss Federal Finance Administration, 2007
Dachin Anca- Rural development – A Basic Condition for narrowing regional disparities in Romania, the 48th Congress of the ERSA “Culture,
Cohesion and Competitiveness: Regional Perspectives”, Liverpool, 27-31 August 2008, http://www.rrsa.ro/rjrs/P5-DACHIN.PDF
Dammers ed and Marco Keiner - Rural Development in Europe - Trends, Challenges and Prospects for the Future, 2006, www.nsl.ethz.ch/index.
php/content/download/1296/7838/file
Deacon, Bob - Eastern European welfare states: the impact of the politics of Globalization, Journal of European Social Policy 2000 http://esp.
sagepub.com/cgi/content/abstract/10/2/1461
Dumitru Mihail, Dana Diminescu, Valentin Lazea 2004 - Romanian agriculture and rural development reform, http://www.cerope.ro/pub/
study54ro.htm
Gustavo Anríquez - Governance and Rural Public Expenditures in Latin America. The Impact on Rural Development, 2010, http://ideas.repec.
org/p/fao/wpaper/0701.html
Anna V. Meyendoff, Thoker Anjon - Designing Financial Systems in Economic Transition. Strategies for Reform in Central and Eastern Europe,
The MIT Press, London, 2002, www.nber.com;
Pascual, Marta; Álvarez-García, Santiago - ANF Government Spending Economic Growth in the European Union Countries: An Approach
Emiprical, 2006, http://papers.ssrn.com
Sîrbu Georgiana – Rural Development Issues in Romania, 2010, http://www.oecd.org/dataoecd/33/15/39275675.pdf
Tanzi, Vito - The Economic Role of the State Before and After the Current Crisis, 65th Congress of the International Institute of Public Finance,
Cape Town (South Africa), 2009
***Rural Development Programme for Romania for 2007-2013, available at http://ec.europa.eu/agriculture/rurdev/index_ro.htm
*** National Plan for Rural Development 2007-2013, http://www.maap.ro/pages/
*** National Strategic Plan 2007 - 2013, February 2007,http://www.agromediu.ro/
*** Rural Development Policy 2007-2013, European Commission, http://ec.europa.eu/agriculture/rurdev/index_en.htm
*** Law. 500/2002 on public finance in the Official Gazette of Romania, Part I, no.597 of 13 August 2002;
*** Local Law 189/1998 concerning local public in the Official Gazette of 22 October 1998 nr.404;

Ionel BOSTAN, Professor, Ph.D. in Economics and Law, Faculty of Economics and Business Administration, “Alexandru Ioan Cuza”
University of Iasi, e-mail: ionel_bostan@yahoo.com. Areas of interest: financial law, commercial law, commercial law European
Mihai-Bogdan PETRISOR, Assistant Ph.D. in Economic Sciences, Faculty of Economics and Business Administration, “Alexandru
Ioan Cuza” University of Iasi, e-mail: mihai.petrisor@uaic.ro. areas of interest: Finance, European Law, Administrative Law

78

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Environmental Burden of Food Consumption in Latvia
Jānis Brizga
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Abstract
Food and beverages includes a range of products and services in which life cycles emerge a variety of pressures on the environment. In this
study household food consumption patterns in Latvian and an environmental impact of this food consumption was studied using the Ecological Footprint
calculations. The calculations are based on data of Central Statistical bureau (CSB) of Latvia and FAO Stat databases on food consumption and trade
balance in Latvia. Overall, it is dealt with 108 categories of food. The results show that by eating less meat and dairy products, the ecological footprint
can be reduced significantly. Further reductions could be achieved by choosing plant based over animal based foods, and local over imported food.
Key words: Food consumption, Ecological Footprint, Carbon emissions

Introduction
Household food consumption has major direct environmental impacts through car-based shopping trips, energy
use by home refrigerators and freezers, cooking and waste disposal. However, food products have an even larger indirect
environmental impact through the rest of the food life chain, mainly from agricultural production but also from food
manufacturing, transport of crops and products, storage, retail and food services (Michaelis L., Lorek S., 2004).
Jongen and Meerdink (1998) estimate that close to half of human impact on the environment is directly or indirectly
related to food production and consumption. Some other studies are claiming – food and drink cause 20-30% of the
various environmental impacts of private consumption. Meat and meat products, in different degrees of processing, are
the most important sources of impact, followed by dairy products (CSP, 2008).
The aim of the study is to investigate the ecological burden of the Latvian food consumption.
To attain the aim the following tasks are identified as relevant:
1. To describe the consumption patterns and volumes of Latvian inhabitants;
2. To calculate the Ecological Footprint of food products consumed by Latvian households throughout their life
cycle.
The object of the research is the food consumption and its impact on the environment.
The research is based on the calculations of Ecological Footprints, as well as the methods of analysis, synthesis
and logical construction are used to study the problem elements.
Since there is lack of research and data that clearly show the distribution of environmental load of particular food
life cycle stages, in this study the environmental impacts of food distribution, storage and preparation by households are
not calculated.
Methodology
The research is based on the calculations of Ecological Footprint, which is a sustainability indicator that measures
the environmental pressure of the human population in spatial terms. It estimates the land and sea area that is needed
to provide all the resources for a population in a given area, and for absorbing emissions. The Ecological Footprint is
calculated as a standardized area equivalent to a world average area, expressed in global hectares (gha). It provides a
snapshot of consumption for a region, organization, or person in a given year.
In the present study, the ecological footprint was calculated using mixed “compound + component” approach.
Results from national ecological footprint calculations (component method) were used to calculate food footprints and
combined with the component method (Simmons et al., 2000) to extend ecological footprint calculations to different
foodstuff categories.
The calculations are derived from data of Central Statistical bureau of Latvia and FAOStat databases on food
consumption structure and volumes, yields, stock, land use and trade balance in Latvia. In order to estimate CO2 emissions
of food production, processing and transportation the constant coefficients of global warming potential of products from
EcoInvent database are used. Overall, it is dealt with 108 categories of food.
Results and discussion
According to the study data of Latvian State Institute of Agrarian Economics (Melece, 2007), more than half of
Latvian population (52%) spent on food purchases from 40 to 60% of their monthly income. Quarter (22%), for food
purchasing spent about one third of income, but about 20% spent more than 60% of their monthly income. Increase in
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household income led to average decrease of food share in total expenditure from 38.2% in 1999 to 26.7% in 2009.
However the absolute values of Latvian household food expenditure are less than twice in EU 27 average. The increase in
income is also raising household costs in catering, accounting for 18% of the total expenditure on food and soft drinks.
In 2009 in average in a year one Latvian citizen consumed 63.5 kg of meat, 12.4 kg of fish, 197 eggs, 77.8 kg of
vegetables and 89.3 kg of potatoes (see figure 1). At the same time households consumed 50.6 liters of milk, 6.8 liters of
beer and 20 liters of mineral water per capita per year. Consequently, the same day are admitted to an average of 2962 kcal
per capita (FAO Stat data), which is close to the recommended norm of good nutrition.

Figure1. Dynamics of consumption of food products (kg)
Source: Central Statistical bureau of Latvia, authors work

CSB data indicate that total food consumption is stable, but its structure is changing. Increase in non-alcoholic
and alcoholic beverages, fruit, poultry and ready-made meat products consumption. As essential factors affecting the
consumption of meat is considered income, health and ethical considerations (Popluga, 2010). But sharply has decreased
consumption of beef and veal, as well as cereal and potato consumption. This is also reflected in the ecological footprint
of food consumption, where the greatest proportion is taken up by plant based products (based on an area that is required
for their production), followed by animal products and fish products (see figure 2).

Figure 2. Ecological Footprint of food consumption (global hectares per year)
Source: author’s calculations

The greatest environmental impacts of food consumption is linked to agricultural production and energy use in
agriculture, food industry and households (food storage and preparation), but contrary to public opinion, food transport,
packaging and the waste does not cause relatively so high environmental load. This is confirmed also by other studies
in Europe (Moll & Watson, 2009; Weidema et al., 2008; Tukker et al., 2006). These studies also show that agricultural
production is responsible for 20% of GHG emissions caused by food consumed in European households, food processing
industry for almost 50%, distribution for 5%, households for 15%, but the caterers for 10% of GHG emissions.
According to the calculations of carbon footprints, food is responsible for approximately 55% of households GHG
emissions (Brizga, Kudriņickis, 2009), from what the biggest share is composed of animal products that have high carbon
capacity. Calculations show that the diet of an average Latvian consumer annually creates from 850 to 950 kg of CO2.
Most (330 kg) of the emissions are associated with the consumption of meat products, in second place with 110 kg CO2
are milk products, followed by vegetables (85 kg CO2). Bread and pastries are responsible for 70 kg CO2, consumed eggs
cause 55 kg CO2, but potatoes only 16 kg of CO2 per year (see figure 3). These figures depend on the amount of consumed
food and carbon intensity of the product what can vary considerably between various commodities. These differences are
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explained by the specificity of the extraction of particular products (e.g. in production of rice and beef are emitted a large
amounts of methane gas), but it also depends on differences in life span of different animals, their different diets and the
genetic ability to convert nutrients in proteins and fats. However, the growing intensity and environmental conditions
(temperature, light and humidity) are also important.

Figure 3. Distribution of GHG emissions of food products consumed by Latvian inhabitants (kg CO2 per capita/year)
Source: author’s calculations

A large part of household waste (organic and inorganic) is associated with food consumption. In household waste
is increasing the proportion of organic, paper and plastic waste and reducing such waste as glass and metal. This is largely
due to changes in the packaging of consumed products. Consumers are more buying convenience food, processed food
and fresh fruits and vegetables all year round (outside the season). This means not only a great agricultural production and
transportation-related environmental impacts, but also increasing the volume of packaging. Food packaging, on the one
hand has helped to limit food spoilage (in the world in average ¼ of all the food gets into waste), but on the other hand,
has increased the amount of household inorganic waste. 20-30% of all household waste is composed of packaging and a
large part of it is directly associated with food consumption. But the organic garden and food waste are making out up to
35-50% of all household waste. According to the estimation of European Commission (Monier et al., 2010) in Latvia per
year 216 thousand tons of food gets into waste, (37% of this waste ensued from households, 58% from food production
and processing, but 5% from the distribution and catering establishments). It is 260 g of food per day per capita. Thus,
food waste is responsible for 400 thousand tons of CO2 per year or 174 kg CO2 per capita per year.
While comparing environmental impacts caused by a range of food products, it is essential to take into account the
volume of consumption and the price of the product - the amount of money spent on the purchase. Price factor is important
not only because it affects consumers’ ability to meet their own needs, but also because of the increasing amount of
income in society significantly increase environmental impacts caused by consumption.
Table 1. The summary of calculation of CO2 emissions of food (12 product categories for 2009)
kg CO2 / Ls

kg CO2 / kg product

Kg CO2e per capita per year

Median

1,32

1,19

66,58

Mean

1,55

1,7

85

0,785

1,473

83,838

Max

3,52

5,18

329

Min

0,57

0,18

16

Standard deviation

Each consumer’s spent lat on food on average is responsible for of 1.55 kg CO2 emissions (see Table 1). In some
product categories, such as eggs, meat, sweets or alcohol, the figure is much higher. These relatively high emissions of
food per one lat are partly due to low prices of food (agricultural subsidies). But there are products with relatively low
emissions of both units of the product and its price (see figure 4). For example, fruits, potatoes, vegetables, cereals and
soft drinks, which are relatively low in total CO2 emissions, providing 57% of all calories consumed.
81

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Figure 4. GHG emissions caused by food products during their life cycle (up to the consumer) per unit of product (kg or l) and
spent currency unit (Ls) for food consumption (data of 2009)
Source: author’s calculations
Note: Ring sizes are reflecting total GHG emissions of the year caused by particular consumption categories

Conclusions
During the last 10 years total volumes of food consumption in Latvia has decreased, but despite on this, total
ecological footprint had been increasing because of the increasing food carbon intensity and changes in the yields.
The diet of an average Latvian consumer is responsible for 850 to 950 kg of CO2 annually. This makes 2 million
tones of direct and indirect GHG emissions annually for Latvian food consumption. To supply these products food
ecological footprint is on average 1.3 hag per capita annually. Most of these environmental pressures are associated with
the consumption of animal based products (meat and dairy products).
Waste is a significant factor in the growth of food footprint in Latvia – both organic food waste and non-organic
waste associated with increasing packaging is increasing.
Each lat spent on the food consumption is responsible for an average of 1.55 kg CO2 emissions. These relatively
high emissions of food per one lat are partly due to low prices of food, which is related also with agricultural subsidies.
Technological improvements (especially minimization of carbon intensity of food production, distribution and
preparation and increasing yield factors) in how the food is grown and manufactured are important; however, technology
alone will not be sufficient to ensure life within ecological limits. Therefore there is a need for changes in behavior –
ensuring different and smart consumption of food products.
The results underline that an integrated policy approach is needed to develop sustainable food production and
consumption system, looking at health, environmental and socio-economic perspectives.
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Abstract
Rural areas constitute 93% of the area of Poland and are inhabited by 14.9 million residents, which is 39% of the population of Poland. After
the accession to the UE, rural areas became one of very important beneficiaries of UE financial support. “Support for rural development” is a very broad
topic. It consists of a grant of farms and agri-food companies to raise their competitiveness, but also of infrastructure (both technical and social), nonagricultural activities to stimulate activity in rural areas, environmentally friendly measures, measures for improving the quality of life, and many others.
This support must therefore be carried out on various levels.The article presents the states policy towards rural areas. It discusses the basic provisions
and achievements of the rural policy concerning the main priorities. In order to do so, an analysis of the programme documents (Sectoral Operational
Programme, Rural development Plan), the National Development Strategy, and the results of the implemented measures was carried out. The study
is based upon the data available from the Central Statistical Office, The Agency for Restructuring and Modernisation of Agriculture, the Ministry of
Agriculture and Rural Development, the Institute of Agricultural and Food Economics, and the Ministry of Regional Development.

Introduction
Rural areas constitute 93% of the area of Poland (291 000 sq. km) and in 2009 they were inhabited by 14.9 million
residents, which was 39% of the population of Poland. 20% of these are employed in the agricultural sector. 1 583 000
agricultural holdings are properties with an area exceeding 1 ha of arable land, and the average size of such agricultural
holdings was 9.50 ha of arable land in 20103. The indicated data prove that Poland is a place where the countryside plays
a very special role in providing support for the development of rural areas, and the agricultural sector is important for
the whole of society. Structural changes taking place in rural areas depend on the changes affecting the whole national
economy, on GDP growth, and on the growing affluence of society. The development of rural areas in Poland is still
determined by the economic situation of the agricultural sector and the directions of its transformations. The agricultural
sector in Poland is of high significance, in both social and economic terms, although the role of agriculture, forestry, and
hunting in the generation of GDP is relatively low (about 2-3%).
The key problems concerning the competitiveness of the sector, i.e. the low level of specialisation of particular
agricultural holdings, the disintegration of the areal structure and the resulting low profitability of these agricultural
holdings, surplus workforce, and low transformation processes concerning the agrarian structure. The chances for general
improvement in the profitability of this sector are seen in general economic growth and speeding up structural changes.
Furthermore, significant differences between the levels of infrastructure, education, and services available to city and
countryside residents can still be observed.
Rural areas should become a competitive place for the residents of Poland to live in and run a business enterprise.
This competitiveness means an urgent need to create (for both economic and social reasons) a properly-functioning public
and private services sector, proper infrastructure, and an effective system of public transport. All of these together are
what makes living and working in the countryside or a small town a real alternative to living in a big city.
The policy towards the countryside and rural areas that has been implemented for many years now has not resulted
in reducing the differences between the quality of living in the city and in the country. On the contrary, during the last few
years the civilisational gap between cities and rural areas has become wider. It appears necessary to work out the policy
provisions and tools which will make it possible to stop the ongoing processes and change the situation of the Polish
countryside.4
Integration into the European Union has provided new opportunities for the development of rural areas and the
agricultural sector. Poland has been offered the access to Union funds. The implementation of projects providing to the
agricultural sector and rural areas was started in Poland, in accordance with the EU-applicable system, by the SAPARD
Programme. The experience and skills gained from the implementation of this programme were used for the purpose of
structural and agricultural policy implementation after Poland’s accession to the EU. The aim of the policy is to effectively
and consistently improve the conditions and quality of life of the people inhabiting rural areas. In order to achieve these
aims, the policy of the State towards rural areas should involve both the agricultural and non-agricultural development
of the countryside. The support directions for the development of rural areas have to be supplementary and they should
complement State policies and strategies which define the major aims and priorities for the development of Poland in the
field of cohesion policy.
During the first years of membership (2004-2006) two programmes concerning the development the countryside
and the agricultural sector cofinanced by the EU were started and implemented in Poland: 1. The Rural Development
Plan 2004-2006 (RDP 2004-2006) and 2. The Sectoral Operational Programme - Restructuring and Modernisation of the

3 Initial results of Agricultural Census 2010
4 National Development Strategy 2007-2015
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Food Sector and Rural Development 2004-2006 (SOP ”Agriculture”)5. Since 2007 a new Rural Development Programme
is being implemented in Poland (RDP 2007-2013). The total amount of public financial resources, from both EU and
national sources, devoted to the development of the countryside and rural areas, under the SAPARD, RDP 2004-2006,
SOP ”Agriculture” and RDP 2007-2013, amounted to EUR 23.7 billion (see Diagram 1). The financial resources for
the programmes implemented during the previous programming periods have been used up entirely. The RDP 20072013 Programme is as popular among the beneficiaries as the previous programmes, which makes us believe that this
programme’s financial resources will also be used up in full.

Figure 1. The budget of the SAPARD, RDP 2004-2006, SOP ”Agriculture”, RDP 2007-2013 Programmes as a whole, and divided
into particular tasks
Source: The division of the resources available from the Annual Financing Agreements 2000, 2001, 2002 and 2003 between particular
tasks of the SAPARD Programme, The information concerning the implementation and the results of the SAPARD Programme is
available on the website www.minrol.gov.pl, The rough-summary financial table of the Plan with EUR changed after the relocation of
resources 4/2008, December 2008 – information available on the website www.minrol.gov.pl., Resolution No. 45 of the Committee
Monitoring the Sectoral Operational Programme “Restructuring and Modernisation of the Food Sector and Rural Development” of 5
July 2010, Table 3.1.; The indicative division into particular measures taken by the rural areas (in EUR for the whole period), Rural
Development Programme for 2007-2013, MRiRW, Warsaw, March 2011.

The pre-accession SAPARD Programme, as well as the RDP 2004-2006, SOP ”Agriculture” and RDP 20072013 Programmes, share cohesive strategic goals i.e. 1. the improvement in the competitiveness of the agricultural
sector, and 2. the sustainable development of rural areas. The goals are implemented by means of different instruments
(measures) which are mutually complementary. The majority of measures taken under the RDP 2007-2013 Programme is
the continuation of the measures implemented during the previous programming period, which proves the transparency
of the policy concerning agricultural and rural areas, and the consistency in the implementation of the goals set for the
EU programmes .
The most significant priorities concerning rural development are:
1. The development of entrepreneurship and non-agricultural activity.
2. The improvement of the competitiveness of agricultural holdings.
3. The development and improvement in the technical and social infrastructure of rural areas.
4. The increase in the quality of human capital and the professional activation of rural residents.
Further on in the text the basic provisions and achievements of the rural policy concerning the above priorities
will be discussed. In order to do so, an analysis of the programme documents, the national development strategy, and the
results of the implemented measures was carried out. The study is based upon the data available from the Central Statistical
Office (CSO), The Agency for Restructuring and Modernisation of Agriculture (ARMA), the Ministry of Agriculture and
Rural Development (MRiRW), the Institute of Agricultural and Food Economics – National Research Institute (IAFE),
and the Ministry of Regional Development (MRD).
The development of entrepreneurship and non-agricultural activity
The economic revival of rural areas is mainly possible due to small enterprises. Market facilitation enabled more
and more countryside residents to run their own trade, service, craft (the so-called small manufacturing), and tourism
enterprises with the use of the resources available from their agricultural holdings. In Poland, non-agricultural activity
5 Rowiński J. (red.). 2010: Wpływ funduszy współfinansowanych ze środków Unii Europejskiej na rozwój rolnictwa i regionów wiejskich (Raport
końcowy), Raport Programu Wieloletniego IERiGŻ-PIB, nr 178. (Impact of funds co-financed from EU resources for the development of agriculture
and rural areas (Final Report), Report from Multiannual Programme of IAFE-NRI, no. 178), p. 23-28.

85

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

in rural areas is still poor, therefore EU financial resources which were dedicated to the support of rural areas included
the small enterprise and services assistance funds. They were centered around two major measures. The first one is the
“Diversification of agricultural activities and activities close to agriculture to provide multiple activities or alternative
incomes” which has been implemented since 2000, in the beginning by means of the SAPARD Programme, then the
SOP ”Agriculture” Programme, and since 2007 through RDP 2007-2013. The total amount of EUR 490 million was
dedicated to the implementation of this measure. During the implementation of the first two programmes about 11.5
thousand farmers received support. The most popular were the investments involving small services in favour of ruralarea residents, concerning agriculture, forestry, and agritourism. Up to the end of 2010, 7 thousand agreements from
the new programme were signed, and 2.8 thousand projects were subsidised. The implemented investments concerned
mainly providing services for agricultural holdings, forestry, miscellaneous services, and conducting construction and
installation works and services. Furthermore, since 2007 the activity would have been financed from the means dedicated
to creating and developing microenterprises. As for this measure, over 3.2 thousand agreements were signed, 80% of
which involved assistance for the development of already existing microenterprises. The projects supported concerned
mainly miscellaneous services, construction and installation works and services, retail, tourism services, sports and leisure
services, services benefiting agricultural holdings and forestry, and wholesale. One of the criteria necessary to obtain
subsidies within the measure “Creating and developing micro-enterprises” was creating a new workplace. As a result
about 3 thousand new workplaces were created in rural areas.
Rural areas are also places where both micro and macro process activities are carried out. One of the more
important elements of supporting this sector, especially in the agricultural and food sector, is to be the implementation
of projects involving the modernisation of agricultural and food processing plants, which favours improvements in the
competitiveness of the agricultural and forestry sectors, as well as the wholesale trade in the agricultural products.
The enterprises operating within the processing and agricultural and food trade sectors have been offered the
opportunity to make use of EU subsidies since 2000, i.e. from the resources available from the pre-accession SAPARD
Programme6. After accession to the EU, further industry support measures were carried out in 2004-2006 from SOP
“Agriculture”, and since 2007 from RDP 2007-2013. Before 2004 the support aimed at the compliance of the agricultural
and food industry plants with the requirements of the EU concerning the production, processing, and selling of products
to the EU market. EUR 280 million were dedicated to this purpose and over 1.2 thousand investment projects obtained
subsidies. Under the SOP “Agriculture” Programme, EUR 446 million was dedicated and about 1.1 thousand projects
received support. The majority of projects were implemented by the dairy, meat, and fruit and vegetables industries.
Under the 2007-2013 RDP, EUR 1 541 million was dedicated to measures assistance. The submitted applications (2.6
thousand) constitute the equivalent of 80% of the measure budget. So far 442 projects have been implemented. The
majority of beneficiaries of his measure are small and medium-sized enterprises dealing with food products processing.
In the year 2009 3.9 million economic entities were registered in the National Register of Entities of National
Economy (REGON). 25% percent of them (ie 935.3 thousand) registered economic activity in rural areas. Due to the
nature of the activities conducted in rural areas the greatest share had entities conducting: trade, repair of motor vehicles,
transportation and warehouse management, accommodation and catering, information and communication, industry and
construction. In comparison to the year 2002, the number of operators in rural areas increased by 127 thousand (16%)7.
Developing small enterprises in rural areas is very important due to creating additional sources of incomes. Therefore
those kinds of activities should be and are supported by public funds.
Speeding up the development of small and medium-sized enterprises in rural areas is possible thanks to the
implementation of projects aiming at the improvement and development of the technical infrastructure (this type of
investment was also supported from EU resources) which is necessary to run a business enterprise. The main principle
is the synchronising of the investment measures with the land use and urban planning. It is, at the same time, important
to take care of the natural resources of rural areas so that economic development does not cause any damage to the
natural environment. It is nature, landscape, and culture attractiveness that constitute the main conditions for agritourism
development.
The agriculture-related investments have been carried out in a double-track manner. On the one hand, the
programme of arable-land consolidation, and on the other, the programme of the management of agricultural-purposes
water reservoirs, were implemented. Thanks to the resources from RDP 2007-2013, up to the end of 2010 34.2 thousand
hectares of land were consolidated including 30.4 thousand hectares of arable land and 3.8 thousand hectares of forest
areas. Furthermore, 206 subsidy grant agreements with a total amount of PLN 601 million have been issued, resulting
in projects involving the construction or renovation of main, field, and complex drainage systems, which facilitates the
implementation of drainage systems with an area of 195.1 thousand hectares of arable land.
6 Gradziuk K. 2007: Realizacja programu SAPARD w Polsce – zróżnicowanie regionalne, Raport Programu Wieloletniego IERiGŹ-PIB nr 85,
Warszawa (The implementation of the SAPARD programme in Poland – division into regions, Report from Multiyear Programme of IAFE-NRI no.
85, Warsaw), p.11-42.
7 Local Data Bank CSO; http://www.stat.gov.pl/bdl/app/strona.html?p_name=indeks
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The improvement of the competitiveness of agricultural holdings
Taking into account the low level of specialisation of agricultural holdings, the underfinancing of the agricultural
production infrastructure and the disintegration of the area structure, which translates clearly into lower profitability of
production, it is necessary to find the appropriate support instruments and raise the amount of financial resources to cover
the costs of the compliance of the agricultural holdings with the ever-growing EU requirements and the strong competitive
pressure. In order to improve the competitiveness of agricultural holdings, support is given to, among other things, the
technical and organisational modernisation of the holdings, investments in new technologies, highly-effective equipment,
and the construction of drainage and watering systems which affect the results of the production. The investments in
agricultural holdings were supported with the EU resources available from the SAPARD, the SOP “Agriculture”, and
currently the RDP 2007-2013 Programme. The total amount dedicated to this measure was EUR 2 620 million. The
subsidy from the SAPARD Programme applied to 13 thousand agricultural holdings, SOP “Agriculture” – 24 thousand,
and under RDP 2007-2013 about 25 thousand projects have been accepted so far. The huge majority of the resources
under this measure was dedicated to the purchase of the equipment.
According to data from the year 2010, the average agricultural area per 1 tractor was from 10.6 ha to 12.4 ha in
2002. Also, share of households equipped with a tractor has increased from 47% to 65%. In comparison to the year 2002
the number of harvesters for cereals and oilseed rape per farm has increased significantly (see Table 1).
Table 1. The number of agricultural machinery and tractors
2010
in thousands

2002=100

Tractors

1471

107,8

Combine harvesters

152

122,9

Beet harvesters

28

85,7

Potato harvesters

80

98,1

Forage harvesters

12

90,0

Field sprayers

469

104,8

Garden sprayers

52

113,5

Types of machines

Source: Initial results of Agricultural Census 2010, CSO, Warsaw 2011

In the light of the increasing problem of farms being left without successors, a proportion of resources has been
allocated to young farmers, which (through generation changes) is to improve the competitiveness of agriculture. This
measure has been implemented in Poland since 2004, first under SOP “Agriculture”, and currently under the RDP 20072013. The budget for these measures amounted to EUR 175 million and 420 million respectively. In the years 2004-2006,
around 14 thousand farmers received support, while in the new programming period 17 thousand applications were
approved. The “Young Farmer”measure is related to the “Structural pensions”measure which has also been implemented
since 2004 in Poland8. In the implementation of the RDP 2004-2006, around 54 thousand farmers retired early; since 2007
over 13 thousand applications have been approved. Retiring farmers transferred their farms mainly for two purposes: for
succession and to expand another farm.
In recent years there has been a favorable trend in reducing the number of farms, while increasing their average
size. During the last 8 years the structure of farms in Poland has improved. Share of the smallest farms decreased, while
the share of the largest farms increased, although it still remains low (Table 2).
Table 2. Number of farms in Poland in 2010, the total by area groups
Total
<1 ha
1-5 ha
5-10 ha
10-15 ha
in thousands
2 278
714
863
352
152
in %
100,0
31,4
37,9
15,4
6,7
2002=100
77,6
73,2
75,2
82,5
83,3
Source: Initial results of Agricultural Census 2010, CSO, Warsaw 2011

15-20 ha

20-50 ha

>50 ha

72

97

27

3,2

4,2

1,2

86,0

100,8

134,4

8 Bułkowska M., Chmurzyńska K. 2007: Wyniki realizacji PROW i SPO “Rolnictwo” w latach 2004-2006, IERiGŻ-PIB, Warszawa. (Results of the
implementation of RDP and SOP „Agriculture” in the years 2004-2006, IAFE-NRI, Warsaw), p. 15-21, 61-63.
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Also supported are counselling services, which in consequence also contribute to the better efficiency of agricultural
production.
An important element of Programme is the opportunity for farmers to make use of programmes supporting the
development of manufacturing and the promotion of traditional and ecological products.
It increases the chances for the restructuring and improvement of the income of small and medium-sized farms.
Since 2004 the number of ecological farms in Poland has increased by five times - from 3760 to 20956 in 2010 9. A direct
influence on the increased interest in managing farms with the use of ecological methods resulted from support under the
environmental payments. In the years 2004-2006 12 thousand farmers applied for subsidies, and in the years 2007-2013
9.5 thousand organic farms received RDP support.
Supporting and creating producer groups and popularising sustainable linkages between agricultural producers
and processors promote increases in farms’ competiveness. However, this measure is not too popular with farmers – it
has approximately 600 beneficiaries. Nevertheless, in comparison with the previous programming period, one can see a
significant increase in interest in such initiatives among farmers – the number of application increased fivefold.
The development of and improvement in the technical and social infrastructure of rural areas
Investments in infrastructure in rural areas were already supported in the SAPARD Programme, then in SOP “Agriculture”,
and currently in RDP 2007 – 2013. An amount of around EUR 2 billion was allocated for this purpose. From the SAPARD
Programme 4.5 thousand projects were co-financed, from SOP “Agriculture” 3.4 thousand, and from the RDP 2007-2013
over 300. Infrastructural investments were financed also from other programmes, such as Integrated Regional Operational
Programme (IROP), SOP Transport, Regional Operational Programmes, Infrastructure and Environment. Projects implemented
under those programmes are complementary and their impact on rural development is indirect.
The total length of the distribution water supply network in rural areas in 2009 amounted to 207.4 thousand km,
and in comparison to 2003 it was longer by 27.8 thousand km. The water supply network running through rural areas
accounted for almost 78% of the total length of the water supply network in the country. In 2009 an average of 74.7% of
rural dwellers and 95.2% of urban inhabitants used the water supply network. In relation to 2003 it was an increase of
respectively 4.3 and 0.9 percentage points.
The total length of the sewage network in 2009 on rural areas was 50.5 thousand km and when compared to 2003 it
recorded an increase of over 75%. Running across rural areas, in 2009 this sewage network constituted 50.4% of the total
length of the sewage network in the country. Altogether 3.5 million rural residents benefitted from the sewage network,
which accounted for 23.5% of the total population of these areas.
The development potential of rural areas is largely conditioned by the access to the transportation network. In 2009,
the total length of all hard-surface outside-city roads amounted to 215.2 thousand km, including the share of outside-city
roads with an improved hard surface, accounted for 90.1%. In 2009, in comparison to 2003, the length of outside-city
roads with a hard surface increased by 7.6%. In the discussed period the length of outside-city roads with an improved
hard surface increased by 11.6%10 .
As a consequence of providing the Polish countryside with technical and social infrastructure (which was
significantly affected by implemented EU measures) the intensification of the urbanisation processes, the acquisition of
the city lifestyle, and the character of villages, created changes in villages’ development. Those changes are most evident
in the suburban areas of larger cities.
In Poland, investments involving the modernisation of public space and facilities serving tourist, cultural and
recreational functions, as well as traditional, regional rural construction, are also supported. As a result, this contributes
to growth in investment attractiveness, meeting social and cultural needs and influencing the development of the rural
community identity and preserving cultural heritage. The measure “Rural renewal and the preservation of cultural heritage”
has been implemented since 2004, first under SOP “Agriculture”, then under the RDP 2007-2013. There is a total of EUR
713 million were allocated for this measure. About 2 thousand projects were implemented under the SOP, while under the
RDP there are approximately 1.2 thousand projects.
Further investments in technical infrastructure in rural areas are necessary. Therefore, projects cover the water supply
and wastewater management, the creation of a system of collection, the segregation and disposal of municipal waste, the
development of local access Internet infrastructure, and the electrification and re-electrification of the countryside, as well
as the transport infrastructure. These projects should be implemented by both farmers and Local-Government units.
The increase in the quality of human capital and the professional activation of rural residents
As it was mentioned earlier, because creating work conditions in the rural areas for people not engaged in
agricultural production is very important, in some measures particular emphasis was put on this issue. For example, in
9 Ecological farms in Poland, MRiRW; http://www.minrol.gov.pl/pol/Jakosc-zywnosci/Rolnictwo-ekologiczne/Rolnictwo-ekologiczne-w-Polsce/
10 Rural areas in Poland, CSO, Warsaw 2010.
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measure supporting micro-enterprises, creating new workplaces is a condition necessary to receive grants, and the greater
the number of newly-employed people, the greater the subsidy.
Improving the level of education of people living in rural areas is essential, because there are very significant
disproportions between urban and rural areas in this respect. However, it has to be stated that the professional aspirations
of rural as well as urban residents are rising. In 2007, as well as in previous years, in rural areas in comparison to cities,
there was a twice smaller percentage of people with secondary education and an almost three times smaller percentage of
people with higher education (see Table 3)11.
Table 3. The level of education in the years 2002-2007 according to place of residence
Secondary and
Higher
Vocational
postsecondary
Years
In %
Urban areas
2002
13.7
38.5
21.1
2004
17.5
38.0
21.3
2007
22.1
38.3
20.4
Rural areas
2002
4.3
22.4
29.2
2004
5.4
24.5
29.4
2007
7.0
25.1
28.5
Source: CSO Demographic Yearbooks 2005 – 2008

Lower secondary

Primary

x
4.4
4.6

22.2
16.8
16.8

x
5.8
6.3

38.3
31.9
28.2

The data show that in rural areas in 2007 32.1% of people in all had secondary, postsecondary or higher education.
In comparison to 2004, the percentage of people with such education increased by about 2.2 %. At the same time, in the
structure of the education of rural population, there was noted a significant decrease in people with primary education. All
those positive changes are even more noticeable in comparison with the previous year.
The scale and rate of the changes in rural areas depend largely on the level of self-organisation of local circles and
their activity. It is necessary to support measures to develop non-governmental organisations and volunteer work. Programmes
supporting training, informational and promotional measures for preparing and implementing local development strategies,
local communities’ activation, the promotion of rural areas, etc., are important for the development of rural areas.
The Leader Programme, whose goal is to enable the residents covered by the local project implementation strategy
to implement projects under this strategy, meets those needs. The implementation strategy is to contribute to improving
the quality of life in rural areas, among other things, by increasing local communities’ activity and stimulating the creation
of new workplaces, as well as by ensuring the effective work of local measure groups and skill upgrading for people
involved in the implementation of local development strategies. It is to contribute to building social capital in the country
and through this to stimulating local communities’ engagement in the development of the region and to the better use
of rural areas potential. Under the Leader Programme the following measures are also being implemented: introducing
local development strategies, introducing cooperation projects, the functioning of a local measure group, acquiring new
skills and activation. In the years 2007-2013 EUR 787 million was earmarked for the Leader axis, from which in May
2001 there was almost 33% of contracted funds and 4.3% of paid subsidies. The Leader Programme in its present form is
functioning for the first time, therefore consumption of resources lower than in other activities should not be surprising. It
is caused by using an as-yet not fully known measure. Although in the years 2004-2006, Leader+ was already functioning,
it was a pilot programme.
Special emphasis should be placed on the development of chances for rural children and adolescents from socially
and economically neglected areas, especially from post-State farms’ areas. The chief motive of the actions undertaken
should be to prevent the intergenerational transmission of negative social behaviour that is in which young people are
adopting the attitude of “learned helplessness”. Improving the quality of education in village schools is inextricably linked
with employing teaching staff with high professional qualifications. Therefore, it is becoming advisable to introduce an
incentive system for teachers starting work in schools in rural areas. It is important to maintain an interest in and proper
support for secondary agricultural education.
Moreover, a crucial element in eliminating educational disproportions between city and rural areas is the development
of the local educational infrastructure (the construction and modernisation of educational facilities, including laboratories
for practical training, language learning and computer labs).
Improving the quality of human capital, and, at the same time, increasing the chances for employing people, has
been provided support from EU funds since the times prior to accession. The resources for these purposes were in the
PHARE Programmes, the Rural Activation Programme (RAP), the SOP HRD (Human Recources Development) 20042006, the EQUAL initiative and the IROP programme.
11 Social Conditions in the development of rural areas after accession to EU: Synthesis of research 2005-2009, Report from Multiannual Programme
of IAFE-NRI no. 168, Warsaw, p. 31
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The aim of the Rural Activation Programme was the widely-understood economic development of rural areas.
Under the Programme measures leading to increases in employment outside agriculture in rural areas, the decentralisation
of public administration and regional development, and building the institutional potential necessary for acquiring and
using EU structural funds and resources available before accession. The second, equally important, goal was to provide
access to training and counselling for people managing their own businesses or starting to do so. As far as education
is concerned, the implementation of this programme contributed to improving the conditions and level of teaching in
primary, lower secondary and special schools in rural areas. In all voivodeships, investments in the existing educational
infrastructure were implemented (renovations, the modernisation of school buildings, and the renovation and furnishing of
common rooms and waiting rooms for non-resident children). In the chosen seven voivodeships, training for teachers and
headmasters was organised (altogether there were 8 979 training sessions). Those were didactic training and informational
technology training (7 716 training sessions). Support for the RAP also constituted a very valuable aid for communities
in the renovation and modernisation of school facilities, as well as in the purchase of teaching equipment. Moreover, it
contributed to creating a trans-commune circle of teachers and school principals, exchanging their experience via the
Internet. An important effect of the Programme was also the popularisation of active teaching methods and workshop
methods of conducting training. Including the resources from the State budget and the own resources of Local Governments
and other beneficiaries, the sum of the funds allocated to the Programme was around EUR 260 million; the Programme
was implemented from 2001 to the end of 2004.
The aim of SOP HRD, co-financed by the European Social Fund, was building an open, knowledge-based society,
by ensuring the conditions for the development of human resources through education, training and work. The funds
earmarked for the implementation of this project amounted to EUR 1 960 million. Since the launch of the Programme,
support has covered over 872.9 thousand people, including approximately 39.5% of men and about 60.5% of women.
Most final beneficiaries (over 450 thousand of people) had the measures implemented at regional level by Voivodeship
Labour Offices: 1.2 “Prospects for youth” and 1.3 “Counteracting and combating long-term employment.” At the same
time, to the end of 2006, support under SOP HRD covered 72.3 thousand companies.
The Integrated Regional Operational Programme was intended to create conditions for increasing the competitiveness
of regions and counteract the marginalisation of some areas in such a way as to foster the long-term economic growth of the
country, and economic, social and territorial cohesion and integration with the European Union. Its implementation took
place through four priorities. Support, including investments in human capital was carried out in Priority 2 Strengthening
the human resources development in regions. The aim of this priority was to create the conditions for the development of
human resources at local and regional levels, as well as improving the capacity to programme and implement projects in
human resources development at these levels. This priority was divided into the following measures: (1) Development of
competencies linked to the regional Labour Market needs and Life Long Learning opportunities; (2) Equalising educational
opportunities through scholarship programmes; (3) Vocational reorientation of persons leaving agriculture sector (4)
Vocational reorientation of the workforce affected with restructuring processes; (5) Entrepreneurship promotion; (6)
Regional innovation strategies and transfer of knowledge. Overall, to implement Priority 2 IROP, EUR 598 655 828 was
allocated, in which structural funds amounted to EUR 438 469 535.
Currently, the Operational Programme Human Capital, whose budget is over EUR 11 420 million, is being
implemented with the aid of EU funds. The Programme aims at (1) increasing the professional activity level and the ability
to employ the unemployed, (2) decreasing social exclusion areas, (3) improving the adaptive abilities of employees and
enterprises to the changes taking place in the economy, (4) popularising the education of society, (5) increasing public
administration potential in elaborating policies and providing high quality services, (6) increasing territorial cohesion.
		
Conclusions
1. The agricultural sector in Poland is of high significance, in both social and economic terms. The key problems
concerning the competitiveness of the sector, i.e. the low level of specialisation of particular agricultural holdings, the
disintegration of the areal structure and the resulting low profitability of these agricultural holdings, surplus workforce,
and low transformation processes concerning the agrarian structure. Integration into the European Union has provided
new opportunities for the development of rural areas and the agricultural sector. Poland has been offered the access
to Union funds.
2. The policy in agricultural and rural areas implemented by the State with the use of EU funds positively impacts on
structural transformations in agriculture and the development of the Polish countryside. Those processes however,
are long-term, so the problems which Polish agriculture has been facing for years have not been solved, because they
could have not been solved during the seven years of Poland’s membership of the EU. However, the changes occurring
are noticeable. Despite the fact that very large financial resources are available for use, the structural changes in rural
areas are taking place very slowly. Therefore, one may predict that perhaps, not in the coming years, but in the next
decade, thanks to additional funding, the situation in rural areas will undergo a positive change. These changes are
clearly noticeable only seven years after accession to EU.
3. The vast majority of Polish farms have a small area and small economic size, and it is not possible to provide owners
with income at the appropriate level. The solution for them may be to seek sources of income outside agriculture. Doing
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so is supported by the EU funds. In most rural areas however it is generally impossible to manage manufacturing,
commercial and service enterprises on a scale larger than micro. Family shops and craft workshops, providing basic
services and producing simple products, usually support only the local market. Possibilities for developing basic
services and retail trade in rural areas are also minor because of the limited purchasing capacity of residents.
4. In order to improve the competitiveness of agricultural holdings, support must be given to, among other things, the
technical and organisational modernisation of the holdings, creating producer groups and popularising sustainable
linkages between agricultural producers and processors promote increases in farms’ competiveness. In the light of
the increasing problem of farms being left without successors, a proportion of resources has been allocated to young
farmers. In recent years there has been a favorable trend in reducing the number of farms, while increasing their
average size. During the last 8 years the structure and mechanize of farms in Poland has improved. And more and
more young people are interested in agriculture.
5. An insufficient level of infrastructure development in the countryside not only lowers the standard of living and
economic efficiency, but also creates the lower attractiveness of rural areas to potential investors. Therefore, substantial
investments are necessary to equalise the development disproportions between rural and urban areas, which will
contribute to increasing economic, social and spatial cohesion. Those kinds of investments are supported from public
sources as well.
6. In the situation of a poorly developed labour market and high structural unemployment occurring in rural areas, it is
necessary to implement projects involving creating new workplaces, continuing the vocational education of people
working in agriculture and outside, training to raise the professional skills of rural dwellers, and other initiatives
aiming at the development of human capital.
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Multicriteria Model in Tax System Evaluation
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Abstract
The article aims at producing a multicriteria tax system evaluation model. So far, tax system evaluations mostly focused on specific tax system
criteria, without considering their impact on the tax system as a whole. As a rule, the classical principles of taxation and Tanzi and Gill indicators are
applied. However, those criteria often overlap each other resulting in calculation of similar indicators, which are commonly used to evaluate the same
aspects of the tax system. Therefore, it is essential to refine those criteria, i.e. to pick out non-recurrent indicators in each of the tax system evaluation
criterion in order to achieve the most comprehensive evaluation of the tax system. Furthermore, due to the limited availability of information, it is not
possible to calculate all the indicators. The latter reason often plays a deciding role in selecting an evaluation method. Consequently, the obtained results
are somewhat distorted and the suggested improvement directions are not always justified.
The paper presents a multicriteria tax system evaluation model, which combines the tax system evaluation criteria into one whole and allows
describing it based on one single value. That leads to an objective and comprehensive evaluation of the tax system, since the evaluation can take into
account not only a common final estimate but also partially integrated indicators. Such indicators reflect the quantitative estimate of a certain tax system
evaluation criterion. Subject to the availability of several years’ information, the changes in a certain criterion estimate over time (dynamics) and its
impact on the whole tax system can be analyzed. The multicriteria evaluation model of the tax system facilitates reasoned and objective tax system
improvement solutions.

Introduction
Tax system evaluation represents the key condition for its improvement. Currently there are three major tax system
evaluation methodologies: classical, Tanzi, and Gill.
The classical tax system evaluation methodology is based on tax equity, economic efficiency, tax revenue
productivity and elasticity, and the simplicity of tax administration (Auerbach, Hassett 2002; Bivainis, Skačkauskienė,
2007, 2009; Borchette, Froissart, 2004, Creed, 1999, 2001, Gale, 2001; Klun, 2003; Kopczuk, 2005; Novošinskienė,
Slavickienė, 2007; Skačkauskienė, 2010; Šinkūnienė, 2005, Vitek et al. 2004; Vlassenko, 2001; Zee, 1995, etc.). Those
principles can be described as the most important tax system evaluation criteria.
V. Tanzi from the International Monetary Fund offered eight qualifying diagnostic indicators of tax system
evaluation. Tax system criteria subject to evaluation include: equity (objectivity index), efficiency (concentration,
dispersion, and erosion indices), productivity (collection lags index); administrative simplicity (specificity, enforcement,
and tax collection cost indices). The enforcement and tax collection cost indices are considered to be the most important
(Rudytė et al., 2009). The evaluation of a tax system is positive where 85 to 90 percent of all potential tax revenue is
collected and the tax administration costs account for 0.5 percent of the total tax revenue. It is worth noting that according
to Vlassenko’s (2001) proposal the tax administration cost limit should be 3 percent. Thus, it can be said that there is no
consensus what this limit should be from the tax collection cost perspective. Based on the Lithuanian tax system example,
this method was analyzed by Jakštonytė, Giriunas, 2010, and others.
Gill (2000) evaluates the efficiency of the tax system through the collection of tax revenues. To assess tax revenue,
the following groups of indicators are identified: a) inherent properties of the tax system, b) efficiency, and c) productivity.
The inherent properties and the efficiency of the tax system are evaluated in both quantitative and qualitative indicators,
whereas productivity is measured in quantitative indicators only. A Lithuanian tax system evaluation based on Gill method
was conducted by Bivainis , Skačkauskienė (2008). They argue that quantitative and qualitative research can prove the
suitability of the method for tax system evaluation. However a fundamental shortfall of the method includes uncertain
indicator computation principles and limited data availability.
All the three tax system evaluation methods overlap each other resulting in calculation of similar indicators, which
are commonly used to evaluate the same aspects of the tax system. Therefore, in our opinion, those methods must be
refined by selecting non-recurring indicators in order to achieve the most comprehensive evaluation of the tax system.
What’s more, it is vital to take information availability into account.
Research problem: there is no single objective method or indicator of tax system evaluation.
Research object: tax system evaluation.
Research objectives:
1. to select the most important aspects of the tax system under evaluation and their descriptive indicators;
2. to develop a multicriteria tax system evaluation model and to test it in the case of Lithuania.
Research methods and techniques: examination of the theoretical tax system evaluation aspects; scientific literature
analysis and synthesis, and comparison techniques; statistical data analysis techniques for Lithuanian tax system evaluation;
clustering, comparison, and logical modelling; multicriteria evaluation method SAW for producing a multicriteria model
in tax system evaluation.
Research period: 2005 through 2009
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Producing a multicriteria tax system evaluation model
Since a tax system is an intricate multiplex phenomenon, expressed by a large number of indicators, a multicriteria
model was produced for its comprehensive evaluation. The said model consists of:
a) first stage indicators (primary);
b) partial integrated indicators; and
c) complex integrated indicators.
Obtaining an aggregate criterion by calculating the values and weights of partial indicators and combining the
obtained results lies at the core of this approach. According to Tvaronavičienė et al. (2008), such aggregation of the
researched object indicators allows to describe the selected object using one single value.
To produce a multicriteria tax system evaluation model the first stage indicators, i.e. tax system evaluation criteria
and primary indicators describing them are selected and a three-stage multicriteria tax system evaluation model is
developed (Figure 1). The first stage criteria include primary quantitative and qualitative indicators. Four independant
groups of primary indicators have been identified: evaluation of tax equity, efficiency, productivity, and simplicity of
administration. The indicators of each evaluation criterion are grouped, i.e. they form partial integrated indicators, which
are calculated using the following formulas:
Partial integrated equity indicator:
n

T = ∑ wi ti

(1)

i =1

here T – partial integrated equity indicator; wi – significance of a relevant indicator; ti – values of primary indicators of
equity.
Partial integrated efficiency indicator:
n

E = ∑ wi ei
i =1

(2)

here E – partial integrated efficiency indicator; ei – values of primary indicators of efficiency.
Partial productivity indicator:
P = wp

(3)

here P – partial productivity indicator; w – significance of the productivity indicator; p – value of the primary indicator
of productivity
Partial integrated indicator of simplicity of administration:
n

A = ∑ wi ai

(4)

i =1

here A – partial integrated indicator of tax administration simplicity; ai – values of the primary indicators of tax
administration simplicity
At the third stage, partial integrated indicators are combined into a multiplex integrated indicator:
n

'

K = ∑ wi K i

(5)

i =1

here K – multiplex integrated indicator of tax system evaluation;
– significance of partial indicators; Ki – values of
partial indicators
The computation of each partial indicator requires the values and significance of each indicator included therein.
The quantitative indicator values are either calculated analytically or they are derived from databases (Table 1).
Table 1. Quantitative tax system evaluation indicators (concluded by the authors based on Eurostat ..., 2010; ... Taxation Trends,
2006-2010, Ministry of Finance, 2010)
Indicators
2005
2006
2007
2008
2009
Gini coefficient
36.3
35.0
33.8
34.0
35.5
Actual rate on labour
...
34.9
33.6
33.1
33.0
Actual rate on capital
...
16.5
16.7
17.9
17.5
Actual rate on consumption
...
11.9
14.1
12.1
12.4
Tax revenue to public expenditure ratio
87.6
87.4
89.0
89.2
67.5
Cost of tax collection
1.07
1.18
1.42
1.24
1.15
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In order to convert the qualitative indicators to a quantitative expression, it is suggested to rate each indicator
on a scale from 1 to 5 (1 - negative, 2 - partly negative, 3 - average, 4 - partly positive, 5 - positive). Quantitative and
qualitative indicators must be normalized in order to ensure their comparability. After indicators are normalized, that is
they are converted into a dimensionless form, they become suitable for comparison. The method of data normalization is
dependent on the method of multicriteria evaluation. There are different multicriteria evaluation methods: SAW (Simple
Additive Weighting), COPRAS (Complex Proportional Assessment), TOPSIS (Technique for Order Preference by
Similarity to an Ideal Solution) and others. One of the simplest multicriteria evaluation methods that is most broadly used
in practice is SAW. According to the Ginevičius, Podvezko (2008), this method offers a most distinct characterization of
the multicriteria evaluation meaning. Therefore, once the SAW method is selected, data are normalized according to the
following formula (Ginevičius, Podvezko, 2008):
(6)

here

– normalized data; rij – value of the j-th aspect i–th indicator.

However, this formula can be used to normalize only indicator values which are in a maximizable form, i.e., a
higher indicator value means a better evaluation situation. Therefore, the SAW method is used to transform the indicator
values that are in a minimizable form (a lower value means a better evaluation situation) into a maximizable form. The
following formula is used for normalization (Pabedinskaitė, Vitkauskas, 2009):
(7)
here minj rij is the lowest value of the j – th aspect i – th indicator.
The advantage of the multicriteria evaluation method is that the final estimate combines maximizing and minimizing
indicators expressed in different dimensions. Next, the significance (weight) has to be determined for each indicator of the
evaluation criterion, i.e. the extent to which one indicator is more important than another has to be assessed. The possible
methods of determining significance include (Chlivickas, Raudeliūnienė, 2008): 1) all parameters are attached the same
significance or 2) the significance of the indicators is differentiated. In our opinion, in pursuance of a more accurate
evaluation of the tax system the significance of the indicators should be differentiated so that greater weight (significance)
was attached to the key indicators.
There are different significance (weight) determination methods including expert assessment, which was used
in this case. That is a direct method of evaluation where weights are determined by competent experts. Many authors
(Pabedinskaitė, Vitkauskas, 2009, etc.) consider that the main problem of the multicriteria evaluation method is related to
determining the expert assessment compatibility and stability level. The significance (weight) determined by the experts
can be used in multicriteria assessment only where the experts’ opinions are consistent. The concordance coefficient
(formula 8) and
criterion (formula 9) are used to determine the compatibility level. The concordance coefficient
describes the degree of the concurrence of individual opinions (Podvezko, 2006):
(8)
here r – number of experts; m – number of evaluated indicators; S – sum of squared indicator rank sum deviation from
their total means.
To calculate the concordance coefficient the indicators have to be pre-ranked with respect of each expert. The
most important indicator is assigned the highest value equal to one and the least important indicator is attributed value m,
where m is the number of indicators evaluated. When the evaluations are consistent, they are assigned the same rank - the
arithmetic average of ordinary ranks. The closer the concordance coefficient gets to 1, the more concordance will exist
between the experts and their evaluations will not be in conflict with each other.
(9)
criterion reflects the level of the statistical compatibility of the expert. If the value of this criterion calculated
using formula 9 is greater than the critical value
from the
distribution table with v = m-1 degree of freedom and
the chosen significance level close to zero, it is assumed that the experts’ evaluations are consistent and the determined
indicator significance (weights) can be applied (Podvezko, 2006).

94

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Figure 1. Multicriteria tax system evaluation model (made by the authors)

Multicriteria tax system evaluation model piloting in Lithuania
The created multicriteria tax system evaluation model is adapted to evaluate the Lithuanian tax system and
to describe it using a single value. First, it is necessary to determine the values of the qualitative indicators. A survey
of competent experts based on a direct valuation method was conducted in order to measure the qualitative indicators
in points and to determine the significance of the tax system evaluation criteria and the quantitative and qualitative
indicators.
The expert valuation survey was conducted in the following sequence: 1) an expert group was formed, 2) a
questionnaire survey was conducted, and 3) the results of the expert evaluation were summarized.
Five qualified persons were selected as experts including 4 academic staff – finance experts holding doctoral or
professor’s degrees. The research areas of those experts include taxes and taxation, tax system and tax burden research,
capital asset pricing, investment performance, and risk assessment. Their scientific work experience ranges from 11
to 15 years. The average number of their publications on tax matters amounts to 25. All the experts enjoy expert work
experience. One tax office employee was also invited to take part in the expert assessment since evaluation from a
practical point of view is also highly important. The work experience of this employee exceeds 10 years. He checks
the computation, declaration, and payment of taxes and contributions into the state (municipal) budget and funds and
conducts tax research, electronic checks, etc.
Summarized evaluation results are achieved through the average opinion method (Chlivickas, Raudeliūnienė, 2008).
The experts involved in the survey were asked to assess how the Lithuanian tax system complies with the qualitative
indicators provided in Table 2. Those indicators are scored in points based on the aforementioned rating scale, interval [1; 5].
Table 2. Summarized qualitative indicator evaluation points based on expert evaluation (made by the authors)
Qualitative indicators

2005

2006

2007

2008

2009

Concentration index

5

5

5

4

4

Dispersion index

1

1

2

2

2

Erosion index

4

3

2

3

3

Tax administration organizational structure

4

4

4

4

4

Tax diversity

4

5

3

3

3

Enforcement index

2

2

2

3

3

Specificity index

4

4

4

3

3
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Table 3 summarizes the evaluated significance of the indicators. The scale interval is [0; 1]:
in each
taxation indicator group. Where significance wi = 0.1, the indicator is less significant in terms of a specific taxation
criterion, where wi = 0.2 it is more significant, etc. The significance shows how much the importance attached to a
particular taxation criterion of each indicator is higher than that of another.
Table 3. Summarized indicator significance based on expert evaluation (made by the authors)
Tax System Evaluation Criteria

Significance
0.3
0.4
0.2
0.1
0.4
0.2
0.4
0.3

Indicators
Gini coefficient
Actual rate on labour
Actual rate on capital
Actual rate on consumption
Concentration index
Dispersion index
Erosion index
Cost of tax collection

Equity

Efficiency

Administrative simplicity

Tax administration organizational structure

0.2

Tax diversity
Enforcement index
Specificity index

0.1
0.2
0.2

According to experts, in the evaluation of the taxation equity, the most important indicators include the actual rate on
labour and the Gini coefficient, when the efficiency is measured, the key indicators are concentration and erosion indices, and
in the case of administrative simplicity those are tax collection costs, since those parameters are attached the greatest weights.
Table 4 summarizes the evaluation of the tax system evaluation criteria significance (the significance of partial indicators).
Table 4. Summarized tax system evaluation criteria significance based on expert evaluation (made by the authors)
Tax System Evaluation Criteria

Significance

Equity
Efficiency
Productivity
Administrative simplicity

0.3
0.3
0.2
0.2

In the opinion of the experts involved in the survey, tax equity and efficiency are the most important indicators.
They were given the greatest weight by the experts in comparison to other criteria.
To apply the multicriteria tax system evaluation model it is necessary to normalize indicators with different
dimensions (Table 5).
Table 5. SAW data normalization results (made by the authors)
Indicators
Gini coefficient
Actual rate on labour
Actual rate on capital
Actual rate on consumption
Concentration index
Dispersion index
Erosion index
Tax revenue to public
expenditure ratio
Cost of tax collection
Tax administration
organizational structure
Tax diversity
Enforcement index
Specificity index

+
+
+

2005
0.931
0.946
1.00
1.00
0.217
0.125
0.267

Normalized indicator values
2006
2007
2008
0.966
1.00
0.994
0.982
0.997
1.00
0.844
0.983
0.960
0.988
0.922
0.943
0.217
0.217
0.174
0.1250
0.250
0.250
0.200
0.133
0.200

2009
0.952
---0.174
0.250
0.200

non-dimensional

+

0.208

0.208

0.212

0.212

0.160

non-dimensional

-

0.754

0.863

0.930

1.00

0.907

points

+

0.200

0.200

0.200

0.200

0.200

points
points
points

+
+
+

0.222
0.167
0.222

0.278
0.167
0.222

0.167
0.167
0.222

0.167
0.250
0.167

0.167
0.250
0.167

Indicator computing
unit

Indicator
direction

percent
percent
percent
percent
points
points
points

- minimizing; + maximizing; - - data not available.
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Once normalized indicators and their significance are obtained, it would be possible to calculate partial integrated
indicators. However first it is necessary to identify the level of expert evaluation compatibility and stability, i.e. the
concordance coefficient W and the
criterion. To calculate the concordance coefficient, the indicators have to be preranked with respect of each expert using the aforesaid methods (Table 6).
Table 6. Indicator rankings based on expert evaluations (compiled by the authors)
Experts
1

2

3

4

5

Dispersive
concordance
coefficient (rank
sum)

2.5
8
2.5
8
8
8
1
8

6
1.5
6
12
1.5
6
6
3

Ranks
8.5
3.5
3.5
8.5
1
8.5
3.5
3.5

5
1.5
10
10
3
10
1.5
5

8
4
4
8
2
11.5
1
4

30
18.5
26
46.5
15.5
44
13
23.5

6.25
196
42.25
196
289
132.25
380.25
81

Tax administration organizational
structure

8

6

8.5

5

8

35.5

9

Tax diversity
Enforcement index
Specificity index

8
8
8

10
10
10

12
8.5
8.5

10
7
10

11.5
8
8
Total

51.5
41.5
44.5
390

361
81
144
1918.00

Average ( )

32.5

x

Indicators (xi)

Gini coefficient
Actual rate on labour
Actual rate on capital
Actual rate on consumption
Concentration index
Dispersion index
Erosion index
Cost of tax collection

Concordance coefficient (formula 8):

The obtained value is not quite appropriate as the concordance coefficient shows that the expert opinions are
consistent where this coefficient approaches one. Therefore, to measure the expert opinion compatibility, the
(formula 9) is calculated:

criterion

The achieved value of criterion
is greater than critical
= 9.49 value with significance level
and
v = m – 1 = 11 degree of freedom. This suggests that expert evaluations are non-contradictory (consistent opinions),
therefore the significance (weights) of the indicators can be used in multicriteria evaluation.
Thus, the multicriteria evaluation model of the tax system provided in Figure 1 can be adapted for evaluating the
Lithuanian tax system. Due to limited space, Tables 7 and 8 provide results of the calculation only for years 2005 and
2009.
Subject to a general estimate of the tax system (a complex integrated indicator), the tax system can be monitored
as a whole. It is not possible to calculate the complex integrated estimate of the Lithuanian tax system in 2009, since the
information on actual rates of labour, capital, and consumption is not yet available. However, the analysis of the dynamics
of the general tax system estimate in 2005 through 2008 shows a trend towards improvement. To determine the extent
to which a tax system evaluation criterion affects the overall estimate of the tax system, it is essential to analyze partial
integrated indicators from both a yearly and the dynamics perspective.
In 2009, the partial integrated indicators calculated by the tax system evaluation deteriorated. In particular,
there was a decrease in the productivity and administrative simplicity estimates. The latter was mostly affected by the
reduced tax collection cost evaluation (which means that the tax collection cost were growing). The tax efficiency is also
deteriorating. In 2009, the partial integrated indicator of tax efficiency was 0.200, as compared to 0.219 in 2005. This
was mainly caused by a decrease in the estimates of the erosion and dispersion indices. Therefore, an improvement in the
efficiency of the Lithuanian tax system requires a greater convergence of the potential and actual tax base. Furthermore,
it is necessary to reduce the number of taxes generating low tax revenues. The reduced efficiency of the Lithuanian tax
system was also related to the fall in its productivity: in 2009 the partial productivity index was 0.032, in comparison to
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0.042 in other researched years. The dynamics of the quantitative partial integrated indicators of administration simplicity
shows that tax administration has become more complicated. As a result, the tax collection costs increased. Generally, it
can be concluded that since 2009 the Lithuanian tax system condition is deteriorating.

Administrative
simplicity

Productivity

Efficiency

Equity

Evaluation criterion

Table 7. Multicriteria tax system evaluation model, 2005 (made by the authors)
Normalized values
(a)

Significance
of indicators
(b)

axb

Gini coefficient
Actual rate on labour
Actual rate on capital
Actual rate on
consumption
Erosion indicator

0.931
0.946
1.000

0.3
0.4
0.2

0.279
0.378
0.200

1.000

0.1

0.100

0.217

0.4

0.087

Dispersion index

0.125

0.2

0.025

Concentration index

0.267

0.4

0.107

Indicator

Partial
integrated
indicator
(c)

Aspect
significance
(d)

cxd

0.958

0.3

0.287

0.219

0.3

0.066

Complex
integrated
indicator

0.468
Tax revenue to public
expenditure ratio
Cost of tax collection
Tax administration
organizational structure
Tax diversity
Coercion index
Specificity index

0.208

1.0

0.208

0.754

0.3

0.226

0.200

0.2

0.040

0.222
0.167
0.222

0.1
0.2
0.2

0.022
0.033
0.044

0.208

0.2

0.042

0.366

0.2

0.073

Evaluation
criterion

Normalized
values
(a)

Significance
of indicators
(b)

axb

Gini coefficient
Actual rate on labour
Actual rate on capital
Actual rate on consumption

0.952
-

0.3
0.4
0.2
0.1

0.286
-

-

0.3

-

Erosion index

0.174

0.4

0.070

Dispersion index

0.250

0.2

0.050

0.200

0.3

0.060

Concentration index

0.200

0.4

0.080

Tax revenue to public
expenditure ratio

0.160

1.0

0.160

0.160

0.2

0.032

Cost of tax collection

0.907

0.3

0.272

0.200

0.2

0.040

0.167

0.1

0.017

0.412

0.2

0.082

Coercion index

0.250

0.2

0.050

Specificity index

0,167

0.2

0.033

Administrative
simplicity

Productivity

Efficiency

Indicator

Partial
integrated
indicator
(c)

Equity

Table 8. Multicriteria tax system evaluation mode, 2009 (made by the authors)

Tax administration
organizational structure
Tax diversity

Aspect
significance
(d)

cxd

Complex
integrated
indicator

...
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Conclusions
1. Multicriteria evaluation enables to monitor all the tax system evaluation criteria (including their descriptive indicators)
and the impact of each of them on the entire tax system. A consistent and comprehensive assessment of the tax system
helps to identify weaknesses and to propose justified improvement solutions.
2. The produced multicriteria tax system evaluation model is flexible since it can be adjusted with respect of the needs
of each evaluator or in response to changing circumstances, i.e., the model can incorporate additional indicators
or exclude the existing ones. Then the significance of the indicators should be adjusted in a particular tax system
evaluation criteria, the indicators whereof are subject to adjustments.
3. The weakness of the produced multicriteria tax system evaluation model is that it is not clear how to deal with the
value obtained in the final evaluation, since there is no reference point to determine which rate should be considered
positive or negative. Therefore, it would be appropriate to apply this model for evaluating the tax systems of other
countries, i.e. to conduct a cross-country benchmarking.
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Abstract
The academic community has recognised that the philosophy of Olympism has an influence on the development of universal human values in
the long term. The recent research works revealed pupils’ understanding of the idea of a fair play and determined the level of pupils’ knowledge about
Olympism and the Olympic Games. However, not much research has been done on the dissemination of the knowledge of Olympism and the assessment
of Olympic ideals in a target group of rural adolescents. The aim of the research presented in the article is to determine the level of dissemination of
Olympism knowledge in rural schools and ascertain the assessment of Olympic ideals among rural adolescents. The article analyses, in a theoretical
aspect, the values of the ancient Olympic philosophy and their benefit for the education of the young generation. It offers methodological instruments
to achieve the research aim and more widely discusses research results. Data and conclusions of the analysis of research results may be valuable in the
improvement of educational programmes and infrastructure in pursuance of comprehensive and full-fledged education of rural adolescents in the context
of sustainable rural development of Lithuania.
Key words: Olympic ideals, Olympic movement, youth education, increase of employment, sustainable development of rural regions

Introduction
In the rural vision of the 21st century, a rural area is neither better nor worse than a city, simply, it is different (the
Green Paper, 2010). A lifestyle in the rural area is different from that in the city. In many rural areas the school is the
only institution which fosters traditions and unites a rural community. Recently, in order to survive and preserve their
environment, rural schools have been altering their visions and development concepts, making efforts to enlarge the scope
of their activities, i.e. start implementing pre-school, formal and informal education programmes (Katanė 2006). Thus,
with a focus on values and learning motivation decreasing and with a spread of various types of addiction and worsening
of pupils’ health condition, search for more attractive and comprehensive methods and programmes of education has been
started. For the aforementioned reasons, the project “Olympic education of children and youth in the country’s schools”
aimed at the integration of Olympism ideas into the contents of education of all types of schools (pre-school, primary,
secondary, gymnasium, vocational schools), was launched in 2002 and still continues
As noted by P. Karoblis (2009), youth should acquire, both through their sport activities and learning of various
subjects, knowledge of the antique Olympism ideas and their revival, to develop their need for more active involvement
in the sport activities of the school and the local community. Introduction of the development of the Olympic movement,
history of the Olympic Games and the most important statements of the Olympic Charter to pupils during different
lessons would help them better understand the essence of Olympic ideas and the necessity of their implementation, thus
enriching the spiritual world of the society and forming the pursuit of noble goals by maximising effort. At the same time,
increasing involvement in sport activities not only enhances positive employment but also contributes to the development
of society’s healthy lifestyle and comprehensive strengthening of the human organism. Development of will to acquire the
required skills is directly relating to learning performance and preparedness for subsequent professional activity. As noted
by R. Dapkus (2009), this has a direct linkage to the goals of the Lithuanian employment policy by laying major focus on
the reduction of unemployment in rural regions and increasing of the attractiveness of living in a rural area. Development
of the Olympic movement in rural areas helps to bridge the gap between the possibilities of urban and rural population
to actively practice sport and alters the attitudes of rural population towards understanding that not only heavy physical
labour develops will and endurance, but various physical exercises, contrarily to heavy physical labour, contribute to the
conditioning of the organism and health promotion.
Research problem and relevance
The philosophy of Olympism remains relevant in the context of human universal value development which is
directly linked with the educational function, which is reflected in the main principles of Olympism (The Olympic Charter
2010). The philosophy of Olympism is oriented not only to a professional athlete but to every individual, not to a short
period but the whole of one’s life, not only to competition and victory but also to participation and cooperation, not only
to sport activities but also to the improvement of the personality and social life (Parry, 2006). In the context of long-term
education of rural youth the development of these qualities is in particular relevant for the purposeful creation of a socially
creative and responsible rural community.

100

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Many research works were aimed at finding out how youth understands the idea of fair play (Zhukowska,
Zhukowski, 2010), also analysed pupils’ knowledge about Olympism and the Olympic Games (Telama et al., 2002;
Bronilowski, 2006; Вацеба, Юхымук, 2007). However, actually, no more detailed studies were carried out on the
dissemination of Olympism knowledge and the assessment of Olympic ideals among adolescents in rural regions, on how
much they differ from the assessment by urban youth as well as the needs of sport development and the possibilities of
their satisfaction. Consequently, research aimed at identifying the dissemination of Olympism knowledge in schools and
assessment of Olympic ideals among adolescents is relevant. The findings of such studies are of major importance for
further improvement of the infrastructure of rural population’s education and development and the preparation of new
programmes on education and increasing of employment.
The aim of research is to examine the level of dissemination of knowledge about Olympism in rural schools and
to ascertain assessment of Olympic ideals among rural adolescents.
Research methodology
Participants. The sample was drawn from Lithuania’s rural schools represented by the basic schools, secondary
schools and gymnasiums (19 schools from eight rural districts) by applying stage sampling methods, i.e. a number of
schools were selected at random, and from within each of these schools were selected a number of classes at random.
The total sample of this study consisted of 1503 (704 males and 799 females) young adolescents aged between 13 and 18
years. The average age was 15.07 (SD = 1.56). All the research participants were divided into three groups by age: 13‑14
years (n=570), 15‑16 years (n=618) and 17‑18 years (n=315).
Measures. The Olympic Questionnaire (Telama et al., 2002) which was applied when surveying pupils from
different European countries was used for this research. There were some open and some closed questions. In order to
ascertain in what way the school provided Olympism‑related information, the adolescents were asked to indicate if they
were explained about it in their schools, in which lessons and what type of information was rendered to them. They were
asked if their schools organised any events relating with Olympic movement and what happened during these events;
whether they personally or other pupils from their schools participated in any national events related to the Olympic
movement.
Olympic Ideals assessment among adolescents was made by using a 52-items scale from the Olympic
Questionnaire (Telama et al., 2002) which represented four factors: Human Values of Olympism (such items as “ethnic
tolerance”, “honesty”, “mutual respect”, etc.), Social Virtues of Olympism (such items as “solidarity”, “peace”, “no of
discrimination”, etc.), Individual Pursuit of Excellence (such items as “cooperation”, “accomplishment”) and Personal
Profit of Professionalism (such items as “pride”, “popularity”, “financial benefit”, etc.). The respondents were asked to
rate every item on a 4‑point scale (1=absolutely disagree through 4=totally agree) by asking “Do you agree that Olympic
Games foster, lead or stimulate to reach?” Alpha coefficients showed good-to-very-good levels of internal consistency
and were 0.88 for Social Virtues of Olympism, 0.82 for Human Values of Olympism and Individual Pursuit of Excellence,
and 0.71 for Personal Profit of Professionalism.
Procedures. The study was carried out during lessons upon a written consent from the Lithuanian Olympic Academy,
Education Departments of different Lithuanian districts, and with prior agreement received from school principals,
teachers and adolescents. It was carried out by the researchers themselves. Participation of adolescents was based on the
principles of anonymity and goodwill. Pupils were given as much time as they needed. Completed questionnaires were
collected at once.
Statistical analysis. Descriptive statistics analyses and internal consistency of the Olympic Ideals was examined by
conducting Cronbach’s alpha analyses on each of the subscales. Mann‑Whitney and Kruskal‑Wallis tests were computed
to compare group differences at the level of 0.05. Correlation analyses using Spearman’s correlation coefficient were
conducted to examine the interrelations among each of the subscales. All statistics were conducted by SPSS 13.0 for
Windows.
Research results
Analysis of research results
According to the survey data, 65.9% of the interviewed pupils stated that they were taught about Olympic Games
in their schools, with 68.2% of girls and 63.4% of boys among them (x2=3.93; p=.05). Responses to the question whether
pupils were taught about these Games in their schools given by pupils of different ages also differed (affirmative answers
were provided by 74.4% of the respondents in the age group of 13-14 years, 57.9 % in the age group of 15-16 years,
66.3% in the age group of 17-18 years; x2=35.79; p=.001). Most frequently pupils learn about these Games during history
(53.4%) and physical education (31.9%) lessons. During lessons pupils are most frequently acquainted with different
historical facts about the Olympic Games (68.0%), and less frequently with different sport contests (7.4%), followed by
the Olympic Games (6.6%), Olympic athletes (5.7 %), and fair play (2.6 %).
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As indicated by 49.8% out of the interviewed pupils such events as Olympinė diena (Olympic Day) or Olimpinė
savaitė (Olympic Week) were held in their schools. In the course of these events most often various sport activities (81.5%)
are organised, and less frequently various activities relating not only to sport activities, i.e. both sport competitions and
drawing competitions, exhibitions and similar (11.8%), are held. Responses regarding the organisation of such events in
their schools were more often given by younger pupils (55.4% in the age group of 13-14 years, 47.7% in the age group
of 15-16 years and 43.8% in the age group of 17-18 years; x2=12.96; p=.01). The research has shown that 10.0% of the
pupils participated in the national Olympic festival of pupils. As indicated by 20.1% of the respondents, other pupils of
their schools participated in it. It should be noted that older pupils less frequently participate in the national Olympic
festival of pupils (x2=29.12; p=.001).
Descriptive statistics and correlations for adolescent assessment of Olympic Ideals are presented in Table 1.
Research results showed that adolescents assessed item in the factor Individual Pursuit of Excellence more positively, and
much more seldom totally agreed with the items on Personal Profit of Professionalism factor. Significant correlations were
found between adolescents’ evaluation of Social Virtues of Olympism and Human Values of Olympism, and Individual
Pursuit of Excellence. Thus, there were significant correlations between Individual Pursuit of Excellence and Human
Values of Olympism.
Table 1. Descriptives and correlations
Correlations
2

Olympic Ideals factors
1. Social Virtues of Olympism

M (SD)
3.01 (0.48)

2. Personal Profit of Professionalism

2.67 (0.54)

0.23**

3. Human Values of Olympism

3.32 (0.48)

0.60**

0.11**

4. Individual Pursuit of Excellence

3.51 (0.46)

0.53**

0.17**

1

3

0.61**

Note. **‑p<0.01

An analysis of the research findings by gender has disclosed that Social Virtues of Olympism are more important to
boys (p<.001) (Table 2). Boys, when compared to girls, more frequently totally agreed to the statement that the Olympic
Games encourage peace (47.1 and 37.0%, respectively; χ2 =24.0; p<.001), lead to a better world (40.5% and 27.9%,
respectively; χ2 =33.8; p<.001), encourage gentlemanliness (39.6% and 30.4%, respectively; χ2 =16.6; p<.001. In the
opinion of boys, compared to that of girls, values relating to carrier and personal profit were also more important (p<.01).
Also more boys totally agreed to the statement that the Olympic Games encourage to pursue victory at any price (33.8%
and 24.8%, respectively; χ2 =17.2; p<.001) and drug abuse (12.8% and 5.6%, respectively; χ2 =29.3; p<.001).
Table 2. Distribution of values relating to Olympic movement by pupils’ gender
Gender
Olympic Ideals factors

Girls (n=799)

Boys (n=704)

Mann‑Whitney
U

Average (SN)

Average (SN)

Social Virtues of Olympism

2,96 (0,49)

3,08 (0,54)

239288.5***

Personal Profit of Professionalism

2,63 (0,53)

2,71 (0,55)

255338.0**

Human Values of Olympism

3,33 (0,44)

3,31 (0,53)

275419.5

Individual Pursuit of Excellence

3,53 (0,41)

3,48 (0,51)

276063.0

Note: **‑p<0.01***‑p<0.001

Pupils of different ages differently assessed Social Virtues of Olympism (p<.05) (Table 3). The older the pupils
are the fewer of them agree to the fact that the Olympic Games encourage peace (47.4%; 40.4% and 34.3%, respectively;
χ2 =23.7; p<.001, contribute to the creation of a better world (40.7%; 31.4% and 26.0%, respectively; χ2 =29.6; p<.001)
and to the fostering of sincerity (41.6%; 39.5% and 32.4%, respectively; χ2 =14.8; p<0.05) and gentlemanliness (39.1%;
34.5% and 27.3%, respectively; χ2 =22.8; p<.001). Pupils from different age groups had a different attitude to universal
Human Values of Olympism (p<0.01). More of older pupils totally agreed to the fact that the Olympic Games strengthen
willpower (63.3%; 72.8% and 75.2%, respectively; χ2 =23.3; p<.001). However, most adolescents of 15-16 years of age
totally agreed to the fact that the Games encourage ethnic tolerance (48.9%; 54.9% and 52.4%, respectively; χ2 =22,3;
p<.001) and mutual respect (52.3%; 59.9% and 53.7%, respectively; χ2 =15.8; p<.05). Pupils of different ages had a
different attitude to values relating to Pursuit of Personal Excellence of athletes (p<.01). Older pupils more frequently
agreed to the fact that the Olympic Games contribute to the physical excellence of athletes (68.4%; 69.1% and 77.8%,
respectively; χ2 =15.1; p<.05) and that during the Games athletes try to utilise the maximum effort (57.2%; 65.5% and
68.3%, respectively; χ2 =16.9; p<.01).
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Table 3. Distribution of values relating with the Olympic movement by the age of pupils
Olympic Ideals factors
13‑14 years
(n=857)
Average (SN)
3.04 (0.55)

Age groups
15‑16 years
(n=960)
Average (SN)
3.03 (0.49)

17‑18 years
(518)
Average (SN)
2.95 (0.51)

Personal Profit of Professionalism

2.68 (0.58)

2.66 (0.52)

2.67 (0.52)

0.85

Human Values of Olympism

3.26 (0.51)

3.36 (0.47)

3.36 (0.47)

12.44**

Individual Pursuit of Excellence

3.45 (0.50)

3.53 (0.43)

3.57 (0.41)

11.72**

Social Virtues of Olympism

Kruskal‑Wallis

8.35*

Note: *-p<0.05; **‑p<0.01

Discussion
As the research results show, in the majority of the cases pupils in rural schools acquire knowledge relating to the
Olympic movement not during all lessons. On the other hand, scientists Pawlucki (2006), Peneva (2009) maintain that teachers
of all subjects should speak about the Olympic Games, Olympism and relating values and give examples thereof.
According to the survey, the following events are organised for pupils: Olimpinė diena or Olimpinė savaitė. As
emphasised by R. Mažeikienė (2004), knowledge about the Olympic movement and values popularised by it have to be
related to after-school activities of pupils. The research has disclosed that not only sport activities take place during these
events. Pupils in advance prepare for a rural community event (Vaicekauskienė, 2007). Thus, the research results allow an
assumption that Olimpinė diena is becoming a festival of the entire rural community.
As revealed by the performed research, rural youth still lacks knowledge about Olympism and its values. For some
pupils Olympic values are a mere declaration but not reality (effective values). As indicated by the pupils, the Olympic
Games encourage respect, tolerance and cultural intelligence, but at the same time encourage pursuit of victory at any
price and drug abuse. This partly corresponds to the trends of pupils’ attitude to Olympic values received from studies
conducted in other countries.
Pupil’s introduction to the world of values is important for formal and informal education and has a social and
moral value (Vasiliauskas, 2004). However, on the basis of the performed research it can be stated that schools devote
increasing attention to the achievement of learning results only, paying increasing lower attention to the development
of values. It has been forgotten that the development of values can promote children and youth to the level of problems
relevant to the mankind, protect them against closed, exaggerated individuality, teach them to give priority to a certain
lifestyle, behaviour and encourage following the criteria of good.
In summary of the research results it can be stated that the performed research has revealed only the level of
Olympism dissemination in a rural school and the attitude of rural adolescents to Olympic values. However, in continuation
of research it is appropriate to find out whether the propagated Olympic values have a real influence on pupils’ behaviour
at school and in sport and, subsequently, in working activities and whether the Olympic movement in rural regions is
being developed to the sufficient extent in order to bridge the gap between the level achieved in cities.
Conclusions
As determined during research, school teachers integrate knowledge about Olympism into training subjects;
however, this is done to an insufficient extent. The contents is diverse: pupils are acquainted with various historical facts
about the Olympic Games, Olympic athletes, symbols and traditions of the Olympic Games, conversations are held about
a fair play, also practical works are done, and events relating to Olympism are hosted.
The research has revealed that the attitude to Olympic values depends on adolescents’ gender and age. It has been
determined that social virtues relating to Olympism and Personal Profit of Professionalism are more important for boys. It
has been determined that Individual Pursuit of Excellence is most important for boys from the age group of 17-18 years,
Human Values of Olympism were equally important for pupils from the age groups of 15-16 years and 17-18 years, but
Social Virtues of Olympism and Personal Profit of Professionalism were most important for pupils aged 13-14 years.
The results of the performed research are valuable for further improvement of education programmes and
development of infrastructure pursuing the development of the Olympic movement in rural regions.
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Relevant Measurement and Accounting Models in Forestry
Dana Dvořáková

University of Economics, Czech Republic
Abstract
Forestry is a branch that has a lot of specifics arising not only from biological nature of production but also from a long-term production cycle
and risks which are connected with this branch. The main factor that causes an increase of forest’s value is a biological transformation (natural ability of
living organisms to grow) and biological transformation is also a major factor that brings a profit in forestry. The specifics of forestry production bring
many theoretical questions in accounting. The aim of this paper is to propose an accounting and valuation model in forestry, which allows the user to
provide relevant information based on fair value measurement, while reducing the risks associated with this measurement base.

Introduction
Specifics of forestry production - background of the research
Specifics of accounting in forestry are derived from specifics of forestry production. Among the main special
characteristics of forestry as a branch of agricultural activity that influences accounting methods belong mainly a
long-term production cycle, a biological character of the production and risks derived from these characteristics.
Very long-term production cycle is associated with uneven cost and revenues development during production cycle
(Dvořáková, 2007).
In case the forest is planted on a free area the costs of forest’s cultivation can be roughly divided into three
main phases. Significant extent of all the costs of the forest’s cultivation is spent within the first years of its growth
(phase I). At first trees are planted. During their growth they are taken care of for approximately three years,
including additional planting of trees and other grower’s activities. Then the trees are growing (phase II) and the
spent costs are negligible in this period. The duration of this phase is measured in tens of years. Certain duration
depends on the sort of trees. The phase of woodcutting (phase III) comes at the time when the trees have grown up to
the proper height. It is dependent on the purpose of their use. This phase can be accomplished within one accounting
period (if the whole forest strip of trees is cleared), or this phase can take tens of years (for example forty years) if
wood is exploited gradually (Ronay and Dejmal, 1991).
Wood is not harvested in the phase I of the forest’s growth and there are any revenues from the forest. Even
when the forest is thinned it needn’t bring any revenue from selling of the wood. Christmas trees can be harvested from
approximately ten years old wood (phase II). However, significant revenues are reached when mature trees are cut down
(phase III). The cutting down of trees can be accomplished during one accounting period (all the trees are cut down)
or gradually. The prospective line of revenues is connected with the issue of determination of trees “maturity”, thus
eligibility for harvesting. An important specific feature of forestry is that a moment of trees‘ “maturity” is not easy to
determine. Moreover, the trees which are eligible for cutting down but are not cut down can continue in growing and
increase their value.
Important risks of forestry are derived from long-term production cycle and from biological character of forestry
production. There could be mentioned climatic risks as high frosts and snow floods, or windstorms which causing wind
fallen trees, or extremely high summer heats giving rise to fire’s risk of sylvan land. Besides these risks there are also risks
of infections – e. g. of various pests or illnesses. These risks often follow the climate risks because impaired, weakened
forest is unresisting to attacks of illness.
The main factor that causes an increase of forest’s value is a biological transformation (growth) within time.
However, the cost model does not give a true view of the forest’s value. The amount of costs is not the main factor of
the value’s increase. Moreover, there is an issue with costs of wood determination. Cutting down of trees is the joint
production that causes the changeable amount of products with different quality. Wood is thus sorted into a lot of types.
Very important fact is that the quality of wood cannot be exactly identified, before cutting down a tree.
Focus and aim of research
This research is focusing on forestry as a purposeful activity which is considered to be a part of agricultural activity.
The function of a forest can be divided into two categories – production and environmental (e.g. Jöbstl (2005) deals with
issue if traditionally forestry accounting contributes to measuring the sustainability of a forest enterprise). In this paper
we will deal only with the production function of a forest. The production benefits from a forest are variable and we will
concentrate on a main forest’s benefit from the point of view of production functions, i.e. wood.
Particular national approaches to measurement, recognition and presentation of forests in accounting are very
different and difficult to compare. Hogg and Jöbstl (2008) state: “Internationally there are large differences in accounting
methods and intensities depending on the region, size structure or forest ownership.” Aim of this research is to compare
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possible approaches to forest accounting, to assess their advantages and disadvantages and to formulate appropriate
systems for measurement and accounting in forestry.
Research methodology
The research is based on comparative analysis of currently used measurement and accounting models in forestry and
their critical assessment (particularly aimed at the requirements of IAS 41). Essentials criteria for the assessment of accounting
models will be preservation of the concept of matching costs with revenues and provision of information necessary for periodical
assessment of an entity’s performance. For assessing the suitability of the measurement bases will be considered firstly the
following criteria: decision usefulness, relevance — predictive value, feedback value, reliability, neutrality, comparability, how
the expected cash-equivalent flows attributes of assets and liabilities is measured (IASB, 2005).
Literature review
The International Accounting Standards Board (IASB) did not paid an attention to biological assets issues for a
long time. Biological assets had been eliminated from the scope of particular effective standards (e.g. IAS 2 - Inventories,
IAS 16 - Property, Plant and Equipment). A draft of principles was issued in 1996 (IASB, 1996) and Exposure Draft
E65 Agriculture in July 1999 (IASB, 1999). Jöbstl and Hogg (1997) in the time of ED65 preparation compared forestry
accounting in some Europeans countries from many aspects and state: “The practical application or the general utilisation
of devised, and partly already tested, tools and concepts - especially concerning performance accounting, recognition of
growing stock changes and non-market outputs in forestry accounting... will be major tasks in the future.”
IAS 41 - Agriculture was issued in December 2000. “Grege-Staltmane (2010) pointed out: “Despite the introduction
of several improvements, IAS 41 still has many gaps such as what kind of timber prices would be advisable to use in the
calculations; from which age the trees could be considered as a mature plantation; what to do with the additional forest
usage options which increase its value, etc.”
There are some studies that address this topic. Vincent (1998) and Sekot (2007) address the issue of forest accounting
on the basis of national accounts. Deaconu et al. (2009) present some practical application concerning forest accounting in
Romania. Tzschupke (2009) deals with specifics of the German forestry accounting. Barnes (2004) focused his paper on
upcoming new accounting standard for reporting forest value (ED 90) in New Zealand and states: “ED 90 was based on
IAS 41. Respondents to ED 90 generally supported the idea of harmonisation and acknowledged the need for a standard
on biological assets. However they expressed significant concerns regarding the practical implementation of the Standard,
in particular: the ability of entities to determine fair value and the subjectivity of such values, the impact of fluctuation
on financial performance, the difficulties of measuring the value of land separately from crops and the compliance costs
anticipated.” The suitability of the fair value use in this field must be assessed according to general criteria for selection an
appropriate measurement base. The criteria for selection of the measurement approach are relevance and representational
faithfulness (Bonaci et al., 2010; Whittington, 2010). Ferguson and Leech (2007) criticize valuation of forest as combined
asset with land: “...independent valuation of land may be deducted from the present value of the combined asset to yield
a value for living trees, from which gains or losses relative to the previous year may be brought to account in the income
statement. Such an approach distorts the income statements by gains and losses that are arbitrarily one-side because
the value of the living trees becomes a residual whose value is influenced by any movements in land value, sometimes
masking the inherent productivity and value of the living trees.”
Herbohn (2006) states: “Australia has been a test for IAS 41 because of the close similarities between IAS 41 and
relevant Australian regulation,... it seems likely that the recognition of unrealised gains and losses from timber assets from
changes in fair value...will markedly affect income statements, introducing great volatility into reported income.”
Accounting models
Accounting models based on historical cost

Figure 1. Historical cost model
Source: own prediction based on the characteristics of the current state of accounting in forestry in the E65 Agriculture (IASB, 1999)
and in A Draft Statement of Principles (IASB, 1996)
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Accounting model could be based on historical costs measurement and long term work in progress. There are a lot
of issues connected with using of this model.
First issue is an assessment of a period when a sylvan growth becomes a potential of mature trees. This issue is
connected with technology of forest’s growing. The first trees can be exploited after ten years of growing (as Christmas
trees). The following exploitation of trees occurs when the forest is being cultivated. This exploitation does not necessarily
bring profit. The potential of mature trees is not created during this period. The potential of mature trees is formed, e.g.
after sixty years of growth. The point of exploitation is influenced either by demand of customers according to actual
contracts – wood is extracted for the contracts to be fulfilled, or in case the wood is not grown to satisfy certain qualitative
requirements of customers, the wood is grown as common raw material for a lot of manufacturing industries and the point
of extraction is determined by general parameters, and by the intention of corporate management.
Second issue of this model is relevance of measurement of work in progress and the potential of mature trees.
The main problem is the historical cost valuation which leads (in comparison with current value) to permanent strong
undervaluation of carrying amount of these assets. Historical cost model does not give a true picture of forest value
because historical costs are not able to express the results of biological transformation (e.g. growth) which is the main
factor of the increase in the value of forest.
Another significant problem of this model is information about performance of forestry entity. Any income might
be reported until first harvest and sale of wood (perhaps 60 years) in a plantation forestry entity using a historical cost
accounting model in an extreme case and then, e.g. during one year the wood is extracted and the whole revenue is
recognised in this period. Information about the performance of the entity is from this point of view insufficient, particularly
in the cases when an entity farms on sylvan growth with trees of only equal age. But these conditions of production are
economically unsustainable. It is possible to run that business only when the entity has other segments which produce
revenue regularly, or in the case when the entity receives, e.g. government grant for forest’s plantation. Another way of
financing is difficult to achieve for forestry farms. That is the reason why sylvan farming is purposely organised to reach
equal amount of revenues in each accounting period. The potential of mature trees is regularly extracted and restored.
As a consequence, the potential remains constant. The measurement of the whole entity’s performance reaches in these
cases more satisfactory results. Nevertheless, this situation changes nothing on the primary restriction of the application
of historical cost model used in biological assets measurement.
The modification of historical cost model might be based on the existence of a constant potential of mature trees
as a component of assets of an entity. In case a potential of mature trees is being created, an entity capitalizes costs of
its creation as a work in progress. The capitalisation of costs ceases at the moment when a forest is prepared regular
harvesting (cutting down). As soon as a potential of mature trees is created it should be maintained in constant amount.
Costs of restoring of the parts regularly harvested are invoiced as expenses of current period. But if a woodcutting exceeds
given limits, then the potential of mature trees depreciates. The decrease in carrying amount of the potential of mature
trees occurs only when the amount of extracted trees exceeds the estimate growth of trees which were to be harvested
and sold, in other words, if the harvest exceeds presupposed limits. It is clear from the above given characteristic of this
accounting model that this accounting treatment silently compensates an increase in the value of forest (as a consequence
of biological transformation - growth) that is elusive in historical cost model by insufficient decreasing of carrying amount
of the mature trees potential at the harvest time.

Figure 2. Modification of historical cost model
Source: own prediction based on the characteristics of the current state of accounting in forestry in the E65 Agriculture (IASB, 1999)
and in A Draft Statement of Principles (IASB, 1996)

However, also using this modified model causes several problems. This system is inaccurate from the preservation
of matching concept of costs with revenues. Extraction expenses and costs of restoration of regularly harvested forest’s
parts are compared. However, costs of one harvested tree are higher than costs of planting a new tree. Expenses increase
only by depreciation of excessive future extraction of wood is also questionable. Future extraction can be founded on
very heterogeneous basis. Harvested trees can be of different age. The age of cutting down trees is influenced by the
requirements of customers and by a lot of other factors. It is very difficult to determine an optimal moment for harvesting
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and, moreover, the expected extraction of trees is a subjective assessment. At the same time the growing of trees to
suitable age of harvesting is not gradual and even. This fact complicates annual estimate even further. Moreover, problems
of previous model still continue.
Another modification of historical cost model can be based on continual preserving of constant potential of mature
trees. This model is based, better to say can work, only if an entity keeps constant potential of mature trees. The model is
based on continual extraction and restoration of forest land where all evolution stages exist simultaneously. It is obvious
that this model reflects optimal conditions of forest’s farming on large areas. As a possible limitation of this model shall
be stated that the condition of continual production can never be absolutely reached.

Figure 3. Variant modification of historical cost model
Source: own prediction based on Czech accounting law

Issues linked with using of this model are that the value of forest is not recorded in accounting. According to
our opinion this model is the worst of all. Forest stands are the key asset of the forest enterprise frequently representing
over 80% of all assets (Hogg and Hans, 2008). Unfortunately, the model is used e.g. in the Czech Republic and brings
many problems in Czech practice. This model is based on condition that a potential of mature trees is constant. Critical
misrepresentation of entity’s results and performance in case of divergences in extraction occurs.
Model based on fair value measurement
This model fulfils the requirements of IAS 41 which demands the measurement of biological assets at fair value less
estimated point-of-sale costs. This accounting treatment enables to catch the consequences of biological transformation –
growth – of trees during an accounting period. Fair value is ideally determined as a market price in an active market. Fair
value reflects the increase of forest’s value by increasing its market value.

Figure 4. Fair value model
Source: own prediction based on IAS 41 requirements

It is obvious that this model enables to reflect the value of forest, including the value caused by biological
transformation thought the changes in fair value of sylvan growth at the market that is the difference in comparison with
all the above described models. The main problem of this model is frequent absence of an active market. Also single
selling of forest is an exceptional case. That is the reason for not having relevant information about the market price
achieved lately. In such a case IAS 41 recommends the following treatments (IASB, 2010).
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The fair value of forest can be set through market value of wood. This method can be used for mature trees. The
volume of wood mature for harvesting can be estimated through selective measurement (Šmelko, 2003). But the value of
wood cannot be assessed with sufficient accuracy. The value of wood is depended on its quality and this quality cannot
be exactly assessed from a grown tree (the differences can be significant). This method is very rigorous and not exact in a
mixed forest and also is this measurement method misguiding in the case of small immature trees.
Another approach is setting of forest’s fair value through the present value of expected net cash flows.
IAS 41 also permits using historical costs under following circumstances: “Cost may sometimes approximate fair value,
particularly when little biological transformation has taken place since initial cost incurrence; or the impact of biological
transformation on price is not expected to be material.”
Results of research - proposed accounting and measurement model in forestry
The comparison of the above outlined models can result in the following conclusions. The accounting model used
in forestry seems to have to be always based on the combination of historical cost and fair value measurement models,
if this model is to provide relevant information for the valuation of entity’s performance. Due to problems with the
determination of fair value we propose accounting model based on individual’s forest stages of evolution within the whole
entities. The measurement of sylvan growth should be in this accounting model based on individual stages of forest’s
evolution within the whole entity.
It means:
• Firstly if an entity has not created the potential of mature trees, it means that its forest is only being founded; the
following steps need to taken:
- In the phase I of forest plantation (3 - 5 years), relatively the highest costs of the whole amount of growing costs
are spent. The forest should be measured at historical costs in this period.
- In the phase II the forest is growing and, usually no material costs are spent in this period, the point is to be
determinated in which an entity will be able to estimate the whole future benefit from the forest. The particular character
of sylvan growth should be taken into account in this point’s determination. The core problem is estimate risks connected
with the forest growth. This future benefit can be allocated adequately to individual accounting periods according to the
percentage of completion method. The determination of the percentage of completion can be assessed on the recognition
of forest’s growing technology and specify by selective measurement. An entity should refine this future benefit estimate
from the forest with regard to actual conditions at each accounting period.
• Secondly fair value measurement can be used if the potential of mature trees is created. The fair value measurement
allows reflecting the future growth of mature trees.

Figure 5. Proposed accounting model
Source: own prediction based on combination of measurement bases

Conclusions
It is clear that the historical cost model does not provide in the case of forest financial information users relevant
information. The costs incurred in the cultivation of forest are not essential factors that make up the value of the forest.
Main factor that create forest value is biological transformation. Historical costs cannot reflect changes in forest value due
biological transformation. This fact caused transition to fair value measurement model in IAS 41, but also in particular
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national accounting systems inspired by IAS 41. Accounting model in IAS 41 brings a lot of risks because it leads to the
recognition of unrealized gains, which can be distributed to owners. The capital maintenance is endangered in this case.
The risks are greater, the less reliable fair value can be determined. Most difficult to determine fair value of forest is in
the early stages of cultivation. In proposed accounting model is applied cost measurement of forest in this phase. In the
next phase when the immature trees grow the probability of future economic benefits gradually increases and also refines
its estimates. In this phase the measurement should be based on an estimate of future economic benefits from forest and
the percentage of completion method. This method is consistent with other standards and fulfils the principle of revenue
recognition. Only in the case of the mature trees that can be harvested should be in proposed accounting apply fair value
measurement for forest.
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Aspects of Choice of Dairy Products Before and After the Economic Crisis
Aija Eglīte, Klāvs Eglītis, Kārlis Eglītis
Latvia University of Agriculture
Abstract
The financial and economic crisis of 2008 affected the daily life of every resident of Latvia – not only financially, but also their choice of food.
The research aim is to investigate the aspects of choice of dairy products regarding residents of Latvia. Both data of the Central Statistical
Bureau of Latvia and a survey of 1069 individuals on shopping and their choice of dairy products were used in the present research. The main results:
not only the total consumption of dairy products per capita declines, but also changes in the assortment of products supplied occurred in 2009. The
more expensive is a dairy product and the greater is its share in the daily diet, the more important is the product’s price for a customer. Stable consumer
behaviour has not emerged for young individuals aged under 18.

Introduction
Individuals’ choice of food has been affected by both centuries-long eating traditions and modern globalisation
trends, which become apparent as the mobility of individuals, resources, and also behaviours, as well as by an economic
situation under labour division and market conditions. A food product is not only a vital daily necessity with its utility, but
also a component of expenditure in household budget.
The research aim is to investigate the aspects of choice of dairy products regarding residents of Latvia.
To achieve the aim, the following research tasks were set forth:
• To investigate the consumption of dairy products and its changes in the course of time.
• To identify the criteria of individuals’ choice of cheese, yogurt, and curd.
Data of the household budget survey in the period 2002-2009 performed by the Central Statistical Bureau (CSB)
of Latvia and sociological surveys of consumers conducted in November of 2010 were used for the present research. An
opinion of 413 residents on their eating behaviour change was found out in April of 2009. The following research methods
were applied in the research: general methods: analysis and synthesis, content analysis of documents, monographic and
graphical methods; specific social and economic methods: structured interviewing and questionnaire surveying, statistical
methods for data analysis. Three various surveys in the forms of structured interview and questionnaire were conducted in
November of 2010, using stratified sampling. At RIMI shopping centres in Rīga, Daugavpils, and Jelgava, 855 individuals
of both genders and various age groups were questioned.
Consumption of dairy products per capital
Dairy products are one of the most important components of proper nutrition. On the one hand, demand for dairy
products may be attributed to properties of goods of prime necessity. On the other hand, the assortment of dairy products,
owing to industrial production, is so diverse that several dairy products may be conditionally attributed to luxury goods
owing to their great taste and price. The consumer consumption of dairy products is regularly and continuously estimated
by the Department of Household Budget Surveys of the CSB. The newest data are available for 2009. Consumer studies
are conducted in Latvia since 1952. During various periods, the consumption of different dairy products was estimated
depending on the real assortment and the way of producing milk. In 2002-2009, the consumption of the following dairy
products was estimated: whole milk (l), low fat milk (l), yogurt (kg), cheese (kg), home-made cheese and curd (kg), and
cream (kg). Milk produced for own consumption was separately classified until 2002. Calculations are performed per
household member a year.
Table 1. Consumption of the main dairy products by households in 2002-2009 (on average per household member a year)
Whole milk

Low fat milk*

Yogurt

Cheese

Curd

Cream

2002

51.96

14.4

3.6

4.56

7.8

13.8

2003

49.64

15.07

4.56

5.03

7.97

13.98

2004

50.37

11.65

4.79

5.11

7.79

13.32

2005

47.58

10.97

5.66

5.13

7.46

13.61

2006

46.05

8.43

6.59

5.44

7.58

12.83

2007

44.39

8.21

6.91

5.95

7.88

12.25

2008

43.95

7.54

7.5

6.08

7.85

12.52

2009
Source: CSB

39.84

10.78

6.83

6.32

8.05

12.06
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In 2009, every resident of Latvia consumed on average 39.84 l of whole milk, 10.78 l of low fat milk, 6.83 kg of
yogurt, 6.32 kg of cheese, 8.05 kg of curd or home-made cheese, and 12.06 kg of cream. Whole milk is more popular
among rural residents, while skimmed milk – among urban residents. Rural residents consume cream more than urban
residents. The consumption of milk per capital tended to decrease over the recent five years, while the year 2009 may be
regarded as a year of change in the nutrition behaviour of Latvia’s residents (Eglite A., 2011).
The total consumption of milk (whole milk + low fat milk) decreased by 12 l/capita a year in the period 2002-2009.
On average, every individual of Latvia consumed monthly 1.3 l of milk less than nine years ago. An especially fast decline
in whole milk consumption occurred in rural areas of Latvia – every individual consumed annually 31.4 l or monthly 2.6 l
of milk less in 2009 compared to 2002. An increase of 1.4 l/year per rural resident in low fat milk consumption is not yet
able to compensate the quantity of calcium to be obtained from milk. Urban residents consumed 3.2 l of skimmed milk
more than rural residents in 2002, and this difference shrank. In 2009, an urban resident consumed 12.46 l, while a rural
resident – 7.24 l of low fat milk. The consumption of whole milk decreased most in rural areas (by 7.8 l/capita).

Figure 1. Changes in the consumption of low fat milk and cream in urban and rural areas in Latvia in 2002-2009

A very pleasant increase trend was observed in the consumption of cheese and yogurt over the recent years. During
the recent five-six years, the consumption of cheese rose by a whole 1 kg/year, exceeding the level of 6 kg per capita.
The consumption of yogurt reached its peak (7.5 kg) in 2008. It was followed by a decrease of almost 700 g in 2009; the
decrease in consumption in urban areas was faster than in rural areas. It has to be mentioned that urban residents consume
yogurt twice as much compared to rural residents. An increase in the consumption of cheese in 2009 took place at the
expense of urban residents. On average, urban residents consume 7.0 kg, while rural residents – only 4.88 kg of cheese a
year. In rural areas, the consumption of cheese as well as curd and home-made cheese declined. Rural residents consume
home-made cheese and curd, too, less than urban residents. Every urban resident additionally consumes 8.46 kg of
home-made cheese and curd, while a rural resident – only 7.48 kg. The consumption of curd by rural residents decreased,
whereas in urban area it increased in 2009 compared to 2008. The consumption of cream decreased in rural areas faster
than in urban areas in 2009 as well.
Change in eating behaviour of the population
In April of 2009 when the economic situation worsened fast, 413 residents of Latvia were questioned on changes
in their shopping habits and behaviour during the last year. The respondents were 18-82 years old, 214 were women and
199 were men.
When asked whether eating and shopping behaviours have changed during the last year, 44% of the respondents
admitted that their behaviours have changed, whereas 56% rejected it. Change in the financial situation was mentioned
most often (42%) as the reason for those who changed their eating behaviour because the consequences of the economic
crisis started becoming apparent in Latvia in the spring of 2009; they said to be purchasing less and prudently, choosing
the cheapest goods sold at discount prices. Others believe that with fall in their income, they have to think more about
what to put on the table. There were several individuals who admitted to be choosing healthy food and products produced
in Latvia after the financial situation changed (Eglīte A., 2010). It has to be noted that the same number of respondents
(42%) believed that changes in their shopping behaviour were caused by their health or change in their individual opinion
on the utility of any product that was shaped in the result of various cognitive processes. Therefore, in surveys of residents
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of 2010 regarding particular dairy products, it was questioned about the role of cheese, yogurt, and curd in their nutrition
and their eating habits in relation to various criteria.
Description of the survey on cheese: consumers were questionnaire surveyed in RIMI shopping centres during
the degustation of cheese in November of 2010; 461 individuals were questioned.
A wide assortment of cheese brands are daily consumed in Latvia. The respondents, when answering questions in a
questionnaire, mentioned Russian and Holland cheese as the most popular sorts of cheese consumed daily. The next most often
mentioned sorts were melted cheese and Mālpils cheese. The respondents with lower income said to be regularly consuming
Russian or Holland cheese, whereas those having higher income prefer various sorts of cheese: Talsu ritulis, Tējas siers, and
Mālpils. Of the respondents, 7% pointed in their questionnaire that they do no not consume cheese daily at all.

Figure 2. Sorts of cheese preferred daily and on holidays

Mould cheese is mostly consumed on holidays. The most popular are the sorts of Brie and Roquefort, followed
by Holland, Russian, Dor Blue, and Talsu ritulis. In the questionnaires, there were mentioned also such sorts of cheese
as Cheddar, Malpils, Lapzemes, Mascarpone, Green, Šveices, Camembert, Jāņu, Brinza, Tējas, Parmezana, Mozzarella,
Mednieku, Kazdangas, home-made cheese, and Latvian cheese.
Among the respondents, an opinion was frequently observed that cheese has to be used in nutrition to strengthen
human bones and for teeth health and energy. Strengthening one’s hair and nails and improving one’s memory were
mentioned as the fourth and fifth reasons. After summarising the result, it was revealed that cheese is consumed just
because it is tasty. Of the respondents, 58% consume cheese daily, 31% – once a week, 4% – only on holidays, 4% –
never, and only 3% of them eat cheese several times a day. The taste, aroma, consistency, price, producer, and quality were
mentioned as important reasons in choosing a cheese.

Figure 3. Factors determining the choice of cheese
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The first and most important factor in choosing a cheese is its taste. The second most important factor is its price.
The third impacting factor is its consistency, as well as, in a few cases, its producer and its quality were mentioned. Those
respondents who mentioned the factor of aroma and taste as the first one in their choice of cheese consume this dairy
product several times a day or daily.
Households in which 4 or more individuals live consume daily a more diverse assortment of cheeses than smaller
households. Irrespective of number of household members, the most popular are 3 sorts of cheese – Russian, Holland,
and melted cheese. Similar trends are observed also for the sorts of cheese purchased for public holidays. The largest
households consume a wider assortment of cheeses. Among all households, the most popular are the sorts of Brie and
Roquefort. The gender of respondents does not play a significant role in choosing a cheese.
No difference is observed among various age groups regarding choosing a cheese for daily consumption, as two the
most purchased sorts are Holland and Russian cheeses. Holland cheese is the most popular for three age groups. Whereas
Russian cheese is the most popular sort only among the age groups 46-60 and 60 and older. The two sorts of cheese are
both the most traditional and the most available, in terms of price, cheeses.
Individuals of the age group up to 18 prefer Holland (22%) and Russian (22%) cheeses on public holidays. The
same proportion of individuals (22%) does not eat cheese on public holidays. Individuals of the age groups 18-31, 31-45,
and 46-60 choose Brie and Roquefort cheeses on public holidays. Whereas those aged 60 and older, on public holidays,
choose Brie, Roquefort, Holland, and Russian cheeses. Among individuals of the oldest age groups, 10 % do not eat any
cheese on public holidays.
Holland and Russian cheeses are the most popular sorts in Latvia irrespective of incomes of the population. A
difference among individuals of different incomes becomes apparent only in a wider assortment of cheeses.
The respondents having an income level of less than LVL 100 a month buy the cheese sort Talsu ritulis. The
respondents with higher income prefer mould cheeses: Brie and Roquefort.
Description of the survey on curd: a questionnaire survey was conducted in November of 2010; 199 individuals
participated, of which 65% were women and 35% were men.
The sort of curd for daily consumption, mentioned most often, was 9% fat curd. Of the respondents, 27% choose
5% fat curd, 20% – 0.5% fat curd, and 12% – 2% fat curd, while 3% of the respondents do not know what sort of curd
they prefer and 3% of them do not use such a dairy product in their daily diet.
The respondents’ opinions on why curd has to be used in diet are as follows: 40% mentioned that it improves human
memory, 22% – strengthens human bones. Of the respondents, 17% had a point of view that curd is important for teeth health,
12% believed that it strengthens hair and nails, 8% – curd provides energy, and 1% consumes curd because it is tasty.
The respondents consumed this product less frequently than other dairy products. The respondents most often said
that they consume curd once a week. Only one respondent used to eat curd several times a day, 25 admitted that consume
it daily, while 3% respondents do not use such a dairy product in their diet.

Figure 4. Most popular sorts of curd and the factors determining the choice of curd

Taste and consistency are the most important criteria in choosing a curd. The respondents were asked to name the
most important criterion, and two criteria were mentioned most often: taste and consistency, of which the criterion of taste
slightly prevailed over the other one. In choosing a curd, all the following factors are important: taste, consistency, price,
product producer, as well as fat content and aroma.
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Children and youth aged up to 18 use low fat sorts of curd in their diet. Whereas individuals aged 60 and older
prefer both the lowest and the highest fat curd. Among the most numerous group of respondents aged 31-45, 5% and
9% fat curds are the most popular. Of the 199 respondents, only 7 do not use this dairy product in their diet. In total, the
respondents (35%) mostly use 9% fat curd in their daily diet.
An income level does not play a significant role in choosing a curd, as 9% fat curd is the most popular sort for
every population income group. It is followed by 5% fat curd, 0.5% and 2% fat curd. The highest proportion of those
who do not consume curd is among individuals having an income of more than LVL 201 a month; they are 10% of all the
respondents with this income.
Description of the survey on yogurt: a questionnaire survey was conducted in November of 2010; 1959 individuals
participated, of which 42% were men and 58% were women. Yogurts flavoured with forest berries, kiwis and strawberries,
sea buckthorn berries, dried plums, and dried apricots and bifido yogurt were tasted. The most popular yogurts that were
tasted were those flavoured with forest berries and dried fruits.
In their daily diet, the respondents use various yogurts – flavoured with nuts, maracujas, apricots, bananas, kiwis, wild
strawberries, pineapples, vanilla, carrots, forest berries, peaches, cherries, and strawberries. There were several respondents who
used to choose a yogurt without flavourings. Of course, there are individuals who do not consume yogurt daily.

Figure 5. Factors and flavourings determining the choice of yogurt

A bit less than 1/3 of the respondents prefer to include yogurt in their daily menu. A 2%-points higher proportion
of them consider yogurt to be useful for consuming at least once a week. Of the respondents, 19% choose this dairy
product only in special occasions, while 10% do not include it their diet. This product seems so important to 7% of the
respondents that they consume it several times a day. Women most often choose yogurts flavoured with strawberries,
peaches, and forest berries. Men’s choices are similar, yogurts with flavourings of strawberries and peaches dominate
among their choices. Men do not include yogurt in their diet more often than women. The main factors determining the
choice of yogurt are its taste, flavouring, and aftertaste. As the other factors, the price, producer, and sweetener-free yogurt
were mentioned.
Main results
1. The most popular sorts of cheese consumed daily are Holland and Russian cheeses and melted cheese. The most often
chosen cheeses for public holidays are Brie and Roquefort. Of the respondents, 3/5 admits that cheese is an important
component of their diet, and it is consumed daily. Of the children and youth surveyed, 1/5 does not eat cheese. When
choosing a cheese, 3 factors are important for consumers as shown in the following sequence: its taste, price, and
consistency.
2. The most often used curd in the daily diet is 9% fat curd. Among the young respondents, low fat curds were the most
popular, while consumers aged over 60 prefer high fat curds. An income level does not affect the choice of curd. In
choosing a curd, the most important factors are its taste and consistency followed by its price in the third place.
3. When purchasing a yogurt, 3 factors are important: its taste, flavourings, and aftertaste. Its price takes only the fourth
place. Yogurt is daily consumed by at least 1/3 of the respondents and additionally 1/3 buys it once a week. Yogurt is
consumed several times a day by those whose income per capital exceeds LVL 101. Strawberries, peaches, and forest
berries are the most popular flavourings for yogurt.
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Conclusions
1. Dairy products are an important component of daily diet and significant for health of the population, and an average
statistical individual is well-informed about it. A typical Latvian resident consumes cheese daily, curd – once a week,
and yogurt – several times a week. In the daily diet, relatively cheaper cheeses are used, while on public holidays other
sorts of cheese are chosen depending on the income level of residents. Rural residents consume cheaper and relatively
fatter dairy products.
2. The more expensive is a dairy product and the greater is its share in the daily diet, the more important is the product’s
price for a customer. Stable consumer behaviour has not emerged for young individuals aged under 18.
3. Although residents believe that a change in their eating behaviour is their own decision depending on their conviction
of tasty and healthy products that is adjusted to their financial situation, respectively, a consumer equilibrium providing
the highest utility is reached at a certain budget size, yet statistical data indicate that the year 2009 was a year of the
change not only in the daily effect of the global financial and economic crisis, but also in the per-capita consumption
of dairy products. Not only the total consumption of dairy products per capita declined, but a change in the assortment
of products occurred in 2009.
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Abstract
Monitoring an implementation of sustainable development encounters specific problems which require complex and multi-dimensional
conceptual and methodological solutions. Both evolutionary path of the development of the particular region and macro-environmental changes define
the direction and size of changes of the local economic and social systems. The problem is how to evaluate the level of the sustainable development of
the agrarian regions, based on their evolutionary trajectory of the development. The purpose of the paper is to identify the differences of the trajectories
for a sustainable development across the agrarian regions. The paper provides with the definitions of the sustainable development, agrarian region, also
provides with the methodology for an assessment of a trajectory of the economic development of the agrarian regions and estimates the differences of
trajectories of the economic development of the EU27 NUTS3 regions. Assessment of the trajectory provides useful data for comparative sustainable
development analysis. Results of the assessment settle criteria for the determination of the level of sustainable development for a particular area. Main
findings show that the differences of the trajectories of the economic development across the agrarian regions are substantial thus special methodologies
for an assessment of the sustainable development in agrarian regions are required.

Introduction
Significant differences in conditions for a sustainable development across the regions require special methodological
approach. Large differences in terms of economic and social development across countries and/or smaller regions are one
of the most important hinders for effective implementations of sustainable development (Jazepcikas, Vitunskiene, 2008).
There are number of studies devoted to the assessment of the sustainable development (Ciegis Rem., Ciegis, Rem., 2003;
Dasgupta, 2007; Eurostat, 2007; JT (UN, 2008), etc.). Most of them are designed to estimate level of sustainability at
national level, and only some of them were devoted to the assessment of the sustainable development of the regions with
specific economic or social conditions (Jazepcikas, Vitunskiene, 2008). Furthermore majority of methods for assessment
of sustainable development are designed for a static evaluation of the situation. There is lack of precision and evolutionary
dynamics in evaluation of process of the sustainable development across the regions.
Purpose of the research is to identify the differences of the trajectories for a sustainable development across the
agrarian regions.
Tasks of the research are: 1) to define a concept of sustainable development, 2) to describe a concept of an agrarian
region, 3) to provide with a methodology for a assessment of trajectory of the sustainable development, and 4) to estimate
the differences of trajectories of the sustainable development for agrarian regions across the EU27.
Object of the research is a trajectory of a sustainable development.
For this purpose the following research methods were used: 1) literature analysis, 2) ontological concept analysis,
3) statistical data analysis, 4) visualization methods and 5) synthesis of the results.
Tiknius (2002) says that „many scientists and philosophers (Alexander, Bogdanov, Chardin, Darwin, Fiodorov,
Onsager, Poincare, Prigogin, Le Roy, Sheler, Vernadskij, Whiteheat ir kt.) were making attemps to understand and to
define development phenomena and to explain the fundamentals of the development process. Altmann (2011) declares
that for that reason a „general theory of development“ was created.
There are two approaches to the development phenomena in the scientific literature (Lydeka, 2001):
• Development as an Economic process. Development is a growth of efficiency of the usage of resources (e.g.
human, natural, information, time, social and etc.).
• Development as a social process. This approach is more universal than perceiving the development just
as an economic process. This approach includes a whole range of social elements (or problems) into the
consideration.
Despite the different approaches to the development phenomena, the essence of the development phenomena
is homogeneous. The difference of the approaches matters when scope of the problem is under the consideration.
Sustainability of the development and sustainable development refer to the wider scope of the problem, i.e. it includes
analysis of economic, social, environmental, institutional and other issues.
Following the perception that the world is a constantly changing set of structures and systems, development is
defined as a progress of these structure or systems. Progress is defined by certain criteria selected by the methodology of
the analysis. Munisinghe (2009) defines development as process of securing and improving viability of a system. Security
of the system in constantly changing world means constant adaptation to a new environment. In other words if a system
wants to save its status quo, it should be in constant change. Put it into a more abstractive way, if an object wants to stay
constant in a constantly changing environment the object should be in constant change.
Development is a special form of change when an object is making a progress, i.e. an object is moving towards its
selected strategic goals (or vision). Thus the core feature of the development is a movement or dynamics. Dynamics of
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a social phenomenon (e.g. development of social systems) has many attributes. Most popular attributes are trend, speed,
amplitude, coherence, steepness, skewness, predictability and reliability. Having that in mind, growth is defined as a
quantitative assessment of the development trend.
Methodology of a development assessment includes contextual (or discourse) analysis, i.e. according Bellagio
Principles progress is properly evaluated when the evaluation includes macro environment analysis (Hardi, Zdan, 1997).
Especially it is important for the evaluation of sustainable development. Assume economic depression cycle, when gross
domestic product (GDP) is falling for all regions. Regions react to the global economic crisis differently, thus actions they
are making position them in better or worse competitive position comparing to the others. And even in the certain period
of time GDP is falling, a region can make progress comparatively to the others and be in better sustainable position. Thus
quantitative changes of the dynamics do not fully reveals the level of sustainable development.
This paper follows the economic approach to the development phenomena with links to the sustainability concept.
Altmann (2011) says, the reasons why economic systems differs among regions are of historical and cultural (e.g. social
norms, cultural beliefs or values and etc.) origin. Evolution of the development creates certain possibilities for a further
actions or re-actions to the changes of the environment. Lydeka (2001) notes that a state of an every economic system
to certain level is unique, it can not be repeated, copied or multiplied. Solution to the developmental problems requires
relevant analysis of the environment in which the developmental problems occurs (Altmann, 2011). The more different
environmental conditions the more different assessment of the sustainable development. Tiknius (2002) says, necessary
condition to the progress depends on an asymmetry of the environment, i.e. differentiation of materials, information,
energy and etc. The inter-action of these asymmetries provides the conditions for new opportunities and/or threats. Thus
assessment of sustainable development is not as simple as a linear correlation of asymmetry of the environment and the
level of the progress. Assessment of sustainable development encompasses a whole sequence of changes of a changing
set of factors in certain environment.
Sequence of changes is a path of a development (as Altmann puts it) during a period of time. Path of development
is a trajectory of the dynamics which plays critical role in explaining the factors of changes. Assessment of a trajectory of
sustainable development provides important insights for the ongoing changes.
Special assessment of sustainable development is applied to the agrarian regions. Agrarian regions are those regions
which are not assigned as industrial, i.e. urban. Agrarian regions are different from industrial regions mainly because of
the significant role of agriculture in the structure of gross added value of the region. Agriculture is specific economic
activity because of 1) intensive interaction with natural environment, 2) slow technological progress and 3) production of
a food. Thus agriculture is an economic activity which is hardly predictable, with high risk of losses and relatively low
level of productivity. Also agrarian regions are specific due to large physical territories and low density of population.
Because of that scientists and organizations are developing various methodologies specified for the assessment of a
sustainable agriculture development.
Sustainable agricultural development is defined as a development of an agriculture with insignificant negative
impact of natural resources (e.g. degradation of soil, waters or air) and with provision of healthy raw materials for food
production, i.e. raw materials without technical pollutants. In other words, sustainable agriculture is a level of production
intensivity which does not degrade natural resources and provides healthy food. As Ciegis says, sustainable agriculture is
an alternative to intensive agriculture (Čiegis, 2004). Sustainable agriculture integrates three main goals (see fig.1), i.e. 1)
environmental stewardship, 2) farm profitability, and 3) prosperous farming communities (Čiegis, 2004).

Figure 1. Targets of a sustainable agriculture development

Agriculture development is not sustainable if farms have high profit margins but communities around these farms
are poor and socially risky. Also agriculture development is not sustainable if farm profits and viability of a community
is achieved by the intensive usage of natural resources, their degradation and abandoning. Finally community can not
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be viable if farms can not make profits in their regions. Thus sustainable agriculture development is an inter-action of
business, social and environmental interests with the common target to ensure viability of all three processes.
Defining and measuring sustainable development are two different things (Jazepčikas, 2010). Measuring the
sustainable development it is reasonable to make clear distinction between agrarian regions and the urban areas. Also
number of studies revealed essential differences of agrarian regions which are well-developed or developing (i.e. poorly
developed). The third feature which makes agrarian region development specific is a connection to the urban areas.
Remoteness of the region, i.e. distance to the large cities plays critical role for the business of a local regions. Remote
regions have very different set of opportunities for development compared to accessible regions.
This paper analyses the EU27 NUTS3 regions. In total there are 1303 regions in the EU27 defined as NUTS3
regions. Typology of agrarian regions for EU27 is based on three criteria (Raupelienė, Jazepcikas, 2009): 1) rurality, 2)
accessibility, and 3) competitiveness of region (GDP per capita). Rurality index was developed by OECD (Measures of
regional…, 2001). Share of population living in the rural municipalities reflect better picture of population distribution
compared to population density. Densely populated regions could be rural in terms of geographical scattered living area.
Also low population density regions could be urban because of a population living in cities which are surrounded by large
territory of wild nature.
Accessibility (i.e. access to city in minutes) reveals the possibility for the local population to get job in the
neighborhood areas. Dijkstra and et al. (2008) provided with data for estimation of accessibility. Dijkstra and Poleman
(2008) had used 45 min. of driving time by car to the city of more than 50 thou habitants as a criterion for estimation of
remoteness of a region.
Competitiveness of region is measured by the GDP per capita as a percentage of the EU average. GDP per capita
indicates how different development of economic system and living conditions are among the regions. It is a structural
indicator which does not change rapidly in short-term. GDP per capital were used for generating typologies by Ballas and
et al. (2003), Baum and et al. (2004) and etc.
The whole set of these three criteria generates typology which provides with conditions to group the NUTS3
regions according to the characteristics of the region, i.e. 1) how much population lives in rural areas, 2) how the regions
are well developed in economic sense, and 3) how large “labour market territory“ is for the local population. According
to the three criteria the following scales of groups were proposed (Raupelienė, Jazepcikas, 2009):
- Predominantly rural - >50% of NUTS3 population living in agrarian regions;
- Significantly rural - 15-50% of NUTS3 population living in agrarian regions
- Predominantly urban - <15% of population living in agrarian regions
- Remote - <50% of population lives within 45 min. driving time from cities with at least 50 thou. residents;
- Accessible - >50% of population living within 45 min. driving time from cities with 50 thou. residents or
more;
- Developed regions - GDP per capital was more than 50% of EU average, 2006;
- Developing regions - GDP per capital was less than 50% of EU average, 2006.
According the proposed typology of agrarian regions 39 (i.e. 3% of all regions) of EU regions are of type 1
(Predominantly rural - Remote - Developing region); 109 (8%) regions of type 2 (Predominantly rural - Remote Developed region); 77 (6%) regions of type 3 (Predominantly rural - Accessible - Developing region); 197 (15%) regions
of type 4 (Predominantly rural - Accessible - Developed region); 84 (6%) of type 5 (Significantly rural - Developing
region); 383 (29%) regions of type 6 (Significantly rural - Developed region) and 414 (32%) of the EU regions are
classified as Predominantly urban and belong to Type 7. Agrarian regions are those from type 1 to type 6 (889 regions)
and urban regions are type 7.
Development trajectory has number of characteristics: 1) speed, 2) trend, 3) amplitude, 4) stability, 5) predictability
and etc. This paper is focused on the analysis of a speed and amplitude of the trajectory. The speed as a feature of the
development indicates the manner of both state-of-play and changes of the economic system in the region. Manner of
state-of-play is defined as a situation of the structure of gross value added. The structure of gross value added reveals
the type of interaction between economic actors, level of convergence and speed of technological progress. Manner of
changes of the economic system in the region describes the coherence of a direction of the development. The better (or
stronger) the coherence is the faster development towards strategic visions.
There are number of methods for estimation of the amplitude of the trajectory of a GVA changes. The characteristic
feature of the GVA changes is exceptional annual changes which are generated by economic shocks. These economic
shocks presuppose outliers in the time series. Outlier is defined as a conditional or absolute exception from the rest of
the trend. Estimation of amplitude of the trajectory by using interquartile range method is less sensitive to these shocks.
Thus estimation of a data set width using interquartile range method is more reasonable than difference of maximum and
minimum values of the series. Interquartile range of data series is estimated by the following formula:
(1)
IQR – interquartile range, Q1 and Q3 – first and third quartiles. Growth level which is set as expected level of
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growth is sustainable growth level. Sustainable growth level is a proxy of the natural growth level of a region and is
estimated by using statistical Mode function, i.e. Mode of the time series of the GVA changes defines the sustainable
growth level.
Results of research
Development path of the agrarian regions is strongly correlated with the development path of the urban areas.
The higher GVA per capita the stronger the correlation. Correlation coefficient of type 2, type 4 and type 6 regions (i.e.
developed agrarian regions) with type 7 regions (i.e. urban) are equal accordingly to 0.69, 0.62 and 0.87. Alternatively
correlation coefficient of type 1, type 3 and type 5 regions (i.e. developing agrarian regions) with type 7 regions are equal
accordingly to 0.35, 0.32 and 0.24. Correlation coefficients reveals substantial influence of the cities to the development
of agrarian regions, i.e. the better integration between city and agrarian region, the better development level is expected.
The closer agrarian region is to the city the stronger correlation of GVA changes with the city is expected. Thus in
majority of cases it is expected that the development trajectories of agrarian regions will move into the same direction.
Here is an evidence that general environment (i.e. macroeconomic situation or business cycle) has critical importance for
all types of regions except type 5 regions (see fig.2.).

Figure 2. Trajectories of a sustainable development of the EU27 NUTS3 regions

Correlation coefficient of type 5(poorly developed significantly rural region) and type 7 (i.e. urban) regions equals
0.24. That means that developing agrarian regions with relatively high level of population density (i.e. much better
population density than in predominantly rural regions) have “independent” trajectory of the development. This can be
explained by the time span of interaction between type 5 and type 7 regions. Higher population density in agrarian regions
increases “sensitivity” to the changes of the industrial regions thus correlation coefficient is slightly less than for type 1
and type 3 regions.
Speed of trajectories of the EU27 NUTS3 regions is remarkably different. The sustainable growth of the type 3
(i.e. predominantly rural accessible developing regions) or type 5 (i.e. significantly rural developing) regions is equal to
10.6%, while sustainable growth of developed agrarian regions or urban regions are 3.8%. Difference of the speed of
sustainable growth between the regions can be as huge as seven percentage point, i.e. 2.5 times. That is an evidence of
importance of classification of the regions into the types and applying different parameters or even criteria for estimation
of the sustainable development of a region.
Difference of technological level between the regions induces convergence forces. Less developed regions are
growing much faster than well developed regions due to catching-up in technologies and productivity. Catching-up
generates convergence force, which induces pace of the development. Because of convergence force, the difference of a
speed of the development between developing and developed regions is equal 2.6-7.2 percentage points.
Convergence force is less significant for remote agrarian regions. The speed of a sustainable development for type
1 (i.e. predominantly rural remote developing region) regions is 7.4% and for type 2 (i.e. predominantly rural remote
developed region) 4.8%. Convergence force is much stronger in the agrarian regions which are accessible to the cities or
have relatively high density of population. For example, speed of sustainable development for a type 3 (i.e. predominantly
rural accessible developing region) is 10.7% and for a type 4 (i.e. predominantly rural accessible developed region) is
3.4%. Having this in mind, processes of emigration of population from rural areas (i.e. decreasing density of population)
and lack of mobility of rural population (i.e. low level of accessibility) have significant impact on the speed of the
sustainable development there.
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Amplitude of the trajectories of a sustainable development also varies significantly among the agrarian regions. The
interval of the changes of the sustainable development for accessible well-developed agrarian regions is 3.9 percentage
points (from 1.5% to 5.4%) while for an accessible but poorly-developed agrarian regions is 10.9 percentage points (from
4.9% to 15.7%). That means business environment is much riskier in developing regions than in developed regions.
It is interesting that developed agrarian regions have similar amplitude of the trajectory as urban regions have.
The interval of the amplitude is 4.0-5.0 percentage points. Interval for amplitude of remote agrarian regions is longer
compared to the accessible agrarian regions by one percentage point. That indicates that distance to the high population
density or industrial regions increases risk for business activities. Because of that investors are expected higher profit
margins from investments in remote agrarian regions.
It is interesting to notice, that „distance“ to the cities has reverse impact on amplitude in the developing regions.
Variation of the trajectory of the sustainable development for a predominantly rural remote developing region is 3.8%12.2%, i.e. 8.4 percentage points, while for predominantly rural accessible developing region is 4.9%-15.7%. i.e. 10.9
percentage points. Additional 2.5 percentage points of the amplitude of the latter regions is generated by the “urban-rural
interaction dynamism”.
The structure of economic system is very different among the groups of the regions (see table 1). Predominantly
rural developing regions have 10% of the GVA from agriculture. It is expected that during next decade this share would
decrease to the level of predominantly rural developed regions, i.e. to 3%-5% of GVA. That means ongoing rapid structural
changes would ensure continuous high amplitude of the trajectory of the sustainable development in these regions.
Table 1. Structure of GVA of the EU27 NUTS3 regions in 2008
Type and definition of the regions

AB*

CF*

CE*

F*

GP*

GHI*

JK*

LP*

1 Predominantly rural - Remote Developing regions

10.7%

28.4%

21.1%

7.3%

60.9%

22.3%

15.3%

23.3%

2 Predominantly rural - Remote Developed regions

5.6%

25.6%

16.7%

8.9%

68.9%

24.2%

18.4%

26.3%

3 Predominantly rural - Accessible Developing regions

9.9%

33.7%

25.7%

8.1%

56.4%

22.3%

14.4%

19.7%

4 Predominantly rural - Accessible Developed regions

3.6%

31.2%

23.4%

7.9%

65.1%

18.1%

22.9%

24.2%

5 Significantly rural - Developing regions

5.9%

38.0%

29.4%

8.6%

56.1%

23.0%

15.4%

17.6%

6 Significantly rural - Developed regions

2.4%

29.2%

22.0%

7.1%

68.4%

20.2%

24.4%

23.8%

7 Predominantly urban

0.8%

27.2%

21.7%

5.5%

72.1%

20.3%

27.8%

24.0%

* NACE classification: AB – agriculture, hunting, forestry and fishing; CF – industry and constructions; CE – industry; F –
Constructions; GHI – wholesale and retail trade, repair of motor vehicles, motorcycles and personal and household goods; hotels and
restaurants; transport, storage and communication; JK – financial intermediation; real estate, renting and business activities; LP – public
administration and defense, compulsory social security; education; health and social work; other community, social and personal
service activities; private households with employed persons

Current situation of the developed agrarian regions is a long-term guidelines for the developing agrarian regions.
Having this in mind, the trajectory of the sustainable development of developing regions should become similar to the
trajectory of the developed regions.
Remote developed agrarian regions are attractive to constructions, retail and wholesale trades, tourism, public
administration and social services. That indicates that remote regions which are well-developed are having significant
benefits from the Cohesion funds, are improving living conditions and sustaining industrial production growth.
In summary the share of GVA from agriculture is 2-2.5 times higher in developing regions than in developed
regions. Thus ongoing structural changes in GVA in developing regions should keep amplitude of the trajectory high.
Also developing regions are more attractive for the industry while developed regions more attractive for constructions.
And of course there is a strong influence of public administration, health, social security and other budgetary GVA. All
these budgetary GVA are financed by public budget. So situation of public finances have significant role for all regions
in the EU27.
Significance of the agriculture in the GVA structure is falling in all regions (see table 2). Most dramatic changes
are recorded in the developing region (see table 2). During the 1995-2008 the share of agriculture had decreased by more
than 10 percentage point in type 1 regions, by more than eight percentage points in type 3 regions and by almost seven
percentage points in developing regions. The decrease of the share is explained by the faster growing GVA in services
and industry.

121

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

It is worth to notice that the decrease of the share of agriculture in type 1 regions outpaced the decline of the share
in type 3 regions. Additional stimulation for the decline of the share in agriculture in type 1 regions was more investments
in industry. Only in type 1 agrarian regions there were recorded an increase of the share of the industrial GVA (i.e. 1.2%)
during the period. The rest of the regions faced the decline of the CE sector (see table 2). On the other hand developing
accessible regions were interesting for the Constructions. Type 3 and type 5 regions revealed best increases of GVA share
in Constructions in the EU27.
Most rapid growth of GVA in all EU27 NUTS3 regions is recorded in the services (see GP in table 2). The
difference of the developing agrarian regions and developed agrarian regions is that the former revealed growth in both
industry and services while the latter just in services. That means that developed regions had faster growth in the services
sectors than it was in industry. Higher rates of growing share in developing agrarian regions indicate catching-up with
developed countries. That means that common EU market works effectively.
Table 2. Change of the structure of GVA of the EU27 NUTS3 regions**
Type and definition of the regions

AB*

JK*

LP*

1 Predominantly rural - Remote - Developing regions

4.0%

-0.7%

4.8%

4.7%

1.2%

0.9%

2.6%

1.7%

7.5%

1.9%

2.3%

3.4%

-0.3%

-1.0%

3.7%

0.2%

3.3%

0.1%

1.4%

-0.5%

1.9%

5.2%

2.1%

1.2%

1.9%

-1.8%

-2.1%

-1.6%

-0.5%

3.9%

0.0%

3.3%

0.5%

-0.5%

-3.9%

-3.5%

-0.4%

4.4%

-0.3%

3.7%

1.0%

CF*

CE*

F*

GP*

GHI*

-10.3%

2.2%

1.2%

1.0%

8.1%

2 Predominantly rural - Remote - Developed regions

-4.5%

-0.2%

-1.7%

1.5%

3 Predominantly rural - Accessible - Developing
regions

-8.4%

0.9%

-0.7%

4 Predominantly rural - Accessible - Developed
regions

-2.4%

-1.2%

5 Significantly rural - Developing regions

-6.6%

6 Significantly rural - Developed regions
7 Predominantly urban

* NACE classification: AB – agriculture, hunting, forestry and fishing; CF – industry and constructions; CE – industry; F –
Constructions; GHI – wholesale and retail trade, repair of motor vehicles, motorcycles and personal and household goods; hotels and
restaurants; transport, storage and communication; JK – financial intermediation; real estate, renting and business activities; LP – public
administration and defense, compulsory social security; education; health and social work; other community, social and personal
service activities; private households with employed persons
**Changes of the structure of GVA are the difference of 2006-2008 average and 1995-1997 average

Accessible agrarian regions were more attractive to constructions, and remote agrarian regions were attractive for
public and social services, trade and storage activities. Constructions were growing at the faster pace in the regions near
the cities. Increasing mobility of the population, improving transport infrastructure and high quality of life in rural regions
provides attractive conditions for the investments in constructions in accessible developing regions. This trend is not very
remarkable for the developed agrarian regions.
Conclusions

Assessment of a sustainable development as a special form of change towards a progress contains evolutionary
dynamics and it is dependent on the conditions of the region under the assessment. Assessment of the trajectory of a
sustainable development encompasses a whole sequence of changes of a changing set of factors in certain environment.
Agrarian regions are specific by their developmental trajectory characteristics. They are facing more rapid structural
changes accompanied with convergence force and faster changes of social process.
Empirical analysis of the trajectories of the sustainable development reveals important characteristic features of
specific agrarian regions. For example, the fastest trajectory to sustainably developed state for a region is to develop
services in that region. The greater share of the services in GVA the better developed region. Also structure of GVA plays
critical role for speed and amplitude of the trajectory of the sustainable development for that region. Thus typology of
agrarian regions is necessary for more accurate assessment of sustainable development there. Finally remoteness of the
agrarian region from the industrial (i.e. urban) regions increases amplitude range of the sustainable development thus
better profit margins are required from the investments in remote agrarian regions than anywhere else.
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The Role of Alternative Use of Agricultural Products in the Eco-localization of
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Abstract
Eco-localization is a very complex and interdisciplinary issue which is closely related with alternative use of agricultural products. It
encompasses social, ecological and economic context. Aim of the paper is to indicate the role of alternative use of agricultural products in the ecolocalization of economy. Research tasks are: 1) to reveal briefly the concept of eco-localization and its peculiarities in field of agri-food system; 2)
to give theoretical insights on how alternative use of agricultural products may enhance transition to more localized economy. We haven’t the aim to
show that eco-localization is the best way to adopt sustainable development. This paper presents only a brief overview of the role of alternative use of
agricultural products in the eco-localization of economy. It is shown how eco-localization could work in two closely related economic sectors – agrifood sector and energy sector.
Research methods used: analysis of scientific literature, logical analysis and synthesis, logical thinking, and graphic representation.
Key words: eco-localization, localization, alternative use, agricultural products, agri-food system

Introduction
It is generally agreed that local or regional economies were entirely absorbed into the global economy (Douthwaite, 2004,
2005). Many scientists (Shuman, 1999; Curtis, 2003; Douthwaite, 2004, 2005; Frankova, Johanisova, 2008, 2011; North, 2010)
emphasize negative effects of this absorption and note positive effects of localization. It should be noted that local economies are
recognized as equitable, sustainable, and working reliably and well (Douthwaite, 1996) also connections between localization
and sustainability in the recent publications in field of ecological economics are quite clearly visible. According to R.Douthwaite
(2004) there is a close link between restoring local economic self-reliance and achievement of sustainability. R.Douthwaite
summarizes that theoretically it might be possible to develop a world-wide industrial culture that enabled all humanity to
live sustainably within the limits of the world, but the scale and the complexity of the task are immense. So an easier, more
possible alternative is the creation of the system that would encourage a greater diversity of diet, clothing, building materials and
lifestyles. This could be obtained through localization.
Authors such as E. Frankova and N. Johanisova (2008) argues that we can briefly define localization both as the
process and as the result of a moral, political and practical support for locally owned businesses which use local resources,
employ locals and serve primarily local consumers. It is clear that local and global economies are complementary.
Localizers only seek to get a better balance between the two. In other words we need a better balance, equalization between
the emphases on local, regional, national and international/global level (Douthwaite, 2004; Frankova, Johanisova, 2011).
At the moment, the global is dominant and so it is fruitful to bring localization to light.
It should be pointed out that, from analytical point of view, that localization is a very complex, interdisciplinary
issue. It has contemporary social, ecological, economic context. E. Frankova and N. Johanisova (2011) emphasize that
economic localization is “hot topic” within the academic debate, especially regarding food systems, but it still lacks a
solid theoretical and empirical background. To our way of thinking the issues of food production and consumption is
connected specifically with the theme of localization. Therefore it is worth paying attention to wider sense and talking
about entire agri-food system. Going into the details must be said that it is possible that agri-food system encounters with
agricultural products surplus. This surplus can be reduced in several different ways: surplus of agricultural products could
be sold in foreign market or used alternatively in local economies. The latter alternative could be analyzed in the light
of localization. The alternative use of agricultural products is non-food use of agricultural products and in most cases
identical to biofuels production. That’s one of aspects where agri-food sector and energy sector meets up. The biofuels is
seen as the local alternative for conventional energy resources usually. That’s why localization is a very topical issue within
the current context of biofuels production. R.Douthwaite (2004) holds the position that much of humankind competes
on world markets for the same raw materials – cotton, steel, cement, oil. The domestic biofuels supply enlightens this
competition to a certain extent.
It is worth emphasizing that we will use term of eco-localization in this paper. It is clear that the question may arise why is eco-localization term appropriate in this paper? We agree with E. Frankova and N. Johanisova (2011) and other
authors when they use the term “economic localization”, however this term holds strong relations with economic aspects
only. The alternatives use of agriculture products not only suggests avoiding long-distance products transportation, that
gives economic and environmental benefits, but also supplies alternative environmental friendly fuel produced from local
renewable resources. The eco-localization encompasses both economic and environmental aspects of economic processes
mentioned above.
Aim of the paper: to indicate the role of alternative use of agricultural products in the eco-localization of
economy.
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In this paper eco-localization refers to economic or ecological localization, rather than the intentional political
project of devolving decision making to local communities. We haven’t the aim to show that eco-localization is the best
way to adopt sustainable development. Our research just shows how eco-localization could work in two closely related
economic sectors – agri-food sector and energy sector.
Research tasks are: 1) to reveal briefly the concept of eco-localization and its peculiarities in field of agri-food
system; 2) to give theoretical insights on how alternative use of agricultural products may enhance transition to more
localized economy.
Research methods used: analysis of scientific literature, logical analysis and synthesis, logical thinking, and
graphic representation.
Research results
It is well established that the core of eco-localization is a claim that economic decisions should focus not on proﬁt
maximization and economic efficiency to the exclusion of all else, but on meeting needs as locally as possible (Curtis,
2003). The creation of local or regional self-reliant economies enables to secure economic sustainability in the best way.
In addition eco-localization can be seen as a natural step to sustainable life. According to P. North (2010) localizers argue
that peak oil and climate change should be seen as an opportunity to build more ecologically sustainable, more local and
more convivial economies. Eco-localization is strongly related with a local culture. The local culture is “simply a way that
the people living in a place have found by trial and error over many generations to enable them to live reliably, enjoyably
and well on the resources of their area” (Douthwaite, 2004, 171 p.). It should be noted that eco-localizations have strong
relations with ‘subsidiarity’ concept too. M.S. Cato (2003) suggests extending the concept of ‘subsidiarity’ into the realm
of production and consumption, so that we naturally tend to look to purchase goods produced as close to where we live as
possible. In case of the alternative use of agricultural products it means that bioenergy production and consumption from
local sources have a priority under the principle of subsidiarity.
Eco-localization is both as the process and the result. According to E. Frankova and N. Johanisova (2011) ecolocalization includes attempts at strengthening local self-reliance and at a declining dependence on imports, emphasizes
the diversification of production of goods and services within the local economy and building resilience towards the
fluctuations of the global economic system. E. Frankova and N. Johanisova (2011) on the bases of J. Talberth et al. (op.
cit.) and R. Hopkins (op. cit.) argue that localization (in economic perspective) is the process by which a region, county,
city, or even neighborhood frees itself from an overdependence on the global economy and invests in its own resources to
produce a significant portion of the goods, services, food, and energy it consumes from its local endowment of financial,
natural, and human capital. In our case the most important keywords would be own resources, food and energy in this
definition. They reveal that the eco-localization is strongly related with agri-food systems and the alternative use of
agricultural products at the same time.
The following text deals with issues of the alternative use of agricultural products. It is well established that a
majority of agricultural products have a single purpose in the world market. Most of them are allocated to the production
of food and feed. Counties with high agriculture production potential tend to unfold this potential and receive benefits
out of it. These countries satisfy their domestic needs for agricultural production and at the same time develop wide
international trade networks for realization of surplus agricultural products. The alternatives for these actions are the
development of bioenergy and fiber/biomaterials production for the domestic use or export. Producers and subsequent
market players allocate homogeneous agricultural products not only to food and feed production but also to alternative
uses according to current market conditions. These actions tend to change the flows of agricultural products both domestic
and international. Broadly speaking these actions encourage the localization of the economy.
Agriculture by its nature is strongly place dependant and for this reason strongly related with locality. Furthermore,
according to M.S. Cato (2003), because food travels badly and has a strong cultural resonance agri-food system is the
area where arguments for relocalizing supply have been the most developed. That is why the first thing to be discussed in
this paper is agricultural product leakage from the agri-food system to non-food uses. Some countries, for example EU
member states, have surplus of agricultural products, despite that they may be seen as conventional scarce resources. M.H.
Shuman (1999) quote W.D. Nordhaus (op. cit.) who defines economics as “the study of how people and society choose to
employ scare resources that could have alternative uses in order to produce various commodities and to distribute them
for consumption, now or in the future, among various persons and groups in society.” In our case the alternative use of
agricultural products is their usage in biofuels production.
We totally agree with L.O. Fresco (2009), when she says that multifunctionality or non-food use of food systems
may grow. New developments in various scientiﬁc areas, the increasing consumer concerns with the environment, and
signiﬁcant trends in environmental and agricultural policy developments have resulted in the increase of the range of
potential products based on agricultural raw materials (Diamantidis, Koukios, 1999). It is now generally recognized that
non-food uses form a new branch in agricultural products processing and this branch is developing very intensively.
The main factors reframing the nature of agri-food systems and agriculture products processing is multifunctionality,
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globalisation, food and fuel prices, consumer behavior and state support to food production (Fresco, 2009) and to alternative
use of agricultural products. The new branch emergence in agricultural product processing could be illustrated in case
of wheat. Wheat is appropriate to use as food and industrial substance. According to J. Atchison et al. (2010) wheat’s
unique qualities enable it to be both food and non-food product in very particular ways. Wheat can become a component
of hairspray, paper and milk via contemporary agricultural and industrial modes of production and processing. It moves
in nonlinear ways, hides, and in turn transforms other things (Atchison et al., 2010). Due to wheat serve as sources for
food, feed, industrial substances, they are the most widely cultivated crops. N.D. Diamantidis and E.G. Koukios (1999),
according to R. Venendaal et al. (op. cit.), explain that wheat and other cereals cultivating techniques are highly developed
and the knowledge for their production is widespread among farmers. Therefore, the production of these crops for nonfood purposes can be easily implemented in agriculture, and high as well as stable yields can be expected. It is a fact that
conventional (or industrial) crops offer a good opportunity for energy production and eco-localization at the same time.
Large volumes of conventional crops are traded internationally, so the mobility of these crops deserves attention in the
process of eco-localization.
B. Born and M. Purcell (2006) emphasize that a strong current of food-systems research holds that local food
systems are preferable to systems at larger scales. So the alternative use of agricultural products in domestic economy
seems to be appropriate choice because it minimizes the need to trade in agricultural products internationally. As we’ve
already mentioned the alternative use of agricultural products in most cases is seen as agricultural products usage in
biofuels production. The biofuels are a reasonable substitute from a local renewable source. This circumstance unfolds the
role of biofuels and all alterative use of agricultural products in the eco-localization of the economy.
P.North (2010) refers to more localized economies. It is quite certain that localization process has many stages
with different economic activities involved in it. F. Curtis (2003), M. Redclift and E. Hinton (2008) argue that there
are targeting specific economic sectors for self-sufficiency or eco-localization. Authors mentioned above conclude
that eco-localists prioritize local production of basic necessities, including food, clothing, shelter and energy and
seek to avoid depending on trade for them. Eco-localists (Douthwaite, 1996; Curtis, 2003; LeBlanc, 2008; Redclift,
Hinton, 2008) exclude specific economic sectors as being critical to self-reliance and eco-localism. Key sectors often
identified are food and agriculture, energy, and finance (money, banking and investment). As well as core sectors of
self-reliance, they are also seen as appropriate places to begin the construction of eco-localism. These arguments
reveal briefly the role of alternative use of agricultural products in the eco-localization of the economy. It could be
noted that even partial localization is widely linked with enhanced community values (Frankova, Johanisova, 2008).
According to M.S. Cato (2003) it entails the recreation of bio-regions within each country and the stimulation of
their traditional domestic crops (Cato, 2003).
Because of the alternative use of agricultural products increases self–reliance of the local communities, the following
text deals with the concept of self-reliance. One of the earliest proponents of national and community localization is John
Galtung, which called it self–reliance (Galtung, 1986). He felt that trade was conductive to a dependency of the less
powerful regions and countries on more powerful centers. That is why M.H. Shuman (1999) suggests framing economic
development around the principle of community self-reliance. According M.H. Shuman (1999) J.Galtung’s definition of
self-reliance presents several important strands. One is the importance of minimizing dependence on others. If a community
can achieve full employment and provide for the basic needs of its citizens without relying on other communities, it will
be less vulnerable to decisions and disasters outside its control. M.H. Shuman (1999) quotes K. Sale (op. cit.) who
writes, that self-sufficient town (the same ideas we can adopt to country) cannot be the victim of corporate-directed plant
closings, or a truckers’ strike, or an Arab oil boycott or California droughts. Moreover the ever longer food chains also
create food insecurity, as the rapid emptying of supermarket shelves during the fuel protests demonstrated (Cato, 2003).
It should be noted that eco-localization and self-reliance connected with it is not entirely the same as
autarky. According to E. Frankova and N. Johanisova (2008) proponents of localization seldom advocate complete
economic autarky for regions and countries. Many authors (Douthwaite, 1996; Cato, 2003; Curtis, 2003; North,
2010; Frankova, Johanisova, 2011) agree that eco-localization does not mean any (attempts at) absolute autarky or
disconnection from global influences whether they are economic, cultural or other. P. North (2010) with reference
to M. Shuman (op. cit.) argues that localization does not mean walling off the outside world in a nationalist autarkic
project. Thus, it should not be thought that Greens (or localizers) are proposing a world without coffee and living
in straw-bale homes (Cato, 2003), although these options tend to be attractive alternatives in a wider sense. Here
could be mentioned an accurate observation by M.S. Cato (2003), that nobody is suggesting that in order to live in
harmony with the planet you need to become a monk.
We must give special attention to trade when we try to contact the issues of eco-localization. R. Douthwaite
(1996) argues that many people imagine the aim of economic localization (in our case eco-localization) is complete selfsufficiency at the village level. However to have eco-localized economy is not exactly the same as to be self-sufficient
in the village level. We completely agree with R. Douthwaite (1996) when he says that localization does not mean
everything being produced locally, nor does it mean an end to trade. It simply means creating a better balance between
local, regional, national and international markets. R. Douthwaite (2004) have mentioned that it would be quite ridiculous
for a region to try to make everything it needs from whatever set of resources it happens as a result of chance and history to
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possess. A balance has to be struck between those of its needs it meets for itself out of its own resources and those it meets
indirectly by exporting its abundance and then bringing in the products of other regions’ different abundances. Meeting
needs for itself mean self-sufficiency, and do it with own resources mean self-reliance. M.S. Cato (2003) argues that in
determining where goods should be produced there are two important variables to consider: the physical inputs that are
required to make the goods; and the amount and type of work required. That implies that self-reliant state must use own
physical inputs and own labour force. Thus the role of alternative use of agricultural products in the eco-localization of
the economy is minimal in regions with scarce arable land or other agricultural resources.
Some authors (Cato, 2003; Curtis, 2003; Douthwaite, 2004; Frankova, Johanisova, 2008; Fresco, 2009; North,
2010) are concerned about the climate-change impact of the unnecessary transport of goods. Transporting goods around
the world obviously consumes oil and creates emissions. F. Curtis (2003) has noted that trade and the transportation of
goods had grown much faster than gross domestic product. If those goods and services that are exported can just as easily
be consumed much nearer to where they are produced, then signiﬁcant oil and emissions savings are possible (North,
2010). To sum up it briefly, goods produced and consumed in eco-local economies have fewer transportation resources
(fuel, vehicles, roads, etc.) and hence pollution embodied in them. Local consumption of local products reduces miles of
freight travel (Curtis, 2003). This also applies to agricultural products which are consumed for alternative uses.
According to R. Douthwaite (2004) the best motive for trading in any economic system that aims to be sustainable
is to increase the population’s range of choice by swapping, say, apples for oranges. This case is most vital in agricultural
commodities trade. For goods that cannot be produced in our cold climate, trade will persist (Cato, 2003). According to
P. North (2010) proponents of the eco-localization argue accept production as locally as possible and within the shortest
possible distance. International trade is seen as only the last resort for goods and services that really cannot be produced
more locally (for example, tea or citrus in the UK). P. North (2010) argues that localists consequently argue against
regions and countries exchanging similar goods and services that could just as easily be produced for local consumption,
without the associated carbon emissions. Author bearing in mind the reasoning presented by M. Woodin and C. Lucas (op.
cit.) point to reciprocal trade in food between similar countries with similar ecosystems and similar diets as something that
could easily be cut, saving emissions and oil with no loss of utility.
With reference to arguments presented above it is possible to give some theoretical insights on how alternative
use of agricultural products may enhance transition to more localized economy. For this purpose we should discuss
some features of localized and globalized economies. R. Douthwaite (2004) and other authors emphasize that localized
economy tends to be more equitable, sustainable, and working reliably. We can agree them in this point of view. It
may be noted that E. Frankova and N. Johanisova (2011) have recognized eleven dimensions of economic localization,
which encompass wide spectrum of eco-localization features. These features reveal economic localization in details and
summarize many authors’ standpoints (detailed information can be found at E. Frankova and N. Johanisova (2011), pp.
5). From our point of view it is worth using more broad-brush approach in this paper. Figure 1 represents differences of
localized and globalized economies. It can be seen from the figure 1, that eco-localization has five main features which
must be discussed in case of alternative use of local agricultural products. Changes in these features have a great influence
on the eco-localization.

Figure 1. Differences of localized and globalized economies (composed by authors)

As it is noted by E. Frankova and N. Johanisova (2008), the (economic) globalization strategy outcomes are
larger-scale production, higher levels of specialization, higher orientation on export, longer-distance transportation, and
higher dependence on imports in other sectors as the available resources are limited. In the following text we will try to
explain these features in the context of agri-food systems and the alternative use of agricultural products in relation with
eco-localization. As can be seen from the figure 1 localized and globalized economy differs according to production of
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scale. Large-scale agricultural production in most cases determines greater environmental cost, like any other large-scale
project. Furthermore, production of sale is strongly connected with products standardization. This leads to the higher
competition and the pressure to reduce production costs. R. Douthwaite (2004) emphasizes that the highest competition
exists between the producers of the relatively standardized goods – minerals, foodstuffs, clothing and footwear. Biofuels,
for example, are standardized product too, because fuel ethanol is not a readily differentiable product. To a blender or
consumer, a gallon of ethanol is a gallon of ethanol, regardless of who supplies it or what it is made from (BRDB, 2009).
Despite this energy suppliers in most cases have an oligopoly and, as a result, can dictate price. That is why the alternative
use of agricultural products and small scale energy production seems an appropriate alternative for large scale-energy
systems. This is one of reasons why authors such as F. Curtis (2003), P.North (2010), E. Frankova and N. Johanisova
(2008) emphasize local energy production. P.North (2010) exemplifies that eco-localized economies must seek locally
generated power, from renewable means. As exemplified by F. Curtis (2003) locally renewable energy sources and district
energy systems are chosen over national energy grids based on fossil fuels. E. Frankova and N. Johanisova (2008) with
reference to other authors (Berry, op. cit.; Daly and Cobb, op. cit.; Sale, op. cit.) note that a local biogas plant is more
understandable and controllable that a distant nuclear power plant. More local self-sufficiency means less vulnerability to
power failure and terrorist attack.
It is agreed that the production scale is above all a social construct and as such it has not and cannot have any
inherent advantages or disadvantages. Authors describe localization (like globalization) as just a scalar strategy (Frankova,
Johanisova, 2011). In this case it is worth drawing our attention to the case of agri-food systems, to go deeply – so called
local-scale food systems. B. Born and M. Purcell (2006) warn in advance that local-scale food systems are equally likely
to be just or unjust, sustainable or unsustainable, secure or insecure. No matter what its scale, the outcomes produced by
a food system are contextual: they depend on the actors and agendas that are empowered by the particular social relations
in a given agri-food system. Many assume that eating local food is more ecologically sustainable and socially just. B.
Born and M. Purcell (2006) term this the “local trap” and argue strongly against it. According authors mentioned above,
local trap conflates the scale of a food system with desired outcome. This critique doesn’t go against local food systems
and local energy systems broadly speaking. It only warns about the need of further attention to desirable outcomes of
eco-localization. We completely agree with P. North (2010) when he says that we cannot argue the scale is just socially
constructed: moving goods and services around the globe has material effects in terms of oil consumed and emissions.
It can be seen from the figure that the second feature of the localized economy is level of specialization, or it would
be better to say diversification. It is generally agreed that the main eco-local economy feature is diversity. It is essential
to achieving sustainability (Douthwaite, 2004). The alternative use of agricultural products gives one or more additional
economic activities for local economies. This result more diversified economy. Biofuels production could be seen as a
natural step to eco-local economy, although not always without side effects. P.North (2010) warns that greater use of
biofuels will lead to food shortages. However, this article is not intended to analyze the potential of biofuels. It only
recognizes the role of alternative use of agricultural products in the eco-localization of the economy, which has strong
connections with decrease in agricultural products exports and increase in energy security.
P. North (2010) emphasize that economies reliant on economic monocultures are vulnerable to price ﬂuctuations
and changes in demand for the single product created by the monoculture, whereas in diverse and connected localized
economies, if demand for the product created by one part of the economy breaks down, there are plenty of alternatives to
take its place. It is widely known agricultural commodity prices fluctuations due to great yields or vice versa.
The third feature discriminating localized and globalized economies is orientation on export. R. Douthwaite (2004)
argued that the global trade system was fundamentally unfair, so greater exports could worsen the situation. Moreover, if a
community or a country relies on exporting a limited range of goods and services, it risks getting caught out if something
goes wrong or the market changes (Douthwaite, 2004). Hence the alternative use of agricultural products for domestic
needs gives more control than export of these products. Thus orientation on local markets indicates movements towards
eco-localization.
The fourth feature discriminating localized and globalized economies is product transportation distance.
International trade in food products has an obvious impact on the hidden energy content of the food and thus on global
warming. One of the most visible problems is international transport of staple food products which leads to rising food
miles (Frankova, Johanisova, 2008). Long distances raise transportation costs which are one of the most important factor
of eco-localization. Decrease in food miles (transportation distance in a broad sense) indicates movements towards ecolocalization.
The left feature discriminating localized and globalized economies is dependence on imports. It is generally
recognized that eco-localization lowers import dependence and strengthens resilience to global fluctuations. Of course,
this can have different degrees and can vary in different areas (food, finance, energy etc.) (Frankova, Johanisova, 2011).
One of the main arguments against imports is that money leaks away and creates jobs abroad. P. North (2010), bearing
in mind the reasoning presented by M.S. Cato (op. cit.), argues that eco-localization concept suggests developing diverse
economies at the lowest level appropriate for that activity: in places, localities and regions ﬁrstly, then countries, or
groups of countries where a lower level does not make sense. This argument is addressed against unnecessary imports. As
we’ve mentioned above agriculture is place dependant and agriculture production in localities and regions in most cases
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is available. Thus agricultural commodity imports can be avoided. Decrease in agricultural commodity imports and/or
increased proportion of biofuels in domestic energy supply indicate shift towards eco-localization
It is worth discussing briefly the circumstance of becoming more local before drawing the conclusions. As it is
known each area of the world has a unique combination of natural and human resources (Douthwaite, 2004). There is
no doubt that local eco-systems provide heterogeneous and varied resources and constraints to localized economies
(Curtis, 2007). Not all local economies have the full complement of natural resources-plants, animals, minerals, soils,
climate, etc. – needed to meet all fundamental human needs, or to satisfy wants, even within socially and voluntarily
determined limits on consumption choices (ibid.). This prompts the conclusion that only those regions which are rich
in natural resources and areas suitable for agriculture are able to develop alternative use of agricultural products and to
become more localized. The optimal scale questions are important as well in field of eco-localization. P. North (2010)
with reference to M. Woodin and C. Hines (op. cit.) argues that some regions (or countries) are big enough to think in
terms of increased self-reliance within their own borders, while smaller regions would look ﬁrstly to a grouping of their
neighbors. For example town areas, or less favorable areas, have no chances to obtain more eco-localization through
the alternative use of agricultural products, because principally these areas have insufficient self-supply of agricultural
products. Rediversification of economies in such areas is possible, but in another ways.
Conclusions
The concept of eco-localization encompasses economic, social and environmental aspects. Eco-localization can
be seen as a natural step to sustainable life. It regenerates the diversity required for economic stability and saves energy
resources on which economy strongly relies. Local production for local use therefore is very important. This also applies
to agriculture. Local agricultural products can be consumed as food and feed or used alternatively in production of nonfood products. The alternatives use of agriculture products not only suggests avoiding products transportation, that gives
economic and environmental benefits, but also supplies alternative environmental friendly biofuels produced from local
renewable resources.
Eco-localists exclude specific economic sectors as being critical to self-reliance and eco-localism. Most often
identified sectors are agriculture and energetics. As well as core sectors of self-reliance, they are also seen as appropriate
sectors to begin the construction of eco-localization. In striving more localized economy the alternative use of agricultural
products in domestic economy seems to be appropriate choice because it minimizes the need to trade in agricultural
products internationally. Non-food use of agricultural products form a new branch in agricultural products processing and
this branch is developing very intensively.
Eco-localization and self-reliance connected with it is not entirely the same as autarky. Proponents of eco-localization
seldom advocate complete economic autarky for regions and countries. Eco-localization does not mean everything being
produced locally, nor does it mean an end to trade. It simply means creating a better balance between local, regional,
national and international markets.
Alternative use of agricultural products may enhance transition to more localized economy. It is widely believed that
small-scale agriculture production and small-scale energy generation systems promote eco-localization. The alternative
use of agricultural products gives one or more additional economic activities for local economies. This result more
diversified economy. Alternative use of agricultural products also cuts agricultural products export and transportations
distances. Furthermore, widely imported energy products can be replaced with agriculture based bioenergy. All these
change tend to affect eco-localization.
References
1.

Atchison, J., Head, L., Gates, A. (2010). Wheat as food, wheat as industrial sub-stance; comparative geographies of transformation and mobility.
Geoforum. Vol. 41, No. 2, pp. 236–246.

2.

BRDB (Biomass Research and Development Board). (2009). Increasing Feedstock Production for Biofuels. Economic Drivers, Environmental
Implications, and the Role of Research. Available at http://www.brdisolutions.com/Site%20Docs/Increasing%20Feedstock_revised.pdf

3.

Born, B., Purcell, M. (2006). Avoiding the Local Trap: Scale and Food Systems in Planning Research. Journal of Planning Education and Research
December. Vol. 26, pp.195-207.

4.

Cato, M. S. (2003). Trade Subsidiarity. Trade Justice from a Planetary Perspective. Aberystwyth, Green Audit.

5.

Curtis, F. (2003). Eco-localism and sustainability. Ecological economics. Vol. 46, pp. 83-102.

6.

Diamantidis, N.D., Koukios, E.G. (1999). Agricultural crops and residues as feeds-tocks for non-food products in Western Europe. Industrial Crops
and Products, Vol. 11, pp. 97–106.

7.

Douthwaite, R. (1996). Short Circuit: Strengthening Local Economies for Security in an Uncertain World. Green Books, Devon, Totnes.

8.

Douthwaite, R. (2004). Protecting and Developing Local Economies. Unsettling the horses: Interrogating adult education. MACE: Mynooth Adult
and Community Education, pp. 162 – 178.

9.

Douthwaite, R. (2005). Why localisation is essential for sustainability. FEASTA REVIEW Number 2, pp. 114-124.

10. Frankova, E., Johanisova, N. (2011). Economic Localisation Revisited. Paper for 9th International Conference of the European Society for
Ecological Economics: ESEE 2011 Advancing Ecological Economics: Theory and Practice. June 14‑17, 2011, Boğaziçi University, Istanbul.

129

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

11. Frankova, E., Johanisova, N. (2008). Economic Localisation in the Context of Sustainable Rural Development. ISBN 978-80-213-1772-7.
12. Fresco, L.O. (2009). Challenges for food system adaptation today and tomorrow. Envi-ronmental Science & Policy. Vol. 12, No. 4, pp. 378–385.
13. Galtung, J. (1986). In search of self-reliance. The living economy: a new economics in the making. London, Routledge and Kegan, pp. 97 – 109.
14. LeBlanc, G. (2008). Beyond Self-Sufficiency, Toward Sustainable Development: A Study of The Natural Step for New Brunswick. New Brunswick
and Atlantic Studies Re-search and Development Centre.
15. North, P. (2010). Eco-localisation as a progressive response to peak oil and climate change – a sympathetic critique. Geoforum. Vol. 41, pp. 585594.
16. Redclift, M., Hinton, E. (2008). Living sustainably: approaches for the developed and developing world. London: progressive governance.
17. Shuman, M.H. (1999). Protecting the Local Globally. Governing Beyond the Nation-State: Global Public Policy, Regionalism or Going Local?
Research Report No. 11, American Institute for Contemporary German Studies, The Johns Hopkins University, pp. 65-100.

Bernardas KNIŪKŠTA, PhD student of Department of Economics, at the Faculty of Economics and Management at Aleksandras
Stulginskis University Universiteto g. 10, LT-53361 Akademija, Kauno raj., Lithuania. Tel. +370 37 752259; e-mail: bernardas.kn@
gmail.com. Fields of research interest: alternative use of agricultural products.
Jonas ČAPLIKAS, Professor at the Faculty of Economics and Management at Aleksandras Stulginskis University. Studentų g. 11, Zip
code LT- 53361, Akademija, Kauno raj., Lithuania. Tel. +370 37 752270; e-mail: jonas.caplikas@asu.lt. Fields of research interest:
strategic development rural business.

130

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Improvement of Work Organization in Neighbourhoods: Cases of Kaunas,
Kretinga and Marijampolė Districts
Lina Marcinkevičiūtė

Aleksandras Stulginskis University, Lithuania

Rūta Petrauskienė

Kaunas University of Technology, Lithuania
Abstract
The article is meant to analyze the main tasks of neighbourhoods (preparation of documents, organizations of meetings, consultation
of inhabitants, etc.). Results of research in neighbourhoods about structure and classification of tasks, areas of lacking knowledge, qualification
improvement are presented. Main problems of neighbourhoods` work organization are examined in theoretical and practical aspects. The main result of
article is reasoned suggestions according every type of tasks (preparation of documents, organization of meetings, advising of inhabitants, etc.) which
are necessary for improvement of neighbourhoods’ work organization.

Introduction
Changes of social, economical and political situation in these latter years raise bigger and bigger requirements for
all public administration institutions, including neighbourhoods. Latter institutions are the nearest to inhabitants; they
help them to solve different questions and problems, such as area development, support for farmers, rendering of different
certificates, etc. Therefore the work of these institutions should be organized especially rationally.
The work of neighbourhoods isn’t organized well as irrational work-sharing, hierarchic system which is demotivating
individual achievements and responsibility for results of every employee is incident to the management of this area.
Good results of activity depend on proper work organization. Therefore bigger work productivity, lower expenses can be
reached with optimal conditions for maximum working activity.
The object of article – work organization in neighbourhoods.
The aim of article – to prepare the plan of tools for work organization improvement in neighbourhoods.
The tasks of article: to identify the problems of work organization in neighbourhoods; to offer suggestions for work
organization improvement in neighbourhoods.
The methods of research. Analysis of scientific literature and documents, comparison, analysis and synthesis,
generalization and structured interview.
Analysis of tasks and work organization problems in neighbourhoods
The research of work organization was carried out in Kaunas, Kretinga and Marijampole neighbourhoods. During
structured interview 148 employees (neighbourhoods` heads, assistants of neighbourhoods’ heads, social support,
agriculture specialists, specialists for economy dealings, clerks) of early mentioned neighbourhoods were questioned.
While using matrix of tasks and positions all works in neighbourhoods were grouped according to activities:
1. Preparation and administration of documentation (the base of neighbourhoods’ activity is the work with
different documents. Documents legitimize performance of organizations, legal position and specific tasks of employees.
Information about transactions, relations with other organizations is presented in documents);
2. Organization of meetings and events (one of the most important functions of neighbourhoods` employees is to
inform people. Any activity can’t be successful and problem solved if there isn’t explored its context during formulation
of particular idea. There is necessity to give different information for employees constantly. Meetings and events can
preserve effective information transfer and feedback processes);
3. Advising of inhabitants (neighbourhood is the first level of self-government. Accordingly the employees of these
institutions fulfill functions of advising though they aren’t named as advisers (Gudelis, 2007; Krikščiūnienė, 2008). The
employees of neighbourhoods ensure knowledge, increase motivation of inhabitants to implement theirs` decisions, help
to evaluate and improve abilities of decision-making.)
The figure is meant to introduce the main tasks of neighbourhoods` employees according to the time and positions
devoted to them.
The employees in neighbourhoods fulfill a lot of tasks simultaneously therefore there is the necessity to group them
and to determine their importance. Classification of tasks is essential on purpose to assure effective work. The employees
were asked about the classification of tasks according to their importance and priority, and there was identified that the
tasks aren’t classified.
The opinion prevail that the effectiveness of meeting depends on the time which was devoted for its preparation
(Poister, 2003; Vanagas, 2009). There was established that about one hour is devoted for the preparation of meeting,
sometimes there isn’t any preparation.
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Figure. Tasks of one workday of neighbourhoods’ employees according to the time devoted to them, in hours

As the solution of this problem could be proposed the assignment of different areas of inhabitants` meetings to
appropriate employee. There was established during the research that the positions of „Specialist“ and „Specialist for
economy dealings“ doubled work of other employees. Some areas can be assigned to these positions. Thereby will be
less workload for neighbourhoods` heads and theirs` assistants, and positions of „Specialist“ and „Specialist for economy
dealings“ won’t have doubled tasks.
While analyzing the advisory function there was established that during the workday social support specialists
give advises approximately to 20 inhabitants, heads of neighbourhoods – approximately to 15 inhabitants. Heads of
neighbourhoods noticed that inhabitants address to them not like to the specialists of particular area but like to the
hierarchical top representatives of local power. Thus heads of neighbourhoods personally orient inhabitants to the
specialists of particular area. This problem can be solved if near the working time of every employee would be introduced
main working areas. Thus the self-sufficiency of employees would be developed because the tasks would be strictly
defined, authority and responsibility would be determined. Employees would know theirs` responsibilities, and tasks
would be appointed according employees` qualification (Radnor, 2005; Smith, 1995). This information (about main
working areas of neighbourhood employees) should be placed on internet. In that case heads of neighbourhoods would
solve tasks related only with their activity and would be less time for „open door policy“.
During research was carried out the analysis about the indicated time when inhabitants can get advises. There
was established that such a time isn’t indicated. The employees maintained that inhabitants get information and service
in the mean time they come. After service employees can continue their work. Naturally this disorganizes everyday tasks
and discontent employees. There can be noticed that while fulfilling important strategic tasks is necessary particular
concentration. Often due to the lack of the time quick decision-making process has priority. But solution of complicated
issues should be prepared appropriately. At any time coming inhabitants distract attention of employees. On purpose to
assure effective work, the time of inhabitants` admission should be defined leastways two-three days per week.
Employees of neighbourhoods should have enough knowledge and abilities to fulfill properly their tasks and
to communicate with inhabitants. They represent interests of local people in the higher authority institutions. Attitude
towards knowledge demand depends on employees (De Bruijn, Tilbury, 2002). There was established that the employees
of neighbourhoods feel the biggest lack of legal knowledge. This is conditioned by the constantly changing laws, legal
basis of neighbourhoods. The new knowledge in legal area is necessary while dealing with administrative cases, rendering
social services. On the second place the lack of managerial knowledge was indicated. This knowledge is necessary while
organizing public, voluntary work, personnel work.
In the Table 1 information about the lack of knowledge of every employee according to his/her position is
presented.
Solution of above mentioned problems can be regularly organized courses of qualification improvement of
neighbourhoods` employees. Prevailing opinion is that not necessary employee will deal with tasks better if he/she attend
qualification improvement courses. Especially important are topics of such courses.
The courses organized in public institutions are ineffective because training demands are determined centrally, not
taking into account every employee, his/her requests. The usefulness and effectiveness of previous courses isn’t evaluated
while defining training demands and preparing annual training and qualification improvement plans.
During the interview employees of neighbourhoods were asked about the necessity of special skills in their
work. There was established that majority of employees need such skills. Heads of neighbourhoods need decision
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making, team working, cooperation, conflict management, working in different environment, communication skills.
Social support specialists need thinking, creativity, team working, and communication skills. Agriculture specialists
need working in different environment skills. Specialists for economy dealings need situation management,
communication, team working skills.
Table 1. Available and lacking knowledge and fulfilled tasks of neighbourhoods` employees
Position

Available knowledge

Fulfilled tasks

Lacking knowledge
Legal; managerial;
psychological

Projects` planning; advisory services; organization
of meetings; organization of public, voluntary
work; organization of social services` rendering;
organization of personnel work

Head

Foreign languages; activity
organization; computer literacy;
legal; environment protection

Assistant of
head

Computer literacy; accountancy,
foreign languages; legal

Legal; managerial;
psychological;
accountancy

Projects` planning; advisory services; organization
of meetings; organization of public, voluntary work;
organization of public procurement

Social
support
specialist

Computer literacy; social work

Legal; social
pedagogy; conflict
management

Advisory services; organization of social services`
rendering

Agriculture
specialist

Crop declaration; stockbreeding;
crop cultivation; computer
literacy; environment protection

Managerial;
economical; legal;
stockbreeding; crop
cultivation

Advisory services; organizations of trainings,
seminars; crop declaration

Specialist

Computer literacy; foreign
language; declaration

Specialist
for economy
dealings

Environment protection;
occupational safety

Managerial;
occupational safety

Organization of public, voluntary work; organization
of neighbourhood buildings` repair

Clerk

Computer literacy; preparation of
documents

Labor law;
preparation of
documents

Preparation and delivery of certificates, permissions;
preparation of contracts

Advisory services; delivery of certificates

-

Majority of employees indicated that the communication skills are leading in their work. Image of neighbourhoods`
employees is downgraded by the lack of these skills. Such situation encourage misunderstanding, outcome of this unexplored main problems.
Summing up there can be noticed that employees of neighbourhoods face some problems (doubled tasks, poor
structure of tasks, undefined working time, etc.), which disorganize successful activity. On purpose to solve these problems
the plan of tools for work organization improvement in neighbourhoods is necessary. Such a plan would define particular
conception of strategic performance organization which would help to create better conditions for problems` solution.
Plan of tools for work organization improvement in neighbourhoods
After the analysis of theoretical aspects of work organization and structure of tasks in neighbourhood, and empirical
research particular groups of problems which have negative influence on work organization in neighbourhoods was
determined. These groups are: the lack of specialized computer programme; ineffective information of employees and
inhabitants in neighourhoods (ineffective meetings); not qualitative advisory services which don’t meet requirements of
inhabitants (lack of competency, inadequate working time in institutions).
There was prepared the plan of tools for work organization improvement on the ground of scientific references`
analysis and results of empirical research (Table 2).
Table 2. Plan of tools for work organization improvement in neighbourhoods
Aim 1 – to create conditions for effective administration of documents and correspondence
Responsible
Tasks
Tools
Expected result
executives
Renew computer base

Get lacking computer equipment;
implement specialized computer
programmes “Parama”,
“Kontora”
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Revise description of
The working time will be used optimal,
employees` positions
Directors of
Carry out analysis of positions
will be liquidated doubled tasks, will
while including additional
municipalities
while defining the course tasks
be defined: which tasks should be
tasks for “Specialists” and
administrations,
organization
fulfilled, in which order, who should
“Specialists for economy
heads of
fulfill one or another task, in what time,
dealings”, and defining
neighbourhoods
what additional tools should be used
their responsibility
Aim 2 – to increase information of neighbourhoods` employees and inhabitants about pursuing activities
Responsible
Tasks
Tools
Expected result
executives
Initiate permanent meetings
Exactly regulate time of speaking
Problems raised will be addressed
of neighbourhoods`
Heads of
during meetings of employees
to the concrete employees, heads of
employees and inhabitants
neighbourhoods
and inhabitants; prepare
neighbourhoods would avoid role of
while regulating time
and their assistants
preliminary agenda
intermediate
devoted to them
Determine areas of
Workload of heads and their assistants
activity for each employee
Write employees` activity areas
Heads of
will be decreased, all employees would
(according to his/her
near the working time. This
neighbourhoods
have undoubled tasks, all works would
competency), structure all
information post on internet
and their assistants
be fulfilled on time
tasks
Aim 3 – to create conditions for appropriate advise services
Responsible
Tasks
Tools
Expected results
executives
General division
Initiate organization of
Identify employees`
of municipalities`
Competency of employees and
qualification improvement
training demands and areas
administrations,
confidence of inhabitants would be
courses after carrying out analysis
of lacking knowledge
heads of
increased
of training demands
neighbourhoods
Design timetable of every
Problems raised would be addressed
Heads of
Determine concrete time of employee indicating the main
to the concrete employees, the plan
neighbourhoods
inhabitants` admission
activity areas. This information
of working time in neighbourhood
and their assistants
put on internet
institution would be composed

Appropriately applied recommended tools would assure consistency and integrity of neighbourhoods`
performance.
Conclusions
1. There are not determined structural groups of questions which are appointed to concrete employee; therefore there is
necessity to classify particular report questions which would be appointed to employees. This will help to use the time
for reports preparation optimal and to avoid doubled tasks.
2. Neighbourhoods` employees fulfill a lot of tasks simultaneously; therefore there is necessity to group them while
determining their importance. Classification of tasks is required because strategic tasks are fulfilled hurriedly
and carelessly. In this way employees fulfill these tasks without going deeply into their particularity and possible
creativity.
3. Inhabitants apply to heads of neighbourhoods not like to the specialists of particular area but like to the hierarchical
top representatives of local power. Thus heads of neighbourhoods personally orient inhabitants to the specialists of
particular area. This problem can be solved if near the working time of every employee would be introduced main
working areas.
4. Time of advisory services is not determined. The employees maintained that inhabitants get information and service in
the mean time they come. Naturally this disorganizes everyday tasks and discontent employees. On purpose to assure
effective work, the time of inhabitants` admission should be defined leastways two-three days per week.
5. Employees have particular courses of qualification improvement however they lack some knowledge. Such courses in
public institutions are organized inefficiency because training demands are determined centrally.
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Abstract
The history of credit union is a fascinating one, since the concept of the credit union as it is known today came about due to the powerful
political, economic, and social changes that swept through Europe after the fall of the feudal system, the blossoming of the Renaissance and the advent
of the Early Modern Period. Although the first active credit union did not spring up on the American side of the ocean until the early 20th century, the
concepts that helped to shape those that formed much earlier in Europe had been developing for centuries. Frequently, credit unions are viewed as
providers of microcredits and instrument for expansion of crediting, since the amount of microcredits claimed by small and medium size businesses
has grown compared with the previous years. The growth mainly relates to the present economic situation in the world and the necessity to increase
and optimise the activity of small businesses to retain their competitiveness. Credit unions represent a significant part of the small-loan market in
several EU Member States, but are not meant primarily to production credit. The European Commission has launched an initiative to engage credit
unions in expansion of the micro crediting system; hence, Latvia has also elaborated a micro-crediting development programme, where credit unions
play the basic role. The research aim is to study and discuss credit unions compared with other financial institutions and their development in Latvia.
The discussion begins with a historical background on credit unions, followed by an analysis of the concept and legal regulation of credit unions and
it is summarised by the analysis of credit maturity structure of loans disbursed by credit unions in Latvia. The paper concludes that in Latvia, credit
unions are established to enhance the availability of financial resources for the local population, to promote regional development, and to facilitate the
participation of population in the national economy. Presently, both large and small rural credit unions operate in Latvia and unfortunately the governing
Law on Credit Unions does not encourage the establishment and development of rural cooperative credit unions. The research is based on the monographic
descriptive method, methods of analysis and synthesis as well as the logical and constructive methods.
Key words: credit unions, savings, loans, maturity structure, Latvia

Introduction
Instability of global financial sector and slow-down of economic growth rates have considerably reduced
attractiveness of business environment. A significant decrease in availability of financial resources for funding business
activities is the main factor hindering the economic development expressing itself in reviewing of bank credit policies and
more conservative undertaking of risk as well as an essential increase of risk interest and stricter bank requirements for
equity and collateral. However, a large part of Latvia’s residents seek for opportunities to engage in economic processes
more actively through establishment of their own business or working as self-employed persons. Hence, the majority of
self-employed persons and small businesses encounter difficulties with finding appropriate financing for investment or
current assets. Frequently, credit unions are viewed as providers of microcredits and instrument for expansion of crediting,
since the amount of microcredits claimed by small and medium size businesses has grown compared with the previous
years. The growth mainly relates to the present economic situation in Latvia and the necessity to increase and optimise
the activity of small business to retain their competitiveness. Disbursement of small credits is not the priority of Latvian
commercial banks, basically due to relatively high administrative costs for allocating and disbursing microcredits.
Currently, the availability of microcredits to the population of Latvia is highly essential. It would ensure generation
of additional income, acquisition of new skills and knowledge, increase of the living standard, and more dynamic
acquisition of experience of small and medium business in implementing of large projects.
The European Commission initiative would promote the business environment and emergence of new businesses,
establishment of proactive labour market policy, integration of socially irritable population in economic activities,
and development of human resources. The European Commission considers that credit unions are one of the possible
instruments for the increase and expansion of micro crediting system. Credit unions provide micro- and social finance
services to their members. They play a major role in providing micro-credit in many EU regions. However, in some EU
Member States in which credit unions operate, they face limitations as regards savings mobilisation from their members
and provision of small loans to legal persons such as small businesses. It may be possible for micro-enterprises (or
the individuals running them) to fall within a particular common bond, but a general permission to lend to any microenterprise cannot exist as there would then be no difference between a credit union and a bank. It is the common bond
(i.e. a restricted client base on both sides of the balance sheet) that is the main argument for credit unions to be exempt
from the EU banking regulation and supervision (A European Initiative ..., 2007). Several authors (Baltaca B., Pirie G.,
2008; Mavrenko T., 2003; Cuevas C.E., Fisher K.P., 2006; Iwanicz-Drozdowska M., Kaupelyte D., 2006; Kaypelyte D.,
Igaryte J., 2003; Jones P.A., 2001; Levišauskaite K., Kaupelyte D., Keršys M., 2005; Levišauskaite K., Kaupelyte D.,
2003; Flannery M. J., 1981; Croteau J. T., 1967; Dublin J., Dublin S., 1983; Dale W. Adams, s.y.) have analysed and
discussed the role and activities of credit unions both worldwide and in Latvia; though their studies have been aimed at
different aspects of credit unions than the present study. Respectively the research aim is to study and discuss credit
unions compared with other financial institutions and their development in Latvia. The following tasks are brought
forward to attain the set aim:
1) to survey the history and development of credit unions;
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2) to discuss the concept and legal regulation of credit unions in Latvia;
3) to analyse credit maturity structure of loans disbursed by credit unions in Latvia.
The monographic descriptive method, methods of analysis and synthesis as well as the logical and constructive
methods are used in the research. The author has used legal and regulatory enactments, statistical data, and working papers
and research done by local and foreign scientists for the needs of the present study.
Results and discussion
History and development of credit unions
The history of credit unions began in 1844, with a group of weavers in Rochdale, England, who established the
Rochdale Society of Equitable Pioneers. They sold shares to members to raise the capital necessary to buy goods at lower
than retail prices, and then sold the goods at a savings to members. In doing so, they became the first credit union. That
same year in Germany, Victor Aime Huber developed some of the early European cooperative theories, and the idea of
credit societies was a part of this effort. Hermann Schulze-Delitzsch and Friedrich Wilhelm Raiffeisen created the first
true credit unions in Germany in 1852 and 1864. In 1849, Raiffeisen founded a credit society in Flammersfeld, but it
depended on the charity of wealthy men for its support. In 1864, Raiffeisen organised a new credit union along principles
that are still fundamental today. These German credit societies - along with similar institutions that Luigi Luzzatti founded
in Italy - were the forerunners of today’s large cooperative “banks” in Europe (A Brief History ...., s.y.). The Renaissance
brought intellectual and technological advancements that helped to strengthen the financial aspects of the guild system.
That is because those changes were an important part of what allowed urban life and the merchant and professional classes
to flourish. As new knowledge and ideas were applied, the production of food and goods increased, trade broadened with
easier and safer traveling. This allowed for a growth of wealth and capital in the merchant class and for other professional
classes, as well, paving the way for the eventual development of a middle class (Secor S., s.y.).
In Europe and Great Britain, the guild system was tightly entwined with the Catholic Church and with politics.
Thus, as Martin Luther’s Reformation movement gained momentum during the Early Modern Era, both in the religious
and the political arenas, the power, influence and function of the guilds were eroded. As the Protestant Church arose,
diminishing and often supplanting the Catholic influence on government, the function of the guilds became increasingly
secularised, since they were no longer allowed to perform functions relating to Catholicism, as they had for centuries. By
the late 1700s, the era of the guild as a powerful force was over. While there remained a few guilds that still functioned,
in many nations, the government took an active role in reducing their power, and even outright outlawing them. France,
for example, did so during the French Revolution, which took place in 1791 (Secor S., s.y.).
However, the basic concepts of the rudimentary credit union that developed within the guild system did not die.
With the changes that the Industrial Revolution brought to Great Britain and Europe during the 18th and 19th centuries,
came great social change and upheaval. Machines and industrialisation increased production thus reducing man-hours.
While there was some experimentation with the concept of a credit union during the mid-1800s in Great Britain and
Germany, it was not really refined to its modern form until 1864, by Friedrich Wilhelm Raiffeisen in Germany. By the year
1900, the credit union concept travelled across the ocean and into the North America, with Canada hosting the first official
credit union on the continent. The United States were a bit slower to adopt this form of fiscal institution, perhaps because
the collectivist concepts behind the credit union lacked appeal to a nation with a history of striving for independence and
a cultural attraction to the power of the individual and the spirit of the pioneer. However, from its slow start in 1909, the
credit union began to really flourish during the 1920s and has continued to progress, growing in strength and popularity
right through the present. Today, the credit union is an important part of the financial landscape of modern America and
the rest of the world (Secor S., s.y.).
Credit unions worldwide offer members much more than financial services. They provide members the opportunity
to own their own financial institution and help them create opportunities such as starting small businesses, building family
homes and educating their children. The leading world union is the World Council of Credit Unions (WOCCU), which
traces its roots to the humble beginning of credit unions in the 19th century Europe. Credit Union National Association
(CUNA), the national association for credit unions in the United States, was founded in 1934. In the 1950s, international
credit union development programmes emphasised community development. Programmes had broad social as well as
economic objectives. Bergengren believed the department could work with several private and government funding
agencies to foster credit unions as part of a wider programme to create modern economies in less developed countries. The
work of this office, in conjunction with the efforts of cooperative systems in Canada and Europe, led to the organisation of
credit unions in nearly all parts of the world over the next two decades (World Council of Credit Unions, 2011).
Since the 1960s, the US government has encouraged cooperative and credit union development through its foreign
assistance legislation. The Foreign Assistance Act in 1961 was amended to encourage the development and use of
cooperatives and credit unions in economically developing countries. The move was particularly important because of the
formation of a new agency, the US Agency for International Development (USAID) within the State Department. USAID
funded the majority of the department’s early credit union development activities. Between 1962 and 1970, credit union
movements in the United States, Canada and Australia had generally started the systematic expansion of the international
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credit union movement. By the late 1960s, organisations from all over the world had joined to form the international credit
union system that exists today (World Council of Credit Unions, 2011).
World Council of Credit Unions was incorporated on November 9, 1970. It was a benchmark in history for
the international movement and the culmination of a dream that had stirred enthusiasm in two generations of leaders.
WOCCU officially began operations on January 1, 1971 as a non-profit trade association and an international credit
union development organisation. Today, WOCCU acts as the leading voice for advocacy and governance on behalf of
the international credit union community. WOCCU continues to promote economic freedom and the sustainable growth
of financial cooperatives across the globe through education, collaboration and community-based development projects
(World Council of Credit Unions, 2011). The annual statistical report prepared by the World Council of Credit Unions,
Inc. is the only global source of data on the international credit union system (Table 1).
Table 1. World Council of Credit Unions: affiliated credit unions, members and financial resources in the world and Europe
for 2005-2009, USD thou.
Chain growth
Year
Credit unions Members
Savings
Loans
Reserves
Assets
rate of assets
2005
world
42.7
157 103
763 819 930 612 201 609
91 557 493
894 454 835
Europe
2.8
6 704
17 680 062
10 295 123
1 884 819
19 927 861
2006
world
46.3
172 010
904 123 492 758 215 979
106 831 725
1 092 146 353
22.10%
Europe
2.7
7 560
21 226 914
12 855 571
2 417 693
24 066 799
20.77%
2007
world
49.1
177 383
987 861 248 847 896 069
115 358 461
1 181 465 915
8.18%
Europe
2.6
8 244
24 844 446
15 353 526
2 766 315
28 049 916
16.55%
2008
world
53.6
185 800
995 741 235 847 058 749
15 316 544
1 193 811 863
1.04%
Europe
2.5
8 728
21 404 287
14 207 961
3 377 120
24 959 217
-11.02%
2009
world
49.3
183 916
145 851 168 911 752 609
19 738 181
1 353 602 749
13.38%
Europe
2.4
8 501
22 924 747
13 863 677
3 446 991
26 348 980
5.57%
Note: no more recent data than for the year 2009 are available
Source: World Council of Credit Unions (2005-2009) and the author’s calculations

According to the World Council of Credit Unions, in 2009 the number of credit unions in the world and Europe
amounted to 49.3 and 2.4 thousand respectively. The amount of credit unions assets has shown the most vivid growth
in 2006 and 2009 in the world, while the most significant decrease in the assets has been observed in Europe in 2008,
i.e. by 11.02%. The amount of attracted savings in the world has considerably decreased (by 85.35% compared with
the previous year) in 2009, basically due to the world economic crisis. Nevertheless, the amount of disbursed loans has
slightly increased in the same year.
In Latvia, the beginning of savings and credit unions trace back to 1874 with the establishment of Dundaga,
Emburga and Valle credit cooperative in the province of Kurzeme (historically – Courland). In the mid-1840s, the first
Latvian (farmers) savings and credit union was established in the province of Kurzeme; however, public authorities
prohibited the operation of union stating that only the Country Noblemen credit union of Courland may deal with money
transactions. In Latvia, totally 236 credit unions operated in 1913 and united more than 112 000 members. Total balance
of these credit unions exceeded 65 900 000 golden roubles (in the countryside the equity of credit unions did not exceed
10 000 roubles). Rural credit unions united 70.5% of farmers. The number of credit unions has grown 4 times, while the
amount of disbursed loans has increased 32.5 times between 1922 and 1939 (Table 2).
Table 2. Savings and credit union (SCU) movement in Latvia for the period of 1922-1940
By the end of
Number
Members
Deposits
Shares
the year
of SCUs
(thousand)
(LVL million)
(LVL million)
1922
161
56
1.5
0.2
1924
422
108
7.4
3.3
1927
588
173
23.5
9.7
1929
605
195
32.2
12.6
1933
626
205
30.9
14.4
1935
618
202
32.5
14.4
1937
532
203
35.1
15.1
1939
646
205
37.7
14.6
Source: T. Mavrenko, 2003
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According to Table 2, savings and credit union movement in Latvia was rather popular, with total membership
around 200 thousand members and rather unchangeable amount of members’ investments in shares and deposits. After
1943, the number of credit unions decreased, since several of them, especially in towns, were liquidated by Latvia Savings
bank. Some of them were joined to other unions, thus establishing larger organisations. After Latvia’s occupation on June
17, 1940, all credit institutions were nationalised and hence terminating their activities as independent credit unions.
After the gap of more than 50 years, in 1992, the first enthusiasts started to renovate credit union movement in
Latvia. It was rather difficult because of absence of legal acts regulating operation of savings and credit unions. The
independent state took as a priority establishment of strong banking system and did not pay much attention to other kind
of the so-called credit institutions. Only in 1995, the first savings and credit union was founded in independent Latvia.
Since that time the movement of financial co-operatives has constantly grown (Figure 1).

Figure1. Number of credit unions in Latvia for the period of 1992-2010
Source: Financial and Capital Market Commission, 2011

Since 1995, around 15 thousand people joined the savings and credit union movement of Latvia, the number of
new-established credit unions continues to grow, but at the same time these growth results cannot be compared with the
ones dated before 1940. The main problem is that the mentioned “historical” results cannot be achieved in nowadays
situation. Before 1940, savings and credit unions were more supported by the state and in case of liquidity problem could
borrow money from the state bank. Today, savings and credit unions have more limitations for common bond and capital
minimum, as their growth is affected by strong and well developed banking system (T. Mavrenko, 2003). The activity
of credit unions peaked in 1998 and 1999, when a number of new credit unions were established; though in 1998 and
1999, credit unions’ assets accounted for only 0.03% of credit institutions’ assets. From 2004 to 2010, the number of
credit unions has remained almost unchanged, i.e., 34-35 credit unions. Currently, 34 cooperative credit unions operate
in Latvia, of which approximately 25 credit unions operate in the rural territories. The number of rural credit unions has
doubled, while the number of their members has increased 1.5 times within the previous 5 years.
Concept and legal regulation of credit unions in Latvia
The concept of a credit union is a simple one, remaining unchanged from the earliest organisations of this type.
Essentially, the members of a credit union function as a fiscal collective, coming together to create a non-profit financial
institution. Members deposit funds for saving and the credit union makes loans available to its members. Credit unions
tend to be made up of members with some sort of similarity, such as by profession. In some places, credit unions are called
by other names; for example, in many African countries they are called “savings and credit cooperative organizations” to
emphasise savings before credit. In Spanish-speaking countries, they are often called cooperativas de ahorro y crédito,
but in Mexico they are typically called a caja popular. French terms for “credit union” include caisse populaire and
banque populaire. Afghan credit unions are called “Islamic investment and finance cooperatives” and comply with Islamic
banking practices (Credit Union, s.y.).
Credit unions differ from banks and other financial institutions in that the members who have accounts in the
credit union are the owners of the credit union and they elect their board of directors in a democratic one-person-one-vote
system regardless of the amount of money invested in the credit union. Credit unions support the local society helping
people be proud of their business (profit remains with the society, since it returns to the members of a credit unions); while
other financial institutions donate financial resources for public activities, yet with the aim to earn profit for investors.
Profit goes to people usually not residing in the country where a credit union is located; thus, it is not meant for the local
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society. The other essential difference lies in the ownership rights: all members of credit unions are its owners, while the
owners of other financial institutions are mainly a small part of people. Table 3 includes the basic differences between
credit unions, commercial banks and other microfinance institutions relating to the structure, clients, governance, earning,
and products and services.
Table 3. Difference between credit unions and other financial institutions

Structure

Clients

Governance

Earnings

Products and
services

Credit unions

Commercial banks

Not-for-profit, member-owned financial
cooperatives funded largely by voluntary
member deposits
Members share a common bond, such as
where they live, work or worship. Service
to the poor is blended with service to
a broader spectrum of the population,
which allows credit unions to offer
competitive rates and fees
Credit union members elect a volunteer
board of directors from their membership.
Members each have one vote in board
elections, regardless of their amount of
savings or shares in the credit union

For-profit institutions owned by
stockholders

Net income is applied to lower interest on
loans, higher interest on savings or new
product and service development
Full range of financial services, primarily
savings, credit, remittances and insurance

Typically serve middle-to-high
income clients. No restrictions
on clientele

Other microfinance
institutions
Institutions typically funded
by external loans, grants and/
or investors
Target low-income members/
clients, mostly women,
who belong to the same
community

Stockholders vote for a paid
board of directors who may not
be from the community or use
the bank’s services. Votes are
weighted based on the amount
of stock owned
Stockholders receive a pro-rata
share of profits

Institutions are run by an
appointed board of directors
or salaried staff

Full range of financial
services, including investment
opportunities

Focus on microcredit. Some
MFIs offer savings products
and remittance services

Net income builds reserves or
is divided among investors.

Source: World Council of Credit Unions, 2011

The comparison shows that credit unions are more appropriate for crediting small and medium businesses. Credit
union is a cooperative financial institution the establishment and management of which is based on the principles of
democracy to promote saving of money and spending of accrued finances through loans to its members for acceptable and
economically reasonable interest rates as well as to provide other services required by the members of a particular credit
union. Traditionally, most credit unions have been borrower-dominated. Credit union philosophy stresses the provision of
loans to people of modest means at “reasonable rates of interest” (Dublin J., Dublin S., 1983). The most attractive feature
of credit unions is their ability to handle small transactions cheaply. In many cases most members of a credit union live
in the same village or work for the same organisation. As long as the cooperative is relatively small and is also managed
by members of the group, the additional costs of screening creditworthy borrowers is nil for both the credit union and its
members. An additional strength of credit unions is the close tie between saving and borrowing. Under normal conditions
members of a credit union know they can usually receive a loan for some multiple of their share capital or deposits - a
form of insurance. Members earn the right to borrow through saving (Dale W. Adams, s.y.).
In Latvia, credit unions are established to enhance the availability of financial resources for the population of
Latvia, to promote regional development, and to facilitate the participation of population in the national economy.
Cooperative credit unions play a dual role, since they are business companies established to perform the functions of a
credit institution and to provide financial services to its members. They have to stimulate economic activity, especially
in the rural territories. Operation of credit institutions is not aimed to earn profit, but to satisfy the economic and social
needs of their members. Credit unions deal with education of their members in economic, social, democratic and interassistance aspects, thus promoting skills of their members to economise and use credits efficiently as well as to be aware
of their rights and obligations.
Legal regulation of credit unions date back to 1895 when the Russian government passed the first statutes of
credit unions that imposed greater responsibility and stricter regulation of money transactions and prohibited creation
of savings-bank unions. Credit cooperatives might freely dispose money resources and depositors were their main
supervisors (the first malicious uses of money appeared only during the years 1920-1940). On June 19, 1924 the Ministry
of Finance, the Republic of Latvia supplemented Regulations on Cooperative Societies and their Unions stating that the
Credit Department of the Ministry of Finance shall supervise credit cooperatives and it has rights to perform current and
extraordinary audits.
Presently, in Latvia Credit Union Law of January 1, 2002 is the umbrella law regulating the establishment,
operation, supervision and regulation of credit unions. According to Section 2 of the Law a credit union is a cooperative
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association with a variable number of members and capital, and organised to provide specified financial services to
members including the receiving deposits of members and other repayable funds; and providing loans. Its main function
is the development of the ability of its members to act jointly in order to promote their wellbeing, based on mutual
assistance and self-governance, promoting thrift, set up credit resources to satisfy personal, economic and everyday needs
of members, thus promoting their well-being (Credit Union Law, 2002).
To ensure secure operation, stability and development of credit unions, they shall be supervised by the Financial
and Capital Market Commission in accordance with the law and other regulatory enactments. However, certain provisions
of the Cooperative Company Law apply to credit unions, insofar as the credit union law does not provide otherwise. The
credit union shall also comply with international agreements concluded by the Republic of Latvia.
Credit unions are set up for specific groups of members, according to principles of territory, employment or
mutual interests. Membership eligibility is determined by the articles of association, and may include spouses of accepted
members. A credit union is empowered to provide a range of financial services to its members, including receiving
deposits, making loans, handling money market instruments and payments, issuing guarantees, consulting and other
services. A credit union is entitled, through the Republic of Latvia Cooperative Credit Union Association, to receive and
service credit lines from credit institutions, foreign and international financial and credit institutions as well as to receive
loans from local government property privatisation funds.
Other laws regulating the operation of credits unions are the Law on Cooperative Societies and the Law of Deposit
Guarantees. Regulations of the Financial and Capital Market Commission, regulating the operation of credit institutions
and credit unions are elaborated based on the Decision No. 328 of December 6, 2002. Legal norms resulting from the
European Union directive 2000/12/EC have been incorporated into these regulations as well as regulations of
the Financial and Capital Market Commission on the Issue of Credit Institution and Credit Union Operating Licenses,
Decision No. 153, May 24, 2002 (Directive..., 2000).
In December 2010, the representatives of rural credit unions had a meeting with the specialists from the Ministry
of Agriculture of the Republic of Latvia. The main aim of discussion was to develop the procedure for facilitating and
simplifying receiving of credits for rural population, and it means that the Ministry of Agriculture will propose passing
of the corresponding amendments in the Law on Credit Unions. Presently, both large and small rural credit unions
operate in Latvia and the Law does not encourage the establishment and development of rural cooperative credit unions.
The participants of the meeting admitted that limited availability of financial resources in rural territories hinder the
establishment and development of credit unions. The present law restricts attraction of finances from legal entities and
local governments. Besides, principles regulating the establishment should be differentiated, thus determining that credit
unions in rural territories should be established based on the territorial principle, since several credit unions may not
operate in one territory due to the limited financial resources. On the contrary, if credit unions are established based on the
principle of interests or employment, then the services of credit unions are not available to all population.
Credit maturity structure of loans disbursed by credit unions in Latvia
The key business line of credit unions is lending to their members. Therefore, it is necessary to analyse the dynamics
of credits disbursed by credit unions according to their structure. The period for analysis covers the years from 2004 to
2010, and quarters 4 of the respective years are chosen as the comparative items (Table 4).
Table 4. Credit maturity structure of loans disbursed by credit unions in Latvia for the period of 2004-2010
Q4
2004

Q4
2005

Q4
2006

Q4
2007

Q4
2008

Q4
2009

Q4
2010

Credits, total
4 113.5 5 533.8
6 539.6
7 360.5
8 324.9
8 465.8
8 586.3
amount
At short notice
23.1
25.4
24.9
9.8
19.2
59.1
62.1
Short-term (up
2 041.1 2 171.4
1 822.3
1 693.1
1 819.7
1 813.8
1 791.9
to 1 year)
Medium-term
1 046.5 1 713.8
2 496.8
3 354.4
4 048.2
3 635.2
3 556.1
(1-5 years)
Long-term
1 002.8 1 623.3
2 195.6
2 303.2
2 437.8
2 957.6
3 176.2
(over 5 years
Source: Financial and Capital Market Commission, 2005-2010 and the author’s calculations

Q 4, 2010 vs.
Q 4 2009,%

Q 4, 2010 vs.
Q 4 2004,%

1.4

108.7

5.1

168.8

-1.2

-12.2

-2.2

239.8

7.4

216.7

The amount of credit union member loan balance in Q4 of 2010 has grown by LVL 307 thousand or 1.4%, and at
the end of December totalled LVL 8.6 million, i.e. 78% of total assets of credit unions. At the end-2010, of total credit
union loan portfolio, 20.8% were short-term loans (up to one year), 41.4% – medium-term loans (from one to five years)
36.9% – long-term loans (more than five years) in comparison with 21.4%, 42.9% and 34.9% at the end of Q4 2009).
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In 2010, the largest increase is observed in long-term credits (growth by 7.4%) and the largest decrease in mediumterm credits (decline by 2.2%) compared with the end-2009. The comparison of credit amounts between 2004 and 2010
show that medium-term credits have grown by 239.8% or 3.4 times, while short-term credits have decreased by 12.2%.
Nevertheless, a complete analysis shall also present the dynamics of assets, deposits and paid equity (Figure 2).

Figure 2. Dynamics of credit unions assets, deposits and credits in Latvia for the period of 2004-2010
Source: Financial and Capital Market Commission, 2005-2010

The main source of funds attracted by credit unions constitute member deposits and their amount in the reporting
period has risen by LVL 480 thousand or 2.5 times, and by end-December, 2010 totalled LVL 8 million, i.e. 67% of total
liabilities of credit unions. Deposits of private persons constituted a greater part (84.4%) of total credit union member
deposits. By the end of Quarter 3, 2010, 66.8% of total deposits were short-term deposits up to one year, 27% were
medium-term deposits (from one to five years) and 6.2% – were long-term deposits (more than 5 years), compared with
66.9%, 27.2%, and 5.9% at the end of Quarter 1, 2010).
In the first half of 2010, the credit unions earned a total of LVL 111.6 thousand after tax (compared with LVL 113.2
thousand in the respective period of 2009). Of total, 19 credit unions ended the first half of the year with a profit while
15 credit unions posted losses totalling LVL 11.5 thousand. In Quarter 2, 2010, income from interest on loans issued
to credit union members (73.9%) was the main source of credit union income (compared with 73.9% at the end-Q1
2010), while major expenditure items for credit unions were made up by administrative expenses, interest expenses on
deposits as well as expenses on provisions for doubtful debts, at the end of June constituting 43.4%, 24.3% and 21.7%,
respectively, of total expenditures compared with 44.2%, 22.4% and 23.6% at the end-Q1 2010 (Financial and Capital
Market Commission, 2010). Credit unions closed the year 2010 with the 19.4% increase of assets, 23.15% increase of
deposits and 1.2% increase of credit amounts compared with the end of 2009.
Conclusions
1.

2.

3.

4.

The European Commission considers that credit unions are one of the possible instruments for the increase
and expansion of the micro-crediting system. Credit unions provide micro- and social finance services to their
members.
The amount of credit unions assets has shown the most vivid growth in 2006 and 2009 in the world, while the most
significant decrease in the assets has been observed in Europe in 2008, i.e. by 11.02%. The amount of attracted
savings in the world has considerably decreased (by 85.35% compared with the previous year) in 2009, basically
due to the world economic crisis.
Credit unions differ from banks and other financial institutions in that the members who have accounts in the credit
union are the owners of the credit union and they elect their board of directors in a democratic one-person-onevote system regardless of the amount of money invested in the credit union. Credit unions support the local society
helping people be proud of their business (profit remains with the society, since it returns to the members of a credit
unions); while other financial institutions donate financial resources for public activities, yet with the aim to earn
profit for investors.
Traditionally, most credit unions have been borrower-dominated. Credit union philosophy stresses the provision of
loans to people of modest means at “reasonable rates of interest”, since the most attractive feature of credit unions is
their ability to handle small transactions cheaply. As long as the cooperative is relatively small and is also managed
by members of the group, the additional costs of screening creditworthy borrowers is zero for both the credit union
and its members. An additional strength of credit unions is the close tie between saving and borrowing.
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Credit unions are set up for specific groups of members, according to principles of territory, employment or mutual
interests. Membership eligibility is determined by the articles of association, and may include spouses of accepted
members. A credit union is empowered to provide a range of financial services to its members, including receiving
deposits, making loans, handling money market instruments and payments, issuing guarantees, consulting and other
services. A credit union is entitled, through the Republic of Latvia Cooperative Credit Union Association, to receive
and service credit lines from credit institutions, foreign and international financial and credit institutions as well as
to receive loans from local government property privatisation funds.
In Latvia, credit unions are established to enhance the availability of financial resources for the population of Latvia, to
promote regional development, and to facilitate the participation of population in the national economy. Cooperative
credit unions play a dual role, since they are business companies established to perform the functions of a credit
institution and to provide financial services to its members. They have to stimulate economic activity, especially in
the rural territories. Presently, both large and small rural credit unions operate in Latvia and the governing Law on
Credit Unions does not encourage the establishment and development of rural cooperative credit unions.
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Abstract
The number of lonely mothers increased very rapidly over the last decades. Social researches show, that lonely mothers even now belong to the
risk group, because of their poor wealth.
In this article authors try to reveal the approach of social workers to their possibilities providing help for teenagers from incomplete family.
Children from the incomplete families often make a group of the increased risk, where may appear more drug addicts, alcoholics, law breakers
and criminals. A social worker, working with the teenagers from incomplete families, could help them to specialize in the society, to improve their selfrespect, and to strengthen their social status.
Key words: Social worker, incomplete family, working opportunity, teenager

Introduction
There are more and more children from incomplete families that are living only with a mother, sometimes – just
with a father. The spread of this phenomenon can be explained with the increasing number of the children, born not in a
marriage and also instability in the families, when after the divorce, a child remains with one of the parent. The increasing
number of the incomplete families is very painfully felt by our society, and is very concerned about it. It is clear, that this
is one of the main problems of child socialization. As well considering the fact that, there appear more such families and
more and more children encounters poverty, so solving this problem should be the priority (Stankūnienė, et al., 2003).
The issues of incomplete families in Lithuania are discussed and researched by I. Leliūgienė (2003), J. Litvinienė
(2002), V. Stankūnienė (2003) and others.
The relationship of father or mother with a child is different. So there will be no mistake in statement that it is
not random that in traditional and modern family the role of a man is to solve wider social tasks, while the role of a
woman is to solve family and daily questions. In the family, people not just receive the main images and traditions of the
family life, but what is the most important – the personality is formed in the family. Traditionally a father represents a
role of mediator between the child and the society. The social role of a child formats the public activeness of the child,
it makes him to recreate and reform the society that is why a child, comparing himself with a father, interiorizes not just
a social activeness, but social aspirations as well. The mother, according to E. Fromm, loves and accepts a child with no
conditions, and a relation of a child and a father can be defined according to some duties of a child and a father. In this
comparison with a father a child is learning to be a responsible member of society (Leonavičius, 1998).
With the increasing number of incomplete families in Lithuania, there appear many educational problems. Children
from incomplete families usually appears to be in a group of increased risk, where appears more drug addicts, alcoholics,
law breakers or criminals. (Žemaitis, 2005).
A social worker, working with the teenagers from incomplete families could help them to specialize in the society,
to improve their self – respect, and to strengthen their social status.
Purpose of the work – to reveal the social worker approach to his possibilities providing help for teenagers from
incomplete family.
Object of the research – the social worker approach to his possibilities providing help for teenagers from incomplete family.
Methods of the research – the science literature analyses, questionnaires, the analyses of statistical data, graphical
models, details and summing up, and also logical abstraction.
Concept of the incomplete family
Incomplete family, belongs to the category of families, where a lonely father or mother lives with one or a few
children and carries responsibility for their education and care (Leliūgienė I. 1997, Leliūgienė, 2003).
K. Miškinis (1993) says that in economical, social, educational and psychological view, incomplete families are not
the same as other traditional families. There can be separated 4 types of incomplete family.
– Incomplete family after divorce;
– Incomplete family after the death of one of the parents;
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– Incomplete family having no children;
– Incomplete family, after a woman used a man as a donor.
V. Žemaitis (2005) says that in Lithuania we can find more than one hundred thousand incomplete families. The
incomplete family consists of one parent (usually a lonely mother). The incomplete families appear when one of the
parents die or spouses divorce, and separates from the family. The other form of the incomplete family – is the family of
the lonely mother.
The other authors describe such types of incomplete families:
– A family of a lonely mother;
– A family of a lonely father;
– Incomplete family after the death of one of the spouses (Krikščiukaitienė, 2006, Nave – Herz, 2002).
Lonely mothership is not a planned state. Unplanned pregnancy forces a girl to make a decision, she decides to
give a birth to an unplanned child, though she understands that this may complicate her relationship with a partner. This
decision to raise a child alone cannot be easily made. More and more women decide to raise a child alone that means that
a lonely mother feels quite firmly in our society.
The growth of a child, in a family of a lonely mother can also have positive impact. Growing child sees the selfrenunciation of the mother, her belief in herself, in her strength, patience and he becomes more responsible, being able
to take care of himself and others. Such child is more ready for any conflicts in the future, or for divorce (Nave – Herz,
2002; Cambell, 1999).
In the incomplete families, a child cannot solve one problem with a father and another with a mother, as it is
possible in full families. In many situations a child’s will to communicate with his father is very clear. If for any reasons
this can not be done (father is unmoral, or is gone somewhere), a child very often looks for communication with a male,
for example with the fathers of the other peers. The absence of the father is most felt by boys, who lack their attention.
From a father a child learns such features as masculinity, courage, determinacy, honesty, and respect for a woman. In the
families without a father, boys can become feminine. Especially it is important in one-sex incomplete families (mother,
grandmother, aunt, and daughter) (Litvinienė, 2002, Hurrelmann et al., 1999).
A father can accept to take care of his children not as a free will, but as necessity to help their children. Sometimes
a father appears in such situation without his will, he is pushed in such situation. It is interesting that a father formerly
paying not much attention to the daily works does it more often and finds time for his children.
The family of a lonely child is more financially stable, and lonely mothers are usually in a worse financial
position.
Americans sociologists are estimated that half of all U.S. marriages end divorce, and more than half of U.S. children
their childhood will spend in incomplete families (Fragile, 2011). In Lithuania situation in this point is very similar.
In the incomplete family, where one of the parents is dead, the social atmosphere is usually better than in other
incomplete families.
Widows or widowers are more respected by other people than the divorced ones or lonely mothers. Family relations
usually break in such families, as it usually happens after divorce. A grandmother or a grandfather, aunts, uncles, cousins
continue communication with the spouse of their dead relative (Seliokienė, 2002; Matulienė, 1997).
The death of one of the parents is unexpected thing and affects more than a divorce. Earlier the women were living
shorter for many reasons or birth complications, it was usual that a child did not know his mother or father.
The difference between families where one of the parents is dead and where the parents are divorced is that children
(if the parents are divorced) believe that their parents will reconcile and start living together gain. After one of the parents
dies, children need a psychological help to get back to reality.
The Incomplete Family as the Object of the Social Workers Work
The main social problems in incomplete families are connected with the lack of wealth, which depends on the
ability of one member to earn the money. Woman’s incomes are usually smaller than man’s, and we do not even discuss
the extreme cases, when family does not receive any income from any work and must live from welfare. There may appear
complicated psychological problems, which are usual for personality and relationship between the family members of
incomplete families, for example injustice or the lack of self-respect. This can appear in child’s mind after the divorce
of the parents. Quite often children consider themselves guilty for the divorce of the parents. The second thing is that
the divorce makes woman feel guilty before her children that is why she takes even greater care of them. Woman, trying
to adjust to the normal standards of the normal life, try to work endlessly, and working so much cannot give children so
much time and attention. Or on the contrary – the sorrow for the broken family is expressed for children. A lot of problems
than appear dealing with the issues of sexual identification and orientation, as well as the sexual role identification. In the
incomplete families, especially if the family became incomplete at the early stage, or was incomplete at the beginning, the
features of the children of both sex is formed in the chaos of stereotypes.
The problems in the incomplete families with a father are quite specific. This is not a model of traditional family,
so the rules of the lie are not adjusted to such family. As well for a father with a child (children) it is easier to create a
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family, than for woman living with small children. So a lot of problems may appear in the relationship of children and the
new wife and/or her children.
Not long ago there appeared the new category of incomplete families – that is extended incomplete families, which
forms after the death of parents or when parents are in prison, or the parents have no right to take care of their children
because of alcohol. Usually the grandparents take care of such children. The level of income in such families is low, the
majority of them lives from social welfare, pension or grandparent’s salary. A lot of problems may appear because of the
health of the elderly people their flexibility is not that strong, and they can’t adjust to everyday life.
Sometimes children cannot feel themselves in the right educational position that is why, children living with
grandparents usually behaves in delinquent manner.
Socioeducational work, orientated to the stabilization of relationship of the family – this is the relationship
between spouses, parents and children, family members and other people (Anheeir, 2000). The content of work with
“difficult” children or teenagers, the diagnostic of family and child relation with school, the definition of the child’s social
net, it is needed to analyze his medical, intellectual and psychological state. Having the data received during this analysis
the program is being made, where it is stated the way of solving problems of school attending children, making to join the
young clients to a positive educational surrounding.
It is difficult to correct all the relationship in the family. Sometimes the bad things in the family can be foreseen
even before it appears. Some difficulties may be removed in the early stage, because if there is no attention paid, the
problem gets even worse. Despite a difficult relationship in the family, socioeducational worker has no right to consider
this family as hopeless. Though we have to remember – that the solving of the problems – it is a result of free decision
and free will of the family members themselves.
The Social Worker’s Work Possibilities Solving the Problems of Teenagers from Incomplete Families
A social worker, providing help for the teenagers from the incomplete families is a helper, giving his strength
and abilities to satisfy their need. Social worker educates communication skills, which are needed in order to receive the
productive communication from a teenager and his family.
Such person was described by L.C. Johnson (2001) as:
Having a positive attitude to other people and their behavior;
Is honest, kind, trusty, friendly and sincere;
Works not for people, who needs help, but with them;
Calls the person’s feelings, does not trust the use of any other methods;
Is mature, can make decisions, and is able to risk when helping others;
Evaluates the situation, can understand changes and time, which is needed to make any changes in the life.
A social worker, helping teenagers from incomplete families, try to make the difficulties of their lives smaller, to
strengthen their social status and to improve the level of living, helps to adjust in the society, develop personal sociality.
The social worker first of all must to consider teenager’s needs and try to work with the teenager’s family. The
social worker, working with such teenagers tries to use the systematical model of social work (Beacker, Bespink 2000).
The systematical view allows analyzing social situations, basing them on holistic perspective, and concentrating
attention to the relationship between people. The task of a social worker is to set the network of the client, to find
meaningful co systems and to adjust them to any changes, help or support (Howe, 1993).
The systematic analyses allow to evaluate the situation in structural aspect, that is to evaluate client’s problem
(micro system) as a bigger part of a macro system, which can help (or not) to any further changes.
Systematical view provides a possibility for a social worker to see all aspects of social situation, the dynamics of all
development and perspective, this allows strategically thinking. This approach widens the limits of client’s understanding.
From rate individual, but as personality, providing all efforts to achieve changes and aims (Vitkauskaitė, 2001; Woititz,
1999).
Social worker, providing help to the teenagers from incomplete families, has to consider the laws, which describe
his rights teenager’s rights, forms of the help for family, states the fields of his actions, possibilities.
Social worker usually works with the children from the incomplete families in the children day centers, children
wealth centers, children foster home, and boarding houses.
One of the main aims is to satisfy the main needs of a teenager so a day center tries to provide the teenagers with
partial care teenagers get partial free food. In the day center teenagers usually have possibility to have a shower, get
clothes, things needed for school, they are being helped with their homework, in summer time there are different types
of activities (camps and so on). The additional education of teenagers is also organized. They can take part in different
excursions. During such activities young people learn different things, receives new skills, get to know themselves better.
The day centers try to help teenagers to solve their problems. In organization young people can receive emotional support,
educate their skills, character and positive ethical moral ideas, in many different ways they try to help teenagers to
integrate into their surrounding, cultural and social life.
Day centers are usually attended by teenagers from the families group of social risk, where the main problems are
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alcoholism, unemployment, and poor health and hygiene conditions and so on. Usually the children are raised by a lonely
mother (father), there are many families with a lot of children. A lot of attention is paid to the families of teenagers, they
are provided with financial psychological and moral support, especially during the crisis period. In order to make this help
more effective there are organized different meetings or celebrations together with the parents.
The Research of the View of the Social Workers Attitude to the Possibilities of Work, Solving the Problems of the
Teenagers from Incomplete Families
Trying to make a research on a work of possibilities of a social worker, providing help for teenagers from incomplete
families, we asked for help Kaunas region social workers12. The people were chosen with a purpose. All 11 social workers
were questioned.
After making the empirical analyzes of the data, it became clear, that all social workers participating in the research
think, that teenagers living in incomplete families encounter many difficulties.
C. Sutton in her book “Social work, the communication of community and psychology” (1999) says: “…
children, living in the families, having just one parent, - and the number of such families increases – it is possible
that emotionally children are as healthy as children from the families with both parents. The troubles appear not
because there is just one of the parents; but because of the social harm. For example the medium income of the
family with only one parent is two times smaller than at the family with both parents. The family with one parent
usually lives in a worse flat it is more isolated.
During the research it was found, what difficulties where met in the work of social workers, who work with the
teenagers, living in the incomplete families.
Table. Distribution of respondent’s answers on teenager’s living in incomplete families’ difficulties
Respondents’ answers on teenagers’ living in
incomplete families difficulties
Lack of father or mother
Bad material conditions
Negative attitude of others
Distrust of himself
Behavioural problems
Suppression of contrasting feelings for parents
Feeling of fault due to parents divorce

Distribution of answers (percentage)
28
22
10
8
21
7
4

Social workers name the main difficulty as the lack of father/mother – that was stated by 30% of respondents: 5%
think, that teenagers, living in incomplete families, usually have the problems is the suppression of contrasting feelings
for parents. 25% of respondents say that the main problem is not emotional, but- bad material conditions.
Negative attitude of others, distrust and feeling fault due to parents divorce are not considered the main difficulties,
met by the teenagers that live in incomplete families. These answers were stated only by 5% and 6% of respondents.
The insulting of friends is not connected to living in incomplete families; this problem appears to the teenagers
from full families as well. This answer was not marked by any of the respondents.
During the research, it was tried to find out which activities of social worker are most important solving the
problems of the teenagers from incomplete families. The results are shown in the 1 figure.

Figure 1. Distribution of respondents‘ opinion on the importance of the social work activity
12 There are 25 region parts in Kaunas district.
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The majority of respondents (40%) think that the main activity of the social worker working with the teenagers
living in incomplete families is training. The smaller part of social workers (20%) considers preventive work as the
main activity with the teenagers. Not the least part considers that the consulting (16%) and material (17%) support also
important.
Not that important activity was chosen by 7% of respondents that is coordination. Social workers think that
informative activities provide not many good things and are not very important. None of the respondents chose this
answer.
The respondents were asked what consulting activities of social worker is most important working with the
teenagers from incomplete families.

Figure 2. Distribution of the respondents’ opinion on consulting activity

The answers of respondents are divided almost equally. The majority percentage of the respondents, social workers
say, that the main consulting activities are individual consulting (32%). 26% of respondents consider that the main
activities are consulting of teenagers groups and consulting family.
The smaller part of social workers (15%) think, that it is needed to consult pedagogues, as through them is
formed secondary consulting model when pedagogues are influencing teenagers. This model is very effective because
pedagogues communicate with teenagers more often, and if there is need, can help teenagers to solve their problems more
effectively.
The majority of respondents (42%) thinks that the most important activities of social worker cooperating with
other institutions is representation interests of teenagers, 36 % respondents state that the important field of social worker
is coordination and mediation during the conflicts.
After analyzing the data of the research, it can be said that social worker should organize the inter help groups for
incomplete families. Social worker, providing help for the teenagers should involve and other professionals – pedagogues,
psychologists, social pedagogues and so on. Social worker should make researches and to find the teenagers views to the
help of social workers.
Conclusions
1. Teenagers, living in incomplete families, psychosocial difficulties in communication, isolation, fear to be responsible,
tendency to criminal acts, the usage of drugs. The statistic also shows that children from divorced families with
difficulties create a strong marriage and more often divorce themselves.
2. Social worker, helping teenagers from incomplete families, try to make those difficulties in their life easier to strengthen
their social status and to make their life better, they help them to adjust to society and to develop personal sociality.
First of all he must consider the needs of the teenagers and try to work with teenagers families.
3. The analysis of the research data shows these tendencies in the answers of the respondents: teenagers, living in
incomplete families are more likely to suffer these difficulties: the lack of a father/mother, the behavioural problems,
and poor financial conditions.
4. The most important activities of a social worker solving the problems of the teenagers living in the incomplete families,
is training - seminars how to trust himself, to respect himself and preventive work with teenagers – organization drug
preventive programs.
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Synergy of the Amount of Old-age Pensions and Economic Development in
Latvia
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Abstract
The research hypothesis is that there is a synergy between the average amount of old-age pensions and the economic development of a territory
in Latvia. The research aim is to identify a correlation between the average amount of old-age pensions and economic development in Latvia.
In the research period 2004-2010, there was a positive trend regarding the average amount of old-age pensions in the entire Latvia and
its regions - the average amount of old-age pensions increased, yet the amount of pensions is too small to provide effective government support to
pensioners.
According to the results of cluster analysis and ranking, a monocentric economic development trend is specific to Latvia, as a result of which
there are significant differences between Latvia’s capital city of Riga and the other municipalities and cities of Latvia. A high level of economic
development, except the country’s capital city, is also observed in three cities – Ventspils (Cluster 2), Valmiera ( Cluster 3), Liepaja (Cluster 4) as well
as the municipalities closely located to the country’s capital city (Carnikava, Ikskile, Stopini, Cesis, etc.). A lower level of economic development is
observed in municipalities in Latgale and Zemgale regions and in small, in terms of territory, municipalities in Kurzeme and Vidzeme regions.
The average amount of old-age pensions in the clusters of higher level of economic development and in the municipalities located next to
the capital city is greater than in the clusters of lower level of economic development; therefore, a synergy exists between a territory’s economic
development and the average amount of old-age pensions.
Key words: old-age pension, economic development, synergy

Introduction
To ensure a sustainable social security system in Latvia, maintaining financial stability of the social security
system, promoting the system’s development, as well as promoting an understanding of the public on the role of social
security were set as the main tasks to be solved in accordance with the National Development Plan of Latvia 2007-2013.
The pension system in Latvia is one of the components of social security that is closely related to the economic,
financial, and demographic situation in the country. Economic growth and employment are prerequisites for a high-level
social security system. A possibility to work and get paid is a basis not only for the wellbeing of employees and their
families, but also for the improvement of life quality of pensioners.
Population aging, the low birth rate, increase in the average lifespan, and emigration more and more influence social
life in Latvia. Due to these factors, the number of pensioners continues increasing, whereas the number of employees and
social taxpayers decreases, thus significantly raising burden on the social security system in the country.
The author of many scientific papers and academic studies on social security, E. Volskis (2011), points in his book
entitled “Basic Performance Guidelines for the Pension System” that “Although the government of Latvia is convinced
of its social security policy and regards it as progressive, modern, and financially stable in a long-term, reducing the risk
of social isolation of pensioners has to be one of the priorities of the state. Therefore, the national government of Latvia
and the Bank of Latvia, when taking the necessary measures in implementing their monetary and fiscal policies for the
purpose of meeting the Maastricht criteria, have to improve the situation in the socio-economic sphere, which is presently
in critical condition in Latvia, as well as the stability of the social security system in a long-term”.
It can be concluded from the above mentioned that a synergy exists between economic development and the state
social security system.
Due to the limits set for the present paper, the authors will study a synergy between economic development and
one of the components of the social security system – old-age pensions.
Till now, the synergy between the amount of old-age pensions and economic development, which is a
complementary condition for the sustainable development of regions, has been little studied. Therefore, the synergy,
identified in this research, between economic development and the amount of old-age pensions may be regarded as
a novelty of the paper.
Hypothesis: a synergy between the amount of old-age pensions and economic development exists in Latvia.
The research aim is to identify a correlation between the average amount of old-age pensions and economic
development in Latvia. To achieve the aim, the following research tasks are set forth:
1. to investigate economic aspects of old-age pensions;
2. to analyse the economic development of administrative units in Latvia;
3. to compare the average amount of old-age pensions with the result of cluster analysis.
The present research is based on the monographic method, analysis and synthesis, deduction and induction,
multifactor analysis, as well as the economic and statistical method.
Mostly legal acts of the Republic of Latvia, data of the Central statistical Bureau (CSB) and the State Social
Insurance Agency (SSIA), and researches done in Latvia in the field of social insurance were used in the present research.
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The research covers the period 2004-2010, analysing data by statistical region and cities and municipalities (a unit of
administrative and territorial division in Latvia since the middle of 2009).
Economic aspects of old-age pensions
A social safety system is established in any country, which, to a great extent, depends on the social and economic
situation as well as on the social policy implemented in it.
Latvia’s social safety system includes state social insurance, state social benefits, social services, and social
assistance that are financed from both the central government’s basic budget and special budget and the budget of local
governments.
In accordance with the “Law on State Social Insurance” (1997), the goal of the social insurance system is to insure
individuals and their dependent individuals against the risk of losing their earned income due to sickness, disability,
maternity, unemployment, old age, accidents at work or occupational disease, as well as against additional expenses
related to child care and the death of insured persons or their dependents.
Latvia’s social insurance includes state pensions and state social security benefits. State pensions, in their turn, are
classified into old-age pensions, survivor’s pensions, disability pensions, and long-service pensions.
State pensions are granted in accordance with the “Law on State Pensions” (1995) and the “Law on Long-service
Pensions for Employees of the Ministry of the Interior with Special Service Ranks” (1998).
In accordance with the “Law on State Pensions”, individuals residing in the territory of Latvia who were subject
to state compulsory insurance contributions are entitled to state social insurance pensions.
An amount of state pensions depends on the insurance period which includes the months when insurance
contributions were made or had to be made according to the corresponding kind of social insurance.
Presently in Latvia, men and women aged 62 and whose insurance period has not been less than 10 years are
entitled to state pensions.
A three level pension system exists in Latvia; it includes both the principle of solidarity and the scheme of
accumulated pension funds, thus diversifying demographic and financial risks.
The largest share of pension funds paid out in Latvia consists of old-age pensions, accounting for more than 80%.
Given the limited size of the paper and the large share of old-age pensions, the authors will analyse only the amounts of
and trends in this kind of pensions in Latvia based on unpublished data of the SSIA (Table 1).
Table 1. Changes in the average amount of state old-age pensions in the regions of Latvia in 2004-2010, LVL
2004

2005

2006

2007

2008

2009

2010

Average
absolute
increase

Riga

76.15

86.31

101.69

117.48

149.35

186.08

192.26

19.35

Pieriga

71.88

81.72

96.9

112.31

144.07

179.74

184.4

18.75

Vidzeme

69.33

78.73

93.57

108.25

139.02

172.83

175.04

17.62

Kurzeme

71.56

81.11

96.1

111.3

142.81

177.60

180.92

18.23

Zemgale

68.05

77.34

91.99

106.45

137.2

170.9

173.83

17.63

Latgale

65.7

74.5

89.02

102.7

132.91

165.29

166.67

16.83

In Latvia

71.66

81.3

96.39

111.57

142.93

178.06

182.36

18.45

Region

Source: computed by the authors based on SSIA data

It is a positive fact that old-age pensions tended to increase in the whole Latvia and all its regions over the research
period. Table 1 data show that there are regional differences in old-age pensions. Larger old-age pensions in Latvia are
received by pensioners living in Riga region, while smaller pensions are paid to pensioners in Latgale region. If the data
for 2010 are compared to those for 2004, one can see that old-age pensions increased more than 2 times in all the regions
of Latvia. The average absolute increase in pensions shows that it was quite similar in all the regions of Latvia over the
analysis period. The largest increase in pensions was in the regions of Riga, Pieriga, and Kurzeme, whereas the smallest
increase was in Latgale region. A positive trend was observed in the distribution of beneficiaries of old-age pensions by
average amount of pensions, as the share of those beneficiaries of old-age pensions whose average pension was less than
LVL 150.00 continued decreasing (Table 2).
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Table 2. Distribution of beneficiaries of old-age pensions by average amount of pensions in the period 2004-2010
2004
Number,
%
thsnd
less than LVL 70.00
339.7
70.5
LVL 70.01-100.00
107.2
22.3
LVL 100.01.-150.00
21.4
4.4
LVL 150.01-200.00
8.1
1.7
LVL 200.01-400.00
4.4
0.9
more than LVL 400.01
0.8
0.2
Total
481.6
100
Source: computed by the authors based on CSB data
Amount

2006
Number,
%
thsnd
26.4
5.6
267.1
56.6
153.5
32.5
15.1
3.2
8.7
1.8
1.3
0.3
472.1
100

2008
Number,
%
thsnd
0.7
0.2
9.9
2.1
165.7
35.6
243.4
52.3
42.6
9.2
2.9
0.6
465.2
100

2010
Number,
thsnd
2.4
17.5
87.3
271.9
87.6
9.2
475.9

%
0.5
3.7
18.3
57.1
18.4
1.9
100

The largest share of beneficiaries of old-age pensions in the period 2004-2010 consisted of old-age pensions,
the amount of which ranged within LVL 150.01-200.00. Yet in 2004, the largest share (70.5%) was composed of oldage pensions, the amount of which was less than LVL 70.00. Pension indexation was one of the most essential factors
affecting the increase in old-age pensions until 2009. Since the beginning of the financial and economic crisis in Latvia,
the pension indexation was cancelled in 2009. Yet irrespective of the cancellation of pension indexation, old-age pensions
continued increasing in 2009 and 2010, which may be explained by an increase in the average amount of newly granted
old-age pensions. The average amount of newly granted old-age pensions is affected by the average wage of socially
insured individuals that tented to increase until 2008 (Ministry of Welfare, 2010).
After comparing the average amount of old-age pensions with the subsistence level per capita in Latvia, one
can conclude that the subsistence level exceeded the average amount of pensions until 2009. In 2009 and 2010,
the average amount of pensions slightly exceeded the subsistence level in all the regions of Latvia, except Latgale
region where the trend of the previous years continued. The authors explain it by the mentioned increase in the
average amount of newly granted old-age pensions. Cunska and Muravska (2008), too, emphasise in the report
“Social Policy Implementation in Latvia after Joining the EU” that an alarming trend was observed in Latvia that
the wellbeing of old people did not increase. A bit more than 80% of pensioners in Latvia receive pensions that are
below the subsistence level set by the government, and more than 90% of old-age pensions are below the poverty
threshold which is set as 40% of average wage.
Evaluation of the economic development of Latvia
To evaluate economic development in the cities and municipalities according to various indicators, a cluster analysis
was performed. For the cluster analysis, 11 statistical indicators were selected based on the publication “Development
of Regions of Latvia 2009”: number of employees at the main job (thsnd people); rate of unemployment (%); average
net monthly wage in the public sector (LVL); number of economically active market-sector statistical units per 1000
residents; number of businessmen per 1000 residents; revenues of the government basic budget (mln LVL); revenues of
the government special budget (thsnd LVL); individual income tax (hereinafter – IIT) revenues (mln LVL); revenues of
the government basic budget per capita (LVL); revenues of the government special budget per capita (LVL); IIT revenues
in local government budgets per capita (LVL).
The following indicators were used for a comparative analysis of economic development in the national and
planning regions of Latvia: gross domestic product, total value added, and nonfinancial investment. Since data on these
indicators are available only for 2007 and indicate a situation before the crisis, the authors did not include them in their
research. The rest of data are available for 2009, therefore, these data, to a great extent, reflect the processes taking place
in the country affected by the economic crisis. Data on average net monthly wages in the private sector by municipality
are not available due to confidentiality, therefore, these data area not included in the present research.
Statistical indicators were summarised for all 109 municipalities of Latvia and its 9 cities under state jurisdiction.
Dispersion analysis (ANOVA), which is included in the data processing module Cluster Analysis of the application
SPSS for Windows, showed that all the selected indicators, except one – “number of economically active market-sector
statistical units per 1000 residents” – are statistically significant for grouping municipalities and cities into clusters. Their
significance level did not exceed 0.05. The authors did not reject the statistically insignificant indicator in the present
research, as they wanted to ascertain the effect of this indicator on the economic development of municipalities and cities.
If the authors rejected this statistically insignificant indicator, it would not impact results of the cluster analysis, i.e. the
authors’ conclusions would be identical.
The cluster-to-cluster distances obtained prove that there is a relationship among the clusters. The clusters being
closer to each other can move to another level if a new distribution of them is performed, and they can create new clusters
or cluster groups.
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In analysing the statistical data, several options of clustering were considered. Latvia’s territorial division by
economic development into 9 clusters was the most appropriate option, as the number of Latvia’s municipalities and cities
was more equable with such a distribution into clusters.
In addition to the clustering results, the clusters were ranked for all the indicators included in the present research
to determine the overall development level of each cluster in relation to the other clusters (see Table 3).
Table 3. Average values and ranks of the clusters for the cluster analysis of economic development in Latvia
Indicators

1

2

3

4

Clusters
5

6
7
Number of employees at the
340.6
14.7
4.3
28.9
13.2
2.9
6.5
main job (thsnd people)
Rank
1
3
6
2
4
7
5
Rate of unemployment (%)
9.9
10.1
10.3
13.7
11.6
10.5
14.9
Rank
1
2
3
7
5
4
8
Average net monthly wage in
388
322
306
292
265
301
265
the public sector, LVL
Rank
1
2
3
5
6
4
6
Number of economically
active market-sector statistical
71
44
59
43
44
50
52
units per 1000 residents
Rank
1
7
3
8
7
6
5
Number of businessmen per
56
25
29
26
26
27
18
1000 residents
Rank
1
5
2
4
4
3
6
Revenues of the government
432.87
34.12
12.43
39.27
27.34
6.07
16.32
basic budget, mln LVL
Rank
1
3
6
2
4
7
5
Revenues of the government
25660
1902
193
2281
1129
184
533
special budget, thsnd LVL
Rank
1
3
6
2
4
7
5
Individual income tax
(hereinafter – IIT) revenues,
258.99
13.85
3.84
17.74
11.29
3.29
5.43
mln LVL
Rank
1
3
6
2
4
7
5
Revenues of the government
610.00
796.00 1013.33
465.00
575.00
561.74
584.56
basic budget per capita, LVL
Rank
4
2
1
8
6
7
5
Revenues of the government
36.00
44.00
16.67
27.00
33.17
20.32
20.31
special budget per capita, LVL
Rank
2
1
9
4
3
6
7
IIT revenues in local
government budgets per
365.00
323.00
295.00
210.00
202.00
288.00
200.00
capita, LVL
Rank
1
2
3
5
6
4
7
Total
15
33
48
49
53
62
68
Source: developed by the authors based on data of the CSB and the State Regional Development Agency, 2010

8

9

1.1

1.0

8
15.1
9

9
13.6
6

251

250

7

8

63

57

2

4

13

13

7

7

3.92

2.64

8

9

121

111

8

9

1.00

1.00

8

8

658.77

450.43

3

9

22.19

19.60

5

8

158.00

167.00

9
74

8
85

The ranking showed that the highest economic development level in Latvia was in Cluster 1 that included only the
capital city of Riga. During the ranking, the values of all the mentioned indicators were placed in the first position, except
2 statistically insignificant indicators: “revenues of the government special budget per capita” (2nd position) and “revenues
of the government basic budget per capita” (4th position). These two indicators were reduced by the large number of
residents in the capital city. At the beginning of 2010, 31.5% of the total number of residents of the country lived in Riga
(data as of the beginning of 2010).
Cluster 2 includes a city – Ventspils. The largest number of the values of the indicators showing economic
development is placed in the 2nd and 3rd positions. The indicator “revenues of the government special budget per capita”
is placed in the 1st position. The statistically significant indicator “number of businessmen per 1000 residents” is placed
in the 5th position, while the statistically insignificant indicator “number of economically active market-sector statistical
units per 1000 residents” – only in the 7th position.
After comparing the values of the indicators showing economic development for Clusters 1 and 2 and the total
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sum of ranks, one can conclude that a significant difference exists, indicating that the economic development level in the
capital city is much higher than in Ventspils as well as the other cities and municipalities of Latvia.
Cluster 3 also includes one city – Valmiera as well as five municipalities – three municipalities of Pieriga
region – Carnikava, Ikskile, and Stopini – as well as two municipalities of Vidzeme region – Cesis and Jaunpiebalga.
The municipalities included in Cluster 3 are small, in terms of territory, and also have a small number of residents. The
largest municipality, in terms of number of residents, is Cesis with 19 861 residents, the number of residents in the rest of
municipalities does not exceed 10 000 individuals or the average number of residents per municipality in Latvia.
In Cluster 3, the indicator placed in the highest position (1st position) is “revenues of the government basic budget
per capita”, whereas the statistically significant indicator “revenues of the government special budget per capita” is placed
in the lowest (ninth) position, the average value of which is LVL 16.67.
The statistical indicator “number of businessmen per 1000 residents” is placed in the 2nd position, while the
statistically insignificant indicator “number of economically active market-sector statistical units per 1000 residents” –
in the 3rd position. The statistical indicator “number of businessmen per 1000 residents” is raised by the large share
of businessmen in the total number of economically active market-sector statistical units. Such statistically significant
indicators as “rate of unemployment”, “average net monthly wage in the public sector”, and “IIT revenues in local
government budgets per capita” are also placed in the 3rd position.
The average values of the statistically significant indicators “number of employees at the main job”, “revenues of the
government basic budget”, “revenues of the government special budget”, and “individual income tax revenues” were placed in
the 6th position, which can be explained by the small number of residents in the municipalities included in Cluster 3.
Cluster 4 includes only one city – Liepaja. The indicator “number of employees at the main job” is placed in
the high 2nd position; the authors explain it by the large number of residents. Liepaja is the third largest city, in terms
of number of residents, with 84 411 residents (data as of the beginning of 2010). The indicators related to the indicator
“number of employees at the main job” – “revenues of the government basic budget”, “individual income tax revenues”,
and “revenues of the government special budget” – are placed in the 2nd position.
Two indicators – “number of businessmen per 1000 residents” and “revenues of the government special budget per
capita” are placed in the 4th position. The indicators “average net monthly wage in the public sector” and “IIT revenues in
local government budgets per capita” are placed in the 5th position.
The indicators “rate of unemployment” (7th position), “number of economically active market-sector statistical
units per 1000 residents” (8th position), and “revenues of the government basic budget per capita” (8th position) are placed
in the lowest positions.
After comparing the total sums of ranks for Clusters 3 and 4, one can see that there is only a one-point difference.
It means that the economic development levels of the municipalities and cities included in these clusters are similar.
Cluster 5 includes three cities – Daugavpils, Jelgava, and Jurmala as well as three municipalities – Ventspils,
Daugavpils, and Gulbene.
The largest part of the indicators that were analysed were placed in the 4th and 6th positions.
The average values of interrelated indicators – “number of employees at the main job”, “number of businessmen
per 1000 residents”, “revenues of the government basic budget”, “revenues of the government special budget”, and
“individual income tax revenues” – were placed in the 4th position.
The indicators “average net monthly wage in the public sector”, “IIT revenues in local government budgets per
capita”, and “revenues of the government basic budget per capita” were placed in the 6th position.
The indicator “revenues of the government special budget per capita” was placed in the 3rd position. Since a large
part of the administrative territories included in Cluster 5 are located in Latgale region where the rate of unemployment is
high (16% in the beginning of 2010), the indicator “rate of unemployment” is placed in the 5th position. A small number
of economically active market-sector statistical units per 1000 residents – 44 units – is specific to Cluster 5.
Cluster 6 includes 19 municipalities, mainly the municipalities of Pieriga region and those located next to the
capital city: Adazi, Babite, Baldone, Engure, Garkalne, Krimulda, Kekava, Lielvarde Malpils, Marupe, Olaine, Salacgriva,
Salaspils, Saulkrasti, Seja, and Sigulda as well as 2 municipalities of Vidzeme region: Priekuli and Smiltene and the
municipality of Ozolnieki in Zemgale region.
The indicators “rate of unemployment”, “average net monthly wage in the public sector”, and “IIT revenues
in local government budgets per capita” were placed in the 4th position; the authors explain it by the proximity of the
administrative territories to the capital city, therefore, part of their residents are employed in the capital city. As a result of
it, wages are higher and IIT revenues in local government budgets per capita are also higher if compared to the average
values for Clusters 3 and 4. The indicator “number of businessmen per 1000 residents” is placed in the 3rd position.
The average values of the other indicators are placed in the 6th and 7th positions. Since the number of employees
at the main job is small, revenues of the government basic and special budgets and individual income tax revenues are
small (7th position).
After comparing the average values of the indicator “number of businessmen per 1000 residents” for Clusters 2, 4,
5, and 6, one can see that no significant differences exist, while there are differences if the average values for Clusters 7,
8, and 9 are compared; these differences indicate the existence of negative regional distinctions in Latvia.
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Cluster 7 includes two cities: Jekabpils and Rezekne as well as 14 municipalities of all the statistical regions
of Latvia. Cluster 7 includes three municipalities of Pieriga region – Limbazi, Ogre, and Tukums – as well as three
municipalities of Kurzeme region – Kuldiga, Saldus, and Talsi, two municipalities of Vidzeme region – Aluksne and
Madona, three municipalities of Zemgale region – Bauska, Dobele, and Jelgava, and three municipalities of Latgale
region – Kraslava, Ludza, and Rezekne. All the mentioned municipalities are large in terms of territory.
A high rate of unemployment – 14.9% and a low average net monthly wage in the public sector – LVL 265 (6th
position) are specific to Cluster 7. Since the largest part of the municipalities included in Cluster 7 include the former
centres of districts, the number of residents living in the municipalities is large and the average value of the indicator
“number of employees at the main job” is placed in the 5th position. Therefore, the average values of the indicators
“revenues of the government basic budget”, “revenues of the government special budget”, and “individual income tax
revenues” are also placed in the 5th position.
The indicator “number of economically active market-sector statistical units per 1000 residents” is placed in the
5th position as well. The large number of residents reduces the average values of such indicators as “IIT revenues in
local government budgets per capita”, “revenues of the government special budget per capita”, as well as “number of
businessmen per 1000 residents”.
Cluster 8 includes 26 municipalities, mostly those of Vidzeme, Latgale, and Zemgale. Large municipalities
of Latvia, in terms of territory, compose Cluster 7, whereas Cluster 8 is comprised of small municipalities. Cluster 9
comprises 42 municipalities of all the regions.
A small number of employees at the main job is specific to Clusters 8 and 9, as the number of residents is small
in the municipalities included in these clusters. Among the municipalities included in Cluster 8, the largest number
of residents is in the municipality of Balvi – 15 674 residents, whereas the smallest number is in the municipality of
Baltinava (1365 residents). Among the municipalities of Cluster 9, the largest number of residents is in the municipality
of Preili (11826), while the smallest one – in the municipality of Alsunga (1650).
A high rate of unemployment – 15.1% (9th position) is specific to Cluster 8. The rate of unemployment is lower
(13.6%) in Cluster 9, yet it is higher than the average rate in the country (12.0%; data as of the beginning of 2010). A low
average net monthly wage in the public sector – LVL 250 is specific to Cluster 8. The average values of the indicators
“revenues of the government basic budget”, “revenues of the government special budget”, and “individual income tax
revenues” are low as well.
The two clusters have a high average value of the indicator “number of economically active market-sector
statistical units per 1000 residents”, respectively 63 and 57 units; the authors explain it by the large share of self-employed
individuals in the structure of economically active market-sector statistical units. Since the share of businessmen is small,
therefore, the average value of the indicator “number of businessmen per 1000 residents” is low compared to the other
clusters.
After analysing the results of cluster analysis broken down by statistical region, one can see that Riga region,
which includes only the capital city of Riga, is the most economically developed region in the country.
In Pieriga region, the most economically developed municipalities are Carnikava, Ikskile, and Stopini that belong
to Cluster 3. The largest part of Pieriga region’s municipalities is included in Cluster 6. As it was mentioned before,
these municipalities are located next to the country’s capital city. The most remote Pieriga region’s municipalities from
the capital city – Tukums, Ogre, and Limbazi – are included in Cluster 7, and Aloja municipality – in Cluster 8; the
municipalities of Kandava, Jaunpils, Kegums, and Incukalns are included only in Cluster 9, i.e. in the clusters of low
economic development level. Pieriga region’s municipality of Ropazi, located next to the capital city, is also included in
Cluster 9. The only city of Pieriga region – Jurmala – is included in Cluster 5.
In Kurzeme region, the most economically developed territories are two cities: Ventspils (Cluster 2) and Liepaja
(Cluster 4). The largest part of Kurzeme region’s municipalities are included in Cluster 9 and concentrated around Liepaja
city. The region’s large municipalities, in terms of territory, are included in Cluster 5 (Ventspils municipality) and Cluster
7 (municipalities of Talsi, Kuldiga, and Saldus).
In Vidzeme region, the most economically developed municipalities are Cesis and Jaunpiebalga as well as
Valmiera city (Cluster 3). The region’s large municipalities, in terms of territory, are included in Cluster 5 (Gulbene
municipality) and Cluster 7 (municipalities of Aluksne and Madona). The largest part – more than half – of the region’s
municipalities are included in Clusters 8 and 9. These are small municipalities, in terms of territory, with a low level of
economic development.
In Latgale region, the largest part of municipalities is included in Clusters 8 and 9. The most economically
developed territories are Daugavpils city and the municipality of Daugavpils (Cluster 5) located next to this city. The
region’s large municipalities, in terms of territory, – the municipalities of Rezekne, Kraslava, and Ludza as well as the city
of Rezekne – are included in Cluster 7, thus, in general, the region’s level of economic development is low.
In Zemgale region, the most economically developed territories are Jelgava city (Cluster 5) and Ozolnieki
municipality (Cluster 6). The largest part of Zemgale region’s municipalities are included in Clusters 8 and 9,
while the region’s large municipalities, in terms of territory, – in Cluster 7, thus, the region’s level of economic
development is low.

155

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Discussion
To determine the existence of synergy between economic development and the average amount of old-age pensions,
the results of cluster analysis (a situation in 2009) were compared with the average amount of old-age pensions in cities
and municipalities (data of 2010).
The average old-age pensions amounting to less than LVL 160 are mostly paid in small, in terms of territory,
municipalities of Latgale region (Cibla, Rugaji, Vilaka, Zilupe, Aglona, Baltinova) which are included in Clusters 8 and
9 as well as in one border municipality of Zemgale region – Rundale municipality (Cluster 9).
The smallest average old-age pensions in Latvia are paid in Latgale region’s Cibla municipality (LVL 156.67). A
difference between the largest average amount of old-age pensions (Garkalne municipality) and the smallest one (Cibla
municipality) is 1.4 times or, in absolute figures, LVL 57.90 (SSIA data).
The average old-age pensions ranging within LVL 160.01 – 165.00 are mainly paid in border municipalities
of Zemgale region included in Clusters 8 and 9 (Akniste, Vecumnieki, Tervete, Viesite, and Nereta) and in the most
remote, from the capital city, municipalities (Krustpils, Jekabpils, and Jaunjelgava) as well as in Latgale region’s largest
municipalities, in terms of territory, included in Clusters 8 and 9 and in Latgale region’s municipalities included in
Clusters 5 and 7 (Daugavpils, Rezekne, and Kraslava) in which IIT revenues in local government budgets per capita are
small. Such average pensions are paid in two border municipalities of Kurzeme region – Vainode (Cluster 8) and Rucava
(Cluster 9).
The average old-age pensions ranging within LVL 165.01 – 175.00 are paid in a large part of municipalities
of Vidzeme and Kurzeme regions included in Clusters 8 and 9 as swell as in the most remote, from the capital city,
municipalities of Pieriga region. Pensions of this range are also paid in Daugavpils city and Gulbene municipality (Cluster
5) as well as in Jaunpiebalga municipality included in Cluster 3.
The average old-age pensions ranging within LVL 175.01 – 180.00 are paid in two cities – Jekabpils and Rezekne as
well as in municipalities of Pierigas, Vidzeme, Kurzeme, and Zemgales regions in which IIT revenues in local government
budgets per capita are larger than in the municipalities where pensioners receive old-age pensions ranging within LVL
165.01 – 175.00.
The average old-age pensions amounting to more than LVL 190.01, i.e. the highest in the country, are paid in the
most economically developed cities (Ventspils (Cluster 2), Jurmala (Cluster 5), Riga (Cluster 1), Valmiera (Cluster 3))
as well as in the municipalities of Pieriga region located close to the capital city (Garkalne, Carnikava, Kekava, Stopini,
Ikskile, Babite, Adazi, Saulkrasti, Marupe) included in Clusters 3 and 6. The average old-age pensions of more than LVL
190 are also paid in Aizkraukle municipality (Zemgale). High IIT revenues in local government budgets per capita as well
as high average net monthly wages in the public sector are specific to all the above-mentioned municipalities in 2009.
Among the cities, the highest average old-age pensions are paid in Ventspils (Cluster 2) – LVL 206.52. In Riga,
where the level of economic development is the highest, the average old-age pensions amount to LVL 192.39, i.e. LVL
14.13 less than in Ventspils. This is the third highest indicator among the cities (SSIA data). Among the cities, the lowest
indicator is in Daugavpils (Cluster 5, LVL 174.69 ), i.e. LVL 31.83 less than in Ventspils.
The average old-age pensions ranging within LVL 180.01 – 190.00 are paid in the municipalities of Pieriga region
located close to the capital city (Salaspils, Sigulda, Ogre, Salacgriva, Incukalns, Olaine, Malpils, Limbazi) which are
included in Clusters 6, 7, and 9 and in which IIT revenues in local government budgets per capita in 2009 were slightly
lower than in the municipalities of Pieriga region where the average old-age pensions exceeded LVL 190.
The average old-age pensions ranging within LVL 180.01 – 190.00 are also paid in the municipalities of Cesis
(Cluster 3), Priekuli (Cluster 6), Roja (Cluster 9), as well as two cities – Jelgava (Cluster 5) and Liepaja (Cluster 4).
In general, one can conclude that a synergy exists between a territory’s economic development and the average
amount of old-age pensions.
Conclusions
1. In the research period 2004-2010, there was a positive trend regarding the average amount of old-age pensions in the
entire Latvia and its regions - the average amount of old-age pensions increased, yet the amount of pensions is too
small to provide effective government support to pensioners.
2. A monocentric economic development trend is specific to Latvia, as a result of which there are significant differences
between Latvia’s capital city of Riga and the other municipalities and cities of Latvia.
3. A high level of economic development, except the country’s capital city, is also observed in three cities – Ventspils
(Cluster 2), Valmiera ( Cluster 3), Liepaja (Cluster 4) as well as the municipalities closely located to the country’s capital
city (Carnikava, Ikskile, Stopini, Cesis, etc.). A lower level of economic development is observed in municipalities in
Latgale and Zemgale regions and in small, in terms of territory, municipalities in Kurzeme and Vidzeme regions.
4. The average amount of old-age pensions in the clusters of higher level of economic development and in the
municipalities located next to the capital city is greater than in the clusters of lower level of economic development;
therefore, a synergy exists between a territory’s economic development and the average amount of old-age pensions.
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The Evaluation of the Consumer Benefit from Forest Public Goods
Anastasija Novikova, Daiva Makutėnienė
Aleksandras Stulginskis University, Lithuania
Abstract
Valuation techniques, peculiarities, advantages and limitations of the consumer benefit from forest public goods are analysed in the paper. It was
defined that methods used for this purpose are attributed to stated, revealed preference and benefits transfer methods. The benefit of forest public goods
provided for the inhabitants of Kaunas district as well as their willingness to pay for forest public goods was analysed using empirical investigation when
applying contingent valuation method. After the fulfilment of the questionnaire it was defined that air quality improvement and forest aesthetical value
are the most important forest functions for inhabitants. Indirect use and bequest values of public goods provided by forest are important to inhabitants.
However, existence and option values are not significant. It was defined that inhabitants are unwilling to pay for forest public goods.
Key words: consumer benefit, forest goods, public goods, use and non-use value of forest goods, willingness to pay for forest public goods

Introduction
Forest is a big and valuable treasure of every country’s live nature. The significance of forests does not limit itself
to the creation of economically easily evaluated goods, such as various trees, timber as well as non-timber goods, such as
fruit, mushrooms and herbs. Forests have big influence on the environment, which could be hardly evaluated by money.
However, it is very important to our country and people. Irrespective of the forms of ownership, forests are our national
treasure, which should be preserved for future generations and it should meet ecological, economic and social wants of
the society (Novikova, 2010). Benefits provided by forests can be the object of market or it should be not provided by
market. When goods provided by forest are the object of market it is possible to calculate the values of timber, hunted wild
animals, mushrooms, fruit and herbs, because they are evaluated by market prices. However, when the provided benefit
isn’t the object of market, i.e. goods have no market price, they are attributed to the public ones, i.e. firewood for self
needs, preservation of biodiversity, protection of river basins etc. Some public goods provided by forests can be described
as functions creating the potential market value (f. e. absorption of carbon dioxide cleans the air) (Pagiola et al., 2002;
World Bank, 2003). Therefore the evaluation of these goods is especially important and significant when preparing forest
programs, strategies, projects both locally and regionally. The determination of the relation between the values of forest
goods and the prosperity of inhabitants as well as income determination condition the sustainable use and management
of forests. On the other hand, the evaluation of forest goods motivates to take optimal decisions over the use of forests as
well as over the management of forest resources.
The basic peculiarity of forest goods provided not through the market is the unreflectiveness of the full value of
these forest goods in market prices. Therefore it is important to choose methods suitable for the determination of the value
of forest goods provided not through the market. Some of these methods are substantiated by the determination of the
benefit received by consumers, others – by the determination of the benefit received by producers or by the evaluation of
expenditure experienced by them. Different preconditions to the consumer’ choice behaviour are reflected in the methods.
These preconditions are being determined considering the relation of forest goods provided through the market or not
through the market. Scientists (Freeman, 1993; Merlo, Croitoru, 2005; Mullan, Kontoleon, 2008) pay much attention to
the determination of the benefit received by the consumer as well as to the value of forest goods provided not through the
market. Aims of evaluation and expected results condition determine the choice of proper methods.
The aim of the research is dual: 1) to analyse evaluation methods of the consumer benefits from forest goods; 2)
to determine the attitude of the inhabitants from Kaunas district towards the consumer benefits from forest public goods.
In order to achieve the above goals the following tasks are to be solved: to identify determination methods of the
benefits of forest goods provided for consumers; to reveal their advantages and limitations; to carry out the research over
the benefits of forest goods provided for consumers. The object of research is the consumer benefit from forest public
goods.
In order to achieve the above goals the following research methods are applied: scientific literature and synthesis
analysis, mathematical statistics analysis, questionnaire survey, graphic analysis.
Analysis of the determination methods of the consumer benefits from forest public goods
With the existing market (statistical) data it is not difficult to calculate the benefit of goods (including and forest
ones) provided to consumers. For this purpose it is enough to know market prices of goods, the amount of these goods
bought by consumers as well as other variables. However, when evaluating forest public goods special methods should be
applied for the determination of consumers’ benefits.
Freeman (1993), Douglas, Krieger (2004), Croitoru (2006), Mullan, Kontoleon (2008) distribute values provided
by forest goods into use and non-use values. Use values are received by directly (e. g. timber, mushrooms, berries, herbs,
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recreation, recreational hunting, fishing) or indirectly (natural water filtration, carbon sequestration, soil and ecosystem
preservation) using forest for demands of society as well as by evaluating the benefit of future to the existing generation of
consumers of forest goods (option value). Non-used values are conditioned by the knowledge of inhabitants over natural
ecosystems, evaluation of these ecosystems and desire to preserve them for future generations. The largest part of the
direct use values are market objects, whereas indirect use, option and non-use values are potential ones and these goods
are non-market objects, therefore, they are considered as public goods (Croitoru, 2006). So, the benefit provided by forest
public goods is the complex of indirect use, option, bequest values as well as existence values.
Values provided by forest goods can be calculated using direct or indirect methods, however, the latter are used for
the determination of use value, whereas the first ones – for the calculation of non-use values (Dumas et al., 2004). For the
determination of the consumer benefit provided by forest public goods methods attributed to the groups of stated, revealed
preference and benefits transfer methods are used most often (Bann, 2002; Merlo, Croitoru, 2005; Croitoru, 2006) (figure 1).

Figure 1. Valuation techniques for consumer benefit estimation of forest goods

Stated preference techniques are used for the determination of use and non-use values as well as in such cases
when there are no surrogate markets allowing calculating the benefit of forest functions. These techniques (with the help
of questionnaire) allow creating hypothetical markets, which help to estimate use and non – use values of forest goods
using respondents’ answers. It is the only group of methods, which could be applied for the determination of non-use
values, however, very often the nature of hypothetical markets have many questions and obscurities over the validity and
reliability of the calculation (Mullan, Kontoleon, 2008).
Stated preference valuation techniques are used most often for the estimation of the benefits of forest goods provided
for consumers. They are contingent valuation and choice modelling. When applying these methods it is possible to assess
the total economic value of forest, i.e. they are suitable for the determination of all values of forest goods, i.e. both
private and public. The purpose of these methods basically is the same, only when applying the choice modelling method
respondents are given several variants of questions over the prices and subsidies of forest goods, and, when applying the
contingent valuation method respondents can evaluate the same goods differently (Ardila et al., 1998; Biénabe, Hearne,
2006). Hanemann et al. (1991), Khorshed (2005) emphasize that when applying these methods it is important (before
the research) to choose the concept of valuation – the willingness of the consumers of forest goods to pay for these
goods. Respondents are asked how much they are ready to pay for one or another public good. That is how the amount of
compensation (for the use of goods) is being calculated (the utility of the good is const.)
The contingent valuation is an economic method substantiated by the poll for the evaluation of resources not
participating in the market and most often applied for the evaluation of the goods of the natural environment. These resources
provide benefit to people and have no market price, since they are not directly sold in the market. The application of the
contingent valuation method is problematic in such way as the questionnaire should be clear and topical to respondents, i.e.
the valuated characteristics of goods should be clear to them. The largest imperfection of the application of the contingent
valuation method is the subjective answers to the hypothetical questions over the suppositional values of forest goods.
Respondents can be minded to overrate the benefit provided by goods, the researcher can’t be sure too that in reality the
questioned people will behave exactly in the same way as they had noted while answering questions (Arigoni Ortiz, Serôa
da Mottar, 2002; Dillman, 2000). However, the contingent valuation method has many advantages. According to Loomis
(2002), the values of recreational journeys as well as the majority of non-use values can be estimated when applying this
method, whereas applying other methods it is impossible to assess values. Since the contingent valuation basically is
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hypothetical, the method can be applied for the determination of the effects of forests functions, when there is no impact
on particular good or locality. It is the only method allowing to estimate the option value of forest goods (resources), the
bequest value with the help of which future benefits for future generations are being measured as well as the existence
value, which is being determined by the knowledge of people over the existence of such localities (Jäger et al., 2001;
Loomis, 2002; World Bank Institute, 2002).
Revealed preference valuation techniques refer to the topical behaviour of respondents, which was determined
by sensing. However, when applying these methods it is impossible to calculate the non-use values of forest goods.
According to Bann (2002), Douglas, Krieger (2004), Mullan, Kontoleon (2008), the most common method from the
revealed preference techniques (for the estimation of the consumer benefit value) is the travel cost method. It refers to
the determination of the travel cost for the visit to the forest and shows the relation between the frequency of the visits of
inhabitants to the forest and travel distances. By this method it is possible to determine the value of recreational goods as
well as other values specific to this locality. The number of visitors and travel costs show the demand for forest locality
and it allows calculating the consumer benefit value provided by the ecosystem.
The hedonic pricing method is used for the determination of the benefits of forest goods (which is directly influenced
by the market price) (Freeman, 1993). Arigoni Ortiz, Serôa da Mottar (2002) state that in order to evaluate the consumers’
willingness to pay for the quality of the place of the residence, the real estate prices are used most frequently. Different
levels of air quality or other characteristics of locality show the benefits of consumers. Douglas, Krieger (2004) emphasize
that it is one of the most complex forest resources’ (goods) evaluation methods requiring miscellaneous information.
With the lack of information (attitudes/preferences of people) on particular localities the benefits transfer methods,
which refer to the evaluation of the benefits of other localities and goods of ecosystems provided through the market
and not through the market, can be applied (Arigoni Ortiz, Serôa da Mottar, 2002). According to Brouwer (1998), the
benefits transfer methods – is a very attractive alternative for expensive and a lot of time consuming original methods.
Mullan and Kontoleon (2008) single out three following methods: unit value, benefit function transfer and Meta-analysis
methods. The value of the calculated benefit is transferred using the first method, the entire value or demand function
is transferred using the second method. One more method of the benefits transfer group, i.e. the Meta-analysis method
is used, with the application of which the data from various researches are incorporated. The data of every research are
analysed as separate observation object in the analysis of the combined data set. The Meta-analysis method can be applied
for the determination of the value of separate locality and the calculation of the demand function. However, it should
be supposed when applying this method that evaluating the locality the basic economic valuation method was referred
to. The limitation of the benefits transfer techniques is that the willingness of the inhabitants from different localities
to pay usually differs as well as the differences of the salaries of inhabitants from different localities are not taken into
consideration, and the level of income differs not only in the countries but in the regions as well (Davis et al., 1999;
Arigoni Ortiz, Serôa da Mottar, 2002).
Methodology and results of research
Forests as natural derivative perform functions of regulations, maintenance, social as well as functions of the
habitats of many animals, which are not sold through the market and have no monetary values. Therefore, in order
to determine the ecological and the public aesthetical benefit of forests as well as the forest goods benefit provided to
consumers, the method of the stated preference group, i.e. the contingent valuation method, suitable for the determination
of the forest goods’ values of all types, was applied during the empirical investigation. The purposive group of the
respondents, i.e. the inhabitants from Kaunas district, were chosen for the fulfilment of the research. The population for
the fulfilment of the questionnaire consisted of adults (older than 18 years of age). By January 1, 2010, 71562 inhabitants
older than 18 years lived in Kaunas district. For the determination of the sample size the Cochran’s (1977) formula was
invoked. Having carried out calculations the following sample volume of the respondents was achieved:

n=

z 2 2 × N × [ × (1 −
2

× ( N − 1) + z

2
2

)]
,
× [ × (1 − )]

(1)

here: n – the sample size, zα/2 –the α level critical value of standard normal distribution N (0, 1) (with 90% confidence
interval, zα/2 = 1,645), N – the population size, π – expected prevalence or proportion (in proportion of one) (π = 0, 5), ε –
sampling error, in this case – 0, 10 (or ± 10 per cent sampling error).
After estimations the sample size for the respondents is:

n=

1,645 2 × 71562 × [0,5 × (1 − 0,5)]
= 67 ,59 ≈ 68 .
0,10 2 × (71562 − 1) + 1,645 2 × [0,5 × (1 − 0,5)]
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So, 68 respondents are enough to be questioned for the fulfilment of the research in Kaunas district. Considering
similar researches (Khorshed, 2005) the 10 per cent sampling error was chosen. Consequently, the sample size n = 68
ensures that the analysis of the poll of 68 respondents will reflect the population size (N = 71562) with the guarantee of
90 per cent and ±10 per cent of the limit of sampling error.
In order to get correct answers and following the principles of research ethics the questionnaire consisting of 11
questions was created. The questions were formulated in order to determine benefits provided to consumers by forest
public goods and analyse the attitude of the respondents towards the forest public goods. According to Tejam and Ross
(1997) (applying the contingent valuation method), the poll questionnaire included three question groups. The first group
of questions tried to clear up the importance of the forest to the respondents as well as the informativity and significance
of social and ecological functions of the forest. The second group of questions tried to clear up the tendency of inhabitants
to pay for forest public goods and to research the relation between the inhabitants’ attitude towards forest public goods
and the tendency to pay for them. The third group of questions tried to clear up if it was important to inhabitants, if future
generations were able to get benefit from forest resources as well as to analyse the ecological significance of forests to
society.
The poll questionnaire was carried out in December of 2010. After the elimination of the part of questionnaires due
to the non-qualitative filling of the questionnaire form, 70 answers of the respondents were analysed.
The research has shown that the largest part of the respondents think that the main forest functions are the
improvement of air quality (55.2 per cent) and the aesthetical value of the forest (48.6 per cent). 1.9 per cent of the
Kaunas district’s inhabitants think that the benefit of the forest, as the function of the habitat of wild animals and birds, is
unimportant and 2.9 per cent of the inhabitants think that the function of the forest, as recreational place, is unimportant
as well. About half of the respondents wished to arrange more recreational objects. More than one third of the respondents
had no opinion concerning the reduction of lumbering and restrictions of hunting. The research has revealed that bequest
and indirect use (this value is shown by the benefits of forest functions) values of public goods provided by the forest are
especially important to the respondents, whereas option and existence values are considered as less significant (1 table).
Table 1. Distribution of opinions of Kaunas district inhabitants about forest public goods
Type of value

Answers to the survey’s questions

Percent

Indirect use

I am concerned very much about the consequences of fires

89.0

Option

I would like to go to the forest in the future

12.4

Bequest

We should preserve forests for future generations

74.0

Existence

I am concerned very much about the loss of the biodiversity

18.3

Since the benefit of the forest public goods to consumers is measured by the willingness to pay for them, so, in
order to determine the benefit provided by them, the respondents were questioned on how much they would be able to
pay for the visit to the forest, what sum of money they would be able to give for the preservation of vanishing species of
plants and wild animals. The distribution of the willingness of the Kaunas district’s inhabitants to pay for forest public
goods is presented in Table 2.
Table 2. Willingness of the Kaunas district’s inhabitants to pay for forest public goods Lt
Public good

Statistical characteristics
Mean

Min

Max

Standard
deviation

The number of
respondents

The visit to the forest

4.43

1.00

20.00

4.86

47

The visit to the recreational forest stand

11.23

2.00

100.00

16.51

57

The preservation of vanishing species of
plants and wild animals

41.71

2.00

500.00

76.22

58

47 (i.e. 67.1 per cent) of 70 questioned inhabitants from Kaunas district would agree to pay for their visit to the
forest. The rest 23 respondents would not agree to pay, 14 of them expressed the opinion over such choice: 6 of them
stated that they don’t know the sum of money, 8 noted that the visit to the forest isn’t as much important as to be paid
for it. The largest sum of money that respondents agreed to pay for the visit to the forest was 20 Lt, the smallest – 1 Lt.
So, the respondents agreed to pay by 4.43 Lt on the average for one visit to the forest. 57 respondents or 81.4 per cent of
the respondents were ready to pay for the visit to the recreational forest stand, giving by 11.23 Lt on average. The largest
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sum of money that the respondents agreed to pay for the one visit to the recreational forest stand was 100 Lt, the smallest
sum – 2 Lt. It shows that the aesthetical value of the forest is important to the inhabitants from Kaunas district. 13 of the
questioned respondents were not ready to pay for the visit to the recreational forest stand. Part of them stated that the
visit to such object isn’t important to them; others could not make up their minds over the sum of money. 58 respondents
or 82. 9 per cent have agreed to support financially the preservation of vanishing species of plants and wild animals.
The respondents, who were not ready to pay for that, have stated that it is not important to them, whereas others have
emphasized that state institutions should take care of the preservation of vanishing species of plants and wild animals. The
respondents ready to pay for public goods, agreed to pay 41.71 Lt on average every year.
The research has revealed that the fee for the visit in the forest would affect the frequency of visits: one third of the
respondents have noted that they would not go to the forest at all, others would go to the forest infrequently: the number
of the visits to the forest of the one fifth of the respondents would decrease by 10 per cent, 11.4 per cent – even by 70 per
cent. Only 15 per cent of the respondents have noted that the frequency of their visits to the forest wouldn’t change even
after paying a fee for the forest public goods.

Figure 2. The distribution of opinions of Kaunas district residents about visits to the forest after payment of applicable fees

The largest part of the respondents (more than 60 per cent) have noted during the research that they value the forest
public goods very much and that they are concerned over the condition of forests (consequences of fires, soil erosion)
and the preservation of them for future generations. It was determined that the respondents give the largest priority to the
development of recreational infrastructure 74.8 per cent of the respondents, the preservation of biodiversity is significant
to 44.8 per cent of the respondents and the development of commercial forests is significant to 15.1 per cent of the
respondents.
The research has revealed that the most important forest functions to the inhabitants of Kaunas districts are the
improvement of air quality and the aesthetical value, however, they are not ready to pay for the forest public goods.
Conclusions
1.

2.

3.
4.

Normally, stated preference valuation, revealed preference valuation and benefits transfer techniques are used for the
estimation of the consumer benefit from forest public goods. Stated preference valuation techniques i.e. contingent
valuation and choice modelling are the most commonly used of these kinds of surveys, because they could be applied
to all values estimation, like the values of private forest goods, as well as public goods.
The data of the research allow to state that improvement of air quality and aesthetical value of the forest are the most
important functions. However, the benefit of the forest as the function of the habitat of wild animals and birds and the
function of the forest as recreational place, are unimportant for the respondents.
The indirect use and bequest values of the forests’ public goods are very important for the respondents, but option and
existence values seem to be unimportant for them.
The research has revealed that respondents are not ready to pay for the forest public goods. Respondents agreed to
pay 4.43 Lt on the average for one visit to the forest, for the visit to the recreational forest stand – 11.23 Lt on average,
for the preservation of vanishing species of plants and wild animals – 41.71 Lt on average every year. The research
has indentified that collected tax for the visit in the forest would affect the frequency of visits.
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The research has revealed that the inhabitants of Kaunas district are concerned about the state of the forests and
the preservation of them for future generations. The development of recreational infrastructure and biodiversity
preservation has the highest priority for the respondents.
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County Level Economic Sustainability of Estonian Enterprises
Maire Nurmet, Taive Seire
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Abstract
Enterprises can contribute to rural sustainability. The aim of the paper is to measure the economic sustainability of Estonian enterprises on
county level. Measures on employment, profitability, assets, value added, liquidity, and return on equity were calculated on the basis of data from
Statistic Estonia. The results show that enterprises in rural counties are economically less sustainable than in intermediate counties.
Key words: urban-rural typology, economic sustainability, county-level analysis

Introduction
Sustainability is generally understood to be a combination of environmental, social and economic performance.
Businesses should be economically sustainable, so it is desirable to prevent the inefficient impacts of business economic
performance and financial health. Most businesses manage their economic performance effectively. Sustainable
management focuses on strategic environment that enables steady organic growth, a planned accumulation and distribution
of increasingly intangible assets, and prudent management of risks and opportunities. It enables business escape from
constrained approach based on short-term aims, growth, sales and profits.
The aim of the present paper is to measure the viability of Estonian enterprises on county level using the measures
of economic sustainability. Sustainability is the only option for most enterprises as it is key question for long-term
survival. Firms that adopt the positive attitude towards sustainability may be best positioned to survive, both for their
own benefit, and for the well-being of society as a whole. With regard to all economic activity in Estonia, no precise
information is available on how much of this is located in rural areas. However, it is possible to examine how much is
located in individual counties and to compare this within rural areas of these counties.
Literature review
There is a broadly-based consensus that a key objective of rural development policy is to maintain rural populations.
The concept of “rural area” involves a number of socioeconomic aspects, such as structure of the employment, population
age population change. (Gallego, 2004) The OECD has given a definition of rural areas based on the percentage of the
population of a region living in rural communes (OECD, 1994). Several studies by different authors (Gallego, 2004;
Bibby, Shepherd, 2004; Rural Enterprise, 2000) have been provided in order to find the possible criteria to classify
the European Union (EU) into rural and urban areas. In the context of this study, the term „rural county“, was defined
according to the new Eurostat’s urban-rural typology, that has built on a simple two-step approach to identify population
in urban areas:(1) a population density threshold (300 inhabitants per km2) applied to grid cells of 1 km2; (2) a minimum
size threshold (5 000 inhabitants) applied to grouped grid cells above the density threshold. (A revised urban-rural
typology, 2010). According to urban-rural typology 48,5% of Estonian population lives in predominantly rural areas,
51,5% in intermediate areas, and 0% in predominantly urban areas. 82,3% of Estonian land area is predominantly rural,
and 17,7% of land area is intermediate according to the new urban-rural typology. To describe the economic profile of
the area, employment, production, value added, and land use by sectors are considered (Cecchi, 1999; Bryden, 2001).
Rural enterprises can contribute to rural sustainability by providing the development of local economy, involving locallybased employment, both farming and non-farming. Entrepreneurial activity in rural municipalities of Estonia can be very
different. The nearness of larger centre can cause lower entrepreneurial activity in the neighboring areas as the bigger
enterprises in the centers provide sufficient employment opportunities (Põder, et al. 2011).
Economic and financial stability of enterprises will have a strong impact on the environmental and social stability. While
many studies look at the issue of sustainability from the environmental and the social responsibility point of views, this paper
proposes to look at the economic sustainability of businesses. Previous studies about economic and financial sustainability
have analyzed different aspects of enterprises’ sustainability. Evans and Sawyer (2009) concluded, analyzing important aspects
of regional small business sustainability and the relationship with its customers and suppliers, that businesses understood
their responsibility to provide their customers and suppliers with personal and quality service. Adams & McNicholas (2007),
among others, have shown (by action research) that lack of experience and knowledge regarding sustainable reporting in
firms is hindering the development of accountability in reporting. Analyses have been made about economic sustainability
of organizations in the context of sustainability management (Doane et al. 2001), some of them were based on the concepts
of economic, social and environmental sustainability (Vissak, 2005). Broadly, in a sustainable economy, enterprises remain
profitable, but put social and environmental sustainability at the centre. Economic sustainability forces to look on the internal
and external implications of sustainability management. This means that managing economic sustainability must consider: the
financial performance of a company; how the company manages intangible assets; its influence on the wider economy; and how
it influences and manages social and environmental impacts.
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Economic sustainability can be measured by different indicators, as proposed by Zadek and Tuppen (2001), (Table 1).
Table 1. Approach to economic sustainability
Economic impact
Indicators
Profit
Net profit, EBIT, Gross margin, Return on average capital employed, Dividends
Intangible assets and
Ratio of market capitalization to book value, Human capital, Research and development, Other capital
investments
investment, Debt/equity ratio
Wages and benefits
Total wage expense, Total benefits expense
Labour productivity or
Labour productivity levels and changes, by job category
employment
Taxes
Taxes paid to all taxing authorities
Community
Jobs, by type and country, absolute and net hange, philantropy, charitable donations
development
Performance of suppliers relative to economic components of programs and procedures, Number and
type of incidences of non-compliance with national and international standards, Nature and location of
Suppliers
outsourced operations, Value of goods and services outsourced, Performance of organization in honoring
contracts with suppliers
Goods and services
Major economic impacts associated with the use of principle products and services, including disposal
Source: Zadek and Tuppen, 2001

The present study is focused on the measurement of sustainability of Estonian enterprises with more than 20 persons
employed. For this, data on employment, profit, assets, and value added were used. Financial indicators as liquidity, and
return on equity as measures for short-term and long-term survival were used. The data were taken from Statistic Estonia.
Statistic Estonia is the main data source for economic analysis in regional level. The methods used for the analysis include
descriptive method and graphic analysis. The results are presented in counties’ alphabetical order.
Results
Economic sustainability is a key question for long-term survival for most enterprises. Table 2 presents summarized
information about employment, assets, and equity per employee. 56 per cent of all employees are employed in enterprises
of Harju county. Considerably high rate for employees per enterprise is in Ida-Viru county. Both of these counties are
considered intermediate according to the new urban-rural typology. The number of enterprises is the lowest in Hiiu and
Põlva county; the number of employees per enterprise is the lowest in Rapla, and Jõgeva counties. The key question for
rural development policy is how to encourage establishment of high value added enterprises in rural areas.
Table 2. Number of enterprises and other economic indicators by county, 2009
Number of
Employees per
County
Assets per employee
enterprises
enterprise
Whole country
3749
68
93,42

Tangible assets per
employee
57,12

Equity per employee
49,08

Harju

2101

76

108,14

65,49

57,43

..Tallinn

1704

77

111,66

67,92

60,38

19

50

37,31

24,87

17,86

Hiiu
Ida-Viru

256

83

91,21

64,75

48,31

Jõgeva

64

45

52,85

30,39

24,82

Järva

84

61

69,7

44,69

33,81

Lääne

63

48

60,7

43,81

27,44

Lääne-Viru

145

66

75,3

45,28

42,29

Põlva

45

49

56,82

33,15

32,8

Pärnu

201

51

62,73

35,92

35,29

Rapla

80

40

75,55

34,01

39,52

Saare

83

58

57,09

36,35

22,83

Tartu

374

55

64,75

37,36

30,35

Valga

67

55

59,13

39,95

33,02

Viljandi

93

60

52,56

29,16

26,26

Võru

74

50

51,59

30,84

23,72

Source: Author’s calculations on the data of Statistics Estonia

165

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

Value added is calculated on the data of economic indicators of enterprises by summing sales, the change in
unfinished products, and other business revenues, and subtracting expenses for goods, services, materials, taxes and other
business expenses. We found negative value added in enterprises of Hiiu, and Valga county (Table 3); low observable
value added is in enterprises of Põlva county. On the contrary, the value added of enterprises of Harju county make up
78 per cent of total value added. The highest value added per enterprise is in enterprises of Harju, Viljandi, and Lääne
counties. The lowest value added per enterprise was found in Valga, and Hiiu counties.
Table 3. Enterprises’ value added and productivity measures by county, 2009
County

Enterprises’ value added

Value added by productivity

Value added per enterprise

Whole country

627986

2,45

167,51

Harju

494308

3,11

235,27

..Tallinn

465324

3,53

273,08

Hiiu

-1978

-2,09

-104,13

Ida-Viru

27695

1,30

108,18

Jõgeva

4196

1,44

65,57

Järva

4702

0,91

55,97

Lääne

8607

2,81

136,62

10479

1,10

72,27

Põlva

1379

0,62

30,64

Pärnu

3337

0,32

16,60

Rapla

4097

1,29

51,21

Saare

9752

2,01

117,49

Tartu

47428

2,31

126,81

Valga

-9071

-2,45

-135,39

Viljandi

15903

2,87

171,00

7153

1,92

96,66

Lääne-Viru

Võru

Source: Author’s calculations on the data of Statistics Estonia

The highest value added indicators characterize enterprises of Harju county. Equally high results in value added
indicators were observed in enterprises, located in Ida- Viru, Lääne-Viru, Tartu, and Viljandi counties. The less sustainable
according to the indicators of added value, are enterprises in Hiiu, and Valga counties.
In order to measure enterprises’ short-term, and long-term survival, financial indicators as liquidity, and return on
equity were calculated. Liquidity measures how quickly various assets can be converted to cash. As we can see on the
figure 1, the highest liquidity is in enterprises of Lääne-Viru, Põlva, and Pärnu counties, the lowest in Hiiu county. A low
liquidity measure would indicate that either the enterprise is having financial problems or it is poorly managed; hence, a
fairly high liquidity ratio is good. However, it shouldn’t be too high, because excess funds incur an opportunity cost and
can probably be invested for a higher return.

Figure 1. Enterprises’ liquidity by county, 2009, %
Source: Author’s calculations on the data of Statistics Estonia
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The return that an enterprise gets on its equity is one of the most important factors in evaluation of enterprise’s longterm sustainability. A higher return on equity means that surplus funds can be invested to improve business operations
without the owners having to invest more capital. It also means that there is less need to borrow. The annual rates of return
on equity of the enterprises were calculated for a year 2009 (Figure 2).

Figure 2. Return on equity by county, 2009, %
Source: Author’s calculations on the data of Statistics Estonia

The highest return on equity was observed in Põlva county, the lowest one in Järva, and Valga counties. All three
counties are considered with high rurality, classifying as rural counties.
Conclusions
Enterprises can contribute to rural sustainability by providing the development of local economy. The indicators of
economic sustainability of Estonian enterprises on county level show that 56 per cent of all employees are employed in
enterprises of Harju county, and considerably high rate for employees per enterprise is in Ida-Viru county. Both of these
counties are considered as intermediate areas by the new Eurostat typology. The number of enterprises is the lowest in
Hiiu, and Põlva county. The level of economic activity, measured by number of enterprises, is lower in rural counties. The
level of economic activity is highest in Harju county; the lowest added value enterprises are located in Hiiu, and Valga
counties, which are considered as the most rural counties in Estonia. The results show that enterprises in counties with
higher rurality level are less sustainable than enterprises in intermediate areas.
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The ’Impact’ on Sustainable Economic Prosperity on Karcag and
Hajdúszoboszló Local Labour Systems
Judit Oláh, Miklós Pakurár
University of Debrecen, Hungary
Abstract
RuralJobs is a collaborative research project partly funded under the European Commission Research and Development 7th Framework Program
(FP7). It involves partner institutions from eight Member States. University of Debrecen from Hungary is the coordinator. Economic prosperity was
analysed in two labour markets of the North Great Plain region in Hungary. Karcag and Hajdúszoboszló local labour system (LLSs) served as case study
areas to characterise two types of rural employment situation. Karcag LLS as predominantly rural, remote and developing and Hajdúszoboszló LLS as
predominantly rural, accessible, developing areas were chosen.

Introduction
In the frame of RuralJobs project which aim is to identify new sources of employment to promote the wealthgenerating capacity of rural communities, Deliverable 5.1.1 is about current employment patterns and opportunities for,
and constraints on, rural economic diversification in two labour markets of Northern Great Plain region in Hungary. Along
selecting case study areas inside the reference NUTS 2 region there were two aspects which had two be considered: the
selected territory had to form a Rural Labour Market, it had to be in line with the typology formulated by Raupelienė
(2009).
Radvánszki and Sütő (2007) defined local labour systems (LLS) in Hungary that can be also called local labour
markets They elaborated 139 LLSs in Hungary from which two LLSs were chosen by the group of DU. These two LLSs
served as case study areas to characterise two types of rural employment areas. Karcag LLS as predominantly rural,
remote and developing and Hajdúszobozsló LLS as predominantly rural, accessible, developing areas were chosen.
Korten (2009), in the introduction of his book translated to Hungarian for Hungarian readers, also call attention,
that Hungarians traditional insist on land, could serve a good basis for the development of a new economic model.
This could be in line with the EU strategy for 2020 addressing a sustainable socio-economic development. Only 6% of
companies with foreign interest chose to place their Head Offices to the Northern Great Plain region in 2001. 70% of these
foreign companies are in the trade sector. (Pakurár et al., 2009) In the upcoming years, also as a result of World crisis
further foreign investments are not visible, this is more typical in rural areas, which underlines that instruments have to
be addressed to increase the role and development of local economy and SMEs.
Having the information, which settlements form a Labour Market, in the second step the task was to find those,
which are rural ones and have the same typology as their NUTS 3 region defined by Raupelienė (2009). Following the
work of Raupelienė (2009) there are two types of NUTS 3 regions in the North Great Plain NUTS 2 region. From the
three NUTS3 regions of the North Great Plain two (Hajdú-Bihar and Szabolcs-Szatmár-Bereg) are ‘predominantly rural accessible - developing’ regions and one (Jász-Nagykun-Szolnok) falls under ‘predominantly rural – remote - developing’
region category. It is important to emphasize that on NUTS 3 level all regions of the North Great Plain NUTS 2 region is
characterised as predominately rural.
RuralJobs used the driving force, pressure, state, impact, and response framework to show the link between “driving
forces “with affect employment and economic prosperity, and policy responses. (Fieldsend, 2010) Economic prosperity
is typically defined as the “stage in an economic cycle in which conditions of relatively low unemployment and high total
income prevail leading to high purchasing power (if the inflation rate is kept low)” (www.businessdictionary.com).
Materials and methods
Analysis of statistical data, study of available literature, and data gathering through interviews were the means of
information collection. In quantitative data collection we followed a shortlist of 14 indicators proposed by the EU and
also added some more which we found important to understand economic patterns in the period of 2001-2007. Although
data were missing in case of several factors, we try to give a thorough picture about significant trends and correlations
related these subjects.
Results
Karcag LLS can be defined as ‘predominantly rural - remote - developing’ Karcag LLS and its LAU1 is entirely
within the NUTS3 region of Jász-Nagykun-Szolnok. The biggest LAU2 of the region is Karcag, with a population over
20 thousand, and a population density of 60 people/km². Karcag can be considered to be a significant population centre in
the rural domain, according to Regional Operational Programme it is a “regional centre that can be dynamited”. Along
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the case study LAU2s of the Karcag LLS and also of the Karcag LAU1 were examined. In this case the defined Karcag
LLS, with its three LAU2s (Berekfürdő, Karcag, Kunmadaras), is part of the Karcag LAU1 which has two other LAU2s
(Kenderes and Kisújszállás).
One of the important components and indexes of human wellbeing is the housing situation. The housing trends are
well illustrated by the number of inhabitants per 100 dwellings indicator that was between 203-267 in 2007 in the labour
market settlements of Karcag (Table 1). In Berekfürdő the number of dwelling per 100 inhabitant is 203, in Kundmadaras
it is 267; the first value (247) is under the region’s average, the latter is above. The willingness of house building is low
due to the large number of empty houses, the low housing prices and low income.
Table 1. Number of inhabitants per 100 dwellings, number of cars per 1000 persons, motorization rate, railway stations in the
labour market settlements of Karcag and Hajdúszoboszló
Settlement

Kenderes
Kisújszállás
Berekfürdő
Karcag
Kunmadaras
Karcag LAU1/LLS
Jász-Nagykun Szolnok HU322
Ebes
Hajdúszovát
Hajdúszoboszló
Nagyhegyes
Nádudvar
Hajdúszoboszló LAU1/LLS
Hajdú-Bihar HU321
Northern Great Plain region

Number of
inhabitants per 100
dwellings
2001
2007
265
251
272
250
216
203
282
257
286
267
249

233

304
291
253
293
255

287
281
227
280
245

260
265

244
247

Number of cars
2001
708
1848
160
3 377
613
8 707
74 092

2007
964
2 545
258
4 634
905
11 313
96 527

940
518
5 328
588
1 559
8 933
104 792
291 896

1 359
718
6 602
743
2 232
11 654
141 549
381 468

Number of
cars/1000 persons,
motorization rate
2001
2007
133
191
144
214
179
268
149
219
104
163
177

242

209
162
225
217
169

308
232
283
270
244

190
187

260
252

Railway stations
2001
1
1
1
1
1
5
38

2007
1
1
1
1
1
5
43

1
0
1
0
0
2
45
167

1
0
1
0
0
2
45
173

Source: Central Statistical Office 2001, 2007

In 2007 the supplement of cars (number of cars/ 1000 person) was below the region’s average (252 cars/ 1000 person)
in the examined labour market settlements. The number of cars per 1000 persons is especially low in Kunmadaras (163
cars/ 1000 person). The highest increase in substance of cars can be observed in settlements with growing population.
In the examined period (2001, 2007) the number of railway stations did not change. Hajdúszovát, Nagyhegyes
and Nádudvar do not have railway connections. Ensuring mobility i.e. ensuring that people can easily access their
workplaces is important in terms of job creation. Since substance of cars is low in the are it is key to provide appropriate
public transport (favourable timetable, comfortable vehicles, affordable ticket prices) and do not let any workplaces to be
accessible only by car.
Table 2. Number of crimes per 1000 inhabitants in the labour market settlements of Karcag and Hajdúszoboszló
Settlement

Number of crimes per 1000 inhabitants

Kenderes
Kisújszállás
Berekfürdő
Karcag
Kunmadaras
Karcag LAU1/LLS
Jász-Nagykun Szolnok HU322
Ebes
Hajdúszovát
Hajdúszoboszló

169

2001
298,4
224,1
134
349,5
248,9

2007
395,2
226,9
425,3
502,3
355,2

422,9

402,8

111,4
210,2
471,5

266,5
407,6
407
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Nagyhegyes
Nádudvar
Hajdúszoboszló LAU1/LLS
Hajdú-Bihar HU321
Northern Great Plain region
Source: Central Statistical Office 2001, 2007

185
207,2

234
178

377
377,3

383,6
387,5

Since the living standard of the inhabitants of both labour market area is well below the national average the
number of thefts and crimes against property is high (Table 2). However compared to other settlements of the region
public security is the best in the two tourist centres, in Berekfürdő and Hajdúszoboszló, but high number of weekend
houses and tourists causes a special problem here; providing guarding and minimizing incursions throughout the year is an
especially important task. In the high season the number of tourists increases significantly and also tourism-related crimes,
during these periods the settlement tries to overcome the situation by providing increased police presence. Between 20012007 the number of crimes per 1000 inhabitants increased in every settlement except in Nádudvar. The largest growth was
experienced in Berekfürdő, Ebes and Hajdúszovát.
Table 3. Total number of commerce accommodation capacity and hosts of private accommodation in the labour market
settlements of Karcag and Hajdúszoboszló
Settlement
Kenderes
Kisújszállás
Berekfürdő
Karcag
Kunmadaras
Karcag LAU1/LLS
Jász-Nagykun Szolnok HU322

Total number of commerce
accommodation capacity
2001
2007
0
0
16
16
1 578
1 417
97
363
0
0
2 114
2 108
11 926
13 565

Ebes
Hajdúszovát
Hajdúszoboszló
Nagyhegyes
Nádudvar
Hajdúszoboszló LAU1/LLS
Hajdú-Bihar HU321
Northern Great Plain region
Source: Central Statistical Office 2001, 2007

16
0
5 536
0
33
5 585
14 940
35 958

18
0
6 748
0
36
6 802
16 268
40 538

Number of hosts of private accommodation
2001
2007
0
0
5
0
107
101
1
0
0
0
113
101
614
684
3
1
1 191
3
2
1 200
1 351
2 127

11
4
1 346
3
13
1 377
1 584
2 567

Statistics reflecting the total number of commerce accommodation capacity show modest increase in every
settlements between 2001 and 2007 (Table 3). While in 2001 the total number of commerce accommodation capacity
was 97 in Karcag this number had increased by more than four times to 363 by 2007. In the number of hosts of private
accommodation significant growth did not occur in the examined period of 2001 and 2007. One of the obstacles of
tourism development is the low number of bed and breakfast and hotel accommodation providing higher comfort level
services. Tourism capacity and utilization is low in the examined settlements, the number of tourist nights is high only
in Hajdúszoboszló. Tourism development should be achieved through a complex method in which the integral part is
not only the creation of tourist infrastructure, but the conservation and development of the natural landscape, the local
populations’ culture and values of the artificial environment.
Among the settlements of the North Great Plain Region two towns, Hajdúszoboszló and Debrecen, have become
one of the most visited municipalities of the country by domestic tourists, furthermore Hajdúszoboszló is one of the most
visited by foreign tourist as well. The most important area of Hajdú-Bihar county in terms of tourism is the DebrecenHortobágy-Hajdúszoboszló triangle, that gives the main share of the region’s tourism too. Hortobágy is on the World
Heritage List as the most authentic piece of the Europe-wide known Hungarian mere. Hajdúszoboszló is the most
important spa area after Hévíz. Attractions of this triangle reinforce each other and together they have major international
tourist potential.
The landline and cell phone supply is complete in both examined labour market area, several cell phone towers
ensure the availability of mobile services (Table 4). Internet supply is also resolved in all settlements, among public
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institutions, mayors’ offices, elementary schools, community centres and telecentres have internet access. Cable
deployment system varies across settlements: it is not complete. In Kunmadaras and Hajdúszovát the cable television
system is undeveloped.
Table 4. Number of homes with cable network, number of telephone main lines and number of ISDN lines in the labour market
settlements of Karcag and Hajdúszoboszló
Settlement
Kenderes
Kisújszállás
Berekfürdő
Karcag
Kunmadaras
Karcag LAU1/LLS
Jász-Nagykun Szolnok HU322

Number of homes with cable
network
2001
2007
0
215
477
507
0
185
1 529
3 034
0
0
4 007
5 948
37 863
50 770

Ebes
556
Hajdúszovát
0
Hajdúszoboszló
2 622
Nagyhegyes
496
Nádudvar
799
Hajdúszoboszló LAU1/LLS
4 473
Hajdú-Bihar HU321
75 206
Northern Great Plain region
1 555 383
Source: Central Statistical Office 2001, 2007

556
91
3031
410
491
4 579
90 728
198 090

Number of telephone
main lines
2 001
2 007
1 034
2 972
405
5 566
941
10 918
106 649
1 153
637
7 197
600
2 039
11 626
147 216
380 843

Number of ISDN lines
2 001
2 007
54
316
58
958
76
1 462
13 216
116
46
1 056
50
264
1 532
21 536
50 914

Conclusions
Karcag LLS is far from big towns and the remoteness of the area strongly affects the local economy and employment.
Because the long distances to big cities and the bed road conditions the population cannot reduce local unemployment by
commuting.
The main external threat of the examined labour market is that the economic crises become chronic and the utilisation
of potentials will be slow. Another exterior problem is that the government policy cannot help the local economy focusing
on more competitive businesses. There are some opportunities to develop employment in the area. With better road
structures the better accessibility increases the ability to attract capital and industrial development. Further development
of bio farming through investment in bio food processing factories to give more added values to the local products is a
viable choice for the community. The utilization of renewable energy: wind turbines, solar collectors and bio energy may
lower the expenses making the area more attractive for both the businesses and the inhabitants.
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Abstract
Organic farming has a special place in the world, EU and Lithuania because of the goal to provide safe and high quality food products for
people, at the same time preserving and protecting the environment. Animal husbandry plays an important role in organic farming, which not only
allows people to provide with various products, but produced organic fertilizer helps to maintain and improve soil fertility. The article presents aggregate
data of the different animal species dynamics as well as beekeeping and fishery development in Lithuanian organic farms in 2005-2010. The main aim of
the study is to analyze the organic livestock, fishery and bee-keeping the current situation in Lithuania, the potential for future growth and causes. Data
analysis of the factual and statistical data analysis techniques showed that livestock and beekeeping development is weak; dominating direction of farms
is crop production with cereals prevailing. In order to promote the development of livestock and beekeeping in Lithuania, it is necessary to review the
amount of compensation and payment arrangements, pay greater attention to the development of organic livestock production. Lithuania does not have
significant opportunities to develop eco-fishing, because it limits the total pond area in Lithuania.

Introduction
Animal husbandry is very important part of organic agriculture, because organic farming and the use of renewable
natural resources (livestock manure, liquid manure, legumes and other plants), crop and livestock production system
allows to save and in the long term improve soil fertility and contributes to sustainable agricultural development. Applying
the holistic approach of organic farming, animal breeding should be connected to the soil, where the produced manure is
used to fertilize crops. Animals are an essential chain in the circular nutrient processes among soil - plant - animal. The
number of livestock must be strictly coordinated with the available land area. Only in this way the secondary activity of
livestock products are not waste and pollution, it is plants fertilizer, thus closes the organic production cycle. When we are
selecting breeds of organic livestock, we should take into account the ability of breeds to adapt to local conditions, their
vitality and resistance to disease (Žekonienė et al., 2005; Skurdenienė et al., 2007, Council Regulation (EC). 834/2007,
2007; Bučienė, Šlažas, 2008; Commission Regulation (EC) 889/2008 2008; Pekarskas, 2008).
Organic farming in Lithuania started in 1993. Nine farms certified, they were granted a transitional period to
organic farming status. In 2007, were certified 2855 farms (13 from them - fishery farms), including 817 livestock farms.
Forty bee farms certified with 1281 bee families and 11 farms of wild plant production collection with 7.157 ha. Large –
scale organic livestock farms number has been increasing, although by the year 2003 it was dominated by the small farms.
745 livestock farms certified in 2009, compared with 2008 - their number decreased by 8.1 percent, nevertheless the
number of certified animals increased. Comparing 2008 and 2007, we can see an increase of certified dairy cows, sheep,
horses, goats, little pigs and beef cattle, rabbits and birds decrees.
Certification of dairy and meat processing plants, as the organic food processing plants, led organic livestock
acceleration in Lithuania. Organic milk is bought on, processed, organic cheese, cottage cheese; yogurt is made out of it.
Various certified meat and meat products appeared on the market. The largest area of fish farms ponds certified in 2006 5403.5 ha. Certified area decreased in 2007 by 360.68 ha (6.67 percent). In 2008 ponds area again began slightly rise.
Certified fishery areas are reared each year. Nine species of fish are reared in organic farms: carp, pike, bream, tench,
grass carp, bighead, sturgeon, catfish, and peled. The most popular fish - carp. The largest certified organic ponds area
has CJSC „Raseinių žuvininkystė“ – 898.8 ha in 2006. Significant areas of the ponds has been certified in CJSC „Čivylių
žuvys“ (659,4 ha) and CJSC „Akvilegija“ (615,75 ha) (Pekarskas et all., 2008; Pekarskas et all., 2009; Lietuvos žemės
ūkio apžvalga 2009–2010, 2011).
Animals on organic farms have to grow healthy and give good quality organic produce. Such priority shall be given
to local farms for animal and bird species that are well adapted to environmental conditions. Storage conditions must
comply with any requirements of the species must be able to freely meet the surviving wild ancestors instincts, easily
available forage / birds feed and water. Under different rearing conditions, heating and ventilation systems must maintain
the air circulation, dust levels, the relative air humidity and gas concentration, which is not harmful to animals. Depending
on local weather conditions and specific breeds of animals, an open air area, walking areas and outdoor enclosures should
be installed to protect from rain, sun, wind, extreme temperatures (Bakutis 2002; Žekonienė et al., 2006; Skurdenienė et
al., 2007).
The aim of research - to analyze the organic livestock, fisheries and apiculture development problems and prospects
in Lithuania.
Research methods: scientific literature review, the factual and statistical data analysis.
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Results
The analysis of changes dynamics in 2005-2010 of dairy, suckler cows and breeding bulls in organic farms found
that mainly are grown dairy cows. Their votes increased by 4.410 units from 2005 to 2008, but then cows on organic
farms began to decline and in 2010 it was grown 8891 dairy cows. In 2005 in organic farms were certified in only 14
suckler cows, but in later years number increased steadily and in 2010 it was certified 2863 units. Particular increase in
the number of was in 2005 – 2010 period - by 204.5 times even. In 2005 were certified 29 breeding bulls and in 2010 they
already reached 117 units. (Figure 1).

Figure 1. Number variations of dairy, suckler cows and breeding bulls in organic farms of Lithuania in 2005-2010

Number of certified sheep is fast-growing in organic farms, comparing 2010 and 2005 the increase in unit was
8631 or in 2.71 times. The biggest number of certified goats was in 2008 (873 units), after the number began to decline
and in 2010 certified 586 goats. There is a very small number of organic rabbits - in 2010 was certified only 185 rabbits.
(Figure 2).

Figure 2. Changes in the number of goats, rabbits, sheep in organic farms of Lithuania in 2005-2010

The number of organic pigs is relatively low – in 2010 it was certified only 532 pieces. Although compared with
2009 the increase is in 253 units, or 90.7 percent, but with such amount of production we cannot talk about the serving
organic pork needs even in the local market. Number of certified horses, ponies and donkeys was growing from 2005
to 2009, but in 2010 it was certified by 364 units even less than in 2007 (Figure 3). Number of hen comparing 2005 and
2010 increased by 1467 or 3.12 times, while other birds in different years have been certified by a wide range, but small
amounts - 83 to 550 units. (Figure 4).
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Figure 3. Changes of pigs, horses, ponies and donkeys number in the organic farms of Lithuania in 2005-2010

There in Lithuania in 2008 was 770.9 thousand animals (including 394.7 thousand dairy cows), 897.1 thousand
pigs, 9107.5 thousand birds, and 47.5 thousand sheep (Lietuvos žemės ūkio apžvalga 2009–2010, 2011).
The basing of these data we can stat that organic livestock in Lithuania’s organic farming system, is weakly
developed and has considerable potential for expansion.

Figure 4. Changes of hens and other birds number in the organic farms of Lithuania in 2005-2010

There is no compensatory payments separately for livestock and poultry on organic farms. Compensatory payments
are associated with forage and perennial grasses growing. In 2002 and 2003 Minister of Agriculture stated that the
payments provided for certified plots, attributable to no more than 3 ha per animal unit, only keeping agricultural entities
holding at least 4 animal units certified by the time the existing organic agriculture regulations. In 2002 for perennial grass
production (1 ha) was paid 85 LTL (25 EU), in 2003 – 90 LTL (26 EU) (Specialioji kaimo rėmimo programa, 2002; Kaimo
rėmimo programa, 2003).
According to the Rural Development plan for 2004-2006 measure “Agri-environment” payments are paid for
thus are keeping animals certified according to the Council Regulation (EEC) No 2092/91 of 24 June 1991 on organic
production of agricultural products and indications referring there to on agricultural products and foodstuffs, as amended
and supplemented by the Council Regulation (EC) Nr.2254/2004 of 27 December 2004 and compliance with national
organic agriculture regulations, the certified area of perennial grasses, attributable to no more than 3 ha per animal unit.
According to the Rural Development plan for 2004-2006 measure “Agri-environment” requirements for 1 ha of perennial
grasses was paid 407 LTL (118 EU).
According to the Lithuanian Rural Development Program for 2007-2013 measure “Organic farming program”
payments made only to livestock farmers, thus organic farms are certified under the Council Regulation (EEC) No 2092/91
of 24 June 1991 on organic production of agricultural products and indications referring thereto on agricultural products
and foodstuffs (as amended and supplemented by Council Regulation (EC) Nr.2254 / 2004 of 27 December 2004), OL
2004 L 385, p. 20, and Organic agriculture rules regulations - for the perennial grass area, which is not more than 3 ha per
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contractual animal unit. Compensatory payment – 438 LTL (127 EU) per 1 ha of perennial grasses.
Lithuanian Minister of Agriculture on 19 January 2011 Order No.3D-30 indicated that according to the Lithuanian
Rural Development Programme 2007-2013 measure “Agri-environment payments” Organic farming program: bulls,
cows and other cattle older than 2 years, horses older than 6 months is in accordance with a contractual animal; cattle
from 6 months to 2 years - 0.6 contractual animal, cattle and horses younger than 6 months - 0.4 contractual animal, pigs,
sows more than 50 kg - 0.5 contractual animal, the other pigs - 0.3, sheep, goats - 0.15 contractual animal, rabbits (males
and females, with gains up to weaning) – 0.025 contractual animal; laying hens – 0.014 contractual animal; other domestic
birds (chickens, guinea fowl, ducks, turkeys, geese) - 0.03 contractual animal.
The basis of these data suggests that Lithuania’s organic farming system dominated by crop production trends.
Here is grown mainly cereal and organic animal husbandry developed weakly. In order to promote the development of
organic livestock production in Lithuania is necessary to review compensation arrangements for payments, paying greater
attention to the development of organic livestock. Recently it is planned to be done.
A similar situation exists in Finland. Meanwhile, organic livestock is developed in the most EU countries and crop
structure is widely dominated by the majority of grasslands and fodder crops (Heinonen, 2007; Bučienė, Šlažas, 2008).
Analyses of organic bee farms number in Lithuania changes dynamics in 2005-2010 showed that it is decreasing.
Farms declined from 49 to 26 units and number of certified bee families decreased from 1597 to 910 units (Figure 5).
Currently, organic bee farms are producing certified organic honey, pollen, beebread, royal jelly and propolis. There is
no compensatory payment for the organic bees. A large part of the former organic bee farms moved to the production
of exceptional quality products, where bee-keeping requirements for significantly lower than in organic farming. In the
future, without changing the organic beekeeping support procedures it is difficult to expect that organic bee farm in
Lithuania will grow.

Figure 5. Changes of bee farms and bee families number in the organic farms of Lithuania in 2005-2010

Fishery ponds in Lithuania cover 10.5 thousand ha. Currently only about 49 percent capacities of ponds is used.
The aquaculture sector is characterized by micro and small enterprises. There were 18 aquaculture enterprises in 2005, of
which 3 - micro-enterprises, the other - small ones. Organic fishery has a rapid development in country aquaculture. 10
organic ponds fishery companies were certifien in 2003, in 2004 - four other companies. The amount of organic fishery
production have grown with each year: in 2003 production of certified ponds was 19.5 percent (457 t), in 2004 - 22.6
percent (607 t), in 2005 - 32 percent (648 t) and in 2006 - 39 percent (868 t) of total aquaculture production in Lithuania
(Lietuvos žuvininkystės sektoriaus 2007–2013 metų veiksmų programa, 2008).
Organic fishery, compared with organic farming in Lithuania began to engage recently, as the relevant rules have
been approved. Part of the conventional pound fish farms decided to start to grow organically. Organic fishery was
developed in 13 organic fishery farms in 2006, covering whole of 5029.40 ha (4858.50 ha of which were reared). The
number of organic fishery farms did not increase in 2006-2008 period, the area of ponds was 5161.52 ha, including 5086.94
ha of reared ponds. Area of organic ponds increased by 132.12 hectares during this period, while reared area - by 44.12
ha only. The largest area of fish farms ponds and reared ponds was certified in 2009 (5967.09 ha and 5856.34 ha) and in
2010 the area decreased by 490.49 ha and 580.71 ha. Some fish farms refused to grow organically, while others began to
farm in organic way: JSC „Išlaužo žuvis“and CJSC „Čivylių žuvys“ refused to grow organic fish in 2010, but the CJSC
„Šalčininkų žuvininkystės ūkis“ began organic fishery farming in 225.63 ha (219.16 ha reared) as well as CJSC Bartžuvė
(177.98 and 175.42 ha). In 2009 – 2010 16 organic fishery farms have been certified. The largest certified organic ponds
and reared ponds area in 2006 has CJSC „Raseinių žuvininkystė“ – (898.8 ha and 873.4 ha), CJSC „Čivylių žuvys“ (659.4
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ha and 654.4 ha) and CJSC „Akvilegija“614.25 and 608.3 ha. CJSC „Raseinių žuvininkystė“ (898.8 and 876.7 hectares)
and CJSC (619.25 and 618.3 hectares) in 2010 remained with the highest certified pond area (Figure 6).

Figure 6. Dynamics of organic ponds and reared ponds area in organic fishery farms in Lithuania (2005–2010)

In 2006, aquaculture ponds were grown about 2 thousand tons of fishery products, which accounted for 94 percent
of carp. In addition to the carp small quantities of trout, pike, bream, tench, catfish and other valuable fish species
were grown (Lietuvos žuvininkystės sektoriaus 2007–2013 metų veiksmų programa, 2008). Carp is grown in all organic
fishery farms in Lithuania. In addition to the carp nine species of fish are grown: pike, tench, bream, bighead, grass carp,
bream, catfish, pikeperch, and sturgeon. Different organic farms grow organically different fish species. CJSC Šventjonis
“organically grow a carp only, CJSC „Juodasis gandras“ prefers carp and pike, while CJSC „Daugų žuvis“and CJSC
„Bartžuvė“ grow organically even seven species of fish. The assortment of farmed fish increased in two fish species of
bream and pikeperch comparing 2008 with 2010, but peled is no more reared. The most popular on organic farms remain
carp (Pekarskas et all., 2009).
Lithuanian organic farming system is dominated by crop production, the most cultivated are cereal, and organic
production of livestock developed weakly. The compensation payment order should be reviewed, paying greater attention
to the development of organic animal husbandry in Lithuania in order to promote the development of organic livestock
production. This could significantly accelerate the development of organic livestock farming in Lithuania, particularly in
less-favoured areas, where currently a number of farmers engaged in organic farming. This territory of Lithuania is very
favourable for the development organic animal husbandry. Another possible solution could be development of organic
dairy and meat products market in Lithuania, which is poorly developed right now. Increased demand for organic milk
and meat products can accelerate their production. Recently is planned to promote the market. Lithuanian Ministry of
Agriculture focuses more on organic animal husbandry development in Lithuania. Recently the projects for supply of
kindergartens, schools and other institutions with organic milk and its products are developed. In order to develop an
organic apiculture in Lithuania it is necessary to change the procedures for support of organic beekeeping. In the present
situation it is difficult to expect that organic apiculture in Lithuania will grow. Financial support for organic apiculture
should be initiated. Lithuania does not have great potential to develop organic fishery, where as the total pond area is
limited and this is the main reason for week development of organic fishery. We can only expect that the share of organic
fisheries production from total aquaculture production may be increasing. Here the demand organic fish in the market is
very important and whether it is economically profitable to grow it.
Conclusions
Organic animal husbandry in organic farming system in Lithuania developed weakly, dominated by crop production.
In 2010 were certified 8891 dairy cows, 2,863 suckler cows and 117 breeding bulls. Number of certified sheep is fastgrowing in organic farms. Compensatory payments for organic livestock and poultry production paid separately, they
are linked to perennial grass growing. There is necessary to review the compensation payment procedure, aiming to
promote organic livestock development in Lithuania, with a stronger focus on organic livestock production. This would
encourage the development of organic animal husbandry, especially in less-favoured areas. It is necessary to promote
organic milk and meat markets, the increase of demand would stimulate the development of organic animal husbandry.
There has a perspective organic dairy products supply of kindergartens, schools and others institutions in Lithuania. There
is a noticeable decrease in the number of organic bee farms in 2005-2010; number of farms decreased from 49 to 26 and
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certified bee families from 1597 to 910 units. A large part of the former organic bee farms moved to the production of
exceptional quality products, where bee-keeping requirements for significantly lower than in organic farming. Without
changes in the organic beekeeping support procedures it is difficult to expect the increase organic bee farms number
in Lithuania. There is necessity of financial support for organic apiculture in Lithuania. 13 organic fishery farms were
certified in 2006-2008, with 5161.52 ha area of pounds (2008), including reared 5086.94 ha; in 2010 - 16 farms certified,
with 5476.6 ha of ponds, including 5275.63 ha of reared. Lithuania does not have great potential to develop eco-fishing;
where as the total pond area is limited and remaining unchanged. We can expect that the share of organic fishery production
in total aquaculture production can start to increase because of the demand for organic fish.
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Abstract
Land is a special object of ownership. Ownership of land can be one of the main conditions to start and develop business as well as one of
the preconditions to undertake economic activities. The Lithuanian Constitution generates an opportinstitutiony and a requirement to regulate the
relationship with regards to acquisition, exploitation, and transfer of land as a special object of ownership.
So far as China is concerned, according to the Constitution of the PRC, ownership of land is completely within the hand of the state as a whole
and it is prohibited from being transferred in any way. Two categories of ownership of land exist in China, viz. state-owned land and collective-owned
land. Although it is prohibited to transfer the ownership of land, he rights of the land use is allowed to transfer. However, many problems spring up in
the course of transferring the rights of land use. Above all, the short-sighted state policy results in many severe problems.

Introduction
Land is a part of an economic potential system and a foundation to human life. It is a special object of ownership.
Ownership of land can be one of the main conditions to start and develop business as well as one of the preconditions to
undertake economic activities. The Lithuanian Constitution lays down a series of rules to regulate the relationship with
regards to acquisition, exploitation, and transfer of land as a special object of ownership (and as a condition of running
business as well as a precondition of the performance of economic activities) by means of legal acts in such a way as to
prevent from the formation of any preconditions that might affect land as a valuable thing protected and secured by the
Constitution and might violate other Constitutional values.
In contrast, so far as China is concerned, land is completely prohibited from being sold, which is equally true to
the two categories of ownership of land, viz. state-owned land and collective-owned land. However, the rights of land
use are allowed to be transferred with the involvement of market, and several approaches of transferring the rights of
land have been developed so far. Unfortunately, in the course of developing and advancing the use of land, the various
levels of Chinese governments have mainly focused on the immediate economic benefits, and a striking aftermath is that
a land-based finance is firmly established. It is astonishing to find that, the income from transferring the rights of land has
occupied half of the total financial income of the Chinese governments. In the course of transferring the rights of land use,
the common people, especially the peasants and workers, are among those who suffer most. The monopoly of ownership
of land and inappropriate legal system for transfer of land use cannot bring about real economic power or benefit the
common people.
The purpose of the paper: to analyze legal and economic aspects revolving around the selling or transferring the
rights of the state-owned land from a comparative perspective
Object of the paper: state-owned land.
Methods of the paper: analysis and generalization of scientific literature, analysis of legal acts, monographic,
comparative, descriptive, and logical generalization.
Results
Article 47 of the Constitution of the Republic of Lithuania has established that besides privately-owned land
there is also state-owned land. State-owned land is a part of the Land Fund of the Republic of Lithuania, which is not
under private ownership and does not belong to the category of land returnable to private ownership. The Government
performs the functions of a land owner through issued laws. The county governor is a trustee of state-owned land located
within the territory of a county, who manages state-owned land in case it has not been granted to any state institution,
forest stewardship, or state parks’ administration. The county governor is a party of a legal relationship concerning land
because s/he exercises the right to manage, exploit, and dispose state-owned land. At the order established by other laws
and the government, the county governor may sell or transfer to one’s private ownership in any other way state-owned
land, except for the land lots, which under the documents of territorial planning have been ascribed to the buildings and
equipment open for privatization and state real estate which at the order established by legal acts has been included onto
the list of restorative real estate approved by the government and trusted to the organizer of the real estate restoration,
who is specified under the Law of Management, Exploitation, and Disposal of State and Municipal Property as well as
non-agricultural land lots the ownership of which is transferred to municipalities without a reward (Valstybes Zinios,
2004). It is important for the county governor to participate in the civil legal relationship when state-owned land is being
transferred as a party with equal rights and showing no signs of subordination.

178

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

The Seimas has established special additional requirements and limitations for selling of state-owned land. These
requirements and limitations have been set considering the main intended purpose of land exploitation, i.e. whether
it is used in agriculture, whether there is a forest or water reservoir, whether it belongs to the category of protected
territories, or any other purpose. During the land reform, land, forest, and water reservoirs (formed land lots) are sold to
persons in keeping with the sequence specified under Article 10 of the Land Reform Law of the Republic of Lithuania
as well as other projects of land management, and other documents of territorial planning. The conditions and order of
selling and purchasing of agricultural land are regulated by the special Temporary Law of Agricultural Land Acquisition
(Land…, 2004). Agricultural land refers to the land lots which are exploited or intended to be exploited in the operation of
agricultural companies, farms and development of any other farming activity, such as farming lands, land occupied with
residential houses and agriculture buildings in a village area, yards, roads and land proper for farming. It is necessary to
stress that this definition of agricultural land is not comprehensive and raises certain doubts. It is also necessary to stress
that the subjects with a right to receive state support in the process of agricultural land acquisition as specified in the
Temporary Law of Agricultural Land Acquisition are subject to certain requirements.
State-owned agricultural land is sold on auction when several persons with the right of priority desire to purchase
the same land lot (except for the land lot needed for the exploitation of buildings and equipment as well as land of a
privately-owned farm). Land lots are sold for those persons on a close auction. When there are no persons with the right
of priority to purchase land lots, the latter are sold on an open auction. This rule is not applied to the persons who desire to
acquire land for the exploitation of buildings and equipment as well as land for a privately-owned farm. The persons who
have exercised their right of priority to acquire state-owned agricultural land obtain the right to transfer it to other legal
and natural persons or the right to change its intended purpose of exploitation not earlier than 5 years after the day of land
acquisition. In the sale-purchase contract of state-owned agricultural land, there should be a condition saying that upon
request of the person who has exercised the right of priority to purchase state-owned agricultural land or upon finding of
the fact that the land is exploited contrary to its purpose; the state acquires a right to re-purchase that land.
The Constitutional Court has declared in the decision as of 30 March 2006 that agricultural land is a natural
resource of an exceptional value, the quality and area of fertile soil of which are decreasing continuously due to the
influence of separate individuals, urban expansion, and other factors. In order to save relevant features of agricultural land
the legislator must establish clear criteria for changing of the purpose of exploitation from farming to any other, taking
into consideration public interest as well.
In view of the abovementioned provisions, the issue arises of whether establishing by laws maximum quantity of
agricultural land lots allowed to be acquired does not restrain personal right of ownership, freedom of economic activity,
other constitutional rights and freedoms. The Constitutional Court has given an answer to this issue in the decision as of
30 March 2006 declaring that establishing by laws of a maximum quantity of agricultural land lots that one is allowed
to acquire does not imply itself that a personal right of ownership, freedom of activity, other constitutional rights and
freedoms have been restrained without any constitutional basis. On the contrary, establishing of these maximum quantities
may be one of the measures that create preconditions of rational agricultural land management, develop farming business
properly, encourage fair competition in agriculture, prevent from the monopoly of production and market. Such goals
for setting of maximum quantities of agricultural land lots that one is allowed to acquire are treated as expressing public
interest protected by the Constitution.
From an economic perspective, the mentioned maximum quantities of agricultural land lots that one may acquire
from the state must be matched with the farms of a rational size. During one research by the scientists at the Agrarian
Economics Department the following dimensions have been established: rational plant-growing farm covers 200-470ha,
rational dairy husbandry farm covers 103-132ha, mixture of cattle-breeding and dairy husbandry farm covers 90-120ha
(Kriščiukaitienė, 2006).
In 2007, it is intended to complete the land reform. The land which has not been returned to its pervious owners or
their legitimate heirs suspends the operation of the land reform, limits investments, and hinders suburban development.
Privately-owned domains which are of an extremely small size are an obstacle to an efficient exploitation of land either.
The area of a medium farm registered in the Farmers Farm Register as of 1 January 2006 was 12.2 ha. Farms usually
consist of several lots located in different areas and it often happens that free state-owned land is squeezed between those
privately-owned lots. From an economic viewpoint, it is very inefficient because the land lots of improper configuration
and size hinder farming, productive application of technique, and adaptation of up-to-date technologies.
Lithuania’s membership in the European Union and direct donation motivate all land users to declare it. With a
European Union support the places which are less favorable for farming and infertile or barely fertile soils have been
planted all around with a forest. There has also been an expansion of the scale of construction works, resulting in higher
prices of land. As a result, the number of uncultivated land lots is decreasing.
The price of land in Lithuania is not high. For example, in Western Germany 1ha costs around 18.000 EUR and in
Eastern Germany 1ha costs around 4000EUR, whereas in Lithuania it costs only about 400EUR (Ciapaite, 2006).
Land of another purpose is deemed to be the land which is not intended for farming under the documents of
territorial planning and land management. The State Land Fund sells both new land lots as well as exploitable land
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lots for the purpose other than farming. It is important to know that the legislator and the government have set certain
requirements for selling of state-owned land lots of another purpose.
New state-owned land lots of another purpose are those lots the maps of which have been drawn according to the
documents of territorial planning and land management, which have been registered at the Immovable property Register,
and which contain: 1. no buildings and equipment belonging to natural and legal persons of the Republic of Lithuania,
foreign states, and other organizations or such buildings and equipment exist but the term of their exploitation has elapsed;
2. buildings and equipment belonging to the state, which are to be transferred under certified detailed plans.
The size and boundaries of new state-owned land lots of another purpose are set according to certified detailed
plans. Such land lots are sold on an auction, except for the land lots for building of residential houses for the signatories
of March the 11th Act or their spouses or children in case the signatories are dead, under the condition that a signatory has
never before acquired state-owned land on favorable terms. Besides, for an individual construction it is allowed to sell
only those land lots the ownership of which is not intended to be transferred without a reward to the citizens according to
the Law of Reconstruction of Citizens’ Ownership Rights to Real Estate.
Exploitable state-owned land lots of another purpose are the following:
1. Household land lots;
2. Land lots of horticulturists’ comminstitutionies;
3. Land lots nearby privately-owned garages;
4. Land lots for an individual construction in the city and in the village granted by previous decisions as of the
period 1992-1993;
5. Land lots needed for the buildings and equipment, the ownership of which has already been acquired or is
being acquired;
6. Land lots squeezed between privately-owned lots, which do not exceed the size established by the
government.
Household land lots, which are located nearby the buildings and equipment under one’s ownership, are sold in case
their boundaries and area are specified in detailed plans, projects of land management (in the village residential area),
or Immovable property Register files, which contain the maps of land lots, and the size of which is necessary to exploit
the existing buildings and equipment according to their direct purpose specified in the Immovable property Register.
Household land lots may be sold following the maps, compiled in the Immovable property Register files in case the
boundaries indicated in the Immovable property Register files meet the requirements of household exploitation. The price
of an exploitable land lot, which is on sale, is not a matter of agreement between the parties. The price of a land lot is
calculated according to the decision No. 20 of the Government of the Republic of Lithuania as of 24 February 1999. It is
necessary to note that the Government of the Republic of Lithuania limits the size of salable household lots. Until 1 June
1995 salable land lots located in the city and relevant suburbs of Vilnius, Kaunas, Klaipeda, Siauliai, Panevezys, Alytus,
Marijampole, Druskininkai, Palanga, Birstonas, with an exception of the city of Neringa, could not be bigger than 0.2 ha
and in other cities it could not exceed 0.3ha.
Foreigners, foreign legal persons, and foreign organizations, which meet the criteria set under the Constitutional
Law of Article 47 Section 3 of the Constitution of the Republic of Lithuania (Valstybes Zinios 1996, No. 64-1503, 2003,
No. 34-1418), are allowed to acquire new as well as exploitable state-owned lots of another purpose. The criteria are met
by those foreign legal persons and other foreign organizations which have been established in the member states of the
European Union or in the countries, which have joined the Treaty on European Union with other member states or in the
countries which have joined the Organization of Economical Communication and Development, member states of NATO,
and the member states of the European Economic Comminstitutiony. Citizens and permanent residents of the mentioned
countries meet the criteria.
The subjects that have a right to acquire agricultural land at the same order and under the same conditions as
citizens and legal persons of the Republic of Lithuania, are the following: 1. foreign natural persons that have been living
in Lithuania uninterruptedly for at least three years and are engaged in farming, 2.foreign legal persons and other foreign
organizations that have established their representatives and branches in Lithuania. Other foreign subjects that meet the
requirements of the integration into the European Union or the North Atlantic Alliance as chosen by Lithuania, are not
allowed to acquire any agricultural land under their ownership until the year 2011.
Attention should be paid to the way the registration of a land lot purchased from the state is regulated by laws.
Article 10 Section 2 of the Land Law establishes that the purchaser has to register the ownership of a land lot with the
Immovable property Register at purchaser’s own expense within 3 months from the moment of conveyance, and this
provision must be included into the sale-purchase contract of land. If the buyer fails to meet this obligation, the county
governor must file a request to the court to register the sale-purchase contract of state-owned land and to reimburse
damage due to the failure to register the contract. This specification allows jumping into conclusion that the registration
of conveyance is a buyer’s obligation because Article 6.393 Section 4 of the Civil Code establishes that in case one party
avoids registering ownership to the immovable property, the court upon the request of the other party may enter a decision
regarding the registration of the contract.
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Quite different from the scenario in Lithuania, according to the Constitution of the PRC, the land can only belong to
either the whole people (in the name of state) or the collectives; therefore, the ownership of land can never be in the hands
of the individuals. Although transfer of the ownership of land is not always impossible, there is absolutely no possibility
for the subjects except the state or the collectives to acquire the ownership of land. In accordance with the Constitution
of the PRC, the mere two categories of ownership of land are clearly distinguished. Pursuant to the Constitution of the
PRC, all mineral resources, waters, forests, mountains, grasslands, uncultivated land, beaches and other natural resources
are owned by the state, that is, by the whole people, with the exception of the forests, mountains, grasslands, uncultivated
land and beaches that are owned by collectives. Furthermore, the land in the cities is owned by the state, and the land in
the rural and suburban areas is owned by collectives except for those portions which belong to the state; house sites and
privately farmed plots of cropland and hilly land are also owned by collectives (Articles 9 (1) and 10 (1), the Constitution
of the PRC). At the same time, the Constitution of the PRC sets forth the general rules about the use of the lands, including
both the state-owned lands and collective-owned lands. As one of the most important natural resources, the state ensures
the rational use of the lands and appropriation or damaging of lands by any organization or individual by whatever means
is prohibited (Article 9 (2), the Constitution of the PRC). More specifically, the Constitution of the PRC proceeds to
prescribe that, ‘The state may, for the public interest, expropriate or take over land for public use, and pay compensation
in accordance with the law. No organization or individual may appropriate, buy, sell or otherwise engage in the transfer of
land by unlawful means. The rights to the land use may be transferred according to law. All organizations and individuals
using land must ensure its rational use’ (Points (2) (3) (4) of the Article 10, the Constitution of the PRC). Prohibition of
transfer of the ownership of the land in China is established as one constitutional principle, and any uses of land in China
must be conducted according to the mandatory laws, including the Constitution of the PRC and other relevant laws.
Despite the fact that it is completely forbidden to transfer the ownership of land, the use of land is encouraged. The
main specific laws with regard to the use of lands are, Land Administration Law of the People's Republic of China 1986
(hereinafter ‘the Land Administration Law’), Law of the People's Republic of China on Urban Real Estate Administration
1994 (hereinafter ‘the Urban Real Estate law’) and the Law of the PRC on the Contracting of Rural Land 2002 (hereinafter
‘the Contracting of Rural Land Law’). While as to the laws regarding the state-owned land, the former two laws are
among them.
In accordance with the various Chinese laws mentioned above, it is totally forbidden for transferring the ownership
of land, no matter as to the land of the whole people or the land of collectives. No institution or individual is allowed to
occupy, trade or illegally transfer land by other means. However, the right of land use can be transferred to the individuals
according to the laws. And what deserves special attention is that the state may make expropriation or requisition on land
according to law for public interests, but shall make compensation accordingly. (Article 2, the Land Administration Law).
Above all, it is of great importance in understanding the way or procedure in transferring the right of land use in China.
Originally, the transfer of the rights of land use was by agreement, and a number of problems have sprung up
therefrom. In order to avoid the severe problems revolving around the traditional approach of transferring the rights of land
use, the Chinese government actually has, from time to time, recourse to the market. Nowadays, the basic three approaches
utilized to transfer the rights of land use are as follows: public bidding, auction and listing. The three approaches were
confirmed as the fundamental approaches of transferring the rights of land use by the Ministry of Land and Resources of
the PRC (hereinafter ‘the Ministry of Land and Resources’). On 31st March, 2004, the Ministry of Land and Resources
and the Ministry of Supervision jointly announced the famous No. 71 Document, which required that after 31st August,
2004, the rights of the land for business use must be transferred by way of ‘public bidding, auction and listing’, and it is
no longer allowed to transfer the rights of land use by way of agreement that had been utilized in the past. (Guotu Zi Fa
[2004] No. 71). This date, regarded by the land developers as ‘the day of their doom’, amounts to a significant turning
point in terms of the lawful approaches in the transfer of the rights of land use. And from then on, the game of the various
interested parties arising from the transfer of the rights of land use becomes more and more fierce. (XING Shaowen, Nan
Feng Chuang, 2010). In accordance with the official report of the Ministry of Land and Resources, throughout the year
2009, the total income from transferring the rights of land use is 1591.02 billion, which was 63.4% higher than that of
the year 2008. And the income from transferring the rights of land use by way of ‘public bidding, auction and listing’ is
1509.85 billion, which amounts to 94.9% of the whole income from transferring the rights of land use. (The Official Report
of the Ministry of Land and Resources, 2009). It can thus be seen that the approach of transferring the rights of land use
by way of ‘public bidding, auction and listing’ has gained absolute popularity. In any case, the popularity of the approach
does not represent that the approach does not bring about any problems. Instead, along with this process, even more
severe problems arise from theses approaches of transferring the rights of land use. As a matter of fact, it can be said that
the introduction of the approaches has resulted in quantities of problems which are even more serious than the traditional
approach. The land-based finance is an excellent illustration in this aspect. In 2001, 16.6% of the financial income of
local governments came from the transferring of the rights of land use; in contrast, the percentage reached 48.8% in 2009.
The percentage was even over 50% in some years between the year 2001 and 2009. (HUANG Xiaohu, Analysis of the
Land-Based Finance). It was reported in a Chinese official newspaper recently that the income from the land transfer
in 2009 could hit a new high, breaking through the 2 trillion mark. This is an indication that local governments are
becoming even more dependent on the transferring the rights of land for operating funds and that macro-control measures

181

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

by the central government have yet to address the fundamental reasons underlying high housing prices. (People’s Daily,
December 27th, 2010). Besides the formation of the land-based finance, other serious problems, such as the extremely high
house price, economic bubble and social instability. In view of the unprecedented crisis, the Chinese central government
has been devoting to find some solutions. For example, the state council issued the Notice of the General Office of the
State Council on Promoting the Steady and Healthy Development of the Real Estate Market on January 7th, 2010, which
emphasizes that in the course of transferring the rights of land use, the various elements, such as the price of the land,
the payment of the price, the agreed period for the development of the land and the vacant land of the enterprises, should
be considered. (Guo Ban Fa [2010] No. 4). This approach is called ‘auction based on multi-elements’; as some scholars
have pointed out, the problems such as over competitiveness, fast rise in the price of land, and the frequent occurrence of
corruptions may be resolved through the new approach. However, in the long run, the development of the system of the
approaches of transferring the rights of land use entails the cooperation of other measures, and the availability of more
reasonable plans of providing for the land. (ZHANG Yuansuo, ZHANG Zhanlu, China Land).
Alongside the land-based finance that is resulted from transferring the rights of land use by the various levels
of Chinese governments, to expropriate or requisition the land from the hands of the collectives has become another
apparent phenomenon in China today. With the rapid growth of the Chinese economy and the process of urbanization,
land expropriation or requisition becomes rather commonplace. According to an incomplete statistic conducted by the
Jiu San (September 3rd) Society, there are 6.7 million hectares of land which has been expropriated up to today, and
one of the resulted situations is ‘no land for farming, no jobs for working, and no allowances for living’ so far as the
collectives whose land has been expropriated. Millions of peasants suffer from the expropriation, and 60% thereof have
no economic incomes and thus live extremely difficult lives. (LUO Jianlei, BAO Huanhuan, Research on the Perfection
of Land Expropriation Procedure, 2008). As some other authors have indicated, public welfare is the reason as well as
the limitation for the expropriation or requisition of the land. (TAN Jiusheng, On the Purpose of Public Welfare in the
Land Requisition Based on the operation, 2007). Unfortunately, it frequently happens that the governments appropriate or
requisite the land from the collectives just for transferring the rights of land to get profits, totally ignoring and distorting
the fundamental precondition for appropriation or requisition.
Besides the abovementioned approaches for transferring the rights of land use, the institutions or individuals to
which the rights of land use are transferred to also have to abide by the requirements set forth by the various laws. It
is generally required that, “Any institution or individual that needs land for the purposes of construction should apply
for the use of land owned by the State according to law.” (Article 43, the Land Administration Law). And when the
construction involves the use of agricultural land, the procedure for the approval shall be required. And a lot of detailed
requirements set forth by the Land Administration Law under the heading of Land for the Purposes of Construction must
be also followed. As to the construction of the real estate, in order to acquire the right of land use, it is required that a
written contract has to be signed and fees should be paid to the governments (Articles 15 and 16, the Urban Real Estate
law). It needs to be furthermore pointed out that, “For the collective-owned land within a designated urban area, it must
be requisitioned and turned into State-owned land in accordance with law first and then for leasing out to land users with
due compensation.” (Article 9, the Urban Real Estate law) Unfortunately, no specific requirements or restrictions as to the
quality of the institution or individual which uses the land are prescribed.
Quite contrary from the situation in Lithuania, the Chinese peasants and the collectives lose their land more and
more frequently, instead of getting more and more land from the governments.
It must be pointed out that the hottest topic relating to the land use in the present China is the real estate. The real
estate becomes the most concerned topic because of its extremely high price which is never unbearable for the common
people. As to the many reasons leading to the situation, the approaches of transferring the rights of land use play a key
part. The practice demonstrates that the governments have developed their monopolistic position in providing the land
for real estate. It becomes more and more frequent that new ‘land king’ emerges from now and then. It was reported by
an official newspaper that “A plot of land in Putuo, Shanghai became a hotly contested target among 15 real estate giants
on September 10. It was ultimately secured by COB Development (Shanghai) Co., Ltd., a central enterprise, for 7 billion
yuan, setting a new record price for China’s land sold publicly”. (People’s Daily, 11th September, 2009). The average
price per square meters for the plot of land in Putuo reached 22.41 thousand yuan. And in 2010 in Beijing, the average
price per square meters for one plot reached 27.5 thousand yuan. The strangely high price for the use of land unavoidably
contributed to the spiraling price for the real estate. Consequently, this inappropriate use of land is never a desirable mode,
and it cannot propel the long-last advancement of real economic power.
Conclusion
1.
2.

Sale-purchase contracts of state-owned land, irrespective of the intended purpose of land exploitation, are subject
to the same requirements set in the Civil Code, as any other sale-purchase contracts of real estate.
Under the contract, the subject-matter of which is state-owned land, ownership of real estate is transferred at the
moment as established by law.
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It is possible to register a land lot if it has been identified, i.e. it has formed at the order established by law. In order
to identify a land lot it is necessary to form it as a separate object of tangible rights over real estate.
The Seimas has established special additional requirements and limitations for selling of state-owned land. These
requirements and limitations have been set considering the main intended purpose of land exploitation: whether it
is used in farming, whether there are any forests and water reservoirs, whether it is a protected territory, whether it
is exploited for any other purposes.
State-owned land is sold on an auction when there are several persons with the right of priority who pretend to the
same land lot (except for land lots needed for the exploitation of buildings and equipment as well as land lots of a
privately-owned farm).
Nowadays, persons may acquire agricultural land from the state, the total area of which is up to 300 ha or agricultural
land from the state and other persons, the total area of which is up to 500 ha.
Establishment of a maximum quantity of agricultural land that one is allowed by laws to acquire does not imply
itself that ownership rights, freedom of activity, and other constitutional rights and freedoms are restrained without
any constitutional basis.
State-owned land lots, which are sold to natural and legal persons, should be matched with the formation of the
farm of a rational size.
The price of agricultural land will increase rapidly in Lithuania after the completion of the land reform and the
formation of the land market.
In China, the ownership of the land cannot be transferred; and there are only two categories of ownership, to wit:
the state-owned land and the collective-owned land.
Although it is prohibited to transfer the ownership of land in China, it is permitted to transfer the rights of the
land use.
The transfer of the rights of the land use has referred to the approaches of agreement, bidding, auction, listings
and the recently adopted ‘multi-element approach’. However, the relevant practice tells that these approaches have
more or less failed.
The price for the transferring of the rights of land has been rising spirally; it is a great pity to see that the price
gets more and more deviated from the reasonable standard and the price hardly reflects the real economic power
of China.
The Chinese governments have developed the mode of land-based finance, under which the income from transferring
the rights of land use occupies almost half of their total income. It is predicted that the percentage will go on
spiraling.
The transferring of the rights of land use is mainly for the construction, and the construction of the real estate
becomes the hottest topic in China nowadays.
The income from transferring the rights of land use for constructing the real estate becomes the most important
source for the finance of the various levels of governments.
In comparison with the use of land in Lithuania and that in China, it can be detected that different policies and
attention are attached on it. In Lithuania, the focus is towards the long-lasting and scientific use of land; while in
the present-day China, short-sighted pursuit of economic interests has made the balanced development of economy
derail, and economic bubble and crisis will unavoidably arise.
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Farmers’ opinions on the Outlook of Agriculture in Estonia: a Multiple
Regression Analysis
Anne Põder, Ants-Hannes Viira, Kati Putk
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Abstract
While the number of farms in Estonia has been decreasing, however, the strong demand for food and potentially increasing (or levelling)
subsidy levels in Baltic countries provide a rather positive outlook for the agricultural production. The aim of the research is to study the opinions of
Estonian farmers on the future outlook of agriculture in Estonia. For this, the data of a questionnaire survey of Estonian farmers is used. In the survey, the
farmers were asked to give their opinion on the 6 statements: about the demand, prices, EU subsidies, agriculture as source of income and as a lifestyle
and about the future prospects of agriculture in Estonia. 6 multiple regression models were constructed to study the relationship between the farmers’
opinions and the following characteristics of the farmer: age of farmer, level of education, size of the agricultural holding, and distance of the farm
from the nearest urban growth centre. The results show that the farmer characteristics explained the variation in opinions in 3 models. The farmers with
higher level of education gave higher scores to the favourable future prospects of agriculture in Estonia. The farmers with larger arable area were more
optimistic about agricultural production as a source of income, and more profit-oriented. There was a strong negative connection between the distance
from the growth centre and the assessment on the importance of life-style over profit.
Key words: Estonian agriculture, farmers’ opinion, multiple regression, future prospects of agriculture

Introduction
The prospects of agriculture could be assessed from many different standpoints. Economic development is
accompanied with diminishing share of agriculture in GDP and as an employer (Kjeldsen-Kragh, 2007). In the last
10 years the structure of Estonian agricultural holdings has been following the developments similar to many western
European countries (Viira et al., 2009a). In the process of structural change the number of agricultural producers has
been decreasing and the average size of the producers has been increasing (Calus et al., 2008; Browne et al., 1992).
In Estonia, the number of agricultural holdings decreased from 55 748 holdings of average 15,6 ha in 2001 to 19 700
holdings of average 47,7 ha in 2010 (Statistical Office of Estonia, 2010, 2011). Hence, the average annual rate of decrease
in agricultural holdings has been 12,3% and the average annual rate of increase in average holding size has been 13,2%.
However, the rate of decrease in the number of agricultural holdings in Estonia has levelled in the recent years. During
transition a dualistic pattern has emerged in farm structures in Estonia – besides large agricultural holdings that provide
majority of agricultural output, there is a large proportion of small farms that produce very little (Sarris et al., 1999;
Viira et al., 2009b). The research results of many authors (Lobley and Potter, 2004; Marsden et al., 2002; Katchova,
2008) suggest that besides the professional farmers the heterogeneous holdings with different goals like lifestyle farming,
multifunctionality etc. will emerge. It can be assumed that those developments will also reflect in the opinion surveys of
farmers’ on the farm as a source of income or as lifestyle etc.
While the number of farms is decreasing, the global population is increasing, and high food prices that are forecasted
to remain, causing a strong demand for food (OECD-FAO, 2011). These developments indicate a positive outlook for
agricultural and food producers.
From Estonian and other Baltic countries’ perspective also the next CAP review for the period post-2013 is a
factor that could have positive effect on outlook of agriculture. The farmers in Baltic countries have one of the lowest
CAP subsidy levels in the EU and it is anticipated that the average payments in this region will increase (European
Commission, 2010).
The perspectives of agricultural production could be assessed also from the regional point of view. In more
peripheral areas agriculture has traditionally had a more important role as an economic activity (Henderson, 2002; Ginter
and Lõo, 1996). With lack of other alternatives, for example employment in other sectors, the share of employment
provided by agriculture, is higher in those Estonian counties that are farther away from larger centres.
If one considers the decrease in number of farms in Estonia, the perspective of agriculture does not seem very
optimistic in Estonia. On the other hand, if one considers the strong demand for food, potentially increasing (or levelling)
subsidy levels in Baltic countries the agricultural outlook seems rather positive. One possibility to study the outlook of
agriculture is farm surveys where farmers are asked to give their opinions on the perspectives. Farmers’ expectations
towards the future are one of key elements that shape their plans and actions. A producer with a negative outlook to the
future development of agriculture is more likely to exit farming. Therefore the study of farmers’ opinions and expectations
provides information that could be used to explain the future behaviour of the farmers.
The aim of the research is to study the opinions of Estonian farmers on the future outlook of agriculture in Estonia.
Object of the research – Estonian farmers. The data on the opinions of farmers have been obtained from a survey of
farmers conducted in the spring of 2011.
Following research tasks have been set in the paper: to provide literature review on the topic in the introductory
section of the paper; to give an overview of the survey of farmers; to provide a description on the data and variables used
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in the analysis, to conduct multiple regression analysis to study the effects of various characteristics of farmers on their
opinions on the outlook of Estonian agriculture.
Methods of the research – multiple regression analysis; monograph, comparative and logical analysis and
synthesis.
Data and method
The data used in this analysis was collected during a questionnaire survey “Future Perspectives of the Agricultural
Producers” conducted by the Institute of Economics and Social Sciences of Estonian University of Life-Sciences in the
spring of 2011. The survey was a follow-up to a survey conducted in 2007 (Institute of Economics and Social Sciences,
2008). The overall aim of the survey of 2011 was to study the farmers’ plans and opinions on the future perspectives
and changes in those from 2007 to 2011. The sample of the survey consisted of the respondents of the 2007 survey. 279
questionnaires were mailed out in 2011 and 228 (81,7%) were filled in by farmers and returned. In 2007 the questionnaire
was posted to 1000 farms that were randomly sampled from the population of 6724 farms which economic size exceeded
2 ESU. In 2007 the response rate was 27,9%.
In the present paper part of the data collected during the survey is analysed. The farmers were asked to assess on the
scale of 5 (scores: 1 – no, certainly not … 5 – yes, certainly) if they agree with the different statements about the future
outlook of agriculture in Estonia. The 6 statements about the future perspectives were following: 1) in the future there will
be a strong demand for agricultural products; 2) in the future the prices of agricultural products will be high; 3) high EU/
state subsidies can be expected in the future; 4) in the future agriculture will be a steady source of income; 5) maintaining
farming as lifestyle is more important than the profit; 6) the agricultural production in Estonia has favourable prospects.
The assessments of these statements were used as dependent variables in multiple regression analysis. Since there was
six statements six models were analysed. In all models the same independent variables were used: farmer’s age, farmer’s
level of education (1 – basic education; 2 – secondary education; 3 – trade school; 4 – higher education), the size of the
agricultural holding (ha), and distance from the nearest urban growth centre (km). In this analysis 12 main Estonian towns
were considered as urban growth centres (Estonian Ministry of the Interior, 2005). Since not all the respondents filled in
answers to all the questions, answers from 158 farmers remained valid for the analysis. Descriptive statistics of dependent
and independent variables is given in Table 1.
Table 1. Descriptive statistics of the dependent and independent variables
Description of dependent variables in the models

Symbol of variable

Mean

Std. deviation

In the future there will be a strong demand for agricultural products

y1

3,93

0,92

In the future the prices of agricultural products will be high

y2

3,57

0,93

High EU/state subsidies can be expected in the future

y3

2,66

0,93

In future agriculture will be a steady source of income

y4

3,04

1,00

Maintaining farming as lifestyle is more important than the profit

y5

3,82

1,13

The agricultural production in Estonia has favourable prospects

y6

3,24

1,14

Age, years

age

58,09

11,03

Level of education

educ

2,86

0,95

Agricultural area of the holdings, ha

area

152,29

390,42

Distance from the nearest urban growth centre, km

dist

33,67

16,84

Description of independent variables in the models

Source: Survey “Future Perspectives of the Agricultural Producers” (Institute of Economics and Social Sciences, 2011); authors’
calculations

It appears that farmers agreed that in future the demand for agricultural products will be strong (average score 3,93
in scale of 5). Also, farmers tend to agree that the prices of agricultural products will be high in the future (average 3,57).
Despite the anticipation of more equal CAP direct payments farmers tend to disagree that in future the subsidy levels will
be high (average 2,66). Despite the belief in strong demand for and high prices of agricultural products farmers were
not so optimistic that agriculture will be a steady source of income in future (average 3,04). The value of this variable
could be affected by high volatility of prices of agricultural commodities in world market. Price volatility is forecasted to
remain high also in near future (OECD-FAO, 2011). However, farmers tend to be positive about prospects of agriculture
in Estonia (average 3,24). As anticipated, besides income and business, farming is rather considered to be a lifestyle
option (average 3,82).

186

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

On average, the respondents of the survey were relatively old as more than half of them were already in retirement
age. This illustrates one of the key problems of Estonian agriculture. The lack of young farmers who would replace the
retiring producers has been relevant issue in Estonian agriculture for quite some time, but has so far remained unsolved.
Therefore, age was included to the models in order to study if it would affect the assessments on the future perspectives.
The level of education of respondents in the analysis could be considered relatively high. The mean agricultural area of
agricultural holding in the study was high; however there was high variance in the sizes of the producers.
The aim of the multiple regression analysis is to study the relationship between independent predictor variables and
the dependent variable. The models in this study can be generally expressed as follows:
yi = β0 + β1age + β2educ + β3area + β4dist, i=1, …, 6				

(1)

For the multiple regression analysis the OLS (Ordinary Least Squares) was used. It was assumed that assessments
given by the farmers on the scale of 5 could be considered as roughly continuous estimates of farmers’ personal opinions
about perspective of agriculture in Estonia. It was assumed that age has a negative effect on farmers’ assessments on
outlook of agriculture since older farmers are in a phase of farm life-cycle where many of them will exit from farming.
Level of education was expected to influence positively the assessments on agricultural perspectives since farmers with
higher education are more competitive and perhaps more aware of the trends in food prices, policies etc. We expected that
managers of larger farms are more positive about the outlook of agriculture since larger farms are usually considered as
more competitive due to economies of scale. By adding distance from the nearest urban growth centre, it was controlled if
the location in the neighbourhood of towns has any effect on farmers’ perception about prospects of agricultural production.
In towns there are more opportunities for off-farm jobs and non-agricultural business and therefore we assumed that
proximity to towns has a negative effect on the assessment about agricultural outlook.
Results
The results of the multiple regression analysis are given in Table 2. It appeared that the selected independent
variables do not explain the variation of dependent variables y1 (In the future there will be a strong demand for agricultural
products), y2 (In the future the prices of agricultural products will be high) and y3 (High EU/state subsidies can be
expected in the future). One could conclude that farmers’ agreement or disagreement with these three statements do not
depend on farm and/or farmer’s characteristics. Rather, these statements refer to general knowledge obtained mainly from
media and other information sources.
In case of dependent variables y4 (In future agriculture will be a steady source of income), y5 (Maintaining farming
as lifestyle is more important than the profit) and y6 (The agricultural production in Estonia has favourable prospects)
independent variables describe small but statistically significant proportion of the variation in dependent variables.
Therefore we can conclude that farm size positively affects the farmers’ expectation that agricultural production will be a
steady source of income in the future.
Table 2. Regression results
Dependent variable (yi)

Intercept

age

educ

area

dist

R2

Significance F

y1

3,0748
(0,5375)

0,0085
(0,0068)

0,1419*
(0,0813)

0,0002
(0,0002)

-0,0022
(0,0042)

0,039

0,1874

y2

2,7040
(0,5481)

0,0092
(0,0070)

0,1128
(0,0829)

-0,0001
(0,0002)

0,0005
(0,0043)

0,020

0,5466

y3

2,2801
(0,5528)

0,0048
(0,0070)

-0,0114
(0,0836)

0,0001
(0,0002)

0,0037
(0,0043)

0,009

0,8521

y4

2,9090
(0,5784)

-0,0052
(0,0074)

0,9889
(0,0875)

0,0005**
(0,0002)

0,0025
(0,0045)

0,061

0,0448**

y5

4,3222
(0,6332)

0,0042
(0,0081)

-0,0638
(0,0958)

-0,0008***
(0,0002)

-0,0133***
(0,0049)

0,126

0,0004***

y6

1,5361
(0,6481)

0,0104
(0,0083)

0,3547***
(0,0981)

0,0002
(0,0002)

0,0019
(0,0051)

0,090

0,0059***

*Significant at 0.10 level. **Significant at 0.05 level. ***Significant at 0.01 level
Note: The quantities in parentheses beside the estimates are the standard errors

It also appeared that managers of larger farms tend to consider agricultural production as a business while managers
of smaller farms tend to agree that farming lifestyle is more important that profit from farming. Also, the farther away
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from urban centres the less farmers value farming as a lifestyle. This could be explained by agriculture’s larger share in
overall economic activities in more remote areas. This means that in peripheral areas agricultural production is considered
as an important source of income, while in peri-urban areas farming is more likely a lifestyle options since there are
more off-farm job and business opportunities in the towns. It appeared also that farmers with higher education consider
agriculture in Estonia to have better outlook than farmers with lower education.
Conclusions
The aim of this research was to study the opinions of Estonian farmers on the future outlook of agriculture in
Estonia. Besides statistical data and economic reasoning, one way to study the outlook of agriculture is asking the opinions
of farmers. This study relies on data derived from the survey where Estonian farmers were asked to evaluate if they
agree with 6 different statements on the future perspectives of agriculture. In the scale of 5, on average the farmers gave
the highest scores to the statements: in the future there will be a strong demand for agricultural products, maintaining
farming as lifestyle is more important than the profit; in the future the prices of agricultural products will be high. The
farmers gave lower scores to the statements: the agricultural production in Estonia has favourable prospects and that
in future agriculture will be a steady source of income. The farmers agreed least with the statement that high EU/state
subsidies can be expected in the future.
To study if the opinions in those matters are affected by the characteristics of the farmers (farmer’s age, level of
education, size of the agricultural holding, distance of the farm from the nearest urban growth centre), multiple regression
analysis was conducted. In case of the 3 multiple regression models out of 6, the farmer characteristics explained the
variation in opinions.
It appeared that farm size and education level of farm manager are two important determinants of farmers attitude
towards future. The farmers with higher level of education gave higher assessments to the future prospects of agriculture
in Estonia. Therefore, the human capital is an important aspect that stimulates the development of agriculture in rural
areas.
The farmers with larger arable area were more optimistic about agricultural production as a source of income, and
more profit-oriented than managers of smaller farms. It can be expected that the producers with larger agricultural holdings
are more orientated to the economic goals. We can also argue that the farmers of the large holdings are professional
managers who think ahead on the future sources of income and profits. In case of the small farms, the non-economic goals
are often the key elements that influence the decisions. Small scale agricultural production is part of the rural lifestyle
and rural household and the maintenance of this lifestyle can more of the priority than economic goals. This could be
especially the case of the older farmers who are pensioners, whose main source of income is pension and who do not
actively seek to expand or enlarge their farms.
The analysis showed also that there was a strong negative connection between the distance from the growth centre
and the assessment on the importance of life-style over profit. The higher the distance, the more important the profit was
in comparison with life-style. The reason behind this may be the lack of other alternative incomes in the area. As those
enterprises that have remained in the area and are using its resources, they have had to adopt professional managerial
attitude and the main goal of earning profit.
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Cooperative Performance Assessment Based on the Sustainable Development
Aspect
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Abstract
Activities of the cooperatives are inevitably related to the economic, social, cultural and natural environments. The article deals with the
development of the cooperatives on the sustainability development aspect. The purpose of the article is to define methods needed to assess performance
of the cooperatives on the sustainability development aspect. The project involved quality assessment – such experts as cooperative and greenhouse
managers were surveyed. The described methods allow assessing cooperatives sustainable developments indicators, forecasting the performance or
using as a priority when providing EU aid. This assessment method could be used as the guideline by the existing and future cooperatives.
Key words: sustainable development, indicators, cooperative, competitiveness, assessment

Introduction
Cooperatives are widely spread in many countries around the world. Many researchers assume that the future of their
establishment and development rates, as well as cooperative share within the economic sector will increase even more.
Majority of manufacturers and scientists maintain that the development of the cooperatives in Lithuania is
inadequate. The development of cooperatives in Lithuania is relatively slow despite the fact that everyone understands
their benefits. The number of cooperatives is not sufficient not only in Lithuania but other post communist countries too
(Čaplikas, 2001; Kožuch, 2006; Melnikienė, 2006; Pareigienė, 2008; Ramanauskas, 2006, Губени, 2000; Зiновчук, 2001
et al.). Current research papers (Čiegis, 2009, 2011; Dėl..., 2011; Scerri, 2010) often define the national and regional
priorities for the sustainable development and evaluate their changes as well future prospects. The assessment of the
separate organizations based on the sustainable development aspect is less seldom found and the methods to evaluate the
performance of the cooperatives have not been discovered in the scientific papers at all.
Thus the competitive success of the economics is related to the key market regulation and stabilization link –
development of the cooperatives which needs tremendous government support. Additionally, it is important because the
development of the cooperatives is tied to all three sustainability indicators: social, economic and environmental. Another
significant fact is that the performance of the majority of the existing cooperatives does not fully meet the cooperation
principals; therefore, it is necessary to prepare a performance evaluation methodology, which will be used to provide the
support and help to solve this problem.
The purpose of the article – define the methods to assess sustainable development of the cooperatives based on
the summary of the development of the existing cooperatives.
The below goals came out of the above purpose:
• define favourable and unfavourable factors to establish a cooperative;
• propose methods to evaluate the performance of the cooperatives that would be used to distribute aid and
resolve the issue of the inadequacy of the cooperation principals
The object of the article – to assess the sustainable development of the cooperatives.
Research methods. The article analyses external and internal factors and conditions influencing the performance
of the cooperatives. It handles and defines scientific literature and legal documentation as well as describes different
businesses and enterprises in the country.
Quality study was based on the assessment of the experts – four greenhouse vegetable business managers and other
representatives of association’s and well as cooperative leads were interviewed.
Quality data based on answers to different questions was compiled during the time of the interviews. The main
questions asked were: „How do you evaluate the opportunity and necessity for the yours cooperative sustainable
development?” “Which criteria would you recommend to used for assessment of sustainable development?”, “What are
the most effective means of the sustainable development?”.
Results
Currently, the slow development of the cooperatives and their underperformance is justified by such negative
factors as lack of funds and incompletion of the tax system. Studies show that the expected results would not be achieved
even if the most negative factors were eliminated. It is very important to deal with the overall impact of these factors
to cooperative. We will mention several key factors that exist currently (Pareigienė, 2008; Ramanauskas, 2007) which
prevent the development of the cooperatives most significantly. Favourable and unfavourable factors were defined based
on the statistical analysis of performance of the national and foreign cooperatives as well as expert survey.
1. Agricultural cooperatives in Lithuania are established without an adequate theoretical justification. Many
authors analysed the theory of the cooperatives but no one was able to substantiate the theory for establishing agricultural
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cooperative under the current economic conditions, which are defined by the peculiarities of the agricultural system and
the current globalization.
The wide variety of sizes of the agricultural farms is one of the most significant agricultural features in Lithuania
that defines the development of the cooperatives. Besides large farm businesses owning hundreds and even thousands
hectares of land, huge animal herds and producing large amounts of products, there are thousands of small farms with
just 2–3 hectares of land that produce relatively large amounts of products combined. Currently there are very few largescale farmers in Lithuania. They are not interested to establish cooperation with the small farmers because they are more
economically and technically powerful. That is why it is important to create the theoretical model to establish cooperation
between large-scale farmers and small farmers.
Additionally, it is necessary to modernize some principals of the cooperative establishment and adapt them to the
current globalization. Cooperative Law has to be reviewed as well based on these changes. The classical cooperative “non
profit” principal might prevent some cooperatives to maintain reliable partners or to establish associations with them. In
the light of this, many cooperative worldwide seek to make profit and establish various funds, reward some members with
bonuses, provide social benefits, and differentiate the share value already today. The existing “democratic governance “
principal was logical in the cooperatives whose main goal was resolution of member social issues only. But if the main
goal of the cooperative is focused on the economic issues, the majority of the votes should go to the members who are
using the cooperative the most, i.e. having higher turnover. It would be almost impossible to follow this principal for a
cooperative that is willing to merge into larger organizations or coordinate its activities with the other legal enterprises.
Modernization of this principal change the administrative controls when the major organizational decisions are made not
by all members but by the delegates that are elected to do so.
2. Management democracy is one of the most crucial issues of the cooperative movement. As is well known the
main principal in cooperation is “one member – one vote”, i.e. every member has one vote regardless of the turnover or
the invested capital. One can come across certain cooperative varieties when the number of votes depends on the number
of shares in some developed countries. Economic issues mainly determine this, and the risk occurs that the cooperatives
might lose their identity if mandatory turnover and democratic principles are eliminated as members seek profit and
establish a cooperative to jointly solve these issues.
By the way, during the time between two wars in Lithuania the number of delegated representatives that were sent
to attend the “Pieno centras” (“Milk centre”) Commissioners Meeting depended on the butter production. One delegate
was sent for every 20 tons of butter produced. Cooperatives and their associations would send one delegate for every
25000 LT turnover to the “Lietūkis“ member meeting. In both cases the bigger turnover represents the larger number of
delegate votes. Any provisions did not limit the number of votes.
It is worth noting that today some wealthier shareholders with the lion’s share in a cooperative start demanding more
votes and greater influence in a company. However, the majority of countries still support the classical “one member – one
vote” principal.
This provision might be changed in order to attract more economically strong members to join the cooperatives. In
Iceland, cooperatives make their own decisions when creating regulations and determining the factors that would define how
the cooperative members will be repaid, especially those who are able to support and contribute to the financial resources more
than others. The “one member – one vote” principal is not so strictly followed in Belgium or Greece either.
3. Poor organization in finding funding for the cooperatives is another issue. Benefit of the economic performance
is very important despite the fact that the main goal of the cooperatives is fulfilling the member needs, creating favourable
conditions for loans, product storage, processing and realization, as well as service. The economical advantage can be
achieved by the larger and more competitive cooperatives. They are more advanced and can compete with other companies
and are more beneficial to the majority of the farmers but they would need more financing, which farmers usually do not
have. That is why it is not worth establishing such a company and developing its performance. Farmer cooperatives could
be subsidized by the government or supported by other physical and juridical entities with interest in cooperative success
but not having financial ties with the cooperative. But according to the Cooperative Association Law such people cannot
be members of the cooperative. Thus outside investment has no legal grounds. Besides direct investment (or guarantees)
that cannot be controlled by the investor can be risky.
This issue can be solved by the “commandite” (or limited partnership) cooperatives (Ramanauskas, 2007), which
are operating on behalf of cooperative members and (commanditers) limited partners. Limited partners could be state
institutions, banks, various foundations, jointed-stock companies, and private persons. Limited partnership cooperatives
would accelerate and facilitate the development of the agricultural cooperatives and their performance and would eliminate
several problems in today’s market.
4. The lack of operational planning as well as the lack of accounting and accountability methods are the main issue
of the cooperatives in modern Lithuania. Very often cooperatives underestimate the importance of planning and are too
optimistic when forecasting the performance because they ignore risk factors and do not use professional consultation for
the scientific forecasting.
5. The lack of the cooperative association is another cooperative development issue. Logistically it might be
beneficial to establish the cooperative system that would unite local, regional and national cooperatives. Cooperative
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associations would play the most important role as they would perform two functions: political, i.e. to represent the
member interests and economic – to conduct commercial activities such as production of the final products, machinery
and equipment supply, investment and market search, trade as well as provide economic and other information.
6. The lack of qualified managers. Many researchers stress the importance of the managers for cooperative and
the significance of it is proven by experience. The board and administration of the cooperatives play key roles too. It is
obvious that only qualified and experienced members, board and administration would be able to perform these key roles
successfully. Unfortunately, there are very few qualified specialists in Lithuania today.
7. Competition that restricts the start up process. The majority of the cooperatives in the Western Countries were
started at the beginning of the last century when there was no competition with other companies. That is how some
of the credit, irrigation, breeding, insurance and technical service cooperatives were established. The exception was
trade cooperatives, which were facing the opposition of the private trade market. Cooperatives in Lithuania start their
performance in a not very favourable economic situation. In addition to the main cooperative goal to provide service to
their members, economic efficiency to guarantee successful performance in a competitive market is very important too.
The newly established cooperatives face strong competition from previous state enterprises that were transformed during the privatization to different companies (Ltd., LLP, LP and other) because these have a very strong material base.
It is extremely difficult to enter and strongly position itself in new markets and that is one of the key causes of the slow
cooperative development today.
8. Mutual distrust and the fear to create common economic entity. Farmers’ mistrust and the fear of fraud hinder the
cooperative development too. Mutual trust is especially important when service cooperatives are founded and technology
is acquired jointly. As the surveys indicate farmers cannot find trusted neighbours with whom they would collaborate.
This is the reason why is it very difficult to establish the technical service cooperative especially when people are jointed
to obtain new technology.
Farmers are afraid to lose independence. They avoid merging into the cooperatives because of this unwarranted
fear. Studies have shown that cooperatives as a form of farming are often associated with the former regime relics,
i.e. cooperatives are miss-identified as collective farms. One is afraid to create public property and be involved in the
collective work. There is lack of understanding that once a decision is made to found a cooperative the members also
create economic entity enabling them to process, sell or provide other services, such as technical. This classical model of
the cooperative does not entail collective work. There is only common goal to solve issues, process the produce and sell
it to the buyer. The farmers use this model worldwide. The farmers’ trust in each other does not play any key role in these
cooperatives. Decisions should be made based on economic and social principals not on emotions.
9. Lack of knowledge. Both farmers and the society lack knowledge about the cooperatives. The founders
themselves are not very familiar with the basic features of the cooperatives. Many mistakes are made when establishing
the cooperatives and reporting on the shareholder accountability. The development of the cooperatives depends a lot on
how different cooperative notions are perceived and communicated. The bigger the understanding that cooperatives are
the most realistic form to de-monopolize the agriculture market and the best method for the farmers to claim their equality,
the bigger the understanding that the small farmers would not be able to survive the competition and the government
support is not effective, the stronger the overall support for the cooperative development. Thus the overall education of
the citizens verbally and in writing over the radio, television, media or Internet is necessary.
All of the above mentioned restrictions are common among the Lithuanian farmers. Additionally, the lack of modern
vegetable storage, their sorting and packaging equipment, high costs of energy resources needed for production, insufficient
investments and options to modernize the production are also preventing the development of the cooperatives. But the key
obstacle to manufacturers success is poor and limited cooperation level that reduces competitiveness in both internal and external
markets and prevents the effective use of the tools used to regulate economic system in the EU market.
There are two sides of the coin when defining a cooperative (Ramanauskas, 2006):
• cooperative as a social farmers union with the goal to reduce unemployment, to improve farmers’ education
and qualification, to improve quality of life and to create conditions for the farmers for more spare time and
vacation;
• cooperative as an organization form with economic goals that handles almost none social issues.
The evolution of the cooperative development took place during the longer time in different historical periods.
Social (democratic) and economic goals coincided (in some cases, social goals were non-existent) at the time
when the first cooperatives were created. Economic goals were identified as tools to solve social issues for the long time
and became more important only later during the struggle with the capitalistic companies. Besides, there are quite a few
people even today who remember cooperatives as small, local enterprises urging farmers to join forces to deal with the
social issues in the countryside.
In the beginning of the economic globalization and its development, competition becomes more fierce, the existing
internal state market is expanding (production is crossing boards in EU and other countries), large production and trade
corporations operate in the market and there appears a risk of cheaper Eastern products entering the market. Under these
conditions, cooperatives have to be especially strong economically and competitive. That is why economic and not social
motives are becoming more important. Today cooperatives are established with the most significant economic principal –
economy of scale. The farmers who merge into cooperatives can have large production output and position themselves
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strongly in the market as well as become strong competitors.
It is interesting to note that older and younger farmers define the goals of the cooperatives differently. Swedish
researcher K. Hakelius (1996) completed the survey and determined that young farmers see the cooperative as the
economic vehicle for the firm not a life style, old farmers define it as a form of solidarity with the other farmers and focus
more on social issues that economic.
Currently, sustainable development issues are mentioned more often, that is why the performance of the cooperatives
should be assessed based not only on economic and social criteria but based on the environmental criteria too. The
completed research indicates that all sustainability development criteria are well known to the managers. Majority of the
respondents agreed that economic is the most significant criteria when answering survey question, “Which criteria should
be used when evaluating organizations sustainable development?” Economic development enables a company to increase
employee income, improve business opportunities in the country side, increase the production of such agricultural products
as lettuce, peppers, herbs and draw more national and foreign investments needed to enhance the business performance.
Nearly all the experts agreed that the social role of the cooperative is less important but also admitted that the
foundation of such an organization would allow to create new jobs, would make it easier to organize career enhancement
courses for employees and members (grower of production), as well as improve their work, leisure and cultural life.
All the respondents said that it is important to comply with the environmental regulations and standards as well
as hygiene norms when answering the question “What do you think about the environmental responsibility of the
cooperatives?” It is important to comply with the aid rules when applying for the EU or state funding. On the other hand
many agreed that the opportunity to develop ecological product growth (it is easier to obtain market for the larger output),
to use renewable energy, to implement energy efficient technology, to absorb and apply latest scientific developments is
enhanced once a cooperative is established.
In order to assess cooperative perspectives objectively, it is important that all listed criteria are assigned significance
limits – points that would help to evaluate separate indicators and the general specifics of the sustainable development. Below is
the formula that should be used to evaluate general sustainable development of cooperatives (Ramanauskas, 2011):
(1)
here: 0,33 – weight coefficients of the social, economic and environmental sustainable development; Ss, Se ir Sa – general
number of defined criteria for the corresponding social, economic and environmental sustainability; Bs, Be ir Ba – number
of criteria within a specific cooperative corresponding to the social, economic and environmental rates (the equivalence is
determined by the experts). The table represents a sample assessment based on the above method.
Table. The assessment of the sustainable development of the cooperatives

Environmental

Economics

Social - cultural

Indicators

Number of
criteria
1.
2.
3.
4.
5.
6.
7.
8.
1.
2.
3.
4.
5.
1.
2.
3.
4.
5.

Criteria
Creation of new jobs
Skill development (such as, foreign language training)
Sports activities
Health care services for the employees and members
Seminars, conferences, tours
Trips abroad
Visits to the theatres, museums, exhibitions, historical monuments
Use of modern information technology
Total
Income increase
Profitability
Debt ratio
National and foreign investments
Entrance to new markets
Total
Clean and healthy environment
Use of renewed energy resources
Implementation of the energy efficient technologies
Organic produce growth
Adherence to the standards
Total
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Assessment
1 co-op
+
+
+
+

4
+
+

+
3
+

+
+
3

2 co-op
+

+
+
+
+
+
6
+
+
+
+
4

+
1
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The calculations indicate that the sustainability of the first cooperative equals to 0,50 points (0,33*1/8*4+0,33*
1/5*3+0,33*1/5*3), and the second is 0,58 (0,33*1/8*6+0,33*1/5*4+0,33*1/5*1) points. Separate indicators could be
assessed based on these methods. The overall grade for the first cooperative is lower but it has achieved three times higher
results from the environmental point of view (0,20 and 0,07 points respective).
The above-proposed method should by used to assess sustainability development of a cooperative or an individual
project when there is a competition between several projects that seek national or EU aid.
Conclusions
1. Currently, a cooperative is defined as a firm operating among other legal entities and that is why it needs to be aware of
its status and perspective. Only that type of a cooperative would be able to position itself in the market, present itself
as a strong competitor and satisfy the member needs.
2. The performance of the majority of the existing cooperatives does not fully meet the cooperation principals; and the
use of the proposed methods to evaluate their performance and distribute the financial aid would assist in solving this
issue.
3. The proposed method should be used to evaluate sustainability indicators and compare performance results of the
cooperatives. Finally, these methods could be used to forecast the performance of the cooperatives and define priorities
for the EU aid.
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Solutions for Rural Tourism Service Quality Management
Jadvyga Ramanauskienė, Audrius Gargasas, Indrė Rimkienė
Aleksandras Stulginkis University, Lithuania
Abstract
An article analyzes rural tourism service quality management issues in consumers’ and owners’ of rural tourism homesteads approach.
Objective of the study – after analysis of different rural tourism service quality influencing determinants and management models, to make proposals
for improvements of rural tourism service quality management. Improvement of rural tourism business management on the basis of EFQM (European
Foundation for Quality Management) Excellence Model can help to owners of rural tourism homestead to achieve better results in service quality
management. The main advantage of this model is a system, which can help to improve the rural tourism homesteads owners managerial skills and to
achieve better results of their performance and business competitiveness from the point of view of management.
Key words: rural tourism, service, quality, improvement of management

Introduction
Topic relevance. Rural tourism is rapidly growing in Lithuania, to spend vacations there have become particularly
popular. Recreation in the beautiful corner of nature gives a lot of strength to take new work and ideas. One of the major
assumption for successes of rural tourism development - satisfaction of consumers’ expectations by increasing diversity
of competitive services. A high-quality service is encouraging customer loyalty, attracts potential customers and provides
satisfaction of employees and positive image formation in the market.
Problem and the level of investigation. Scientific research problem in this study is expressed by the following issues,
such as: 1) whether the rural tourism services quality is running efficiently enough? 2) by which means of management is
possible to improve quality of rural tourism services and increase their competitiveness?
In general services and their performance issues in Lithuania are analyzed by L. Bagdonienė, R. Hopenienė
(2005), B. Vengrienė (1998), E. Vitkienė (2004), A. Žvirblis (2000). Rural tourism issues explores A. Armaitienė, P.
Grecevičius, A. Urbis, I. Vainienė (1999), V. Vengrauskas, R. Hopenienė, P. Grecevičius, V. Stauskas, J. Raguckas (2002),
A. Astromskienė, R. Sirusienė (2005), A. Astromskienė (2009), D. Kšivickienė (2005), R. Sirusienė-Lamauskienė (2009).
Their work focuses on trends of rural tourism development, its value to the rural and national economy; submits proposals
to the farmers about development rural tourism business. In the works of I. Žalienė and L. Žalys (2002, 2006), S.W Brown,
E. Gummesson, B. Edvardsson and B. Gustavsson (1991), C. Gronroos (1984), В. Сапрунова (1997), Hunter, BA (1999,
2002) and others are discussed experience and the problems of rural tourism business management in other countries,
peculiarities of rural tourism organization by the management and legal aspects, service quality assessment. Other authors,
like R. Butavičienė I. Čėsnaitė A. Damulienė (2001), J . Ramanauskienė, Gargasas A. (2007), J. Ramanauskienė, M.
Narkus (2009) analyzing a rural tourism service quality and opportunities of its improvement. Recently there is a little
doubt that one of the most important determinants of public attitudes to a particular homestead is its image and quality of
service. High quality of rural tourism services is becoming important condition for competitiveness of homestead and a
guarantee for success in finding customers.
The object of investigation - the management of rural tourism services quality.
Objective of the study – after analysis of different rural tourism service quality influencing determinants and
management models, to make proposals for improvements of rural tourism service quality management.
To achieve this objective such tasks were to be resolved:
1) to examine the rural tourism services, revealing the essence of its quality in a competitive environment;
2) to identify rural tourism service quality dimensions and factors, and to examine service quality management
models;
3) to accomplish empirical research on rural tourism services assortment and its quality;
4) to determine quality level of rural tourism services and opportunities for its improvement.
Research methodology – for testing and analysis of rural tourism services diversity and quality of management
there were used such research methods: literature analysis and synthesis, comparison, legislative analysis, induction and
deduction, abstraction, monographic, questionnaire surveys and structured interviews. An empirical research was carried
out in districts of Kaunas (Ramanauskiene, Gargasas, 2007), Taurage, Jurbarkas, Silale (Ramanauskiene, Narkus, 2009).
In 2011 a research on a rural tourism service quality was carried out in Sakiai district. There are 12 rural tourism homestead
and almost all have qualification categories. Most of them are located in Panemuniai regional park or near it. The goal of
Empirical research – to determine opinion of the rural tourism homestead owners and holidaymakers about the quality
of services provided. In order to disclose the opinion of rural tourism holidaymakers, questionnaire surveys were used.
Collected information allowed to find out why they in one or other way grades homesteads and its services provided,
adopt one or another decisions, are active or passive. The questionnaire was consisting of nineteen questions, which
were divided into two blocks: 1) general information about the respondent and its links with rural tourism homesteads
(1-7 questions); 2) identification of visitor’s opinion about the rural tourism homestead and the services which area still
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needs to be improved (8-19 questions). The study tries to get 95 percent degree of reliability, desired error - 8 percent and
proportion - 50 percent. To assure, that the data are statistically reliable, 46 respondents had to participate in the research
(0.25 / [0.08 / 1.96) 2 + (0.25 / 65)]). Contacts of holidaymakers, which were necessary for research, were given by the
owners of rural tourism homestead in Šakiai area. There were selected 65 individuals from contacts obtained, in random
selection way (every second contact), afterward they were contacted with a phone call and asked to fill out the form.
Reversibility of the questionnaires was 71 percent, (46 questionnaires). For research on rural tourism homesteads owners,
questionnaire was used as well. Research statistical sample was twelve (N = 12), rural tourism homesteads, located in
Šakiai district.
Survey results
Management of rural tourism services quality, as well as other types of services, ongoing in special conditions
of competition on our days, is one of the most difficult in practice to be realized with the management challenges. Poor
quality fabric or product is very easy to detect, observe, especially if found to correct, and submit it to the client. Rural
tourism services usually performed directly in the presence of customer and service fault is observed, felt by the client
even before its completion. In providing such services in most cases is not possible to hide behind technology – there is
much determined by providers professional excellence, dedication to work and their ability to interact with customers.
Rural tourism, as well as all other services quality each person can describe in different ways, because the human
perception of some or other things can not be homogeneous. For most of the tourists primary stimulus for visiting
the countryside is a rural environment. According to studies conducted by researchers R. Sirusienės-Lamauskienė, A.
Lamauskas (2009) and other, found that rural tourism success depends on the attractive environment, which is directly
related to the quality of rural tourism services. Because of this reason, tourism is mobilizing financial resources, also
stimulating conservation of natural rural environment, its protection and improvement; supporting historically formed
environment (rural homes, gardens and parks) conservation and restoration; promoting decoration of environment in the
villages and towns - better dealt with litter, regulation of traffic flows, renovation of buildings.
According to F. Kotler and other researchers (2006), rural tourism quality should be defined on the basis of the
service providing process and the results achieved which was experienced by customer.
According to E. Vitkienė (2004), rural tourism service quality – the relevant conditions (settled standards), which,
in order to achieve the requirement quality, must be strictly followed by owners of the rural tourism homestead. This is a
guarantee that the service is suitable for use and it maintaining quality necessary for customers.
L. Bagdonienė and R. Hopenienė (2005), citing L. Berry (1990), states, that a key role in assessing the quality
should be delivered to the customers. Similarly ideas have C. Barczyk (1993), he state that quality of rural tourism
services expresses consumer satisfaction levels; the real measure of quality - meeting the needs of consumers.
In order to evaluate the service, the provider must determine how the customer perceives the quality. Research
carried out by F. Kotler (2006) show that customer of rural tourism services evaluate the quality, comparing what they
had hoped to what has been received. To improve the quality of rural tourism services, it must determine the basic quality
of service factors – criteria according to which customers decide on the quality.
If rural tourism service really good quality, we can say that it is competitive. As R. Keršienė (2008) states rural
tourism service competitiveness is ability of firms or entities, engaged in rural tourism services to lead to other homesteads
and to achieve better results than others. Competitive advantage depends on what owners of rural tourism homestead pays
main attention (for example, it could be cost advantages, rural tourism service quality advantage based on a wide range
of entertainment and etc.). The real benefit to the rural homestead provides advantages which can not be easily copied or
overcame by competitors.
I. Maksvytienė and J. A. Urbonas (2003) defines competitiveness as the market players ability to adapt certain
market forces to the self-serving direction, that affect subject of competition.
According to J. Ramanauskiene, R. Sirusienės and others (2007), rural tourism competitiveness is the ability of
homestead providing such services to stay in business protect investment, to generate income and ensure their future
activity. In other words, competitiveness is the ability to increase market share, value added and profits and remain
competitive in the future.
To summarize the concepts rural tourism service quality, it can be said, that this is settled appropriate standards,
which must be strictly observed by the rural tourism homestead owners. Such standards will always have one main
attribute - an implicit satisfaction of customer needs. In order to maintain competitiveness of the rural tourism homestead
not only in the short, but also in long term, it is necessary to achieve a long lasting competitive advantage, concerning
other rural tourist homesteads.
The process rural tourism service quality management is a complex and dynamic phenomenon, because it is
necessary to evaluate and understand, that the benefits costumers are looking for is changing over time and that change
costumers perception of service quality. Analysis of contemporary rural tourism service quality is particularly important
to formation of the homestead competitiveness, customer loyalty, positive image, and good results of activity. According
to A. Jurkauskas (2006), in rural tourism, as well as other types of services quality management, should be focusing on
service delivery process.
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J. Ramanauskienė, A. Gargasas (2007), R. Ligeikienė (2003), I. Vainienė (2001), R. Sirusienė - Lamauskienė, A.
Lamauskas (2009), believes that rural tourism services quality primarily affects a set of rural tourism services offered by
homestead and service supply infrastructure.
According to J. Ramanauskienė, V. Trijonytė (2008) survey results done by the method Servqual we can state
that customer current quality of rural tourism homestead and its services ranks as an average. It was revealed that the
holidaymakers evaluating as best look of staff, the interior settlements modernity, courtesy in providing information and
service culture. This is evidenced of contact priority between the service provider and customer. This is identification of
appreciability, reliability and competence dimensions and can lead to the conclusion that the introductory phase of the
service process when the homestead owners has the opportunity to understand the initial expectations of tourists, generally
leads to perceived service quality. It was established that for customers more important functional (such as the ways in
which service is being provided) rather than technical (what the user gets a service time, what is left to the consumer at
the end of service provision and customers interaction with service provider) quality of service. It should be emphasized
that the functional quality of the service determinate subjective evaluation by customers during the service consumption
process. It means that special attention should be given to service quality management.
Most of rural tourism service quality research results show that for people who use rural tourism services the
greatest satisfaction is raised by exactly the initial direct contact with service providers – how the service is provided.
Thus, in providing tourism services, one of the key criteria is the quality of service. Moreover, research results shows
that homestead owners tend to evaluate services provided by them better than holidaymakers. However, it should be
emphasized that the guiding principle for services, including rural tourism, is, that the quality assessor is not a service
provider but customer who use those services. They react not only with regard to results they get – it is crucial important
the way and the manner in which this result was achieved.
In summary, the rural tourism service quality management is sufficiently problematic area which is affected by a
lot of factors from both sides – the service consumer, as well as from service provider. The most common problem in rural
tourism service quality management is, that owners of rural tourism homestead often overestimate the quality of their
services. Meanwhile, today’s consumers are very demanding and they evaluating the services received worse than most of
their providers. For this reason, it is necessary to apply certain models of quality management, which enables to identify
the most problematic areas in rural tourism service industry. Detailed analysis of those areas and selection of appropriate
solutions should allow eliminating problems in a time before suffering losses.
Researches recognize following service quality management models:
1. E. Gummesson (1993) 4Q-quality model. The essence of this model is the quality perceived by costumers,
influenced by his expectations, experience and image of service provider. Basic processes determining the quality
are: projection (service is developed so, that from a very beginning it is demanded), production (creation) (influenced
not only by the production (creation) process, but also by projection, procurement and marketing functions), delivery
(implementations of promises to provide high quality customer service) and relationship (determined by social and
professional peoples relationship – service providers and consumers, suppliers, agents and staff). Thus, this model reflects
4 quality sources and is oriented to consumer and the process by it self.
2. E. Gummesson 4Q extended model. This model, as previous one, contains of 4 quality sources (4Q), who helps
to manage user perceived quality and satisfaction. Service provider controls delivery and production resources quality.
The model shows the difference between qualities designed and delivered (implementation of the proposal). Relations
quality is the user perceived quality during the service process.
3. E. Gummesson and Ch.Grönroos integrated quality model. This model combines two approaches to the
nature of quality: Ch. Gronroos (2001) model emphasizes service quality dimensions, and E. Gummesson (1993) 4Q
model - quality sources. Some customer service operations are visible (registration, maintenance), other - invisible
(change of linen, clothes ironing). In addition, in some operations customer is involved, either actively or passively. Thus,
the operation performance leads to the technical and functional quality dimension. Relations of customer with a contact
staff influencing perception of quality and from these relations quality depend results (technical) and process (functional)
quality.
4. R. Normann defective and a positive model of the wheel. Rural tourism and other services delivery systems
and their processes are closely related. In finding reasons for vicious circle usually there are identified not one problem
but a few. L. Bagdonienė, R. Hopenienė (2005) on the basis of R. Normanni research appointing such main causes
of vicious circle: unnecessarily complex system of service management, uncontrolled growth, inadequate governance
sharing, aggregated services and consumer expectations discrepancies, poor operational management system, poor
economic performance control system, poor staff. This model of R. Normanni reveals interface of satisfaction of rural
holidaymakers and owners of rural tourism homestead.
5. A. Meyer and R. Mattmüller (1987) quality model. The authors emphasize that rural tourism services quality
are influenced by the sub-quality dimensions, which are very significant either for rural tourism service provider and the
costumer. There are distinguished 4 sub-quality dimensions:
1) potential of the rural tourism service provider (rural homestead readiness and skills of staff);
2) potential of the rural tourism customers (the subject is involvement of customers to interaction with the service.
A key role in ensuring the quality goes to farmstead contact staff);
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3) quality of the rural tourism service process – this is function of both potential qualities (holidaymakers and
farmstead staff). Here is disclosed importance and impact of holidaymakers to service efficiency;
4) quality of rural tourism service results. Impact of rural tourism service delivery process on the holidaymakers
determines how the quality of result will be assessed.
6. W. Muller (1993) quality model. It reflects the rural tourism services quality assessment before, during and after
use of services. Model reveals service quality evaluation and consumer behavior relationship. W. Muller points out that
individual evaluation of service quality results is determined by perceived quality assessment, cognitive comparison (the
expectations and experience) and response after psychological evaluation. Evaluation of rural tourism services quality
starts at the services offer phase.
7. B. Edvardsson and B. O. Gustavsson (1988, 1990) evaluation model. It helps in detailed examination of
quality problems and errors. Authors of the model made an assumption that, although rural tourism service quality
problems vary in different farms, in the model provided determinants can help to find and examine them in any rural
tourism homestead.
The basis of the assessment model is R. Normann service management system modified by author. It includes:
• consumers target group(those holidaymakers whose needs are best met by the supply of rural homestead);
• the concept of rural tourism services (it reveals proposed benefits and advantages to holidaymakers);
• subsystem of rural tourism service, elements of which are service staff, holidaymakers by themself, physical
environment and the structure of rural tourism homestead;
• culture and image of rural homestead. Organizational culture is common values and principles according to
which service organization operating.
8. A. Brogowicz, L. Delene, D. Lynth (1990) Generalized model of service quality. This model was developed
by deductive way from existing models. It is believed that this determines the strengths of this model, since it achieves a
higher level of abstraction. Drafted in such a way model becomes a metrology base for research of a wide variety services
quality (Bagdonienė, Hopenienė, 2004).
9. A. Parashurama, V. A. Zeithaml and L. No. Berry (1985, 1988.1996) quality gaps model. This model was
developed to measure the quality of services. The perceived quality authors defined as the costumer’s opinion on the
overall services and their expectations and needs have been met. V. Vitkiene (2004) called this model error analysis
model, revealing the costumer perception of quality, and presented quality measuring instrumentation, which is known in
the scientific literature as Servqual methodology. The essence of this methodology is that the perceived quality of service
is defined as a point’s difference while measuring the expected and the experience quality of services. The authors found
that, regardless of the service costumer in most cases evaluating the same features. Servqual methodology provides the
following quality criteria:
• reliability involves the presentation of rural tourism services as well as the pre-agreed and planned. The reliability
include accurate records, accurate billing;
• response - the rural tourism homestead owners and other staff willingness and readiness to serve the customer
quickly and service delivery in time. All consumers appreciate a quick documentary for service preparation, the immediate
response by telephone, speedy service;
• competence - the knowledge and skills of staff. Contact staff, serving customers, must have some knowledge and
skills, required for high-quality service in a rural tourism;
• accessibility to networking refers to the absence of obstacles. The customer does not have to wait long for the
service. It is also influenced by the accessibility a convenient area of service provided;
• complaisance in particular determines the provision of rural tourism services quality. Courteous and respectful
treatment of contact staff, respect for consumer’s personal belongings, neat and clean clothing for the staff - required
service attributes;
• communication skills – ability to communicate with the user in a language which he pays, listening and
understanding the user’s wishes. Service staff must explain the customer service nature; to introduce with the service
prices and to persuade consumers that rural homestead personnel can solve his problems;
• confidence - the rural tourism homestead staff privacy and dignity, readiness to meet the tourist and his family
members’ needs. For such homestead is important to maintain the good name and reputation, personal characteristics of
the contact staff which are acceptable for customer;
• security - the absence of threat for rural tourism services consumers, risk and uncertainty reduction;
• the user’s knowledge (understanding) - this is the effort to understand rural tourism services customer needs,
to know regular customers, to have a individual approach to each of holidaymakers;
• tangibility – it is all the elements which support reality of rural tourism services: material opportunity, clothing
of the contact staff, tools, machinery and equipment necessary to provide a service, tangible symbol of service (eg, plastic
card, check, etc..), the presence of other costumers.
F. Frost and M. Kumar (2001), Hartikainen, M. (2005) argues that Servqual proved the most popular method, the
best for assessing the quality of rural tourism services. It is estimated that by the use of service customer knows only two
of the ten characteristics of quality - the service tangibility and credibility of the provider. Most of quality parameters are
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perceived when it used. This is the availability of the service, the provider’s reliability, helpfulness of staff’s ability to
understand customers, readiness to help the customer (response) and communication. Authors of methodology points out
that, despite costumers experience and information from the outside, costumers each time by use the service reevaluate
these quality parameters.
C. Webster (1995) research shows that there is a strong positive interaction between rural tourism homestead
marketing cultural communications and marketing efficiency degree. Rural homestead, wishing to demonstrate the
effectiveness of marketing, shall focus their efforts on long-term customer needs. Then all the major decisions of the
homestead will be treated as an investment.
The market is full of variety of services at present competitive conditions. Introduction of service quality
management model to rural tourism business can significantly help to distinguish themselves from competitors and attract
more loyal customers, at the same time obtain a higher profit than its competitors.
Empirical data analysis
Consumers’ research on a rural tourism service. Empirical study found that the main criteria of selection of
homesteads is the price (32,61 percent.), a variety of services (28,26 percent) and the environment (21,74 percent).
The least important was the distance of rural homestead from the place of residence of respondents. Good service was
important for 10,87 percent respondents. The poor quality of service had to face 11 respondents (23,11 percent). Vast
majority – 56,52 percent of all respondents never before encountered the poor quality of service. In most cases their
claims respondents expressed directly to the rural tourism homestead owners (52,17 percent.), also dissatisfaction was
expressed to the staff at the time of service (26,09 percent). Respondents used other means of communication to express
their claims, such as telephone (8,7 percent) or e-mail (13,04 percent). However, respondents felt that rural tourism staff
trying to serve them quickly and expeditiously (84,78 percent). For 6 participants of the survey (15,22 percent) appears
that staff do not try to satisfy their needs completely.
In evaluating rural tourism costumer’s service quality, high scores were assigned nearly for all the criteria
presented. Respondents felt that they were served attentively (4,61 out of 5 points), patiently and respectfully (4,48 out
of 5), fair (4,41 out of 5) and polite (4,39 out of 5). For respondents were more difficult to assess the impartiality of the
service staff (4,20 out of 5). It can be argued that such high scores were influenced by the fact that only eleven of the
respondents encountered some problems (reluctance to carry out one or another application). It should be noted that all
eleven respondents who have had problems, generally indicated satisfaction with the rural tourism homestead services.
Respondents also indicated, that of rural tourism services presented, the entertainments has best quality (4,74
out of 5). According to the respondents, accommodation services are also provided with high-quality (4,37 out of 5).
Environment and its arrangement, as a quality criterion, collected 4,20 points out of 5. Most respondents complained
about the food quality (3,61 out of 5). Respondents also appeared with the poor quality of services relating to clearance
(3,80 out of 5). Respondents rated as best staff’s diligence in dealing with complaints and problems (4,61 out of 5),
flexibility of prices for services (4,48 out of 5). Prices and quality compliance have also been evaluated in a high score
(4,35 out of 5). According to respondents evaluation quality of the service culture of rural tourism farms are also high –
4,37 out of 5 points. Staff courtesy providing information is also important for respondents. This criterion by respondents
were assessed as good – 4,30 out of 5 points.
The most problematic area in rural tourism service delivery processes respondents feel a lack of information as
(26,79 percent). Security insufficiency is also one of the areas in which rural tourism owners should pay more attention.
Other problematic rural tourism service areas is a lack of competence and lack of experience (14,29 per cent.), low level
complaisance (15,18 per cent.), inadequate efforts to understand the customer (12,5 per cent.), the lack of accessibility
(13,39 per cent .).
According to rural tourism consumer survey results analysis, it was discovered that the most problematic area in
the process of rural tourism services respondents point out a lack of information, the quality of food, accommodation,
document management, security. Also, respondents believe that there is a gap (the discrepancy between the desirable
and experience of quality) in the service quality dimensions: competence, experience, customer understanding and
accessibility.
Owners’ research on a rural tourism service. All the hosts interviewed indicated that service quality is important
to their business. Appropriate requirements to provide quality services in the homestead are appointed both to family
members and haired staff. 6 out of 12 respondents underlined that teamwork is important in their business. Creation of
teams in the rural tourism homestead allows to learn more effectively, to provide a better service, save the service delivery
time because the team can more quickly meet customer needs, in addition, the teamwork is encouraging innovation.
Owners of tourism homestead competence of staff in accordance with the criteria listed evaluated as follow:
• staff provide accurate and truthful information (4,92 out of 5 points);
• staff with competent carry out their work (4,92 out of 5 points);
• staff communicate gladly and polite (4,92 out of 5 points);
• respect to customers’ desires, values and
 preferences. (4,92 out of 5 points);
• respectful treatment of clients personal belongings (5,00 out of 5 points);
• workers’ clothes are clean and tidy (4,92 out of 5 points);
• polite and respectful customer service (5,00 out of 5 points).
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To sum up survey results and analysis of the rural tourism homestead owners and of previous rural tourism service
quality management and competitiveness studies (Ramanauskiene et al., 2007, 2008, 2009) there can be suggested that for
rural tourism homestead is important to manage service quality, to increase number of existing and potential users. It was
also noted that homestead owners evaluating their tourism service quality better than the respondents. It can be concluded
that the owners generally overestimates the quality of their services and pays not enough attention to the measures to
improve the quality of services.
Proposals to improve management of rural tourism service quality
Rural tourism, as well as any form of economic development, requires careful management, which is impossible
without certain instruments – tools and methods to implement management functions and achieve its objectives. One
of the most important management functions is planning, which is drawing up a rural tourism management framework.
Planning problem should be given much attention since a specific homestead owners efforts leads directly development of
tourism by increasing and improving homestead potential by providing competitive quality services that meets customer
expectations.
Contemporary global socio-economic processes and technological progress is increasing competition, so each
organization, as well as the rural tourism homestead should look for opportunities to strengthen their competitive capacity.
Competitive ability is determined by its competence. If a rural homestead will be able to meet consumer needs and
expectations better in relation to its competitors, it will be a potentially more competitive in the market. Tourism farm’s
ability to generate high value (quality) services is determined by processes and resources. Efficient management of
resource and process helps to implement service provider’s goals.
To increase competitive capacity, it is necessary to continually improve service development and delivery processes
and their evolution. This is achieved through the implementation of innovation and raises the competence of personnel,
improvement of management. This process is growing competence to develop and provide the services that meets
consumers’ needs. In addition, for competing in the market there may be used another instruments of competition - cost,
flexibility, speed, time duration to develop and present in the market new service.
Rural tourism homestead ability to create quality of service has an impact for competitions in the market. After
assessment of quality importance for homestead competitiveness, the quality objectives must be incorporated in homestead’s
business strategy, taking into account the needs of consumers and competitors achievements. Competition not only affects
the performance of the homestead, but also determines the country’s macroeconomic and political consequences.
In order to improve rural tourism management skills, it is proposed for homesteads for preparation they strategy
to use European Foundation for Quality Management (EFQM) business excellence model (Fig.), based on total quality
management.

Figure. The European business excellence model (The European Foundation for Quality Management, 1988)

The model consists of 9 blocks that meet the criteria used to assess the organization’s progress towards business
excellence.
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Enables block evaluates five factors of the head manager’s activities:
• leadership - example and the creation of appropriate working atmosphere;
• staff - staff recruitment and generation of their working conditions;
• policy and strategy - foresight of the organization’s activities direction and ways to achieve the
objectives;
• partnership and resources - effective management of the resources and the set up of partnership;
• processes - distribution of work and responsibility.
The results block of the model is classified into four factors:
• key performance results - financial and non-financial (implementation time, acquisition of the
rating, innovation level, etc.).
• customer results (market share, opinion, image, etc.).
• people results (staff turnover, opinions, skills, etc.).
• society results (municipal or regional opinion, environmental protection, promotion, etc.).
Each of the blocks has a different impact on the model: the strongest - the customer results and the weakest - the
society results.
The main advantage of the model is a system. If one block is abandoned, sooner or later the problem is arising,
small or large - depending on impact.
The model identifies the areas that need to be monitored. In order to effectively implement those elements, there
must be adjusted technology based on the RADAR approach, which is encrypted as follows: Result (result); Method
(Approach) Implementation (Deployment), and evaluation & correction (Assessment & Review).
Using these factors homestead owner (manager) must have a method, how he will do it, for example, what the method
will be applied to work with suppliers, how employees will be encouraged, etc. The method must be understandable, clear
and integrated. If the method does not exist or is patchy, depends on the owner of a mood, the result will be as follows. The
approach should be applied to all activities and it must be consistently followed. The method must be assessed (conducted
regular measurements, for example, which effect it gave) and regularly reviewed and adjusted by constantly improving
and learning. On receipt of the results the homestead owner must assess the results trend of several years, whether positive
results were obtained in all relevant areas, compare actual results with planned (there is a need to set them in advance,
planning), to compare their results with its competitors, with the best results in this area. They need to carry out analysis
of the results and to find out what causes made an influence.
Based on experiences of European countries, it can be stated that the EFQM business excellence model is one
of the most effective ways to improve management, which is suitable for all organizations. This model could help to
improve rural tourism management skills. Using specific methods for each element to manage and in accordance with the
model, the rural tourism homestead owners would rationalize organization and activity of homestead and could achieve
consistent quality of service which meets consumer expectations. In conclusion, it would be a system that would allow to
rural homestead to improve their performance and competitiveness from the point of view of management.
Findings
1. Rural tourism service quality is defined as a service user’s perceived utility, which is created by efforts of service
provider’s through a variety of communication and support tools. In the scientific literature such rural tourism
service quality dimensions are distinguished: reliability, responsiveness, competence, accessibility, helpfulness,
communication, confidence, security, understanding and tangibility.
2. Control of rural tourism quality is quite problematic areas that are affected by many factors, both from the service user
and provider sides. In the different science works are widely discussed about the quality control restricting elements.
Basic quality control attribute includes: structure of direct contact with clients, conceptualism of the management,
an open communication system (especially inside), interaction in solving problems; permanent education, leadership
in development of activities. Domestic and foreign researcher rural tourism services quality management examined
in several aspects: technical (appraisal of the service production process, services value added), human resources
(behavior, human relations), the general approach (evaluation of process coherence and coordination to achieve the
main result - customer satisfaction).
3. Holidaymakers current services provided in rural tourism homestead evaluate as good. Vast majority – 56,52 percent
of all respondents never before encountered the poor quality of service. The main criteria for selection of homesteads
is the price (32,61 percent.), a variety of services provided (28,26 percent) and the environment (21,74 percent).
Respondents are most dissatisfied with the quality of food (rated 3,61 out of 5 points) and clearance of documents
(3,80 out of 5).
4. Rural tourism business management improvement according to EFQM (European Business Excellence Model) can
help to owners to achieve better results in service quality management. The advantage of the model is a system that can
help to improve the rural tourism homestead owners’ managerial skills. Implementation of this model to rural tourism
homesteads will allows to improve their performance and competitiveness by managing and adaptation service quality
to the customers needs. In addition, it must be oriented not only to the internal development opportunities. Factors
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of surrounding environment makes big impact to the rural tourism homestead achievements and must be carefully
evaluated according to model.
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Suggestions for Increasing Employee Motivation to Work
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Abstract
Employee conduct can have a decisive impact on an organization‘s success. Conduct can be based on internal (individual level) and external
(organizational level) reasoning which determines the direction of human activity. Key questions that will be investigated here include what might
motivate employees to work, what kind of work organization and management methods should be used to stimulate employees’ interest in work? In
order to answer these questions empirical research has been conducted that has involved employees and managers from three organizations. It has
been found that the attitudes of employees and managers towards applicable means of motivation differ significantly. A number of employees are
dissatisfied with not only monetary incentives but also with normative incentives. Managers believe that employees are cared for, that efforts have
been made to listen to employees’ concerns and to ensure suitable working conditions in the organizations studied. Following summaries of employee
motivation assessment according to manager and employee approaches some suggestions are outlined for improving systems of motivation and for
better organizing their implementation.
Key words: motivation, motivation methods, motivation means

Introduction
Subject relevance. Employee motivation is particularly relevant because an appropriate employee motivation system
eventually grants tangible benefits to any organization. Experience throughout the world has shown that organizations
operating are interested in their employees’ professional growth, help nurture their careers, and offer a range of programs for
planning their further development. This provides a tangible benefit both for employees and for organizations themselves,
as employee motivation allows to link plans for employee professional growth with organizational objectives.
Scientific problem and testing. One of the main organizational problems causing inefficiency is an inflexible
motivation system, an undervaluing of employee opinion and their needs, and an inappropriate selection of motivation
methods and means.
Problems of motivation have been the subject of scientific inquiry for hundreds of years (Kumpikaitė, Kalinauskienė,
2011). Employee motivation is widely analyzed in economically developed countries: U.S., Japan, France, Great Britain,
etc. The subject has been discussed by well-known management theorists, including F. Taylor, A. Maslow, F. Herzberg.
Much attention to employee motivation has been given by the following authors: G. Dessler (2001), J. A. F. Stoner (1999),
J. Žaptorius (2007), J. Palidauskaitė (2007), L. Marcinkevičiūtė (2004, 2005, 2010), L. C. Bernard, M. Mills, L. Swenson,
R. P. Walsh (2005), R. F. Baumeister, K. D. Vohs (2007), among others. In Lithuania, work motivation features have been
analyzed by I. Bučiūnienė (1996), A. Sakalas, V. Šilingienė (2000) and others.
This study seeks to reveal the essence and the importance of motivation, to determine what kind of motivational
means make an impact on employee motivation and, at the same time, on their behavior through looking for their active
participation in the implementation of an organization’s objectives.
Research aim – to determine primary methods of strengthening employee motivation within an organization and
to create system of means for stimulating purposeful behavior while achieving organizational objectives.
The logic of the aim’s realization presupposes the following tasks:
1. In the context of theoretical studies to submit an organization’s employee motivation system’s improvement
solutions (their theoretical model);
2. To determine employee motivation system’s improvement possibilities by using results from an empirical
study.
Research objective – an organization’s employee motivation.
Research methodology. To research and to analyze employee motivation methods, means, and the possibilities
for their application research methods employed have included literature analysis and synthesis; logical generalization;
“Agrochema”, JSC’s, AC’s of Girnaičiai (district of Šakiai), Ukmergė dairy branch’s of „Rokiškio pienas”, JSC employees’
and managers’ questionnaire. The methodical and methodological basis of the empirical study is based on A. Maslow’s
motivation theory. To ground the representativeness there has been referred to methodological provisions of sample
calculation (Dikčius, 2003). The calculation has been done according to the following formula:

n=
here:

p(1 − p)
p(1 − p ) ;
(e / z ) 2 +
N

n = required sample size;
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z = when there is a normal distribution – size unit of standard error which conforms to a desired level of reliability
(when the desired level of reliability is 95 percent, z=1.96);
e = sampling error (maximum margin between sample and population proportions);
p = population proportions which conforms characteristics in which a researcher is interested;
N = population size.
A reliability level of 95 percent and a desired error of 8 percent are sought. In order that the data would be statistically
reliable, 189 employees were invited to participate in the research (“Agrochema”, JSC – 77; AC of Girnaičiai – 36). An
interview method to survey organizations’ managers’ opinion was chosen, with 12 participants interviewed.
Research results
Theoretical aspects of employee motivation. “Ingredients” that stimulate motivation operate either to strengthen
or to weaken. As a result, employees understand them as leverages to fulfill their needs. (Nohria, Groysberg, Lee, 2008).
Taking this into account, strategic solutions to improve motivation systems must rely on their analysis, grounded by
already confirmed or by new concepts (step 1) (Figure 1).
An integration of motivation analysis concepts into research instruments (questionnaire, focus groups, experiments,
etc.) allow for the assessment of existing and desirable situations of job satisfaction through focus groups.
In the present case, after choosing A. Maslow’s theory (Dima, Man, Kot, 2010)
(“Content / Job satisfaction / Needs” theories (Geren, 2010)), statements (X) are formulated. Targeted respondents
assess them and express their opinion about an organization’s motivation system. Personal incentives are analyzed,
objectives they are achieving by willing to meet their needs (step 2). This theory has been chosen because it has been less
criticized than F. Herzberg’s “Two-factor theory” (which has been critiqued for its reorientation of needs ranking). After
summarizing the data, motivation problems can be identified in organizations.

Figure 1. Theoretical model of an organization’s employee motivation system improvement
Source: designed by R. B‘enabu, J. Tirole, 2003; J. Bratton, 2005; R. F. Baumeister, K. D. Vohs, 2007; I. C. Dima, M. Man, S. Kot,
2010; V. Kumpikaitė, J. Kalinauskienė, 2011

As V. Kumpikaitė and J. Kalinauskienė (2011) have stated, the main task for an organization’s managers is to
recognize what kind of motives are the driving force for employees and to use human needs to achieve efficient work.
In order to achieve this, employee motivation plans are needed, according to their needs priority, whilegrouping them in
terms of achievement (step 3).
A time interval shows when an objective is set and a task has to be achieved. R. B‘enabu, J. Tirole (2003) stress
that short-term incentives are weaknesses in an organization’s long-term perspective. Accordingly, an organization’s
employee motivation plan has to be compatible with an organization’s vision, mission and goal. According to N. Hynes
(2005), successful implementation of a motivation system’s plan has to be flexible, appreciated by employees and take
into account an organization’s needs and potential.
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Seeing that the efficiency of a chosen organization’s strategy’s implementation depends on human resources,
monitoring of a motivation plan has to be undertaken. At this stage achievements of expected results are assessed which
are grounded by defined criteria/ indicators.
According to J. Werner‘s (2006) research, a successful implementation of a strategic motivation system:
1. facilitates an assurance of a high working quality, focusing on employees and their skills;
2. ensures an effective use of expenses to hire labor force, especially in the service sector where labor is
3. very expensive;
4. facilitates panning and assessing environmental conditions; and
5. facilitates an organization’s adjustment to environmental factors.
Analysis of empirical research data. 50.3 percent women and 49.7 percent men participated in the survey. Almost
half of respondents were between the ages of 31 and40 ,.6 percent were aged 56 and older, and the smallest percentage (4
percent) of interviewees were under the age of 20.
The highest percentage (47 percent) of employees has a vocational education, 15.4 percent – university education,
and 37.6 percent – some university study and secondary education. In terms of seniority, the majority of employees were
recently hired (58.9 percent have been working for 1-5 years), 36 percent have 6-10 years of worki experience, and just 4
percent have been working more than 11 years.
In analyzing methods and means that determine employee motivation, first of all one needs to know if the place of
employment organization is using a motivation system.
Nearly half of respondents (49 percent) maintain that a motivation system has existed at their respective places of
business, however more than one third of respondents say that there is no motivation system in their company.
Respondents were also asked if they are being motivated to work. More than half of respondents (54 percent)
stated that they had been motivated only once, more than one-fifth (22 percent) have been motivated frequently, 16
percent have never been motivated, and 16 percent said they were constantly motivated.
In analyzing reasons for work dissatisfaction, 21 percent of respondents grueling work was the main source of
discontent, for 81 percent of respondents it was low salaries. Approximately 50 percent of respondents mentioned that
they are dissatisfied with their positions because of tension in the workplace.
Bonuses (44 percent) and public praise (31 percent) were found in stimulating performance on the part of
participants. The least employed means of improving motivation seems to be seminars and conferences (effective for 3
percent of respondents). No employees indicated in the questionnaire that being chosen as employee of the year or any
awards such as a recreational travel were provided to employees as incentives.
Monetary motivation in the form of salary was the strongest motivating factor (4.8 points out of 5) with premiums
(4.3 points) and bonuses (3.2 points) also rated highly. Only 7 percent of respondents who are getting bonuses say that
they are motivated to work better. In fact, 81 percent of respondents are not satisfied with their current salaries.
For 55 percent of respondents gifts (on a birthday’s and other holiday’s occasion) are important (3 points), for
50– transport and telecommunication reimbursement, for 49 percent of respondents – life (health) insurance contributions
paid by an employer, etc. Education benefits paid by an employer (45 percent) is somewhat important (2 points).
When it comes to non-material means for motivation, it is important (3 points) for respondents to have the
possibility to participate in trainings, to improve their qualifications (60 percent), to be involved in interesting work, to
face new challenges at work (54 percent), to have the opportunity for self-realization (50 percent). It is very important
(5 points) to have organized tours, events, etc. (50 percent) and to be honored through celebrations or letters, etc. (45
percent). In asking respondents about the opportunity to express themselves, it was found that 71 percent of respondents
do not have that opportunity at work, 25 percent of them do, and 4 percent of respondents do not know whether they have
found their place in their organization.
According to survey data, the most effective “moral” motivation for respondents are a promotion (4.7 points) and
more comfortable workplace (4.1 points). Employees are also motivated by personal praise (3.2 points) and they are least
motivated by their performance evaluation every three months (2.5 points). It seems that working conditions and working
environment are important for respondents because promotion and special position help provide these.
In summary, one conclusion may be that employees are mostly motivated by monetary means. However, most
employees are dissatisfied not only with monetary but also with moral motivators. In addition, considering employee
turnover, an assumption might be that personnel changes because of an inadequate work, inappropriate salaries, and
simple employee motivation.
Managers’ approach to motivation systems in organizations. Common conclusions drawn from managers’
responses:
• They are oriented toward employees;
• They feel responsibility for employees, prevailing positive micro climate;
• They look to bonuses, trainings, discounts for an organization’s products, loyalty programs, and public
praise to motivate employees;
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• General meetings are organized twice per year where employees’ needs are discussed;
• Ample attention is paid to employee motivation.
According to responses, employees are being taken care of and managers think this is enough. However, employees
state they are not satisfied with means of motivating them nor are they sufficient.
In summarizing an evaluation of employee motivation in terms of managers and employees, motivation system’s
improvement means and an organization of their implementation will be formulated further.
Improvement of employee motivation systems
A. Maslow’s motivation theory, grounded in empirical research, can be applied toward a motivation system (Figure
2) is composed of 3 + 2 + 2 year cycles. Particular attention is paid to the first cycle of 3 years. According to empirical
data, 58.9 percent of employees have less than 5 years of work experience. It is obvious that any motivation system has
to be oriented toward the majority of employees. In addition, motivation means for those employees with seniority must
differ from those who have just began to work.
The motivation for increasing a work system’s evaluation criteria in order to achieve expected results includes:
• seeing a decrease in employees’ internal (between organizations) migration;
• improvement of work quality;
• profit increase; and
• professional skills enhancement.
By implementing motivation system managers have to follow these principles:
• An organization’s and an employee’s objectives have to be clear, concrete and oriented toward
expected results;
• An organization’s motivation methods and means have to be presented to an employee at or before
the commencement of work; for a working employee – changes of motivation methods and means have to be made
explicit;
• Motivation methods and means have to be implemented gradually, according to an employee’s
seniority in an organization and work achievements;
• It is the responsibility of both the manager and employee responsibility to adhere to a motivation
system’s provisions. They can be adjusted by mutual agreement.
In designing a motivation system, it is essential to determine objectives each year because unspecific and
unidentified objectives do not spur on employees to achieve.
If an organization’s motivation system functions well, that organization would optimally use material, immaterial
and psychological means to motivate employees. An motivation system allows for the stimulation of employee work
ethic, reduces job dissatisfaction, and improves manufacturing factors on which operating results depend This system
would allow not just to meet employees’ personal needs but also to achieve organizational objectives.
Conclusions
1. Motivation is not a constant employee state and it has to be managed strategically. A result of the application of all
motivation models must be a combination of employee and organizational needs.
2. Organizational employee motivation systems are not ideal and not all employees are motivated and recognize the
existence of these systems.
3. In a rapidly changing labor market motivation systems based on multi-faceted means that also have employee priorities
at their center should be designed and implemented.
4. Motivation systems should be used when employee motivation is not accidental but rather when it is permanent
and balanced. A system is comprised of three cycles. Particular attention must be paid to the first cycle, i.e. to
develop a sympathetic working environment, to motivate individuals to be responsible, to provide freedom in decision
making and also responsibility. An organization’s motivation methods and means have to be clear and understandable
for employees in order that they not question its usefulness. Proposed motivation methods and means have to be
implemented gradually, according to employee’s seniority in an organization and work achievements (functions which
have been assigned to him/her). An application of this system allows for the stimulation of employee work ethic,
reduces job dissatisfaction, and improves manufacturing factors on which operating results depend.
5. Empirical research must be conducted every year. If discrepancies with previous research exist, corrections in the
employee motivation system must be implemented.
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Figure 2. Employee motivation to increase the means of working systems
Source: made by the authors
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The Spiritual Essence in the Sustainable Development Conception
Anželika Raškauskienė, Algirdas Gavenauskas, Edmundas Bartkevičius
Aleksandras Stulginskis University, Lithuania
Abstract
The ethical aspects of sustainable development, emphasis on ecological awareness, ecological culture and importance of spirituality are
discussed in the article. The prospects of sustainable development are considered in the ethical context, based on the accumulated theoretical and
practical material, assessing the principles of sustainable development implementation; environmental consciousness, eco-cultural and ethical behavior
systems. There is an emphasise on spirituality as each culture’s values and the existence of distinctive value orientation influences the cultural worldview
and perception of life. Dynamically changing modern era leads to rapid cultural alteration and a broad range of influence of one culture to another.
Key words: sustainable development, ecological consciousness, ecological culture, ethics, spirituality, value orientation

Introduction
The relevance of the subject. People are confused about the negative consequences of modern economic activity
and are becoming increasingly aware that the current economic, political and spiritual life situation requires more
and more attention to theoretical problems of economic existence. The concept of sustainable development emerged
from the ideas of the two types of wildlife conservation, inspired by the works of XII – beginning of the XIX century
romanticists, philosophers and travellers. Concept of sustainable development, without which any discussion today about
the environment and development should be considered incomplete and it should be seen as a viable alternative to today’s
prevailing theory of economic growth concepts, connecting economic growth with a quantitative material economic
growth based on the balance between natural systems (Čiegis, 1997). Therefore it is attempted to explore sustainable
development with emphasis on the importance of ecological consciousness, ecological culture and ethical considerations
in the paper.
It is necessary to look systemically at many factors: socio - economic development level of productive processes,
further technologisation, positive processes of culture, psychological sociums various features of the condition and
prospects of education in order to answer the question whether it is possible to implement in the future. Their structural
changes have to ensure the development of human and natural world, and it is appropriate to human survival strategy.
Ensure the implementation of this strategy tactics can only be if this problem will be close to and understood by everyone,
that is, if an internal transformation of the human world, associated with its radical culture, values, ideas and lifestyles,
changes in the world. This can be expressed in personality’s ecological culture, which adjusts the human mind, forms the
basis of ecological consciousness.
The problem of research. It is not entirely correct to blame a man that his interaction with nature is pragmatic
and thus destroys nature. People, increasing their diversity socio variety of natural systems, limiting the variety of natural
ingredients, “surround himself with artificially bred animals and plants, grub up weeds, push away dangerous predators,
poisonous snakes and insects. In this way biocenosis anthropocentrilises and anthropomorphises the components, behavior
and reflexes of animals adapted to the growing presence of human. At the same time our ancestors learned to control
inherent impulses of their own bodies, sublimating them into the socially acceptable actions, organizing their inner world
by changing the values“, notes A.P. Nazaretian (Назаретян А. П., 2001). Therein the main axis of the human development
can be seen. The human who re-creates nature, at the same time confirms himself as a cultural entity as its creator, and
thus as a Man (Бахарев В. В., 1999).
There are two immediate objectives linking to concept of sustainable development: a) to ensure proper, safe and
good life for all people - a development objective, and b) live and work according to the biophysical environment limits - is
sustainability objective. It is necessary to comply with ecological imperative –the requirement for the human development
and plans to implement primarily on the basis of wildlife laws. These two goals may seem contradictory, but nevertheless
they must be achieved together. An ethical necessity also emerges to ensure future generations of potential, analogous to
that which was used by the previous generations, which, together with the scientific certainty and the long-term pragmatic
self-interest motives, is considered as a normative basis for sustainable development that enables to treat it as a new ethic.
But there remains a practical problem: in terms of the development opportunities for current and future generations there
is inevitably a conflict between the conservation of natural capital and its present use for the incompatibility between the
justice of one human generation and justice of the different generations of people (Čiegis, 2004).
The object of research. The main focus of the paper is concentrated on the ethical aspects of the implementation
of sustainable development. The article discusses the importance of ecological ethics, eco-consciousness and eco-culture
in the implementation of sustainable development and highlights the relevance of spirituality to solution of economic and
environmental problems.
The aim. The paper aims to examine the ethical - moral imperative theoretical – aspects, emphasizing the value of
human spirituality in sustainable development philosophy.
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The objectives of the paper are:
- to reveal the importance of eco-ethics of sustainable development governance;
- to overview the link between spirituality and ecology in the modern world;
- to overview the ideology of sustainable development facing mankind in terms of the criteria of economic and
ecological problem-solving efficiency.
The methods of research. The methods of a systematic analysis of scientific literature, general and logical analysis,
comparison and summing-up are used.
Ecological and cultural importance of ethics for the implementation of sustainable development
As sustainable development faces economic, social and cultural constraints, we can say that sustainability is a
normative ethical principle for further development of the society (Parker, 1993), not talking about it, as it is, but about as
it should be and providing need for critics of permanent human relations and business algorithms. Sustainable economic
solutions must be ecological, so they are available only in the case if the fundamental human values and changes take place
and face new ethics and new approach to nature providing all of our responsibility for maintaining a healthy relationship
with nature. A. Leopold (1949) believes that Ethics and spread to a third - of the relations between individuals (e.g. the
Decalogue), and individual and public relations (e.g. democracy, trying to relate public institutions to the individual), - a
man around the item - the environment is just an ecological necessity. In addition, the report Our Common Future (1987)
stressed that “We have tried to show how human survival and well-being could depend on the successful promotion of
sustainable development towards a global ethics.” But before taking sustainable development as a new ethic and a new
economic strategy, we need to know what values it is based on ecological, social, political and personal nature, and how
it reconciled our moral ideas about human freedom, equality and prosperity with our obligations to animals, species and
ecosystems (if indeed it is about a new ethics).
Environmental ethics (the founder of the Club of Rome Aurelio Peccin called it as the highest form of ethics),
ensures the survival of the human race conditions. In the last three decades of the XX century it has become a separate
field of investigations. Therefore environmental ethics might be called a child of the XX century. The rise of ecological
ethics, which revives universal ethical ideas of the most important thinkers such as B. Spinoza, Novalis, F. Schelling, S.
Coleridge, J. V. Goethe, R. Emerson, A. von Humboldt, H. D. Thoreau, M. Gandhi, R. Tagore, F. Dostoyevsky, L. Tolstoy,
V. Solovyov, A. Schweitzer, N. Rerikh, A. de Saint-Exupery, J. Muir, A. Leopold (Košeleva, 1993), was concerned about
the prospects for human development, reaction, the quite sensitive nature of consciousness that historians named ‘a
history challenge’, i.e., the reaction to an unfavourable ecological situation in the life that has arisen in the development
of civilization. The truth is that thoughts and ideas about human interaction and natural moral sense have been in the
entire human history. Enough to remember the XIX century English positivist H. Spencer and ethical evolutionism,
which explains the development of society as a biological phase of evolution. But now the sphere of human ethical
activity is expanding, it encompasses the non-human living beings, as well as any other nature. Therefore, any ethics
which tries to lead our treatment of nature is a form of environmental ethics. The main point of environmental ethics is
not about how people have to communicate with other people, but how they should interact with nature - animals, species
and ecosystems. Environmental ethics, which stresses the priority of general human values for nature conservation is a
common and the most important task of humanity, as a new modern ethical science is to harmonize the relationship of
environmental benefits. Furthermore, it actualizes not only human, but also global moral principles, protects it and gives
all the rights to existence, emphasizes respect for life, harmonious society and natural evolution. As noted by Č. Kalenda
(2002), modern environmental ethics is the discipline of the philosophical - humanitarian nature, which is similar to the
pyramid. The pyramid is based on a philosophy (ontology), and nature study, in the middle - axiology, while the top normative ethics. These structural elements respond to the questions: What is nature? Who is a human being? How the
man should act toward nature?
“Ecological Culture” is a relatively new concept in many ways; it is still developing, it is object of major scientific
disputes and opposite opinions. Ecological culture is a complex structural formation; it contains such structural elements
as environmental law, environmental beliefs, social – moral values of the personality and behavioural activity in the
natural environment, provisions in the socio natural environment, aesthetic evaluations of native media, ecologicallybased assessment of their vital activity. Many researchers tend to consider, that ecological consciousness is one of the
main ecological structures of the culture-generating elements, regarded as one of the forms of social consciousness.
Eco-consciousness is the whole as a subjective approach to personal nature, as well as the adaptation of technologies and
strategies for interaction with nature (Кужанова Н. И, 2005).
The purpose of environmental ethics is to expand and accelerate the moral content of moral progress, supplement it with
new principles and maxims, encourages nature uphold. Therefore, it gets into moral aspects of the human-nature interaction,
preservation of biodiversity and natural balance, animal rights and their protection, moral status of nature, nurturing the landscape,
etc. Ecological ethics aims at fair, healthy and meaningful human life and cherishing of life on the Earth.
The quality of the environment in many ways depends on the ethical attitudes, moral responsibility for the impact
of economic activity and eco-conscience. Therefore, love and respect for the natural beauty of land, the need to preserve
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the natural diversity allow describing sustainable development as an ethical ideal (Kothari, 1994). It should be noted that
scientific literature has paid increasing attention to ethical dimension of sustainable development since the last decade
of the XIX century. It is enough to mention works of H. Daly and J. Cobb (1989), J. R. Engel and J. G. Engel (1990), S.
Rockefeller and J. Elder (1992), D. Brown (1994), J. R. Engel and J. Denny-Hugher (1994), H. Skolimowski (1990)).
We need to acknowledge that in this situation the only solution is to change the structure of the system (that is
understood as a system of internal structure and shape, which occurs as the totality of the elements of the consistent
patterns): finally, we will successfully deal with the environmental problems, apparently, only when all the economic,
political and social mechanisms are adjusted, that encourages innovative, environmentally friendly technologies and our
environmentally friendly behaviour. We need not only economically and environmentally, but also morally sustainable
development. A sustainable economy can be our long-term development goal. But for now, it is necessary to ensure basic
vital needs of people living at present and to embody the priorities for survival of future generations, to compare them
with current needs of life.
We suggest changing the approach to the content of environmental education, to choose a systematic-structured
approach as the methodological basis, based on principles of evolutionary – synergetic open, unequal systems, and to
formulate characteristics of ecological consciousness in the context.
Synergy defines society as a non-uniform system of special type, which durability is insured by close relationship of
external natural environment as well as internal. . Culture is the entire complex mechanism contributing to the mediation:
tools and other tangible products, languages, mythology, morality, norms, laws (Назаретян А. П., 2001). Natural and
human alienation is increasing due to complexity and deepening the connection of people and the environment, as
shown by analysis of the development of society. While developing the natural reality a person gradually loses its natural
living roots and the determination of its natural existence. At the same time, nature is the instinctive human habitat; it
is unable to exist as a biological species without it. However, the human environment and culture are no less important
and real. This creates a system of instinctive behaviour, - conscious, but necessary behaviour (Бахарев В. В., 1999). A
human with ecological consciousness never violates the laws that protecting the environment and his occupation does
not use such technologies that violate the delicate balance between the artificial and the natural environment. Therefore,
formation of ecological consciousness in different population groups requires targeted efforts of education and other
public structures.
Spirituality and ecology in the contemporary world
Lithuanian Strategy of National Sustainable Development was approved by the Lithuanian Government on
September 11th, 2003. This strategy understands sustainable development as a compromise between environmental,
economic, social and cultural goals of society, constituting possibilities to achieve the general welfare of present and
future generations within the allowable limits of the environmental impact. This Strategy is a long-term development
guideline of our country (until 2020) and is based on the basic principles of sustainable development, formulated by the
United Nations at the World Summit Conference in Rio de Janeiro in 1992. This conference adopted the Declaration,
which was signed by more than 170 heads of states. Sustainable development was validated as public development
philosophy.
Society development paradigm is one of the distinguishing marks of the modern world, appearing in the global
change process. Constant development can only be achieved by people with at least mentally stable, capable to deal with
lifelike situations. Social - economic changes in a person often becomes the limit situations, checks on the durability of
its existence.
Ecological potential of a personality, which defines the possibilities of human nature, is a psychic resource of a
stable existence in the surrounding world. Eco-consciousness potential is the cognitive and emotional systems of a person,
ensuring his/her stable existence. It is coloured with emotional approach to life, nature, the human being. Ecological
consciousness of the potential direction is focused on both the personal and social risks of the liquidation, as well as to a
positive self-awareness, ensuring a consistent, coherent nature and the subject’s condition. Eco-consciousness of modern
man is not intended to deal with environmental problems. The direction of human development should be changed
by replacing strong impact of civilization with weaker effects in order to improve the human environment and reduce
environmental risks (Петрова Г. Д., 2005).
First of all we want to look at the perspective of sustainable development from the point of view of an “archaic”
man, who lived in harmony with both himself and the surrounding world. We would like to return for a moment to the
stage of human development, when he not only understood and knew that he was an integral part of nature but saw
him as a natural particle. The famous religious scholar Mircea Eliade (1996) in “Myth of Eternal Return” emphasizes
that “the archaic and traditional community has recognized the freedom to begin a new life – “pure”, full of untouched
opportunities every year. And here it is not an imitation of Nature, which also periodically revives, “renews” every
spring with all its might. In fact, Nature repeats itself, and each new spring is the same eternal spring (recurrence of the
creation), and archaic human “purity” of time, and periodic withdrawal, regained untouched opportunities granted to him
stretching to eternity and so - the final (here and now), the withdrawal of earthly time on each threshold of “new life”. So
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the untouched Nature “opportunities” every spring and “options” of the archaic man on the threshold of each new year are
not identical. Nature finds only itself, and the archaic man finally gets access to transcend time and life in eternity”.
However, Mircea Eliade explains the rejection of archetypes and reiteration of concepts by modern man as the
resistance of modern human to Nature as a desire of “historical human “ to assert his autonomy. G.W.F. Hegel asserts with
noble satisfaction that nothing new ever happens in nature. A modern human should not agree with statement of Mircea
Eliade that the “archaic” man really has the right to consider himself more creative than the modern man, who claims
himself as a creator of history. After all, the “archaic” man is involved in every recurrence of Cosmogony, in the creative
act in the right sense.
Approach of sustainable development as reducing the volume of consumption, stopping growth of population,
socially regulating biological life and human aspirations is not responsible for the development as the growing process.
The perception of the scarcity of Natural resources leads to the minimization of global needs. Refusal of the modern
human’s needs is one of the symptoms of depression, restriction of development. This forms a limited person. It is
unlikely that this is the preferred option of development. Sustainable development is ”a process of harmonization of
productive forces, safety of satisfying the necessary needs of all members of society provided that the integrity of the
natural environment will be preserved and restored, and that will allow for a balance between nature potential and human
requirements of all generations” (Alekseenko V. L., 1996 m.).
The modern human considers oneself creative as anybody has been before, he creates something very new every
day, every hour, every minute or even second, something new that has not been previously created by any other person.
The rapidly developing information technology, knowledge-based society seems to be a wonderfully exciting and newlywritten human history. The human lives in a rapidly changing world, and always rushes everywhere - he does not want,
cannot and is afraid to stop, for a brief pause, to listen to him or to nature; he can stop him relentlessly and is forced to
leave the ranks of “rushing” leaders.
The eco-consciousness potential will help to untangle the ball of today’s conflicts, to protect oneself from danger,
harm, threats, injuries, losses or deprivation and to refuse the instinctive approach to the chaos of reality, expanding the scope
of one’s awareness, to accept the reality of our own nature and designing the human perception about environment.
Eco-consciousness potential lies in the deep perception of psychological problems and looks for their solution.
The result of the promotion of the past epochs of human exaltation characteristic, his “dark sides” ignorance,
suppression, silence; the possibility that there may be a perfect, harmonious, consistent person, is a failure to deal
with their own psychological problems, and as a consequence - the realization of the problems in relations with
nature. (Петрова Г. Д., 2005).
The existing valuable relationship with nature guides modern people to prevention of stable, optimistic relations
with their own origin, as well as the surrounding nature. Ecological situation is the evidence of the disastrous consequences
of contemporary socialization and education, the division of people into “the bad” and “the good” according to their
relationship with nature (Петрова Г. Д., 2005).
Philosophy of sustainable development
Public development has long been inseparably linked with the increasing impact to environment. Exponential
economic and population growth over the past centuries has led to more intensive use of natural resources and environmental
pollution. Global attitude for a long time has stated that only the growing production is well-being of society, and smoky
chimneys and factories represent the most obvious symbol of this wealth. Rate of natural resources growth has increased
twice; population growth has taken the nature of the demographic explosion since the middle of the last century as a
result of scientific - technical revolution of production. This has resulted in environmental pollution and much more
rapid growth; it has reached such level in the 7th decade of the XX century, therefore, it is impossible not to focus on this
problem (Gustainis et al., 2002).
There is no doubt that the main aim of education, which is essential for sustainable development, is to change
people’s minds and actions. Solution as well as rise of ecological problems in surrounding environment fatally depends
on the intellectual and cultural sense limited human. These are the people (with rare exceptions) who make decisions, and
it is the masses of people whose behaviour and activities create these issues (Брудный А. А. 1998 m.). Ecological crisis is
primarily ethical, psychological, cultural, religious and non-technical problem, the most important work needs to be done
not with technique, or achievements of scientific - technical progress, but with human consciousness (Данилов В. В. Данильян, 2001). Ecological consciousness and ecological awareness of the population of professionals and government
representatives who make decisions in these areas are low. Level of ecological consciousness and ecological awareness
of environmental degradation is a critical factor of degradation, and, undoubtedly, will become a barrier for the transition
to sustainable development.
It is obvious that we need to assess accurately the human impact on the biosphere, to improve capabilities of
economical and environmental management, and to acquire education and enhance awareness, suitable for these needs.
As D. Orr noticed, the first three values, which are included in the concept of sustainable development ideology can be
achieved by rational thinking, but the fourth one requires something more - changes of heart and mind, wish and intention.
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And when we enter into the sphere of wishes and intentions, we need more instrumental reason and rational planning. We
need sobriety and wisdom (McDaniel, 1995).
But there is the inevitable question: Does the world have to go the way of spiritual renewal of the human? Can
the world religions help him? After all, the two current alternatives to traditional religious fundamentalism, such as
scholarship (scienticism) and consumerism, are problems, but not a part of the solution.
Scholarship is different from science. Science is a way of thinking and practice; it is an entirety of observations,
hypotheses, experiments, methods and findings. According to U. Goodenough “ones inner impulses include willingness
to accept, the world as it is and not what people want it to see. To accept the facts is to be open to the world as it is. ” W.
James explains that: “Basically, the whole of our existence is our way of world quality adoption”. Science just should
contribute to such model of the world adoption.
The impact of consumerism also includes a number of areas. We can define consumerism as follows: “well-being is
its own economic growth, its priests, who provide opportunities for growth and are public policy makers; its apostles are
advertisers, who show the growth of output and try to convince us, that we cannot be happy without it”. The doctrine of
salvation is that we are saved - not from the grace of faith, as Christians proclaim, or forgiveness of wisdom, but due to the
presence, impact and the achievement of demand. As all religions, the consumerism religion has its own form of serving
spirituality. Therefore, D. Orr calls for a “new spiritual renewal, which is exhortation to change willingness to dominate
by willingness to agree to a mystery” (Griffin, 1999). And the way to a new life and new usage should be based on a new
approach to the human and to the surrounding environment.
What does this renewal include? Alongside everything else, it includes people’s renewed ability to avoid
limits, including the limitations of the land to absorb pollution and provide people with resources, and teaches us to
live in gratitude, but not from greed, of forgiveness, but not out of hatred, of mystery, but not from the dominance
(Barbour, 2000).
Therefore it is very important to know and understand the following: Have the people of the beginning of the
XXI century realised that they are under threat due to the impact of their activities on nature? Have these people already
realized that they cannot continue to live being full of spiritual egotism, still consider themselves a “natural lord and
creator”? (Baranova, 2000; Statkevičius, 1990). Now we have a need to search for answers to these questions, as far
as possible, to restore antique pantheistic tradition-based approach to the world, that speaks for the world (nature) and
human harmony, respect for nature: realizing that the man and nature are of the same origin makes it easier to deal with
the outside world and not to destroy it.
Global eco - ethical - social crisis is the result of human and environmental conflict, which has become one of most
pressing and urgent problems in the world. At present a person is not as rich as self-destruction means. The mankind has
become very poor in terms of morality and values which could have saved him and Nature. The human must overcome
his internal chaos, control his primary instincts and harmonize his internal life.
Philosophy of sustainable development emphasizes the priority of human values; it states that the nature
conservation is common and the most important task of all mankind. It calls to stop the abuse of nature and start to
contribute to the beauty that surrounds us and the beauty existing inside in each of us. The supporters of this concept
of sustainable development ideology should seek to harmonize relations between the man and nature. The sustainable
development as a new ideology is reaction of quite sensitive consciousness, concerned about the prospects of human
development and nature, the reaction to the change of the established civilizations of life-threatening adverse ecological
situation. Ideology of sustainable development philosophy calls for “internal intellectual renewal”, encourages to change
the desire to dominate, willingness to relate with Nature, it supports each inhabitant of the planet with moral responsibility
for his behaviour on the environment and a human. We need to implement awareness that a holistic approach including
anthropology, ethics and philosophy as well as pointing out the Human, Morality and Wisdom, is the highest of human
and environmental systems. We need to disclose a person that causes of evil lie in him and his holistic misunderstanding
(Statkevičius, 1990; 1992).
A human cannot die even in the event of a global ecological - moral - social crisis. The man, who has defeated so
many crises, will win the global spiritual ecological crisis. However, the human remains as the incomparable value despite
of all its downside. So let us focus on and defeat the chaos inside, think about our noble vocation in the world, to wake
egoless consciousness in ourselves, and after the major revolutions in science and discovery, to find ourselves inside us,
discover value of our true dignity and humanity. In this situation of global spiritual - environmental crisis the humanity
can and must achieve and demonstrate unity with the surrounding nature and the negative consequences, which it has
done but should not do in the future, meanwhile, feeling responsibility to the future generations and quality of their life.
Conclusions
1. Sustainability is a normative ethical principle for further development of the society, not talking about it, as it is, but
about what it ought to be and providing critics need of the permanent human relations and business algorithms.
2. Love, respect and moral imperative of the natural beauty of the land, the need to preserve nature diversity allow
describing sustainable development as an ethical ideal.
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3. The only real solution of scientistic impasse - further development of sustainable ethics, again restoring integral world
view and the human relationship with nature.
4. We need to seek for alternatives to human behavior illustrating concepts, where morality is becoming a critical factor
in human society, and perceived responsibility for others and the global threat to the future environment.
5. Synergistic anthropocentrism - this is not a return to the past, but rather a spiral progress returning to the same location,
just on a different, higher spiral strand. The modern reality is that people are able to ensure the further development or
death not only of civilization but of entire planet Earth.
6. The philosophy of sustainable development includes the concept of ecological integrity, ecological culture, ecological
consciousness, social and economic justice and non-violence, democracy and peace.
7. A man with a green conscience will never violate the laws safeguarding of the environment, and his professional activity
will not use such techniques, which break the delicate balance between the artificial and the natural environment.
8. Philosophy of sustainable development emphasizes the priority of general human values and economic growth based
on the balance between natural systems.
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Regional Foresights for Rural Labour Market in EU 27
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Aleksandras Stulginskis University, Lithuania
Abstract
EU27 rural areas are heterogeneous and economic policy measures are increasingly targeted at the regional level. Therefore, it is important
to counteract disparities among rural labour markets and to make an efficient use of available public funds for promotion of new jobs places creation
and improvement based on reliable rural labour market forecasts computed at regional level. For this reason the brief review of the methods, principles
and methodology for regional labour market forecasting is presented in the paper. Autoregressive integrated moving average (ARIMA) and structuralcomponent (SC) estimators methods were integrated to in the forecasts model. The developed regional foresights for rural labour market were validated
using data of EU-27 regions at NUTS3 level and the results are visualised into the map.
Key words: regional foresights, labour market, employment, forecasts

Introduction
EU27 regions are heterogeneous and economic policy measures are increasingly targeted at the regional level.
Therefore, to counteract disparities among regional labour markets, and to make an efficient use of available public funds,
national governments are always in need of reliable rural labour market forecasts to complement the ones computed at
regional level. Well developed rural labour market forecasts help to ensure that the employment and rural development
programmes and strategies would make a positive contribution to labour market development in rural regions.
The main purpose of this research was to systematically and transparently analyze the basic principles of
methodologies for forecast building and present the regional foresights for rural labour market of EU27 at NUTS3 level.
The main objectives of the research:
a) to review the different approaches to forecasting and methodologies;
b) to computed forecasts for labour market of EU27 regions at NUTS3 level and visualised it into the maps;
c) to prepare the regional foresights for labour market.
Methods of the research – the analysis of scientific literature and strategic documents; induction and deduction;
multivariate statistical analyses (autoregressive integrated moving average and structural-component estimators methods);
modelling, GIS-based mapping.
This research was focused on employment forecasts for NUTS3 regional units. The data to compute regional
forecasts was used from the period 1995-2007 and forecast period - 2008-2020.
The analysis and foresights of the labour market were estimated by the rates of population growth and employment
in the following five sectors according to NACE classification: 1) agriculture, hunting, forestry and fishing (AB), 2)
wholesale and retail trade, repair of motor vehicles, motorcycles and personal and household goods; hotels and restaurants;
transport, storage and communication (GHI), 3) financial intermediation; real estate, renting and business activities (JK),
and 4) public administration and defence, compulsory social security; education; health and social work; other community,
social and personal service activities; private households with employed persons (LP) and using autoregressive integrated
moving average (ARIMA) and structural-component (SC) estimators methods.
Review of existing labour market forecasts methodologies
Labour market forecasting has been the subject of much debate among economists. There are theoretical and
empirical literature concerned with forecasting macro-economic variables. Various studies on forecasts of macro-economic
have recently been carried out by Sikken B. J., Davis N., and others (2008), Bond S., Coombes M. (2007), Elhorst J.
Paul., Hampel K., Kunz M., Schanne N. and others (2007), Longhi S., Nijkamp P. (2005). Heijke H. (1996). Neugart M.,
Schömann K. (2002) and others. Such literature focuses normally on time-series data, that is, it uses a large number of
observations over time to forecast the future behaviour of a given economic variable, usually at national or macro level.
Heijke H. (1996) suggested take into account the basic principles before compiling these highly differentiated
forecasts. These principles counter the more fundamental and methodological criticisms of initial manpower planning
approaches and are listed below (ROA, 1995; Heijke, 1996):
1) The forecasts must be limited to the medium term (a period of about five years).
2) In place of fixed coefficients for the structure of employment, explanatory models must be used to describe the
changes in both structures over time.
3) The forecasts should be repeated within a period of a few years.
4) The theoretical framework, which underlies the forecasting models, incorporates both ex ante and ex post
substitution processes in the forecasts of the labour market situations for the various types of rural regions.
5) It is important to make as much use as possible of any understanding which already exists of the future growth
of employment and the flows from the economic sub-sectors onto the labour market.
6) No detailed comparisons of demand and supply are made for each forecasting year, but the forecasts itself
are limited to a general characterisation of the relation between demand and supply for labour market over the whole
forecast period.
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7) The uncertainties which are associated with labour market forecasts can to some extent be met by mapping the
labour market risks which a particular choice of training may entail, as a supplement to the forecast of the probability of
finding a job.
Various authors have developed forecast models for regional labour market forecasting. Most of the methods
based mainly on labour market theory. Hampel K. and others (2007) presented the classification of methods used for
regional labour market forecasts:
• Demand-oriented regional models is the economic base concept which divides the regional economy into a
base- (local needs-serving sector) and a non-base sector (export sector).
• Supply-oriented regional models based on Shift-Share analysis. This approach interprets a variation in regional
employment as a product of a structural (shift) and a local (share) component.
• Demand-supply oriented regional models:
o regional labour market accounts – the concept based on the contrasts the development of labour supply and
labour demand.
o regional input-output-analysis - a tool to analyse interindustry relationships in a region.
• Mathematic-statistical methods:
o regression analysis – analysis to determinate the relationship between a dependent variable and an arbitrary
number of exogenous variables;
o time-series analysis - methods to assess regularities in the time series and to describe the data-generating
process either deterministically or stochastically (trend analysis, weighted moving averages and others);
o (non) linear programming - the regional employment forecasts for regions based on a combination of top-down
and bottom-up techniques;
o neural network models - the technique essentially consists in modelling non-linear relationships among
variables as inputs to a forecast, where the inputs are transformed through weighted combinations and substituted into
one or more non-linear indicators.
As was said before, the methods of labour market forecasting methods based mainly on labour market theory, such
as demand-oriented, supply oriented and demand - and supply-oriented models and mathematical - statistical methods.
Therefore it is important to define the rural regions specificity.
International organisations (OECD, EUROSTAT and others) have been adopted the criteria for the definition of
rural regions as they are particularly useful for inter-regional or inter-state comparisons. It can be argued that the common
attributes of European rural regions are low population densities or/and the significant role of agriculture in the rural
economy. It is noteworthy that population density has been traditionally used for the definitions of rural areas in Europe.
In particular, at the NUTS2 level rural areas are defined by EUROSTAT, as those with a population density of less than
100 inhabitants per km2. The OECD distinguishes between three different types of regions on the basis of the proportion
of population living in rural municipalities. In particular, the OECD (1994) area classification is as follows:
• Predominantly rural areas where more than 50% of the population lives in rural municipalities;
• Significantly rural areas, where a percentage of 15%-50% of the population lives in rural municipalities;
• Significantly urban areas, where a percentage of less than 15% of the population lives in rural municipalities.
It based of research of the labour market forecasting methods and statistical information about rural labour market
of EU27 at NUTS 3 level availability the autoregressive integrated moving average (ARIMA) and structural-component
(SC) estimators methods were integrated to in the forecasts model for labour market of EU27 regions at NUTS3 level.
Research results
EU27 regions are characterized by mayor diverging trends discrepancies in demographic and labour markets. Parts
of rural EU regions are confronted with stagnating or declining working age populations and the prospect of shrinking
native labour forces. Other parts of regions have experience in sustained demographic growth and a growing number of
people entering the labour force. A medium-term projection of population and employment allows a deeper insight into
the different regional development trends.
According to Eurostat data in 2007, the EU27 had 496 million inhabitants. Therefore, it was a significant population
decline in Romania, Poland, Lithuania and in the most of regions of Sweden, Norway, Czech Republic, Italy and Greece.
Significant population increase is observed in Ireland and Spain during the period 1995-2007 as well. According to
medium-term population projections, based on Eurostat data base, the total population in EU27 will continue to increase
until 2020 at a reduced pace to 517 million. The population growth rate is expected to decline to -2% (on EU27 average)
in the new and old EU countries, although the growth rate is projected to + 2% like in France, southern and central Spain,
Ireland, most of part of Scandinavian and others regions by 2020 (Fig. 1, b.).
It is expected that there will be living 43.2 million people in predominantly rural regions in 2020 (8.4 percents of
all the EU27 population). Thus most attractive rural areas are those close to a city and well developed.
Predominantly urban regions are expected to grow by 7.8 percents in terms of population. During the 2010-2020
it is expected the number of population in urban regions to grow by 8.7 million to 221.1 million in 2020. That would
account for 42.7 percents of all the EU27 population. Obviously there are strong incentives to move to live and work in
cities, which are more attractive in terms of economic and cultural activities.
In 2007, economically active population of the EU27 was comprised of 237 million people and 222 million
inhabitants were employed. The employment grow rate is positive (0-5%) for most of EU countries, exception –
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Romania, Poland, Eastern Germany and Lithuania (Fig. 2, a.). According to our projections work force would increase
to 249 million and would be employed about 235 million inhabitants until 2020. During the projection period employed
population grow rate is expected from -2% to +2% in most part of EU27 regions (Fig. 2, b.). Through international
migration and population mobility is still noticeable increase in labour force participation rate even if demographic aging
translates into a shrinking labour force.

a) Changes of population, 1995-2007
Legend:

b) Forecast of population, 2008-2020
Data sources: © EuroGeographics association for the administrative
boundaries, 2009; © ESRI Data & Maps for other geographic data,
2006; © EUROSTAT for the statistical data, 2007.

Figure 1. Population growth rate of EU27 NUTS3 regions, percentage: a) at the period 1995-2007; b) at the period 2008-2020

a) Changes of Empoyment, 1995-2007
Legend:

b) Forecast of Empoyment, 2008-2020
Data sources: © EuroGeographics association for the administrative
boundaries, 2009; © ESRI Data & Maps for other geographic
data, 2006; © EUROSTAT for the statistical data, 2007.

Figure 2. Employment growth rate of EU27 NUTS3 regions, percentage: a )at the period 1995-2007; b) at the period 2008-2020

In 2007, employed population in the agriculture, hunting, forestry and fishing (AB) sectors was about 13
million inhabitants. The highest decline of employment in such sector (-5-0 %) was in all new EU Member States (Estonia,
Latvia, Lithuania, Poland, Czech Republic and others) and in old EU Member States (Italy, France, Belgium, Greece and
others) (Fig. 3, a.).
According to medium-term projection work force would decrease to 11,6 million until 2020. The employed
population in AB sector would expect fewer declines (-3-0%) than in previous period (Fig. 3, b.).
Share of employment in agriculture and fishing is expected to decrease to quarter of the total employment in EU27.
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Evolutionary changes emphasizes sustainabily of the changes. The biggest beneficiary of the “loss” of the agriculture shall
be sector of wholesale and retail trade, repair of motor vehicles, motorcycles and personal and household goods, hotels
and restaurants, transport, storage and communication (GHI sector according NACE). Remote rural areas inevitably face
the effects of the modernization of the agriculture sectors, thus the pressure to find alternative economic activities in
local areas. The analysis reveals that most attractive sectors to find new sources of employment these regions would be
transport, rural tourism, accommodation or storage activities. Besides strong development of broadband connections and
other internet related infrastructure shall attract jobs which are based on digital communications.
In 2007, employed population in the GHI sectors (wholesale and retail trade, repair of motor vehicles, motorcycles
and personal and household goods; hotels and restaurants; transport, storage and communication) was about 55,6 million
inhabitants. The territorial distribution of employment population grow in such sector is relatively homogeneous and is
observed from -1% to +4% (Fig. 4, a.). According to medium-term projection work force would increase to 60 million
until 2020, but the employment grow would be lower (-1-2%) (Fig. 4, b.).

a) Changes of Empoyment at the AB sector, 1995-2007
Legend:

b) Forecast of Empoyment at the AB sector, 2008-2020
Data sources: © EuroGeographics association for the administrative
boundaries, 2009; © ESRI Data & Maps for other geographic data,
2006; © EUROSTAT for the statistical data, 2007.

Figure 3. Growth Rate of Employment at the AB sector of EU27 NUTS3 regions, percentage: a) at the period 1995-2007; b) at
the period 2008-2020

a) Changes of Empoyment at the GHI sector, 1995-2007
Legend:

b) Forecast of Empoyment at the GHI sector, 2008-2020
Data sources: © EuroGeographics association for the administrative
boundaries, 2009; © ESRI Data & Maps for other geographic data,
2006; © EUROSTAT for the statistical data, 2007.

Figure 4. Growth Rate of Employment at the GHI sector of EU27 NUTS3 regions, percentage: a) at the period 1995-2007;
b) at the period 2008-2020
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In 2007, employed population in the financial intermediation; real estate, renting and business activities (J-K)
sectors was about 31 million inhabitants. The employment grow rate in J-K sector is observed as highest grow (0+5%) in
the period from 1995 to 2007 (Fig. 5, a.). According to medium-term projection work force would decrease to 35 million
until 2020. The employment grow would expect at least 2 percentage point in such sector by 2020 (Fig. 5, b.).

a) Changes of Empoyment at the JK sector, 1995-2007
Legend:

b) Forecast of Empoyment at the JK sector, 2008-2020
Data sources: © EuroGeographics association for the
administrative boundaries, 2009; © ESRI Data & Maps for
other geographic data, 2006; © EUROSTAT for the statistical
data, 2007.

Figure 5. Growth Rate of Employment at the JK sector of EU27 NUTS3 regions, percentage: a) at the period 1995-2007; b) at
the period 2008-2020

In 2007, employed population in the public administration and defense, compulsory social security; education;
health and social work; other community, social and personal service activities; private households with employed
persons (L-P) sectors was about 64,7 million inhabitants. The 30% of EU27 population was employed in such sector and
the employment grow rate is enough high (0+3%) (Fig. 6, a.). According to medium-term projection work force would
increase to 73,7 million until 2020. The employment grow rate would be low (0+2%) but positive (Fig. 6, b.).

a) Changes of Empoyment at the LP sector, 1995-2007

b) Forecast of Empoyment at the LP sector, 2008-2020

Legend:

Data sources: © EuroGeographics association for the
administrative boundaries, 2009; © ESRI Data & Maps
for other geographic data, 2006; © EUROSTAT for the
statistical data, 2007.

Figure 6. Growth Rate of Employment at the LP sector of EU27 NUTS3 regions, percentage: a) at the period 1995-2007; b) at
the period 2008-2020
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Relatively modest growth of employment in public administration leads to a conclusion that institutional
developments are well integrated into EU market and policy, and that further advancements there are in terms of innovation
of the most recent technologies and policies.
Conclusions
During 2010-2020 it is expected significant changes in employment structure in rural areas across the EU27. Rural
areas will face different trends of the changes of the structure, but they have one common feature in common, i.e. rapid
decrease of employment in agriculture and fisheries. Thus ongoing process of relaxing labour force from agricultural
activities generates economic, social and political stress. The threat of increasing unemployment and degradation of
human resources in rural areas shall encourage better focus and better targeting of Rural Development policy measures.
Priorities for policy measures should be targeted for problems of quality of life in rural areas and the attractiveness
of rural regions for economic actors. Also better targeted measure for territorial cohesion should be implemented.
It is important to emphasize the importance of the synergy between the policy measures, market dynamics, interests
of investors, capabilities of knowledge centers and local administration actors for the employment system in a rural area
by more active management of local resources.
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Abstract
There’s a strong link between the production of biofuels and the production of energy crops. The first of these activities may contribute to the
appearance of new products in agriculture, giving a boost to other activities and aiding in the diversification of economic activities in rural areas. This
paper, applies the RRA (Rural Rapid Appraisal) methodology to analyze some of the factors that could influence the development of these crops, as:
the Institutional Policies (Energy and Agricultural Policies), the demand of renewable energies, the structure of the agricultural productive units and the
extension of energy crops. The research is focused on one of the most important Spanish agricultural regions, as it’s Castile and Leon.

Introduction and objectives
Agriculture and energy policy constitute two closely linked elements. Energy crops may act as a strategic tool
giving support for the provision of raw material and thus contributing to encouragement for participation by biofuels
in energy supplies and achievement of the objectives of the current energy policy. Simultaneously, they would boost
a sector (agriculture) that is clearly in crisis because of the impossibility of finding market-viable alternative products.
Thus, energy crops might become a new output that permits the survival of the activity, with the associated social and
environmental functions that it carries with it, as recognized by previous bibliography and by Directive 2003/30/EC itself
(European Parliament and Council of the European Union, 2003).
In fact, Agenda 2000 already supported these objectives, through authorizing the use of set aside (introduced in
1992 reforms) for non-food crops, as also new economic incentives for sowing energy crops (energy crops aid). Later
reforms of the CAP accentuated even further the crucial role of energy crops through the introduction of a number of
measures such as decoupling. More recently, in an attempt to fit the upcoming CAP to the European Union (EU) citizens’
requirements (European Commission, 2010a), the European Commission presented a new document “The CAP towards
2020” (European Commission, 2010b) reinforcing the above mentioned aspects and stressing that the future CAP should
contain a greener and more equitably distributed first pillar and a second pillar focussing more on climate change and the
environment. Thus, further efforts in the field of biomass and renewable energy production will be required to meet the
EU energy and climate agenda.
In this new context, the present paper aims to analyse the links between agricultural and energy policies and their
effects on the development of energy crops in one of the most important Spanish Agricultural Region, as it’s the case of
Castile and Leon.
Methodology
The methodology implemented to undertake the work being reported upon here is based on the Rapid Rural Appraisal
(RRA). RRA is a semi-structured research method half way between quantitative and qualitative research techniques, allowing
a reduction in the time and cost required for obtaining data. This technique, extensively used in the area of rural development
(FAO, 1997), is employed for gathering information and formulating new hypotheses. It has proved particularly useful in those
situations in which there is a lack of knowledge and data, like that under consideration here.
The method generally combines the use of various different research techniques. Thus, application of RRA methodology in
the present study has allowed cross-checked and tested information to be obtained through the use of varying techniques.
These included direct observation of the situation, the gathering of quantitative data and the use of secondary sources of
information, as an initial step prior to in-depth interviews with experts and farmers.
Results
Energy Policy and Institutional Environment
In 1997, obligations contracted under the Kyoto Protocol in respect of the emission of gases once again focused
attention on what are termed renewable energies. The European Union at that point made a commitment to reduce annual
emissions by 8% by 2010. It even set itself the challenge of doubling the proportion of renewable energies in overall
energy consumption.
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Directive 2003/30/EC of the European Council (European Parliament and Council of the European Union, 2003),
relating to the promotion of biofuels or other renewable fuels for transport, established a target of 2% by 2005 and of
5.75% by 2010 for the level of use of such fuels within the overall amount of fuel used in transport. The Biomass Action
Plan of December 2005 (Commission of the European Communities, 2005) and the paper “An EU Strategy for Biofuels”
(Commission of the European Communities, 2006) gave a clear response for the measures necessary to promote the
production and use of biofuels within this new framework. Later, in March 2007, the European Council adopted various
measures intended to reduce by at least 20% emissions of CO2 between then and 2020.
More recently, Copenhagen climate conference reinforced such objectives (Averchenkova, 2010) and two new
EU Directives: Directive 2008/28/EC (European Parliament and Council of the European Union, 2009a) and Directive
2009/30/EC (European Parliament and Council of the European Union, 2009) have tried to respond to the expectations
of industry, introducing incentives for the consumption of biofuels. These include an obligation to produce at least 10%
of the fuel used for transport from renewable energy sources and a reduction of 6% in the emission of greenhouse gases
in the petrol and diesel cycles between 2011 and 2020. This is an attempt to ensure the future of biofuel plants that are
currently in production or under construction in the EU.
In order to achieve such commitments, in Spain, a Spanish Renewable Energy Plan (PER) 2005-2010, together
with an Action Plan for Energy Savings and Efficiency 2008 to 2012 (PAE4+), have all been put into operation. This has
permitted a reduction in the consumption of energy in Spain’s dependence on external sources of energy and in pollution
(IDAE, 2007). PER 2005-2010, is a document processed by the Institute for the Diversification and Saving of Energy
(IDAE), responsible for the setting of objectives and implementation measures in the field of renewable energy in order
to diversify the excessive dependence on foreign energy supply, to protect the environment and to achieve a sustainable
development (IDAE, 2005). The PER, follows a revision of the Plan for the Promotion of Renewable Energy (PFER)
2000-2010, approved upon agreement of the Council of Ministers on 30 December 1999, which in the year 2004 was not
able to meet expectations due to a relevant increase in energy demand and consumption which did not correspond to the
expected increase in renewable energy production.
In the field of biofuels, PER raises the objectives set by the previous PFER from 0.5 to 2.2 million tep in 2010,
which would set the market share of biofuels for 2010 at 5.83% on the total amount of gasoline and diesel fuel used for
transport13. To achieve such amount, an increase by nearly 2 million tep is forecast in the period 2005-2010, of which
750,000 tep would correspond to bioethanol and the rest to biodiesel (Table 1). In this sense, the Plan considers the
previously described taxation system as a key element to achieve such objective.
Table 1. Objectives of PER
Situation in 2004 (tep) PFER objective for 2010 (tep)
Castile and Leon
0
100,000
TOTAL for Spain
228,200
500,000
Total for Castile and Leon
0%
20 %
Source: Authors’ own based on PER 2005-2010 (IDAE, 2005)

PER objective for 2010 (tep)
330,000
2,200,000
15 %

Finally, as a response to the requirements of Directive 2009/28/EC, a National Action Plan for Renewable Energy
(PANER) has been drawn up, so as to attain the national objectives fixed in that Directive (IDAE, 2010). As may be seen
from Table 2, the projections for consumption of biofuels included in this plan double the levels envisaged for 2011.
Table 2. Objectives of PANER
Situation in 2011 (Ktep)
Bio-ethanol
232
Biodiesel
1471
Source: Plan for Renewable Energy in Spain 2011-2020 (IDAE, 2010)

PANER Objective 2020 (Ktep)
400
3100

Moreover a new PER is currently being drawn up, PER 2011-2020, a continuation of the current PER 2005-2010.
This new plan will incorporate the essential elements of the PANER, together with further studies not considered in the
previous plan (PER 2005-2010). The implementation of the above mentioned energy policies is expected to increase the
domestic use of energy crops, specially for the case of oil seeds over the medium term in the EU (European Commission,
D.G. for Agriculture and Rural Development, 2009).
Demand of bio-energy market in Spain
The main feature of the energy demand in Spain is a high dependence on oil, which has resulted in a lack of selfsufficiency and an important level of energy dependency: the energy dependence rate in Spain in 2008 was 80%, much
13 Slightly above the objectives set in Directive 2003/30/CE (5.75%).
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higher than in the EU (53%). Nevertheless, the structure of this demand has experienced an important change in the
last 20 years, especially after 2005, when the new energy policies focused on energy saving and efficiency, mentioned
in the precedent section, came into force. In these last years, the share of renewable energies in energy production and
consumption has notably risen while the total gross final energy consumption has fallen (Tables 3 and 4). The above
mentioned policies concerning energy efficiency have much to do with this new trend.
Table 3. Share of renewable consumption to gross final energy consumption
2006
2007
Spain
9,1%
9,5%
EU27
8,8%
9,7%
Source: Spanish Ministry of Industry, Tourism and Trade (2010) and Europe’s energy portal (2011).

2008
10,7%
10,3%

2020 (target)
20%
22.7%

2016(target)
17.983
95.826
18.8%

2020 (target)
22.382
98.677
22.7%

Table 4. Final Energy Consumption
Renewable energy (ktoe)
Consumption of gross energy (Ktoe)
% Renewable energy/Final energy

2008
10.687
101.918
10.5%

2012 (target)
14.505
93.321
15.5%

Source: Spanish Ministry of Industry, Tourism and Trade (2010)

Thus, the share of renewable energies in the energy primary consumption in Spain rose by 1,3% in ten years, from
4,5% in 1995 to 5,8% in 2005, and five years later (in 2010), the demand accounts for 10,8% of the primary energy and
more than 12% of the final gross energy consumption. The evolution of this share of renewable consumption in Spain has
been very similar to the one of the European Union (Table 4).
Biofuels production has been one of the main responsible of the increasing trend in renewable energy production.
Nevertheless, this increasingly production has not been accompanied by a parallel rise in biofuels demand. While the
production capacity of the processing plants have notably increased in the last 10 years up to 4000 ktoe in 2009, the
evolution of the real demand has not followed this same trend, being just about 1058 ktoe (Figure 1).
It’s expected that the new policy incentives included in PANER 2011-2020, could contribute to change the
upcoming evolution.

Figure 1. Demand and production of biofuels in Spain (2000-2009)
Source: PANER 2011-2020 (IDAE, 2010)

Agricultural Policy
Agricultural policies certainly play a very important part nowadays in determining the profitability of agriculture in
Castile and Leon. At present, the single payment scheme has become the main mechanism for direct support for farmers’
incomes. This payment system, together with the new proposals for the CAP, especially with reference to the ending of
subsidies for energy crops, the abolition of obligatory set-aside and decoupling, set up a new framework which may well
be of considerable influence in the case of regions like Castile and Leon. In such zones, the yields and costs of production
lead to a very small profit margin for certain products, in which the subsidy for energy crops (no longer in existence after
2010) had much more weight than in other European regions (Robles and Vannini, 2008; Vannini et al., 2006).
Hence, the elimination of compulsory set-aside opens up the possibility of using land previously covered by this
scheme for any market orientation whatsoever (within the still existing legal limitations on its use for non-food crops).
The experts consulted pointed out that this may have the effect of reducing the attractiveness of contracts for energy crops
relative to demand for food. This is due to the competitiveness between the two markets (food and energy markets) which
is the basis of the scarce development of energy crops up to the moment.
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This would give rise to a consequent need to implement new incentives if the intention is to consolidate regional
supplies, this being an aspect also stressed in other studies (Editorial team of the journal Tierras, 2007; Panoutsou,
2007; Robles and Vannini, 2008). Moreover, Rural Development Programmes are focusing on enhancing the agricultural
sector competitiveness, including environmental and diversification strategies. Energy crop production is an important
alternative to be considered in order to achieve such objectives. Thus, different regions in Spain (Castile and Leon among
others) are implementing new strategies to promote these crops as a tool for rural development.
The agricultural sector in Castile and Leon
The continental climate existing in Castile and Leon with great contrasts of temperature and sparse rainfall, which
is in addition very unequally distributed by location and by season, determines the kind of crop to be grown in this
region. Table shows the main crops which are currently being grown in this region. In this sense it’s important to stress
the important role of irrigation for the development of the agricultural sector in the region, allowing the introduction of
new cultivations.
In the agricultural land, cereals and crops for industrial uses are the protagonists (Figure 2). Wheat and barley
are the predominant cereals, while the most important industrial crop (in surface) is sunflower. Wheat, barley and
sunflower are mainly grown on unirrigated land, while maize and sugar beet are the chief crops in irrigated areas, being
those ones the most profitable crops existing in the region, especially in which concerns sugar beet.

Figure 2. Surface under crops in Castile and Leon
Source: Authors’ own based on Junta de Castilla y León (2010)

Currently, the Autonomous Community can count on the highest crop yields and surface of sugar beet, as well as
maintaining a central role in the production of cereals and oilseeds at the national level. In the 2005/2006 campaign, and
according to the surface subsidized by the CAP, the 35% of the total soil for the production of cereals, 35% for corn,
28% for oilseeds and 27% for set-aside land is located in Castile and Leon.
The structure of productive units may be observed in table 5. The main characteristics are the small dimension of
these units (the average size per holding is 55,6 ha) together with a high parcelling level. In spite of it, the average size
per holding in Castile and Leon is higher than in Spain (23,2 ha).
Table 5. Structure of productive units in Castile and Leon
Farms
Farms
Total Surface
(Number)
(%)
(ha)
UAA (ha)
92030
98,81
6900319
<1
1232
1,32
1691
1 a<2
7693
8,26
20312
2a<5
11346
12,18
51523
5 a < 10
10083
10,83
82764
10 a < 20
11254
12,08
207900
20 a < 30
10287
11,04
280602
30 a < 50
11638
12,49
500134
50 a < 100
13395
14,38
1086795
100 or more
15101
16,21
4668598
Source: Authors’ own based on Spanish Institute of Statistics (INE, 2007)
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Total Surface
(%)
99,89
0,02
0,29
0,75
1,2
3,01
4,06
7,24
15,73
67,58

UAA
(ha)
5471306
591
10517
37067
73177
165503
249794
451704
970075
3512877

UAA
(ha)
100
0,01
0,19
0,68
1,34
3,02
4,57
8,26
17,73
64,21
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As pointed by other authors (Perkumiené and Robles, 2005), some of the main features of the regional farmers
are the following: high level of aging of the rural population (45% of the agricultural business men are over 60 years
old), the lack of generational change in business management, farmers’ risk aversion, lack of incentives or the scarce
entrepreneurial tradition of farmers regarding the adoption of new initiatives.
The average economic size of these agricultural farms is about 23,68 European Size Units (ESU),
predominating those farms of a small or medium economic size (more than 76% could generate an added value
between 2 and 100 ESU).
An idea of the profitability obtained in Castile and Leon farms according the type of crop grown could be observed
in Table 6.
Table 6. Percentage of farms according to their economic size and productive orientation
ESU

<1

1 to < 2 2 to < 4 4 to < 6

6 to < 8 8 to < 12 12 to < 16 16 to < 40 40 to < 60

60 to <
100

100 or
more

Cereals

8%

6%

12%

10%

10%

10%

8%

23%

7%

5%

1%

Wheat

5%

3%

11%

7%

13%

10%

9%

27%

8%

6%

2%

Barley

8%

6%

10%

9%

8%

10%

7%

26%

8%

6%

2%

Corn

1%

1%

11%

11%

17%

13%

9%

29%

3%

4%

1%

8%

0%

3%

53%

21%

11%

4%

Sugar beet

Source: Authors’ own based on Spanish Institute of Statistics (INE, 2007)

As was noted above, climate constrictions together with the market problems of many of the crops being grown in
the region (cereals, oilseeds, sugar beet) and some features of the productive units structure (small size per holding, high
parcelling level and low economic results) do not give many choices of crop to the region’s farmers and this constitutes
a challenge to their continued involvement in agricultural activities. In this sense, energy crops appear to them as a new
possible alternative that could be introduced in their productive systems.
Energy crops in Castile and Leon
The use of crops for energy in the region is relatively recent, having its origin in the contracts for cereals grown on
set-aside lands that have been signed between farmers and the production industry since 1997/1998. In Castile and Leon,
as well as in Spain and most part of Europe, energy crops have been traditionally grown on set‑aside lands, appearing in
new places when the subsidy for energy crops started to apply (Vannini et al., 2006). An idea of the kind of crops and the
area sown may be got from the data in figure 3.
As may be observed, there was an important increase up to 2006 coinciding with the coming into force of specific
subsidies for energy crops and with the new sowings in the set-aside. Lastly, during recent harvests, there has been a
decline in the area given over to this sort of crop, due to the increase in the prices for cereals arising from various different
factors (declining reserves, poor harvests because of bad weather, increased demand). This fact has even triggered debate
about the substitution relationship between food and energy uses of cereals. In particular, the capacity of local agriculture
to produce enough to meet the new demands for energy without neglecting the requirement for foodstuffs, both human
and animal, has been much discussed (COAG, 2007).
Among crops, cereals stand out up to 2007, occupying the greater part of the land used. In 2005, the only oilseed
sown was sunflower, while among cereals, barley and wheat shared the surface sown, the former (at 89%) clearly
outstripping the latter. After 2007, this situation has changed and oilseeds have surpassed the cereal area with a continuous
increase. This increase for oil seeds is mainly due to the importance of rape-seed, the main oilseed for energy market in
Castile and Leon, as well as in the EU (Blanco Fonseca et al., 2010), while the presence of other crops is no relevant..
It cannot be said that there are any really representative farms in respect of such productions, since the area given
over to these crops up to the moment is very limited (less than 1% of the total Utilized Agricultural Area). Average yields
for the main crops vary notably in accordance with the province (or even the municipality) and with whether they are
grown on unirrigated or irrigated land.
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Figure 3. Evolution of the energy crops surface
Source: Authors’ own based on data from FEGA (Spanish Agricultural Guaranty Fund)

Conclusions
As found by other authors (Lumbreras, 2006), policy and institutional environment is an important opportunity:
International agreements and the need to reach the energy objectives set in the legislation imply an increase in the demand
of renewable energies. These policies, together with the new incentives set by Spanish Government through the new Energy
National Plans (PANER and new PER) are expected to promote the demand for bioenergy (biofuels, in particular).
New trends in the CAP, as decoupling, means the need to look for crop profitability without the support of
the previous direct payments coupled to the production. Many of these crops are no longer profitable without this
support. This fact opens the possibility to consider other crop uses for this land (Rivas Garrido, 2010). In spite of
this, these policies have not got to enhance the growing of energy crops in a large scale, up to the moment. This is
due to the low level of prices of these items and to the important competitiveness between both markets food and
energy. Moreover, the recent abolition of energy crops premium makes it more difficult to compensate the existing
differences between food and energy crops prices, while the abolition of compulsory set-aside opens the possibility
for growing food crops on those lands.
In view of the limitations imposed by climate and markets on the possible introduction of crops into the range of
options, some energy crops, as rape-seed and sunflower on irrigated land might have a part to play in diversifying risks
in farming and crop rotation, specially with techniques which allow to reduce cultivation costs, as minimum cultivation
and direct sowing systems. This is all the more so, if it is kept in mind that lands newly converted to irrigated status are
on the point of being brought into production. These have involved considerable funds in investments and farmers must
seek out new viable crop alternatives for them, in the light of the fact that these lands have no rights to, or quotas for, aid
under the CAP.
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Strategic Sales Management Mix for a Launched New Product
Rasa Rukuižienė

Aleksandras Stulginskis University, Lithuania
Abstract
This article has orientation on identification of interrelated company factors influencing it sales management mix under applied means to
develop sales force.
The studies about formation of a company‘s sales force and strategic sales management mix are limited. Therefore, here are revised some
theoretical concepts of strategic sales management mix formation and allowed to present experience choosing a way of carrying out an empirical
research for identification new sales management arrangements to develop sale force.
Highlights of a launched new product success could be evaluated by sales results of company regarding applied sales management mixes and
achieved sales force. Empirical research with a base of integration of a new product into company’s sales and aproach how a new product with different
innovativeness can contribute on company‘s sales force as a result.
Empirical research algorithm of sales force formation in Lithuanian company JSC “Marijampolės pieno konservai” was linked with a launched
new product – capsuled soft cheese for continental breakfasts for HoReCa net. Enlarged Atuahene-Gima’s model was applied for theoretical and
empirical research as more perceptible method and served to form understanding, that under higher customers’ interests, a company can improve new
product application success of sales management mixes for strengthening company’s sales force.
Key words: a launched new product, sales force, strategic sales management mix, Atuahene-Gima model

Introduction
Content analysis of managerial approaches about strategic changes in sales management mix, concerning sales
force shifts of a company, helped to build conceptual framework of a launched new product for sales force formation
regarding relevant strategic management mix for JSC “Marijampoles pieno konservai”.
Theoretical analysis and empirical research is useful for identification differences of existing approaches of sales
force formation by launching a new product. Theoretical survey consistently shows existing assumptions about the
interplay of a launched new product and formation with company‘s sales force.
Therefore, observing customers’ experience and performance in case of a launched new product in Lithuanian JSC
“Marijampoles pieno konservai”, company benefits from launching a new product according a product innovativeness –
not a new to the market, but a new to a company and customers’.
Empirical research reveals the fact, that changes of strategic sales management mix can influence sales results
more radically. Shifting link of strategic sales management mix has relation with growing sales results and sales force.
Consequently, companies, launching a new product to the market, rely on formation of new sales force and seek to obtain
new structural components of strategic sales management mix. Growing sales force helps to achieve better results in sales
and a competitive advantage for a company. Sales force depends upon changes of sales management mix. Consequently,
shift sales management mix impacts customers’ behaviour, sales people managerial decisions and their originated
competences.
Empirical results, casted from customers’ e-questionnaire, demonstrated that launching a new product needs
components in range of formation new company’s sales force: new sales people competences, specific organizational
sales adjustments or redeployments, new sales quotas, special promotional activity with customers.
Research problem is submitted with default of methodology for evaluation requires an effective sales management
mix of a launched new product.
Research object is a structure of sales force of a company in case of a launched new product.
Research aim is focused on development of proposals for Lithuanian company JSC “Marijampoles pieno
konservai” to grow-up sales force in case of a launched new product.
Research objectives:
• to define structure of a company’s sales force, which is important component for a company’s sales
results in launching process of a new product;
• to determine potential changes of a company’s sales results under impact of identified sales forces;
• to find application method of strategic sales management mix for development JSC “Marijampoles pieno
konservai” sales force in case of a launched new product.
Research methods: the article is based on systematic literature analysis concerning a launching process of a new
product, content analysis of Atuahene-Gima’s model, empirical research and interviewing by questionair of focus groups
about implemented them conventional sales management mix.
Literature review and theoretical background of research
Research results are presented gradually as the theoretical and empirical research was produced.
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Components of sales force impacting company’s sales results of a launched new product
Launching success of a new product is depending upon contingent factor – sales results over time. Such companies
according their resources, customers’ behaviour and changes of their interests, try to launch a new product to their customers
and to manage demand chain at the moment. Current factors, such as changes of competences of sales managers, product’s
novelty level, customers’ interest and innovation diffusion speed, serve for formation sales force management system.
Incremental technological changes of a product help to stimulate interests of customers and serve for creation sales
force of a company. According to this assumption, companies are trying to adjust relevant strategic sales management mix
for a launched new product in case of sales results improvement.
Generally, sales force management system of a company consists of company’s information system and CRM used
in strategic sales management and promotional activity (Sales force management …, 2009). Significant determinant of a
successfully launched new product is a sales force.
Sales force of a company plays an important role by influencing purchases of a launched new product (Choffray,
1984; Cooper, 1988; Di Benedetto, 1999).
Importance to perform a sales management mix is connected with sales results and sales management strategy of
a company. When sales results of a launched new product poorly correspond with a company’s sales force, interplay of
determinants of strategic sales management mix is becoming defective.
Consequently, a successful launching of a new product requires changes in sales management strategy in proportion
to extent a product novelty level and sales force at once (Kamel, 2003). It’s important to explore this general idea in more
detailed aspects of a launched new product.
Author found out the links to improvement of sales results and sales force concerning a launched new product.
Firstly, they decided to appoint the customers’ categories regarding their attitude to a product novelty level, and,
secondly, authors focused on two interplay preconditions:
 if a launching of a new product is highly challenging company’s competitive position, then sales force highly
impacts sales results;
 if customers’ categorization is highly fitted to a launched new product, then sales management mix is significant
for upgrade sales force of a company.
It means that companies attempt to benefit from sales management by active promotional activity and need more
clear information to produce about a new product for customers. New to the market product can keep high customers’
interest. Such an idea was presented C. M. Crawford (2003).
Consequently, a simple interplay could be declared – if a product’s novelty level is high, then customers’ perception
of a new product is slow.
Formation of sales management mix of a launched new product
Formation of a new product sales management mix frequently has a base of producing new commitment to a
product resulting effort devoted to its sale (Anderson, 1995; Atuahene-Gima, 1997). Sales force can obtain maximum
rank in reinforced sales management process with adjusted strategic response of a launched new product (Atuahene-Gima,
1997; Wotruba, 1995). More importantly, that sales management strategy involves elements such as sales technique, talent
of sales managers, teamwork or technology (Page, 2002).
Researchers A. J. Dubinsky and T. E. Barry (1982), T. R. Wotruba and E. K. Simpson (1992) distilled a new product
launch process into six strategic categories: 1) sales force training, 2) implementation of sales quotas, 3) implementation
of sales force compensation, 4) sales force development, 5) supervision or motivation of sales force, and 6) sales support
by promotional means (production of brochures, video) directed to customers (Rochford, 1993).
Sales management mix of a new product is a tool to develop more active interest of customers for longer period. Sales
managers, frequently, try to accomplish changes to sales management mix. The most common sales force management
objectives are achieving as sales scope, profit or market share (Dubinsky, 1982).
Author of article summarized two significant objectives of sales management.
Firstly, sales management objective is to achieve the highest sales scope as market cover, income from target
market or sales profit. L. Rochford and T. R. Wotruba (1996) approved this fact and declared, that companies attempt for
changes in categories of sales quotas and compensation for customers, and companies can make changes on categories
of quotas, compensation and supervision/motivation more successfully, when they are seeking for significantly greater
changes of sales management strategy in total.
Secondly, sales management objective for making sales strategy changes is to achieve a new product sales force
desired from the sales managers. M. Kamel (2003) presented series of research propositions related to adoption of a new
product by the sales force, earlier developed by L. Rochford and T. R. Wotruba (1997) and proposed some components
concerning a new product launch and selling success: 1) higher novelty share of a product, 2) intensively changing
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functional activity and interest of customers, and 3) sales force of a company.
Authors summarized some interplay links between components of sales force and factors impacting a launching
success of a new product:
1) if impact of a new product novelty is greater to company and customers, then:
(a) adoption of a new product becomes hard;
(b) occurs greater dysfunctional customers’ behaviour in selling process;
2) if adoption of new product by the sales force is weak, then:
(a) occurs uncertainty of dysfunctional selling behaviours, such as:
 misrepresenting benefits of new product to produce in short term sales;
 under representing market potential in order to gain lower sales quotas;
(b) occurs clearly negative impact on new product performance.
Especially, when a new product is more than simply modification in existing product line, arises amount of questions
concerning changes of sales force and customer behaviour.

Figure 1. Conception of Atuahene-Gima’s model (Atuahene-Gima, 1997)

Model of K. Atuahene-Gima (1997) was created and presented as a tool for testing sales force of a company in
adoption of a new product (fig. 1). Facilitated adoption of a new product by sales force is effective when sales management
mix is focused on providence of training, personal support and consulting, special sales resources and incentive for sales
managers. Success of sales management mix depends upon customers benefit or interests.
Empirical research of sales management mix application in launching process of a new product
R. G. Cooper and E. J. Kleinschmidt (1988) presented a conceptual framework which was based on analysis about
measures of a product‘s novelty level, organizational resources and competences. Consequently, new products with a
closer fit to company‘s competences tended to be more successful. Contrarily, D. Erwin (2002) argued this interplay, and
his argument was that a product innovation can‘t drive organizational renewal by exploiting and exploring company‘s
competences.
Authors of this article were fitted to R. G. Cooper and E. J. Kleinschmidt (1988) assumption, and regarded to a
novelty level of a product, and linked to Atuahene-Gima model.
K. Atuahene-Gima et al. (1997) evaluated a product’s novelty level with a three item scale examining the lack of
synergy between a new product with current sales management and current knowledge of sales managers.
Evaluation of a product’s novelty level serves to perceive potential customers’ interests. If a product is not new
to the customers only to a company, then customers have lower interest to it (Rogers, 1983). According to this idea, sales
management mix model could get a frame of “ambidextrous”. Therefore, sales managers have to maintain simultaneously
to preserve main customers and to attract new customer groups. Product novelty level could be evaluated more directly
based on combinations: 1) from two states of the market newness, and 2) from two states of a company’s newness (fig.
2) (Kamel, 2003).

Figure 2. Combinations for evaluation a product’s novelty level (compounded by author according M. Kamel, L. Rochford et al.,
2003)
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In such settings, a product, that is a new to the world, frequently, is a new to a company or to the market. Sometimes,
a new product needs special revision of company’s resources and adoption of special sales force, but it happens, when
product is a new only for company. Logically, two dichotomous questions could be raised in purpose to obtain the
information about changes of customers’ interest and company’s sales force.
Sales management strategy, according authors of this article, accommodates two shifts of sales management mix:
1) sales management mix for main customers, and 2) sales management mix for new customers.
Enlarged Atuahene-Gima’s model is more perceptible and serves to form assumption, that under appearance of
new customers’ interest, sales managers have possibility to select two types of sales management mixes for strengthening
company’s sales force (fig. 3).

Figure 3. Enlarged Atuahene-Gima’s model (compounded by author)

More detailed adoption results of different sales management mix are presented in research findings.
Empirical research of this article covered the analysis of sales force formation for Lithuanian company JSC
“Marijampoles pieno konservai”, which is great supplier of a new food product – capsule processed cheese for continental
breakfast in HoReCa net. Empirical research was based on application of e-questionnaire to respondents – product users
(HoReCa net). Respondent questions were coded in purpose to place a new product into one of three groups, essentially,
as E. J. Kleinschmidt and R. G. Cooper (1991) embraced: 1) first group – users with absolutely new attitude to a new
product to the market, or to company, or to the world; 2) second group – users with attitude, that distributed new product
which is not new to the market and not new to the company; and 3) third group – users with attitude, that new product is
not new to the market, but revised for a company.
Sales management strategy options were grouped into six strategy categories and were adopted according compilation
studies of A. J. Dubinsky and T. E. Barry (1982), and T. R. Wotruba and E. R. Simpson (1992). Sales management strategy
options included following six alternatives (fig. 4). Empirical research algorithm reflects development of sales force
interplay between Lithuanian company JSC “Marijampoles pieno konservai” and it customers (users) with different
level of preparations to launch a new product (fig. 4). Consequently, when customers (users) are strong in their sales
management mix, then CJC “Marijampoles pieno konservai” can launch a new product easily.
Conclusions
1. Level of a product novelty has direct impact upon main sales force of a company under adoption of a new product as
innovation discontinuity with high diffusion speed.
 A successful new product launch process requires changes in sales management mix in proportion to the extent
of innovativeness of a new product. Also the consequence was achieved if product’s complexity is high, then
customers’ perception of a new product is very slow. It was proposed some components regarding a new product
launch and selling success – such as higher novelty share of a product, intensively changing functional activity and
interest of customers, and sales force of a company.
 Changes could be obtained by companies which are more likely fine tuning of their existing sales management
strategy.
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2. Sales force of a company directly interacts with purchases of a launched new product. Moreover, the adoption of a
new product by activated promotionally sales force is effective when sales management mix is focused on providence
of managers’ training, individual support and consulting, special resources and incentive for seller.
 Sales force of a company can obtain maximum rank over reinforced sales management process with adjusted
strategic response of a launched new product. Sales force management needs a company’s information system and
CRM used in strategic sales management and promotional activity.
3. Model of Atuahene-Gima is a tool for testing sales force of a company in adoption of a new product. Lithuanian
company JSC “Marijampoles pieno konservai” seeks to develop interrelations with customers regarding their sales
results and force. Users’ preparations to attend in launching of a new product depend on their competitive position
in the market: when users are strong in their sales management mix, then JSC “Marijampolės pieno konservai” can
launch a new product easily.
4. JSC “Marijampoles pieno konservai” launches a new product seeking to make fewer changes in sales management
mix – generated information about a new product to the market with benefit in gaining market share from product
predecessor’s effort in learning about sales quotas, redeployment and market adjustments.
 The most effective devise to make changes in sales quotas, training of sales managers, sales support for customers,
and changes in organizational structure need to apply less supervision and sales compensation option.

Figure 4. Empirical research algorithm of sales force for Lithuanian company CJC “Marijampoles pieno konservai” (compounded
by author)
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Abstract
A number of farming systems across the EU are under threat and extensively farmed land is being abandoned as systems fail to maintain a
sustainable level of income to survive. Farming in the Hill and Uplands provides a number of ecosystem services which would be lost if land were
abandoned. Present calculations in agri-environmental payments are based on income foregone and additional cost. For farms operating at a loss there
is no income to forego and the economically realistic alternative is abandonment. Therefore the full cost of farming that land, is an ‘additional cost’ in
itself. We propose a full cost of management approach which would be compliant under WTO agreements that could be applied to encourage ecosystem
service provision and test these within the Scottish context of Higher Nature Value farming systems, identified through the Scottish farm account
data. The FCM approach generates much higher levels of payment than under the present agri-environment support. However, this should not be a
disincentive to explore these mechanisms further as it is recognised that the farms here are a special case for protection, provide important ecosystem
service and therefore merit a higher level of support from society. There is sufficient scope within the existing WTO agreement to develop alternative
payment approaches for encouraging the production of ecosystem services, if Member States and the EU to use it to its full potential.

Introduction
A number of farming sectors are generally populated by low income groups, subject to seasonal fluctuations in
yield and fragmentation towards peripheral areas. These factors have tended to provide the rationale for public support
both at the UK and the EU levels, and continue with the latest Commission proposals for CAP support beyond 2013.
The growing agenda towards the environmental and social benefits of maintaining farming production in disadvantaged
areas has led to increasing interest in how these systems can be maintained. Non-economic farming systems tend to be
extensive systems, managing larger proportions of land under rough grazing and, as a result are generally low income or
non-economic operations but are generally species rich given the large tracts of land under less intensive management.
There is some debate regarding how non-economic farming systems can be defined. In the Scottish context, most hill
farms and small holdings can be classified as non-economic, but other systems, such as upland cattle and beef farms also
inhabit a spectrum which includes non-economic farming types. The variability of incomes, due to fluctuating prices,
scale of operation and seasonality effects, makes identification of these systems difficult and presents policy makers with a
complex problem for providing targeted CAP support. Additional measures for providing support to farmers to encourage
the delivery of multiple benefits from a wider range of ecosystems services were developed in the European Agricultural
Fund for Rural Development (EAFRD), particularly agri-environment payments (AEP).
A key issue of AEPs is that they are constrained by the current requirements of the Rural Development Regulation
(RDR) based primarily on income foregone and additional costs. This means that scheme payments should be income
neutral. But for farming systems that exhibit very low levels of profitability this means that AEPs simply perpetuate
these low levels of profitability (although the fixed nature of the payments over a given period may act as a buffer
against fluctuating agricultural margins). For systems that are not profitable, income forgone becomes redundant and other
approaches are needed to support such farming systems, where there is a public benefit from doing so.
The aim of this paper is to explore alternative payment calculation formulas in AEPs targeted at the delivery of
public goods through non-economic farming systems in the Scotland and to identify key challenges for the practical
implementation of the alternative payment calculation formulas in the EU. The paper is based on a study for the Land
Use Policy Group UK which analysed three alternative payment formulas including a full cost of management (FCM)
approach, holding wide (HW) payment approach and an opportunity cost (OC) approach. This paper focuses on the full
cost of land management approach. For detailed information on the other two alternative approaches see Barnes et al.
(2011). The context for the development of alternative payment formulas is provided by a review of current payment
calculation formulas in agri-environment payments under the rules of the EAFRD and WTO. The paper then introduces
a methodological framework for developing alternative payment formulas and proposes an alternative payment formula,
the FCM approach, for non-economic farming systems in the hills and uplands. Finally, the FCM approach is tested within
the Scottish context of Higher Nature Value farming systems, identified through the Scottish farm account data, and key
challenges for the practical implementation are discussed.
Payment calculations in current agri-environment measures in the EU
A literature review on payment calculations in AEPs in the UK and the EU has been carried out to synthesise existing
payment calculation approaches and to discuss the constraints and opportunities to develop alternative approaches for noneconomic farming systems. Particular attention has been paid to the implications of WTO requirements (e.g. Matzdorf et
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al., 2010, Hepburn and Bellemann, 2009) and the different payment calculation approaches used in EU Member States
and regions. Payment calculation data have been obtained from official documentations of rural development programmes
in EU Member States and from a survey of paying agencies and ministries in selected Member States carried out in the
EC project AGRIGRID (e.g. Hrabalova et al., 2007, Vlahos and Tsakalou, 2007).
Agri-environment payments and WTO requirements
The WTO agreement on agriculture provides boundaries for domestic payment schemes. That is, inclusion of any
policy instrument in the Green Box is conditional on it having no, or at least, minimal distorting effect on trade patterns.
This means that it should not influence the level of commodity production. However, several commentators underline that
this is to be understood as the spirit underlying the agreement, rather than a particular condition to be explicitly complied
with. So in the case of environmental instruments such as agri-environmental payments, the Agreement on Agriculture
(AoA) outlines in paragraph 12 two particular conditions to be incorporated in design of support measures, one being
compliance with a specific government environmental programmes, and the second requiring that payments can only be
made on the basis of additional cost and income foregone.
The payment criteria in 12(b) have been criticized for being too narrow and not being flexible enough (LataczLohmann and Hodge, 2003, Glebe, 2007). The criteria make it easy to compensate farmers for reverting from damaging
practice but not for maintaining positive management. Blandford (2005) argues that AEPs may need to cover the
opportunity costs faced by farmers, rather than simply covering the additional costs that environmental programmes
may impose due to their impact on specific agricultural practices. However, Schwarz et al. (2008) conclude that the
domestic scope for altering the basis of payment calculations is limited without a more flexible interpretation of the
WTO requirements. The perceived rigidity may come rather from lack of effort hitherto in developing a suitable, green
box compliant payment measure. On the face of it the criteria do seem to make room for a calculation formula based
on costs incurred by continuation of farming as compared with no costs in abandoning the farms. Taking this view, the
problem may simply be that such a formula has not yet been explored, and in theory may well be defendable, provided it
is transparent, clearly defined, and based strictly on calculation of costs, not on incentives.
The preamble to the AoA implicitly acknowledges the legitimacy of domestic policies to address environmental
market failures as non-trade concerns, and agri-environment schemes could thus be viewed as trade correcting or at least
as less trade distorting than previous policies – a stance already adopted by other WTO panels when considering policy
changes. Although some commentators have concluded that this would require high-level negotiations and an ability
to demonstrate the limited impact of public good provision on commodity trade (Latacz-Lohmann and Hodge, 2001;
Blandford and Hill, 2008), there is another possible interpretation of the evidence. If it is accepted that domestic policy
legitimately addressing environmental market failures is a non-trade concern, then all that is required is to justify the two
conditions set out in paragraph 12, especially the ‘payments ….as part of a clearly-defined government environmental
or conservation programme’ requirement. It also important to point out that there has not been any legal challenges or
dispute concerning AEPs in relation to paragraph 12.
Calculation formulas in current agri-environment payments
The current EAFRD Regulation specifies a payment formula which is clearly targeted at fulfilling the AoA
paragraph12(b) requirements (Articles 37(1), 38(1) and 39(4) of Council Regulation (EC) No 1698/2005). Moreover,
to ensure that any costs compensated are really ‘additional’, and to satisfy the ‘Polluter Pays Principle’, the baseline or
reference level against which costs of agri-environmental commitments are calculated has to comply with all existing
mandatory requirements (EC Reg 1698/2005, Art.39(3)). Mandatory baseline requirements include regulatory requirements
(in regional, national or EU law) and GAEC standards defined at Member State or region level.
Calculations of payments are made on the basis of income foregone and additional costs of implementation
generally using a standard cost approach. In some Member States the option to cover transaction costs has also been
used. Income forgone as a result of the participation in AEPs is, in many cases, estimated through gross margin changes
of specific crop and livestock systems or average gross margin changes across several systems, e.g. management of grass
margins and beetlebanks in arable fields (Scottish Government, 2010). In other cases, yield differences as a result of
the implementation of the agri-environment commitments are explicitly estimated and multiplied by the market price.
Examples include the establishment of water side strips in North Rhine-Westphalia, Germany (Hecht et al., 2007) and
maintenance of permanent meadows, pastures and meadow-pastures in the Veneto Region, Italy (Regione del Veneto,
2009). In very few cases, losses of the single farm payments and LFA payments are also included in the calculation of
income foregone in AEPs (e.g. payments for the creation of buffer zones in Poland (MARD, 2007).
Additional cost components are considered in the payment calculation formula in relation to the various scheme
commitments and land or farm management changes such as the development of environmental plans, supervision tasks,
monitoring, weed control, ploughing, sowing, drying, worming and haulage, etc.. Common cost components considered
in the calculation are labour costs (including additional labour requirements for management, supervision and planning
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tasks and wages paid for contractors), machinery costs and material costs (Hrablova et al., 2007, IEEP, 2010). In addition,
transportation costs and paid rent are included in payment calculation formulas of a range of different agri-environment
measures, e.g. options for moorland management and management of heath in Scotland (Scottish Government, 2010),
the HLS option seasonal livestock exclusion supplement in England (DEFRA, 2004) and the livestock extensification
scheme in Greece (Vlahos and Tsakalou, 2007). Some Member States (e.g. Scotland and Lithuania) also include interest
charges and depreciation in the payment calculations. On the other hand, payment calculation formulas also consider cost
savings due to fewer (or no) applications of fertilizer and plant protection products, e.g. the options unharvested crops
and introduction or retention of extensive cropping in Scotland (Scottish Government, 2010) and organic farming support
payments in most Member States.
The quantification of transaction costs (if included in the calculation formula) varies between simple reference
values per ha and detailed calculations of different transaction cost components. However, Hrabalova et al. (2007)
emphasise that Member States apply different definitions of what they consider as additional cost component and the
transaction cost component. For example, while in Finland seeking information and advice is included in transaction
costs, in Scotland additional management efforts such as time for information and experience gathering, planning and
executing the organic farming process, marketing, sales management and administration are considered to be additional
costs in the calculation of organic support payments (Scottish Government, 2010). In summary, current AEPs are based
on the following generic payment formula:
[AEP per ha / LU = (income foregone + additional cost – cost savings + transaction cost) ≤ EAFRD ceiling]
An important issue for the consideration of full cost approaches is the consideration of fixed costs in the calculation
formula. The need for considering the full cost of land management in payment calculations is highlighted in a number
of studies (e.g. Espinosa-Goded et al., 2009, Hrabalova et al., 2007, and Edwards and Fraser, 2001). Currently, however,
although the current EAFRD Regulation has not specifically mentioned the possibility of including fixed costs in payment
calculations, nevertheless a few examples exist where the EC accepted the consideration of fixed costs in payment
calculations in agri-environment measures, e.g. in the support payments for organic livestock in the Pais Vasco region in
Spain (Departamento de Agricultura, Pesca y Alimentacion, 2009). It could be argued that a future Regulation, should
include a new or adapted measure with a more liberal interpretation of fixed costs, where the baseline for calculating
payments would in fact be the absence of land management and calculations could thus consider as “additional costs” the
full range of (opportunity) costs incurred by a farmer who makes a voluntary effort to continue farming and management
of agricultural land, or/and the full costs of managing the land for a specific environmental objective. This approach
was already adopted in the regulatory framework of the previous programming period, where Art. 18 of Reg. 445/2002
explicitly stated that the economic consequences of abandoning land or ceasing certain farming practices may be taken
into account in payment calculations when justified by the agronomic or environmental circumstances (EC, 2002). But
the consideration of potential land abandonment in payment calculations was not mentioned in Reg. 1974/2006 of the
current programming period (EC, 2006).
A more flexible interpretation of the requirements defined in the EAFRD, including baseline definitions, is required
to develop a suitable policy framework for non-economic farming systems. EAFRD requirements might have been
expected, in 2005, to reflect the shift from reducing negative externalities (income foregone) to actively supporting the
provision of ecosystem services and public goods through non-economic or HNV farming systems. Instead, the scope
for alternative payment formulas seemed to have decreased from Reg. 445/2002 to Reg. 1974/2006, as no reference to
land abandonment as a baseline for payment calculation is included anymore. Allowing for land abandonment to be
considered as a baseline for payment calculations would justify considering the full costs of managing the land for specific
environmental objectives in payment calculations. It could also be argued that payments for non-economic farming
systems that deliver beneficial environmental outcomes with a high risk of land abandonment must consider opportunity
cost of farm (family) labour and capital because farm families will only actively manage land when the farming activity
is able to give a better return than alternative uses outside farming. However, in order to satisfy WTO rules, any changes
to the framework for payment calculations in agri-environmental and other area-based rural development measures would
need to demonstrate only limited production and trade effects. But this might be less of a problem for non-economic
farming systems with generally rather little market impact, if the environmental objectives of these farming systems are
clearly defined and linked to government policy.
An alternative payment calculation for non-economic farming systems – the FCM approach
Based on the review of current calculation formulas, alternative formulas for AEPs have been developed taking
into account WTO Green Box rules and with EAFRD requirements. A generic methodological framework for the
development of alternative payment approaches has been developed (Figure 1). Following the definition of the required
dimensions for payment differentiation, suitable reference levels for the payment approaches are reviewed and suggested.
In the third step, the different components of the payment formulas such as crop specific costs, fixed costs of land
management and opportunity costs of labour, land and capital are identified. The feasibility of including environmental
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outcome components is also explored. This is followed by identification of data requirements including, for example,
environmental and biophysical data, farm and land management related data and regional socio-economic data (in
particular for the opportunity cost approach). Based on the assessment of existing data sources, data gaps are highlighted,
for example in relation to agro-forestry systems and small farms. In the final step, methodological key issues for the
testing of the different approaches are identified.
The FCM approach takes into account the full cost of the continuation (or introduction) of specific farming activities
on identified areas of land, in situations where the required management is not economically justified as part of the farm
business, and the land is therefore at risk of abandonment. The agri-environment requirements could be low-level (topped
up by higher level AEPs) or they could be higher level. In either case it is envisaged that the FCM payment calculation
would normally be used for non-economic but environmentally important parcels of land within a farm. In exceptional
cases it could also be applied to the whole farm (for example, non-economic mixed HNV farming systems on Natura
2000 land where making the farm economically viable substantial management changes would take place with significant
loss of environmental public goods). The FCM approach could be used as an alternative payment calculation approach or
in addition to existing standard cost based AEP rates. FCM payments would be related to specific, defined management
actions on a delineated area of land. These payments would comply with paragraph 12 of the Green Box WTO rules and
would be above the reference level (SMR + GAEC + applicable national or regional regulations) and have clearly defined
environmental objectives in the EU regulatory basis governing the FCM scheme.

Figure 1. Methodological framework for the development of alternative payment approaches
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The FCM payment calculation is based on the income foregone + costs incurred, but because the assumed
counterfactual is an absence of agricultural management, and any current agricultural activity is operating at a loss,
there is no income to forego, and the payment is entirely costs incurred. This bears some resemblance to a few existing
UK AEPs, e.g. the re-introduction of grazing to coastal heaths, but the key difference is that FCM includes not just the
variable costs attributable to the environmental management of the land concerned, but also a proportionate share of the
fixed costs of the farm of which it is part. The logic of this is that the farmer is being paid to farm some land which would
otherwise be abandoned or converted to non-agricultural uses, and to ignore the fixed costs attributable to this land would
mean that the profitable enterprises on the farm would effectively be subsidising the agri-environment management. In
exceptional situations where it is environmentally justified to include the whole farm, all the fixed costs would be covered.
This might be the case, for example in some parts of the EU-12 Member States, where HNV farming is characterised by
large numbers of small mixed farms, with fragmented holdings, which collectively deliver high levels of multiple public
goods. Whether the FCM payment applies to selected land or to the whole farm the incentive for the farmer to apply for
the FCM scheme will be that the full costs of the required management are covered, including the labour costs (these will
effectively be the element of the payment that is retained by the farm family).
One of the key issues for the calculation is the allocation of the appropriate share of fixed cost components to
the grazing system on the relevant land. In standard accounting approaches fixed costs are usually allocated between
different enterprises on the farm according to their proportionate contribution to total gross margin or total output. This
does not seem to be a suitable approach to allocating fixed costs to non-economic enterprises on the farm, where these
may be operating at a loss and thus make no contribution to total gross margin. The calculation proposed here is a simple
allocation of fixed costs based on the proportion of the area of the farm which is occupied by the livestock and cropping
systems subject to agri-environment requirements.
The FCM payment calculation is set out in detail in Barnes et al. (2011) but the calculation may be summarised as
[the sum of: the variable costs per ha of the specified management system, and the proportionate share of the fixed costs
of the whole farm]. Where more than one type of farming system applies on the land concerned the calculation is repeated
for each system. The payment rate per ha for the area of the farm to which the agri-environment management applies is:
variable cost per LU of specified agri-environment livestock management x required stocking rate in LU/ha
PLUS
variable cost per ha of specified agri-environment crop management
PLUS
share of fixed costs per ha (total fixed costs of farm X percentage of farm area in agri-environment management / ha in
agri-environment management)

FADN terminology has been used to achieve some form of standardisation in the terminology across EU Member
States. However, the standardisation is only suggested in terms of using the FADN terminology but not FADN data.
A mandatory application of FADN data would cause problems in relation to small farms and in some cases a lack of
representative samples for regionally important farm types and production systems in some Member States. Generally,
the formulas for all three approaches provide sufficient flexibility to deal with large differences in data availability. In
cases where more detailed data and information are lacking, aggregated figures, e.g. based on expert consultation, could
be used. Ideally, however, cost components such as ‘purchased feeding stuff’ are calculated based on required labour,
material and/or machinery cost. The explicit calculation of the various cost components would also allow the testing of
how different amounts of labour would affect the payment level. The inventory of cost components and differentiation
categories are largely based on the AGRIGRID project (Schwarz et al. 2009); an alternative way of allocating fixed costs
would be to use other options such as simple averages per ha or per Livestock Unit (LU).
Economic testing of the FCM approach
The FCM approach was tested within the Scottish context of Higher Nature Value farming systems, identified
through the Scottish farm account data over the period 2005 to 2008. Non-economic farms were identified and analysed
using statistical analysis (Calculation of variances and mean of net profit over time). According to the statistical analysis,
we take a boundary of £140/ha for net profits (which is 60% below the mean) as the first criteria to define non-economic
activity. These were further screened to infer high public good production by applying the simplified HNV criteria of
more than 70% rough grazing to total agricultural area and less than 0.44 grazing livestock units per hectare at the whole
farm level. This resulted in a non-economic farm sample of 93 LFA sheep farms and 75 LFA Cattle and Sheep farms in
Scotland. To provide a baseline for the analysis average physical and financial data was analysed for the top and bottom
10 per cent of farm types to provide exemplars at the extremities within these groupings (i.e. the most and marginally
non-economic). The impact of the FCM approach on net income and net profit was then analysed. In this paper we focus
on the impact on net income of LFA sheep and LFA cattle and sheep farms14.
The full cost of management (FCM) payment includes fixed costs and normal profits. The FCM calculation
compares the payment (on a per ha basis) of an alternative practice on the same piece of land. As such it requires
14 See Barnes et al. (2011) for more details of the economic testing.
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information on a farm variable and fixed costs which are obtainable from the FADN. In this case we compare different
levels of rough grazing under various levels of management. The base level practice is the costs related to managing
livestock on this land, principally labour, treatment and feeding costs on cattle and sheep farms. This is compared with an
alternative practice which includes the fixed cost element. The fixed cost element requires allocation of fixed costs on a
per ha basis to the treated area. To do this we take total fixed cost expenditure multiplied by the share of treated land and
then divided by the area of treated land to get a per ha value. Whilst simple to implement the weakness is an assumption
that fixed costs are equally spread across the farm and more sophisticated weights could be examined in the future.
Figure 2 and Figure 3 show the difference in net farming incomes between the top and bottom performing noneconomic LFA sheep farms and LFA cattle and sheep farms, respectively. With 25% of rough grazing entering the
calculation there is a distinct reduction in the gap between top and bottom performing LFA sheep farms and incomes
equate to around £35,000 per annum (Figure 2). As level of land under management increases then incomes rise, and the
distinction between the two ranges of performance decrease to the extent that the bottom performers obtain more income
and profit than the top performers. However, this requires an increased burden of public expenditure which is for debate
within the Government budgetary process.

Figure 2. Net Farm Income by top and bottom 10% of LFA Sheep Producers, £ and ratio between top and bottom 10%

The cattle and sheep producers in the LFA sector perhaps provide the most explicit example of the change in
incomes between top and bottom performers, under the non-economic criteria (Figure 3). The top performers increase
their incomes from a nominal level to more sustainable position of around £32,000 under the 25% rough grazing scenario,
though bottom performers return to positive profit and incomes, all be it small of around £6,000. Increasing the amount
of land under management does not significantly affect the ratio between the top and bottom performers, though there
is a slight movement towards equity. Nevertheless, unlike the sheep producers, more land would have to come under
management to make the bottom performers return to a sustainable level of profit and income, again this must be considered
against the larger public payments required to engender this growth.

Figure 3. Net Farm Income by top and bottom 10% of LFA C&S Producers, £ and difference
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Conclusions
A number of farming systems across the EU are under threat and extensively farmed land is being abandoned as
systems fail to maintain a sustainable level of income. The loss of these farms will have an impact on the management
of potentially valuable public goods. The level of ecosystem service provided on these maintained habitats may also be
threatened by the need to focus on agricultural output production in order to obtain sustainable incomes. Subsidies for the
production of public goods are available under AEPs using income foregone and additional cost as the basis for payment
calculation. The ‘income foregone, or ‘additional costs’ formula becomes much more useful in the policy context for
change if it is recognised that in some cases existing farms are operating at a loss. There is therefore no income to forego
and the economically realistic alternative is abandonment. Therefore the full cost of farming that land is an ‘additional
cost’ in itself. The developed full cost of management (FCM) approach addresses this issue.
However, there are difficulties with the coverage of data sets. The data sets which could be used for developing
such payments in the EU would be the FADN data, which is collected by each Member State. Principally in this study
we focus on using FADN data to identify non-economic systems and this is useful as it also gives estimates of rough
grazing and livestock grazing units in order to apply the simplified HNV criteria. More importantly, the FADN data
set gives indicators of cost which can provide a basis for applying the FCM formula (and also HW and OC approach).
However, whilst the FADN provides indications of costs these are not apportioned across enterprise, thus practical
application requires some thought on developing linking coefficients between specific labour and management of land
under environmental protection in the proposed funding schemes.
The FADN lacks coverage in terms of the relatively low numbers of the agricultural population within the sample
and also there is EU limiting criteria on size units and activity which are imposed. Thus, potentially valuable sources of
ecosystem services from part-time and very small scale farming systems are not included as these are not covered by the
FADN. This is a fundamental issue as when applying the FCM approach at an EU level, part-time farming is the norm on
marginal land in many parts of Europe. The FADN data approach could be augmented by both IACS and EU Land Use
Cover area frame Statistical survey LUCAS data sets. These sets provide detailed land cover indicators and have been
used for detailing spatial impacts on ecosystem services. However, our experience with UK farm account data is that
these cannot be matched with IACS identifiers and leaves open the potential for some modelling requirement to develop
payment levels for farms.
Using costs directly from these farms for Scotland tends to generate high levels of payment and much higher
than the present agri-environment support presently expended on these farm types. The formulas could be refined in
terms of agreement on the appropriate values for comparison and then checked on a number of actual farming systems
to understand the changes to incomes that these approaches could bring. Payments on a per hectare basis on these farms
are simple to apply, but as even small amounts of land under management will increase Government expenditure, other
methods and restrictions may be imposed. However, the higher payments and public expenditure associated with the
presented FCM approach should not be a disincentive to explore this, and other alternative, mechanisms further as it is
recognised, within this study, that the farms here are a special case for protection, provide a higher level of ecosystem
service and therefore a merit a higher value to society.
Payment for these farms increase incomes up to sustainable levels under the FCM approach. There is therefore
an eligibility issue which needs to be explored further under the FCM approach as the formula has a redistribution effect.
We base our calculation on rough grazing and stocking densities and these could provide a more sophisticated basis for
developing a payment, or ensuring a phased in approach by offering quite restrictive criteria for the most disadvantaged
and higher nature valued farms. Another issue with the payments increase is that eligibility will change over time and
whilst we use farm business income as the main parameter for indicating ‘non-economic’ farming, other criteria could be
tested. A more sophisticated measure could be developed which accounts for long-term trends in performance and also
for the role of off-farm and non-farm incomes. A key point however is that if the Single Farm Payment were removed
or reduced, as some have proposed, in the mid-to longer term, then a much larger number of farming systems in could
become non-economic by our definition. This scenario would have the impact of widening the farming types which
would enter this category. This in turn would require further development of an indicator which captures the public good
element of various cropping based systems to help target the most valuable public goods being produced.
There is a sufficient scope within the existing WTO agreement if Member States and the EU really tried to use
it to its full potential. Annex 2 of the agreement on agriculture does not specify any particular technical parameters
for the definition of the ‘extra costs’ or ‘loss of income’ in the payment formulas. As long as the measures satisfy the
measure-specific and generic requirements and as long as justification is clear, accurate and transparent, Annex 2 of the
Agreement on Agriculture leaves the way clear for policy-makers to justify the realistic costs involved in supporting
land management for environmental objectives linked to government policy. In conclusion it seems that focusing on the
non-economic farming element reduces the restriction related to incurring a trade distortion or production effect, as these
farms have a rather limited market impact. Similarly, if the environmental objectives of these farming systems are clearly
defined and linked to government policy then the FCM formula is justifiable under the WTO agreement.
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Agricultural Tourism for Sustainable Rural Development
P. S. Shehrawat, S. K. Mehta, R. S. Hu da
CCS Haryana Agricultural University, India
Abstract
A study was conducted during the year 2008 in the state of Haryana (India) by interviewing a total numbers of 80 farmers. The study revealed
that reasons for developing agri-tourism were ease of entry (62.50%), high profits (81.25%), employment opportunities (75.00%), and little competition
(37.50%). Promotions of agri-tourism were by means of roadside hoardings (82.50%), through internet web sites (62.50%), advertisements in newspapers
(37.50%), and local TV channels (18.75%).
The farmers believed that Agri-tourism contributes towards the sustainability of agri businesses because: proper planning generates various
sources of income (95.00%), it helps farmers enhance their knowledge (87.50%), it is beneficial for small farmers who have low soil productivity
(90.00%). They argued that Agri-tourism increases income as it is a new enterprise with less competition (96.25%), it is business activity as compared
to traditional farming (93.75%), less land with low productivity can give more returns (90.00%), and it provides employment to a wide range of farmers
(85.00%).
Agri-tourism is helpful in maintaining natural resources as the nutrient demand is less and soil conservation is good (93.25%), deforestations is
avoided (92.25%) and there are no environmental pollution problems (97.25%).In addition Agri-tourism is better for human health and the environment
(96.25%) and it provides local heritage and cultural experiences for tourists (90.00%).
Lack of funds for publicity and advertisement of farm-tourism (96.25%), insufficient numbers of visitors (93.75 %), Lack of technology to
develop farm-tourism (93.75 %), lack of motivation (86.25 %) and inadequate prices for farm products/ activities (88.75 %) were reported as major
constraints in establishing agri-tourism.
Environmental management (96.25 %), nursery production (93.75 %), fruit and vegetable value addition (93.75 %), were the preferred areas of
training of the farmers for establishing farm tourism.
Key words: Sustainability, tourism, Rural Development, environment and Natural resource

Introduction
Agri-tourism contributes sustainability in agriculture through sustaining better management of natural resources in an
eco-friendly system. Agri-tourism is an expanding sector around the world and is emerging as a growth oriented agricultural
industry. The “Agri-tourism’ has been in existence in Europe, USA for more than 100 years and is looked as a new area in
developing countries like India.
India with a developing economy still has a long way to go to catch up with the leading developed economies of
the world. The goal may be distant but surely can be achieved by promotion of industrial and business ventures created
by imitative and enterprise of class. On the whole, there is positive linkage between an economy’s proper growths of the
diversification in agri-tourism in India.
Agri-tourism could create awareness about rural life and knowledge about agriculture science among urban school
children. It provides the best alternative for school picnics, which are urban, based. It provides opportunity for hands on
experience for urban college student in agriculture. It is meant for providing training to future farmers.
The state of Haryana has a location advantage being near to national capital, Delhi. There are five National Highways
that pass via Haryana to different states of the country and these agriculturally based businesses look more feasible on
the sides of National Highways. Moreover, the farmers are resourceful and innovative in Haryana and they can start this
new agriculture concept. Therefore, keeping in view the above facts, a research project was under taken with following
specific objectives; to study the present status of agri-tourism; to assess training needs for diversifying their farm in to
agri-tourism, and to identify constraints and prospects in developing agri-tourism.
Methodology
The study was conducted in Haryana state. Since, agri-tourism is a new concept; it was difficult to find large
number of farmers following this profession. However, efforts were made to prepare a list of 80 farmers those were
registered with Haryana tourism or have equivalent capacity to provide all types of facilities on their farms and therefore,
a total number of 80 farmers were taken as the respondents of the study.
The independent variables namely, age, family education, land holding, socio-economic status, mass media
exposures, risk bearing capacity, innovativeness, extension contacts, source of income, man power availability, irrigation
facility were taken for the study.
The present status of agri-tourism units, training needs, constraints and prospects in developing and running agri-tourism
units were taken as dependent variables and measured by constructing schedules developed for the purpose, specially.
The data was collected through a structured interview schedule containing items pertaining to the objectives
of the study. Qualitative data were quantified and with quantitative data were appropriately tabulated and analyzed.
Standardized statistical techniques such as percentage, frequency, mean, standard deviation, mean score were
applied to draw the inferences.
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Results and Discussion
Status of Agri-tourism units
One of the objectives of this research project was to study present status of the agri-tourisms and it was adjudged
through the facilities available on a particular site and if available whether in working order or not. It was revealed (table
1) that a large majority of the agri-tourism units i.e. 93.75 per cent had accommodation facilities and it was always
available without any advance booking, and the remaining 6.25 per cent agri-tourism units were having this facility as
available on demand and there was not even a single unit which held any reservations in providing the accommodations.
Regarding Rides facility on their farm, majority of respondents i.e. 81.25 per cent replied that they had this facility
always available, 15.00 per cent respondents replied that they make it available on demand while only 3.75 per cent said
that it was not at all available with them.
Regarding various kinds of games, 56.50 per cent of the respondents said that various kinds of games were always
and readily available for the visitors. Slightly more than half of the respondents i.e. 53.75 per cent said that visit for the
various activities and operations on the farm were always available.
A little more than half of the respondents i.e. 52.50 per cent said that they made massage facility available to the
visitors on demand, while 22.50 per cent of the respondents could not provide this facility at all. Regarding Yoga, more
than half of the respondents i.e. 57.50 per cent said that they have never provided this facility nor they have been asked
for, by any of the visitors.
On the same lines Leone and Hughes (2002) reported that a survey of local tourism businesses was used to determine
training needs. Worker training needs were strongest in customer service and local tourism opportunities, followed by
training needs in hospitality, public relations.
Table 1. Facilities available at Agri-Tourism units 			
Sr. No.
1
2
3
4
5
6
7

Facility
Farm Accommodation
Rides
Games
Visits
Massage
Yoga
Roads Side Stand

Always available
No
%age
75
93.75
65
81.25
45
56.50
43
53.75
20
25
12
15
8
10

			

N = 80

Available on demand
No
%age
5
6.25
12
15.00
33
41.25
32
40.00
42
52.50
22
27.50
22
27.50

Not available
No
%age
0
0.00
3
3.75
2
2.50
5
6.25
18
22.50
46
57.50
50
62.50

Training needs for diversifying a farm into Agri- tourism
A new emerging concept for the extension workers in India is that of Farmers’ training courses. It must be said
at the outset that this is a method which will produce the desired results only if handled skillfully. Training is directly
concerned with improving people’s performance with regard to economic activities. As a lay man, training refers to the
teaching/ learning activities carried on for the primary purpose of helping farmers. Training is required for both potential
and existing owners of agri-tourism units to increase to their knowledge, skill, attitude and managerial competence for
generating change leading to rapid economic growth. The farmers apply the acquired knowledge, skills, and abilities on
their farms to get best results and ultimately maximum returns/profits.
Training Needs
The agri-tourism owners being the respondents of the study were asked about their interest and needs for various
training program organized by different institutions at different locations and of different durations. It is very much evident
from the table 2 that all the farmers showed their interest in obtaining the trainings for the diversification and development
of their farm in to agri-tourism. As many as 37.50 per cent of the respondents preferred the training provided by the state
Govt. followed by 26.30 per cent respondents who preferred the training providing by the Govt. of India. The University
as an Institution providing training was liked by 22.50 per cent respondents and only 13.80 per cent of respondents were
willing to receive training by the non-governmental organizations.
The same results are also confirmed by Mukundan and Sudhir (2002) who observed that the rural people’s level
of environmental awareness and participation is important with respect to environmental endeavors. Agricultural tourism
farming, worker training needs included customer service, public relations, first aid, and food preparation training were
also an identified business needs in their study conducted in northern Minnesota in United kingdom by Alexander and
McKenna (1998).
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Table 2. Training needs of farmers for establishing Agri-Tourism
Sr. No

Area of training

N = 80
Total score

Mean score

Rank order

1
2
3
4
5
6
7
8
9
10
11

Environmental management
Water management
Fruit & vegetable preservation/value addition
Nursery production
Entrepreneurial motivation, business, opportunities & guidance
Advertising the products/activities
Organizational management
Important fruit crops techniques for arid & semi-arid regions
Quality management
Technology up gradations         
Quality regulation of fruit crops/Grading

158
156
155
154
151
146
136
134
123
112
110

1.98
1.95
1.94
1.93
1.89
1.82
1.70
1.67
1.54
1.40
1.37

I
II
III
IV
V
VI
VII
VIII
IX
X
XI

12
13

Financial management
Propagation of fruit trees

110
109

1.37
1.36

XI
XII

14
15

Manpower management
Marketing management

107
93

1.34
1.16

XIII
XIV

16

Marketing techniques

92

1.15

XV

17
18

Garden management
Administration & supervision techniques

90
88

1.13
1.10

XVI
XVII

19

Recreation activities

86

1.08

XVIII

Prospects of Agri-tourism
Prospects mean the future or further scope of any thing. If there is no future scope, no farmer is going to adopt this
profession therefore the agri-tourism owners were enquired about what were the prospects of agri-tourism. For this, they
were provided with a list of eighteen statements which was prepared after giving a deep thought and a detailed discussion
with the experts and the owners of the farms.
The respondents were asked to rate these statements on a three point continuum as a multiple choice answer. A
mean score for each statement was worked out based upon the total scores it obtained and accordingly rank orders were
allotted to all the statements.
Table 3 highlights that additional income from the agri-tourism was the most important prospect with a mean
score 2.20 and was ranked at the top. The agri-tourism may do better for health and environment was another important
area of prospects with a mean score of 2.17 and was given the second rank. Small scale agri-tourism industry growth and
providing of fresh farm product to consumer were also the important areas and were ranked third and fourth with a mean
score of 2.15 and 2.11, respectively.
Table 3. Prospects of Agri-Tourism
Sr. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

N = 80

Statements
Additional income from the agri-tourism
Better for health and environment
Small scale agro-industry growth
Available of fresh farm products to consumer
Closeness with nature
Satisfaction with agri tourism
Better infrastructure development
Desire for peace and tranquility
Apprises about local culture and heritage to tourists
Better lifestyle
Curiosity in natural environment
Provides diversification into agriculture
Identity with agri-tourism
Employment opportunity
Rural recreation and entertainment
An inexperience gateway
Awareness about sustainable development
Efficient use of manpower
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Total score
176
173
172
168
155
150
150
139
132
126
116
105
96
89
88
86
85
84

Mean score
2.20
2.17
2.15
2.11
1.94
1.88
1.88
1.74
1.66
1.58
1.46
1.32
1.21
1.12
1.10
1.08
1.06
1.05

Rank order
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
XIII
XIV
XV
XVI
XVII
XVIII
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The other important prospects of agri-tourism which were also rated by the respondents were closeness with nature
(1.94), satisfaction with agri-tourism (1.88), better infrastructure development (1.88), desire for peace and tranquility
(1.74) and provide local culture & heritage to tourists (1.66).
Table 3 further indicated that still other prospects were there in the list and the respondents gave 10th rank to the
better life style with a mean score of 1.58 followed by curiosity in natural environment (1.46), provides diversification in
agriculture (1.32), identity with agri-tourism (1.21), employment opportunity (1.12), rural recreation and entertainment
(1.10) and an inexperience gateway (1.08). Awareness about sustainable development (1.06) was placed at the last but one
position while efficient use of man power was kept (1.05) at the bottom with 17th and 18th ranks, respectively.
The first rank order given to additional income from the agri-tourism will serve the purpose of prospects motivating
other farmers to opt for this profession in a way that majority of the farmers are concerned mainly with the increase in
economic returns/monitory benefits. On the basis of result obtained, it can be concluded that prospects of agri-tourism as
a diversified sector of agriculture may be high in future.
Agri-tourism as an increased source of income
Table 4 indicated that the respondents were asked that how they perceive the agri-tourism as an increased source of
income. For this a few statements were kept before them and asked whether they agreed upon these statements or not.
A massive majority with 96.30 per cent of respondents agreed upon for the statement It will be new enterprise
with less competition. It can become a business as compared to traditional farming as livelihood, Less lands with lower
productivity can be used to increase the returns and It is less weather dependent and much stable than traditional farming
were agreed upon by the 93.80 per cent, 90.00 per cent and 87.50 per cent respondents, respectively. While the statements
It provides employment to wide range of farmers and In agri-tourism reoccurring input costs are quite less were agreed
upon by comparatively a less number of respondents i.e. 85.00 per cent and 81.25 per cent, respectively.
On the same pattern EI Titi (1992) reported that Integrated Farming system is a holistic pattern of land use, which
integrates natural regulation processes into farming activities to achieve a maximum replacement of off-farm inputs and
to sustain farm income.
Conclusively, more than three-fourth of the respondents agreed upon for all the statements and somewhere it was the
massive majority who agreed upon that diversification of agri-tourism was beneficial and it will add to their present income.
The results are also supported by Fredrick (1993) who reported that tourism is a viable economic development
strategy for many communities. Rural areas and smaller metropolitan communities with a declining economic base have
turned to agricultural tourism as an alternative.
Table 4. Agri-tourism as an increased source of income
Sr. No.

N = 80

Statements

Frequency*

Percentage

1

It will be new enterprise with less competition

77

96.30

2

It can become a business as compared to traditional farming as livelihood

75

93.80

3

Less lands with lower productivity can be used to increase the returns

72

90.00

4

It is less weather dependent & much stable than traditional farming

70

87.50

5

It provides employment to wide range of farmers

68

85.00

6

In agri-tourism reoccurring input costs are quite less

65

81.25

*Multiple choice responses

Agri-tourism maintain natural resources
This is an important aspect of the study and also supports sustainability of natural resources. Diversification and
the sustainability are burning topics among agricultural scientists these days. For this many steps are being taken by the
government and huge investments are being made under soil conservation and land reclamation departments. Farmers
were enquired about this aspect and their responses have been reported in table 5.
As mentioned in the table 4.13 it can be inferred that 97.50 per cent respondents were of the opinion that agritourism does not create any problem to environment rather 96.30 per cent respondents said that agri-tourism provides
sufficient forest cover and equal number of respondents replied that by developing agri-tourism deforestation is avoided.
More water will be conserved was replied received by 90.00 per cent of respondents. It is an integrated approach was
the answer on record given by 91.30 per cent respondents and 93.30 per cent respondents said that nutrient mining will
be less and soil conservation is good.
The massive majority were in favor of all above points and that was the expected response as even a layman could
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say that agri-tourism provides a natural environment and is very eco-friendly. This also gets a support from the findings
given by Vyas (1996) who emphasized that accelerated pace of diversification is quite strong for meeting the objective
of conservation of natural resources.
Table 5. Agri-tourism maintain natural resources 		
Sr. No.

N = 80

Statements

Frequency

Percentage

1

No pollution problems to environment

78

97.50

2

Sufficient forest cover can be maintained properly

77

96.30

3

Nutrient mining is less & soil conservation is good

75

93.30

4

Deforestation is avoided

77

96.30

5

It is an integrated approach

73

91.30

6

Water conservation will be beneficial

72

90.00

Benefits of agri-tourism to farmers and local people
Table 6 revealed that 93.80 per cent respondents were of the view point that development of agri-tourism increases
interactions between local people and tourists. And the similar percentage of respondents said that it helps in achieving
latest information about new technology and 91.30 per cent respondents said that they will know about new equipments
used at agri-tourism farms. The 87.50 per cent respondents were of the opinion that since they will be in touch with the
tourists and this will help them to know new culture and their traditions. The 81.30 per cent of the respondents were
agreed that this will enhance the employment opportunities for them. About half of the respondents said that organizing
of seminars on agri-tourism from time to time will not only enhance their knowledge but it will also encourage them
indirectly.
Table 6. Benefits of agri-tourism to farmers and local people 				
Sr. No.

Statements

N = 80
Frequency

Percentage

1

Increase interactions between local people and tourists

75

93.80

2

To achieve latest information about new techniques

75

93.80

3.

Helps to know new equipments used in agri-tourism

73

91.30

4.

Helps to know about new culture & its new salient features

70

87.50

5.

Creates employment

65

81.30

6.

To organize seminars on agri-tourism from time to time

43

53.80

As the title implies it is beneficial for farmers and local people. For farmers it is beneficial in many regards such as
his status in the society will be increased and it will add to their income also. Since it becomes a tourist/picnic spot; hence
it is beneficial for local people in so many ways i.e. livelihood/employment opportunities are increased.
Similar findings were reported by Sharma and Anand (2004) who found that increased communication with the
people, improves self image of the community, enhances employment opportunities, educational opportunities, develop
motivation for learning and modernization of the tourist infrastructure, development of rural tourism affects the size of the
rural population. It creates new jobs, slow out migration and attracts new workers to the rural areas. Better occupational
opportunities may also strengthen family ties in rural areas.
The findings are supported by Gartner (2005) who found that many farm and ranch operators have examined the
possibility of adding new enterprises to diversify and enhance their incomes. One of the fastest growing forms of new
enterprise has been nature-based or agri-tourism. Many farm and ranch operators are creating new on-farm tourism (Agritourism) enterprise, hoping to attract some of the out-of-state visitors to their business.
Constraints in establishing Agri-tourism
The farmers were further probed in detail regarding the constraints they faced in the development of agri-tourism
units and the farmers’ perception regarding these constraints has been reported in the table 7.
Difficulty in getting loan for agri-tourism was the constraint faced by the maximum number of farmers with a
mean score of 2.16 and was allotted the first rank. Less number of visitors was the second major constraints with a mean
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score of 2.09, followed by the lack of technology to develop agri-tourism, the third major constraints with a mean score
of 2.02. Lack of publicity for agri tourism was the fourth major constraint with a mean score of 1.99.
Table 7. Constraints in establishing agri-tourism
Sr. No.

N = 80

Statements

Total score

Mean score Rank order

1

Difficulty in getting loan for agri-tourism

172

2.16

2

Less number of visitors

167

2.09

II

3

Lack of technology to develop agri-tourism

161

2.02

III

4

Lack of publicity for agri tourism

159

1.99

IV

5

Lack of funds for publicity and advertisement of the tourism

157

1.97

V

6

Lack of knowledge in organizing Agri-tourism.          

155

1.97

VI

7

Inadequate price for farm products/activities

150

1.88

VII

8

Lack of manpower to operate different activities

144

1.81

VIII

9

Lack of motivation on the part of individual.

140

1.75

IX

10

Not suitable location

132

1.66

X

11

Lack of guidance & counseling

122

1.53

XI

12

Lack of incentives from Government.

116

1.45

XII

13

Lack of diverse activities at farm for different age group

110

1.38

XIII

14

Legislation problems in organizing agri-tourism

110

1.38

XIII

15

Lack of motivation for agri-tourism

108

135

XIV

16

Lack of finance to develop agri-tourism.

101

1.27

XV

17

Lack of cooperation and coordination among different agencies

89

1.12

XVI

18

Establishment of agri-tourism is cumbers ion and time consuming
process

84

1.05

XVII

19

Lack of public transportation, connecting road etc

82

1.03

XVIII

I

Lack of funds for publicity & advertisement of the tourism was placed at fifth rank by the respondents with a
mean score of 1.97 followed by lack of knowledge in organizing Agra-tourism with a mean score of 1.94 at sixth rank,
inadequate price of farm products at seventh rank, lack of manpower to operate different activities at eighth rank, lack
of motivation on the part of individual at ninth rank, not suitable location at tenth rank ,lack of guidance and counseling
at eleventh rank, lack of incentives from Government at twelfth rank, lack of diverse activities at farm for different age
groups at thirteenth rank, legislation problems in organizing Agra-tourism at fourteenth rank, lack of motivation for
agric-tourism at fifteenth rank, lack of finance to develop agric-tourism at sixteenth rank and lack of cooperation and
coordination among different agencies was placed at seventeenth rank. Establishment of agri-tourism is cumbers ion
and time consuming process was placed at last but one position and lack of public transportation, connecting roads was
perceived as the least constraint with a mean score of 1.03.
The above findings are very much in accordance with the findings of the Bussttile (1993) who reported that lack
of financial facilities was the major constraint in development of agri-tourism.
References
1.
2.
3.
4.
5.
6.
7.
8.
9.

Alexander, N., & McKenna, A. (1998). Rural Tourism in England. International Journal of Contemporary Hospitality Management. 10: 203-207.
Busuttile, S. 1993.Agriculture in Malta: A Historical Note Agriculture Mediterranean’s, 2 (7): 9-26.
EI Titi, A. 1992. Integrated farming: an ecological farming approach in European Agriculture. Outlook on Agriculture. 21 (1):33-39.
Fredrick, M. (1993). Rural tourism and economic development. Economic Development Quarterly. 7: 215-224.
Gartner, W.C. (2005). A perspective on rural tourism development. The Journal of Regional Analysis and Policy 35(1), 33-42.
Leone Ohnoutka, David W. Hughes (2002). Training Needs of Tourism-Based Businesses. Journal of Extension, June 2002. Volume 40 Number
3:35-39.
Mukundan N. (2002), Environment, People’s Participation and Sustainable Rural Development, 52(8): 4-6.
Sharma V. and Anand Neeta (2004) Rural Tourism. Kurukshetra, 52(8):37-39.

10. Vyas, V.S. (1996). Diversification in Agriculture: Concepts, Rationale and approaches. Indian J. Agril. Econ., 51(4):636-643.

P. S. SHEHRAWAT, Department of Agricultural Extension, CCS Haryana Agricultural University, Hisar-125004, India.
S. K. MEHTA, Department of Agricultural Extension, CCS Haryana Agricultural University, Hisar-125004, India.
R. S. HU DA, Department of Agricultural Extension, CCS Haryana Agricultural University, Hisar-125004, India.

248

Rural Development 2011

The Opportunities and Challenges for Agriculture and Rural Development

The Concept, Causes, and Measurement of Farm Financial Distress
Vaida Stulpinienė

Aleksandras Stulginskis University , Lithuania
Abstract
This paper presents financial distress literature overview, case study and measuring analysis. Financial distress of farms has critical importance
for farmer (managers), investors and shareholders. There are lack of researches of farm business financial distress and financial performance in Lithuania.
In addition, researchers suggest using many definitions of financial distress which, economically approximate long term insolvency. This paper focused
on specific cause’s study of farm financial distress. The main causes could be mentioned, such as errors made by farmers (manager), errors made in the
farm policy and the importance of external factors. Furthermore researchers suggest using various financial ratios to measure financial distress, which
implicates that these financial ratios represent the possible causes of financial distress.
Key words: financial distress, farm

Introduction
In spite of large expenditure on agricultural support in the European Union (EU) farms still go to financial distress.
The reason is (Leathers and Chavas, 1988) because capital is not perfectly mobile; farm business failure can result in
economic costs. A farmer’s bad luck or the lower extreme of a price fluctuation could result in efficient but indebted
farmers being forced from the industry and assets being put to a second best use. In addition, European farms are generally
family businesses, so that farm failure can result in farmers and their families losing not only their employment but also
their homes and way of life.
The aim of the research – to explain the concept, reasons and measurement of farm financial distress.
The object of research – farm financial distress.
The main objectives:
1. To determine the concept of financial distress.
2. To analyze and systematize financial distress causes.
3. To set measures of farm financial distress.
The methods of induction and deduction, case study, logical thinking, analysis and synthesis, and graphic
representation were used in the research.
The Concept of Farm Financial Distress
Researchers suggest using different definitions of financial distress. Unsuccessful business have been defined
in numerous ways in the literature and the terms ‘financial failure’, ‘insolvency’, and ‘bankruptcy’ are often used as
synonyms (Gestel, Baesens, Martens, 2010).
Because of the radical change in global economy, farm financial distress prediction is playing an increasingly
important role. Financial distress occurs when a farm has chronic and serious losses and (or) when the farm becomes
insolvent with liabilities that are disproportionate to assets (Gestel et al., 2006; Xu, Wang (2009)). Purnanandam (2008)
assume that apart from the solvent and the insolvent states, a firm faces an intermediate state called financial distress.
Financial Distress is defined as a low cash-flow state in which the firm incurs losses without being insolvent.
Moreover, net cash flow includes income over farm cash expenses plus off-farm income less withdrawals for
consumption, taxes, and debt service. Jolly et. al., (1984) attends, that if cash flow is positive, the farm business is
meeting all cash obligations and has cash available for capital replacement, additional investment, or risk reserves. Hence,
a negative cash flow means cash obligations are not being met and can indicate financial distress. However profitable
farming may experience short term cash flow problems either. This could happen if inventories or productive assets are
being increased, if principal payments exceed depreciation, or if family consumption less off-farm income exceeds the
cost of unpaid family labor. Similarly, unprofitable businesses may have positive cash flow in the short run if inventories
or productive assets are being liquidated or principal payments are being delayed (Jolly et. al., 1984).
On the contrary, the purpose of bankruptcy procedure is the efficient deployment of the financially distressed firm’s
assets. According to Hausch, Ramachandran (2009) bankruptcy procedure “seeks to distinguish viable from non-viable
firms, and to reorganize the liabilities of viable firms and liquidate the others in an orderly manner” (p. 366).
Causes of Farm Financial Distress
The financial failure of a farm causes substantial losses to its shareholders, the economy and society as a whole.
Therefore, the prediction of failure is of critical importance to all: shareholders, managers, workers, lenders, suppliers,
clients, the community and government. To provide the financial distress with timely warnings, such that appropriate
action can be taken and losses reduced. Financial failure forecasting tools allow taking timely strategic actions such that
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financial distress can be prevented. For the interested parties, such as banks and suppliers, efficient and automated credit
rating tools provide facilities to detect clients that will default their obligation early (Gestel, Baesens, Martens, 2010).
The common assumption underlying financial distress prediction is that key macro-economic indicators and farm
characteristics. There should be mentioning macro-economic indicators, such as inflation, interest rates, seasonality
of farming, tax, common agricultural policy. Farm characteristics, such as competition, management quality, market,
technical efficiency are appropriately reflected in the farm’s financial statements (Gestel, Baesens, Martens, 2010).
Hughes, Richardson, Rister (1985) suggest three principals reasons for farmer‘s difficulties: macroeconomic policies,
farm policies, and individual management decisions. On the other hand figure 1 expounds the different causes of financial
distress and stresses the mutual relations between them (adapted by author, source Ooghe, Prijcker, 2007).
General environment clusters several external causes as a first group of financial distress causes. They affect
managers’ (farmer’s) motivation, the usefulness of their skills and hence farm policy, next to the relationship with the
interested parties in their immediate environment. The immediate environment forms a second group of causes. The
interactions between a farm and farm’s interested parties determine its development. Ruinous competition, mutual projects
with shareholders are well-known examples of these interactions. Then the characteristics of management or the farmer
and the farm’s policy have a more important impact on performance (Boeker, 1997; McGahan and Porter, 1997) and are
therefore displayed in the centre of the model.
Management, the third factor, is recognized as a major cause of financial distress. Inappropriate management
qualities and skills are a threat to farm viability and are therefore often linked to failure of start-ups. It depends on
manager’s motivation. According to Ooghe, Prijcker (2007), if managers are in addition reluctant to accept advice from
other parties, they significantly reduce farm’s long term survival chances. It is also remarkable to which extent personal
characteristics affect farm performance. There are described two characteristics, which are, in Ooghe, Prijcker (2007)
opinion, most noteworthy. First of all, inertia leads to ignorance of opportunities and threats instead of exploring changes
in strategy and the decision making processes. Second, optimism and risk-bearing behavior may also determine distress.
In that case, there exists, a difference between farmer and managers with respect to this behavior. Where farmer threaten
their own wealth due to risk-bearing behavior, managers rather ignore shareholders’ interests as their utility function often
favors very risky projects. On the contrary manager may be more risk averse than farmer (Parrino et al., 2005; Ooghe,
Prijcker, 2007).

Figure 1. Conceptual model of possible causes of financial distress (adapted by author, source Ooghe, Waeyaert, 2004)
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At the same time, management sets up farm policy that involves strategy and financial management. In that case,
errors can quickly lead to bankruptcy, therefore all aspects have to be taken into account. Unfortunately, a lack of skills
and personal characteristics may precede unanticipated problems in farm policy.
Finally there should be mentioned farm characteristics: size, maturity, type and geographical location, also have to
be taken into account. Many researches focus on age and size. Starting with liability of newness is an important research
topic: young farms have to build up external legitimacy and stable relationships with shareholders. Size may also affect
viability, but the impact of liability of smallness is normally minor than liability of newness. Moreover there exists a
contagion effect between farms in the same market, especially for highly leveraged farms (Lang and Stulz, 1992). Ooghe,
Prijcker (2007) stress the strong link between the characteristics of a farm, its management and its policy.
Measurement Financial Distress of Farms
Financial distress can be determined by examining long-run characteristics of the farm business and measured
indirectly by aggregate indicators. At first (Jolly el. al., 1985) suggest using four long-run characteristics such as:
 profitability,
 liquidity,
 solvency,
 risk-bearing ability.
Jolly el. al. (1985) analysis of financial distress has focused on the debt-to-asset (D/A) ratio. The D/A ratio are a
balance sheet measure obtained by dividing total liabilities by total assets. D/A ratio measures relative arrears, insolvency
and risk-bearing ability of the business. Futhermore, the D/A ratio can also be used to assess income or debt service
capacity by relating returns on assets to the servicing requirements of existing liabilities. For this reason in the most of the
financial surveys, distress has been inferred from the D/A ratio as a measure of profitability or cash flow. Often this has
been because of a paucity of reliable farm income data (Jolly el. al., 1985).
Insolvency occurs when the value of the farm’s debts plus liabilities, such as taxes, exceeds the value of its assets
(the D/A ratio exceeds 100). As a consequence, insolvency results in liquidation of the business. Lenders are unwilling to
advance additional credit and risk loan losses that would result were the business to be liquidated. Accordingly, insolvency
is associated with negative cash flow (Jolly el. al., 1985).
Afterward, the return to equity combines income and balance sheet information in a single ratio. Usually, it is
calculated by first adding off-farm income to net farm income and subtracting family consumption expenditures and
taxes. In that case, this calculation gives income available for capital replacement, investment, or principal reduction.
Dividing between the current net worth of the farm gives a measure of the rate at which equity is increasing or decreasing
from earnings. Otherwise a negative return to equity is a relative measure of financial distress. The absolute size of this
ratio gives a rough measure of the rate at which a financially distressed farm is consuming its own capital stock (Jolly el.
al., 1985).
Alternatively Santarossa (2003) have been measuring ‘financial health’ of Scottish agriculture. To measure financial
health he has chosen financial leverage, liquidity and management efficiency ratio. The final set of financial variables he
had selected, shown on 1 table.
Table 1. Financial variables measuring ‘financial health’ (source Santarossa, 2003)
Proxy

Ratio

Liquidity

Current assets to Current liabilities

Liquidity

Current assets to Total assets

Liquidity

Working capital to Total assets

Long Term debt to Total assets

Financial leverage

Account receivable to Current assets

Management efficiency

Long term debt

Management efficiency

According to Franks (1997) leverage more properly indicates the exposure to risk. Therefore Franks (1997) argues,
that leverage conveys no information on:
a) the timing of interest repayments;
b) the income-generating potential of the farm;
c) the liquidity of the farmer’s asset structure.
Afterward Franks (1998) summarizes, that a basket of ratios by using the single ratio of rental equivalent to gross
output (RE/GO), where rental equivalent is the sum of interest and rent paid. Moreover, these financial charges cannot be
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displaced in time; failure to pay these commitments as they fall due may result in foreclosure of loans or loss of tenure.
Also Poole (1986) and Harrison, Tranter (1989) improve on this measure by using rental equivalent to gross margin (RE/
GM). Deducting variable costs from gross output more accurately represents the cash generated by the farm business that
is available to finance rent and interest payments.
Besides, Poole (1986) and Harrison, Tranter (1989) identify three categories of financial performance, but disagree
over the boundary values with which to discriminate between the categories. Figure 2 illustrate categories of financial
performance.

Figure 2. Categories of financial performance

Above all, Poole (1986) suggests that RE/GM<15 per cent represents a ‘soundly’ based business, and >25 per cent
a ‘major problem area’, whilst values between 15 and 25 per cent indicate the need for ‘careful management to retain or
improve farm efficiency’. Another possibility have been suggested by Harrison and Tranter (1989). They identify farms
with a RE/GM less than 25 per cent as stable, between 25 and 50 per cent as vulnerable, and greater than 50 per cent
as distressed. Overall these authors agree that financial distress can be adequately represented by three categories, they
clearly have not agreed a ‘rule of thumb’ regarding the appropriate boundary values (Franks, 1998).
Alternatively, financial distress can also be measured indirectly by aggregate indicators. For example, include
land value trends, foreclosure and loan delinquent rates, or loan losses taken by creditors. Researchers disagree about
size and significance of the farm debt problems. Another problem is the type of intervention if any would be appropriate
(Jolly el. al., 1985). On the other hand, Santarossa (2003) argues, that the efficiency of farms will depend on major
determinative factors such as size, type of farm and geographical location (Hallam, Machado, 1996). It may be that the
bulk of agricultural production will be produced from large farms located in fertile areas. Other areas, for example the
urban fringes, may only allow part-time farming, as on the one hand employment is more readily obtainable whilst on the
other hand, the legal constraints imposed on farming near population centre’s tighten. Besides, uplands areas may have
no real alternatives resulting in the land being ‘decommissioned’ (Santarossa, 2003).
Santarossa (2003) determine the importance of location, economies of scale, farm structure, technical efficiency
and financial health indicators. At first he subscribes technical efficiency (TE) measurement. Measurement methods of
efficiency indicators are designed to identify a ‘distance’ from absolute technical efficiency. Santarossa (2003) cites, that
by definition, ‘production is efficient if there is no way to produce more output with the same input or to produce the
same output with less input’ (Varian, 1992). In the context of a stochastic production possibility frontier, TE indicators
will lie between zero and unity where unity indicates that a farm is perfectly economically efficient. Because of this,
both economic and technical efficiency are achieved at an optimal level. For this reason, different levels of output will be
determined by what is technologically feasible given specific types and amounts of inputs. A measure of farm inefficiency,
as proposed by Farrell, is given by the ratio of the distances thus:
OR/OD = OC/OD.OR/OC
where essentially economic efficiency is the product of technical and allocate efficiencies while the magnitude of the
inefficiency will be represented by the ‘distance’ between the two corresponding output levels (Santarossa, 2003).
Conclusions
1. The radical change in global economy necessitates increasingly important role farm financial distress prediction.
Financial distress often occurs when a farm has chronic and serious losses and (or) when the farm becomes insolvent
with liabilities that are disproportionate to assets.
2. The common causes underlying financial distress are external indicators (inflation, interest rates, common agricultural
policy, tax,), farm management, policy, and farm characteristics (type, size seasonality of farming).
3. Financial distress can be determined by examining long-run characteristics (profitability, liquidity, solvency, riskbearing ability) of the farm business and measured indirectly by aggregate indicators (leverage, rental equivalent to
gross output, technical efficiency).
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EU Rural Development Policy: the Case of the Czech Republic
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Abstract
After 1989, rural areas have undergone many changes in the Czech Republic - gradually fade to its original agricultural function and emphasize
the maintenance of landscape and environment, particularly in relation to the Common Agricultural Policy of the European Union, which the Czech
Republic has adopted after the accession to the European Union in 2004. The EU Rural Development Regulation was launched in 2000 as the new
‘second pillar’ of the Common Agricultural Policy (CAP), promoting sustainable rural development. But rural development cannot be seen in isolation
without the context of regional policy and other economic policies. Paper discusses the main changes of the EU Rural Development policy and
highlights the issues that refer to its financing and implementation in the Czech Republic in the time period 2000-2013.

Introduction
The economic functions of rural areas have evolved considerably in recent decades. This has been accompanied
by demographic and economic change which has reduced the dependency of rural inhabitants upon farming and other
primary industries. However, new industrial and service activities have emerged, although not necessarily in those regions
suffering the most from rural decline (Baldock et al. 2001).
Although agriculture has gradually lost some of its weight in national economies, rural development is still a
priority in the European Union (EU). Rural development policy is a part one of the most important economic policies
of the EU – the common agriculture policy (CAP) in the current programming period. Unlike other EU policies it has
developed gradually. Up to the Agenda 2000 reform, it was a cross-cutting policy and it was a part of the common
agricultural policy, the cohesion policy or the structural policy. But this approach was incoherent and mostly focused on
agriculture only. The Commission’s Agenda 2000 proposals of July 1997 included such a programme in the form of the
new Rural Development Regulation (RDR), hailed as the CAP’s new ‘second pillar’(Baldock et al. 2001).
If we look at contemporary situation in rural areas we can see that globalisation, information technologies or
growth of non-agriculture activities have significant influence. These factors have brought the need for a broader focus for
rural development in accordance with the needs of the knowledge based economy. CAP has been among the most costly
policy. Whereas the overall CAP budget will likely be cut after 2013, rural development funds stand to increase further.
The aim of the paper is to discuss concept of the EU rural development policy and its implementation in the Czech
Republic, in the period 2007-2013 mainly. We apply standard method of literature review and an analysis. Our main task
is to answer question if the implementation of concrete instruments of EU Rural development policy have had positive
effects on Czech rural areas. We also try to describe institutional framework of the rural policy in the Czech Republic.
The paper is structured as follows. In the first section, based on review of literature, we discuss contemporary
setting of the EU rural development policy as the second pillar of the CAP. Next section deals with the development of
the Czech rural areas after the year 1989 till the Czech accession into the EU. In the third part, we provide description of
the Czech and the EU rural development policy in the period 2007 – 2013 and the last section concludes.
EU Rural Devolopment policy 2007-2013
Communities´ approach to agriculture and rural development policy has undergone dynamic development and
it was also the main topic of some reforms during the existence of the EU. The simultaneous existence of the common
agricultural policy (CAP) and the cohesion policy had influence on the concept of the rural development policy. Unlike
past planning period, the rural development policy is not a part of the cohesion policy in the period 2007 – 2013 and it
was fully committed and transferred to the CAP as the second pillar (see figure 1).

Figure 1. Pillars of the Common agriculture policy
Source: European Commission (2006)
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The EU rural development policy is focused on three core policy objectives (see figure 2): (i) improving the
competitiveness of the agricultural and forestry sector which is based on an increasing physical and human capital (axis
1); (ii) improving the environment and the countryside (axis 2); (iii) improving the quality of life in rural areas and
encouraging diversification of the rural economy (axis 3) and (iv) programme LEADER which is a methodological axis
(axis LEADER).

Figure 2. Axes of the EU Rural development policy
Source: European Commission (2006)

Considerable simplification has been introduced in the new programming period 2007-2013 as compared to the
previous one. Council Regulation 1290/2005 provides legal framework for financing CAP. It created two new funds:
the European Agricultural Guarantee Fund (EAGF) financing Pillar 1 and the European Agricultural Fund for Rural
Development (EAFRD) financing Pillar 2. The existence of a single fund in support of rural development and a single
set of programming, financing, reporting and control rules aims to simplify the delivery of rural development policy.
EARDF has been allocated a budget of EUR 96.3 billion (current prices) for the period 2007-2013, or 20% of the funds
dedicated to the CAP. The establishment of EAFRD, which in some dimensions links agricultural policy in its nonproduction importance and the regional policy, raised a need of new legislative changes in the field of national subsidies
(Kuchyňková 2006).
If we look at the EU Rural development policy framework, we can divided it into four basic levels: (i) EU Strategic
Guidelines which establish the EU priorities for the 2007-2013 period; (ii) National Strategies which reflect EU priorities
according to the situation in the Member State concerned – it means that each Member States has developed its own
National Strategy Plan; (iii) National or Regional Rural Development Programmes that reflect the operational priorities
and (iv) Rural Development programme implementation, which consists of detailed implementation by thematic axis and
measure, monitoring and evaluation.
Czech Rural Areas
Intermediate and predominantly rural regions cover 99.4% of the territory of the Czech Republic and comprise over 9
million inhabitants or 88.6% of the Czech population. 67% of the total gross value added (GVA) of the Czech Republic was
generated in rural regions in 2005. According to the Rural Development Programme (RDP), the major problem faced by rural
areas is the stabilisation of the rural population as it is aging more rapidly than the rest of the country because of the emigration
of young people to urban centres to obtain jobs and better social infrastructure. Agriculture – with its relatively low share in the
total employment (11% in rural areas and 3.8% overall) – has a limited capacity to reverse this trend.
If we look at the situation of the Czech rural areas during the transition period we can see that this period brought the
reduction of agricultural operations due to lack of competitiveness in comparison with original EU countries, loss of traditional
employment opportunities, or worsening conditions for commuting. However, some opportunities occurred such as a possibility
of entrepreneurship in the agricultural sector or opening borders which brought potential tourists from abroad.
As in other economic sectors, new governments advocated complete deregulation of the agricultural sector,
which had a major impact on this sector. Lack of clear agricultural policy had negative effects on this sector. The most
complicated situation has been associated with problems of de-collectivization and restitution.
Adaptation of the Czech agriculture and manufacturing industry to the requirements of the liberal market economy
was complicated. Restitution has been lengthy; structure of agricultural holdings was unfavourable in the context of EU
common agricultural policy (CAP). However, strong collectivization during the socialist era has an impact on the current
structure of the agricultural sector, which, unlike the situation of Poland dominated by large producers over family farms,
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which seems preferable with regard to the financing of the CAP (Binek and Svobodová 2009). Among other factors
we can find inadequate infrastructure, underdeveloped tertiary sector, low pay for workers employed in agriculture and
lower availability of basic health and social services (Majerová 2003). As the logical consequence, the migration of rural
population to cities occurred, especially in the case of young people. This problem is closely associated with low levels
of attained education among population in rural areas and obsolete methods of management, which were not suitable for
regime of market capitalism (Svoboda 2008).
The share of the agricultural sector in GDP had been decreasing steadily ever since the start of the transition
period (see figure 3) from 7.7% in 1990 to 3.4% in 2000. Transformation processes in the Czech agriculture led to a
significant reduction in agricultural employment between 1990 and 2000 (see figure 4). During this period, the number of
economically active in agricultural sector decreased from 629 thousand persons in 1990 to 160 thousand people in 2000.
With this decrease, productivity dramatically increased, faster than in other sectors of national economy.

Figure 3. Share of an agricultural sector in GDP and employment (in %)
Source: Czech Statistical Office

Figure 4. Number of employees in agricultural (in thousands, 1990-2010)
Source: Czech Statistical Office

In the context of gradually integration of the Czech Republic into Western European structures, governments
had to cope with increased pressure on the transforming of agriculture in accordance with the principles of OECD and
EU. In 1999, the National Development Plan (NDP) was prepared by the Ministry for Regional Development and it
contained the sectoral and regional documents. Very important role played programme SAPARD in the pre-accession
period. A maximum amount of 520 million EUR per year (1999 prices) was allocated for ten candidates countries for the
period 2000-2006 (except Cyprus and Malta). It helped in a major way to bridge the period of preparations of the Czech
Republic as a candidate country for the drawing of finance from the European Union funds and facilitated its accession
and integration into the structures of the European Communities. It was launched in April 2002 with the issuance of a call
for applications under seven of the total of nine measures. During the period of the SAPARD Programme implementation,
more than 3000 projects were submitted within the seven calls for applications and 1692 contracts were concluded for a
total of CZK 4.5 billion with the conclusion of contracts coming to an end on 31 December 2003. The reimbursement of
projects from the SAPARD Programme’s finance came to an end on 30 November 2005, when the entire allocation for the
years of 2000-2003 was exhausted. In total, 1495 projects were reimbursed with CZK 3.9 billion. The Community could
contribute to a maximum of 75% of the total eligible public expenditure and, for certain measures, cover the entire costs.
The managing authority was the Ministry of agriculture but it delegated power on the Ministry of Regional Development
in some areas. As seen from Table 1, the key amount of payments was implemented within the Priority I.
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Table1. SAPARD financing (in EUR, prices 2003)

Priority I. Increasing the
competitiveness of agriculture
Priority II. Sustainable
development of rural areas
Priority III. Technical support
Total

2000

2001

2002

2003

2004

2005

2006

15 342 736

15 594 107

15 252 088

12 189 806

15 481 674

15 481 674

15 481 674

7 097 881

7 251 007

7 758 385

11 558 307

7 948 261

7 948 261

7 948 261

0

51 613

516 322

175 452

493 631

493 631

493 631

22 440 617

22 896 727

23 526 795

23 923 565

23 923 566

23 923 566

23 923 566

Source: Final report on the SAPARD programme in the Czech Republic

With the accession to the EU on 1 May 2004, the Czech Republic became a part but not entirely full of the CAP.
Kuchyňková (2006) explains that the New Member States are in a transitional period till 2013 in the case of direct
payments, which are gradually increasing over a ten year period up to 2013 (from 25% in 2004 to 100% in 2013).
In this context, the European Commission approved two main programme documents - The Rural Development and
Multifunctional Agriculture Operational Programme (RDMAOP) and the Horizontal Rural Development Plan (HRDP).
Kuchyňková (2006) mentions that Ministry of Agriculture harvested criticism for lack of communication from some other
players, who were involved in the debate on the new grant titles under EAFRD. HRDP was financed only by the Guarantee
Section of the EAGGF. The main objective of the HRDP was to ensure the sustainable development of agriculture, the
countryside and its natural resources. The allocation for the whole programme period of 2004-2006 amounted to EUR 697
mil. EUR (the EU contribution amounted to 80 % of total public expenditure).
The RDMAOP was a programme document which specifies measures jointly financed by the guidance section of the
European Agricultural Guidance and Guarantee Fund (EAGGF) and jointly financed by Financial Instrument for Fisheries
Guidance (FIFG). It covered the area of the Czech Republic which comes under Objective 1 (i.e. the Czech Republic apart
from the City of Prague). The purpose of processing the RDMAOP is to support agricultural primary production and the
processing of agricultural products, to support forest and water management and to ensure the continually sustainable
development of the countryside. The aim of the RDMAOP was to support continual economic growth and an increase in
the quality of life for the population based mainly on increasing the competitiveness of the industry, securing employment
and the development of human resources, reducing differences in social conditions, maintaining the cultural landscape
and protecting and improving the environment.
With the 2004 enlargement imminent, the Mid Term Review (MTR) reforms (2003) sought to provide a framework
for the post-enlargement CAP which would allow accession to be accomplished within the agreed budgetary framework
and provide a basis for dealing with challenges facing rural areas in CEE. SAPARD was followed by a Temporary Rural
Development Instrument (TRDI), for those countries that joined the EU in 2004, which lasted until the beginning of the
next financial programming period (Hubbard, Gorton and Hubbard 2007).
Czech Rural development policy in the period 2007-2013
With the purpose of drawing finances the Czech Republic prepared a basic strategic document – the National Strategic
Rural Development Plan of the Czech Republic for the period of 2007-2013 and later the programme document – Rural
Development Programme of the Czech Republic for the period of 2007-2013 (RDP) which specifies in detail the measures
for meeting the objectives of the development of rural areas of the Czech Republic. The RDP was prepared in accordance
with Council Regulation (EC) No. 1698/2005, on support for rural development by the European Agricultural Fund for
Rural Development (EAFRD), Council Regulation (EC) No. 1290/2005, on the financing of the common agricultural
policy, and Commission Decision No. 2006/144/EC, on Community strategic guidelines for rural development. The RDP
consists of four basic parts (groups of measures), each of them meeting some of its objectives, for example improving the
competitiveness of the agricultural, food and forestry sectors falls within the first group of measures – Axis I, increasing
biodiversity, water and soil protection and mitigating climate change is a joint objective of the second group of measures –
Axis II. The task of Axis III is to improve the quality of life in rural areas and to encourage the diversification of economic
activities there. Last but not least, the objective of Axis IV must be mentioned – helping the residents of rural microregions (applying the “from bottom to top” principle) to work out their local development strategy and to support the
projects concerning development of the region they live in, the so called LEADER method. Since the EAFRD has been
not a part of the Structural Funds, it weakens the role of the Ministry of Regional Development and vice versa, strengthens
the role of the Ministry of Agriculture. Bednaříková (2009) sees as an advantage in terms of concentration of power and
a more coherent approach to agriculture and rural development. On contrary, the main disadvantage can be seen in overly
sectoral focus of rural development policy.
In addition, structural changes have continued in this period (see figure 5) and it is comparable to the structure of
the economies of the “old” EU Member States.
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Figure 5. Share of an agricultural sector in GDP and employment (in %)
Source: Eurostat

Table 2 specifies the basic division of subjects according to hierarchy of entities and type of ownership in the Czech
Republic. In the case of public sector, actors can be distinguished between the highest European level (the European
Commission) and the local level such as municipalities or Local Action Groups (LAGs). In the case of the private sector
actors we can distinguish between various interest groups at all levels. A similar distinction is in the case of the non-profit
sector.
Table 2. Matrix of Rural development policy actors
Public
European

LEVEL

National
Regional

Local

European Commission
Ministry
National Rural Network
Region
Universities
Regional Information Centres
Municipalities
Local Action Groups
Organizations established by
municipalities

Private

Non-profit

Multinational interest associations

Networks

National interest groups

Associations, federations

Business associations

Non-profit associations

Enterpreuners, farmers

Interest groups,
associations

Source: Svobodová (2009, p. 32)

The National Rural Network is established by the Ministry of Agriculture of the Czech Republic. The Network serves
as a communication platform for the Rural Development Programme and promotes not only the activities of the Ministry of
agriculture, but also those actively involved in the rural area and agriculture, both domestically and abroad. The institutional
structure of the Network corresponds to the European Network for Rural Development, which was proposed in the Commission’s
decision and approved by the Committee for Rural Development on 23rd January 2008, with the difference that thematic
working groups and regional networks fall within the remit of the Secretariat (see Fig. 6)

Figure 6. Institutional framework of the National Rural Network
Source: Ministry of Agriculture of the Czech Republic
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A financial aid of 3 615 million EUR of which 2 815 million EUR is EU financed (78 %) for the Czech Republic
has been allocated to the Czech Republic’s Rural Development Programmes for the period 2007-2013 (see Table 3).
Table 3. Financial sources for the rural development in the period 2007-2013
Total public (in
% of EAFRD
EAFRD contribution in
Reimbursed expenditure1 (in % of
Share (in %)
million EUR)
contribution
million EUR
total budget)
Axis I
840
75.00
630
22.39
43
Axis II
1 945
79.88
1 554
55.20
59
Axis III
635
75.00
477
16.93
42
LEADER
175
80.00
140
5.00
27
TA2
18
75.00
13
0.48
18
Total
3 615
77.87
2 815
100
50
1
as of 30.4.2011
2
TA= Technical Assistance for the implementation of the programmes
Source: Press room of the European Union [online][cit. 2011-06-05] Available from <http://europa.eu/rapid/pressReleasesAction.do?
reference=MEMO/07/209&format=HTML&aged=0&language=EN&guiLanguage=en> and the Czech Ministry of Agriculture

If we look at output indicators (last updated was in November 2010 and it covers years 2007 and 2008) we can see
that performance targets for this programming period is unsatisfactory in many areas. In Axis 1, only 2.6% of total target
number of 119 thousand participants in vocational and information actions financed (code 111). The similar situation
was in other measures like Adding value to agricultural and forestry products (code 123), Infrastructure related to the
development and adaptation of agriculture and forestry (code 125) or Use of advisory services (code 114). On contrary,
Setting up of young farmers (code 112) or Early retirement (code 113) were among most successful measures with over
20% on target. In Axis 2, preliminary outputs are much better than in previous one in some measures like Support to Less
Favoured Areas (code LFA) or Natura 2000 Payments (code 213). But it is due to the fact that some action is a long-term
payments throughout the programming period. On the other hand, some outputs were 0.0% or near on target in some
measures like Forest-environment payments (code 225), Restoring forestry potential and introducing prevention actions
(code 226) and Non-productive investments (code 227). Unsatisfactory outputs were observed in Axis 3, where most of
measures were below 10% on target. Only Village renewal and development (code 322) reached 23.7%. In the last Axis
4, the main problem was that 0.0% of target projects were financed.
Conclusion
Czech agricultural policy moves not only within the constraints of the CAP, but also the constraints of an internal
nature: the collectivization is still in effect, that overwhelmingly dominated by big producers of so-called family farms.
The subsequent industrialization and modernization of agricultural production gave a relatively high efficiency and
contribute to some extent on the competitiveness.
The main goals of all pre-accession instruments were both financial support to the Candidate States during the
transition process and preparation of these countries on later full integration into cohesion policy and common agricultural
policy. Without experience with the programming funding it would threaten that New Member States will be not able to
draw money from EU funds. For each of the programs were set up specific measures. In the area of rural development,
SAPARD was the most important pre-accession instrument specially designed for the agriculture sector. Its aim was the
consolidation of the Czech agriculture prior to accession into EU – it means that the Czech agriculture will be able to face
increased competition after EU accession. It was a chance to teach Czech farmers how they can benefit from EU funds.
During the period of the SAPARD Programme implementation, more than 3000 projects were submitted within the seven
calls for applications and 1692 contracts were concluded for a total of CZK 4.5 billion with the conclusion of contracts
coming to an end on 31 December 2003.Implementation of pre-accession instruments was also key tool for creation of
a suitable institutional structure. Czech Republic utilized all of the allocated SAPARD funds and this result was similar
in other pre-accession instruments. If we look at evaluation studies and reports we can say that the Czech Republic is
drawing from the EU funds successfully in the area of rural development. The pre-accession SAPARD Programme was
followed in 2004 particularly by the Operational Programme “Rural Development and Multifunctional Agriculture” and
partly also by the Joint Regional Operational Programme. It can be stated that the experience gained within the SAPARD
Programme contributed significantly to a rapid drawing of finance from EU structural funds.
Rural development is an increasingly important part of the CAP, but it cannot be seen in isolation without the context
of regional policy. The intersection in the objectives and measures of rural development and the regional policy is clear and
must support the efforts of the synergy of development activities through financial instruments EAFRD and ERDF. As stated
in a previous part drawing from EU funds differs among axis. We can see that drawing EU funds within LEADER lags behind
others axis and some improvements are needed. If we look at Axis I we can see that micro-enterprises are lagging behind due to
insufficient demand for funds. Forestry measures within Axis II have not been used by applicants as it was expected.
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The EU Common Agricultural Policy Implementation in Latvia
Ilze Upite, Irina Pilvere

Latvia University of Agriculture
Abstract
According to the historical evolution studies of protectionism policies in various countries, all industrially developed countries rebuilt
their economies ruined during wars by implementing protectionism policies and the level of this protectionism is still high. Agriculture and rural
development in European Union (EU) countries depends on the Common Agricultural Policy (CAP) that was designed in 1957 and reformed for several
times according to the economic and international situation. The total support for the agricultural sector, which includes support for producers, rural
infrastructure, education, and science as well as consumer subsidies amounted to EUR 160 billion in the period 2008-2010, where 80% were intended
for agriculture support. After accession to the EU in the period from 2004-2009 in Latvia were paid out 1.3 billion LVL15, in various support measures,
comprising growth rate 2.65 times during analyzed period. Total payment structure in Latvia significantly differs from EU CAP payment structures –
because for I pillar payments were used 42%, and for II pillar payments – 40% of total support.
Key words: Common Agricultural Policy, agriculture, rural development
JEL Classification System: Q100, Q180

Introduction
The EU Common Agricultural Policy (CAP) constitutes a framework for agricultural and rural development
activities in the EU member countries. At present agricultural and food industry together make a significant part of EU
economics - they provide 15 million jobs and constitute 4.4% of the gross domestic product. As the most completely
harmonized area, CAP is allocated a significant part of EU budget. However, it has reduced from the maximum possible almost 70% of EU budget in the 70-ies of the 20th century - to 34% of the budget between 2007 and 2013. As a result of
reforms, part of agriculture expenses is allocated for rural development and expanding other areas of EU responsibility.
According to budget data from 2007-2013, it is planned to spend 43% of the total EU budget on environment protection,
restructuring and diversification of rural economics, as well as on facilitating sustainable fishery (Upite, 2009).
Significant changes in agricultural and rural policies were brought by an inference about the multifunctional role
of agriculture and farmers as managers of their surrounding environment. The initial goals of the EU CAP have partially
lost their topicality or transformed. For instance, the priority of food supply changed from food quantity to its quality,
but increase in the production efficiency of agricultural enterprises has to be in compliance with the requirements of
environmental protection, animal welfare, and food safety (Tongeren, 2008, Upite, 2009, Upite, 2010)
Presently, rural development policies concentrate on three major goals, to ensure funding for respective goals
within the three Axis framework:
• increasing the competitiveness of agriculture and forestry by supporting restructuring,
development, and innovation;
• protecting the environment and rural landscapes by supporting activities of land management;
• raising the quality of life in rural areas and diversifying economic activity (EC, 2006).
A wide range of scientists are studying the EU CAP and the tendencies of its development nowadays. Tracy M.
(1996) summarizes the main stages of the development or reforms of the EU CAP. In foreign countries other researches
have been performed by J.A.Usher (1988), J.P.Chauffour (2008), F.Tongeren (2008) and others. Mickiewitz A. and
Mickiewitz B. (2011), when analyzing EU CAP use in Poland, it can be concluded that the largest funds were earmarked
for the implementation of actions within Axis I.
In Latvia these aspects have been researched, since 90-ties years in the last century. Newest researches in Latvia
about EU CAP implementation have been carried out by Saktiņa D., Meyers W.H. (2005), G.Salputra, A.Miglavs (2007),
I.Pilvere (2007, 2008), I.Upite (2009), I.Upite, I.Pilvere (2011), S.Cingule-Vinogradova, I.Latviete (2011) and others.
I.Upite (2009) notes that EU CAP is constantly developing and improved and eight main stages of the reform can be
distinguished in its development. The CAP reform process is not finished yet because the last CAP reforms are evaluated
as not sustainable and not compatible with the further liberalization of the global trade.
According to Pilvere I. (2008), the availability of support payments of the EU CAP has promoted the development
of Latvia’s agricultural sector. After evaluating the efficiency of support available for rural entrepreneurs, different
authors have drawn a conclusion that the support funds have been allocated mostly for developing two industries - grain
farming and dairy farming and these funds have promoted the concentration of capital in economically the most active
central part of the country (Saktiņa, Meyers, 2005, Salputra, Miglavs, 2007). S.Cingule-Vinogradova and I.Latviete,
while analyzing EU funds usage in the Latvian regions, concluded that attraction of funds has not promoted reduction of
regional differences.
Research object: Common Agricultural Policy implementation in Latvia.
Research aim: to analyze agriculture protectionism in the world and to research EU CAP historical development
and paid out support payments in the EU and Latvia.
15 Latvian lats (change rate 1LVL=0.702804 EUR)
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Research tasks:
1. To analyze the level of agricultural protectionism.
2. To characterize EU CAP goals and reforms since their formation, both support pillars since 2007 and CAP
funding.
3. To explore CAP implementation main results in Latvia after its accession to the EU.
Research methods: scientific discussion, analysis and synthesis, as well as logical and constructive methods and
statistical data analysis.
Results of research
Agricultural protectionism policies in the world
Protectionism policy has a long history and various periods of renaissance and reforms. According to the historical
evolution studies of protectionism policies in various countries, all industrially developed countries rebuilt their economies
ruined during wars by implementing protectionism policies and the level of this protectionism is still high.
The total support for the agricultural sector in OECD countries, which includes support for producers, rural
infrastructure, education, and science as well as consumer subsidies amounted to EUR 267 billion (USD 375 billion) in
the period 2007-2009. Over the recent years in OECD countries, an overall decrease in support intensity and a decrease
in the proportion of agricultural products in their gross domestic products are observed (Agricultural Policies in OECD
countries …, 2010). Therefore, the share of support in the gross domestic product of OECD countries declined from 2.3%
in the period 1986-1988 to 0.9% in the period 2006-2008 (see Fig.1).

Figure 1. Support for the agricultural industry in OECD countries as % of gross domestic product
Source: Agricultural Policies in OECD Countries: Monitoring and Evaluation (2009)

The following trends are characteristic of the reforms of agricultural support policies in OECD countries:
• support related to certain kinds of agricultural products is reduced. In the period 2007-2009 in OECD countries,
25% of support intended for producers was not related to production of agricultural products;
• a proportion of payments, the receipt of which depends on meeting the standards of environmental protection,
animal welfare, and food safety significantly increase. Such payments accounted for 4% of the gross domestic product of
OECD countries in the period 1986-1988. The share of these payments reached one third of their gross domestic products
in the period 2007-2009. The largest part of these payments was paid out in EU countries (Agricultural Policies in OECD
countries..., 2010).
The Common Agricultural Policy – most reformed policy in the EU
The Common Agricultural Policy of the European Union has undergone major changes since it was first implemented
at the end of the 1960s (Towards a sustainable..., 2002).
The economic and international situation caused this change, thus changing the CAP’s objectives and main
implementation principles as well as support instruments (see Table 1).
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Table 1. Main characteristics of CAP reforms
Objective

Productivity

Main stages of reform

Characteristics and main kinds of support

The Early Years

Food security, improving productivity, market-stabilisation, income support
Over production, exploding expenditure, international friction, structural
measures
Reduced surpluses, environment, income stabilization,
budget stabilization

The Crisis Years
The 1992 Reform

Productivity
Agenda 2000
Deepening the reform process, competitiveness, rural development
Competitiveness
Productivity
CAP Reform 2003
Market orientation, consumer concerns, farm income, rural development,
Competitiveness
environment
Sustainability
Source: authors’ study based on Oxford Economic Forecasting, 2005

Since the year 2000, the CAP’s objective of increasing productivity is supplemented with requirements to make
agriculture competitive, but after introducing the CAP Reform 2003 – also sustainable. The CAP Reform 2003 was a basis
for promoting the competitiveness and sustainable development of agriculture in the EU as well as for future reforms. As
a result of these reforms, the complementarity of both pillars (market orientation and rural development) was stressed,
as support payments were decoupled from production, cross compliance measures were introduced, and “modulation” or
allocation of larger EU funding for rural development by reducing direct payments for large farms.
Rural development support measures an important role plays funding, which is provided for production of energy
from biomass of non-agricultural and non-forestry origination, thus contributing to the fact that agricultural raw materials
is fully utilized and additional income is generated for farmers.
The results of the CAP Reform 2003 and the main features of the CAP are schematically shown in Fig.2.

Figure 2. The EU CAP as rural management policy since 2007
Source: constructed by the authors
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Any protectionism policy is based on contributions of society or taxpayers. In case of the CAP, the entire society
pays for the possibilities that consumers can buy food at reasonable prices and rural environment is maintained in a good
state. Thus, citizens of any member country shape the government budget of their own country, of which a certain share
that does not exceed 1.24% of any member country’s gross domestic product (GDP) is contributed to the common EU
budget (see Fig.2). Of the common EU budget, a certain share is contributed to agriculture and rural development from
special funds in accordance with the legislation that comprises EU regulations and strategies and rural development
programs of EU member countries.
As a result of the CAP Reform 2003, the objective of the agricultural policy is to ensure incomes for farmers, which
is based on the support instruments of market orientation and structural measures; it leads to the production of safe food.
These support instruments partially ensure environmental preservation and rural development. Yet the rural development
policy provides public benefits for all residents through good land management and the support measures intended for
rural development, which directly impacts both the environmental preservation and the maintenance of rural environment
and indirectly – the production of food.
The CAP reforms are continued by the so called CAP “health check”, the purpose of which is to simplify, rationalise,
and modernise this field of the agricultural policy. The CAP has to provide farmers with appropriate instruments, so that
they could flexibly react on a new situation in the market, an increase in production risks, global climate change, needs
for better management of water resources, and on protection of biological diversity. The main CAP improvements relate
to freeing farmers from unnecessary restrictions by reducing market interventions, cancelling the requirement to keep
land fallow and milk quotas, decoupling support payments from production, and by simplifying compliance standards.
The modulation was increased in the “health check” process by reducing direct payments and increasing funding for rural
development. The political agreement of EU agricultural ministers concerning CAP “health checks” was made on 20
November 2008, which resulted in making amendments to European Council regulations.
To increase incomes from agriculture, agricultural policy researchers recommend using the payments decoupled
from production, as these payments have a smaller impact on the quantity produced. These payments encourage farmers
to farm larger areas of land, while production efficiency is not stimulated.
Decoupling payments from production is one of the key tasks of CAP “health checks”. Decoupling payments
from production will increase the international competitiveness of EU agriculture, reduce administrative expenses and
international trade distortions, and meet WTO requirements (Czyzewski, Poczta-Wajda, 2009, Czyzewski, Stepien,
2009). Yet there is an opinion that decoupling payments from production is not able to achieve the CAP’s objectives, as
these payments are introduced to solve the imperfections caused by the present policy, but they do not solve the present
problems. The payments decoupled from production have several negative side-effects as well – they raise the value of
land and are received by land owners who might not be producers of agricultural products.
The introduction of decoupled payments can cause effects that are not unambiguously viewed:
• introduction of such payments contradicts the objective of ensuring agricultural activity in the entire
EU territory, as they can lead to stopping agricultural production in the territories unfavorable for agriculture;
• decrease in the agricultural output caused by these payments in the EU is in contradiction with the
shortage of food observed in many countries in the world;
• introduction of such payments can change the way of thinking of farmers from a producer to a
payment recipient or “pensioner” (Czyzewski, Poczta-Wajda, 2009).
The so called CAP simplification is one more independent process of policy change; within it, budgetary items are
reconsidered, a single procedure for taking common market measures is elaborated, conditions for granting government
support are simplified, old legislative acts of the European Community and the European Council are identified and
cancelled, and administrative expenditure is reduced.
Table 2. EU CAP Budget Expenditures mil. EUR
Expenditures
2008
Policy of Agriculture and rural development
127 093
administrative expenses
Intervention measures in agriculture markets
5 442 248
Direct payments
37 568 577
Rural development
10 527 443
Pre-accession measures in agriculture and rural
144 532
development
Policy of Agriculture and rural development
5 911
international affairs
Agriculture expenses audit
-29 302
Policy of Agriculture and rural development
22 009
policy strategy and coordination
Total
53 808 511
Source: authors’ calculation based on Eiropas komisija, 2010
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2009

2010

Total

Structure, %

131 209

133 377

391 679

0.2

3 287 723
37 779 000
8 033 921

4 100 534
39 273 000
13 396 500

12 830 505
114 620 577
31 957 864

8.0
71.8
20.0

340 825

131 500

616 857

0.4

6 260

6 275

18 446

0.0

-458 500

-300 500

-788 302

-0.5

40 206

36 270

98 485

0.1

49 160 644

56 776 956

159 746 111
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During last three years EU CAP expenditure has been fluctuating from 49 to 57 billion EUR annually. Most
significant position in expenditure structure was for I pillar, that is for agriculture support, which comprises ¾ of overall
expenses. In the meantime largest proportion of I pillar expenditure is for direct payments – 90%.
For II pillar expenditures are foreseen ¼ of total expenses.
Significant position there is during audit detected inappropriately carried out support payments in the Member
States, which then respectively has to be paid back – comprising 0.5% from overall expenses.
CAP Implementation Results in Latvia after Accession to the EU
Since accession to the EU Latvia has received EU financial support to reach several goals in agriculture
(Bulderberga, Pilvere, 2010). If until May 1st, 2004, were available only state support payments and EU pre-accession
programme for agriculture and rural development (SAPARD), then after accession – more diverse support measures
were available – structural funds (SF) for years 2004-2006, which were funded from European Agriculture Guidance and
Guarantee Fund (EAGGF) Guidance part, Rural Development Plan (RDP) support measures for years 2004-2006, direct
payments, market support etc. – from EAGGF Guarantee part. Since 2007 – direct payments and markets support were
funded then separately from European Agriculture Guarantee Fund (EAGF) and Rural Development programme support
measures funded from European Agriculture Fund for Rural Development (EAFRD). Paid out support in Latvia after its
accession to the EU is presented in Table 3.
Table 3. Support Payments in Latvia from 2004-2009
Support type

Measurement unit

Year
Total
2004

2005

2006

2007

2008

Direct payments
mil. LVL
48.5
61.6
72
82.9
101.1
Export subsidies
mil. LVL
0.1
0.6
1.4
1.9
0.4
Low income recipients support
programme
mil. LVL
0
0
0.3
0.5
0.2
School milk programme
mil. LVL
0
0
0.2
0.3
0.01
Sugar sector restructuring
mil. LVL
0
0
2.9
3.6
28.2
I pillar support payment
mil. LVL
48.6
62.2
76.8
89.2
129.91
Growth rate
%
100
128
158
184
267
Annual growth rate
%
128
123
116
146
SF for period 2004-2006
mil. LVL
10.2
46.8
30.4
20.3
16.6
RDP for 2004-2006
mil. LVL
5.5
66.4
42
43.4
42
RDP for 2007-2013
mil. LVL
0
0
0
0
63.7
SAPARD
mil. LVL
27.4
16.7
2.4
0
0
II pillar support payment
mil. LVL
43.1 129.9
74.8
63.7
122.3
Growth rate
%
100
301
174
148
284
Annual growth rate
%
  301
58
85
192
National subsidies
mil. LVL
18.8
23.4
57.6
32.3
29.8
Support for bio-fuel
mil. LVL
0
0
1.4
3.7
6.4
Other support
mil. LVL
0
4.1
2.7
2.6
10.89
Total support payment
mil. LVL
110.5 219.6
213.3 191.5
299.3
Growth rate
%
100
199
193
173
271
Annual growth rate
%
  199
97
90
156
Source: authors’ calculation based on Zemkopības ministrija 2006, 2007, 2008, 2009, 2010

2009

Structure,
%

111.9
0.4

478
4.8

36.0
0.4

3.9
0
35.5
151.7
312
117
0
0
98.5
0
98.5
229
81
25.2
6
11.6
293
265
98

4.9
0.51
70.2
558.41
x
x
124.3
199.3
162.2
46.5
532.3
x
x
187.1
17.5
31.89
1327.2
x
x

0.4
0.0
5.3
42.1
x
x
9.4
15.0
12.2
3.5
40.1
x
x
14.1
1.3
2.4
100.0
x
x

Accounting collected data in Table 3, it can be concluded that during the analysis period:
 Paid out in various support measures for agriculture and rural development in Latvia were 1.3 billion LVL.
During 2009 paid out amount was 2.65 times larger the one paid out in 2004, while the significant annual growth rate
increase has been observed in 2 periods – year 2005 and 2008.
 Paid out funding structure in Latvia substantially differs from overall structure in the EU. Paid out for I pillar
support is only 42% in Latvia, while for II pillar paid out were 40% from total support. Various types of nacional subsidies
comprise 18%.
 In I pillar support payments important role plays direct payments comprising 86% from total support
payments, and there important share is for sugar sector restructuring – 70 mil.LVL, while less significant amount was
for market support. I pillar support payments have increased more rapidly than total support payments and stable is
annual growth rate.
 II pillar support payments were fluctuating during the years, which are explained by various rural development
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programme implementation various documentation preparation in the respective years, as a result have been delayed
project implementation and also thus funding acquisition. Significant in those payments were payments foreseen for
Rural development plan during 2004-2006 and Rural development programme 2007-2013.
 In the reminding of support payments significant role played national subsidies, however their role has trend to
diminish. During analyzed period has been implemented new support measure – support for bio fuel producers.
Conclusions
1.

2.

3.
4.
5.

6.

Over the recent years in OECD countries, an overall decrease in support intensity and a decrease in the proportion
of agricultural products in their gross domestic products are observed. Therefore, the share of support in the
gross domestic product of OECD countries declined from 2.3% in the period 1986-1988 to 0.9% in the period
2007-2009.
As regards the evolution of the EU CAP, there were 5 main periods of reforms that were determined by the economic
and international situation. The initial CAP objective was to increase productivity in the agricultural industry, in the
year 2000 the objective was supplemented with competitiveness, but since the implementation of the CAP Reform
2003 – with sustainability as well.
Total CAP funding total expenditures during 2008-2010 were 160 billion EUR, from which ¾ were agriculture
expenses and only ¼ were for ¼ rural development expenses.
Paid out support for agriculture and support payment in Latvia during 2004-2009 were 1.3 billion LVL, creating
annual growth rate of 2.65 times during analyzed period.
In Latvia paid out support measures structure substantially differed from overall EU CAP foreseen support payment
structure, because during period 2004-2009 for the I pillar support measures were used 42%, and for rural development
support 40%.
In Latvia EU direct payments and intended support for rural development programmes comprised significant part of
respectively I and II pillar support payments in the analyzed period.
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Institutions Forming the Infrastructure of Rural Areas in Lithuania:
a Systematic Approach
Rasa Vaišnoraitė, Jan Žukovskis

Aleksandras Stulginskis University, Lithuania
Abstract
Infrastructure of rural areas (hereafter referred to as RAI) is an open system influenced by the initiatives of governmental institutions and
local authorities. This system consists of subjects of rural areas (rural development actors) and partnership and relationship of responsibility among
them. In order to determine substantial relationship between the elements of the system, it is important to examine goals, objectives, and functions of
governmental and local institutions responsible for RAI formation. The aim of the research was to evaluate the influence to RAI of these institutions
applying the systematic approach. This article covers empirical results of the research: the analysis of the regulations providing the formation of RAI
for governmental institutions and local authorities in Lithuania. The research has revealed that governmental and administrative institutions perform
the function of RAI policy formation, and local authorities perform the function of implementation. At the end of the article, the system of institutions
responsible for RAI formation is given.
Key words: rural areas infrastructure, governmental institutions, local authorities, systems

Introduction
Peculiarities of new European rural model are multi-functionality and integrity of the rural areas. The rural areas
is increasingly seen as an integral part of state infrastructure, which determines the quality of both rural and urban life.
Therefore, the particular attention should be paid to the formation of RAI during the implementation of the EU’s common
agricultural policy and rural development and its adaptation to the national conditions.
Millions of the European Union (EU) funds and the Lithuanian budget resources have been invested for the formation
and development of RAI. It is, therefore, very important for the regulatory system of the infrastructure development of
RAI to be adequate, at both state and municipal government levels.
Scientific literature (Fox, Porca, 2000, Hodge, Mark, 2004, Kostov, Lingard, 2001, etc.) is rich in infrastructure
design principles and trends, but the following process lacks a systematic approach: who is responsible for the formation
of RAI and its development, what state and autonomous bodies have influence on its results.
In order to ensure the integrated rural development and successful formation of RAI, in rural areas the infrastructure
can be controlled under the principals of “from the bottom upwards” (“bottom up”) or from the top downwards” (“top
down”). Experience shows that decisions initiated by national and local government “bottom up” often contravene the
realistic situation in the rural area, and using the opposite approach, “top down”; accordingly, it is aimed to involve rural based organizations and rural residents.
The RAI is often seen as one of the elements of country’s general economic structure. However, the fact that RAI
is a separate system, with separate institutions for the formation of infrastructure and links between them should also be
taken into consideration.
This article analyzes the legislation governing the formation of RAI and the goals, objectives and key activities of
state governmental and administrative and autonomous bodies for the formation of RAI guidelines.
The aim of the investigation is to assess the influence of state governmental and local autonomous bodies in the
formation of RAI and to develop the graphic model for the system of the institutions responsible for the formation of RAI.
The object of the investigation is the formation of RAI.
The objectives of the investigation:
1. To describe the concept, objectives and functions of RAI.
2. To carry out the analysis of the activity of institutions forming the RAI according to the key
words.
3. To present the scheme of the rural system which reveals the links between the state governmental and
autonomous bodies involved in the formation of RAI.
Methods of the investigation: For the analysis of theoretical aspects of the formation of RAI, as well as for the
research of aims, objectives and functions of state governmental and autonomous bodies, analysis and synthesis of primary
and secondary literature sources have been used. The study aimed to investigate the influence of state governmental and
autonomous bodies on the formation process of rural infrastructure. The analysis was carried out according to the key
words (“rural development” and “infrastructure”). The key words have been searched within strategic plans, reports and
other documents of the state governmental and autonomous bodies.
When investigating the regulations of institutions, objectives, goals and functions of institutions have been examined.
Keyword repetition has been summed up. The frequency of word repetition showed the significance of the problem.
The analysis of the documents on objectives, goals, functions, policies and other regulations at the level of state
governmental and autonomous bodies is presented separately in Tables 1 and 2 after the identification of the level of each
institution and the evaluation of its impact on the formation of RAI.
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Other methods suitable for social science research have been used during the investigation. These include as follows:
logical analysis, induction, deduction, simulation and other visualization (graphical) techniques. The generalization of the
results of empirical research has allowed the preparation of graphic model of the institutions involved in the formation of
rural infrastructure.
Period of the investigations: years 1991 to 2011.
Theoretic aspects of the infrastructure formation of rural area
“Rural area is a socio - economic system which includes people living in rural areas, agricultural and other
entities, institutions, material and immaterial objects (values), as well as the whole of the manifold relationships between
them” (Atkočiūnienė, 2002). Also, the RAI should be understood as a system where all actors of the rural development
(state governmental and autonomous bodies, non - governmental organizations (NGOs), farmers, business people, rural
residents, etc.) through the creation of public service and products that meet the needs of the population participate, thus
creating the infrastructure of rural area.
RAI purpose is to allow certain individual people and groups to have their needs satisfied in rural area. Common
goal of RAI is to enable rural people to improve their quality of life, to anticipate them to the average living standards of
the country, to reduce the obstacles for the integration of rural people in the collective life of the country. In other words,
the RAI is an open system where the content matches the content of the country’s social infrastructure.
Given the fact that rural area is a socio - economic system, RAI can be dealt with under the separate areas:
industrial (or business) and social and mixed infrastructure (see Table 1).
Table 1. Types of infrastructure of rural areas according to the executable functions
Item
No

Type of
infrastructure

Characteristic

Structure objects

Actors of rural
development

1.

Business
infrastructure

Structure serving
business subjects during
the performance of
their business function.
Business infrastructure
objects can also be
located outside the rural
system.

- Technical Services (agro - service): general and
specialized agricultural activities (e.g., fertilization,
liming of soil, maintenance of drainage facilities,
maintenance and repair of machinery of business
operators, etc.).

- Business
actors;
- Individual
persons.

2.

Social
infrastructure

Structure serving
social needs of rural
population. Objects of
social infrastructure are
usually located within
the rural system.

- Institutions of general education and training (rural
schools);
- Rural cultural institutions (libraries, clubs, museums);
- Inward service institutions (houses of worship,
cemeteries);
- Health care institutions (hospitals, sanatoriums,
rehabilitation centers);
- Sports bodies (sports fields, swimming pools, golf
courses);
- Social services (care, pensions, patronage of
pensioners, retail, etc.);
- Recreational facilities (leisure centers, beach
facilities, bicycle tracks);
- Public catering and entertainment establishments
(restaurants, cafes, bars, restaurants);
- Public security authorities (police, custodies, prisons).

- State
governmental
bodies;
- autonomous
bodies;
- NGO;
- business
people;
- Individual
persons.

3.

Infrastructure
for mixed
purposes

Accomplishes the
functions of commercial
and public services.

- Municipal economy (water supply, sewerage, waste
collection and disposal);
- Environment protection (water treatment plants,
water protection areas, national and regional parks and
other protected areas).

The formation of industrial (business) infrastructure in the area is associated with the organization of roads and
transport, the supply of information and communication technology in rural areas, energy and reclamation, installation of
water treatment plants, waste water and waste management and so on. Meanwhile, social infrastructure defines such areas
as the organization of housing, education and academic system in a rural area, as well as health protection, preservation of
culture and heritage, in other words, the social infrastructure is an integral part of social services in rural areas.
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Social infrastructure can still be seen as a part of the economy in relation to human needs and values, as well as
with use of services, and that it is not a mechanical amount of the different economic activities, objects, but their complex,
where all elements must be of adequate size, optimally placed to give good enough results. (Ausėnaitė, 2003).
After the identification of the types of infrastructure, functions and actors of rural development that shape or, in
other words, exercise the services of infrastructure in rural areas, it is clear that social facilities of infrastructure are the
most topical for the rural residents.
Along with the changing economic structure, the understanding of the development and improvement of the
rural infrastructure must also change. “Under the conditions of industrial economy, the most attention was paid to
the physical infrastructure, i.e. the focus was on the provision of the rural with basic modern facilities - water supply,
sewerage, electricity, telecommunication and so on; those that make business operations more effective and facilitate the
management of domestic affairs. It is not enough in post - industrial economy.” (Kuliešis; Vidickienė, 2007). Naturally,
the rural prosperity is not possible without modern physical infrastructure objects, but also more attention should be paid
to the development of services, such as education, health care, social security, culture and so on, provided in rural areas
or otherwise easily accessible to rural people.
RAI can be defined as a complex of branches, fulfilling social - domestic and social - spiritual needs of the
local residents. Its purpose is to create conditions for the formation of human capital and social progress of society
(Bagdonavičius; Marčėnas, 1995), or, in other words, “to meet social needs of people, to capacitate the social development
in rural areas” (Atkočiūnienė, 2000).
RAI formation is influenced by all actors of rural development - from state institutions, autonomous bodies, non governmental organizations and individual persons. Regardless of its type, infrastructure in rural areas is created to
improve quality of life of rural people, to reduce the obstacles for the integration of rural people into the collective life of
the country.
Influence of state governmental and administration bodies on the formation of RAI
State policy plays two key roles – it is the agent and regulator of the infrastructure development process in rural
areas. State’s role is very important in the formation of industrial and social infrastructure because it provides conditions
and priorities for the assistance to business operators and forms and restrictions of the state aid.
The institutions responsible for the rural development policy are divided into five levels: local, autonomous,
regional, national, institutions at the European Union level.
All of these institutions make a network of institutions, which unites and promotes co - operation with a view to
the primary objective – to implement key rural development policy guidelines for the improvement of RAI as effective
as possible.
“Over fifty laws and regulations on rural development in Lithuania were adopted during the 1991 - 2010 period.
Including - 45 legal acts of the Republic of Lithuania, regulating the development of rural infrastructure” (Belažentis;
Abugelytė, 2007).
Strategic and general legislation of the Republic of Lithuania provide development stages of rural areas and, at the
same time, rural infrastructure (chronological distribution):
• 1991 – the rehabilitation of ownership rights to the vestigial real property, land reform;
• 2000 – preparation for the admission to the EU, SAPARD program;
• 2004 – admission to the EU, 2004-2006 financial period under t he General Programming
Document;
• 2007 – 2013 financial period.
During the analysis of the legislation governing the formation of RAI both at the state and autonomous level, it
was appropriate to examine direct influence and specific objectives, goals, functions, actions and strategic trends of each
institution level for the formation and improvement of RAI. The study dealt with the policies, strategic plans and reports
at the level of state and autonomous institutions. Also, the facts about the formation of RAI gone in public on the websites
and other publications have been tested. Regulations and the facts have been analyzed according to the key words “rural
development” and “infrastructure.”
Seimas’ Committee of Rural Affairs of the Republic of Lithuania is not involved in the direct formation of the
infrastructure in the rural areas; however, it coordinates policy - making of the RAI.
Objectives, goals and functions of the Ministry of Agriculture of the Republic of Lithuania are directly related to
the establishment of sustainable rural development in Lithuania, therefore direct trends and actions in the RAI formation
process have been provided in the national strategy of rural development and the strategy and action plans of the following
institution.
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Table 2. Regulations of state administration institutions which provide development of rural infrastructure in Lithuania

Figure 1. Relationship between the national strategy of rural development for the years 2007 to 2013 and the Ministry of
Agriculture which influence the infrastructure of rural areas

Analysis of influence of state governmental institutions in the formation of RAI showed that in Lithuania the whole
politics is carried out by the Government of the Republic of Lithuania, and the rural development - related trends are
divided between the Ministry of Agriculture and other ministries according to their scope of activities. The Ministry of
Agriculture promotes the formation of rural infrastructure most of all, because its main function of activity is: to improve
the quality of life of rural residents through the administration of rural development projects and so on. The institutions
under the Ministry of Agriculture do not form the infrastructure in rural areas themselves, but, on the basis of their nature
of activities, help to inspect the projects on rural development, advise on and coordinate the issues related to the formation
of infrastructure.
Influence of autonomous bodies on the formation and improvement of RAI
The analysis of the RAI showed that autonomous bodies are of great importance during its formation and
development. Analyzing the influence of the municipality in the RAI formation process, we should start from the
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Municipal Council, on which decisions the whole municipal activity is based. However, the analysis according to the
keywords showed that municipal councils do not prepare specific decisions on the formation of the infrastructure. At
best, the Municipal Council may contribute to the formation of state infrastructure on the territories of municipalities. A
separate municipal unit is necessary to carry out executive action, i.e., Agriculture Department, which does not have direct
functions and objectives for the development of RAI, however, participates in the implementation of general strategy, and
describes the means and actions in the decisions and activity reports and thus contributes to the implementation of general
strategy of the state.
The objective of each ward of the Republic of Lithuania is the development of local autonomy as the basis for the
development of democratic state within the territories assigned to them and to fulfill the functions of public administration
assigned to them. Therefore, the objective and the functions of wards are not focused on the development of RAI. However,
as the almost closest institution to people that knows best the problems of the rural residents, as well as statistic and other
indicators of the area, the wards are involved in the implementation of general strategy. Their business strategies provide
certain underlying trends of activities for the development of rural social and industrial infrastructure.
Table 3. Regulations of autonomous bodies which provide development of rural infrastructure in Lithuania

Regional Municipalities contribute to the formation of RAI both in social and industrial fields. Each municipality
prepares a general regional / urban or territorial plan where provide the trends and budget for the formation and development
of rural infrastructure. Tenders for calls may be submitted by both regional wards and the local action groups (LAG) or
other NGOs. In this way, by inviting to participate in the formation of the infrastructure, the municipality contributes to
the formation and development of infrastructure, while improving the quality of life of rural people. While preparing
general plans for a certain period, the municipalities carry out the analysis on current state of the entire territory and, at the
same time, the rural areas. Resources of rural areas, roads and transport (production) facilities and social infrastructure are
analyzed and evaluated. During such analysis, specific situation of rural area concerning the possibilities of improvements
of rural infrastructure are found out.
In cooperation with local governments, regional municipalities carry out analysis on population needs in rural
areas. The law on Local Self - Government of the Republic of Lithuania determines that the wards and the elders have
to participate in the preparation and implementation of rural development programs, population surveys, submit the
documents provided for in the law on the declaration of place of residence to the persons living within the ward territory,
it is responsible for the organization of public services (organization of roads, settlements, streets, pavements and squares,
local communication, repairs of buildings and constructions belonging to the municipality, etc.) and other obligations
(Law on Local Self - Government, 2011).
In summary, the formation of RAI is regulated by the state governmental institutions, lowering the main policies
“top down”, and the institutions functioning at the municipal level, including community - based organizations, execute
the function of infrastructure development. They form the need for improvement “bottom up”.
The system of institutions responsible for the formation of infrastructure of rural areas
RAI is only a part of the economic structure of the whole country. Both the infrastructure of the whole country and
RAI share the same objective - to satisfy people’s needs and to ensure a qualitative living environment and access to services.
Empirical study found that state governmental institutions give less attention to the improvement of the infrastructure of the
whole country in their activity objectives, provisions and fundamental principles of activity, namely the formation of RAI.
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“The system is a complete set of functional elements and relations between them singled out from the environment
for some purpose and for a certain time interval” (Maciulevičiūtė, 1985). In this case, elements of the institution and rural
infrastructure make the system with intention of improving the quality of people’s lives, forming and developing the
objects of infrastructure.

Figure 2. Graphic model of system of institutions responsible for the formation of the infrastructure of rural areas

The formation of RAI, its improvement should not be seen as one elements of the country’s infrastructure, but
as a separate system where all the actors involved in the formation of rural infrastructure have to provide for specific
objectives, goals and other activity principles for its administration.
The RAI should be seen as a separate system, simply because the formation of infrastructure meets principles of
integrated rural development policy. Infrastructure, specifically its policy - making, is developed and regulated by the
state governmental institutions in accordance with the principle “top down”, and autonomous bodies and individuals
implement the infrastructure according to the principle “bottom up”. It is obvious that the role of neither level institutions
nor other actors is useful and feasible individually. During the development of RAI, it is necessary to divide the co operation and responsibility for the decisions adopted and the actions being carried out.
Conclusions
1. RAI is intended for the improvement of people’s quality of life, at the same time, to allow access to goods and services
of industrial and social objects of infrastructure.
2. The most important and the most attention should be paid at the social formation of RAI, because it covers the most
topical life fields of rural areas such as education, health care, answering spiritual and cultural needs and so on.
3. Autonomous bodies and their power to see the problems of the infrastructure formation and development policies at
the local level are of great significance in the formation and improvement of RAI, i.e. where specific intervention of
autonomous bodies is necessary.
4. State governmental and autonomous bodies only provide for the trends for the RAI formation, and autonomous bodies
become a sort of “implementing” institutions and specific projects and activities, taking into account the needs of the
rural residents.
5. The institutions involved in the formation of RAI operate in a certain system where they seek general objectives
of system existence after having coordinated the objectives of activities, functions and initiatives “from the bottom
upwards” and “from the top downwards”.
6. During the development of RAI, it is necessary to divide the co - operation and responsibility for the decisions adopted
and the actions being carried out.
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Study Regarding the Impact of Agricultural Development on the Economic
Increase of the North-East Region of Romania
Ion-Valeriu Ciurea, George Ungureanu, Roxana Mihalache
University of Agricultural Sciences and Veterinary Medicine Iasi, Romania
Abstract
The agriculture and the rural development of both Romania and its north-east region are still affected by the crisis while the other economic
branches are far from being stable so as to support them. On the contrary, the decrease of ratio between the increase of the indices of the price of the
agricultural products and those of the industrial ones bought by the farmers led to the price growth of the inputs which caused a low productivity in
comparison with other countries, especially those that are of the E.U. members which represent the model to be followed.
The rural area belonging to the NE Region from the administrative point of view gathers the characteristics of not less than 463 parishes and
2445 villages in the counties of Bacau, Botosani, Iasi, Neamt, Suceava and Vaslui, where an approximate of 2,171,838 inhabitants live, that is 56.6%
from the population of the region. (Romanian Statistic Yearbook, INS, 2010).
The agrarian market reform in Romania hasn’t managed to solve the imbalances created between supply and demand. That is why the prices of
the agricultural products are inferior to the prices representing the agricultural inputs.
The present objectives of the agricultural policies in Romania consist in the increase of the contribution of this branch to the durable economic
development in order to ensure the compatibility and competitiveness of the Romanian agricultural products with the ones in the E.U. members.
Socially and economically, it is known that agriculture contributes to the welfare of the population especially from the countryside through a
supplementary source of income and the proper use of the natural and human resources.
The present study aimed at identifying the impact that different factors have on the efficiency of agriculture and implicitly on the economic
efficiency and calculated the coefficient of the agricultural concentration and specialization of the north-east region to see the direction of production
in this area.

Introduction
Along the last years, the European Regional Development has become one of the most important development
policies for both agriculture and rural areas, because it has a major impact on a variety of areas, including the economic
and social ones.
Romania’s adhesion to the European Union, marked a new era in agricultural and rural economy of our country. In
this context, Romania has to quickly adapt to their agricultural economy and rural development in order to integrate into
the EU domestic market and to fully adopt the Common Agricultural Policy (CAP).
This paper attempts to provide a real diagnosis of agriculture from North-east region of Romania and assess
the global implications on the diversification of rural economy and future development potential due to changes of the
implementation of European Union rules during the last years.
The research approach analyses: development potential of agriculture in the North-east region and weight of GDP
in gross international product; use of land in the North-east region; agricultural production structure in North-east and the
whole country; policy concept of European regional development; capacity of agriculture from North-east Region of
Romania to adapt to the changes of Common Agricultural Policy.
Object and research and methods
Theoretical and methodological basis. The theoretical basis is achieved by the comparative approach of the
specialized studies in the field of agriculture development. In order to obtain the data necessary to the elaboration of the
study, direct investigations were made on the field, while the other data were taken from the national statistics and the
statistics of the local administrative structures.
The following methods were used in the research: Cobb-Douglas method of the production functions, comparative
method and the method of structural coefficients.
Results of research
Traditionally, agriculture is an important branch of the Romanian economy, as the weight of the population
occupied in agriculture is approximately 37%, while the share of agriculture to the gross domestic product is about 6,7%
in 2009. The agricultural area was almost the same between 1989 and 2009 (approximately 70% of the total area of the
country), but, it diminished to about 62%. The land covered with pastures and grasslands grew in the detriment of the
arable one, vineyards and orchards.
The contribution of agriculture, forestry and fisheries for the gross domestic product at present represents about
6.7%, while their contribution to the GDP of other member countries of E.U. is about 1.7%.
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Table 1. Weight of agriculture, forestry and fisheries in the GDP
Gross domestic product
2001
2002
TOTAL – thousand lei
116768,7
151475
Agriculture, forestry and
15,61
17,31
fisheries - thousand lei
% of GDP
13,4
11,4
Source: Statistic Yearbook of Romania 2001- 2009

2003
197564,8

2004
246468,8

2007
288047,8

2008
344535,5

2009
266590,6

22,84

31,04

24,28

26,9

17,8

11,6

12,6

8,4

7,8

6,7

The decrease of the weight of agriculture in the GDP, from 13, 4 % to 6, 7 %, in the period 2001-2009 was
determined by the development of the other national economic branches, especially services, which in 2009 reached a
weight of approximately 50% of GDP, industry and constructions which represented approximately 24%, respectively
7.4% of GDP.
Agriculture acted as an occupational buffer against the social-economic effects of the transition through the
absorption of the labour force coming from the urban industries. Of the total agricultural area of 14,856,845 hectares, at
the end of 2010, the arable area, represent 63.2%, the pastures and grasslands – 33.3%, the remaining area being occupied
by vineyards and orchards.
As for the North-east region of Romania, although there is a large area of agricultural land – 14.30% of the total
agricultural area of the country, this resource cannot be efficiently capitalized, the productivity being low at all the types
of cultures, because of the influence of the following factors:
- relief of the region, its non-uniformity; quality of the land, diverse soils;
- cultivation of the agricultural areas is made on small plots (1-3 ha), low level of mechanization;
- high degree of poverty of the land owners who encounter great difficulties in using high
technologies;
- lack of capital for restructuring and modernizing agriculture;
- soil instability and erosion, numerous landslides.
As a consequence of the degradation and destruction of the adduction and pumping installations from the irrigation
systems, the areas equipped with irrigation installations are only of 135,441 hectares of the total region (Bacău 20,920
ha, Botoşani 20,234 ha, Iaşi 50,433 ha, Neamţ 10,414 ha, Suceava 3,778 ha, Vaslui 29,662 ha), the irrigated areas being
actually even smaller.
Table 2. Land fund of the North-east Region according to the way of use (Thousand hectares)
County

Bacău

Total area
662.0
Agricultural area
323.5
Of which: private sector
320.1
Arable
184.6
Pastures
87.6
Grassland
40.2
Vineyards
7.6
Orchards
3.4
Forests
226.5
Waters
14.6
Other areas
57.2
Total irrigated
20.9
Agricultural -irrigated
20.9
Arable -irrigated
19.7
Source: Statistic Yearbook of Romania, 2010

Botoşani

Iaşi

Neamţ

Suceava

Vaslui

498.5
392.7
388.1
297.8
75.6
14.2
2.0
2.9
57.2
13.8
34.8
20.3
20.2
19.7

547.5
380.6
371.5
351.6
88.1
20.3
12.1
8.4
96.8
12.7
57.1
51.7
50.4
42.1

589.6
283.7
277.5
170.3
69.2
40.1
1.0
2.9
260.4
10.3
35.0
10.5
10.4
10.4

855.3
349.5
340.3
178.4
93.7
74.0
3.2
434.8
13.6
57.3
3.7
3.7
3.5

531.8
402.2
397.3
283.9
90.3
7.3
16.4
3.9
70.4
8.2
50.9
29.9
29.6
29.1

N-E
Region
3,684.7
2,132.4
2,095.2
1,366.9
504.7
196.3
39.3
25.0
1,186.4
73.4
292.5
137.3
135.4
124.8

The private agriculture is characterized by an excessive plotting. Of the total private agricultural area, the degree
of association of the land owners represents approximately 3-5% in Bacau County, 10.8% in Botosani County, 7.5% in
Neamt County and 9% in Suceava County.
The Romanian rural economy has as prevailing feature the very high percentage of the subsistence farms which
produce mainly for self-consumption, selling on the market a small part of their products. Furthermore, the subsistence
farms have difficult access to other income sources and, because of this the level of profitability is low.
The study took into consideration three agricultural products with high weight in the production structure of the
farms: wheat, maize and potato. For these products the Cobb-Douglas production functions were used where the quantity
of obtained product depends on the size of the cultivated area, the quantity of the work done being expressed in day per
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person, the chemical substances and the mechanical services used. The equations also include two binary variables which
show the use (or not) of certified seeds, respectively doing agriculture on small plots – up to a hectare.
The results show that for wheat and maize constant efficiency was obtained which means that, by doubling the
factors, the production level will double too. For the potatoes cultivated with tradition technology the efficiency diminishes
when the production scale grows.
The land plotting has a significantly negative effect for the wheat and maize crops and a positive one for the
potato crop. At the end of the study we wanted to see if the use of selected seeds has a positive impact on production.
The calculations demonstrate that both for maize and wheat the use of selected seeds leads to the increase of the
production level.
Table 3. Cobb-Douglas production functions for small private farmers, Iasi County, 2009
Wheat
Specification

Maize

Potatoes

Coefficient of
correlation

Value of
statistic test

Coefficient of
correlation

Value of
statistic test

Coefficient of
correlation

Value of
statistic test

Labour force

-0.032

0.017

0.016

0.010

0.037

0.028

Land

0.980

0.041

0.952

0.021

0.711

0.045

Bought inputs and mechanic services

0.037

0.033

0.032

0.016

0.134

0.034

Coefficient of correlation (R2)

0.706

Efficiency scale

0.819

Constant

0.559

Constant

Drops

Impact:
Plotting of areas

grey

-

+

+

+

grey

Use of selected seeds

Source: Our own estimations in the basis of the Project Costs and Efficiencies, CNS & ASAS-IEA 2009
Note: The grey areas indicate coefficients that do not differ significantly from zero for a significance scale of 5%

The practical way of applying the vector analysis at a regional level is presented by the example of the vector which
describes the agricultural structure of a region. With the help of this method, there can be established the agricultural
specialization of the region as well as the concentration degree of the agricultural production.
The calculations are based on the existing situation in the North-east region of Romania in comparison with the
national situation.
We determined the agricultural branches specific to the North-east region as well as the concentration or
diversification degree of the agricultural production structure in this region.
The vector of the agricultural structure of the North-east region was calculated on the basis of the relation:

p j = (p1 j , p2 j , , pij , , pnj ) with 0 ≤ pij ≤ 1 and

n

∑p
i =1

ij

=1

where p ij = weight of the agricultural branch i in the total agricultural production of the region j
n = number of agricultural branches
We established the vector for the whole national economy in the same way

pT = (p1T , p 2T ,, piT ,, p nT )

		

n

with

0 ≤ piT ≤ 1 and

∑p
i =1

(1)

iT

=1

(2)

		
where p iT = weight of the agricultural branch i in the total agricultural production of the country T
With the help of the components of the two vectors we further calculated the coefficient of the agricultural specialization
of the North-east region:

sij =

pij
piT

with i = {1, 2, ... , 24				

(3)

The data of Table 4, show that, on the whole of the North-east region, the level of specialization in agriculture,
according to the value of index Sij is as follows: on the first places are the annual forage crops for hay and green mass
(3.945), followed by the root leguminous crops (2.421) and pulse plants (2.250). The grain maize crop is on the 4th place
with Sij = 1.825.
We also mention that this crop, together with wheat and rye represent the weight in the structure of the surfaces,
from reasons that are in close connection with self-consumption and feed for animals.
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Table 4. Structure of agricultural production in the North-east Region and in the entire country
N-E
Entire country
Nr. crt
Agricultural branch
region
piT
thousand Ha
thousand Ha
1
Grain cereals
4950.8
0.550
754.3
2
Wheat and rye
2060.5
0.229
166.45
3
Two-row and six-row barley
506.1
0.056
26.32
4
Oats
194.3
0.022
10.1
5
Grain maize
2189.9
0.243
551.43
6
Leguminous plants for grains
76.8
0.009
23.84
7
Peas
18.8
0.002
3.08
8
Beans
47.3
0.005
9.85
9
Hemp fibre
1.2
0.000
0.2
10
Sunflower
1188
0.132
111.2
11
Grain soy
189.8
0.021
9.57
12
Rape
64.1
0.007
9.16
13
Sugar beet
0.5
0.000
12.45
14
Potatoes
282
0.031
66.91
15
Autumn potato
247.5
0.027
41.25
16
Root vegetables
49.2
0.005
16.43
17
Tomatoes
46.3
0.005
7.72
18
Dry onion
33
0.004
6.8
19
Cabbage
67
0.007
14.2
20
Melons and watermelons
32.1
0.004
5.35
21
Old and new melons
1350
0.150
25.7
22
Annual plants for hay field
145
0.016
78.9
23
Plants for ensilaging
102
0.011
17

pij
0.607
0.134
0.021
0.008
0.444
0.019
0.002
0.008
0.000
0.089
0.008
0.007
0.010
0.054
0.033
0.013
0.006
0.005
0.011
0.004
0.021
0.063
0.014

sij =

pij
piT

1.105
0.586
0.377
0.377
1.825
2.250
1.188
1.510
0.000
0.679
0.366
1.036
0.000
1.720
1.208
2.421
1.209
1.494
1.536
1.208
0.138
3.945
1.208

Conclusions
1. The studies underlined that in the NE Region there were some possibilities to increase the agricultural production,
without other investments, whose reasonable use will lead to a more complete use of the natural conditions, of all the
economic and social means, as well as to the increase of the economic efficiency of the agricultural branch.
2. Using the Cobb-Douglas production functions we determined the impact of area size, used work volume and consumption
of chemical substances and mechanical works on three crops (wheat, maize and potatoes), with considerable weight in
crop structure. All these factors showed their influence differently, according to the factor and crop type.
3. As for the level of specialization, the calculated coefficients show that the present structure of production does not
keep to the favourability level established on scientific bases, thus creating distortions with economic effects.
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Subjective Wellbeing Research in Rural Areas
Gintarė Vaznonienė, Bernardas Vaznonis
Aleksandras Stulginskis University, Lithuania
Abstract
This article reveals former and recent results of different Western Europe, USA and Lithuanian scientists’ studies, where the features of
subjective wellbeing research and these research in rural areas are analysed. According to the worldwide experience in subjective wellbeing research
implementation in local level, firstly there is analysed the evolution of subjective wellbeing conception and the relevance of these research. Afterwards
there are also highlighted the features, possibilities of these research implementation and development in rural areas of Lithuania.

Introduction
Since the late 20th century the issue of improving wellbeing among individuals and social groups has been gaining
major importance in modern societies. Following the reestablishment of independence of Lithuania there have been
many economic, social, and cultural changes on both micro (an individual) and macro (the society) levels that resulted in
social differentiation in the society. This challenged uncertain evaluation of wellbeing (broadly known as quality of life),
standard of living both of society and social groups (vulnerable, people living in rural areas, etc.).
The interest in wellbeing mainly attention giving to subjective wellbeing has grown at the end of XX century. A
subjective perception of wellbeing, which embraces the physical, psychological and social levels, shows that a judgement
about the wellbeing is mostly affected by a subjective opinion of an individual rather than specific criteria/indicators
used to measure wellbeing. Better wellbeing also means a more integrated rural population with significantly lower risk
of poverty and social exclusion, higher standard of living. No objective indicators of wellbeing, such as GDP per capita
or unemployment rates can reveal the level of society integration. Factors determining the wellbeing of rural people,
such as availability of high quality public services (e.g. health care and social protection) or belonging to an active local
community are no less important. Fairly large number of foreign scientists and a notably smaller number of Lithuanian
scholars (Irwin, 1999; Brown, Bowling, Flynn, 2004; Del Bono et al., 2007; Stepukonis, Svensson, 2007; Demakakos,
2008) put emphasis to their interest in subjective wellbeing special attention giving to these research in rural areas.
According to the importance of subjective wellbeing research in rural areas the purpose of investigation is to
analyse subjective wellbeing research features in rural areas. Inves tigation tasks: 1) to explore the notion of subjective
wellbeing conception; 2) to define features of subjective wellbeing research; 3) to highlight the subjective wellbeing
research features in rural areas. Investigation object – subjective wellbeing research features in rural areas. The used
methods are: analysis of scientific literature, comparative and logical analysis.
Results of research
Subjective wellbeing conception and research
Historically, the wellbeing concept and its application were transforming and different stages of social development
portrayed different characteristics of wellbeing of an individual and/or society. For a long time the definition of wellbeing
implied a possibility to earn certain income as a means for satisfying at least minimal needs. Contemporary, wellbeing
does not only reflect the conditions under which people live and allocate physical resources: a subjective perception of
their wellbeing, including physical health, spiritual condition, feelings, values, and life priorities is gaining in importance.
Consequently, the conducted analysis of the concept of wellbeing led to a most general definition: wellbeing means
overall satisfaction with life in various life domains, including subjective experience and objective life events (Diener,
2000; Veenhoven, 2004).
The theoretical and methodological approach in measuring subjective wellbeing calls for deeper analysis while the
present fragmentary research studies fail to create premises for a comprehensive disclosure of the subjective wellbeing
and life priorities among rural population. In the light of foreign experience, several major trends and their representatives
can be pointed out in wellbeing investigations (Ed Diener, R.Veenhoven, F. McAllister, S. Hird, D. Ruta, F. Strack,
S. Ventegodt, M. Meacher, etc.):
• conceptualization of wellbeing;
• substantiation of subjective wellbeing and objective wellbeing;
• methodological justification of measurements of subjective wellbeing;
• integration of wellbeing issues and research in rural areas;
• relations between wellbeing and a sustainable development of the society.
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Wellbeing research is conducted by various foreign organisations, including but not limited to the Audit Commission
(UK), EUROSTAT, OECD (Organisation for Economic Co-operation and Development), Economic and Social Research
Council (ESRC) (UK), Sustainable Development Research Network (SDRN).
In Lithuania, subjective and objective wellbeing research is rather a novel field of investigation, particularly
when it comes to measurement of subjective wellbeing. Lithuanian authors dealing with this subject are A.Jurgelėnas,
A.Juozulynas, Z.Norkus, G.Merkys, D.Akranavičiūtė, etc.
According to the above mentioned authors/institutions there should be noted that broader investigations into
subjective wellbeing did not start before the late 20th century when they stemmed from a growing interest in the wellbeing
of an individual/society as well as the possibilities and the alternatives of a universal development. In the 1960s, wellbeing
investigations appeared as a new area in social sciences. Most Western scholars (Diener, 1999; Camfield, 2005; Royo et
al., 2006) analyse wellbeing as one of the many scientific research areas. In scientific literature, considerable confusion
is caused by English terminology and diverse interpretations of the wellbeing, which leads to numerous varieties of the
concept of wellbeing (e.g. quality of life, welfare, happiness, life satisfaction, etc.) with their specific meaning. The
analysis of the concept of wellbeing shows that it reveals the features and properties of material and cultural living
conditions of people compared with a standard or a certain level and adequate satisfaction of those conditions. Most
scientists and researchers (Diener, 2000; Gasper, 2004, etc.) recognize that the classical approach to wellbeing or the
traditional measurement approach is twofold: objective and subjective (Fig. 1).

Figure 1. Traditional/classical classification of wellbeing (made by the author)

There are observed different possibilities to measure subjective and objective wellbeing. Objective wellbeing is
measured using officially available indicators while measurement of subjective wellbeing is grounded on subjective
evaluations from persons/social groups. Subjective wellbeing concept focuses on the individuals’ life situations and
their perceptions (a micro-concept) rather than a country’s wellbeing. So it can be pointed that subjective wellbeing
always filtered by the inner experience of the respondent (Shucksmith et al., 2009; Pospěch et al, 2009). This raises the
locality idea because more and more societal phenomena are evaluated in the context of globalisation (Local quality
of life counts, 2000; Kaimiškųjų..., 2006). Analysis of wellbeing conception enabled to define components of both
subjective and objective wellbeing which are various due to their context and their characteristics include evaluation of
different life domains. Mostly components of subjective wellbeing are happiness, satisfaction with life, health, material
wellbeing, relations with family, relatives, friends, identity with some community/organisation, satisfaction of needs,
social participation, employment in some activity etc. Components of objective wellbeing mostly relate with officially
fixed indicators like employment/unemployment rate, education, life expectancy, poverty, birth and mortality changes,
criminality, suicides, development of social infrastructure objects etc.
The beggining of subjective wellbeing conception identification, researches implementation firstly known in
the science of psychology. Psychologists always sought to understand and reveal personal evaluations of person’s life
(Diener, 1999, 2000; Camfield, 2005). Though the issue of subjective wellbeing has yet to be adequately analysed while
there exists some interpretations of mentioned concept. The research into wellbeing is frequently identified with the
research on living standards or living conditions which is usually based on objective criteria/indicators and often deals
with separate areas of life. Such approach is rather limited and fails to offer a comprehensive measurement of wellbeing.
The author believes that such assessment should be based on the subjective opinion of individual persons. Basically, it
can be said that subjective wellbeing means a subjective self-concept of a person about individual wellbeing or life in
general, which is based on the person’s experience and background in different areas of life: social, economic, political,
and cultural. Personal life consists as an aggregate construct of many specific domains which determines life satisfaction.
To be specific, the subjective wellbeing enables to perform a full qualitative measurement of the wellbeing of individuals/
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social groups. An individual evaluates his/her level of subjective wellbeing with regard to his/her circumstances, but also
by comparing with other people, past experience and future expectations (Frey, Stutzer, 2002). On the other hand, the fields
of subjective wellbeing research are closely related to the components of objective wellbeing. According to Cummins
(1996), Veenhoven (2002) and Rojas (2004), different areas of life rather than the measurement of wellbeing affect the
personal self-concept of wellbeing. Therefore the final description of wellbeing often includes a general assessment of
various areas and their components, whereas the applied components may overlap and they may be used in the research
in both areas.
Features of subjective wellbeing research in rural areas
The features of subjective wellbeing research development are closely related to the development of the wellbeing
conception. It should be noted that subjective wellbeing research features due to their specifity are closely related to
common features of wellbeing research. On the other hand it has some key aspects typical to rural areas or rural population
which are detailed below:
• subjective wellbeing research implementation tasks;
• importance of subjective wellbeing research development in the context of social policy;
• methodological approach preparing to implement subjective wellbeing research in rural areas;
• wellbeing research are described as standard of living research;
• there exist some principles of subjective wellbeing research implementation;
• problems due to rural areas specifity;
• subjective wellbeing research in rural areas could supplement with information abour rural population life.
According to the above mentioned, Guardiola and Munoz (2009, pp 1) state that wellbeing of each individual
should be considered within the context in which he/she lives, and the development of rural area is a quite different
context that the urbanized areas experience in terms of the commodities they possess, their needs, their livelihoods and the
environment. It is also important to pay attention that the concept of wellbeing includes the two milestones of liveability
(services, environmental quality and social networks that make rural areas places in which people want to live) and
livelihoods (how people get their source of revenue and diversify their land-based and other activities to sustain those
livelihoods, also in capitals point of view) (Cagliero et al, 2011, pp 7).
Literature on subjective wellbeing research (Best, 1996; Veenhoven, 2004; Camfield, 2005, etc.) reveals that there
exist some tasks specific to implementation of these research. First of them is known as cognitive task, which purpose is to
describe the opinion of rural people about their wellbeing in whole, factors of personal evaluation, impact of different life
domains on wellbeing. The other task is called predictive which let identify person’s life perspectives, aims, etc. Finally
there is applied (empiric) task which enables to identify implements for person’s better wellbeing.
Representatives of social sciences (Johansson, 2001; Ruta et al., 2006; Shucksmith et al, 2006) argue that the
results of wellbeing monitoring could serve not only science but also the social policy. The later information would
supplement the data of generally accepted objective indicators, expand the knowledge about the priority needs of various
social groups, the wellbeing factors, etc. Analysis of subjective wellbeing has it advantage for policy design and scientific
understanding of what affects people’s happiness beyond the raising of income. Furthermore, the information obtained
in the course of the research can disclose problems, which may often fail to be noticed or found noteworthy in objective
measurement of the wellbeing in the country. In this context, subjective wellbeing is usually examined in a number
of domains: social, economic, political, cultural, and environmental. It is emphasised (Cummins, 1996; Diener, 1999;
Shucksmith, 2006, 2009) that the research into the subjective wellbeing of rural population represents an important field
of social science research, which receives insufficient attention in Lithuania.
There exist some methodological issues related to empirical research into the subjective wellbeing of rural
population. One of them is related with methods using in these research. It most literature (Best, 1996; Diener, 1999,
2000; Ventegodt, 2005) three key methods are used to implement these research (self-reports, various indices and scales,
also questionnaires), while the questionnaire survey being the most prevalent. This means that questionnaire should be
prepared closely to the specifity of rural population life style, needs, values, traditions, etc. The later has advantage over
other methods since it generates rather subjective information on a relevant problem in as much as the questionnaires ask
all the respondents the same questions. Furthermore it should be noted that some methods (like focus groups, participatory
method, case studies, discussion tables, etc.) specific to rural community (Poviliūnas, 2003; Atkočiūnienė, Janušauskaitė,
2006; Spellerberg et al, 2007) various research not exactly ensure anonymity, subjectivity and quality of answers.
The case of Lithuania indicates that there exists such problem – usually wellbeing research duplicate with standard
of living research. It can be explained twofold: there are few research of wellbeing, on the other hand major social
research are grounded on objective (statistical) data and there is shortage of various indicators from rural perspective.
Some authors who recognize the importance of rural areas vitality and rural people integration to society
(Nausėdienė, Beresnevičiūtė, 2003; Leader..., 2007; Cagliero et al, 2011) emphasize some key principles implementing
wellbeing research in rural areas:
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• equality (it points integrity with all respondents regardless their gender, territorial aspects, etc.);
• partnership (inquiry is a work in partnership so the importance is given to relation researcher → respondent,
priority placing to respondent‘s position);
• clarity (the task for researcher is to be honest and obvious while commenting research aims, benefit of the
research, etc. for respondent);
• authorization means division of power when both researcher and respondent seek reversable relation;
• an emphasis on bottom up (↑) approach;
• the promotion of cooperation and networking.
Despite different principles which should guaruantee fluent implementation of subjective wellbeing research there
ussually emerge some problems. Naturally these problems deal with such matters: respondents’ inaccessibility due to
remote living area; indifference, unwillingness to participate in research; incomprehension of questions; inadequate
sample of respondents.
Subjective wellbeing research in rural areas could serve for some reasons. The importance of these research should
be perceived not only by rural people, researches but also for other persons who interested in rural living specifity (local
government, NGO, businessmen, etc.)(Cagliero et al, 2011):
• informative purpose; these research can inform rural population that there exist interest in their life, perspectives,
problems; on the other hand it is the supplement data for finding different implements to improve rural people
wellbeing;
• these research can serve as self cognition way about own wellbeing state;
• it can strengthen human selfconfidence and significance because it challenge reversible relations;
• this is great opportunity for people who seek to be heard, etc.
Summarizing the above ideas it should be noted that subjective wellbeing research in rural areas highlight the need
of systematic view of these kind research. Firstly due to multidimensional features of wellbeing research in whole and
in particular faceing to the rural area and rural population living specifity. Finally it is noticed that subjective wellbeing
research obtain more attention not only from science perspective but also from other bodies which related/interested in
promotion of rural population wellbeing.
Conclusions
The notion of subjective wellbeing reveals the multidimensionality of this concept. Following this the same could
be said about these research. Faceing to it firstly the concept of wellbeing is characterized by the fact that here it goes
from macro to micro approach, i.e. it focuses on subjective opinions of individual persons/social groups rather than
takes into account the opinion of the whole group. Subjective evaluations reveal personal wellbeing information about
certain social group, though objective wellbeing indicators fail to reveal sufficient data. On the other hand the integration
of both approaches allows to evaluate the possibilities for wellbeing research, to have a better understanding of it, and
to ensure better wellbeing for individuals/social groups/the society. The features of subjective wellbeing research are
specific while exploring them in rural areas. Subjective wellbeing research in rural areas emphasize the importance of
different things while implementing them. Specifically speaking mostly features are related with subjective wellbeing
research implementation tasks, importance of subjective wellbeing research development in the context of social policy,
methodological questions, principles of subjective wellbeing research implementation, problems due to rural areas
specifity, supplement with information about rural population life.
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The Effects of Agricultural Policy Transfers to Farmers on Households Income
Inequality: an Application to Lithuanian Context
Vlada Vitunskienė

Aleksandras Stulginskis University, Lithuania
Abstract
The article provides an empirical study of the effects of agricultural policy current transfers (excluding the subsidies on investment) on income
inequality within the agricultural community in Lithuania. Gini decomposition by income components analysis has been undertaken to identify how
much the current aid payments to farmers contribute to total agricultural household’s income inequality. The results show that the provision of agricultural
income support decreased the relative income inequality between agricultural households defined by both “broad” and “narrow” criteria.
Key words: Income inequality, agricultural policy transfers, Lithuania

Introduction
The problem of low and variable farm incomes has been one of the main reasons for providing public support to
the farm sector (Arosynergie, 2011). The EU Common Agricultural Policy included in the Treaty of Rome comprises a
range of separate but related issues of the agricultural community well-being16. Over time these issues evolve and the
balance between them and the agricultural policy agenda alters. The European Commission annual reports on distribution
of direct aids to the producers (2008, 2009) conclude that the direct payments have lost their compensatory character over
time and have increasingly become income payments. It is to be noted that, consequently, the relative level of direct aid
significantly varies among farms by size-class and by farming type. Therefore, direct payments are not equally distributed
throughout the European Union. The Gini coefficient indicates a high concentration of the direct payments in a few farms
(e.g., in 2009, 80% of beneficiaries received around 20% of the direct payments, moreover, 97% of beneficiaries in EU12 received no more than 5000 euros (European Commission, 2009)). It is to be noted that several empirical works (e.g.
Allanson and Rocchi, 2008; Mishra, El-O and Gillespie, 2009; Arosynergie, 2011; etc.) have found that the provision of
support increased relative income inequality within the agricultural community because, as Allanson and Rocchi (2008)
conclude, the distribution of transfers was both vertically and horizontally inequitable. The European Commission (1991,
1997, 2002) has for many years expressed concerns about the inequitable distribution of farm income support, while
successive reforms of the Common Agricultural Policy (CAP) have made the distribution of that support both more
transparent and, potentially, more amenable to manipulation (Allanson and Rocchi, 2008).
This paper analyses the redistributive effects of agricultural policy transfers on agricultural community income
inequality in Lithuania. The aim of the Gini decomposition by income components analysis was to determine how much
the current agricultural policy transfers to farmers contribute to total agricultural household income inequality. It is to be
noted that, in terms of agricultural transfers to farmers, the subsidies on investments are not covered in this analysis. The
current transfers to farmers analysed are the following:
− EU all direct payments generally referred to as Pillar I to the CAP measures;
− National direct aids payments granted to the farmers on national funds;
− Rural development measures (generally referred to as Pillar II to the CAP measures) excluding those on
investment) subsidies excluding the subsidies on investment. EU and national funds subsidies are mixed
together;
− Other agricultural or other economic policy current transfers paid to farmers that are not covered in the
aforementioned three ranges.
The objectives of this paper are to determine: 1) the dimensions of income inequality of agricultural households; 2)
the sources of income inequality, especially the role of agricultural policy transfers; 3) differences in household income
inequality by two types of agricultural households’ coverage; and 4) the contributions of factor components to income
inequality.
The analysis is based on 2004, 2005 and 2008 Household Budget Survey data. It is to be noted that since 2009 the
Household Budget Survey is no longer carried out in Lithuania. In 2004, the analysis is based on household income that
only includes the national funds transfers to farmers, i.e. without the EU subsidies. Since 2005, both EU and national
funds transfers are included in agricultural household budget.
Investigation framework
One of the most common techniques used to explain inequality is to “decompose the aggregate inequality value
into the relevant component contribution” (Shorrocks, 1982), and the ways in which this kind of analysis is applied fall
into two broad categories:
16 The second purpose of the common agricultural policy is to “ensure a fair standard of living for the agricultural community, in particular by
increasing the individual earnings of persons engaged in agriculture” (see Article 39 of the Treaty of Rome (1957)).
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− first, the disaggregation of inequality by income-receiving population subgroups; and
− second, the disaggregation of income inequality by factor components.
In this paper, both approaches to decomposition have been undertaken.
On the one hand, inequality decomposition across population subgroups defined by some characteristic (e.g. the
kind of economic activity) is useful in identifying the share of aggregate inequality due to within-group inequality as
well as the share that arises from between-group inequality. Two types of categories of the agricultural households (i.e.
in a “narrow” and in “broad” definitions) are used for identification of the redistributive effects of agricultural policy
transfers on agricultural community income inequality in Lithuania. According Hill (2002):
− the “narrow” definition covers households to which entrepreneurial income from farming is the main income
source (or similarly, where it is the main income of the household reference person). These households are
assumed to be heavily dependent on farming and thus are the principle targets of agricultural policy;
− while the “broad” definition covers all households which engage in agricultural production and land use,
irrespectively of the significance of farming income to their livelihoods.
On the other hand, inequality decomposition involves comparing inequality coefficients for total income including
and excluding the income source in question (in the case of agricultural households, the pre-transfer income which is
equal to the total disposable income and the post-transfer income in which the current subsidies to the farm are excluded
(see Table). As Reardon, Stamoulis, Lanjouw and Balisacan (2000) note, if the total-income Gini is higher (lower)
when the income source is included, the source is alleged to have an unequalising (equalising) influence on the income
distribution.
To address the first, third and fourth objectives of this investigation, the analysis of agricultural community
income inequality is based on four key household income factor groups, i.e. income from paid employment (I) and selfemployment (II) , social transfers (III), income from rent and property and other factor components (IV). Moreover,
income from self-employment is decomposed by two kinds of economic activity, i.e. self-employment income from
agriculture and self-employment income from other economic spheres.
In order to identify the redistributive effects of agricultural policy transfers on income inequality in agricultural
community (addressing the second objective of this investigation), self-employment income from agriculture sub-group
is classified into two categories. The first category comprises income from market sources and agricultural income in kind
which sum up to pre-agricultural transfer income; the second category comprises agricultural policy current transfers to
farmers (i.e. direct payments and other subsidies to agricultural producers).
The Gini decomposition method is used to measure income inequality in the agricultural community as well as
to determine the contribution, or the impact, of agricultural policy transfers to the overall income inequality. As Mishra,
El-O and Gillespie (2009) and Babatunde and Qaim (2009) note, a number of studies have applied Gini decomposition
to capture the impact of various income factors on inequality (e. g. Shorrocks, 1983; Lerman and Yitzhaki, 1985, et
al.). Inequality decomposition by factor components can be formalised using different notations. In this paper, the total
household income Y is defined as the sum of each household income components y1, y2, … yk from factor k, expressed
as (Babatunde and Qaim, 2009):
(1)
The Gini coefficient of total income G(Y) inequality takes the following form:
(2)
where: Sk denotes the share of household income y from factor k in total household income;
Gk denotes the Gini coefficient of household income y from source k;
Rk denotse the correlation coefficient between household income y from source k and total household income Y;
GkRk is known as the pseudo-Gini coefficient of household income y from source k.
One of the most widely used relative measure developed by Payat et al. and Lerman and Yitzhaki (op cit. Mishra,
El-O and Gillespie, 2009) is the proportional contribution of household income y from source k to total household income
inequality gk, expressed as:
(3)
Another useful measure is the Gini elasticity of household income from factor k, ηk,. It is the ratio of the proportional
contribution to inequality gk to the k income from factor’s share of total household income, expressed as:
(4)
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This measure allows to identify whether the component in question has a neutral impact (ηk = 1), an increasing
impact (ηk > 1), or a decreasing impact (ηk < 1) on inequality (Mishra, El-O and Gillespie, 2009).
It is to be noted that, to address the difficulty associated with negative agricultural household income, the “adjusted”
Gini coefficient
, developed by Chen, Tsaur, and Rhai (in detail see Mishra, El-O and Gillespie (2009)), is used for
analysing pre-transfer household income, calculated without any agricultural policy current transfers to farmers (i.e.
direct payments, other subsidies to agricultural producers).
Investigation results
Table presents Gini decomposition measures for both agricultural household groups, i.e. “narrow” and “broad”
categories. The total income inequality, as measured by Gini coefficient, in agricultural households characterised by the
“narrow” definition is 0.409, 0.377 and 0.51 for 2004, 2005 and 2008, respectively. It is almost one and a half times higher
than inequality in agricultural household characterised by the “broad” definition: the Gini coefficients are 0.291, 0.289
and 0.318, respectively.
In the context of the disaggregated income sources, inequality arising from agricultural policy transfers and
agricultural income exhibits the highest correlation with the overall income inequality in both household groups. The
correlation coefficients are higher than 0.7 in the “narrowly” defined agricultural households and higher than 0.5 in the
“broadly” defined agricultural households.
It is to be noted that, income from agricultural policy transfers is the more unevenly distributed, than agricultural
income earned from the market. When applied to the “narrowly” defined agricultural households, Gini coefficients for
agricultural policy transfers are 0.889, 0.743, and 0.708 for 2004, 2005, and 2008, respectively, and are higher than Gini
coefficients for agricultural income from the market (0.535, 0.486, and 0.717, respectively). The findings are thus similar
in their trend in the “broadly” defined agricultural households group but there exist even larger differences between the
Gini coefficients.
The third from last column in the Table shows the percentage contribution of every income source to total income
inequality. These results show that the contribution of agricultural policy transfers to total household income inequality
has increased, and conversely, the contribution of agricultural income from market has decreased in all years and in both
groups of agricultural households.
In the “narrowly” defined group, the contribution of agricultural policy transfers increased from 10% in 2004 to
23% and 38.6% in 2005 and 2008, respectively; whereas the contribution of other agricultural income from market to total
household income inequality decreased from 61.1% in 2004 to 54.5% and 39.9% in 2005 and 2008, respectively.
In the “broadly” defined group, the contribution of agricultural policy transfers increased from 3.2% in 2004
to 10.8% and 14.5% in 2005 and 2008, respectively; while the contribution of agricultural income from market has
decreased from 32.5% in 2004 to 29.8% and 14.2% in 2005 and 2008, respectively.
The relative concentration coefficient from second last columns group in the Table confirms that household income
from agricultural policy transfer is inequality-decreasing in both agricultural household groups. Growing source elasticity
of total inequality (see last columns group in the Table) suggest that a 1% increase in direct payments would reduce the
overall Gini coefficient, by among 0.7% in the “narrowly” defined agricultural households, and by among 0.5% in the
“broadly” defined agricultural households.
Conclusions
The principal focus of the paper is the measurement of the redistributive effects of agricultural policy current
transfers. In the last decade the EU direct payments have gradually lost their compensatory character and have assumed
the role of income payments instead. The relative level of direct aid significantly varies among farms and, therefore,
direct payments are unequally distributed throughout the European Union. Based on the analysis of 2004, 2005, and 2008
Household Budget Survey data, this paper analyses the effects of agricultural policy current transfers on agricultural
community income inequality in Lithuania. Two categories of agricultural households (i.e. the “narrow” and “broad”
definitions) are considered.
The effect of agricultural policy transfers is measured in two ways: 1) by computing the difference between the
Gini coefficient of pre-transfer and post-transfer income; and 2) by decomposing the Gini coefficient by household
income group and sub-group (agricultural policy current transfers to producers being one of them). The preliminary
results of both approaches show that the agricultural policy does have an impact on income inequality in the agricultural
community in Lithuania. Since Lithuania’s accession into the EU, increased EU payments to agricultural producers
have led to decreased income inequality in the agricultural community. Inequality arising from the agricultural policy
transfers as household income source has decreased in both agricultural household groups in the years 2005 and 2008.
Conversely, the inequality elasticity of transfers with respect to total household income has increased. Lastly, the share
of the agricultural transfers in total household income inequality has increased for both agricultural household groups,
especially in professional farmers households, i.e. in the “narrow” definition category.
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0,715

0,795

0,102

-

0,172

0,482

0,855

0,776

0,261

1,000

0,004

0,187

0,100

0,611

0,008

1,000

-0,007

0,150

0,230

0,545

0,002

1,000

0,002

0,130

0,386

0,399

0,001

-

0,150

0,785

1,706

1,052

0,587

-

1,000

0,010

0,418

0,087

0,059

0,025

0,290

0,291

0,852

0,557

0,940

0,553

0,919

0,350

0,289

0,863

0,554

0,848

0,603

0,945

0,310

0,318

0,976

0,550

0,863

1,524

0,975

-

-

0,191

0,403

0,642

0,566

0,278

-

-

0,143

0,367

0,592

0,547

0,278

-

-

0,275

0,287

0,616

0,499

0,450

-

1,000

0,019

0,275

0,032

0,325

0,018

-

1,000

0,013

0,252

0,108

0,298

0,017

-

1,000

0,008

0,208

0,145

0,142

0,035

-

-

0,560

0,771

2,073

1,074

0,876

0,412 0,525 0,497
a “broad” agricultural household (N=2872, 2736, 1777, respectively 2004, 2005, 2009)
0,401 0,709 0,716 0,660 0,501
0,468 0,554 0,330
0,313 0,462 1,221

1,000

0,005

0,203

0,326

0,366

0,003

-

-

0,425

0,703

1,735

1,141

0,907

1,157

-

-

-0,470

0,716

1,412

1,027

0,246

1,103

2005

-

-

0,844

0,497

1,672

2,393

1,379

1,152

-

-

0,329

0,642

1,187

1,090

0,507

0,833

2008

Relative concentration
of income source
(GkRk/G)

2008 2004 2005 2008 2004
2005
2008 2004
2005
2008 2004
a “narrow” agricultural household (N=559, 497, 209, respectively 2004, 2005, 2009)
0,098 0,866 0,883 0,810 0,509
0,471 0,525 0,090
0,079 0,082 1,078

Gini coefficient
(Gk)

Notes: Author’s calculations are based on monthly per capita incomes

Income from paid employment
Income from self-employment
in other than agricultural
economic activity
Income from self-employment
in agricultural economic
activity without direct transfer
to farmers
Agricultural policy transfers
to farmers
Social transfers
Income from rent, property,
other income
Total disposable income (posttransfer)
Pre-transfer disposable income

Income from paid employment
Income from self-employment
in other than agricultural
economic activity
Income from self-employment
in agricultural economic
activity without direct transfer
to farmers
Agricultural policy transfers
to farmers
Social transfers
Income from rent, property,
other income
Total disposable income (posttransfer)
Pre-transfer disposable income

Income sources

Income share
(Sk)

Table. Gini decomposition of agricultural household income inequality by income source

-

-

-0,015

-0,082

0,017

0,023

-0,003

0,060

-

-

-0,022

-0,051

0,042

0,030

-0,006

0,007

2004

-

-

-0,017

-0,106

0,046

0,037

-0,002

0,043

-

-

-0,022

-0,060

0,067

0,014

-0,007

0,007

2005

-

-

-0,002

-0,210

0,058

0,083

0,010

0,061

-

-

-0,004

-0,073

0,061

0,033

-0,001

-0,016

2008

Source elasticity of total
inequality
(SkGkRk/G)-Sk
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Employment Problems under the Conditions of Dynamic Entrepreneurship in
the Regions of Latvia
Andra Zvirbule-Berzina, Anastasija Vilcina
Latvia University of Agriculture
Abstract
Based on the theoretical statements of several scientists, the interaction of employment, unemployment and entrepreneurship is revealed in the
paper. A critical and comparative analysis of employment dynamics is performed. Applying the data of Eurostat, CSB (Central Statistics Bureau), the
State Employment Agency and the author’s calculations, based on the analysis of a five-year period material, the problematic employment aspects in
Latvia have been defined, as well as the factors affecting employment and business development in Latvia and its regions are characterised. At the end
of the paper, conclusions and recommendations for facilitating employment in the regions of Latvia are offered.

Introduction
The employment and unemployment level in a particular country and region at a particular period is one of the
indicators of the macroeconomic balance which approves the level of the business activity. Disbalance in the labour
market is one of the most important problems in any country with a dynamic business development because it creates a
number of not only economic and social, but also political consequences.
As Eurostat data and practical research indicate, differences between the unemployment levels can be observed
in all EU Member States and their regions. Therefore employment research in the territories of particular countries is
especially topical now to attain “Europe 2020” goal – a bigger number of work places and a better life, thus ensuring
implementation of the sub-goal for 2020 – 75% of the population is employed.
Thus, the goal of the research is to characterise the employment problems in Latvia and its regions in the context
of dynamic entrepreneurship.
The research objectives:
• To perform a theoretical discussion about the interaction of employment, unemployment and entrepreneurship;
• To characterise the employment and its impact on the dynamics of entrepreneurship in the regions of Latvia;
• To define the employment problems and their potential solutions in the regions of Latvia in the context of
dynamic entrepreneurship.
The research methods applied – the inductive research method that allows generalising of the collected, processed
and analysed information; interaction of analysis and synthesis when evaluating, summarising and interpreting particular
data; the logically constructive method; monographic; statistical and graphical methods.
The research materials used: to achieve the research goal and the objectives, scientific and practical publications,
data of the Central Statistics Bureau, Eurostat, State Employment Agency, Ministry of Welfare and other informative
materials.
Results of research
Theoretical aspects of the interaction between employment, unemployment and entrepreneurship
The notion “employment” is explained differently in scientific literature. “Employment” is one of the most
significant indicators of economy development and country’s economic growth, therefore employment policy is an
integral part of the country’s social and economic policy. (Škapars R., Šumilo Ē., 2006) This definition is one of the basis
of the authors’ research to analyse the interaction between employment enhancement and business development.
This statement is also approved by the research and theoretical statements of several scientists. With the development
of “synergy triangle”, which perfectly presents the areas of employment impact (see Fig. 1), Forands I. (2007) indicates
that the factors affecting employment are mainly based on economics, education and the development of the region.
Forands I. emphasises that employment problems should be analysed as a total of the system, but and/or every
factor has to be analysed separately, determining its impact and the intensity of the impact.
Whereas, the authors emphasise that the main driving force of the economic factor is entrepreneurship, which can
be considered one of the most important components of the synergy triangle.
The above mentioned statements are also approved by practical research: professor M. Hazans (2005) in his
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“Unemployment and Income Structure in Latvia” analyses work flow between the employment and unemployment
and arrives at the following results:
1) the type of education and residential region is the most important and the determining factor to find a job
successfully;
2) regional differences have less significance in losing a job than differences in creating work places.

Figure 1. “Synergy triangle”
Source: Forands I., 2007

Whereas, Rungule R. (2007) in her research “The Reasons and Length of Unemployment and Social Exclusion”
reveals the role of municipalities (regions) in reducing unemployment and social exclusion. The unemployment reasons
characterised by the experts can be divided into two groups:
• external, objective;
• internal, subjective.
The experts have mainly mentioned the following reasons among the external, objective reasons:
1) problems of the transition period, as well as changes in the rural areas (regions) and their entrepreneurship
structure;
2) centralisation of the labour force, especially in the municipalities in Riga and around Riga;
3) differences in the salaries, also the big difference between the real salary about the same type of work in Riga
and in rural municipalities;
4) the limited mobility of the employees (lack of financial resources to look for a job outside their region).
The internal, subjective reasons are those mainly related to the problems of the personalities of the employees
and the unemployed.
Employment issues have also been studied by several scientists in Latvia - Rasnača L., Krūzmētra Ž., Saulāja
I., Bite D. (2007), Stradiņa G. (2007), Krūzmētra M. (2008), Latviete I. (2009). Practical research is also significant,
which is performed within the framework of the National Programme of the Ministry of Welfare “Labour Market
Research” (2007).
At a time when the dynamically changing business environment, including labour security, raises the questions
of rapid business change. Dynamic entrepreneurship (Harvard Business Publishing Newsletter 2011) is characterized
by the ability to respond to changing trends. The dynamic entrepreneurship goal is to develop strategies allowing your
business to establish and maintain a competitive advantage for run your company in new ways.
The Canadian economist and planner Craig Davis H. (1991) has justified the close relationship with entrepreneurship
developing Base-Non-base employment theory. He explains that base employment is employment in those industries
whose produced goods or services are consumed outside the borders of the particular territory. Non-base employment is
employment in those industries where the produced goods or services are consumed within the borders of the particular
territory. Craig Davis H. considers that the goal of the economic development measures is to increase the creation of
new values. And usually these values are created by individual entrepreneurs in the private sector. It is necessary to
determine how the best results could be achieved with the existing resources to offer maximum contribution to the
economic development process. Usually an increasing base industry employment has the largest impact on a long-term
new value creation, not the non-base employment. Such measures are usually followed by a larger so-called “avalanche
effect” when the increase of new workplaces in one sector or industry creates new workplaces in another.
Employment dynamics and problematic aspects in the regions of Latvia
In 2008 in the EU 27 countries 65.9% of the people in the employment age were employed. Whereas, if the changes
in the employment level in EU27 and the Baltic countries is compared from 2008 till 2010, it can be observed that in this
period the employment level in Estonia was higher than the average in EU 27, whereas in Latvia in 2008 this indicator
increased above EU 27 average level. In Lithuania in 2008 the employment level was below EU 27 average level.
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Figure 2. Employment level in the EU and the Baltic countries, % (2008-2010)
Source: Eurostat 2011

As the information presented in Fig. 2 indicates, in the period from 2008 till 2010 the employment level has
experienced a sharp decrease in the EU, on average - by 2.57%, but it has been the sharpest in Latvia – 13.55%, then
Estonia follows – 12.60% and Lithuania – 10.10%. Thus, all the above mentioned countries lag behind the employment
target of Europe 2020 (75%) by 10.8-15.7% on average.
The rather high unemployment level also approves it (see Fig. 3), as it has approached the 10% margin fast.

Figure 3. Unemployment level in the countries of the European Union in April 2011
Source: Eurostat data, 2011

Such an unemployment level should be considered a critical and hindering factor for a socially integrating growth
of the EU (Europe 2020), which provides for the enhancement of economy with a high employment level that ensures
economic, social and territorial cohesion.
The problematic employment aspects in Latvia are related to:
First, reduction of the population in Latvia, which directly affects the changes and tendencies of the number of
the employed. According to demographists’ calculations, in 2050 there will be only 1.8 million inhabitants in Latvia (see
Fig. 4).
Second: the age structure of the population of Latvia exhibits the reduction of the number of people until the
employment age and above the employment age (see Table 1). From the regional development perspective and the
entrepreneurship development perspective it is especially important to characterise the population distribution by the
employment age, which approves of the employment development prospects. Whereas, the ratio between the number of
population until the employment age and people in the retirement age characterises the generation change tendencies.
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Figure 4. Variants of the forecasted number of Latvian population, 2000-2050, ths.
Source: data of “World Population Prospects 2008”
Table 1. Age structure of the population of Latvia, 2005-2009
Indicators/Year

2005

2006

2007

2008

2009

Until the employment age, %

14.8

14.3

14.0

13.8

13.7

Chain increase rate, %

-

-3.4

-2.1

-1.4

-0.7

In the employment age, %

63.9

64.4

65.3

65.6

66.2

Chain increase rate, %

-

0,8

1,4

0,3

0,9

Above the employment age, %

21.3

21.3

20.7

20.6

20.1

Chain increase rate, %

-

0

-2.8

-0.5

-2.4

Average
increase rate, %
- 0.3
0.9
- 1.4

Source: authors’ calculations, based on CSB, 2010

As the data in Table 4 indicate, the number of population until the employment age has decreased by 0.3% on
average. Irrespective of the negative indicators, positive changes can be observed in the number of population until the
employment age over the last three years. In total in the country this indicator is more approaching the zero with every
year. Although the number of population in the employment age is gradually increasing (0.9%), it has a very slow rate.
Continuous decrease of the number of labour force is expected; in addition, it will happen faster in the nearest years than
the decrease of the total number of population. The forecasted incredibly rapid decrease of the number of younger age
groups shall be evaluated as especially unfavourable for the qualitative composition and development potential of the
labour force.
When analysing the population age structure in the regions of Latvia, it can be concluded that the base increase rate
of the number of population until the employment age has decreased most in Vidzeme region in 2009/2005. – by 15.1%,
which is followed by Zemgale region (-11.0%), Latgale region (10.4%), Kurzeme region (-9.7%) and Pieriga region
(-5.0%). The smallest changes in the population group until the employment age can be observed in Riga region in this
period (-0.8%). (see Table 2).
Similarly, a decrease in the number of population above the employment age can be observed in all the planning
regions of Latvia. The proportion of the population of the employment age has been slightly increasing over the last years.
Partly it can be explained with the fact that the retirement age was increased for both males and females. The number of
population in the employment age has grown at the slowest rate in Riga region in 2009/2005, by 2% only. The highest
increase rate is in Vidzeme region – 5.6%.
Third: there are regional differences regarding the employment in the regions of Latvia, which approves of the
activity and concentration of entrepreneurship.
As the data in Table 3 approve, Latvia has differences in employment between the cities and the rural areas.
However, the fact that the sharp difference, which existed in 2006, between Latgale region and Riga region, where most
of the enterprises are concentrated, was levelled in 2010 has to be evaluated positively. As it can be observed from the
performed calculations about the base increase rate, the employment level has reduced in all the regions of Latvia, but
the sharpest changes have affected Riga region, Pieriga region and Zemgale region where the most dynamic labour force
concentration was observed in the previous years.
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Table 2. Population’s age structure in the regions of Latvia in 2005 and in 2009 (% of the total number of population)
2005

Riga region
Pieriga
region
Vidzeme
region
Kurzeme
region
Zemgale
region
Latgale
region

2009

Base increase rate
(2009/2005), %
above
until the
at the
the
employ- employemployment
ment
ment
age
age
age
- 0.8
2.0
-5.4

until the
employment
age

at the
employment
age

12.6

65.1

22.3

12.5

66.4

above
the
employment
age
21.1

15.9

64.4

19.7

15.1

66.6

18.3

- 5.0

3.4

-7.1

16.5

62.0

21.5

14.0

65.5

20.5

-15.1

5.6

- 4.6

16.5

62.8

20.7

14.9

65.3

19.8

- 9.7

3.9

- 4.3

16.3

63.6

20.1

14.5

66.5

19.0

-11.0

4.5

- 5.4

14.4

63.4

22.2

12.9

66.4

20.7

-10.4

4.7

-6.7

above the employment age

until the
employment
age

at the
employment
age

Source: authors’ calculations, based on CSB data, 2010
Table 3. Employment level in the regions, cities and rural areas of Latvia, 2006-2010 (%)
Year
Region
Riga region
Pieriga region
Vidzeme region
Kurzeme region
Zemgale region
Latgale region
Cities
Rural areas

2006

2007

2008

2009

2010

Base increase rate 2010/2006

72

73.3

72.1

64.5

61.1

-15.1

70.2

69.6

71

62.5

60.9

-13.2

63
63.6
65.5
56.8
68.3
61.7

63.4
68.9
65.5
62.2
70.5
63.8

63.9
68
66.4
64.7
70.1
65.5

57.9
60.3
58.8
57.1
62.4
58.3

58.5
60.1
56.4
56
60.7
56.5

-7.1
-5.5
-13.9
-1.4
-11.1
-8.4

Source: CSB data 2011

Factors affecting employment and entrepreneurship in the regions of Latvia
To find out the factors affecting employment and entrepreneurship in Latvia and the regions of Latvia, several
indicators were interconnected, based on the approaches available in economic theory.
Beveridge curve, which exhibits graphically the changes in the number of the registered unemployed and the number
of announced vacancies, approves about oppositions – while the number of the unemployed is increasing, the number
of vacancies is decreasing. Thus, the curve presents the interconnection between employment and entrepreneurship,
taking into consideration the economic situation. It can partly be explained with the fact that over the studied period the
employment level in Riga region reduced by almost 11%, but in Latgale region – only by 0.8%.

Figure 5. Beveridge curve: the number of the unemployed and the vacancies registered in Latvia with the SEA, 2006-2011, ths.
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The statistical data about the number of the unemployed and the vacancies for the period 2006-2011, summarised
in Fig. 5, approve that for the unemployed people, the opportunity to find a new job has rapidly decreased and now it is
relatively low.
The Okun’s law is well observed in Latvia – the higher the employment level, the higher the GDP and vice verse. Theoretically,
the labour market operates as an automatic balancer – it is less sensitive to the fluctuations of the economic cycle.

Figure 6. Employment and gross domestic product for 2006 – 2012
Source: Draft law “On the State Budget for 2010”

As it can be observed in Fig. 6, the GDP increases and decreases much faster than the employment increase rate.
The development of the economics of Latvia depends on the development of entrepreneurship in Latvia and its
regions. The indicator that characterises the economically active businesses per 1000 inhabitants is lower in Latvia than
the average in the EU. In addition, the registered businesses are very much concentrated in Riga region. The information
summarised in Fig. 7 approves it.

Figure 7. The dynamics of business registration and liquidation in the regions of Latvia in 2006-2009
Source: authors’ designed, based on Lursoft data, 2010

Analysing the statistics, available in Lursoft, about the registered and liquidated enterprises by the regional
distribution (see Fig. 7) it can be concluded that in all the regions there are more enterprises registered than liquidated
from 2006-2009, thus the number of active enterprises has increased in all Latvia. But the number of the registered
enterprises has decreased in all regions every year. In 2006 there were 13371 enterprises registered, but in 2009 – only
9183, which is by 31% or 4188 enterprises less.
From 2006-2009 most of the enterprises are registered in Riga region. 71% (number – 9433) of the new enterprises
were registered in Riga region in 2006, but in 2009 – 68% (number – 6235). Whereas, the smallest number of registered
enterprises is in Latgale region, in 2009 – only 6.8% (number – 621) of the total number of the registered enterprises.
Comparing the number of registered enterprises in 2009 and 2008, it can be observed that there has been a sharp fall. In
2009 there are by 30% (number – 333) less registered enterprises in Zemgale region than in 2008, in Vidzeme region – by
25% (number – 271), in Latgale region – by 24% (number – 199), in Kurzeme region – by 14% (number – 122).
It also indicates to the differences of the labour force and employment between the regions of Latvia.
Conclusions
1. Scientists’ theoretical statements reveal that the factors affecting employment are mainly based on economics
(entrepreneurship), education and the development of the region.
2. Dynamic entrepreneurship is characterized by the ability to respond to changing trends.
3. Most of the EU 27 countries currently lag behind “Europe 2020” employment target by 10.8 to 15.7%.
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4. The decrease of the number of population in Latvia directly affects and also in the future will affect the employment
changes and tendencies in the country.
5. In the population age structure in Latvia, decrease of the number of population until the employment age and above
the employment age is observed.
6. There exist regional differences in the employment in the regions of Latvia, which approves of the activity and
concentration of businesses.
7. Beveridge curve and the summarised statistical data about the number of the unemployed and the registered vacancies
approve that the opportunity for the unemployed to find a new paid job has sharply decreased over the studied period
and is relatively low now.
8. There is a large concentration of registered enterprises in Riga region, which indicates to the mutual impact of
entrepreneurship on the employment level.
9. In order to reduce unemployment in Latvian regions to promote the use of seasonal labour in the Latvian regions
10. To modernise Latvian regions labour markets and empower people by developing their of skills throughout the
lifecycle with a view to increase labour participation and better match labour supply and demand, including through
labour mobility.
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Abstract
In the last decade of 20th century the alternative energy use rate has dramatically increased. In Lithuania, the hydro and wind energy are seen
as the most perspective renewable energy sources to be used for the generation of electric power. The installations of alternative energy make some
an impact on the environment. Wind turbines, hydroelectric and solar power plants, make the greatest visual impact on the environment among all the
alternative power generating installations. The visual effect that the wind turbines can possibly make to the landscape of Western Lithuania is analysed
in this paper. For the analysis, the following regional territories (administrative districts) belonging to the Western part of the Lithuania have been
chosen: Kretinga, Skuodas, Mažeikiai, Šilutė, and Tauragė. A great number of wind turbines operating over there was the main reason for choosing these
territories. The methods of photography, visual object assessment, measuring, object layout and comparative analysis have been used.

Introduction
On 23 April 2009, the European Parliament and the Council adopted the Directive 2009/28/EC on the promotion of
the use of energy from renewable sources, which amends and subsequently repeals Directives 2001/77/EC and 2003/30/EC
(OJ 2009 L 140, p. 16) (hereinafter, referred to as Directive). According to the Directive, member states (from 01/05/2004,
Lithuania is among them, too) must guarantee that the part of energy from renewable sources in the common total energy
use be not less than 23% by the year 2020. The initial Directive 2001/77/EC prescribed that in 2010 the part of energy
from renewable sources in the common energy balance be not less than 12%, whereas that in the electricity balance of
each country – 22,1%, including the electricity from large hydroelectric power stations. In 2011, this makes up around
17,6% (including the large hydroelectric power plants) [2].
In Europe, the wind energy development has exceeded all the expectations. According to the White Papers of the
EC, the power to be generated by all the wind farms installed in European countries was to make up 40 thousand MW in
2010, but in reality 86 thousand MW capacity level has been reached.
In Lithuania, renewable energy sources suitable for electricity generation, which are regarded as viable ones, are
those of wind and solar energy. Biomass, geothermic and solar energy are used for the heating of buildings and water.
Alternative energy installations make a certain impact on the environment. Wind turbines, hydroelectric and solar
power plants are those objects of energy industry that visually make the greatest visual effect to the environment.
In this paper, the feasible visual effect of wind turbines to the Western Lithuania landscape is analysed. For the
analysis, a number of territories situated in the Western part of Lithuania have been chosen, namely, Kretinga, Skuodas,
Šilutė and Tauragė districts. The main reason for choosing these districts was a great number of wind turbines installed
on their terrains. In Kretinga district 54 big wind turbines operated in 2011 and 2 small ones (up to 350 kW) were under
construction. In Skuodas district 7 wind turbines operated. In Mažeikiai district – 3 wind turbines. In the districts of Šilutė
and Tauragė – 32 wind turbines. The visual impact of wind turbines being made onto urban localities, culture heritage
territories, roads and landscapes has been analysed. The methods that were used during analytical process were those of
photography, object visual assessment, measuring, object layout and comparative analysis.
Results
It is estimated that by 2020 the wind turbines around the globe could generate as much as 12 percent of all the
electric power. The key advantages of wind energy are: its greenness, the high efficiency of generated power, which
totals to 25-30% (whereas that of solar panels ca. 20 %), and it is a standalone, safe and cheap source of energy [12].
In Denmark, 20 % of all the consumed power is generated by wind turbines, and in such countries as Portugal,
Spain and Germany this makes up 10%.
In Estonia, the total power generated by wind turbines was around 148 MW in 2010, which made 4.9 % of all
the energy consumption. In Latvia the wind turbines of around 55 MW total capacity are installed.
In Lithuania, by the year 2010, there should had been installed 200 MW total capacity wind turbines, with
generation about 2.5-3 % of the total power consumed. In 2011, only 124 MW total capacity wind turbines were
operating.
Presently, the largest number of wind turbines are installed in the western and north-western part of Kretinga
district. There are 5 operating wind farms in this district (see Figure 3). In addition, five single wind turbines were
erected (three of them, located near villages Pryšmančiai and Vidmantai, are new, and the other two, which were
previously operated in other country, are located near the village Leliūnai). The total number of operating wind turbines
is 56 (see Table 1).
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In Skuodas district, one wind turbine was erected in the eastern part of Skuodas city and six more – near the
village Lenkimai (two towers of which are of lattice type). The wind turbines erected in Skuodas district previously
operated in other countries (they are of an older model), so they are less powerful and their tower is lower.
The wind farm of 6 wind turbines was constructed in the village Mockiai, Šilutė district, in 2010(see Table 4).
In addition, two 200 kW wind turbines of low capacity operate in this district. In village Čiūteliai, the 17-turbine wind
farm of 39100 kW total capacity is under construction.
In Tauragė district, within the bounds of villages Griežpelkiai, 22 wind turbines, which were errected in 20092011, operate now (see Table 5). Two used wind turbines of low capacity were erected within the bounds of village
Meldikviršiai.
Table 1. Wind turbines in Kretinga district

4
5
6

Wind turbine location
name
Vydmantai
Pryšmančiai
Kiauleikiai, Kveciai,
Rūdaičiai
Bajoraliai
Benaičiai
Sūdėnai

7

Liepynė

8
9

Benaičiai
Vydmantai

No.
1
2
3

Enercon E-40
Enercon E -44

Number of
wind turbines
1
1

Enercon E -70

15

2000

30000

2006

Bonus-95
Vestas-2,75
Enercon E -82
Enercon E -82
Enercon E -53
Enercon E -33
Enercon E -82
Enercon E -82

2
6
7
4
1
1
17
1

95
2750
2000
2000
800
330
2000
2000

190
16500
14000

2007
2007
2009

9130

2009

34000
2000

2010
2011

Power, kW

Total power, kW

160
250
150/95

160
500
245

Installation
year
2002
2007
2007

250

500

2009

Wind turbine type

Power, kW

Total power, kW

630
800

630
800

Installation
year
2004
2006

Table 2. Wind turbines in Skuodas district

1
2
3

Wind turbine location
name
Skuodas City
Lenkimai
Lenkimai

4

Lenkimai

No.

Wind turbine type
Used Vestas-160
Used Vestas-250
Bonus-95/150
WTN-250-50 (lattice
tower)

Number of
wind turbines
1
2
2
2

Table 3. Wind turbines in Mažeikiai district*
No.
1
2
3

Wind turbine location
name
Seda
Seda
Seda

Wind turbine
type
Enercon E -40
Enercon E -40
Enercon E -33

Number of
wind turbines
1
1
1

Power, kW

Total power, kW

Installation year

600
600
330

600
600
330

2007
2009
2010

* The list doesn’t represent small wind turbines (up to 350 kW power)
Table 4. Wind turbines in Šilutė district
No.
1

Wind turbine location
name
Mockiai

Wind turbine
type
Enercon E -82

Number of
wind turbines
6

Power, kW
2000

Total power,
kW
12000

Installation year
2010

Table 5. Wind turbines in Tauragė district

1
2
3

Wind turbine location
name
Meldikviršiai
Griežpelkiai 1
Griežpelkiai 2

4

Griežpelkiai 3

No.

Wind turbine
type
Enercon E -82
Enercon E -82
Enercon E -82
Enercon E -82

Number of wind
turbines
2
10
5
2
5

Power, kW

Total power, kW

225
2000
2000
2300
2000

450
20000
10000

Installation
year
2008
2009
2010

14600

2011

Visual quality of a landscape is one of the nonmaterial resources of residential environment that determines life
quality. Therefore, for the better life quality, visual resources must be saved and multiplied by regulating their usage.
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Due to various human activities landscape is in a continuous change, and this change is not always the positive one: the
main landscape values like its peculiarity, diversity and aesthetics qualities get irreversibly lost. One of those negative shifts
is urbanization, or technogenization, which is yet another way of its alteration that leads to deterioration of picturesqueness –
a true national wealth belonging to not any one person but to the whole nation. These qualities, taking into account the laws
of environmental sustainability, should be kept unchanged and must be saved for the future generations [3].
In order to preserve the beauty of a landscape, environment management actions need to be coordinated with
the aims and tasks for visual quality protection and enhancement. Unfortunately, in Lithuania, the visual quality of
landscape is not among the criteria for setting the priorities of the usage and protection of landscape, although in the
developed western countries this was understood in the last century already.
Today’s prevailing tendency is that engineering structures are formed without taking into consideration the
impact they make on the landscape: the network of overhead power lines, telecommunication equipment, wind turbines
and other engineering objects is getting more and more dense [5].
Anthropogenic elements, being most contrasting in their natural geometric forms and colours, are characterised
as being the most visually sharp. The parameters of sharpness are determined based on exposition zone (object’s
exposition zone is its visibility on the territory). In the zone of exposition, boundaries of scale domination, sight
domination and psychological effect are set. For the objects of the equal physical properties under the same natural
conditions, these boundaries are relatively constant. The scale domination zone doesn’t exceed 3 h (h – height of the
object). Each object outside these boundaries is perceived by humans as a separate object. The sight domination zone
extends up to 3.5 km. Though the purpose of objects outside the boundaries of this zone is still perceived, the visual
sharpness of these objects gets deteriorated in the landscape, they merge with the background and stop attracting
attention. The sight domination zone is often called an effective observation limit. The zone of psychological effect
extends up to 6.0 km [6]. Outside these limit boundaries, the object, though still being visible, becomes impersonated
in the background of the landscape [8]. When assessing wind turbines, the limits of the exposition zone effect may vary
because the height of wind turbine tower can be as high as 120 m and the diameter of the rotor of up to 80 m.
The objects of alternative energy become an indispensable part of our landscape. With the wind turbines, if
we’d compare them to the old-time wind mills, there’s an obvious change both in the form and height. The height of
contemporary wind turbines being of up to 100-120 m, these objects become a predominant vertical.
Under the perfect air conditions, wind turbine can be visible from as far as 20-25 km. When putting such objects
together in the landscape, it is very important to lay them out properly, taking into consideration countryside, culture
heritage, recreation zones and state-protected territories. When erecting wind turbines, a special attention must be paid
to the assessment of the impact on the landscape. The installation of wind turbines is forbidden on the territories of
a natural framework, in the vicinity of regional parks, in the visual protection zones of cultural heritage objects and
buffer zones of reservations. In a less picturesque landscape, the wind turbines should be planned and installed as wind
farms. In such a case these objects could enliven a dull and monotonous landscape.
The wind turbines near roads can be partly masked by green barriers, covering thus a lower part of the massive
tower. Solitary wind turbines, however, do not make a negative impact on the perspective of a road [1].
Wind turbine visual impact depends on many factors: turbine dimensions, colour, form, observation distance,
landscape diversity, time, etc. [13].

Figure 1. Wind turbine that enriches a landscape.
By a vertical element (photography Abromas J., 2010)

Figure 2. The wind turbine in the zone of visual impact
of Kretinga–Darbėnai way. New vertical dominant
(photography Abromas J., 2010)
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Wind turbines may give an impression of a visual contrast in the background of a rural landscape: the wind
turbine tower colour shifting from white to green can be in harmony with the green rural surroundings.
The Kretinga city is visually effected by wind turbines when going by the roads Jokūbavas – Kretinga,
Kretinga – Palanga. One wind turbine in village Pryšmančiai and 15-wind-turbine farm in villages Kiauleikiai, Kveciai
and Rūdaičiai make a visual impact on the western part of the Kretinga city. Because these wind turbines are situated
at the distance 4-5 km from the Kretinga City, all of them get into the psychological effect zone. Still a redundancy of
visual contamination is present in this territory.
The village Darbėnai in Kretinga district is visually effected by wind turbines installed in village Benaičiai. The
visual impact of these objects manifest itself in the following aspects:
1. Inhabitants of northern part of the village Darbėnai
and the road Darbėnai-Lenkimai get into the zone of the
wind turbine visual impact. When making an assessment,
it was noticed that the distance from the village to the wind
turbines is sufficiently great (5 km), so we can assert that
negative impact is not present here. According to the research
conducted in the states of European Union, wind turbines are
more visually acceptable to those people who were informed
about the usefulness of their use.
2. As vertical accent in the zone of visual surroundings of
the road Darbėnai-Lenkimai. When going by the road DarbėnaiLenkimai, the towers of churches both of the Kretinga City and
village Darbėnai are visible. In the midway, the church-towers
can be seen just for one moment. In the autumn 2010, when the
wind farm in the village Benaičiai was on the way of construction,
a new vertical dominant in the road impact zone had emerged – a
wind turbine. In this manner, a good vertical landmark (the church
tower) was lost (see Figure 2).
In Kretinga district, in the visual space of a road
landscape, wind turbines are also visible when going by
the roads Kretinga-Palanga, Jokūbavas-Kretinga, SalantaiDarbėnai, Darbėnai-Palanga.
In Skuodas district, the 6 wind turbines located near the
Skuodas City and village Lenkimai were analysed.
The most intensive visual effect to the Skuodas City
is made by wind turbine installed in 2002. This is a 160 kW
capacity wind turbine with horizontal windwheel and only
three 10.5 m long blades, formerly operated in Denmark. There
are no residential buildings near this wind turbine. The impact Figure 3. The location of existing wind turbines (VE)
in the region of western Kretinga (the author of map
on the population is not felt. The wind turbine and the nearby
Abromas J., 2011)
communications tower have both become dominant verticals.
This is especially felt when going by the nearby eastern bypass of the Skuodas City. The wind-turbine tower height is
around 50 m, and an object of such a height fits rather well in a place like this.
The wind turbines near the village Lenkimai were formerly operated in other countries. They are of 90-150 kW
capacity. These wind turbines make the most intensive impact on those who go by the road Kretinga-Skuodas.
In Mažeikiai district, near village Seda (1161 inhabitants), in 2007-2009, three wind turbines were installed.
Two of them are Enercon E-40 (600 kW) and one is Enercon E-33 (330 kW). The tower height of the latter is about
50 m, and that of Enercon E-40 – 76 m, and the diameter of windwheel is 43.3 m. The village Seda is on the list of
urban monuments. The wind turbines are at an average distance of 2.5 km from the Seda Old town. According to the
exposition zone map, these objects fall into the sight domination zone. All the above-mentioned wind turbines can also
be characterized as one of the road landscape elements – they are visible when going by the road Plungė- Mažeikiai.
Because there are only three wind turbines installed in this place and the height of their tower doesn’t exceed 76 m, in
this aspect, these wind turbines can be characterized as making a positive visual impact on the environment.
In Šilutė district, village Mockiai, in 2010, 6-wind-turbine wind farm was built. Also, two 200 kW low-capacity wind
turbines operate in this district. Due to the fact that there are no urban territories, the greatest visual impact of these wind
turbines is made on those who come by the roads Priekulė-Kintai and Priekulė-Šilutė. The wind turbines are at the distance
of around 0.5-1 km from the road Priekulė-Kintai. They get into the sight domination zone here. These wind turbines are at
the distance of around 5-6 km from the road Priekulė-Šilutė, and they get into the psychological effect zone.
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Figure 4. The wind turbines visually occupy the whole space (photography Abromas J., 2011)

On the territory of Tauragė District Municipality, wind farms located in village Griežpelkiai were analysed. The
wind turbines are installed on both sides of the road Pagėgiai-Tauragė, from which they are at the distance of 0.1-2 km.
All of them get into the scale and sight domination zone (see Figure 4).
According to the “Study On the Republic of Lithuania’s Landscape Spatial Structure Diversity and Identification
Of Its Types” by P. Kavaliauskas “, a flat landscape is predominant on the territory of the Tauragė district being analysed.
In view of horizontal dissection, the landscape can be characterized as being, at some places, a predominantly-open
with fully observable spaces, and, at some places, a half-open with mostly observable spaces. Only vertical dominants
are most salient in the landscape spatial structure [9].
Conclusions
1. The seashore habitat in comparison with other regions of Lithuania is unique by its green energy resources: strong sea
winds and waves, geothermic waters and a lot of sunny days.
2. Development of wind turbine industry in Western Lithuania is inevitable. And all these wind turbines need to be
grouped into separate wind farms, locating them away from the villages and important under-protection territories.
3. Today, when installing wind turbines, the feasible visual impact on the environment is not being assessed, so, very
often, the uniqueness and true value of the landscape gets lost.
4. To avoid the negative impact of wind turbines, it is necessary to prepare a special plan for deployment of alternative
energy objects in Western Lithuania and conduct research on it.
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Abstract
Sustainable development seeks for identifying bioproductivity potential to produce a certain amount of energy of field crops. It has great
importance and mainly addressed to agriculture and forestry. Fodder galega is relatively new legume species successfully cropped in Lithuanian
agrophytocoenoses. This species mainly used as forage plant. As a new crop in the landscape, galega, which can attain a height of up to 1.4 m under
Lithuania conditions, may have a significant visual impact, especially, when plants achieve flowering stage. Nonetheless, galega’ alternative usage as
energy source should be discussed. In this study was evaluated ability of galega to provide environmental sustainable and renewable energy source
at different growth stages and during vegetation in total. Field trials carried out at the Research Station of Lithuanian University of Agriculture on a
sandy moraine humic horizon of Calcary–Epihypogleyic Luvisol (LVg-p-w-cc). This plant has many valuable properties. Galega crop is notable for
its longevity, high overwintering peculiarities and heavy yield. Fodder galega is high–productive plant and ensure 60 - 75 t ha -1 green mass, 15 - 17
t ha -1 hay, 14.79 t ha -1 dray matter and 0.3 - 0.7 t ha -1 seed. The species is among the earliest fodder plants in Lithuanian agrophytocoenoses. Its
vegetation begins early (1-10 of April) and it achieves flowering stage in the end of May. Average duration of galega development to the seed maturity
under conditions of Middle Lithuania is 98 - 102 days. Galega growing season lasts a long time, from early spring until late autumn. Depending on
meteorological conditions its vegetation finishes in the end of October – beginning of November. Thus fodder galega is high valuable as suitable
supplement for green conveyer. Galega production is characterized by low fertilizer and pesticide requirements making it a relatively benign crop
environmentally. The productivity and chemical composition of fodder galega depend on development stage. Content of crude fibre and dry matter
increases with the stages of plant development and the best energy value of green mass is received in case of galega‘ harvesting in the flowering stage.
Maturation of the crop increase in crude fibre content up to 285 g kg-1 DM, thus reducing their digestibility, but increasing energetic value output to
10.79 MJ kg-1. Therefore long-term fodder galega can be used as energetic plant producing sufficient biomass yield with high energetic value. Three-cut
system at plant flowering stage guaranteed to obtain a heavy biomass yield with higher energy content. Moreover, this undemanding plant can be linked
to exploited in abandoned areas of biomass production and thereby protect these areas from forest overgrowth.
Key words: ecology, renewable energy, galega, biomass, energetic value

Introduction
Inevitability of exhaustion of fossil fuels is becoming increasingly intensive, efforts are on to find and use substitute
form of energy. K. Hubbert, a geologist for the US geological survey, was discussing how fuels, specifically oil and coal,
will come into and go out of use, e.g. oil might even peak out before 2050 (Calvin, 1978). Search of renewable energy
sources has a global importance target to conserve and clear environment (Franzese et al., 2009; Hellegers et al., 2008).
Energy sources partly correspond to the energy forms. Gross Energy Requirement focuses on fossil fuel use and is capable
to support the development of more efficient use of commercial energy. Renewable energy resources mainly addressed
for environmental aspects of sustainable development decreasing CO2 emission and present alternative solution of fossil
fuels usage (Stoeglehner, Narodoslawsky, 2009). Fossil carbon stocks originate existed millions of years ago, but could
be consume during some centuries. A substitution of this energy sources with energetic crops becomes a real plot of land
consuming bioproductive capacity (Kalita, 2008). This might cause some different problems: environmental pressures,
social and economic consequences because of rising food prices. One of the reasons named is the production of renewable
energy sources as a new competing use of bio-capacity which adds to food production, production of industrial raw
materials etc. Food versus renewable energy sources and biofluel aspect are broadly discussed in general publications
(Demirbas, 2007; Hellegers et al., 2008; Catic and Rujnic-Sokele, 2008).
EC proposed three aims for 2020 in EU climate and energy package (EC, 2009): reducing greenhouse gas emissions
by 20 %; improving energy efficiency by 20 %; and generating 20 % of energy consumption from renewable energy.
Consequently, EU has committed to obtain 20 % of its energy from renewable sources by 2020 (Beurskens, Hekkenberg,
2011). An analysis of the 27 EU Member State action plans shows that renewable energy output has projected to grow by 6
% per year on average. Wind power, solar electricity and biofuels have foreseen to contribute with the highest growth rates.
If all Member States follow the trajectory outlined in their plans, the EU will exceed its 20 % renewable energy target by
0.7 percentage points. Total renewable energy production is projected to increase from 99 million tonnes of oil equivalent
(M toe) in 2005 to 245 M toe in 2020 corresponding to an average annual growth rate of 6 % (MEMO/11/54).
In National Renewable Energy Action Plan (NREAP) biomass present the main source of renewable energy, which
total share was 16% during 2010 in Lithuania. Biomass heat target contributes the larges part, e.g. ½ of this energy. Remain
part (~5%) are produced from bioethanol, biodisel, hydropower, solar energy, wind power. Biomass heat will make up the
biggest proportion (¾) of renewable energy production, and is the fastest growing element between 2005 and 2020 in Lithuania
REAP. Total share of bioethanol, biodisel, hydropower, solar energy, wind power is projected to increase and compose ¼ of
total renewable energy in 2020. To approach this question from an ecological perspective means to be mainly addressed the
environmental aspects of sustainable development identifying bioproductivity and potential to produce a certain amount of
energy of field crops (Dodić et al., 2011; Lewandowski et al., 2000; Stolarski et al., 2011; Franzese et al., 2009).
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In this paper biomass yield and energetic value of fodder galega (Galega orientalis Lam.) are evaluated during
vegetation period at different growth stages in order to mitigate impact of human-dominated production processes and
to provide performance and environmental sustainability (Baležentienė et al., 2003). As a renewable energy sources, this
plant could be relevant due valuable agro biological peculiarities: good adaptability to growing conditions, vegetative
propagation and longevity (it can grow 15 and more years in the same plot), high productivity (60 - 75 t ha-1 green mass,
15 - 17 t ha-1 hay, 14.79 t ha-1 dray matter and 0.3 - 0.7 t ha-1 seed) (Baležentienė, 2003; Balezentiene, 2008. Consequently,
to biological properties, galega could be used for ecological proposes: to improve soil fertility by accumulating nitrogen,
enriching with organic matter and increasing the amount of humus, to decrease soil permeability, to protect against
soil erosion and for soil preservation (Baležentienė, 2000). As energetic plant fodder galega should be regarded for
producing heavy yield with high content of dry material, especially at flowering-seed maturity stages (Adamovics, 2000;
Balezentiene, Mikulioniene, 2006 Jasinsas et al., 2008; Golušin, Munitlak-Ivanović, 2009). Delayed harvest of galega
have resulted increasing of dry materials due to increasing cellulose content and diminishing of feed materials synthesis
(Chamberlain, Wilkinson, 1996; Braun et al., 2005).
The main object of this research is to assess galega, as novel energy crop, ability to provide environmental
sustainable and renewable energy source at different growth stages and during vegetation in total.
Methods
Galega was sown in 3 terms (the 1st ten-day period of May and 15 and 30 day later) at the Research Station of
Lithuanian University of Agriculture (Balezentiene et al., 2003). The trials were set on a sandy moraine humic horizon of
Calcary–Epihypogleyic Luvisol, LVg–p–w–cc (FAO/UNESCO, 1997). Soil agrochemical analyses have done at Agrochemical
Research Centre of the Lithuanian Institute of Agriculture accordingly to these methods: pH evaluated potentiometric,
humus percentage by Tyurin, total nitrogen by Kjeldahl, content of available P2O5 and K2O by acetone–lactate (A-L)
analysis, hydrolythic acidity by Kapen and sum of saturated bases by Kapen-Gilkovich. Soil pHKCl rated between 7.0–7.1,
P and K content – 18.2 and 21.3 mg 100 g-1 respectively (Table 1). Background fertilising P60 and K60 have applied only
in autumn. The three cuttings have done manually at the beginning of the grasses flowering stage. Chemical composition
of green mass has determined by NIRS.
Examined dry matter (DM), crude lipid (CL) crude fibre (CF), crude protein (CP) were assayed accordingly
Weender forage analytical methods in ‘Tempus’ laboratory of Lithuanian Agricultural University (Nauman, Baasler,
1983). Element concentrations in DM were analysed using near-infrared reflectance (NIR) spectroscopy (PSCO/ISI IBMPC 4250; Pacific Scientific, USA) according to the database of research plants.
Table 1. Soil agrochemical characteristic
pH

Humus,
%

Total N,
%

Available P2O5
mg100 g-1

Available K2O, mg
100 g-1

Hydrolythic soil acidity mg
eq100 g-1

Sum of saturated
bases mg eq100 g-1

7.1

3.05

0.172

18.2

21.3

1.8

17.9

Energetic value of biomass (EV, MJ kg -1) of examined forage grass was calculated by a standard formula (LST
1986:2007; Madlener et al., 2009; Franzese et al, 2009; Carter et al., 2008) on a basis of plant species biomass chemical
analysis which have presented by Baležentienė (2004) and Baležentienė, Mikulionienė (2006):
ME = 14.07+0.0206 x CL-0.0147 x CF-0.0114 x CP;
means:
CL- crude lipid g kg-1;
CF- crude fibre g kg-1;
CP- crude protein g kg-1.
Additionally, level of data statistical significance was calculated using computer programme ANOVA for analyses
of correlation and variance. The least significant difference (LSD) index was used to evaluate significant differences
(p<0.05) between the studied crop yields, chemical composition and energetic value.
Results
Though galega has a long continuous period of vegetative growth, but active vegetation starts depending on
meteorological conditions, usually on the beginning of April. Galega seed mature within 98–102 day (Table 2). The
ability to mature seeds is an important characteristic of galega. This peculiarity to mature seed assures species propagation
and is important for plant spread in new territories. Moreover, this undemanding plant can be linked to exploited in
abandoned areas of biomass production and thereby protect these areas from forest overgrowth. As confirmed by tests
data, galega produce high biomass without fertilizer and pesticide thus making a relatively environmentally sustainable
crop (Baležentienė et al., 2003). Therefore, employment of galega biomass as energy source should help to alleviate the
scarcity of petroleum products and create healthy environment.
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Table 2. Average duration of vegetative growth stages of fodder galega
Beginning of vegetation
04 08 - 12

Tillering
04 07-05 09

Bud phase
05 10-05 25

Flowering
05 25-06 20

Seed maturity
07 18-08 15

Duration of development
98 - 102

LSD05
11

Early sowing positively influenced initial growth because galega has long germination period and slow development.
Due to better meteorological and environmental conditions the 1st sowing term guarantee sufficient soil moisture for seed
germination and seedlings growth (Šlepetys, 2008). Therefore, the densest stand and the heaviest biomass yield formed
in this treatment in the next year as compared with stands of later sowing terms (Table 3). Decrease of soil moisture,
temperature fluctuation, increase of weed number and slow initial galega development of later sowing term conditioned
forming of non-closed and weak stand that might disappear after winter.
Table 3. Galega’ energetic value and yielding response on sowing time
Sowing data
1st 10-day period of
May
After 15 d.
After 15 d.
LSD05

Winter hardness, %

Crop density, un. m-2

90.6
88.0
73.5
9.12

137
110
73
17.6

Height of plants at flowering,
cm
127
116
103
9.91

DM, t ha-1
14.79
12.19
11.66
1.02

EV, MJ
kg-1
10.72
9.95
8.76
1.04

Due to intensive vegetative propagation, GM and DM yield of galega increase year by year. Nonetheless, the
maximal tillering and GM yield formed only in the 3rd year after sowing have obtained. Significantly the heaviest DM yield
(14.79 t ha-1) obtained in earliest sowing treatment. Differences of biomass energetic value were determined significant
only between the 1st (10.72 MJ kg-1) and the 3rd (8.76 MJ kg-1) treatments (Table 3). Thus early sowing terms are the most
preferable to obtain heavier DM yield with bigger energetic output. The term of later sowing is not suitable due to decline
of DM yield and energetic value.
Assayed chemical composition data confirmed that galega is productive and valuable fodder crop due to sufficient
CP content (Table 4). Rate of GM and DM yield, digestible materials and VE ranged accordingly growth stage and cuttings.
In agreement with references (Jasinskas et al., 2008; Kalita, 2008), plant maturity increase content of CF, therefore DM
and EV galega. As data of chemical analysis testify, fibre content increased during plant vegetation and development
period CF content was 210.8-246.2 g kg-1 at tillering – budding, and increased up to 258.0 g kg-1 at flowering stage in I
harvesting. The same decrease of main indices of biomass chemical composition has observed in subsequent II and III
harvestings, thus changing energetic value of biomass.
Table 4. Chemical composition (g kg-1 DM) and energetic value of fodder galega biomass in different development stages and
harvesting
Growth stage

CP

CF

CA

CL

P

K

Ca

5.9
4.4
4.0
3.5
0.47

15
10.8
9.1
8.3
1.01

8.9
7.7
6.8
5.9
0.92

EV, MJ kg-1

st

1 harvesting
Tillering
Budding
Beginning of flowering
Complete flowering
LSD 05

267.0
247.5
226.4
189.9
10.3

Tillering
Budding
Beginning of flowering
Complete flowering
LSD 05

233.7
234.0
234.4
234.6
9.87

Tillering
Budding
Beginning of flowering
Complete flowering
LSD 05

239.1
229.0
220.2
219.7
9.02

210.8
246.2
258.8
285
12.1

109.5
98.3
79.2
70.3
8.79
2nd harvesting
252.9
80.6
252.1
80.0
251.5
80.9
250.8
81.0
11.4
7.01
3rd harvesting
247.5
84.3
248.7
84.0
248.9
83.1
251.0
80.1
9.11
2.97

29.9
26.7
24.6
21.5
3.41

7.69
8.64
9.73
10.79
1.03

25.1
25.2
25.3
25.4
0.19

4.2
4.0
4.1
3.5
0.04

9.5
9.4
9.3
9.1
0.12

7.1
7.2
6.9
6.9
0.14

9.36
9.38
9.41
9.45
0.91

25.9
24.3
21.7
21.0
2.61

4.2
4.0
3.9
3.7
0.45

9.3
8.9
8.7
8.5
0.11

7.4
7.1
7.0
7.0
0.10

8.69
9.31
9.43
9.61
0.87

As Braun et al. (2005) referred, maturation of the grass leads to growing content of cellulose and lignin, contrary
to diminishing of others components such as minerals, digestible proteins etc. in biomass. Therefore, harvesting time of
fodder galega for energy production must be no earlier than flowering end (Zaltauskas et al., 2001). As water content also
reduced in biomass while plant aged, thus plant became more suitable for energy purposes. Obtained investigation data of
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chemical analysis showed that biomass of maturated fodder galega is most suitable for biofuel utilisation. Moreover, during
the 1st cut it has observed that growth stage had a greater impact than that of the harvest time on chemical composition
(Fig. 1). Thus, insignificant changes of such energetically important index as crude fibre content have observed in the 2nd
and 3rd harvests of fodder galega.

Figure 1. Energetic value (EV) and its ratio at different growth stages and cuts of fodder galega

It also could be assumed, that galega regrowth well enough when three cuts systems has applied at plants flowering
stage during the growing season. The higher the number of cuts has not tested because plants have not supermaturated.
It should be noted, that after the second harvest, when the plant resources and the environment have reduced, atoll
regeneration was observed the slowest in our agroclimatic conditions.
Conclusions
Exhaustion of fossil fuels resource leads to approaching for maximizing findings of renewable sources of biomass
productivity. Increasing bio-crude content with quality product should be adopted which will help to alleviate the scarcity
of petroleum products as well as create healthy environment. In this study fodder galega (Galega orientalis) is provided
as one of energetical plant species for solving this problem in Lithuania. As long-term field test data showed, galega
development duration (98 days) in full compliance with the Central Lithuanian agroclimatic conditions: plants are fully
mature and managed to produce sufficient seed yield. Seed production is important galega bio-peculiarity in order to
distribute this legume species in Lithuania. Early spring seed drilling is best, since that time is the most favourable
temperature and moisture conditions for seed germination and plant development, therefore resulting in thickest (137
shoots m-2) and productive (12.79 t ha -1 DM) crop. In order to obtain a higher galega green mass yield with higher energy
content, it should be recommended three-cut system at plant flowering stage. Galega first cut grass is a high nutritive value
when cut at tillering or early flowering stages. Maturation of the crop increase in crude fibre content up to 285 g kg-1 DM,
thus reducing their digestibility, but increasing energetic value input to 10.79 MJ kg-1. Therefore long-term fodder galega
can be used as energetic plant producing sufficient biomass yield with high energetic value.
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Quality Evaluation of Briquettes Made from Biomass
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Abstract
At logging and at the subsequent wood and wood semi-products treatment the fine grained loose waste is arising, e.g. wood dust, saw dust,
shavings, chips, bark etc. One of possibilities of its meaningful utilization is the briquetting technology, which product are briquettes determined
for energetic utilization (combustion). In the paper the experimental results are published. The briquettes quality evaluation was their aim. For the
briquetting tests spruce sawdust, oak shavings, shavings mixture (about 90% spruce and 10% oak), aspen chips and birch chips were used. The basic
physical-mechanical properties were the evaluation criteria. Following properties were determined: gross calorific value, ash amount, total moisture
content, density, rupture force, length, diameter, density and mechanical durability. From the test results it is evident that the briquettes made from
five different materials are of very different properties. All briquettes fulfilled the demands of relevant directives for gross calorific value and total
moisture. From the viewpoint of ash amount four from five samples met the requirements, for aspen chips was about twice the prescribed value is
exceeded. From the viewpoint of the mechanical durability the briquettes made from mixture of spruce and oak shavings were of above-average
properties. The briquettes made from spruce sawdust and oak shavings were of average, briquettes made from birch and aspen chips of below-average
mechanical durability. From the viewpoint of density four from five samples met the requirements. The briquettes made from oak shavings and from
shaving mixture were of density higher than 1000 kg·m-3, briquettes made from spruce sawdust and aspen chips were of density than 900 kg·m-3. The
briquettes from birch chips were of density only of 1 kg.m-3 lower than it was demanded. It is possible to say that from this viewpoint the briquetting
press was suitable. These tests were carried out although none of existing directives prescribes the demands on the briquettes rupture force. At that it
was determined that this force intensity increases with the increasing briquettes density. In the following part of these tests the briquettes dimensions
(diameter and length) and weight were measured. At that it was determined that the briquettes diameter depends slightly on the density. But their length
and weight depend on the density more closely.
Key words: wood, briquetting, wood briquettes, density, rupture force

Introduction
The more comfortable human life is paid by him excessive energy increase in all its forms. The reserves of not
renewable energy sources (coal, crude oil, natural gas) are not limitless, they gradually get exhausted and their price
continually increases. Nevertheless they cover about four fifth of the energy consumption.
In last decades the renewable energy sources are preferred, e.g. wind energy, water energy, solar energy and biomass
energy. The effort results of more extensive utilization of the wind energy and solar energy are in the conditions of the
Czech Republic not conclusive. But the utilization of the biomass energy appears as the perspective. Compared with other
countries we are still lagging behind. According to various published information in the Czech Republic only a few per
cent of consumed energy is produced from biomass. At the some time in some countries they are produced even tens per
cent. They are several causes of this fact – from the potential user’s small knowledge of the biomass utilization advantages
to the not quite sufficient subsidy policy in this field (Obnovitelný zdroj energie (Renewable energy source) 2011).
Biomass is an organic mass of vegetable origin. It can be obtained by two methods:
• From biomass grown on purpose – e.g. herbs (annual, biennial, multi-annual or perennial) or from
short rotation woody crops.
• From waste biomass – e.g. municipal waste, waste from agricultural basic production or waste from
wood logging and processing (Stupavsky, 2008, Biomasa (Biomass), 2011).
The biomass processing depends especially on its properties. At present the following processes are mostly used:
• Thermo chemical – gasifying, combustion,
• Biochemical – methane fermentation, alcoholic fermentation,
• Chemical – esterification,
• Biological – composting, wastewater treatment (Biomasa (Biomass), 2011).
For combustion the biomass is prepared to the suitable size and form. Wood fuels (so called dendromass) are
usually supplied as logs, bark, chips, sawdust, shavings, briquettes and pellets. Fuels made from energy plants are usually
supplied as bale goods, chaff, briquettes (Basore, 1929, Sheridan, Berte, 1959, Plistil et al., 2004) and pellets (Plistil,
2005, Novakova, Brozek, 2008, Punko, Gavrilovich, 2009).
In the literature the pieces of information are published about a lot of plant species suitable for growing on purpose
and for further energy utilization. In the Czech Republic conditions the growing of poplars, locusts, willows, alders and
birches is convenient for these purposes as the best. They are planting on plantations and after a short time (about 2 – 8
years) harvested and processed. By the plantations establishing of quick growing trees it is possible to utilize practically
the loose or not utilized farmland e.g. along highways, roads, on mine wastes or ash disposal sites, localities endangered
by air pollutants etc. (Moudry, Kalinova, 2004.
In this paper we engage in problems of dendromass – biomass acquired from wood, namely from waste resulting
from following processing (spruce sawdust, oak shavings, shavings mixture 90% spruce and 10% oak). For generalization
of obtained pieces of knowledge two on purpose grown biomass in form of chips (aspen and birch), were tested.
Heating using firewood in various forms is today in the Czech Republic still relatively financially advantageous.
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The year-long costs for family house (consumption 80 GJ.year-1) are at wood chips heating about 16 000 CZK, at firewood
heating about 21 900 CZK. The heating using wood waste is a bit more expensive (using pellets 23 900 CZK, briquettes
29 300 CZK). In the pellets and briquettes price their production costs are included. The year-long heating costs using
brown coal are about 23 500 CZK, hard coal about 30 200 CZK, natural gas about 36 500 CZK and electric power about
50 200 CZK (Porovnání nákladů na vytápění podle druhu paliva (Comparison of heating costs by fuel type), 2011) (for
information: 30. 3. 2011 the exchange rate was 1 € = 24.52 CZK).
But the briquetting technology is not limited only to non-metallic materials (Brozek, 2001, Brozek, Novakova,
2009). It is used also for processing of chips resulting from metallic materials machining (Brozek, 2002, Brozek, 2009)
be it on the ferrous basis (steel, cast iron) or on the non-ferrous basis (Brozek, 2001, Brozek, 2005, Brozek, Novakova,
2010). In this case the waste volume reduction, handling facilitation or possibility of its as following material utilization
are the main aims.
The aim of carried out experiments was the evaluation of briquettes quality from the point of view of used materials
and its density, mechanical durability, rupture force, moisture content, gross calorific value, ash amount, length, diameter
and weight.
Material and methods
The important properties of briquettes and pellets are their mechanical properties, which influence their storage
time and handling. The mechanical properties of briquettes and pellets determined for combustion are specified in relevant
national directives, in the Czech Republic e.g. by the Directive of Ministry of Environment (DME) No 14/2009, which
prescribes the requirements on briquettes from wood waste. Analogous directives are valid in other countries, too, e.g.
in Germany the standard DIN 51731, in Austria the standard ŐNORM M 7135, in Sweden the standard SS 187120, in
Switzerland the standard SN 166000 and in Norway the standards NS 3165, NS 3166 and NS 3167. The Directives and
above mentioned standards require the density of briquettes and pellets at least of 900 kg·m-3, or more precisely between
1000 and 1400 kg·m-3.
The requirements on the briquettes mechanical durability are given in the standard CSN P CEN/TS 15210-2 (83
8221), including the description of the test device (Fig. 1). Using this test the briquettes with the length above two times
the diameter are cut to a length equivalent to two times the diameter. Smaller particles are separated by the use of the sieve
of the specified aperture size. Then the prepared samples are placed in the durability drum and rotated under the given
conditions. The briquettes are subjected to controlled shocks against each other and against the walls during the chamber
rotation. Afterwards the samples are passed through the sieve again. The mechanical durability is calculated as the ratio of
the mass of the pre-sieved briquettes before the drum treatment to the mass of sieved briquettes after the drum treatment.
The requirements on the briquettes strength are included in none of above mentioned regulations. But it is very important
that briquettes were of adequate cohesiveness in order that at common handling neither crumbling nor falling apart occur
(Brozek, 2001, Brozek, Novakova, 2009).

Figure 1. Principle of the durability drum: 1 – motor, 2 – drum, 3 – baffle

Figure 2. Principle of the plate-loading test

The aim of carried out experiments was the evaluation of briquettes quality from the point of view of used materials
and fulfillment of required density. Five types of briquettes made from wood waste were put into the tests. The waste
involved spruce sawdust, oak shavings, mixture of about 90% spruce and 10% oak shavings. The set of tested materials
was supplemented with two types of dendromass, namely with aspen and birch chips.
For the briquetting production the briquetting press of the firm Briklis, type BrikStar 200 of the pressure chamber
diameter 50 mm was used (Briketovací lisy BrikStar (Briquetting presses BrikStar), 2011). From each of above mentioned
materials about 20 kg briquettes were made. One half of this amount was used to the durability test according to CSN P
CSN/TS 15210-2, the second half was statistically evaluated (Brozek, Novakova, 2009. The briquettes were numbered,
weighted and their length and diameter measured. Then the briquettes were plate-loading tested using the universal tensile
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strength testing machine (Fig. 2). Except for this the gross calorific value (according to CSN EN 14918) and the total
moisture (according to CSN EN 14774-2) were determined.
From the measured values the briquettes density was calculated. With regard to the used technology the briquettes
were of different length. Therefore the rupture force was recalculated and it is presented as the force per unit (per 1 mm
briquette length).
Results and discussion
The results of carried out tests are presented in following Figs. and Tab. Fig. 3 presents the distribution of the
briquettes density, Fig. 4 the distribution of the rupture force, Fig. 5 the distribution of the briquettes length, Fig. 6
the distribution of the briquettes diameter, Fig. 7 the distribution of the briquettes weight. The measured values were
statistically evaluated. The results are synoptically presented in Tab. 1.

Figure 3. Distribution of the briquettes density

Figure 4. Distribution of the rupture force

Figure 5. Distribution of the briquettes length
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Figure 6. Distribution of the briquettes diameter

Figure 7. Distribution of the briquettes weight
Table 1. Test results

Gross calorific value
MJ·kg-1

Ash amount
%

Moisture content
%

Mechanical durability
%

Spruce sawdust

20.0

0.29

6.8

6.1 ± 0.4

Oak shavings

26.9

0.24

7.9

6.3 ± 3.9

Shavings mixture

17.4

0.28

8.8

2.9 ± 0.6

Aspen chips

19.1

2.99

4.5

24.7 ± 1.4

Birch chips

21.8

0.59

6.3

12.0 ± 0,3

Briquettes material

Density
kg·m-3

Rupture force
N·mm-1

Length
mm

Diameter
mm

Weight
g

Spruce sawdust

982.7 ± 14.1

102.3 ± 23.8

74.0 ± 2.6

51.9 ± 0.3

153.8 ± 5.7

Oak shavings

1064.6 ± 11.0

170.1 ± 30.5

58.4 ± 2.6

51.6 ± 0.2

129.8 ± 5.6

Shavings mixture

1023.7 ± 18.8

111.5 ± 32.0

62.6 ± 4.8

52.0 ± 0.4

135.9 ± 10.1

Aspen chips

929.4 ± 36.0

34.3 ± 12.8

79.6 ± 14.2

51.6 ± 0.6

155.1 ± 29.1

Birch chips

898.8 ± 18.0

65.6 ± 19.9

71.5 ± 4.8

52.5 ± 0.3

139.3 ± 9.7

Briquettes material
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From the test results (Figs. 3 – 7, Tab. 1) it is evident that the briquettes made from five different materials are of
very different properties.
From the point of view of the gross calorific value related to the moisture-free state (according to CSN EN 14918)
all materials satisfy (min. 17 MJ.kg-1), as well as of the moisture content (max. 10 %). From the point of view of the ash
amount (max. 1.5 % wt.) meet the four samples, one sample failed (aspen chips).
From the viewpoint of the mechanical durability (according to CSN EN 14961-1) one sample (shavings mixture)
met the highest requirements (DU ≥ 95%). Briquettes made from two other materials (spruce sawdust, oak shavings) met
the middle value (DU between 90 and 95%). Two remaining samples were of smaller mechanical durability, namely of
DU = 88.0% (birch chips) and DU = 75.3% (aspen chips).
The briquettes density was the next watched parameter (Fig. 3). The Directive of Ministry of Environment No
14/2004 was fulfilled by four from five briquette types; the fifth type did not fulfill it only closely. The highest density was
determined at briquettes made from oak shavings (1065 kg·m-3), lower at briquettes made from the shavings mixture of
about 90% spruce and 10% oak (1024 kg·m-3). The satisfactory density was determined at briquettes made from spruce
sawdust (983 kg·m-3) and from aspen chips (929 kg·m-3). The lowest density was determined at briquettes made from
birch chips (899 kg·m-3). From the curves course (Fig. 3) the different results (arithmetic mean and standard deviation)
are evident. The results were determined and supported by the calculation results (see Tab. 1).
The rupture force results are interesting, too. The highest force needed to rupture at the plate-loading test (see
Fig. 1) was determined at briquettes made from oak shavings (170.1 N·mm-1), considerably lower at briquettes made
from shavings mixture (111·5 N.mm-1) and from spruce sawdust (102.3 N·mm-1). Even lower value was determined at
briquettes made from birch chips and the lowest value (34.3 N·mm-1) at briquettes made from aspen chips. Nevertheless
it is necessary to emphasize that neither these briquettes were falling into pieces at common handling.
The comparison between the rupture force and the density is interesting, from which the mild dependence follows.
It is expressed by the equation F = 0.70 . ρ – 575.40, from which the mild dependence follows (R2 = 0.67).
The pressure chamber diameter used for the briquettes production was of 50 mm. As it is evident from the test
results, the diameter of all briquettes was bigger (Fig. 6). The diameter of briquettes made from oak shavings and aspen
chips approximated the matrix diameter at most (51.6 mm). On the contrary, the biggest diameter was measured at
the briquettes made from birch chips (52.5 mm). Also from a small set of only five results it is possible to find a week
dependence between the briquettes density and diameter (d = - 0.0035 . ρ + 55.39; R2 = 0.39). From this dependence
it follows that briquettes of higher density enlarge their diameter more than the ones of lower density. The briquettes
diameter enlargement compared to the matrix diameter ranges approximately from 3% to 5%.
Next the briquettes length (Fig. 5) and weight (Fig. 7) was watched. The dependence between the briquettes length
and density is expressed by the equation L = - 0.11 . ρ + 173.55, R2 = 0.70; between the briquettes weight and density
m = - 0.15 . ρ + 286.82, R2 = 0.79.
Nevertheless it is necessary to emphasize that from the viewpoint of the briquettes quality these two parameters
are not interesting. The briquetting press works so that at each piston working stroke the different material amount gets
in the pressure chamber. The material is pushed by a short screw conveyor which is placed in the hopper bottom. Then
the briquette weight and length depends on the material amount which gets at the piston working stroke in the press
chamber.
Conclusion
The paper contains the laboratory test results of briquettes from five different non metallic materials, namely spruce
sawdust, oak shavings, shaving mixture of about 90% spruce and 10% oak, aspen chips and birch chips. For briquetting
the briquetting press Briklis type BrikStar 200 of the 50 mm pressure chamber diameter was used. For the evaluation
following parameters were determined: gross calorific value, ash amount, total moisture, mechanical durability, density,
rupture force, briquettes length, diameter and weight.
All briquettes fulfilled the demands of relevant directives for gross calorific value and total moisture. From the
viewpoint of ash amount four from five samples met the requirements, for aspen chips was about twice the prescribed
value is exceeded.
From the viewpoint of the mechanical durability the briquettes made from mixture of spruce and oak shavings
were of above-average properties. The briquettes made from spruce sawdust and oak shavings were of average, briquettes
made from birch and aspen chips of below-average mechanical durability.
From the viewpoint of density four from five samples met the requirements. The briquettes made from oak shavings
and from shaving mixture were of density higher than 1000 kg·m-3, briquettes made from spruce sawdust and aspen chips
were of density than 900 kg·m-3. The briquettes from birch chips were of density only of 1 kg·m-3 lower than it was
demanded. It is possible to say that from this viewpoint the briquetting press was suitable.
These tests were carried out although none of existing directives prescribes the demands on the briquettes rupture
force. At that it was determined that this force intensity increases with the increasing briquettes density.
In the following part of these tests the briquettes dimensions (diameter and length) and weight were measured. At

312

Rural Development 2011

Engineering and Environment of Biosystems

that it was determined that the briquettes diameter depends slightly on the density. But their length and weight depend on
the density more closely.
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Investigation of Acoustical Climate in the Shadow Zones of Noise Barriers
Ričardas Butkus, Stanislovas Merkevičius, Jūratė Nadzeikienė, Gediminas Vasiliauskas
Aleksandras Stulginskis University, Lithuania
Abstract
Acoustic noise is attributed to one of the main stressors negatively influencing human life quality. Long lasting noise effect has detrimental
effects on humans and can be described as having toxic consequences, such as disturbed constitutional effects and annoyance. These questions are of
common interest in agglomerations which are located near highways in suburbs, where the traffic flow is intensive. Constantly intensifying transport
flows in highways radiates noise which is believed will increase by 2…3 dB until the year 2015. This clearly shows that the area polluted by noise is
going to increase under the dependence 10·lg R, which indicates that it will approximately double. One of the technical solutions for the reduction of
noise is the installation of lightweight acoustic barriers between the noise source (highway) and the area which is being protected. Together with the
attenuation effect, acoustic barriers or earth berms significantly distorts the amplitude frequency characteristic of noise which leads to the changes of
acoustical comfort.
The aim of this work was to investigate the acoustic climate in the barrier shelterbelt. Acoustical climate was assessed using the data which was
adopted by measuring sound pressure levels in the various distances perpendicularly and longitudinally the acoustic barrier. Several metrics, such as
speech interference level (SIL), quality assessment index (QAI) and psychoacoustic sharpness were used as indicators of acoustic comfort. It was found
that acoustic climate in the shadow zone of lightweight barrier was poor according to above mentioned measures. It was concluded, that psychoacoustic
measure of sharpness is a better indicate of acoustical climate in near distances while QAI – further from barrier.
Key words: acoustic barrier, lightweight barrier, sound quality, acoustical climate

Introduction
The use of various constructional solutions (acoustic barriers, berms, embankments, hedgerows) is applied for
the reduction of environmental noise. The use of such installations significantly reduces the radius of area polluted by
noise. In practice, the effect of sound insulating devices is dividend when the value of Fresnel’s diffraction number N>1.
Marginal value of Fresnel’s number (when N = 1) shows the critical frequency f (Hz) in the shelter belt of barrier or
assesses the minimal height of the barrier H (m) which guarantees the effectiveness of noise reduction in the measurement
point or in the object which is under protection (Fig. 1).

Figure 1. Principal scheme of acoustical barrier and berm
H – total height of barrier, h – effective height of the barrier, a – distance noise source – barrier, b – distance barrier – receiver, A –
distance noise source – top edge of barrier, B – distance top edge of barrier – receiver or measurement point (MP), r – distance noise
source - receiver

Following the consideration that the noise spectra near highways (Fig. 2) significantly differs from the spectrum
presented in SC, NC or RC curve plots (Tocci, 2000; Bowden and Wang, 2005) we can consider that acoustical climate
in these zones cannot be attributed as acceptable. This is especially noticeable at low frequencies which are dominant in
sound spectra and their levels can be only negligibly attenuated by using above mentioned technical solutions.

Figure 2. Spectra of transport noise receding from the highway in freefield (Vaičaitis, Merkevičius et al., 2005)
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Sound pressure levels strongly depend on distance a and on barrier’s height H in the measurement points MPn. The
longer distance from noise source to the barrier, the bigger effect of direct and diffracted sounds will be in these points.
This example shows that acoustical comfort in practice can be considered as “poor” in the area of noise pollution RNP<50
m (Шак, 1995). From the psychological point of view, acoustical area cannot be attributed as favorable for the sound
pressure levels of Lp,A=50…55 dBA (Шак, 1995; Bowden and Wang, 2005) yet low and mid frequencies are dominant in
the sound spectra.
The acceptance of acoustical environment in the safety zones of the barrier can be assessed by using the data
(overall levels Lp (dBA) and frequency spectrums Lp=f(foct)) measured in actual points. This data is a base for later
interpretations and evaluations yet majority of other metrics is calculated from the noise spectrum.
Speech interference level (SIL) is a good measure of acoustical comfort yet it shows the degree to which
environmental noise interferes with the speech. The lower value of SIL, the poorer intelligibility. Calculation of SIL is
implemented as follows:

SIL =

1 n
⋅ ∑ L p ,i , dB
4 j=1

(1)

where: Lp,i – unweighted sound pressure levels in 500, 1000, 2000 and 4000 Hz 1/1 octave frequency bands (dB).
It can be maintained that the level of acoustic discomfort is considerable up to ~RNP<30 m from highways. These
changes can be explained by the distortion of amplitude frequency characteristic Lp=f(foct), which mainly causes these
affects. These examples clearly states that acoustical comfort should be appreciated when planning silent agglomerations
near environmental barriers (Mačiūnas, Zurlytė et al., 2008). Spectral envelope and level are determinant factors to
the quality of verbal communication also to the response of audible and inaudible signals and to the identification of
acoustical signals in so called cocktail party situations (ability to focus listening attention on a single talker among a
mixture background noises or other conversations).
Maximum attenuation of sound field is in the shadow zone (relatively near the barrier) i.e. changes in sound quality
are especially important and determinant near the barrier. However, objects which are situated in the reverse side of the
barrier are usually located further away, i.e. outside this most effective “shadow zone”, therefore acoustical climate is
mostly influenced by diffraction, interference and sound attenuation in air. Integrity of sound barrier (passages, holes,
gaps) acts crucial role to the characteristics of sound field.
The purpose of this investigation was to analyze the impact of sound fields to the acoustical quality of environment
in the shelter belts of the lightweight barriers.
Methodology
Attenuation of sound waves with frequency f (Hz) behind the noise barriers is usually described by diffraction
level LD (dB), which can be calculated as follows:
LD=10∙lg (20∙Ni)=13 + 10 ∙ lg N, dB

(2)

where Ni – Fresnel‘s number.
Ni = 2 ⋅

⋅ fi
c

(3)

where δ – (A+B) – (a+b) (Figure 1). δ is positive in the shadow zone, where the barrier breaks the line of sight between
the source and the receiver meanwhile negative, if the sound waves propagate above the top edge of the barrier, into the
illuminated zone; fi – frequency (Hz); c – speed of sound in air under normal conditions (~340 m/s).
Analytically expressing the relationship between the effective height of the barrier h and its position from noise
source a we get the ratio h / a which depends on frequency f (when N≥1). If the environmental barrier or earth berm has
the active height h<<b and a>h, then δ=h2/(2·a). Predicted values of diffraction level Lp (dB), indicated in Figure 1, and
characteristic frequency is calculated by the relation:

f1 =

c
a⋅ c
=
4⋅
2⋅H 2
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Table 1. Sound wave attenuation as a function of frequency
Frequency, Hz

<

1
⋅ f1
64

1
⋅ f1
64

1
⋅ f1
32

1
⋅ f1
16

1
⋅ f1
8

1
⋅ f1
4

1
⋅ f1
2

Attenuation, dB

5

5

6

6

7

8

9

Frequency, Hz

f1

2∙f1

4∙f1

8∙f1

16∙f1

32∙f1

>32∙f1

Attenuation, dB

11

13

16

19

21

24

24

With reference to Lp=f(f) in above table it becomes evident that intensity of sound field especially suppresses in the
region of high frequencies. As discussed above, acoustic effect of acoustical barrier depends on the measurement position,
i.e. if the actual point is located outside the shadow zone of environmental barrier so the question rises then, how much
does the distance affect the overall level and what’s the influence of diffraction.
Assessment of acoustical environment can be implemented by using the psychoacoustic index QAI (Quality
Assessment Index) which is a measure for evaluating the acceptance of acoustic environment. Calculation of this metric
is straightforward and is realized in several steps. First of all, average sound pressure levels are calculated in low, mid and
high frequency bands. When these averages are known, the curve from the NC family is chosen according to the average
sound pressure level in 500, 1000 and 2000 Hz frequency bands. Final calculation step is to define the energy-average
standard deviations in LF, MF and HF frequency bands. QAI value is the difference between highest and lowest energyspectral deviations. If the difference is in the range -5dB≤LQAI ≤ +5dB it is considered that the spectrum is neutral, i.e. there
is a proper balance between low, mid and high frequencies. If the value of QAI is outside ±5 dB range, frequency range is
additionally marked, in which the largest spectral deviation was found. Calculation of spectral deviations is implemented
as follows (Tocci, 2000):

jF

 n 0 ,1
 ∑10
= 10 ⋅ lg  i =1

n



L f,i



, dBA




(5)

where: ΔLf,i = Lf,i – Lp,NC,I (dB); j – low, mid or high frequency range (Hz); Lf,i – sound pressure level in i – th octave
frequency band (dB); Lp,NC,i – sound pressure levels from the NC curve (dB).
For the assessment of acoustical climate sound quality metrics can be used. These metrics are commonly related
with psychoacoustics therefore appropriately represents human response to various sounds or noises. As known, spectral
shape of any sound is the main factor affecting its annoyance therefore sounds with dominant high frequencies are usually
judged as unacceptable and annoying. For the influence of high frequencies it is handy to use psychoacoustic measure of
sharpness which is level independent and shows the role of high frequencies (f>3 kHz) to subjective perception.
Zwicker‘s sharpness was implemented for the calculation of sharpness yet it is less sensitive to loudness changes
and uses slightly different weighting function than suggested by Aures (1984). Calculation of sharpness is implemented
as follows: weighted first moment of the specific loudness N’ (sone/Bark) in critical bands z (bark) is calculated. Partial
first moment in a part of critical band which has width dz is weighted by the function g’(z) to give the g’ (z) N’ z dz. Sum
of these partial moments is then divided by total loudness N which gives the value of sharpness (Fastl and Zwicker, 2007).
However, principal determiner of sharpness is the overall spectral envelope i.e. the more high frequency components there
are in sound spectrum, the larger value of g(z) and of sharpness.
24 Bark

S=c⋅

∫ N' g( z )z dz
0

, acum

24 Bark

(6)

∫ N' dz
0

where: c – proportionality constant which is used to normalize the values to reference (narrow band noise one critical band wide
at a center frequency of 1 kHz having a level of 60 dB (c=0,11)). This sound has the sharpness of 1 acum; g(z) – weighting
function, proportional to the sharpness of narrow band noise at constant loudness; Z – number of critical band (Bark).
		 Using the dependencies of sound field’s intensity reduction LD it was tried to assess the conformity of sound field to equal
loudness contours in the shelter belts of lightweight acoustic barriers. These changes can be representatively described only
with simultaneous measurements of sound emission because noise source characteristics are fluctuating. This was achieved by
using sound level meters with the functions of data logging and FFT analysis. Hand-held analyzers Bruel & Kjaer 2250 and
2270 were used in this experiment. Bruel & Kjaer PULSE 15.0 software was used for the analysis of sound quality metrics
which were calculated from mono sound recordings which were made at 48000 Hz sample rate and 16-bit resolution.
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Results
In accordance with mathematical expression from line source 10∙lg (r) which describes sound field‘s intensity
Lp or Lp,A at any point it becomes obvious that diffraction effects are especially noticeable in the shadow zone, when the
distance from noise source r<3·a. This dependence shows the dimension influence of acoustical barrier, especially its
height, effective height, and length. For the acoustic barrier with height H and length l influence of these dimensions to
noise level attenuation is calculated as follows:

K

 4 ⋅ Ri 2
= 10 ⋅ lg 
 H⋅l



 ⋅ arctg  H
 2⋅ R

i



 l

 ⋅ arctg 
 2 ⋅ Ri






(7)

where Ri – distance from noise source to the measurement points.
Moving further away from noise source (r≥10∙a) the effect of acoustical barrier becomes trivial when compared
with sound energy dissipation in air if there was no barrier between source and receiver (Figure 3). This assumption is
valid for all the components of sound field and their intensity reduces then by law Ld = 13+10∙lg(2∙δ∙f/c). This shows that
respectively far away from noise barrier (when r>>a) sound attenuation depends only on frequency foct (Hz).

Figure 3. Attenuation of traffic noise receding from acoustic barrier in the measurement point at distance R

Figure 3 show that acoustical barrier is mostly effective in near distances which suggest the assumption, that acoustic
comfort in this area will be also affected mostly by interference and diffraction. Amplitude frequency characteristics also
changes in this zone (Figure 4). When the frequency of sound increases twice, its diffraction level rises by 3 dB i.e.
acoustical barrier has the largest influence to the attenuation of high frequencies LHF and smallest for LLF. This assumption
is also valid in real life yet low and mid frequencies are dominant in the shadow zone of the barrier.

Figure 4. Sound spectrums of traffic noise oppositely and beyond environmental barrier

Together with spectral analysis, values of QAI and SIL were determined in the shadow zone of the barriers. Speech
interference level (SIL) was attributed as satisfactory in all distances (SIL=51 ±3 dBA). The most acceptable environment
for speech communication was found in near distances (0,2·a…0,5·a) where the value of SIL was 46 dBA and less
favorable to speech in distances from a to 10·a.
Sound spectrums were fairly different from those, described in RC curves which indicate acoustical discomfort.
It was practically determined that the values of QAI were unacceptable in all distances. Up to r<3·a the values of quality
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assessment index were on average QAI=–17,2 HF (±1,6) and were only slightly better than those calculated between
noise source and barrier (QAI=–18 LF). Moving further from barrier, values of QAI decreases and the range where the
maximum deviation is found changes to mid frequencies. In conclusion, from the psychoacoustic approach acceptance in
far distances is better, but insufficient to rate this environment as good.
Influence of high frequency content was rated by the measure of psychoacoustic Zwicker’s sharpness. This
measure is handy to use because it underestimates loudness i.e. its numeral value shows only effect of high frequencies.
It was calculated from noise recordings that in the most effective shadow zone (r<5·a) values of sharpness did not vary
significantly (S=0,97…0,92 acum). The effect of barrier vanishes further away i.e. it was ascertained that in distance r=5·a
the value of sharpness was S=0,88 acum and S=0,85 acum in the distance of r=10·a. These results are almost in agreement
with other study, where only negligible changes in sharpness were found in free field (Genuit and Fiebig, 2005). This
reduction can be explained by higher diffraction level of high frequencies in far distances.
Overall analysis of acoustic environment and its acceptability to humans in the shelter belt of lightweight acoustic
barriers showed that acoustical climate cannot be attributed as favorable. This is mainly caused by the shape of sound
spectra and overall level which is relatively high.
Conclusions
1. Assessment of noise was established by the means of psychoacoustic metrics which are representative estimates of
acoustical climate. Quality assessment index was used for the assessment of spectral pattern and its conformance to
neutral curve while psychoacoustic sharpness was used for the evaluation of high frequency content.
2. The measure QAI only slightly depends on the radius of sound field. In relatively near distances R≤a the value of
QAI= –17,2 LF. Further away from barrier i.e. at distances from 3·a to 10·a acoustic environment becomes more
acceptable (QAI=–13 MF) but cannot be also attributed as favorable.
3. Assessing the changes of acoustic environment by the QAI and Zwicker’s sharpness indexes it is evident that QAI
is a better indicator in far distances (r>5·a), while sharpness for near distances. In the most effective shadow zone
sharpness’ values were found S~0,95 acum and only slightly lower further from the barrier (S=0,85 acum) at r=10·a.
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A System for the Real-time Geo-referenced Measurement of Soil Parameters
Antonio Comparetti, Pierluigi Febo, Santo Orlando
University of Palermo, Italy
Abstract
The aim of this research is to develop a system for accurately measuring in real-time, collecting and processing a high amount of geo-referenced
data of soil physical-mechanical parameters, e.g. cone penetrometer resistance, index of soil compaction, and draft force.
The system for measuring the soil cone penetrometer resistance is comprised of a load cell, connected to a rod, ending with a cone, and is mounted
on a frame, fixed to the front part of a tractor. The system for measuring the draft force required to till the soil is comprised of a load cell, mounted on the hitch
hook of a tool carrier, towed by the tractor. Moreover, in order to test the usefulness of the system with different types of linkage tractor-implement, two other
load cells were mounted, respectively, on the top link and the right point of the three-point hitch of the tool carrier. The signals of the load cells and of a DGPS
mobile receiver are acquired by a portable computer, by means of a Virtual Instrument developed in LabVIEW environment.
The results of the first tests, carried out in a field in inland Sicily, showed that: the system is able to log data with a sampling frequency adjustable
from 1 to 10 Hz; it is able to accurately measure and collect in real-time a large amount of data, which can be easily processed by means of a data sheet,
a GIS or another software usable for measuring the within-field spatial variability of soil physical-mechanical parameters; the absolute value of the force
measured on the hitch hook of the tool carrier is proportionally correlated to that measured on any point of the three-point hitch of the same one.
Key words: penetrometer, soil compaction, spatial variability, precision agriculture

Introduction
The correct management of fields according to the principles of precision agriculture also requires the geo-referenced
measurement of soil physical-mechanical parameters, e.g. cone penetrometer resistance, index of soil compaction, and
shear strength or draft force (according to the implement used for tillage). Whether the soil physical-mechanical parameters
were measured by means of sampling and analysis, the very high time and cost should limit the implementation of
precision agriculture. Therefore, these parameters must be measured in real-time, by means of specific sensors.
The geo-referenced measurement and, therefore, mapping of soil parameters (and also of crop parameters) can be
carried out by means of:
• manual instruments, for most soil parameters;
• on-the-go sensors, only for the soil parameters listed by Adamchuk et al (2004) and based on one of five
measurement principles, i.e. electrical and electromagnetic, optical and radiometric, mechanical, acoustic and pneumatic,
electrochemical (Table 1).
Table 1. On-the-go sensors available for measuring soil parameters
Soil parameters

Electrical and
electromagnetic

Optical and
radiometric

Mechanical

Compaction or bulk density

X(c)

Mechanical resistance

X(c)

Shear strength

Texture

Electrochemical

X

Draft force
Depth of topsoil or hard pan detection

Acoustic and
pneumatic
X

X(c)
X
X(c)

X
X(c)

pH

X

Salinity or Na content

X(c)

Volumetric moisture content

X(c)

X(c)

Organic matter or C content

X

X(c)

Residual nitrate or N content

X(c)

X

X
X
X(d, c)
X

X(d)

d = direct measurement sensors (all the others are indirect measurement sensors)
c = commercial sensors (all the others are experimental sensors)

The development of such real-time sensors should increase the efficiency of precision agriculture (Pierce & Novak,
1999), through a higher density and lower cost of measured data (Sonka et al, 1997).
In the future an adequate mapping of the compacted areas will enable spatially variable depth soil tillage. The
tillage depth will be optimized according to the compaction depth: variable depth soil tillage could be applied by working
just beneath the compacted layer and only where it is needed. The spatially variable setting up of working depth, aimed
at avoiding or removing soil pans, should increase farmer’s profit. Yet, until now a little amount of research results aimed
at assessing the benefits of spatially variable soil tillage is available (Comparetti et al, 2009).
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In the above perspective the aim of this research is to develop a system for accurately measuring in real-time,
collecting and processing a high amount of geo-referenced data of soil parameters, e.g. cone penetrometer resistance and
draft force.
Research materials and methods
The system for measuring the geo-referenced soil cone penetrometer resistance is comprised of a load cell Tekkal
ABA 300 (maximum measurable force of 3 kN), moved by a hydraulic jack and connected to a rod, ending with a cone
(diameter of 20.27 mm, base area of 323 mm2 and vertex angle of 30 degrees, according to the ASAE standard 313.3),
and is mounted on a metal frame, fixed to the front part of a wheeled tractor (Fig. 1). Such a system is able to carry
out measurements at a constant operating speed. Other two hydraulic jacks are used for setting up the tilt of the above
frame, in order to keep the penetration rod normal to the field plane. Moreover, a rectilinear position transducer with
potentiometric technology Gefran LT 400 and a switch, able to indicate the null depth were mounted on the above frame,
in order to measure cone penetrometer resistance values referenced to the depth.

Figure 1. The system for measuring the georeferenced soil cone penetrometer resistance:
1) load cell; 2) cone; 3) rectilinear position
transducer

Figure 2. The system for measuring the geo-referenced draft force
required to till the soil, comprising the load cell mounted on the hitch
hook of tool carrier (1) and those mounted on the top link (2) and the
right point of the three-point hitch (3)

The system for measuring the geo-referenced draft force required to till the soil is comprised of a load cell DS
Europe LT50 (maximum measureable force of 50 kN), mounted on the hitch hook of a tool carrier, towed by a tracked
tractor (Fig. 2).
Moreover, in order to test the usefulness of the system with different types of linkage tractor-implement, two other
load cells HBM U2A (maximum measurable force of 20 kN) were mounted, respectively, on the top link and the right
point of the three-point hitch of the tool carrier.
The signals of the load cells and of a DGPS mobile receiver DSNP Scorpio 6502MK are acquired by a portable
computer, by means of a Virtual Instrument, developed in LabVIEW environment. The scheme of the system for data
acquisition is described in Fig. 3.
The Virtual Instrument, able to control the multifunction input/output device and serial and/or USB ports and, then,
data acquisition, sampling and saving, is constituted by the following three modules:
1) module for decoding the GPS string (NMEA protocol, GGA format) and extracting the data of GPS Time,
Latitude, Longitude, Altitude and GPS quality factor;
2) module for acquiring soil cone penetrometer resistance values (expressed in volts), coming from the related load
cell and the position transducer, and on/off values, coming from the switch;
3) module for acquiring draft force values (expressed in volts), coming from the related load cells.
Therefore, in every work session the data are logged in only one file, having the following structure: GPS Time,
Latitude, Longitude, Altitude, GPS quality factor, value of each signal.
The setting up of the two systems was carried out at both the Laboratory of the Department of Agricultural and
Environmental Systems and the Laboratory of Measurements and Tests on Materials of Mechanics Department (DI.MA.)
of Palermo University: the force values resulted highly correlated to the signal ones, measured in volts (R2=1).
Two tests (named test 1 and 2) were carried out in a field in inland Sicily, in the territory of Ventimiglia di Sicilia
(Palermo), on a soil having a clay texture according to Miller triangle (clay 58.5%, silt 25.5%, and sand 16.0%), a water
content of 13% and a high spatial variability of compaction and draft force.
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Figure 3. The scheme of the system for data acquisition: 1) system for acquiring the cone penetrometer resistance; 2) system for
acquiring the draft force required to till the soil

In order to test the above two systems, the traffic of agricultural machines was simulated: the soil was compacted using a
Lamborghini 674-70 N wheeled tractor of 52 kW, having a wheelbase of 2 m, a track of 2.29 m and a total mass of 2,820 kg and
mounting the above system for measuring the geo-referenced soil cone penetrometer resistance. The front axle was fitted with
12.2 R24 tyres, inflated at 140 kPa, and the rear axle with 14.9 R30 tyres, inflated at 140 kPa. The soil compaction was obtained
after 20 passes of this tractor, at a mean forward speed of about 1.5 m s-1, along a path 30 m long.
Fig. 4 shows the field experimental scheme.

Figure 4. The field experimental scheme (the distances are expressed in meters)

During test 1 the soil cone penetrometer resistance was measured every 2 m along each of the two paths 30 m
long (on the undisturbed soil and on the soil compacted after 20 tractor passes, respectively) in 16 points, along a soil
profile 0–500 mm.
During test 2 the above system for measuring the draft force required to till the soil was used along the two paths,
using a subsoiler with only one tine at a working depth of about 400 mm (Fig. 5).

Figure 5. The subsoiler with only one tine used during the geo-referenced measurement of the draft force required to till the soil
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Results of research
The results of the first tests showed that the system for the real-time geo-referenced measurement of soil parameters
is able to log data with a sampling frequency adjustable from 1 to 10 Hz.
Therefore, during the measurement of the soil cone penetrometer resistance, using operating speeds up to 50 mm
s-1, this system allowed a spatial resolution of one datum every 5 mm.
Moreover, during the measurement of the draft force required to till the soil, using machine forward speeds up to 5
m s-1, it allowed a spatial resolution of one datum every 0.5 m (considered as the accuracy achievable by an inexpensive
DGPS receiver), so that this system can be used during any soil tillage.
Fig. 6 shows the results of soil cone penetrometer resistance (acquired using a sampling frequency of 2 Hz and an
operating speed of 10 mm s-1) on the soil compacted after 20 tractor passes.

Figure 6. The results of soil cone penetrometer resistance (cone index) in three measurement point (acquired using a sampling
frequency of 2 Hz and a operating speed of 10 mm s-1) on the soil compacted after 20 tractor passes

Fig. 7 shows the results of the draft force required to till the soil, measured both on the hitch hook of the tool carrier
and the top link (whose absolute value resulted almost equal to that measured on the right side point) of the three-point
hitch of the same one (acquired using a sampling frequency of 2 Hz and a machine forward speed of 1 m s-1) on the soil
compacted after 20 tractor passes.

Figure 7. The results of draft force required to till the soil, measured both on the hitch hook of the tool carrier and the top link
of the three-point hitch of the same one (acquired using a sampling frequency of 2 Hz and a machine forward speed of 1 m s-1)
on the soil compacted after 20 tractor passes
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Conclusions
The results of the first tests showed that the system is able to accurately measure in real-time and collect a large
amount of data, which can be easily processed by means of a data sheet, a GIS or another software usable for measuring
the within-field spatial variability of soil physical-mechanical parameters.
At the same time the results showed an absolute value of the force measured on the hitch hook of the tool carrier
(draft one) proportionally correlated to that measured on any point of the three-point hitch of the same one (draft one on
the two side points, compression one on the top link). Therefore, whether the ratio between the draft force measured on
the hitch hook and that measured on any point of the three-point hitch is known, it is possible to measure the draft force
required to till the soil by using only one load cell.
In the next future the tested system, relying on the required spatial resolution, will be able to automatically adjust
in real-time the sampling frequency as function of the penetrometer operating speed or machine forward speed, in order
to acquire the amount of data strictly needed for mapping the considered soil parameter.
Moreover, the test results of many instruments for the real-time measurement of soil physical-mechanical parameters
show a high correlation between the soil shear strength or draft force (depending on the implement used for tillage) and
the cone penetrometer resistance, index of soil compaction (Hummel et al, 1996; Sudduth et al, 1997; Adamchuk et al,
2004; Comparetti et al, 2008). Therefore, further tests will be carried out in the same field, in order to verify the effect
of the water content on the soil cone penetrometer resistance and the draft force required to till the soil. Whether the two
above soil parameters will be highly correlated, it will be possible to indirectly determine the cone penetrometer resistance
by using only the system for the geo-referenced measurement of the draft force or vice versa.

Acknowledgements
The authors acknowledge Prof. Leonardo D’Acquisto of Mechanics Department (DI.MA.) of Palermo University, for the collaboration
in setting up the Virtual Instrument, Mr. Vincenzo Granata and Mr. Salvatore Vassallo, for modifying the used machines, and Raciti
Company of Castel di Judica (Catania), for providing the authors of this research with the tool carrier used during the tests.
References
1.

Adamchuk V.I., Hummel J.W., Morgan M.T., Upadhyaya S.K. (2004). On-the-go Sensors for Precision Agriculture. Computers and Electronics in
Agriculture 44, pp. 71-91.

2.

Comparetti A., Febo P., Orlando S. (2008). Systems for Evaluating the Correlation between Soil Cone Penetrometer Resistance and Shear Strength.
Book of Abstracts of AgEng2008 International Conference on Agricultural Engineering, 23-25 June 2008, pp. 69-69, Hersonissos, Crete, Greece.

3.

Comparetti A., Febo P., Orlando S. (2009). Il Rilevamento Georeferenziato di Caratteristiche Fisico-Meccaniche del Terreno. Atti del IX Convegno
Nazionale di Ingegneria Agraria, 12-16 September 2009, pp. 253-253, Ischia, Naples, Italy.

4.

Hummel J.W., Gaultney L.D., Sudduth K.A. (1996). Soil Property Sensing for Site-Specific Crop Management. Computers and Electronics in
Agriculture 14, pp. 121-136.

5.

Pierce F.J., Nowak P. (1999). Aspects of Precision Agriculture. Adv. Agronomy 67, pp. 1-85.

6.

Sonka S.T., Bauer M.E., Cherry E.T., Colburn J.W., Heimlich R.E., Joseph D.A., Leboeuf J.B., Lichtemberg E., Mortensen D.A., Searcy S.W., Ustin
S.L., Ventura S.J. (1997). Precision Agriculture in the 21st Century. Geospatial and Information Technologies in Crop Management, Committee on
Assessing Crop Yield: Site-Specific Farming, Information Systems and Research Opportunities, Board of Agriculture, National Research Council,
National Academy Press, Washington, DC, USA.

7.

Sudduth K.A., Hummel J.V., Birrell S.J. (1997). Sensors for Site-Specific Management. The State of Site-Specific Management for Agriculture, ed.
F.T. Pierce & E.J. Sadler, ASA-CSSA-SSSA, Madison, Wisconsin, USA, pp. 183-210.

Antonio COMPARETTI, Department of Agricultural and Environmental Systems, University of Palermo, Viale delle Scienze,
Building 4, Palermo, Italy. Phone: +39 091 7028173, e-mail: antonio.comparetti@unipa.it.
Pierluigi FEBO, Department of Agricultural and Environmental Systems, University of Palermo, Viale delle Scienze, Building 4,
Palermo, Italy. Phone: +39 091 7028173.
Santo ORLANDO, Department of Agricultural and Environmental Systems, University of Palermo, Viale delle Scienze, Building 4,
Palermo, Italy. Phone: +39 091 7028173.

323

Rural Development 2011

Engineering and Environment of Biosystems

Research of Sugar Beet Harvesting Quality
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Abstract
Sugar beet is one of basic plants in Lithuania as they are main raw material of sugar production and bio fuels too. One of significant parts
of sugar beet production is harvesting. Agricultural equipment manufacturers are providing a lot of sugar beet combine harvesters. Self-propelled
harvesters are expensive, but are more convenient, safer and harvesting quality parameters are better. Most popular in Lithuania are sugar beet selfpropelled combine harvesters are from Ropa, Holmer, Kleine, Vervaet manufacturing companies. Main work quality characteristics of harvesters Kleine
SF10, Holmer Terra Dos T3, Ropa Euro Tiger V8-3 and Vervaet Beet Eater 617 were established in the 20 hectares of sugar beet field in Kedainiai region
22 October 2010. Special 5 point system method was used for evaluation partition of sugar beet crown, lift of roots, cleaning losses, amount of green
mass in roots and amount of dirt on roots. It was established, that partition of sugar beet crown losses were 7–12% (average 3.25 points), lift of roots
losses were 5–7% (average 3.62 points), average evaluation of cleaning losses were 3.5 points, amount of green mass in roots – 3.25 points, amount of
dirt on roots – 3.57 points.
Key words: sugar beet, sugar beet harvesters, sugar beet harvesting quality

Introduction
Sugar beet has become a strategic plant nowadays. Sugar beet is not only the raw material of white sugar, but
also the production of bio fuels. From 4400 to 4900 liters of alcohol it is possible to get from one hectare of sugar beet
(Liaukonis, 2008). This is about 2.75 times more than the amount of alcohol produced from one hectare of wheat, or 2.2
times higher for bio-ethanol produced from corn yields per hectare. More and more of sugar-beet is processed into bio
fuels in European Union countries.
Sugar beet is one of main of raw materials for white sugar production. One hundred sixteen sugar producing
countries are in the world and seventy one country from that number produce sugar from sugar cane, thirty four countries –
from sugar beet and sixteen countries – from sugar beet and sugar cane (Shpar et al, 2004). About 140 million tons per
year is producing of sugar in the world.
Most of the sugar beet production is in Europe
(FAOSTAT information, 2010), less – in North America
(Canada, USA) and Asia (China, Japan, India, Pakistan,
Syria), at least – in Africa (Egypt, Morocco, Tunisia) (Fig. 1).
Over 240 million tones of sugar beet have been produced in
the world over the years. The biggest producers in Europe
are France, Germany, and Poland.
The European Union (hereinafter EU) have taken
to reform the sugar sector in principle with purpose to give
producers long-term competition (Dansukker information,
2010). Radical reform of EU sugar sector was introduced on
1 July 2006, as the former sugar regime had become wrong
due to the fact that the EU sugar price exceeded three times world market levels. Key to the reform are: the guaranteed
minimum sugar price reduction of 36 percent, generous compensation for farmers and, most importantly, the restructuring
fund to encourage uncompetitive sugar producers to leave the industry. As a result of the reform was closure part of
sugar factories. Some of sugar factories enlarged the production and increased the competitiveness. Other factories were
closed by removing production quotas and paying them a restructuring charge. About 60 percent loss of revenue was
compensated for the farmers, according to a final 36 percent reduction of price. All of this played a role in sugar beet
and crop acreage decrease from 3.5 millions hectares in 1997 to less than 2 millions hectares on nowadays. Sugar will
continue to be produced where it effective and farmers have to decide – it pays to grow sugar beets or not.
Sugar beet crop area in Lithuania is decreasing too, the influence to that had sugar reform and the sugar quota
after Lithuania’s accession to the EU. Sugar beet crop areas decreased from 27.7 thousands hectares in 2000 to about
19 thousand hectares in nowadays. Sugar beet areas in farmer’s farms in average are about 16 hectares and agricultural
companies are about 61 hectares (Butkus et al., 2009).
Grown sugar beet crop areas and crop yield have influence to harvesting methods and machinery. Agricultural
equipment manufacturers are producing a lot of different varieties of sugar beet harvesters: one, two, three and four rows
attached to the tractor harvesters and two, three, six and nine rows of self-propelled harvesters. Self-propelled sugar beet
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harvesters are expensive for attached, but self-propelled work machines are more convenient, safer especially at night
and harvesting quality parameters are better. A few farms and farms companies has self-propelled sugar beet combine
harvesters in Lithuania. Usually it is popular to rent sugar beet harvesting from the service provider companies. It is
difficult to decide what kind of machines to choose and what machine is best suited to specific environments in large
variety of agricultural machinery. More popular sugar beet self-propelled combine harvesters are from Ropa, Holmer,
Kleine, Vervaet manufacturing companies. Therefore, it is necessary to know not only design and working principles of
agricultural machinery, but it is very important to know work quality characteristics of machinery. Damage of sugar beet
roots its important harvest quality characteristic (Wiltshire et al., 2000), (Ibrahim et al., 2001). Researches of foreign
countries evaluated damage of sugar beet roots during harvest (Gorzelany et al., 2000), (Skalicky et al., 2003), (Zandstra
et al., 2007), soil losses during sugar beet harvest (Arvidsson, 2001), (Ruysscharet et al., 2005), but not one of them don’t
attract attention to other sugar beet harvest quality characteristics: partition of sugar beet crown, lift of roots, cleaning
losses, amount of green mass in roots and amount of dirt on roots.
Main purpose of this research is to evaluate partition of sugar beet crown, lift of roots, cleaning losses, amount of
green mass in roots and amount of dirt on roots during sugar beet harvesting with harvesters Kleine SF10, Holmer Terra
Dos T3, Ropa Euro Tiger V8-3 and Vervaet Beet Eater 617.
Objects and Methods
Sugar beet root biological harvest is the primary point before evaluation work quality of sugar beet harvesters.
The first stop point for the sugar beet example is from the beginning of 100 m along the edge of the sugar beet field and
then diagonally across a field of 70 m. Sugar beet example is charged at 5 m line. Roots of sugar beet are placed in a bag
after they lift from soil, partition with knife of leaves and crown and dirt removal. Next stop is the point for 70 meters
across the field. Five examples are taken in total. Samples are weighed and calculated as the average biological harvest
Hb (t∙ha-1) of sugar beet:
Hb = 4 m						

(1)

here m – average weight of sugar beet examples, kg.
The rectangular wire frame 0.9×2 m (1.8 m2) is used for evaluation of partition of sugar beet crown and lift of roots.
Frame is placed in the harvested area at less than 100 m from the edge of the field along the top two rows (Fig. 2) first time.
Remains of roots are collected from the frame area to the plastic bag. Ten crowns are collected at random from the
frame area and sugar beet root part till crown is measured with a calliper and then cut with knife and put together with
remains of roots. Then are collected all crowns with sugar beet root parts from the frame area and after cutting root parts
put together with other remains of roots to the plastic bag. Soil is digging with a spade (Fig. 3) in the frame area and found
stubs are collected, measured with a calliper and put to the plastic bag.

Figure 2. Evaluation of partition of sugar beet crown and lift Figure 3. Soil digging in frame area
of roots

Next times frame is placed in an area of harvested two different rows every 10 m in chess procedure five times in total.
Partition of sugar beet crown evaluation carried out in 5 point system (Fig. 4): 5 points – excellent, 4 points – good,
3 points – satisfactory, 2 points and less – insufficient.
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Figure 4. Evaluation system of partition of sugar beet crown

Evaluation of lift of roots has two aspects: root stubs breakaway place and total root lift losses.
Evaluation of root stubs breakaway place carried out in 5 point system (Fig. 5): 5 points – excellent, 4 points –
good, 3 points – satisfactory, 2 points and less – insufficient.

Figure 5. Evaluation system of root stubs breakaway place

Remains of roots from each plastic bag separate are washed and weighted. Total root lift losses L (%) are
calculated:

L=

556mr
Hb

(2)

here

mr – average mass of remains of roots, kg;
Hb – average biological harvest, t∙ha-1.
			
Then evaluation of total root lift losses carried out in 5 point system: 5 points – 0–1% (excellent), 4 points – more
than 1% till 3% (good), 3 points – more than 3% till 5% (satisfactory), 2 points and less – more than 5% (insufficient).
Evaluation of amount green mass in roots, amount of dirt on roots and cleaning losses carried out using 5 point
system too. Three evaluators assessed visually cleaning losses by monitoring sugar beet harvester work concentrated
attention to the spread of sugar beet roots remains from rotary cleaning apparatus. The same evaluators assessed visually
amount of green mass in roots and dirt on roots after roots discharge from harvester to the trailer or pile (Fig. 6). Average
points of three evaluations are calculated.

Figure 6. Evaluation of green mass in roots and dirt on roots

Results of the Research
Research of sugar beet harvesting quality was investigated in the 20 hectares of sugar beet field in Kedainiai region
22 October 2010. Meteorological weather conditions were favorable for sugar beet harvesting. Sugar beet was harvested
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using four models of harvesters: Kleine SF10, Holmer Terra Dos T3, Ropa Euro Tiger V8-3 and Vervaet Beet Eater 617
(Fig. 7). Technological settings of combine harvesters were optimal, according working instructions.

a

b

c
d
Figure 7. Sugar beet combine harvesters: a – Kleine SF10, b – Holmer Terra Dos T3, c – Ropa Euro Tiger V8-3, d – Vervaet
Beet Eater 617

Main technical characteristics of sugar beet combine harvesters are presented in the Table 1.

Table 1. Main technical characteristics of sugar beet combine harvesters
Technical
characteristics

Harvesters of sugar beet
Kleine SF10

Holmer Terra Dos T3

Ropa Euro Tiger V8-3

Vervaet Beet Eater 617

15

28

40

25

Engine rating, kW/HP

320/453

353 /480

444/604

340 /465 HP

Number of lifting units
(rows)

6

6

6

6

Tank capacity, m3

Cleaning system

5 turbines

6 long spiral rollers
4 short spiral rollers
1 transfer web
(reversible)
3 turbines

transfer conveyer,
pitch, 3 turbines,
elevator

6 turbines

Each harvester had harvested 1 ha of sugar beet during evaluation. Working speed of harvesters was 5–6 km∙h-1.
Biological harvest of sugar beet was 65 t∙ha-1.
Partition of sugar beet crown losses changed from 5% (4 points) to 20% (2 points). Average sugar beet combine
harvesters quality evaluating partition of sugar beet crown losses was evaluated 3.25 points – satisfactory (Fig.8).
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Figure 8. Evaluation points of partition of sugar beet crown (p=0,95)

Lift of roots losses changed from 1% (5 points) to 5% (2 points). Average sugar beet harvesters work quality
evaluating lift of roots losses was good – 3.5 points (Fig.9).

Figure 9. Lift of roots evaluation points (p=0,95)

Other sugar beet combine harvesting quality characteristics are presented in the Table 2.
Table 2. Evaluation results of cleaning losses, amount of green mass in roots and amount of dirt on roots

Quality characteristics

Kleine SF10

Harvesters of sugar beet
Holmer Terra
Ropa Euro Tiger
Vervaet Beet
Dos T3
V8-3
Eater 617
Average points of evaluation

Average

Cleaning losses

2.0±0,071

3.0±0,146

5.0±0,191

4.0±0,163

3.5±0,143

Amount of green mass in
roots

4.0±0,093

3.0±0,128

2.0±0,095

4.0±0,158

3.25±0,119

Amount of dirt on roots

4.3±0,185

3.0±0,093

2.3±0,116

4.7±0,144

3.57±0,135

Average cleaning losses were evaluated good (3.5 points), amount of green mass in roots – satisfactory (3.25
points), amount of dirt on roots – good (3.57 points).
Harvesting quality of sugar beet mainly depend from meteorological conditions, harvesting time, operators
experience and technical parameters of harvesters. Sugar beet harvesters’ parameters mainly had influence to the harvesting
quality during research as was congenial weather, optimal harvesting time and past-masters worked with harvesters.
Conclusions
1. Sugar beet harvesting quality mainly depend from meteorological conditions, harvesting time, operators experience
and harvesters work parameters. Main sugar beet harvesting quality characteristics are partition of sugar beet crown,
lift of roots, cleaning losses, amount of green mass in roots and amount of dirt on roots.
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2. It was evaluated that partition of sugar beet crown was satisfactory (3.25 points), lift of roots losses – good (3.5),
cleaning losses – good (3.5 points), amount of green mass in roots – satisfactory (3.25 points) and amount of dirt on
roots – good (3.57 points) working with self-propelled harvesters Kleine SF10, Holmer Terra Dos T3, Ropa Euro
Tiger V8-3 and Vervaet Beet Eater 617.
3. Sugar beet harvesters’ working technological parameters mainly had influence to the harvesting quality during research
as were favorable meteorological conditions, optimal harvesting time and past-masters worked with harvesters.
4. It is necessary to continue sugar beet harvesting quality researches depending from harvesting time and meteorological
conditions in Lithuania.
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Determination of Low Power Boiler Efficiency and Harmful Emissions while
Burning of Energy Plants
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Abstract
Analytical review and the results of experimental studies of plant biomass production and its usage as the environmentally-friendly local fuel is
presented in this paper. The analytical review of experimental research results of energy plants preparation for burning and burning is given, evaluated
and compared with the emissions of harmful substances into the air while burning these plants. There were presented and compared the experimental
research results of determination the low power boiler efficiency and harmful emissions while burning of the energy plants, such as willows, black
poplar and aspen hybrid, chopped by the drum choppers, and these plants burning was compared with ashen wood burning. The test is carried out in
the laboratory low power boiler, which is designed to burn wood, wood briquettes and large chaff. After determination of harmful substances emissions
into the environment it was concluded, that burning efficiency of energy plants was better and pollution concentration was lower when aspen hybrid
and black poplar were used, bigger amount of pollutants were determined when willows was burned, and the biggest amount of pollutants was while
burning of ashen wood.
Key words: biomass, energy plants, low power boiler, burning, harmful emissions

Introduction
At the beginning of the Industrial Revolution, the atmospheric concentration of CO2 was 280 ppm but has increased
in the post World War II industry to 367 ppm in 1999 (IPCC, 2001). The concentration of CO2 in the atmosphere continues
to climb at a rate of 1.5 ppm yr-1 which has caused a 0.8 0C increase in global temperatures since 1750 with the most rapid
increase occurring after 1970 (Friedman, 2008). The blame can lie predominantly on the current energy system, its energy
consumption (Sari & Soytas, 2009) as well as deforestation and land use changes (Scott, 2007). Of the CO2 emitted into
the atmosphere, 75% is derived from the burning of fossil fuels and the remainder is from deforestation (IPCC, 2001).
If energy consumption decreases and the energy system changes the emissions and their negative effects should also
minimize (Sari & Soytas, 2009). If the energy system does not change, models project atmospheric CO2 concentrations of
540 to 970 ppm by 2100 (IPCC, 2001).
The Industrial Revolution of the 18-th century began with the replacement of wood with coal as the fuel source
for steam engines and not long after the 19th century saw the implementation of crude oil as a fuel for lamps, heat and
machines (Friedman, 2008). This increased consumption and technology that led to humanity’s dependence on fossil fuels.
The interest in alternative energy sources has increased in recent years due to the realization of the negative consequences
of climate change and the depletion of fossil fuel reserves.
Renewable energy has the potential to replace petroleum and other fossil fuel energies. Plant biomass is a source
of renewable energy and can be burned to produce heat or electricity, be converted into other bio-products and provide
environmental services and supply economic benefits (Keoleian & Volk, 2005). Hydro-, bio-, geothermal- and solar
energies are among these alternative energy sources. Renewable energies have lower CO2 emissions released when
compared to fossil fuel energies.
Growing and usage of plant biomass for energy purposes is a major source of renewable energy. Currently, biomass
accounts for about half of the renewable energy used in the European Union (Communication from the Commission,
2005; Renewable energy…, 1996). European Union countries, estimated the volume of biomass energy by 2020 increase
to 3-3.5 times, and by 2030 – 3.5-4.5 times (Šateikis, 2006). The target for share of energy from renewable sources in the
final consumption of energy in 2020 for Lithuania is equal to 23% according to proposed Directive on renewable energy
sources (RES) (Kryževičienė, 2003). Fourteen years ago in the countries without significant fossil fuel resources, such as
Austria, Sweden, and Finland, biomass energy comprised 12%, 18% and 23%, respectively (Jasinskas & Scholz, 2008).
Wood, quick-growing trees, bushes and willow, a tall perennial grasses, straw and other energy plants are the
most important renewable energy sources in Lithuania and now compose a substantial part of the local fuel. There are
more than 500 ha of cultivated willow (Salix Viminalis) plantations in Lithuania, which were started to be used as a
hard bio-fuel. Therefore, with increasing uptake of renewable energy sources the research of new technologies and their
development is necessary.
New plant biomass use for energy and other purposes was defined in the future prospects by agricultural and rural
development strategy program for 2007-2013. In 2005 the amount of plant biomass fuel in Lithuania was 715 thousand
toe (tons of oil equivalent), which was about 94% of the total renewable energy (Jasinskas & Scholz, 2008). Currently,
the biomass fuel makes up about 8.2% of all common Lithuanian fuel and energy consumption (Communication from the
Commission, 2005; Jasinskas et al., 2008).
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The major global environmental problem is the emission of harmful substances into the atmosphere during
burning. The harmful emission limits from fuel burning equipment governed by the Lithuanian Ministry of Environment
approved the standards of emissions from fuel burning equipment. These rates are governed by the pollution limit values
for burning of bio-fuels, including herbage plants and straw.
Pollutant emission limit values of bio-fuel burning for new and existing installations with a thermal efficiency of
1-50 MW (with standard O2 = 6% concentrations) (Žaltauskas, 2002) is as follows: CO → 1000 – 4000 mg nm-3; NOx
→ 750 mg nm-3; SO2 → 2000 mg nm-3; solid particles → 300 – 700 mg nm-3. While burning of one ton of straw or grass
plants in furnaces produce 30-40 kg of ash and 5-8 kg of dust remains in the filter. Straw ash contains about 0.09% of
nitrogen, 1% of phosphorus and 11% of potassium. In addition, ashes have a small amount of heavy metals: copper, zinc,
tin, nickel, chromium, cadmium, etc. Environmental pollution studies for the production and use of energy crops which
are used as a fuel in Lithuania are increasingly available.
Study objective is determination of low power boiler efficiency and harmful emissions while burning of chopped
energy plants.
Materials and methods
Methodology of determination the low power boiler efficiency
Boiler efficiency shows, what part of heat energy while burning process can be converted to the boiler liquid heat
carrying energy. This efficiency can be expressible by coefficient :
				

		

where: Pk - boiler heat power, kW;
Pd - heat power of burning process, kW.

=

Pk
⋅ 100% 				
Pd

		

(1)

Research investigations were fulfiled while burning different sorts of energy plants in small 10 kW power LUMO
company solid fuel boiler. The temperatures for determination of boiler efficiency were measured by temperature sensors
3 (Figure 1).

Figure 1. Technological scheme of biofuel combustion laboratory: 1 – solid bio-fuel boiler; 2 – ventilator of boiler fuel furnace;
3 – temperature sensor; 4 – circulating pump; 5 – heater; 6 – valve of automatic control; 7 – heat indicator; 8 – water indicator;
9 –control unit-regulator; 10 – combustion gas emission measuring equipment.

The heat power of burning process Pd :
						

Pd =

mQa
, kW						
t

where: m - amount of burnt fuel, kg;
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t - duration of fuel burning, s;
Qa - lower calorific capacity of fuel, kJ/kg.
The heat power of boiler Pk :
					

Pk =

ms ⋅ c ⋅ ∆T , kW						
t

(3)

where: ms - boiler liquid heat carrying amount, kg;
c -  specific heat of the liquid heat carrying, J/(kg·K), (accepted 70oC temperature of water           c = 4,187 kJ/
(kg·K));
T - the difference of liquid heat carrying temperatures of outgoing from the boiler and ingoing to the
boiler           liquid, K;
t - duration of burning process, s.
Methodology of determination of willow stems chaff harmful emissions into the environment by burning chopped
energy plants
Boilers fired with solid biofuel fuel combustion and emission level depends on the type of fuel and fuel preparation
quality as well as on the boiler characteristics. In order to find an impact of different energy plant – willow, black
poplar, aspen hybrid, chopped by the drum choppers, on combustion and emissions formation. These plants burning was
compared with ashen wood burning. Cut ashen wood was used for comparison..
Investigations were carried out in the laboratory of Agricultural Engineering Institute of Lithuanian University of
Agriculture, for burning chaff the low-power (small) boiler for solid-fuel adapted to burn solid biomass was used. During
investigation no changes of boiler settings were made and were accepted as constant boiler characteristics. To accomplish the
investigations biofuel combustion laboratory had been equipped, the technological scheme of which is shown in Figure 1.
Fuel in the furnace burns on the fire grate. Air supplies have not been forced during investigations due to determination
of the combustion opportunities of energy plant chaff using the similar types of domestic boilers. Investigations were
carried out using standard methods (LST EN 303-5:2000).
Laboratory was equipped with a small 10 kW solid fuel boiler Marco 1. Fuel burns on furnace fire grate and air
for combustion was supplied by the fan 2. Boiler temperature sensor was installed in the boiler 3, which could help to
determine the temperature of the exhaust gas. Pumps 4 ensured water circulation. The system consisted of two control
loops: the boiler temperature control and the boiler load regulation. Heater 5 used for load was Volcano VR1, which
had a maximum capacity of up to 30 kW. Water fluid circulation was controlled by the automatic four-way valve 6 and
heat indicator 7. For heat amount record sensor 8 was equipped. The system was controlled and regulated by the block 9.
Combustion emission analysis was performed with a special gas analyzer 10.
The harmful emissions were measured by the flue gas analyzer “UniGas 4000“, made by the Italian company
“Eurotron“ (Fig. 2). The harmful emissions of CO, SO2, NO, and NOx were measured. The values of permissible emissions
were regulated by standards (Jasinskas & Scholz, 2008; Žaltauskas, 2002).
The device “UniGas 4000“ is designed as convenient portable device. The device includes a function of gas
analyzers, gas parameters and the external display. The device consists of the following main parts. The device has an
internal 250 MB memory, where all the information is saved. In addition, the device has the light sensor, which responds
to ambient lighting conditions and adjusts the graphic display lighting. The device 13, which facilitates the analysis of the
data, may be connected to a personal computer via an infrared interface and is used to scan the data.

Figure 2. Flue Gas Analyzer “UniGas 4000“
components: 1 – impact printer; 2 – LCD display;
3 – keyboard; P1 draft pressure input; 5 – INLET
flue gas input; 6 – gas temperature input; 7 – P2–
ΔP input; 8 – water trap and line filter; 9 – back
light sensor;
10 – T air probe sensor; 11 –
battery charger; 12 – other external probe input;
13 – infrared wave interface; 14 – emissions
sampling; 15 – a stable sampling position lock
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Five repetitions of registration of all the process parameters were done for each burning sample. During the tests
the emission of harmful substances into the environment were determined by burning of different sorts energy plant
chaff chopped with drum chopper and compared with control sample – ashen wood (each sample of 2.5 kg weight). The
moisture content of energy plant chaff samples was determined according to the standard methodology.
Results and discussion
Determination of low power appliance boiler efficiency while burning of energy plants
During the tests the boiler efficiency was determined by burning of different sorts energy plants chaff chopped with
drum chopper and were compared with control sample – ashen wood (each sample of 2.5 kg weight). The data of research
tests and calculations of boiler efficiency are presented in Table 1.
There were determined the moisture content and lower calorific capacity of energy plants and ashen wood:
1) willows (Salix viminalis):
moisture content W = 49.53 %;
lower calorific capacity Qa = 8.41 MJ/kg.
2) black poplar (Populus nigra):
moisture content W = 49.62 %;
lower calorific capacity Qa = 8.33 MJ/kg.
3) aspen hybrid (Populus tremula XP. tremuloides):
moisture content W = 48.76 %;
lower calorific capacity Qa = 8.61 MJ/kg.
4) ashen wood:
moisture content W = 25.5 %;
lower calorific capacity Qa = 13.7 MJ/kg.
The liquid heat carrying rate while burning process was uniform – 0,219 10-3 m3/s.
Table 1. Boiler efficiency while burning biofuel
Quantity
of fuel, kg

Moisture
content, %

Willow
Black poplar
Aspen hybrid

2.5
2.5
2.5

49.53
49.62
48.76

Lower calorific
capacity of fuel,
MJ/kg
8410
8330
8610

Ashen wood

2.5

25.50

13700

Sort of fuel

1200
1200
1200

Burning
thermal
power, kW
17.52
17.35
17.93

Boiler
thermal
power, kW
10.09
9.26
9.49

Boiler
efficiency,
%
57.59
53.37
52.32

1200

28.54

10.40

36.44

Burning
duration, s

In Table 1 presented research results shows that low-power boiler combustion efficiency while burning of energy
plants is not high, to 52.3-57.6 %. This can be explained by the fact that burning energy plants moist enough chaff (about
49 % moisture content), resulting in a large part of the energy used to heat and dry the plants. Burning control samples wood ash produced by the boiler efficiency is lower - 36.4 %. Such a small boiler efficiency is due to the fact that the used
boiler is not suitable for work capacity, far in excess of 10 kW nominal power, because then a large part of the thermal
energy emissions simply through the chimney. Therefore, using this type of boiler, it is necessary to look for ways to make
more efficient use of hot exhaust combustion gases into the environment.
While using low-power boiler, there is a problem: increasing the supply air volume, we can to generate more heat,
but we get very high CO emissions, and vice versa. It is therefore appropriate to continue these studies to determine the
optimal boiler operation regimes.
Harmful emissions by burning energy plants
The harmful emissions into the environment were determined by burning different sorts of energy plants, chopped
by drum chopper. Ashen wood was used for comparison.
With combustion products gas analyzer “UniGas 4000“ was used to measure harmful gas emissions during the
burning process. Carbon monoxide CO, sulfur dioxide SO2, nitrogen monoxide NO, and nitrogen oxide NOx release
into the atmosphere is presented in Table 2. All research results have only comparable character between harmful gases
emissions while burning in laboratory different sorts of energy plants. During burning the energy plants chaff, prepared
of sorts energy plants, no setting changes were made in laboratory boiler and they were accepted as constant boilers
characteristics. These research results can not be compared with the results of energy plants burned in other boiler types
of great capacity.
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Table 2. The investigation results of harmful emissions by burning energy plants

No

Fuel type,
moisture content
%

Chopper
type

1.
2.
3.

Willows
(49.53 %)

Drum

Fertilization
by nitrogen
fertilizers,
kg ha-1
No
N60
N120

Avg
1.
2.
3.

Black poplar
(49.62 %)

Drum

No
N60
N120

Drum

N60
No
N120

Avg
1.
2.
3.

Aspen hybrid
(48.76 %)

Avg
1.
2.
3.

Ashen wood
(25.5 %)

Felled
wood

-

Avg

CO
mg m-3

NO
mg m-3

NOx
mg m-3

SO2
mg m-3

2999
2350
1638

48.0
35.5
37.7

76.0
56.0
59.5

0
0
0

2329.0

40.4

63.8

0

1537
1659.8
2009.2

30.8
31.0
32.8

48.8
48.6
51.8

0
0
0

1733.6

31.5

49.7

0

2043
830.5
1506

42.0
25.3
34.3

66.3
40.0
54.2

0
0
0

1459.8

33.9

53.5

0

2667
2807
2645

59
52
53

92
82
83

0
0
0

2706.3

54.7

85.7

0

The investigation results provided general tendency that at the end of the combustion process when burning of the
energy plant loading finishes to burn (when intensity of burning decreases), all harmful combustion gases have a tendency
to decrease.
While burning the energy plants, the maximum carbon monoxide CO concentration was found in burning ashen
wood – 2706.3 mg m-3, and least CO concentration was identified in burning aspen hybrid – 1459.8 mg m-3.
Sulfur dioxide SO2 emissions from the combustion of different sorts of energy plants and ashen wood were not
observed.
Burning of energy plants chaff and evaluation of nitrogen oxides NOx (nitrogen monoxide, respectively NO)
emissions show that most nitrogen oxide emissions have been released by burning of ashen wood – 85.7 mg m-3, and least
nitrogen oxide emissions have been released by burning of black poplar – 49.7 mg m-3 and aspen hybrid – 53.5 mg m-3.
In summary, the conclusion can be made that better burning efficiency and less polluted the environment when
aspen hybrid and black poplar were used, bigger amount of pollutants were determined when willows was burned, and
the biggest amount of pollutants was while burning of ashen wood.
Conclusions
1. The low-power boiler combustion efficiency while burning of energy plants is not high, to 52.3-57.6 %. This can be
explained by the fact that burning energy plants moist enough chaff (about 49 % moisture content), resulting in a
large part of the energy used to heat and dry the plants. Burning control samples - wood ash produced by the boiler
efficiency is lower – 36.4 %.
2. After the study of harmful gas emissions by burning of different sorts of energy plants, chopped by drum chopper, it
was determined, that the maximum carbon monoxide CO concentration was found in burning ashen wood – 2706.3
mg m-3, and least CO concentration was identified in burning aspen hybrid – 1459.8 mg m-3.
3. Research results of energy plants chaff burning and evaluation of nitrogen oxides NOx emissions show that most
nitrogen oxide emissions have been released by burning of ashen wood – 85.7 mg m-3, and least – by burning of black
poplar – 49.7 mg m-3 and aspen hybrid – 53.5 mg m-3.
4. The conclusion can be made that better burning efficiency and less polluted the environment when aspen hybrid and
black poplar were used, bigger amount of pollutants were determined when willows was burned, and the biggest
amount of pollutants was while burning of ashen wood.
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Productivity and Energy Value of Spring Oilseed Crops in Ukraine
Svitlana Kalenska, Djamal Rakhmetov, Anatolii Iunyk, Ievgenii Kachura, Viktor Kalenskiy,
Oleksiy Kozlenko
National University of Life and Environmental Sciences of Ukraine
Abstract
It was determined that under conditions of Ukrainian forest steppe on typical black soils the highest level of productivity (5.54 t/ha) and energy
output (82.41 GJ/ha) formed chufa and spring rape (2.54 t/ha and 69.36 GJ/ha respectively).
Key words: oilseed crops, chufa (Cyperus esculentus L.), spring rape (Brassica napus var. olifera), productivity

Introduction
Modern Energy Ukraine is largely based on imported raw materials - oil and gas - price is constantly increasing,
reducing the profitability of enterprises and institutions that use these types of energy in production. Therefore, Ukraine is
increasingly working to find ways of producing renewable energy accumulated through photosynthesis - biofuels.
According to researchers, the products of photosynthesis in the future will cover almost 10% of energy consumption.
This can be achieved through an integrated approach to production, processing and implementation of crop production
and wide application of scientific research.
Thus arise the need to more intensively introduce in productionalready tested in the world and domestic practice
highly productive crops, which for one reason or another do not possess the appropriate distribution. (Al-Barzinjy M., at
all, 1999. V. 49. P. 129–133., Рахметов Д.Б. та ін., 2004. – 163 с.).
For such a crop in Ukraine belong oilseed crops. Winter rape production in is limited due to low winter hardiness
of varieties which lead to uncontrolled frost damage of significant areas under this crop. Spring rape varieties are not
productive enough. To improve biofuel production efficiency plant selection aimed on seed compositon (to produce
biodiesel and bioethanol), resistance to biotic and abiotic environmental factors and adaptation of cultivation technologies
to certain soil and climate conditions are very important.
Besides sunflower and winter and spring rape such traditional Ukrainian oilseed crops as mustards (Sinapis alba
and Brassica Juncea), spring and winter cress, oil radish and newly introduced such a chufa, etc. are drawing our attention as possible
source of biofuel.
Many modern varieties of Brassicaceae family oilseed crops have a significant yield potential. But they need
individual approaches to cultivation technologies, especially to nutrients supply (Schröder G.: 1992. – S. 43–45., Шпаар
Д. и др.:1999. – 208 с., Шпаар Д. и др.: 2007 – 320 с.). At the same time many agrotechnical operations of cultivation
technologies not only modern varieties but abovementioned crops in a whole under Ukrainian conditions do not properly
research. Taking this into consideration the aim of our research was to make comparative estimation of spring oilseed crop
and determine influence of fertilization rates on their productivity.
Material and methods
Research conducted in stationary crop rotation of crop production department of National University of Life and
Environmental sciences of Ukraine Agronomy Research Farm during 2005-2010. Soil is typical black soil usual for Ukrainian
forest-steppe. Arable layer contain 4.4 % of humus, рН – 6.87–7.3, cation exchange capacity – 30.7-32,5 mg- equivalent
per 100g of soil, bulk density – 1.16-1.25 g/cm3. This soil has comparatively good supply of basic nutrients: nitrogen –
10.6-11.4, phosphorus – 6.2-6.5, potassium – 8.9-10.6 mg/100g of soil.
The climate is mild-continental, yearly precipitation amount is 550 mm, sum of active temperatures above 10 0C
about 25500C. The distribution of precipitation and temperatures during vegetation period is not even and significantly
varies year by year.
The area of research plots is 25 m2 with four time repeat. In our research we use methods approved by State
variety testing net and scientific research establishments of Ukraine (Доспехов Б.А., 1985. – 351 с., Ничипорович
А.А., 1988. – 540 с.).
Comparative research of yield potential (with fertilizers application at norm N60P40K70) conducted with following crops:
1. Brassica napus
2. B. campestris
3. Sinapis alba
4. Brassica juncea
5. Rhaphnus sativa
6. Camelina sativa
7. Linum usitatissimum
8. Cyperus esculentus
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Research results
Analyzing yield capacity of oilseed crops during the years of investigation we determine that most productive
crops in conditions of Ukrainian Forest-Steppe were chufa and spring rape (table 1.). The yield capacity of chufa (5.54
t/ha) and spring rape (2.54 t/ha) is considerably higher than other investigated crops. At the same time we should note
that despite similarity of chufa cultivation technology to potato it rather energy consuming, and operations of planting,
harvesting and processing doesn’t mechanized enough.
A little bit less productive than spring rape were white mustard and oil flax. The average difference between
those two variants during the years of research were 0.26 and 0.33 t/ha respectively. Crops with medium productivity
were indian mustard, camelina and oil radish, there productivity were respectively 1.91, 1.89 and 1.82 t/ha. The lowest
productivity has spring cress – 1.57 t/ha.
Table 1. Yield capacity of spring oilseed crops in 2005-2010 years, t/ha
Crop
Spring rape
Spring cress
White mustard
Indian mustard
Oil radish
Camelina
Oil flax
Chufa
Least Significant
Difference 05

Years
2005
2,77
1,70
2,49
2,15
2,12
2,16
2,29
5,64

2006
2,91
1,79
2,69
2,37
2,30
2,21
2,66
5,71

2007
1,96
1,27
1,78
1,16
1,21
1,50
1,57
4,02

2008
2,23
1,45
2,06
1,67
1,49
1,66
2,04
4,84

2009
2,55
1,51
2,18
1,73
1,63
1,77
2,25
6,27

2010
2,82
1,71
2,45
2,36
2,15
2,03
2,47
6,75

0,08

0,09

0,07

0,08

0,09

0,07

Mean
2,54
1,57
2,28
1,91
1,82
1,89
2,21
5,54

One of the most useful biological values to oilseed crops yield forecast is net photosynthesis productivity. Statistical
processing of research data show close correlation between net photosynthesis productivity and seed yield. Correlation
coefficient vary from 0.84 to 0.88. The highest correlation observed during the periods of bud formation-flowering (r =
0.879) and stem elongation-bud formation (r = 0.876), the lowest (r = 0.839) in period of flowering-fruiting (pict. 1).

Figure 1. Correlation of oilseed crops yield capacity and net photosynthesis productivity

According to research data, content of oil in the seeds of investigated crops was not uniform and largely vary from
26.5 to 47.5 %. The highest oil content has seeds of camelina – mean value by years of research – 47.5%. Less oil contain
seeds of spring rape and oil flax: 44.9 and 44.8% respectively. Significantly lower was oil content of oil radish seeds –
30.4% and spring cress – 30.6%. Lowest oil content – 26.5% has chufa tubers (table 2).
Maximal oil output has chufa tubers – 1.47 t/ha. Such a high output was reached due to very high tuber yield per
hectare compare to oilseed crops. Net oil output per hectare for spring rape made up 1.14 t, that on 0.15 t/ha more than
for oil flax. Cultivation of white and indian mustard with seed oil content 26.7 and 36.8% respectively provide oil output
at range 0.70 and 0.61 t/ha. Relatively low yield capacity and oil content of spring cress and oil radish cause lowest oil
output: 0.48 and 0.55 t/ha respectively.
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Table 2.Oil content and oil output (average 2005-2010 years)
Crop
Oil content in seed/tuber, %
Spring rape
44,9
Spring cress
30,6
White mustard
26,7
Indian mustard
36,8
Oil radish
30,4
Camelina
47,5
Oil flax
44,8
Chufa
26,5
Least Significant Difference 05

Oil output, t/ha
1,14
0,48
0,61
0,70
0,55
0,90
0,99
1,47

2,1

Vegetative fats are species-specific, i.e. fat of certain plant species has unique qualitative and quantitative content of fatty
acids. Many scientists identify close relation between qualitative composition of fats and soil and climatic conditions.
During our research qualitative and quantitative analyses of oils from investigated crops were made. Basic fatty
acid in oil made from spring rape, spring cress and oil radish seeds is oleic acid, share of which is 65.75, 51.2% and 37.4%
respectively (table 3). The largest share of oleic acid observed also for oil of white and Indian mustards – 33.8 and 33.2%.
At the almost same range in the oil of abovementioned crops contains erucic acid – 31.5 and 29.2 % respectively. Basic
fatty acid in oils of flax and camelina is linolenic acid with content at range 63.3 and 54.0%.
Table 3. Content and output of basic fatty acids in seed of investigated crops (average 2005-2010 years)
Crop
Basic fatty acid
Basic fatty acid content, %
Basic fatty acid output, kg/ha
Spring rape
Oleic
65,70
780,78
Spring cress
Oleic
51,21
242,58
Oleic
31,84
209,06
White mustard
Eurcic
31,51
206,89
Oleic
33,22
280,24
Indian mustard
Eurcic
29,23
246,58
Oil radish
Oleic
37,43
219,53
Camelina
Linolenic
54,00
617,65
Oil flax
Linolenic
63,30
648,12

Research data acknowledge that each of vegetative oil has unique fatty acids composition that largely vary and
specify their values for different production branches (table 4).
Complex estimation of energy content and output in seeds and byproducts (straw) of oil crops were made. Thus we
determine, that highest energy content in seed among investigated crops has spring rape -27.31 J/g, a little bit less energy
efficient is spring cress (26.13 J/g), camelina (26.42 J/g) and oil flax (26.50 J/g) (table 5).
The highest energy content in the straw of oilseed crops has camelina (17.70 J/g), spring cress (17.17 J/g) and oil flax
(17.15 J/g). Lowest energy content has tubers and stems of chufa – 14.88 and 8.67 J/g. The oil of oil radish most energy
valuable – 1g of it equal to 41.42 J, that on 1.87 J more than rape oil.
By energy output per hectare we can mark out chufa (82.41 GJ/ha), spring rape (69.36 GJ/ha/), oil flax (58.4 GJ/ha) and
white mustard (52.44 GJ/ha).
Table 5. Energy estimation of oil and byproducts of spring oil crops (average 2005-2010 years)
Crop
Spring rape
Spring cress
White mustard
Indian mustard
Oil radish
Camelina
Oil flax
Chufa

Energy content, J/g
Seed/tuber
27,31
26,13
23,05
24,55
25,44
26,42
26,50
14,88

Energy output, GJ/ha

Straw/stem
16,14
17,17
16,06
16,54
16,14
17,70
17,15
8,67

Oil
39,55
39,29
40,56
40,88
41,42
38,22
37,52
39,45

Seed/tuber
69,358
41,063
52,439
46,800
46,208
49,877
58,640
82,410

Straw/stem
88,25
52,10
85,15
81,35
105,60
61,04
45,31
74,94

Oil
45,079
18,900
24,674
28,686
22,848
34,302
37,162
57,877

Analyzing energy output per hectare we can emphasize on chufa and oil radish which has highest energy output
(total energy output of stem and straw make up 157.35 and 151.808 GJ). Such a high energy output obtained due to high
tuber yield for chufa and straw for oil radish.
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Table 4. Content of different fatty acid in the oil of investigated crops, % (average 2005-2010 years)
Crop
Short
№
Fatty acid
chemical
Spring
Spring
White
Indian
Oil radish
formula
rape
cress
mustard
mustard
1
Capric
10: 0
traces*
traces
traces
traces
2
Lauric
12:0
traces
traces
0,01
0,01
traces
3
Myristic
14:0
0,08
0,08
0,03
0,07
0,10
4
Palmitic
16:0
3,46
2,55
2,21
2,28
4,96
5
Palmitic-Oleic
16:1
0,18
0,22
0,17
0,28
0,18
6
Stearic
18:0
1,95
1,66
0,93
1,20
2,38
7
Oleic
18:1
65,70
51,21
31,84
33,22
37,43
8
Linoleic
18:2
19,14
20,42
8,60
8,37
15,97
9
Linolenic
18:3
8,44
15,77
22,08
22,53
23,92
10 Eicosenic
20:1
0,26
0,31
0,43
0,54
0,65
11 Behenic
22:0
0,33
0,28
0,32
0,29
12 Eurcic
22:1
0,16
6,98
31,51
29,23
12,64
13 Carnaubic
24:0
0,25
0,37
0,16
0,12
14 Nervonic
24:1
0,30
0,27
1,82
1,79
1,36
Total

100

100

100

100

100

Camelina

Oil flax

0,08
4,60
0,14
2,22
14,99
17,18
54,00
1,73
1,78
3,00
0,06
0,22

0,06
3,93
0,10
4,27
15,36
12,30
63,30
0,10
0,29
0,29
-

100

100

* Traces – content less than 0,01 %

Conclusions
Highest yield capacity on typical black soils under conditions of Ukrainian Forest-Steppe forms chufa (5.54 t/ha) and
spring rape (2.54 t/ha), the lowest – spring cress (1.57 t/ha). The highest oil content has camelina seeds – 47.5%. The highest oil
output provides cultivation of chufa (1.47 t/ha) and spring rape (1.14 t/ha), the lowest – spring cress (0.48 t/ha).
High energy output per hectare provides chufa (82.41 GJ/ha), spring rape (69.36 GJ/ha), oil flax (58.64 GJ/ha) and
white mustard (52.44 GJ/ha).
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Temperature Variation in the Topsoil during Thermal Weed Control
Paulius Kerpauskas, Jūratė Nadzeikienė, Sigitas Čekanauskas, Rasa Čingienė, Tomas Ūksas
Aleksandras Stulginskis University, Lithuania
Abstract
The paper presents analysis of temperature variation in the topsoil during thermal weed control. The study was aimed to determine the
peculiarities of the technology of weed thermal control by wet saturated steam in the crop stand above the emerging seed. During thermal weed control,
a high-temperature environment of 100oC is created in the plant environment seeking to heat plant tissue to a temperature of above 58oC. In such
temperature, changes occur in the biological processes in plant tissue resulting in lethal outcome. Thermal weed control process using wet saturated
steam (WSS) significantly differs from the flaming by gas. During the steam condensation, the high-temperature environment intensively heats not
only plants but also soil surface. Consequently, in the technology of thermal weed control with water steam it is necessary to find solutions to the issues
of emerging seed and seedling destruction in the soil. Experimental evidence suggests that irrespective of the WSS treatment duration, soil surface
temperature is close to that of water steam and is 94.7−95.5oC. Water steam condensation process occurs on the soil surface, therefore a temperature
of 58oC, which is lethal to plants, reaches deeper soil layers. The experimental findings indicate that application of WSS technology for weed control
(with a thermal treatment duration of 1−3 s), destroys plants and seedlings present not only on the surface of the soil but also in the surface soil layer up
to 1.5 mm depth. Simulation of temperature fields in the surface soil layer enabled us to identify the effects of soil bulk density and thermal treatment
duration on the formation of temperature exceeding 58oC. With increasing soil bulk density the marginal temperature field of 58oC in the surface soil
layer declines. When soil bulk density increases by 100 kg/m3, 58oC temperature field in the soil surface layer becomes thinner by 0.025 mm at 1 s
thermal treatment duration, by 0.045 mm at 2 s thermal treatment, and by 0.065 mm at 3 s treatment.
Key words: thermal weed control, water steam, temperature, topsoil

Introduction
In Lithuania, like in the rest of the world, significantly more attention is being paid to food quality. Reduction
of environmental pollution, growing market of organic products, and the state support create favourable conditions for
the development of organic production. In organic farming, soil tillage and crop rotations applied do not always secure
adequate control of the number of weeds, which exerts a direct effect on the yield of agricultural crops. As a result,
increasingly more attention is being devoted to thermal weed control, which is an ecologically−clean weed management
approach (Zarina, 2004).
Various high−temperature environments are used for thermal weed control, including hot gas (Raffaelli et al. 2004,
Vanhala et al. 2004), wet saturated steam (Čekanauskas, 2007, Kerpauskas, 2007), foam (Collins et al. 2003), and hot water
(Hansson, 2003). The process of thermal weed control is different in different high−temperature environments.
WSS is an ecological, high−temperature environment lethal to plants which can fully replace chemical weed
killers (Virbickaite, 2006). WSS is used for thermal weed control creates specific conditions in the plant environment. The
temperature of the working environment is 100oC. Heat transfer process is very intensive and water steam condensation
takes place on plant and soil surfaces (Sirvydas et al. 2006). The WSS application equipment is very effective. The
high−temperature water steam environment does not allow the plant to physically resist the thermal effect by using
transpiration process. Plant tissue temperature in wet saturated steam environment in 1−2 s rises above 58oC, which
consequently results in plant death (Levitt, 1980).
During the process of thermal weed control, the high-temperature environment heats not only plants but also soil
surface. In flaming by gas technology, when hot gas flow temperature is 300 ± 3ºC and treatment duration is 2 s soil
surface temperature reaches 49ºC (Sirvydas et al. 2008). When weeds are controlled by wet saturated steam, it condenses
on the soil surface by intensively releasing heat. We did not find any data in literature on soil surface heating process in
water steam environment. No data on the possibility of thermal destruction of seedlings present on the soil surface were
found either.
The aim of investigation is the soil surface heating process and possibilities of thermal destruction of weed seedlings
emerging on the soil surface by using wet saturated steam technology for thermal weed control.
Material and methods
The differential Fourier heat conduction equation was used for theoretical analysis of heat transfer process in the
soil surface layer by conduction. Temperature variation in the soil surface layers was determined by a numerical modeling
method, using the regularities of finite difference method. The surface layer heating of the test soil is non−stationary,
therefore during the occurrence of complex heat conduction processes the relationships between physical values were
determined by the methods of mathematical physics. Since the chosen volume is elementary and the time span is extremely
short, the variations of some physical values resulting from temperature were disregarded.
The surface layer heating of the test soil is non−stationary, therefore during the occurrence of complex heat
conduction processes the relationships between physical values were determined by the methods of mathematical physics.
The differential Fourier heat conduction equation was used for theoretical analysis of heat transfer in the soil surface layer
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by conduction. Temperature variation in the soil surface layers was determined by a mathematical modeling method,
using the regularities of finite difference method. Since the chosen volume is elementary and the time span is extremely
short, the variations of some physical values resulting from temperature were disregarded.
Laboratory experiments were done by heating soil surface with a moving wet saturated steam flow. The thermal
effect of wet saturated steam flow on the soil surface layer was studied using different time spans of thermal treatment −
1, 2 and 3 seconds. Temperature sensors were located at the 0.0; 0.5; 1.0; 1.5 and 2.0 mm soil depths. The scheme of the
study on the thermal effects of wet saturated steam high-temperature medium on the soil surface layer and temperature
measurements is presented in Figure 1.

Figure 1. The test scheme of the effects of high−temperature WSS flow on the soil surface layer, (measurements cm): a – height
of steam scatter from soil (a=3 cm); 1 – water steam flow; 2 – temperature sensors for temperature measurement, at 0.0; 0.5; 1.0; 1.5
and 2.0 mm depths, at a distance between sensors b=10 mm; 3 – water steam scatter; v – direction of dispenser’s movement; A – layout
of arrangement of temperature sensors in the soil

In the experiment we used temperature sensors made of copper – constantan wires 0.07 mm in diameter. The
measurements were recorded by an ALMEMO 2590-9 instrument with a built-in microprocessor data processing and
storage system. The wires of temperature sensors were connected through ALMEMO with the programmable memory
circuit. Calibration of ALMEMO linkage with thermocouple was done. The resolution of the temperature measuring
instrument ALMEMO 2590-9 is 0.1oC. The temperatures were measured according to the need up to 10 measurements per
second. Having connected the data logger with a computer, with the help of AMR software, the measurement data were
transferred to the computer. For all temperature measurements temperature sensors were laid observing the requirements
set for temperature measurements (Sirvydas et al. 2006). The reliability of temperature measurements was estimated by
uncertainty characterizing the diffusivity of values, validly attributed to the temperature value measured (EURACHEM,
2000). The obtained total uncertainty of temperature measurements was 0.042oC, relative uncertainty of a temperature value
was 0.07%, which corresponds to 99% significance level and shows sufficient accuracy of temperature measurement.
Results and discussion
Theoretical analysis of soil surface heating. Wet saturated steam moving along the soil surface and being in
contact with a colder soil surface condenses and heats it. The warmer soil surface layer transfers heat by conductivity
to deeper soil layers. In this case the main theoretical question is temperature field in the soil surface layer. Therefore
it is very important to determine temperature distribution in the soil surface layer in relation to the duration of thermal
treatment by water steam.
During thermal weed control by WSS the temperature in the soil surface layer varies as affected by heat conduction.
A sharp temperature variation in the environment (medium) depending on heat transfer coefficient in the surface where
soil and wet saturated steam come into contact determines an unsettled temperature regime. In this case, the soil surface
layer’s temperature field is expressed by a differential Fourier heat conduction equation:

∂t
=
∂
c
Here

 ∂ 2t ∂ 2t ∂ 2t 
 2 + 2 + 2  ,
∂y
∂z 
 ∂x

(1)

t –temperature of soil surface layer in system of axes x, y,z;
– time; – soil thermal conductivity coefficient W/(m⋅K);
c– soil heat capacity kJ/(kg⋅K);
– soil density kg/m3.

Temperature field in the soil surface layer depends on the thickness of the layer , however, soil thermal conductivity
coefficient , soil heat capacity c, and soil density have a decisive effect on temperature variation in the soil.
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While analysing the effect of 1−3 second−long exposure to wet saturated steam on surface soil layer we simplified
equation (1) by restricting ourselves to one – dimensional temperature field since we study temperature variation deeper
2
2
into the soil, therefore ∂ t = 0, ∂ t = 0. Having replaced the notation of temperature variation towards y by soil thickness
2
∂x
∂z 2
, we obtain the following heat conductivity equation in the soil:

 ∂ 2 t .			
∂t


=
∂
c  ∂ 2 

(2)

For the solution of differential heat conductivity equation (2) it is necessary to determine outside conditions, i.e. one
initial and two marginal conditions. For this purpose we assume a soil layer as one-layer wall of infinite thickness through
which during the process of weed control by wet saturated steam the released heat is transferred through conductivity to
deeper soil layers. We assume the parameters of external environment, i.e. water steam temperature and its variations that
are caused by a moving wet saturated steam flow as known. Marking the temperature of any point of soil layer at the time
moment τ as t(δ, ), we have that initial temperature of any point of the soil surface is equal to temperature distribution law
under stationary conditions. It follows that in the initial moment of time ( =0) in any soil thickness δi the temperature is
equable. Therefore initial condition of the problem is described by the equation:

t ( i ,0) = const .				

(3)

It follows from the initial condition (3) that at initial time moment ( = 0) the temperature in the external surface
of soil layer and at any thickness of soil layer δi does not depend on time.
In the points where soil external surface comes into contact with wet saturated steam environment (when ≠ 0) we
have the first marginal condition which is described by the equation:

∂t (0,
∂

) = − [t − t (0, )]
.			
ws

(4)

This marginal condition describes temperature variation on the soil surface which comes into contact with the
environment when it is exposed to water steam whose temperature is tws and the mean heat transfer coefficient W/
(m2⋅K), which ranges between 50000-100000 W/(m2⋅K).
In the case of the non−stationary temperature regime in the soil surface layer which is being discussed here it
is necessary to know how and after which time span the temperature of the soil layer at a certain soil depth changes.
This temperature is the function of time and is determined by the soil thermo insulation characteristics. We can make
an assumption that in the soil layer of infinite thickness the above-mentioned soil temperature, irrespective of ambient
temperature variations and time, remains stable. Consequently, we write the second marginal condition for the soil layer
of infinite thickness:

t ( ∞, ) = f ( i ) = const or ∂t (∞,
∂

) = 0.			

(5)

While interpreting equation (2) according to the regularities of finite difference method for each point of soil
section plane, the following heat balance equation is made:

 tin++11 − tin +1 tin +1 − tin−+11 
tin +1 − tin
 .			
= 
−
c  ∆ i
∆
∆ i −1 

(6)

The equation (6) is solved numerically applying iteration method in all points so that marginal conditions of the
point of soil external surface coming into contact with the environment and those of soil internal surface are maintained
as well as heat energy stability equation is fulfilled. In each point iteration is continued until the following condition
is satisfied: maxi,j{| tin, +j 1, s +1 − tin, +j 1, s|}<∆t. It is noteworthy that in our case temperature t change ∆t in the last cycle of
iterations was 0.01oC. The following intervals were chosen for calculations: ∆ = 1 s, ∆δi = 0,5 mm.
For calculations we assumed the following soil physical parameters: c = 0.84 kJ/(kg⋅K), = 800 and 1200 kg/ m3,
= 0,5 W/(m⋅K), tpr = 20oC. Heat transfer coefficient value is assumed as α=50000 W/(m2⋅K). We assumed different values
of the parameters seeking to ascertain the relationship between soil temperature variation and soil density , when thermal
treatment duration is 1-3 s.
Having done calculations for all points of soil section plane we obtained the theoretical temperatures in the cases
of certain water steam treatment duration. At the same time we determined a theoretical temperature field variation in soil
layers in the case of different soil bulk densities.
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The density of soil surface layer depends on the level of soil loosening and soil properties. With increasing soil
density, like for all solid bodies, its heat conductivity coefficient should increase. However, with increasing soil bulk
density the mass of heated soil surface layer increases, which needs more heat. As a result, seeking to ascertain the effect
of soil surface layer’s bulk density on the temperature of the surface layer we present the theoretical relationship between
temperature variation in the soil surface layer and soil bulk density and depth (Fig 2). We are interested only in a short
period (1-3 s), during which a temperature of 58oC is reached in the test soil layer, at which plant tissue cells are destroyed,
since protein is coagulated at this temperature (Levitt, 1980).

Figure 2. Temperature variation in the surface soil layer as affected by soil bulk density and depth: 1, 2 and 3 temperature in the
soil when thermal treatment time is 1, 2 and 3 s (soil density 1200 kg/m3); 4, 5 and 6 temperature in the soil, when thermal treatment
time is 1,2 and 3 s (soil density 800 kg/m3)

Analysis of temperature field modelling results of soil surface layer heated by water steam (Fig 2) shows that
when soil heat conduction coefficient is the same =0.50 W/(m2⋅K) a lower soil surface layer’s bulk density increases
temperature gradients. This means that a temperature of 58oC is reached in a thinner soil surface layer. It is seen that when
weeds are controlled by wet saturated steam and soil bulk density is higher, lower temperatures are achieved at the same
soil depths (see the differences between dotted lines and continuous lines Fig. 2), compared with those in the soil with
a lower soil density. This temperature difference directly depends on the duration of wet saturated steam treatment. At
soil bulk densities of 800 and 1200 kg/m3, marginal 58oC temperature is reached: at 0.76 and 0.65 mm depths (thermal
treatment duration 1 s), at 0.94 and 1.16 mm depths (thermal treatment duration 2 s), and at 1.47 and 1.22 mm depths
(thermal treatment duration 3 s). That is when soil bulk density increases by 100 kg/m3, in the soil surface layer the
58oC temperature field becomes thinner by 0.025 mm (thermal treatment duration 1 s), by 0.045 mm (thermal treatment
duration 2 s) and by 0.065 mm (thermal treatment duration 3 s). It is seen that higher permeability of thermal treatment
occurs in the soil with a lower bulk density. Discrepancies of temperature distribution within depth in the soils differing in
bulk density are also seen in deeper layers. At the above-mentioned soil bulk densities, a difference of 2.3-6.3oC is noted
at the 1.5-3 mm depth.
Experimental investigations of soil surface heating. Wet saturated steam technology is used for thermal weed
control, the optimal treatment duration is 1-3 s. The soil surface temperature variation measured in the experiment as
influenced by the duration of thermal treatment is provided in Figure 3.

Figure 3. Temperature variation on the soil surface, when using wet saturated steam technology: 1, 2 and 3 – soil surface
temperature when thermal treatment duration is 1, 2 and 3 s
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While estimating temperature variation in the soil surface layer we see that it is close to water steam temperature and
is 94.7-95.5 oC. The temperature of steam applied is 100oC. We see that with increasing thermal treatment time, the time
of 90oC temperature maintenance on the soil surface increases. At 1 s thermal treatment duration, 90oC temperature on the
soil surface is maintained for 0.2 s, and at thermal treatment duration increment to 3 s, 90oC temperature’s maintenance
on the soil surface increases by more than 5 times and is 1.1 s.
When water steam is being condensed, the moisture and density of soil surface layer increase. Thus, water steam
condensate increases soil surface layer’s heat conduction. During the initial moment of condensation soil surface layer’s
heating is accelerated by the heat released by the condensate (tk=100oC). When water steam is being condensed on the soil
surface, the temperature in the soil surface layer varies as affected by heat conduction. Temperature variation in the depths
of the soil surface layer measured in our experiment at 1, 2 and 3 s duration of thermal wet saturated steam treatment
duration is presented in Figure 4.

Figure 4. Temperature variation in the soil surface layer as affected by wet saturated steam treatment: A, B and C – thermal
treatment duration 1, 2 and 3 s; 1, 2, 3, 4 and 5 – soil temperature at 0.0; 0.5; 1.0; 1.5 and 2.0 mm depths

The temperature increase in the soil surface layer is obvious. The maximum temperature (Fig. 4) on the soil surface
is identical irrespective of the duration of thermal treatment. During the heat exchange process in the test 2 mm soil
layer its temperature equalizes within 10 s from the beginning of thermal wet saturated steam treatment. The variation of
maximum temperature in the soil surface layer and the variation of 58 oC temperature’s effect duration in it are presented
in Table1.
The data presented in Fig. 4 and Table 1 enable us to explain the new phenomenon, which has not been known in
thermal weed control before, why during thermal weed control by wet saturated steam not only the weeds present on the
soil surface are killed but also emerging seedlings in the soil surface layer (up to 1.5 mm).
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Table 1. Temperature variation in the soil surface layer as affected by thermal weed control by wet saturated steam
Depth in
the soil,
mm
0,0

Duration of thermal effect, s
2
3
1
2
Soil temperature, (t ± St) oC
Duration of high temperature, s
94,7 ± 1,5
94,8 ± 1,6
95,5 ± 1,6
1,8
3,5

5,3

0,5
1,0

70,6 ± 2,8
51,2 ± 2,3

78,8 ± 3,1
61,0 ± 2,6

82,5 ± 3,2
68,9 ± 2,8

1,1
–

2,0
0,6

3,9
2,2

1,5

40,9 ± 2,0

50,4 ± 2,3

56,4 ± 2,4

–

–

–

2,0

34,8 ± 1,9

41,8 ± 2,1

50,7 ± 2,3

–

–

–

1

3

Maximum temperature on the soil surface is reached at the end of heating. Analysis of temperature variation in
deeper soil layers suggests that temperature variation is regular (Fig 5).

Figure 5. Temperature variation at different depths of the soil surface layer: 1, 2 and 3 –duration of soil surface heating by wet
saturated steam 1, 2 and 3 s

The results of theoretical and the experimental tests on soil surface layer heating (Figs. 2-5., Table 1) enable us to
maintain that when wet saturated steam thermal treatment duration is 1-3 s, a marginal temperature of 58oC is reached at a
depth of more than 1.5 mm, which is lethal to plant tissue cells. Consequently, during the process of thermal weed control
the seeds of agricultural crops and emerging seedlings will not be destroyed by thermal effects of this technology. The soil
surface layer (up to 1.5 mm) heats up to a temperature above 58oC, therefore plant seedlings are killed in it.
Conclusions
1. Irrespective of the duration of thermal treatment, the temperature on the soil surface is close to that of water steam and
is 94.7−95.5oC.
2. When weed control is affected using wet saturated steam technology with thermal treatment duration of 1-3 s, not only
the plants present on the soil surface are destroyed but also emerging seedlings in the soil surface layer up to 1.5 mm
depth.
3. Modelling of temperature fields of the soil surface layer heated by wet saturated steam enables us to identify the effects
of soil bulk density and thermal treatment duration on the formation of temperature higher than 58oC in the soil layer
tested.
4. With increasing soil bulk density, a temperature field of 58oC, which destroys plant tissue cells in the soil surface layer,
declines. When soil bulk density increases by 100 kg/m3, 58oC temperature field in the soil surface layer becomes
thinner by 0.025 mm, when treatment duration is 1 s, by 0.045 mm, when treatment duration is 2 s, and by 0.065 mm
when treatment duration is 3 s.
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Abstract
Hydrogen can be produced from a wide variety of primary energy sources and different production technologies. Currently, much research has
been focused on sustainable and environmental friendly energy from biomass to replace conventional fossil fuels. Biomass can be considered as the best
option to produce hydrogen sustainably, using photosynthesis, fermentation and gasification methods. Biogas cannot be used directly with fuel cells
because of additional gases in it content harmful for fuel cells (sulphides, for example). There is several hydrogen enrichment upgrading technologies
discussed in the paper.
Biological production of hydrogen, using bacteria, is a promising and advantageous area, especially when hydrogen is gained from a variety
of renewable resources. Substantial factors like availability and cost are highly important in the selection of waste materials to be used in hydrogen
production with fermentative bacteria. Hydrogen gas is produced during the fermentation process of bacteria in anaerobic conditions.
In our work brief analyze of various hydrogen producers and substrates are made in order to find the most effective and suitable bacterial
culture for usage in laboratory scale bioreactor system. Building up bioreactor prototype and optimization experiment results showed that stirring
and gas sparging has significant impact on hydrogen production efficiency. An inert gas heavier than hydrogen can be used to extract hydrogen from
liquid phase to increase its concentration in gaseous phase. Various bacterial isolates and different substrates were tested for hydrogen gas production
in order to find the most effective and suitable bacterial culture and substrate for usage in a laboratory-scale bioreactor prototype system. Hydrogen
concentrations in liquid and gaseous environments were measured with two experimental systems for quantitative measurements of hydrogen yield
and rate. After fermentation processes following results were obtained in liquid and gaseous phase: Escherichia coli BW25113 hyaB hybC hycA fdoG
frdC ldhA aceE::kan produced hydrogen with rate 3 mmol/L/h, using 30mM glucose as substrate and 0,04 mmol/L/h, using 60 mM lactose as substrate
in gaseous phase. Clostridium sporogenes produced 1, 5 mmol/L/h hydrogen in gaseous phase and 1,42 mmol/L/h hydrogen in liquid phase using 240
mM glycerol as substrate.

Introduction
Currently hydrogen is mainly produced from various fossil fuels, biomass and water. Nearly 90 % of hydrogen is
nowadays produced by the reactions of natural gas or steam reforming (Das and Veziroglu, 2008). Most commonly used
hydrogen generation process is the steam methane reforming, but this process reveals large quantities of carbon oxides
that are atmosphere pollutants. Other methods of hydrogen production from fossil fuels are the thermal cracking of natural
gas, coal gasification, and partial oxidation of hydrocarbons. Hydrogen can be produced also from water via electrolysis
(which results in very pure hydrogen but is relatively expensive), photolysis or thermochemical processes, as well as via
biological processes (examined in this review).
Nowadays the petroleum-based fuels are the primary source of energy but they become more expensive and soon
will be exhausted. Different environmental and economical efforts are directed towards researches that are sustainable
and environment-friendly. Hydrogen as energy carrier is one of very promising possibilities and hydrogen-based economy
has started to develop a great interest around the world. Molecular hydrogen has the highest energy content per unit
weight among the known gaseous fuels (143 GJ ton-1, 1.Boyles, 1984). Hydrogen is the lightest element. The mass of 1
litter of hydrogen is 0, 09 g, while the mass of 1 litter of air is about 1.2 g. The atmosphere contains about 0.07% hydrogen
(only upper layers), while the Earth’s surface contains about 0.14% hydrogen. In combustion, water is the main product,
thus, hydrogen is regarded as a clean non-polluting fuel. Hydrogen has various other uses, for example as a reactant in
hydrogenation processes (to produce ammonia etc), as an O2 scavenger (to chemically remove trace amount of O2 to
prevent oxidation and corrosion), as a fuel in rocket engines, as a coolant in electrical generators to take advantage of its
unique physical properties etc.
Every physical or chemical method of hydrogen production requires a large electrolytic, thermal or photolytic
source of energy, which is not always environmentally benign (reviewed by Das and Veziroglu, 2008). For chemical
industry and other applications nowadays the hydrogen is produced from natural gas by steam reforming and coal
gasification what is not environmental friendly because fossil fuels are used. Therefore only biological processes of
hydrogen production from the biomass and other organic resources are sustainable and environmentally viable. Industrial
and agricultural organic waste used as feedstock for hydrogen production is a perspective way for alternative energy
production and it noticeably decreases the raw material cost. Biomass can be used to generate hydrogen with biological
and thermochemical methods.
Brief overview of hydrogen production methods from biomass
Two thermochemical processes can be used to produce the hydrogen from biomass - gasification followed by
reforming of the syngas and fast pyrolysis followed by reforming of the carbohydrate fraction of the bio-oil. Water-gas
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shift is used in each process, to convert the reformed gas into hydrogen:
CO + H2O → CO2 + H2 ; ΔH = -42 kJ/mol		

		

(1)

and pressure swing adsorption is used to purify the product (Demirbas, 2006). The outcome of water shift reaction can
reach 85% in commercial steam reformers for small-scale hydrogen production: conventional reduced-scale reformers
and specially designed reformers for fuel cells. Commercial catalysts consist essentially of Ni supported on α-alumina or
MgO (Santos et al., 2004). The syngas is a feedstock for large scale synthesis in chemical industry for the production of
important base products: methanol synthesis, oxo synthesis (hydroformylation), methane synthesis and synthetic diesel
synthesis by Fischer-Tropsch reaction (Prins et al., 2004).
Hydrogen formation from biomass through hydrothermal reaction
Hydrothermal process, a reaction using super- or sub critical water as a medium, has been used for gasification
of biomass. Many researchers have reported the formation of hydrogen from biomass through the hydrothermal
process. Selective hydrogen formation in the hydrothermal reaction of various organic wastes (wood, salad oil,
plastics, sewage sludge) was reported by Lin et al. (2002) at relatively high temperatures 700 ºC, while Elliot et al.
(1994) and Minowa et al. (1998) reported hydrothermal biomass gasification at relatively lower temperatures (350 400 ºC). Nickel catalyst or alkali was used by Minowa et al (1998) to gasify the cellulose with high efficiency. Ishida
et al. (2005) find that the use of Na2CO3 as alkali and nickel impregnated on SiO2 as catalyst initiate the effective
formation of hydrogen gas even for the real biomass samples, such as wasted wood, sledges and food waste. The
supercritical water gasification can directly deal with the wet biomass without drying and have high gasification
efficiency in lower temperature (Demirbas, 2006). Biomass is gasified in supercritical water to form a gas composed
of H2, CO2, CO, CH4, and a small amount of C2H4 and C2H6 (Demirbas, 2006). For hydrogen production can be
used both fluidised-bed gasification and special entrained flow systems are under intensive development (Sipila
and Wilen, 2011). Biomass gasification has attracted the highest interest among the thermochemical conversion
technologies as it offers higher efficiencies in relation to combustion (Demirbas and Arin, 2002). It is believed that
as the reaction progresses the carbon becomes less reactive and forms stable chemical structures, and consequently
the activation energy increases as the conversion level of biomass increases (Tran and Rai, 1978).
Base facilitated reforming of biomass to hydrogen
Base facilitated reforming (BFR) of biomass has developed as new technology to produce hydrogen from various
organic matters (see Reichman et al. 2010 and references therein). In this technology termed Ovonic Renewable Hydrogen
(ORH), base material such as NaOH is used as a reactant to facilitate the reforming of the organic matters to hydrogen gas.
BFR process is a one-step process and has number of advantages over the conventional steam reforming and gasification
processes of biomass, including lower operation temperature and lower heat consumption. ORH process has been studied
and demonstrated on variety of renewable fuels including liquid biofuels and solid biomass materials. The addition of
base material (alkaline) to an organic fuel (catalyst material, mainly nickel based is necessary too) produces hydrogen
gas at significantly milder conditions (temperature and pressure) compared to conventional steam reforming. Moreover,
a reformer based on this Base-Facilitated concept is simpler in design and can be constructed at lower cost because
gases such as CO and CO2 are not formed. Therefore, water gas shift (WGS) reactor to react CO gas and pressure swing
absorption (PSA) reactor to scrub CO2 gas are not needed as with conventional steam reforming reactors.
Hydrogen production with biomass pyrolysis
Biomass Pyrolysis Products depends from process used. At least three processes can be dividend with different
final products: liquid, char or gas (Czernik and Bridgwater, 2004). Information on Pyrolysis of Biomass can be found
from Pyrolysis Network (PyNe, 2011) integrating 15 European Countries and USA, but most active countries are Canada,
Finland, Germany and the UK with leadership provided by the US. Biomass fast pyrolysis is a thermal process that
rapidly heats biomass to a carefully controlled temperature (~500°C), then very quickly cokols the volatile products
(<2 sec) formed in the reactor (Czernik, 2004). Fast pyrolysis offers the unique advantage of giving a liquid that can be
stored and transported. Biomass fast pyrolysis liquids are well described in excellent report from Technical Research
Centre of Finland (Oasmaa and Peacocke, 2010), who has had a central role in analysing liquid and solid fuels for the
Finnish industry for over three decades. Biomass gasification produces a mixture of gases with H2 content ranging 6–6.5%
(McKendry, 2002; Bridgwater, 2003; Demirbas, 2006). Bio-syngas is a gas rich in CO and H2 obtained by gasification
of biomass (Maschio et al., 1994). Hydrogen can be produced from biomass pyrolysis products managing reformation of
the syngas or reforming the carbohydrate fraction of the bio-oil. In each process, water-gas shift reaction (1) is used to
convert the reformed gas into hydrogen, and pressure swing adsorption is used to purify the product (Demirbas, 2006).
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Direct biophotolysis
Various physiologically and taxonomically significantly different microorganisms are able to produce hydrogen.
They generate hydrogen because of two basic causes – to dispose of excess reducing equivalents or as a by-product
in nitrogen fixations. These microorganisms use one of two hydrogen producing enzymes -Fe-hydrogenase, NiFe
hydrogenase and nitrogenase. Biocatalysts (hydrogen producing enzymes) regulate the hydrogen metabolism in countless
prokaryotes as well as some eukaryotic organisms, like green algae. (Kotay and Das, 2008). Hydrogen producing enzymes
catalyze the chemical reaction: 2H+ + 2e− ↔ H2. It is hypothetically probable that inherent activity or the quantity of these
enzymes is limiting the whole hydrogen generation process. In different microbial systems, potential catalytic activity far
surpasses the amount of hydrogen generated what could indicate that other metabolic factors are limiting in the overall
process (Hallenbeck and Benemann, 2002). Nitrogenase is used in photo-fermentation processes but Fe-hydrogenase
enzyme is used in the biophotolysis processes ((Manish and Banerjee, 2008).
In the direct biophotolysis the solar energy is used to directly convert available substrate – water - to hydrogen
via photosynthesis reaction 2H2O + ‘light energy’ → 2H2 + O2 (Hallenbeck and Benemann, 2002). Hydrogen generation
takes few minutes to hours of anaerobic incubation in the darkness to induce the hydrogen productive enzymes. Enzyme
hydrogenase combines protons with ferredoxin donated electrons to form a hydrogen molecule (Levin et al., 2004).
This process must be operated at partial pressure of approximately one atmosphere of oxygen, which is a thousand
fold greater than the maximum to be tolerated which is the key problem because of the oxygen gas sensitivity of the
hydrogenase enzyme (Manish and Banerjee, 2008). Approaches to overcome this problem have been established and are
actively developed, including reversible and irreversible oxygen absorbers, protein engineering, endogenous respiration
and other.
Indirect biophotolysis
In the indirect biophotolysis oxygen evolution and hydrogen evolution are separated from each other thus avoiding
the sensitivity of the hydrogen generating enzymes. The separated stages are coupled with CO2 evolution. Cyanobacteria
(also known as blue-green algae, cyanophyceae, or cyanophytes) have the unique ability of using CO2 in the air as a
carbon source and solar energy as energy source (Manish et al., 2008 and Schopf, 2000). Cyanobacteria evolve hydrogen
through photosynthesis via the following processes:
12H2O + 6CO2 + Light energy →C6H12O6 + 6O2

and C6H12O6 + 12H2O + Light energy →12H2 + 6CO2.

(2)

Cyanobacteria can perform oxygenic photosynthesis and it contain photosynthetic pigments, such as chl a,
carotenoids, and phycobiliproteins. The nutritional requirements of cyanobacteria are very simple and comparatively
cheap: air (N2 and O2), water, mineral salts, and light. Different species of cyanobacteria may possess several enzymes
that are directly involved the generation of molecular H2. These include nitrogenases which catalyze the production of H2
as a by-product of nitrogen reduction to ammonia, uptake hydrogenases which catalyze the oxidation of H2 synthesized
by the nitrogenase, and bi-directional hydrogenases which have the ability to both oxidize and synthesize H2 (reviewed
by Tamagrini et al. (2002). In the process of indirect photosynthesis Anabea variablis mutant strain has demonstrated
hydrogen production rate of 0,355mmol/h/l (Sveshnikov et al. (1997).
Photofermentatio
Process of photo-fermentation occurs under anaerobic conditions by photosynthetic bacteria, namely, purple nonsulfur bacteria that evolve molecular H2 catalyzed by enzyme nitrogenase under nitrogen-deficient conditions using light
energy and reduced compounds (simple organic acids). The electrons are transported to the enzyme – nitrogenase –by
ferredoxin using energy in the form of adenosine triphosphate (ATP). Nitrogenase enzyme when nitrogen is not present,
reduces proton into hydrogen gas again using extra energy in the form of ATP (Manish et al. (2008) and Levin et al.
(2004)). Photoheterotrophic bacteria (for example Rhodobacter sp.) have been widely investigated for their potential
to convert light energy into H2 using waste organic compounds as substrate in batch processes as well as in continuous
cultures. Rhodobacter spheroides were reported to produce H2 at rates that range from 80 ml to 100 ml H2 of liters of
culture/h (Tsygankov et al. (1998)). Higher rates have been reported of the order of 145-160 mmol/l/h (reviewed by Levin
et al. 2004).
Dark fermentation
Hydrogen can be generated via dark fermentation process by anaerobic bacteria, which is grown on a carbohydrate
rich substrate (more attractively, various waste products). The majority of microbial hydrogen synthesis via dark
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fermentation is driven by the anaerobic metabolism of pyruvate, which is formed during the substrate catabolism.
The breakdown of pyruvate is catalyzed by one of two enzyme systems. Thus in both of the biological systems, the
pyruvate generated by glycolysis is used to anaerobically produce acetyl CoA, from which ATP can be derived, and
either formate or reduced ferredoxin (Fd (red)), from which hydrogen can be derived (Hallenbeck and Benemann, 2002).
Carbohydrates are mostly preferred substrates for the hydrogen generation via dark fermentation process, which yields
to theoretical maximum of 4 moles of hydrogen per mole of glucose obtained by strictly anaerobic bacteria and 2 moles
of hydrogen per mole of glucose by facultative anaerobes (e.g. Escherichia coli) (Manish and Banerjee, 2008). There is
a natural consequence of the fact that fermentations have been optimized by evolution to produce cell biomass and not
hydrogen. Thus a portion of the substrate is used in both cases to produce ATP giving a product that is excreted. In many
anaerobic microorganisms the actual hydrogen generation yields are reduced by hydrogen recycling due to the presence
of one or more uptake hydrogenases, which consume the hydrogen that is produced. A near-stoichiometric yield is only
achievable under near equilibrium conditions, which implies comparatively slow rates – 77mmol/h per liter (Hallenbeck
and Benemann, 2002).
Two-stage fermentation (photo- and dark – fermentation)
Continuous production of hydrogen at maximum yield can be achieved by integrating both photo- and darkfermentation processes. In glucose fermentation a complete oxidation would yield to 12 moles of hydrogen, which is not
feasible thermodynamically. But coupling both fermentations we can use the by-product of dark fermentation (acetate)
in the photo fermentation to produce more hydrogen moles. In the oxidation of glucose molecule via dark fermentation 4
moles of hydrogen and by-products are produced per mole of glucose consumption. Acetate then can be further oxidized
by photosynthetic bacteria to produce more hydrogen (Manish and Banerjee 2008).
1) Dark fermentation

C6H12O6 + 2H2O → 4H2 + 2CO2 + 2CH3COOH			

(3)

2) Photo fermentation

CH3COOH + 2H2O + Light energy → 4H2 + 2CO2		

(4)

Experimental
Our research in biohydrogen production is directed to find and test applicable bacterial isolates and different local
substrates, and to design and built up laboratory-scale bioreactor prototype systems.
Isolates and substrates used in our researches were: Aneurinibacillus aneurinilyticus, Clostridium sporogenes,
Enterobacter asburiae, Enterobacter cloacae, Eubacterium limosum, Kluyvera ascorbata, Paenibacillus pabuli (isolates
from Microbial Strain Collection of Latvia), E.coli BW25113 hyaB hybC hycA fdoG frdC ldhA aceE::kan (from prof.
T.K.Wood, USA). Glucose, lactose and glycerol were used as substrates, concentration varied between 15 to 240 mM.
All substrates were sterilized through membrane 0.2µm filter. Substrate concentration was measured by two different
methods: HPLC (High Performance liquid chromatography) and the Anthron method. Bacterial cultures were inoculated
in 200 ml flasks containing LB (5 g/l yeast extract, 10 g/l tryptone, 10 g/l sodium chloride, 15 g/l Bacto agar. The flasks
were aerobically shaken at 37°C for 12 hours at 150 rpm using a multi-shaker PSU-20 (BioSan, Latvia). The bacteria
cell number in the overnight culture was titrated at 10-6 dilution. The overnight culture in LB liquid medium was mixed
(1:1) with phosphate buffer saline (PBS) pH 7.3 (0.8 g/l NaCl, 0.2 g/l KCl, 1.43 g/l Na2HPO4, 0.2 g/l KH2PO4 (Penfold et
al. 2003) in a vessel sterilized for measurements. The PBS contained a complex trace element medium pH 6.5 (0.039g/l
Fe(NH4)2SO46H2O, 0.172 mg/l Na2SeO3, 0.02 mg/l NiCl2, 0.4 mg/l (NH4)6Mo7O24 (Maeda et al. 2008). Substrate (between
15 to 240 mM final concentrations, sterilized through membrane 0.2µm filter) was added at the start of experiment. Argon
gas bubbling through the media was used to sustain anaerobic environment.
Laboratory scale bioreactor prototype has been built for experiments with H2 and CH4 producing microorganisms.
Gas concentrations were measured in liquid and gaseous environment, using hydrogen and oxygen Clark-type microsensors
(Unisense, Denmark) for liquid phase and masspectrometer RGAPro-100 for gas phase. Microsensors were calibrated in
a liquid culture medium for zero concentrations and hydrogen gas (99.999%) and clean air for 100% dissolved H2 and O2
concentrations (730 and 760 μmol/l, respectively). Microsensor tip was sterilized using 96% ethanol, 0.1 M NaOH and
distilled water every time when it is taken out from the sample (Klepere et al. 2010). Evolved gases were collected with
the syringe from the tests system with graduated gas holder and tested qualitatively in the mass-spectrometer.
Results and discussions
Hydrogen concentrations in liquid and gaseous environments were measured with two experimental systems for
quantitative measurements of hydrogen yield and rate (Table 1, Fig. 1.).
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Table 1. Experimental results on hydrogen production rate in different substrates by different bacterial strains

H2 production rate
in liquid phase
mMol/L/h
3,0

H2 production rate
in gaseous phase
mmMl/L/h
2,5

Glucose

Substrate
concentration
mmol/L
30

2,0

0,1

Glucose

30

E. asburiae LMKK 839

0,002

ND*

Glucose

15

E. cloacae LMKK 778

0,005

ND*

Glucose

15

A. aneurinilyticus LMKK 1018

0,06

0

Glycerol

240

E.coli BW25113

0,125

0,04

Glycerol

240

K.ascorbata LMKK 732

0,09

0,04

Glycerol

240

C.sporogenes LMKK 764

1,5

1,42

Glycerol

240

E. limosum LMKK 840

0,07

0,18

Glycerol

240

P. pabuli LMKK 1006

0,08

0

Glycerol

240

E.coli BW25113

0,07

ND

Lactose

30

E.coli BW25113

0,12

0,04

Lactose

60

Bacterial strain
E.coli BW25113
E.coli LMKK 332

Substrate

Nd* - No data

After fermentation processes following results were obtained in liquid and gaseous phase: Escherichia coli
BW25113 hyaB hybC hycA fdoG frdC ldhA aceE::kan produced hydrogen with rate 3 mmol/L/h, using 30mM glucose as
substrate and 0, 04 mmol/L/h, using 60 mM lactose as substrate in gaseous phase. Clostridium sporogenes produced 1,5
mmol/L/h hydrogen in gaseous phase and 1,42 mmol/L/h hydrogen in liquid phase using 240 mM glycerol as substrate.
Our obtained results (33 μmol hydrogen/mg protein/h ) are comparable to the previous research by Maeda (Maeda et al.
2008) where the same bacterial strain E.coli BW25113 hyaB hybC hycA fdoG frdC ldhA aceE::kan produced 32±6 μMol
hydrogen/mg protein/h from glucose (Table 1).
Prototype bioreactor for small scale laboratory experiments were built up from low cost materials (Figure 2: 1 –
power supply for mixer, 2 – PWM speed controller for mixer, 3 – reactor, 4 – pH probe, 5 – pH meter, 6 – membrane
pump, 7 – vessel for used culture medium, 8 – stainless steel tube, 9 – PTFE tube.).

Figure 1. Hydrogen production measurements on the sample with
different bacterial strains using glycerol as substrate

Figure 2. Prototype of bioreactor for experiments
with H2 producers

Conclusions
Hydrogen production with biological methods has a great potential and is a very sustainable and prospective way
to produce alternative, as well as renewable energy carrier. There are different ways to generate bio-hydrogen and they
are all under an extensive research and development. Nevertheless method optimization and efforts to larger scale systems
and commercialization have to evolve on an ongoing basis. Very important factor of biological hydrogen production
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overall is the substrate for microorganisms, which is presumably gained from waste materials and cheap as well as another
challenging problem is an ideal microbial consortia that could efficiently convert the available substrates to hydrogen.
When the technological potential of bio-hydrogen production is realized, it will ensure an effective progress towards
sustainable hydrogen economy.
In our researches the hydrogen concentrations in liquid and gaseous environments were measured with two
experimental systems for quantitative measurements of hydrogen yield and rate. After fermentation processes following
results were obtained in liquid and gaseous phase: Escherichia coli BW25113 produced hydrogen with rate 3 mmol/L/h,
using 30mM glucose as substrate and 0,04 mmol/L/h, using 60 mM lactose as substrate in gaseous phase. Clostridium
sporogenes produced 1,5 mmol/L/h hydrogen in gaseous phase and 1,42 mmol/L/h hydrogen in liquid phase using 240
mM glycerol as substrate.
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Alternative Feedstock for Biodiesel Production
Krzysztof Kołodziejczyk, Marlena Owczuk
Automotive Industry Institute, Poland
Abstract
This paper presents the preliminary analysis of physical and chemical properties of methyl esters produced from oil crops (Camelina sativa,
palm and soybean) as an alternative biofuel or biocomponent for methyl esters of rapeseed (canola) oil. Special attention was paid for some parameters
which are listed in quality standard for biofuel using in diesel engines (PN-EN 14214). General information about cultivation of rapeseed in Poland was
presented as well as some factors depending on the increasing of biofuel production.

Introduction
This paper was performed as a part of an international project conducted and financed jointly by the Polish,
Lithuanian and Ukrainian parties: under the Programme, ERA-ARD “The Agricultural Research for Development
Dimension of the European Research Area”.
It is estimated that the demand for agricultural products will increase both in the food industry as well as fuel industry. In
order to increase the amount of available sources, it is carried out studies on the use of other raw materials for biofuels.
This paper deals with estimation the usefulness of a new type of biofuel to the diesel engine by the analysis of
qualitative parameters, the possibility of improvements the composition and assessing the impact of this type of fuel on
the environment.
Rapeseed in Poland
In Poland the most important oil crop for biofuel production and the production of oils for food purposes is
rapeseed, due to:
 the climate,
 availability of oilseeds and
 the volume of harvest yield and efficiency.
Other oilseeds such as soybeans and sunflowers mainly, are mostly imported into Polish market in form of raw oils.
A characteristic feature of rapeseed production in Poland is low stability of its harvests related to:
 different yields per year,
 sensitivity to low temperatures and
 fluctuations in the profitability of its cultivation relative to corns.
Rapeseed cultivation is concentrated mainly in the west and north-west part of the country. In terms of rape
cultivation area, the largest among the provinces is [8]:
 Wielkopolskie 123,6 thousand ha,
 Kujawsko - Pomorskie 119,4 thousand ha,
 Dolnośląskie (109,5 thousand ha) and
 Zachodniopomorskie 102 thousand ha.
In these provinces also recorded the largest harvest - in the Wielkopolska province more than 400 thousand tons,
whereas in the other major regions of 300 - 370 thousand. tons per year. Reports of rape and oil-yielding rape in 2010 is
estimated at some 2,2 million tons, the sown area on 0,8 million ha, while yields of 27,2 dt / ha [8].
Table 1. Area under crop, harvest and crops in Poland [1, 8]
Years
Area under crop [1000
ha]
Harvest [1000 t]
Crops [dt/ha]

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

436,8

443,2

438,9

426,3

538,2

550,2

623,9

796,8

771,1

810,0

790,0

958,1

1063,6

952,7

793,0

1632,9

1486,1

1584,7

2129,9

2105,8

2496,8

2221,6

21,9

24,0

21,7

18,6

30,3

27,0

25,4

26,7

27,3

30,8

28,5

Impact of biofuel production on food prices
The most important factors depending on the increase of biofuel production, and having an impact on the
competitiveness of the food sector are:
 erosion of margins, wherever the company does not have, or have limited possibilities to increase selling
prices for its products to offset increased costs of production;
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 a threat to their competitiveness through the promotion of substitutes, if only the replacement products are
not at all or are affected to a lesser extent by an increase in production costs;
 a threat to international competitiveness, wherever the increase in production costs affect the EU production
more than production from other parts of the world where commodity prices are lower;
 a threat to the competitiveness of the internal market in relation to non-EU competitors benefiting from lower
commodity prices.
Biofuels from alternative oilplants
In Poland, it is carried out researches on the use of other oilseeds as feedstock for biofuel production in order to
find alternatives to rapeseed (canola). Automotive Industry Institute (PIMOT) is actively involved in research on the use
of oil, straw and marc of alternative oilplants and animal fats as a source of energy for heating and transport industry.
In this paper result of some physical and chemical parameters of methyl esters of Camelina sativa, palm oil and
soybean oils compare to methyl esters of rapeseed (canola) oil are presented.
Additionally, analysis of selected quality parameters of biofuels of various origins in accordance with the normative
requirements for FAME was conducted.
Requirements and test methods for FAME by PN-EN 14214
Below in Table 2 the quality requirements for fatty acid methyl esters (FAME) according to PN-EN 14214 were
presented.
Table 2. Requirements and test methods for FAME PN-EN 14214 [9]
Property

Limits

Unit

FAME content
Density at 15 oC

%(m/m)

min.
96,5

max.
---

kg/m3

Test method
PN-EN 14103
PN-EN ISO 3675
PN-EN ISO 12185
PN-EN ISO 3104
PN-EN ISO 2719
PN- EN ISO 3679
PN-EN ISO 20846
PN-EN ISO 20884

860

900

2

3,50

5,00

C

101

---

mg/kg

---

10,0

%(m/m)

---

0,30

PN-EN ISO 10370

--%(m/m)
mg/kg
mg/kg
rating

51,0
-------

--0,02
500
24

h

6,0

---

mg KOH/g
g iodine/100g
%(m/m)

-------

0,50
120
12,0

PN-EN ISO 5165
PN-ISO 3987
PN-EN ISO 12937
PN-EN 12662
PN-EN ISO 2160
PN-EN 15751
PN-EN 14112
PN-EN 14104
PN-EN 14111
PN-EN 14103

%(m/m)

---

1,00

PN-EN 15779

%(m/m)
%(m/m)
%(m/m)
%(m/m)

---------

0,20
0,80
0,20
0,20

Free glycerol

%(m/m)

---

0,02

Total glycerol

%(m/m)

---

0,25

Group I metals (Na + K)

mg/kg

---

5,0

Group II metals (Ca + Mg)
Phosphorus kontent

mg/kg
mg/kg

-----

5,0
10,0

PN-EN 14110
PN-EN 14105
PN-EN 14105
PN-EN 14105
PN-EN 14105
PN-EN 14106
PN-EN 14105
PN-EN 14108
PN-EN 14109
PN-EN 14538
PN-EN 14538
PN-EN 14107

o

Kinematic viscosity at 40 C

mm /s
o

Flash point
Sulphur content
Carbon residue
(on 10 % distillation residue)
Cetane number
Sulphated ash content
Water content
Total contamination
Copper strip corrosion ( 3 h, 50 oC)
Oxidation stability, 110 C
o

Acid value
Iodine value
Linolenic acid metyl ester
Polyunsaturated (≥ 4 double bonds)
methyl esters
Methanol content
Monoglyceride content
Diglyceride content
Triglyceride content

class 1
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Limits
Property
CFPP

Unit

Grade A Grade B Grade C Grade D Grade E Grade F

C, max

o

+5

0

-5

-10

-15

-20

Test method
PN-EN 116

Characteristics of physical and chemical parameters of methyl esters of various oilplants
Methyl esters of various oilplants, which were the subject of previous research at the Institute for Fuels and
Renewable Energy were taken i.e. the methyl esters of fatty acids from oils of:
• Camelina Sativa
• Canola
• Palm
• Soybean.
The goal of this paper was to determine the applicability of the above type of esters as components of biofuel
for diesel engines and the preparation of data for comparison with those prepared by project partners. Below in Table 3
presents selected physical and chemical parameters, important from the viewpoint of the application as a biofuel.

Table 3. Characteristics of methyl esters of fatty acids [2]
Methyl esters of
Parameters
CP
PP
CFPP
Oxidation stability, 110 °C
Kinematic viscosity, 40°C
Acid value
Iodine value
S
P
nd - not determined

Unit
°C
°C
°C
h
mm2/s
mgKOH/g
g iodine/100g
ppm
% mass

Camelina oil
[CSME]
3
−4
−3
2.5
4.15
0.31
151
3
0

Canola oil
[CME]
0
−9
−7
6.4
4.42
0.01
110
2
0

Palm oil
[PME]
17
15
12
10.3
4.58
0.01
54
2
0

Soybean oil
[SME]
0
−3
−4
5.0
4.12
0.01
134
1
0

In order to recognize detailed structure of esters, also the percentage of fatty acid methyl esters were presented.
The analysis was performed by gas chromatography method according to the procedure described in PN-EN 14103: 2004.
Profiles of selected acid methyl esters were shown in Table 4 and graphically in Figure 1. Acids marked in bold are in
greatest contents in esters.
Table 4. Fatty acids composition of methyl esters of various origin [3, 4, 5, 6]
Methyl esters of
Fatty acids
- Myristic (C14:0)
- Palmitic (C16:0)
- Stearic (C18:0)
- Oleic (C18:1)
- Linolic (C18:2)
- Linolenic (C18:3)
- Arachidic (C20:0)
- Eicosenoic (C20:1)
- Behenic (C22:0)
- Erucic (C22:1)

Camelina Sativa oil
[CsME]
5,6
2,3
16,3
15,4
37,3
0,9
15,6
1,7
3,3

Canola oil
[CME]
4,58
2,01
60,00
21,66
7,92
0,78
1,52
0,33
0,79

Palm oil
[PME]
1,1-2,5
40,0-46,0
3,6-4,6
39,0-45,0
7,0-11,0
-

Soybean oil
[SME]
0,56
14,17
5,19
48,20
22,19
1,45
0,28
-

In the above table, the symbol C and followed by a number means a carbon chain length taking account the carbon
in the carboxyl group, while the number after the colon is the amount of unsaturated bonds in the molecule.
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Figure 1. Graphical presentation of fatty acid content in tested methyl esters [3, 4, 5, 6]

On the basis of the above presented results can be concluded that:
Oxidation stability values are different for described methyl esters. CsME are very unstable (2,5 h) whereas CME,
PME and SME are more stable (Table 3). Oxidation stability is depend on number fatty acids with unsaturated bonds.
CsME consist of high level of linolenic acid with triple unsaturated bonds and linoic acid with double unsaturated bonds.
On the other hand PME are especially resistant on oxidation because it consist of mainly high saturated fatty acids.
Low temperature properties for CsME, CME and SME are similar and corresponds to the conditions of transition
period while PME showed diminished low temperature characteristics.
Oxidation stability and low temperature properties could be modified by additives.
Iodine value depends to the amount of unsaturated fatty acid therefore the CsME and SME have the highest value
of this parameter (above the limit according to EN 14214).
To be acceptable as feedstock for using as biofuels, all parameters listed in EN 14214 must be above the limits.
The methyl esters of different origins differ strongly between themselves by their properties (Table 3) because of their
significantly different composition (Table 4 and Figure 1). It should be noted that there are no additives that would
improved the following parameters: iodine number and content of linolenic acid methyl ester. Thus, methyl esters of
Camelina sativa oil should be used in mixtures with esters with the best suitable values of these parameters [7].
This article provides only a selected information and test results received from literature. The schedule of the
project provides further research. Thus, final conclusions will be presented immediately after completion of the project
including experimental results.
Conclusions and comments
1.

2.

3.

The rapeseed oil is the key source for production of biodiesel in Poland. Area of rapeseed cultivation was growing up
from many years. However rapeseed yields depend on many factors (climatic and government policy) and can vary
significantly each year which could affect the stability of feedstock for the production of biofuels.
Some researches have been performed for adopting alternative seed oils and other raw materials (e.g. animal fats,
fried oils) as a feedstock for the production of biodiesel. New technologies are adapted to the increasingly stringent
market requirements and environmental policies (high technology, practically waste-free, cost-effective, using new
generation materials). This is likely to increase availaibility feedstock for both food and biofuel industry.
Analysis of experimental data and literature showed that methyl esters of different origins differ considerably each
other in composition and physical and chemical properties. Therefore special procedures must be developed for
production of high-quality biofuels with using such raw materials, which could meet standard requirements.
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Abstract

Our current research has been based on heat energy consumption analysis in the year 2008 and indoor environment - indoor air quality (IAQ)
data analysis in day-care centre buildings in the year 2011. We have been analysed more than 420 public buildings heat energy consumption in the Riga
city. All public buildings divided into 12 groups depending on these using. Our attention was focused on heat consumption in unrenovated, partially
renovated and newly erected day-care centre buildings. Data of heat consumption in this group of public buildings we has analysed and modelled
trend line under the Latvian Energy Development Guidelines for the years 2007-2016 and by the year 2020. It can be a main direction for Latvian civil
engineering for current public building group. Obtained data indicated another, incorrect tendency in Latvian building sector.
In the year 2011 we will be continued our research and obtained data of IAQ in six different conditions day-care centre buildings. IAQ
measurements in three day care-centre buildings we would like to present in this article.
Key words: energy, heat consumption, public buildings, indoor environment, indoor air quality, day-care centre, renovation, civil engineering

Introduction
Latvian Cabinet of Ministers made laws for local use on basis of significant decisions of the European Parliament
and of the Council on energy consumption economy and optimisation. The main documents are: Latvian Construction
Standard (LBN 002-01) “Building Envelope Calorific”, Latvian Law on The Energy Performance of Buildings, Latvian
Construction Standard (LBN 208-08) “Public Buildings and Structures”.
The main ministry for energy issue in Latvia is the Ministry of Economics. Latvian Energy Development Guidelines
for the years 2007- 2016 define that heat energy consumption should decrease by approximately 28%. In time period up
the year 2020 heat energy consumption should decrease by 40%. Is it possible to achieve this with previous renovation
methods? We researched it and give an answer in this study.
Buildings that have very high heat energy demands are part of Latvia’s heritage from the Soviet era. The great
majority of public buildings do not have mechanical ventilation systems.
Heat energy consumption in public buildings has been explored in very few Latvian scientific researches. We did
not find a similar study in Latvian scientific publications.
Heat Energy Consumption in Public Buildings
Aggregate information contained data about more than 420 public buildings heat energy consumption in the
year 2008. All public buildings divided into 12 groups depending on these using: special status educational institutions;
shelters; local government buildings; recreation centres; museums; hospitals; sport centres; libraries; academies of music;
day-care centres; schools; religious buildings.
Our analysis focused on heat energy consumption in unrenovated day-care centre buildings (32 analysed units)
and in day-care centre buildings after a partial renovation and newly erected (111 analysed units), such as that described
by Krūmiņš et al. (2010, pp.217-223), (2011, pp. 348-353).
Day-care Centre Buildings Indoor Environment
In winter season (from 11 February to 16 March) 2011 we continued research in the six day-care centre buildings
with the aim to attain data from IAQ parameters. Aggregated information total containing more than 60 000 data indication
from air relative humidity, temperature and indoor concentration of carbon dioxide as for example described Minnesota
Department of Health (2010). IAQ parameters have been definite in The Cabinet of Ministers of the Republic of Latvia in
Regulation No. 359, adopted 28 April 2009 as shown in table 1.
These Regulations contain legal norms arising from Council Directive 89/654/EEC of 30 November 1989
concerning the minimum health and safety requirements for the workplace.
IAQ parameters for day-care centre buildings also have been definite in The Cabinet of Ministers of the Republic
of Latvia in Regulation No. 596 “Hygiene requirements for educational institutions, implementing preschool program”.
There have been written, that for children younger than three years air temperature minimum is +200C and older than
three years air temperature is +180C. This requirement does not indicate boundary of indoor environment two parameters:
relative air humidity and carbon dioxide concentration (last amendments of regulations in 18 August, 2009.
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In this research, we used: in unrenovated day-care centre building – MINILOG GSOFT 40K V7.80 (air temperature
logger), EASYLOG 40RF GSOFT 40K V7.80 (air relative humidity logger) from 11 February to 17 March. Two units
Wöhler CDL 210 version 1.1.6.(air temperature, relative humidity and carbon dioxide quantity) loggers in partially
renovated and newly erected day-care centre buildings with a different time of building.
Table 1. Requirements for the Microclimate of Work Premises Depending on Physical Load
No.

Time of the year

1.

Cold time of the year (average air temperature
outside work premises + 10°C or lower)

Work
category

Air
temperature
(C°)

Relative air
humidity
(%)

Air movement
rate
(m/s)

I1
II

19,0–25,0

30–70

0,05–0,15

2

16,0–23,0

30–70

0,1–0,3

3

13,0–21,0

30–70

0,2–0,4

III
I
2.

Warm time of the year (average air temperature
outside work premises exceeding + 10°C)

1

II

20,0–28,0

30–70

0,05–0,15

2

16,0–27,0

30–70

0,1–0,4

3

15,0–26,0

30–70

0,2–0,5

III

Figure1. IAQ parameters loggers: Wöhler CDL 210 version 1.1.6, EASYLOG 40RF GSOFT 40K V7.80 and MINILOG GSOFT
40K V7.80

Loggers have been located in day-care centre rooms approximately 1,5m over floor in the place unaffected from
children. After attaining the measurement data, we analysed and compared this data as for example described Dimdina et
al. (2010, pp. 33-40).
Results of Heat Energy Consumption in Public Buildings
We analysed data on heat energy consumption in unrenovated public buildings and in public buildings after
renovation, also newly erected buildings for each of the 12 groups separately, as well as in two common subgroups:
buildings with windows covering more than 20% and buildings with windows covering less than 20% of the building
facades and prepared Table 2.
In Table 2 we clearly see that public buildings partially renovation in great majority of groups does not lead to
decrease in heat energy consumption. Table 2 also indicated that partially renovation does not affect from windows
covering of buildings facades. Our heed has been focused in heat energy consumption in one of 12 public buildings group.
It was one of two more representative groups – day-care centre buildings. This public building group consists of 143
analysed units: unrenovated buildings – 32 units, partially renovated and newly erected buildings – 111units.
We compared both buildings condition cases and results disclosed in Figure 2.
The average heat energy consumption per annum in unrenovated buildings and in partially renovated buildings
as shown in Fig.2 indicates that partial renovation in day-care centres has been done incorrectly. The Latvian
Energy Development Guidelines for the years 2007-2016 stipulate that heat energy consumption must decrease
by approximately 28 %. In the time period until the year 2020, heat energy consumption must decrease by 40 %
(Ministry of Economics of Republic of Latvia). In Fig.2 we can clearly see that in this like manner made partial
renovation in not rich. We do not disclose newly erected buildings as scattered instances because these conditions
buildings take up very small part from all cases.
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Table 2. Average heat energy consumption (kWh/m2) in public buildings in the year 2008
Windows covering ≤ 20 % of building
Windows covering >20 % of building
facades
facades
Building Groups
Partially
Partially
Unrenovated
Unrenovated
renovated
renovated
1. Special status educational institutions
140
90
170
200
2. Shelters
3. Local government buildings
4. Recreation centres
5. Museums
6. Hospitals

-----130
140
200
------

150
120
100
-----110

-----200
90
-----------

150
990
20
-----------

7. Sport centres

------

190

10

100

60

90

20

90

9. Academies of music

------

170

140

130

10. Day-care centres

190

310

180

220

11. Schools
12.Religious buildings

110
------

130
------

120
70

120
------

8. Libraries

Figure 2. Regression lines of the day-care centres from unrenovated and partially renovated (also newly erected) buildings

Figure 3. Unrenovated and partially renovated day-care centre buildings. Total heat energy consumption (MWh) per annum
correlation with building floor areas (m2) with trendlines
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In Fig.3 we disclosed:
1. Partially renovated (trendline y=133,28x +149046) and unrenovated (trendline y=124,43x+124142) day-care
centre buildings heat energy consumption (MWh) per annum correlation with building total floor area (m2).
2. Abstract trendline (y=150x), made under Latvian Energy Development Guidelines for the years 2007- 2016 and
by the year 2020 heat energy consumption must be decreased by 40% (from 250kWh/m2 per annum to 150kWh/m2 per
annum on average in Latvia).
We can found a part of algorythm from right building model and made Normative trendline (y=74,658+74485),
which was made under Latvian Energy Development Guidelines for the years 2007- 2016 and by the year 2020 heat
energy consumption must be decreased by 40% in this public building group. Newly erected day-care centre buildings
and buildings after renovation must be located on or below this trendline. This is a right way to decrease heat energy
consumption under this Guideline.
Results of Day-care Centre Buildings Indoor Environment
Following Fig.4, Fig.5 and Fig.6 presents outdoor air and indoor air temperature, relative humidity and CO2
concentration level in day-care centre buildings.
Horizontal axis presents data of times and date. Minor gridlines disclose time:
• first 2:00;
• second 5:00;
• third 8:00;
• fourth 11:00 etc..
Major gridlines, for example from:
• zero to eight is the first data, achieved on 21February;
• nine to sixteen is the second data achieved on 22February
• seventeen to twenty four is the third data achieved on 23 February, etc..
(26 February - Saturday and 27 February- Sunday)
The highest indoor air temperature was in the newley erected building (was built in the year 2007, heat consumption
339 kWh/m2 in the year 2008) day-care centre building, medium indoorair temperature was in the unrenovated building
(heat consumption 130kWh/m2 in the year 2008) and the lowest was in the partially renovated building. Air temperature
in the newly erected and unrenovated buildings was higher and just 1-2 degres lower than +25°C. This temperature is
the maximum from recomended optimum in Labour Protection Requirements in Workplaces as prescribed in regulation
no. 359 from 28 April 2009 of The Cabinet of Ministers of the Republic of Latvia. Recommended air temperature is
from +19 to +25°C if outdoor average air temperature is +10°C or lower. In our case a better and more economical
indoor air temperature from +22 to +25°C was in the unrenovated day-care centre building. Air temperature in partially
renovated day-care building (renovated in the year 2004, heat consumption 237kWh/m2 in the year 2008) was under the
recommended indoor air temperature very often in our case.
As we see in Fig.4 outdoor air temperature was from minus 16 degrees to minus 4 degrees Celsius. Indoor air
temperature in all conditions of building changed in accordance with outdoor air temperature changes. This indicates that
in thermal energy consumption is possible to realize optimization. The first step is to change the established heat demand
for each other day-care centre building. It is necessary to make day-night conditions and workday and holyday conditions
with a temperature difference. In the night hours and holydays is not necessary to maintance, as for example, +250C. Our
study justified this.

Figure 4. Air temperature in the different conditions of day-care centre buildings and outdoor environment in the year 2011
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The following Fig.5 clearly shows that indoor air relative humidity is very low. The recommended IAQ minimum
is 30% (maximum is 70%) as was written in Labour Protection Requirements in Workplaces as prescribed in regulation
no. 359 from 28 April, 2009 of The Cabinet of Ministers of the Republic of Latvia.
In our case in the indoor environment of day-care centre buildings did not guarantee this requirement. Very critical
relative air humidity has been obtained in unrenovated and newly erected buildings.

Figure 5. Air relative humidity in the different conditions of day-care centre buildings and outdoor environment in the year
2011

Fig. 6 presents the change in carbon dioxide level in the indoor environment in our study period in two day-care
centre buildings. They are a partially renovated and newly erected. In Latvia we did not find an institution or structure
which had a fixed CO2 level outdoors. State limited liability company “Latvian Environment, Geology and Meteorology
Centre” has information about air outdoor quality, but not included information about CO2 in the outdoor environment.
We find a similar study in Minnesota Department of Health Fact Sheet (Minnesota Department of Health Fact
Sheet, 2010): “Carbon dioxide is a colourless, odourless gas. It is produced both naturally and through human activities,
such as burning gasoline, coal, oil, and wood. In the indoor environment, people exhale CO2, which contributes to CO2
levels in the air. The outdoor concentration of carbon dioxide can vary from 350-400 ppm or higher in areas with high
traffic or industrial activity.” Our fixed CO2 level varied from 410 till 440 ppm in February and March 2011.
The Minnesota Department of Health had written: “the level of CO2 indoors depends upon:
1.the number of people present;
2.how long an area has been occupied;
3.the amount of outdoor fresh air entering the area;
4.the size of the room or area;
5.whether combustion by-products are contaminating the indoor air (e.g., idling vehicles near air
intakes, leaky furnaces, tobacco smoke) ,the outdoor concentration.

Figure 6. Carbon dioxide level in the indoor environment in a partially renovated and newly erected day-care centre building
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Carbon dioxide concentrations indoors can vary from several hundred ppm to over 1000 ppm in areas with many
occupants present for an extended period of time and where outdoor air ventilation is limited.”
Our fixed occupancies (floor area and existence of ventilation system) are:
1. in a partially renovated day-care centre building (3 – 4 years old childrens/adults), floor area 60m2, there is no
mechanical ventilation system:
• 21 February – 12/2
• 22 February – 14/2
• 23 February – 13/2
• 24 February – 12/2
• 25 February – 11/2
• 26 February – 0/0
• 27 February – 0/0
2. in the newly erected day-care building (3-4 years old childrens/adults), floor area 88m2, there is a mechanical
ventilation system:
• 21 February – 16/2
• 22 February – 12/2
• 23 February – 11/2
• 24 February – 13/2
• 25 February – 13/2
• 26 February – 0/0
• 27 February – 0/0
Fig.6 displays that in the newly erected day-care centre building with a mechanical ventilation system, CO2
concentration level in indoor environment is lower than in a partially renovated day-care building without a mechanical
ventilation system. In a partially renovated day-care building in big majority of cases has been exceeded CO2 advised
maximum – 1500ppm..
Conclusions
Our presented study of heat consumption and IAQ measurements in the different types (unrenovated, partially renovated
and the newly erected building) of existent day-care centre buildings has affirmed:
1. Partial renovation does not decrease heat energy in most cases. Buildings with similar total floor areas after a partial
renovation had big heat consumption differences.
2. Partial renovation was done incorrectly in the majority of cases. This confirmed IAQ measurements in day-care centre
buildings and heat consumption analysis on building per one square metre per annum.
3. After a partial renovation in day-care centre buildings and finished building is necessary to set correct heat demand on
the control panel in each heat exchanger into initiallyof the heating season.
5. In each day-care centre building and renovation project it is necessary to include a mechanical ventilation system
which can attain the building’s requirements for correct IAQ as defined in the Latvian Building Laws.
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Abstract
Maintenance actions during the lifecycle of an item are intended to retain or restore it to a state in which it can perform its required function
and should be carried out in all areas of human activity. Maintenance in agriculture can range from simple tasks to modernization or renovation of the
equipment or system therefore workers performing maintenance due to large variety of operations can be exposed to all types of occupational hazards
(physical, ergonomic, chemical, biological and psychosocial). It was found out that the most common cases of contact – mode of injury for accidents
occurred during maintenance of vehicles, tractors and harvesters were: crash on or against due to slip, trip or fall; struck by a portable powered tool;
contact with sharp, rough surfaces. Risk of accidents is increased by the family business and self-employment nature of agriculture, farmers’ education
level, hiring workers without adequate training, working alone, hurry, long working hours and workers’ physical and mental overload. Complexity of
the problem supposes that the first step to improve the health and safety of agricultural workers during maintenance activities is to raise their awareness
of risks and hazards arising from these activities therefore a list of maintenance tasks and hazards related to them were prepared.

Introduction
Agriculture is one of the sectors (together with Manufacturing and Construction) related to the most hazardous
work activities. Annually about 4,3% of agricultural workers in the European Union (EU-27) are reporting one or more
work-related accidents (compared to 5,5% in Construction and 4,5% in Manufacturing) (Eurostat …, 2009). The fatal
accident rate in agriculture for the old European Union Member States (EU-15) is 12.6 per 100,000 workers and the rate
of accidents with more than three days absence is more than 6,000 per 100,000 workers (EU-OSHA …, 2011). As regards
the most often occurrence of work-related health problems only in mining and quarrying this indicator is higher than in
agriculture (Eurostat …, 2009).
Aim of the presented investigation was to identify the main occupational safety and health (OSH) problems
associated with maintenance activities in the agriculture sector. It was scheduled to determine maintenance tasks in
agriculture, to categorize risks and hazards while performing these tasks and to find out the most common causes of
maintenance related accidents in agriculture.
		 The research was concentrated on finding and analysis information about the current state of knowledge regarding
OSH issues arising during maintenance activities in agriculture. For this purpose the authors searched for specific statistical
and research data on OSH related to these activities. Unfortunately the first efforts were fruitless as abstracted data on
maintenance in agriculture are not available. Maintenance is involved in almost all activities of the sector and large
amount of the tasks (like majority works in agriculture) is performed by the farmer or his/her family members. For these
reasons, it is difficult to identify the exact number of workers involved in maintenance activities and to obtain statistical
data on OSH in this area. Therefore the method involved a separate search of official data on OSH in maintenance and
in agriculture, analysis of these data and trial to underline OSH trends applicable to maintenance in agriculture. The
main sources of information were research publications, internet sites and data bases of relevant European and national
institutions and research works of the National Institute for Occupational Safety and Health at Work (Spain) and the
Department of Occupational Safety and Engineering Management of the Lithuanian University of Agriculture. In order to
obtain precise data on the accidents related to maintenance in various sectors in Lithuania 206 reports of accidents at work
occurred in Agriculture, forestry and hunting, Wholesales and retail trade, repair of motor or vehicles and motorcycles,
Transport, storage and communication and Construction were analyzed.
Results of research
In the European Standard EN 13306:2010, Maintenance - Maintenance terminology maintenance is described as
“the combination of all technical, administrative and managerial actions during the lifecycle of an item intended to retain
or restore it to a state in which it can perform its required function”. The mentioned items could be workplaces, buildings,
work equipment or means of transport. Depending on the purpose of maintenance it can be:
• Corrective maintenance (also known as “reactive maintenance”) which involves actions intended to restore a
system to a working state (e.g. repair or replacement of broken components) in the case of its failure;
• Preventive maintenance which involves actions intended to control the deterioration process leading to failure
of a system (e.g. replacement, lubrication, cleaning or inspection). These actions should be carried out at
predetermined intervals or according to prescribed criteria of the functioning of an item;
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•

Large-scale maintenance accomplish to transform an item so that it would perform new or additional functions
or the same function in better conditions (e.g. modification, rebuilding, modernization or renovation of the
equipment or system) (EU-OSHA …, 2010).
Variety of areas where maintenance is carried out, maintained items and maintenance operations is so large that
finding common classification criteria for different types of maintenance or attributing various operations to concrete type
of maintenance is difficult enough. Therefore from the OSH viewpoint the suggestion is to use the classification system
of the methodology of the European Statistics on Accidents at Work (ESAW) and to extract four subcategories of working
processes (operations) considered as maintenance:
• Setting up, preparation, installation, mounting, disassembling, dismantling;
• Maintenance, repair, tuning, adjustment;
• Mechanized or manual cleaning of working areas and machines;
• Monitoring, inspection of manufacturing procedures, working areas, means of transport, equipment – with or
without monitoring equipment (EU-OSHA …, 2010). .
Analysis of OSH problems related to maintenance is presented in a literature review issued by European Agency
for Safety and Health at Work (OSHA) in 2010. Although data from only a few countries are discussed in the review, the
presented ESAW statistics covers only a few European countries and the exposure of maintenance workers to different
risks is shown using information from the National Spanish Survey of Working Conditions an assumption is made that
the situation in other European countries may be similar (EU-OSHA …, 2010).
Maintenance may affect workers’ safety and health in two ways. On the one hand workers may be injured during
maintenance work (most of the accidents occur during corrective maintenance activities), on the other hand an accident can
occur because of lack of maintenance or as a result of poor maintenance of vehicles, industrial or agricultural machines,
electrical facilities, fire extinguishers, buildings or water facilities (EU-OSHA …, 2010).
Workers performing maintenance due to large variety of operations can be exposed to all types of occupational
hazards: physical hazards (such as noise, vibrations, excessive heat and cold, radiation etc.); ergonomic hazards (e.g.
high physical workload, strenuous or repetitive movements, awkward postures); chemical hazards (contact with solid or
liquid chemicals, vapour, gases (including biogas), dust, smoke, fibres and mists); biological hazards (e.g. Legionella,
Leptospira); psychosocial hazards (time pressure, poor work organization, communication problems, violence when
working in public places etc.) (EU-OSHA …, 2010).
Analysis of various accidents discovers that accidents tend to happen not during normal operation, but rather
during repair, maintenance, cleaning, adjustment etc. (EU-OSHA …, 2010). Statistical data show that around 20% of all
accidents in Belgium (in 2005–2006), 18–19% in Finland, 14–17% in Spain and 10–14% in Italy (in 2003–2006) and
around 10–20% of all fatal accidents a number of European countries in 2006 were related to aforementioned maintenance
operations. The majority of such accidents in these countries occur in Manufacturing, Construction and Real estate, renting
and business activities (in Austria also in Hotels and restaurants). The more detailed data from 2006 show that accidents
related to maintenance make following percentage of all accidents in different sectors: in the Electricity, gas and water
supply sector – 50% in Finland and Belgium, 34% in Spain, and 23% in Italy; in the Real estate, renting and business
activities sector – 40% in Finland, 34% in Spain, and 26% in Belgium; in the Education sector – 41% in Belgium; in
other sectors – 10–20% depending on the country. The most frequent fatal maintenance accidents were in micro-sized
enterprises with 1–9 employees and further with 10–19 employees (EU-OSHA …, 2010).
Primary results of analysis of accident reports carried out by the Department of Occupational Safety and Engineering
Management of the Lithuanian University of Agriculture demonstrated that from 1548 work-related accidents occurred
in 2008–2009 in four selected sectors in Lithuania (Agriculture, forestry and hunting – 144; Wholesales and retail trade;
repair of motor or vehicles and motorcycles – 400; Transport, storage and communication – 510, Construction – 494)
206, i.e. 13,3%, were related to maintenance operations. Fig.1 presents distribution of these accidents by the area of
maintenance. Obviously the larges number of accidents occurs during the maintenance of buildings, their installation and
mobile machinery (Domeika et al., 2011).
The EUROSTAT data of the Farm structure survey (FSS) shows that in the EU-27 in 2007 (the results of 2009/2010
census will be available in the summer of 2011) there were 13.7 million agricultural holdings (the agricultural holding
under the FSS considered as basic is: a technical-economic unit, under single management, engaged in agricultural
production. The FSS covers all agricultural holdings with an utilized agriculture area (UAA) of at least one hectare (ha)
and also those holdings with a UAA of less than 1 ha where their market production exceeds certain natural threshold).
7.3 million Agricultural holdings were commercial and almost 70% of them were located in 5 Member States: Italy,
Poland, Spain, Romania and Greece. Other 6.4 million were small holdings most of them principally being subsistence
in nature. Besides, about 10% of the EU-27 agricultural holdings along with agricultural activity also conducted other
gainful activities (Eurostat …, 2010).
In the EU-15 just 4% of the working population works in agriculture but in the new Member States this rate is
13.4% (EU-OSHA …, 2011). In accordance with the statistical data in 2007 about 16.4 million persons equivalent to 8.1
million full-time workers worked regularly on 7.3 million agricultural holdings in the EU-27. 7.3 million persons were
farm holders, 3.7 million – their spouses, 3.8 million – other family members and 1.8 million – non family regular labour
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force. Non regular labour force was equivalent to 0.9 million full-time workers. It means that bulk of works on farms is
done by the holder and his/her family and almost 90% persons working on agricultural holdings are family labour force
(Eurostat …, 2009).

Figure 1. Number of accidents at work by the area of maintenance in Lithuania, 2008 – 2009: 1 – Maintenance of buildings and
their installation; 2 – Maintenance of electrical equipment and installation; 3 – Maintenance of roads; 4 – Maintenance of vehicles,
tractors and harvesters; 5 – Maintenance of agricultural machinery

In Lithuania there were almost 230,3 thousand agricultural holdings in 2007. A little over 229,7 thousand of them
were farmer or family holdings and almost 450 thousand holders and their family members, 6,8 thousand regular and
2,2 thousand non regular non family employees were engaged on these holdings. More than 0,5 thousand agricultural
holdings were agricultural companies with 21,6 thousand regular and 0,9 thousand non regular employees (Spirgys et al.,
2008). The presented numbers show that the vast majority of tasks (including maintenance) in Lithuanian agriculture like
in other European countries are performed by the farm owner and his/her family.
As regards OSH statistics of fatal accidents and occupational health situation in agriculture is one of the worst
among the major employment sectors. The United Kingdom (UK) example apparently proves such proposition. Number
of workers employed in the UK agriculture comprise less than 1,5% of the working population but even 15–20% of all
fatal accidents occur in this sector each year and the rate of occupational diseases in agriculture is also higher than the
average for all industries. In the 10 year period from 1997/1998 to 2006/2007 even 464 people have been killed in the
UK agriculture. Even 254 of them were self employed, 145 were employees and 65 were members of the public (26 of
these were children under the age of 16 years old). Unfortunately gross under-reporting of non-fatal injuries misrepresents
the situation as only about 26% for employees and 5% for the self-employed report all injuries under national RIDDOR
reporting requirements (Reporting of Injuries Diseases and Dangerous Occurrences Regulations 1995). Exposure
to various harmful factors (such as noise, vibration, cold, carrying heavy loads, working in awkward postures, dusts,
chemicals etc.) causes that even 80% of farm workers suffer some form of musculoskeletal disorders, 40% – respiratory
disorders, 25% – some form of noise-induced hearing loss. Occupational safety and health issues in a large scale should be
attributed to the family business and self-employment nature of agriculture and first of all to the farmers’ education level.
In 2000 in the UK only 22% of managers in agriculture had completed basic or full agricultural training and the majority
of farm holders (especially of small holdings) had practical experience only (HSE …, 2007). It can be supposed that other
countries (including Lithuania) have a similar situation.
OSHA provides information that the most common cause of serious and fatal injuries in agriculture involves
moving and overturning vehicles. Other causes of accidents are:
• Falling from a height (e.g. through fragile roofs, from ladders, trees etc);
• Struck by moving or falling objects (bales, trees etc);
• Trapped by something collapsing or overturning;
• Livestock related fatalities;
• Asphyxiation or drowning.
The fact is that large number of accidents occurs during repair and maintenance works and animal care. Majority
of accidents involve agricultural machinery with the tractor as the most frequent actor in the fatal accidents. Accidents
involving animals usually are not severe (EU-OSHA …, 2011). In 2001 published summary data on the 135 fatal
accidents occurred in agriculture in the Northern Ireland during 15 years (HSENI …, 2001) can used for illustration of
this information namely:
• Being struck by a moving vehicle (25%) – almost half injured operators being run over by their own tractors;
• Other accidents involving tractors (14%) – 75% of them were overturns;
• Falling from a height (12%) – half were falls from roofs;

368

Rural Development 2011

Engineering and Environment of Biosystems

• Contact with large animals (11%) – almost half cases involved bulls;
• Trapped by a falling object or material (10%);
• Contact with machinery (9%);
• Drowning (8%) – more than half occurred in slurry tanks;
• Electrocution due to contact with overhead power lines or broken power tools (5%);
• Death in a confined space such as slurry tanks, wells (4%).
It is obvious that part or all accidents in each accident group were related to maintenance operations.
Detailed analysis of the aforementioned reports of work-related accidents in Lithuania assisted in finding out
the most common cases of contact – mode of injury (due to ESAW methodology) for accidents in different areas of
maintenance. Fig.2 presents percentage of accidents occurred during maintenance of vehicles, tractors and harvesters by
the contact – mode of injury.

Figure 2. Percentage of accidents occurred during maintenance of vehicles, tractors and harvesters by the contact – mode of
injury in Lithuania, 2008 – 2009: 1 – Crash on or against due to slip, trip or fall; 2 – Struck by a moving vehicle (including loaders);
3 – Struck by a portable powered tool; 4 – Contact with sharp, rough surfaces; 5 – Struck, trapped, crushed by a hand tool; 6 – Contact
with naked flame, burning object or environment

Complexity of the problem supposes that the first step to improve the health and safety of agricultural workers
during maintenance activities is to raise their awareness of risks and hazards arising from these activities. Therefore
in order to lay down basis for further investigation of the issue and prevention of accidents related to maintenance the
authors have made an attempt to group maintenance tasks in agriculture and identify hazards related to them. In pursuance
to obtain more complete view southern and northern areas of the Europe were covered integrating relevant knowledge
of researchers from the National Institute for Occupational Safety and Health at Work (Spain) and the Department of
Occupational Safety and Engineering Management of the Lithuanian University of Agriculture.
Diversity of agricultural works determines use of various buildings, installations, machinery and equipment and
tools which in turn should be properly maintained. Consequently a variety of risks and hazards related maintenance in
agriculture is determined by the nature of areas where maintenance is carried out, maintained items and maintenance
operations. Analysis of these factors and the list of hazards presented in EN ISO 4254-1:2005 Agricultural machinery –
Safety – Part 1: General requirements assisted in development of summarized list of maintenance tasks in agriculture and
hazards related to them. Table 1 presents general hazards related to maintenance tasks in agriculture.
Table 1. General hazards related to maintenance tasks in agriculture
Maintenance tasks

Hazards

Related to use of various machinery, equipment (e.g.
lifting, welding etc.), hand tools (saws, hammers,
screwdrivers, axes) and portable powered tools (e.g.
circular saws, drills etc.) during maintenance and their
maintenance (e.g. cleaning, lubricating, sharpening,
etc.)

Depending on the used machinery, equipment or tool: Mechanical
hazards (crushing, shearing, cutting or severing, entanglement, drawingin or trapping, impact, stabbing or puncture, friction or abrasion, highpressure fluid injection or ejection)
Electrical hazards when using electrical tool
Thermal hazards
Hazards generated by noise
Hazards generated by vibration
Ergonomic hazards due to poorly designed tool
Unexpected start-up, unexpected overrun/overspeed

Related to use of access means (ladders, scaffolds,
supports, etc.) during maintenance

Hazards of slips, trips and falls from height

Related to use and formation of dangerous substances
during maintenance (e.g. repair, cleaning, lubrication,
greasing, welding, etc.)

Hazards generated by materials and substances (hazards from contact
with, or inhalation, of harmful fluids, gases, mists, fumes and dusts; fire
or explosion hazard)
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Maintenance tasks performed in workshops

Hazards of slips, trips and falls due to slippery floor, uneven path,
insufficient lightning, hazard of fall into inspection pit
Hazards due to working in confined spaces (hazards from inhalation of
exhaust gases due to insufficient ventilation)

All maintenance tasks

Mechanical hazards (crushing, shearing, cutting or severing,
entanglement, drawing-in or trapping, impact, stabbing or puncture,
friction or abrasion, high-pressure fluid injection or ejection)
Hazards of slips, trips and falls due to slippery floor ground or surfaces
of maintained items, uneven path insufficient lightning, unstable items

Maintenance tasks performed in a noisy environment
next to agricultural machinery and vehicles, equipment
or powered tools

Hazards generated by noise (sudden loud noise or constantly exposure
to a lot of noise when health outcomes may be hearing loss, other
physiological disorders such as loss of balance or awareness; accidents
due to interference with speech communication and acoustic warning
signals)

Maintenance tasks performed outdoor or in the spaces
with inadequate thermal conditions

Thermal hazards from exposure to strong sunlight, high or low ambient
temperature

Development of precise list of hazards is impossible as occurrence of particular hazard depends on various factors.
Table 2 presents hazards related to specific maintenance tasks.
Table 2. Hazards related to specific maintenance tasks
Maintenance tasks

Hazards

Checking, maintaining and repair of vehicles, machinery,
equipment or their components (engine, transmission,
power drives, brakes, safety guards, electrical
connections, pressurized components such as tires,
hydraulic and pneumatic systems, sharpened working
tools, lifting devices, transporters, etc.)

Electrical hazards when maintaining electrical equipment Thermal
hazards
Hazards generated by vibration
Ergonomic hazards due awkward postures, handling loads using
excessive effort or repetitive movements
Unexpected start-up, unexpected overrun/overspeed

Maintenance of equipment containing dangerous
substances (tanks, batteries, plant protection equipment,
gas stoves, heating systems, slurry tanks, wells )

Hazards generated by materials and substances (hazards from contact
with, or inhalation, of harmful fluids, gases, mists, fumes and dusts; fire
or explosion hazard)

Maintenance of farm buildings or their installations,
except electrical installation (demolition, construction,
renovation and isolation, cleaning, painting, maintenance
water and sewage systems), maintenance of roofs and
fragile roofs (corroded steel roofs, glasshouses)

Electrical hazards (approach to live parts under high voltage when using
cranes or similar lifting equipment)
Hazards generated by materials and substances (hazards related to
asbestos; biological hazard)
Ergonomic hazards due awkward postures, handling loads, using
excessive effort or repetitive movements
Hazards of falls from height

Maintenance of electrical installation of buildings
(installing new and repairing broken cables, sockets,
light, pumps, ventilation, etc.), maintenance of electricfences

Electrical hazards (contact of persons with live parts or parts which
have become live under faulty conditions; thermal radiation or other
phenomena such as the projection of molten particles and chemical
effects from short circuits, overloads, etc.)

Maintenance of silos, slurry tanks, wells, bins and grain
conveyors with a small opening (cleaning, inspection,
repair or installation of devices, removing blockages
etc.)

Hazards due to working in confined spaces (exhaust gases/lack of
oxygen; entrapment and suffocation)
Biological hazard
Ergonomic hazards due awkward postures

Maintenance of irrigation and drainage (regular
inspections, repairs, outlet replacement, blockage and
silt removal, erosion control, maintenance of pumps and
weirs, etc.)

Mechanical hazards due to overturns of machinery
Electrical hazards (approach to live parts under high voltage when using
cranes or similar lifting equipment)

Maintenance paved and unpaved roads using big road
making machinery and agricultural vehicles (cleaning,
eliminating uneven surfaces and obstructions, etc.)

Mechanical hazards due to overturns of machinery
Electrical hazards (approach to live parts under high voltage when using
cranes or similar lifting equipment)

Animal care

Mechanical hazards due to animal aggression
Biological hazard
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Hazards can also arise due to the traveling functions of machinery (e.g. movement without all parts in a safe
position, insufficient visibility from the work positions, inadequate location of manual controls, unauthorized start-up and
use) or to insufficient instructions for operators. Risk of accidents related to maintenance tasks increases due to mental
overload and under load, fatigue, stress, lack of appropriate training, human error, human behavior, neglected use of
personal protective equipment and the like.
Summarizing the presented information from the safety viewpoint maintenance in agriculture should be considered
as one of the most dangerous activities and requires particular attention with consideration of peculiarities of agricultural
works. First of all the fact is that large variety of maintenance tasks is performed by the farm owner and his/her family who
normally are not trained to perform these tasks. Risk of accidents is much higher when hired workers (very often seasonal)
without adequate training are involved in the maintenance operation. The problem in many cases can be attributed to the
financial pressure faced by farmers and their decision to choose the do-it-yourself approach instead of paying a specialist
contractor to do the work. Agricultural works depend on season and weather and therefore are related to persistent hurry,
long working hours, workers’ physical and mental overload. These factors considerably influence the risk to be injured
particularly during the corrective maintenance operations (e.g. removing blockages or repair of broken components when
harvesting). Besides, working alone not only increases the risk of an accident but it also means that in the case of serious
injury the worker will not be able to call for help (HSE …, 2008).
Conclusions
1. Depending on the purpose maintenance of workplaces, buildings, work equipment or means of transport can be
corrective, preventive and large-scale. It may affect workers’ safety and health in two ways: workers may be injured
during maintenance work; an accident can occur because of lack of maintenance or as a result of poor maintenance.
2. Analysis of various accidents discovered a trend of more often accidents during repair or maintenance than during
normal operation. Statistical data show that in European countries depending on the sector 10–20% of all fatal accidents
and 10–50% of all accidents are related to maintenance.
3. OSH statistics of fatal accidents and occupational health situation in agriculture is one of the worst among the major
employment sectors. The most common causes of serious and fatal injuries in agriculture are moving or overturning
vehicles and falls from a height. Large number of accidents occurs during repair and maintenance works.
4. The found out most common cases of contact – mode of injury for accidents occurred during maintenance of vehicles,
tractors and harvesters were: crash on or against due to slip, trip or fall; struck by a portable powered tool; contact with
sharp, rough surfaces.
5. OSH issues related to maintenance in agriculture in a large scale should be attributed to the family business and selfemployment nature and first of all to the farmers’ education level. Risk of accidents is increased by hiring workers
without adequate training, working alone, hurry, long working hours and workers’ physical and mental overload.
6. The prepared list of maintenance tasks in agriculture and hazards related to them could help in occupational risk
assessment on the farm holdings and improvement the health and safety of agricultural workers during maintenance
activities by raising their awareness of risks and hazards arising from these activities
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Crop Residue Management by Different Soil Tillage
Jiří Mašek, Milan Kroulík, Petr Novák, Zdeněk Kvíz
Czech University of Life Sciences Prague, Czech Republic
Abstract
Conservation tillage technologies where ploughing by a moldboard plough is replaced by tillers and shallow soil loosening in increasingly used
as a soil treatment. It is typical for shallow soil tillage that all plant residues are left on the soil surface, or in the treated (tilled) upper soil layer. The
plant residues can play very important role by next plant cultivation. In the experimental section was described the aim of research which is possible to
summarize briefly as follows – the evaluation of soil physical properties on tillers work quality, evaluation of sweep tillers and disc tillers work quality
by stubble ploughing. In the methodology part of the thesis are the measurements techniques explained. The results of this work are important because
conservation (minimal) soil tillage technologies play an important role in plant production around the world. Especially conservation tillage systems
with their modification are increasingly being introduced under an economic pressure on the field of the Czech Republic.
Key words: soil tillage; crop residue management

Introduction
Ways of farming change notably the structure soils and condition for crops growing too. Structure is changed above
all external pressure mechanization agents, way fertilization, weather conditions and last but not least has significant
influence also different way soil tillage systems, how confirmed in his washing Lhotsky (2000) and Powers and Skidmore
(1984). In the conservation systems soil tillage is main imposition these systems limitation destruction soil textures
concretion and soil conservation before effects erosion. Main reasons exploitation minimum soil tillage is in light of
wardships soil textures limitation crossing after soil, above all shortly after its bulkage, soil conservation before water and
windy erosion, facilitation and speeding soil tillage, limitation aeration on drying soils with high - powered mineralization
organic masses and movement restriction with soil at unfit dampness. Minimum soil tillage includes above all summary
proceedings progresses cultivation (Hůla et al., 1997), that are based on jointing or reduction of the number of single
operation, progress with dull processing soil, when is dull depth or intensity processing or when are soil processed only
in zone treatment or only in a certain layer soil profile
In the experimental section was described the aim of research which is possible to summarize briefly as follows –
the evaluation of soil physical properties on tillers work quality, evaluation of sweep tillers and disc tillers work quality by
stubble ploughing. The field plots were chosen at different part of central Bohemia. The first field was in VÚRV Ruzyně
and on this field were evaluated soil physical properties and their influence on work quality by stubble ploughing. On the
second field (in Bratřínov village) was at first evaluated straw distribution quality after harvest winter wheat and winter
rap by conventional and axial combine harvesters and at second the effect of the plant residues irregular on-surface
placement after harvest on residues placement in soil profile after treatment by shovel tiller. The third measurement was
on field in Nechanice village. There were evaluated difference between sweep and disc tillers work quality with accent on
plant residues distribution and size of clods after shallow ploughing.
Materials and Methods
On the VURV field ware sixty check points located and sighted by GPS system on a field with a acreage of 16
ha. Soil properties and characterization of plant cover were measured at these points. The aim of measurement was
to evaluate local heterogeneity of soil properties and the influence of the heterogeneity on plant cover. The part of
the measurement was to obtain quality of soil workability indices after single tillage operations. There was evaluated
bulk density, clods hardness and size of clods and their influence on work quality by soil tillage. On the second
field was evaluated straw distribution quality after harvest by combine harvester and crop residue management after
shallow tillage by sweep tiller.
Quality scatter straw and chaff was investigate with the help of iron - plate boxes intermediate to the picking
growth before crossing combine harvester. Subsequently was withdrawal from of all boxes captured exhibits so, that
every box was divided on two halves. Achieved record was numerical assessed by the help of Christiansens coefficient.
This coefficient percentage share values departure of each metering from the total number of arithmetical average for all
measurement. For evaluation influence uniformity placement postharvest the rest on quality stubble ploughed under, was
on lots immediately after harvest and withdrawal designs chaff straw effected stubble ploughed under. Were evaluated the
plant residues uniformity and quantity. For evaluation is necessary first determine quantity the plant rest on the top of soil
after harvest, when this value presents 100 %, and subsequently after fulfillment work stages, when will get to changes in
quantities postharvest the rest on the top and in processed layer of soil. For sweep a disc tillers comparison was chosen
field in Nechanice after winter wheat harvest. For the research of the soil cultivation technologies for the soil conservation
systems is significant to obtain information how individual machines used within the operational processes effect the crop
after-harvest remainders and the inter-crop biomass (Hanna et al. 1995, Janeček et al. 2002). After each operation of soil
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cultivation was made colour photographs of land surface. After the photographs making there were from the land surface
withdrawn the crop residua and consequently weighted. The colour photographs were processed by the picture analysis.
During processing of the picture the land surface covering rate by the crop residua was obtained.
Results and Discussion
The formation of large and hardly processed clods from compacted soils by primary tillage is important cause
of higher energy consumption during soil processing and furthermore the soils worst quality. The intensity of slice
breaking more notably declined during the compacted soil tillage; nevertheless the tillage energy consumption presents
a part of compacting influence on soil workability only. Presented results show the great difference in soil workability
commensurate with soil compaction caused by machines’ overpasses mainly under higher soil moisture conditions.
The map (Fig. 1) shows the heterogeneity of soil penetration resistance within the drilling depth after the tillage
and winter wheat seeding. The maps show localities with a specific soil penetration resistance. It has proved that localities
with statistically important differences in values of soil penetration resistance have occurred on the field. The measurement
on the selected field pointed out the large differences in quality of tillage caused by a local heterogeneity of topsoil part
physical properties of a soil profile. As the main reason of the differences is possible to consider a different grade of soil
compaction caused by overpasses of tractors, harvest machines and transport means on a field. The important condition
for establishing of new high productive plant cover of field crops is to reduce the soil compaction during former working
operations to a lowest possible measure. There is dependence between penetrometric resistance, soil bulk density and size
of clods. Evaluation of straw distribution quality was observed by winter wheat harvest by axial and tangential combine
harvester. In both cases were by higher throughput worse regularity of straw distribution (fig. 3).

Figure 1. Penetrometric resistance in depth 80 mm.

Figure 2. Median weighted average of clods (left), soil bulk density (g.cm-3) (right)
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Figure 3. Christiansen coefficient for straw distribution by harvest (x-CASE, ∆-CASE without modification, o –John Deere)

Figure 4. Distribution of plant residues after stubble ploughing (bed spreading)

Figure 5. Distribution of plant residues after stubble ploughing (good spreading)

In the picture 4 and 5 you can see effect of the plant residues irregular on-surface placement after harvest on
residues placement in soil profile after treatment by shovel tiller. The plant remains mixed into soil after tillage were
placed as irregularly as they were before tillage. The plant remains left on the soil surface were placed more evenly, but
the separation of small and big particles took place. The long and big particles stayed on the field surface and majority
of small ones were mixed into soil.
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The irregularity of small plant remains in treated soil profile and so their great concentration at the particular place
could affect next plant germination and growth. On the next field were evaluated differences between sweep and disc
tillers work quality with accent on plant residues distribution and size of clods after shallow ploughing. On the field have
been created 6 variants soil tillage (1R – sweep 1x, 2R – sweep 2x, 1R2D – sweep and then disc, 1D – 1x disc, 2D –
2x disc, 1D2R – disc then sweep), depth processing was adjusted on 70 mm. Like variant 0 was at evaluation marked
materiality of plant residues on the surface before stubble ploughing.
The sweep tiller left more plant residues on the soil surface than disc tiller (Fig. 6). By the second treatment by
disc tiller increase the number of plant residues on the surface. There aren’t statistically significant differences between
versions of soil treatment.

Figure 6. Rate of plant residues on the surface by different variant of soil tillage

The map in Fig. 7 represent the diesel consumption on the land, after soil tillage with disc tiller Preciser Classic
6000. The diesel consumption is present from flow indicator at pulse. Diesel consumption is less in the margins of the
land, because there machine set was revolved.

Figure 7. Map of diesel consumption

The map in Fig. 8 represent the actual working speed, during soil tillage with disc tiller Preciser Classic 6000.
These dates were recorded by GPS 35-PC Garmin. The actual working speed is present from GPS at km.h-1.
The graphs in Fig. 3 express relationship between the soil covering and weight of crop residues after working
operations of soil cultivation for all of variants. The results of evaluation have shown the regular distribution of the afterharvest remainders on the soil surface. Between soil covering by the crop residues and weight of these residues on the soil
surface was dependence (from medium to strong dependence). From this results possibility to use the method based on the
soil surface photograph analysis (image analysis) for machines effect evaluation on the crop remainders and evaluation of
the site heterogeneity of the soil covering by the crop remainders.
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Figure 8. Map of actual working speed

Figure 9. Relationship between the soil covering and weight of crop residues after working operations of soil cultivation

Conclusion
The field trial proved the important decrease in soil tillage quality. The decrease is a reason of former soil
compaction caused by machines’ overpasses. Carried out measurement on a field with 16 (ha) acreage enabled to evaluate
the differences in soil tillage caused by heterogeneity of topsoil part physical properties of soil horizon. The main reason
of irregularities of soil properties was the different grade of topsoil compaction caused by machines’ overpasses on a
field. The map of clods’ hardness and map of soil penetration resistance on seeding bed’s depth was created. Results
are contributions to an evaluation of heterogeneity of soil technological properties on fields and influences that have an
impact on tillage quality and plant cover establishment.
There was recognized different physical properties and it was evaluated dependence (correlation) between
concerning grain size distribution, bulk density of soil, penetration resistance and work quality of tillers by stubble
ploughing.
The plant remains mixed into soil after tillage was placed as irregularly as they were before tillage. The plant
remains left on the soil surface were placed more evenly, but the separation of small and big particles took place. The
long and big particles stayed on the field surface and majority of small ones were mixed into soil. The irregularity of
small plant remains in treated soil profile and so their great concentration at the particular place could affect next plant
germination and growth.
By evaluation of differences between sweep and disc tillers work quality with accent on plant residues distribution
was recognized that sweep tiller left more plant residues on the soil surface than disc tiller. By measurement of diesel
consumption by stubble ploughing and contemporary measurement of localisation with help Garmin GPS receiver was
discovered strong influence of soil heterogeneity properties on diesel consumption. The observation of diesel consumption
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and work speed according to soil heterogeneity properties provided very strong influence on these characteristics. This
influence and its trend are supported by very different soil physical properties of soil. On the map of diesel consumption
and map of work speed we can see very important points there are light soil because there is it possible to work with higher
work speed by low or average diesel consumption. By observation of total soil covering of plant residues was evaluated
relationship between weight of crop and grad of soil surface covering. Between soil covering by the crop residues and
weight of these residues on the soil surface was dependence (from medium to strong dependence). This dependence can
we described by linear trend and it is very strong trend because coefficient of determination is 0.57.
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Analysis about the Development of Industrial Buildings in Rural Areas
Juozas Mikelaitis, Eglė Jotautienė
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Abstract
This article analyzes the changes of rural working and living environment, while the industrial relations were transforming from the period
of serfdom, the liberation of peasants, the division of estates, and regime of kolkhozes until the present day. This work is based on scientific resources
reviews how industrial buildings changed depending on era and technical progress. It was found that historical social relations have made significant
impact to dominated modern-day manufacturing, technologies’ and materials’ in Lithuania.
Key words: industrial buildings, technologies, materials

Introduction
Social structures have been changing, while industrial relations were changing. People have always tried to build
buildings, manufacture products more intelligently and cost-effective. At the same time, industrial buildings had to be
functional and durable. These distinctions were reflected in the Lithuanian villages. The village has been for long time
the largest economic entity. The agrarian economy has dominated in the country, which produced prevailing domestic
products among the entire manufacturing industry. While social structures were changing, rural land reforms took place:
property was redistributed, that is why rural farms sometimes expanded and sometimes were divided. Construction of
the industrial buildings were changing due to farm size and amounts of manufacture. After the production technologies
developed, better quality and more enduring materials were needed for buildings. Construction features of rural buildings
throughout the history were analyzed by: Gabrėnas 2009, Malinauskas, 2010 and others (Gabrėnas 2009, Malinauskas,
2010 and others).
Metals are used mostly as construction materials for modern industrial buildings. Research shows that currently
used forms of metal profiles are not optimal (Lu, 2004) and the best result is always produced while high-strength steel is
combined with the optimal profile shape, while using more elastic metal, which stiffens in rigid structures when cyclical
load is acting (Merkevičiūtė, 2005).
he purpose of this article is to examine how changing societal system has modified relations of production of rural
inhabitants’ from the Grand Duchy of Lithuania, the occupation by tsarist Russia, interwar Lithuania, Soviet occupation
to the independent Lithuania. Production technology, means of production and buildings were transforming depending
on previously mentioned reasons. This article examines how the design of buildings has changed in consideration to the
methods of production and the use of materials and technologies for construction.
Methods and results
The objective of this research is a study of industrial buildings of rural Lithuania. These buildings and their
construction planning the best reflect different characteristics’ of social periods. Comparative analysis of literature and
electronic sources have been used in analyzing the evolution of industrial buildings in rural areas. The development
of design of industrial buildings and the materials used in constructions are examined from the era of Grand Duchy of
Lithuania, the occupation by tsarist Russia, interwar Lithuania, Soviet occupation to the independent Lithuania. This
research is using comparable analysis in order to find building construction pros and cons, and to make proposals how to
develop more effective constructions of rural industrial buildings by using modern materials.
Street structure in villages. The forms of the oldest Lithuanian settlements are scattered stacking villages, without
a plan homesteads. Wallach reform - land reform in the biggest part of Grand Duchy of Lithuania (in Lithuania, in
Zemaitija and in part of Belarus) was conducted in the second half of Sixteenth Century. The main goal of this reform was
to increase fiscal revenues, equally distribute feudal obligations for peasants and as the result the estates grew richer. From
Fifteenth Century grains became marketable commodity in Western Europe and since Sixteenth Century Lithuania joined
that trend. Grand Duke of Lithuania published instructions for managers of Grand Duke estates’ in 1529, the main idea of
these instructions were to increase grain cultivation areas. Villages were reorganized, each farm received one “Wallach”
of land. Triple sowing of crop was established (fall, winter, summer crops). These instructions have become basis for
Wallach reform in 1557. Later, noblemen’s and churches’ estates were restructured accordingly as public estates. Wallach
reform formed street grid in villages. Wallach reform demanded to build houses in villages correctly on both sides of the
street. In preserved village, for example Šventinikai village in Trakai district, the living house was built near the street and
the farm buildings further away (Figure 1).
Here you can see one of the few remaining settlements characterized by street-type villages with developed plain
structure. Residential house is near the street, further away barn, then stable, shed, with stockyard at the end. The
yard is divided into good and bad sides. There is one of this type houses remaining in Senasalis village, Vilnius region
(Malinauskas, 2010).
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Grange economical buildings. After the abolition of serfdom in 1861, landlords took away lands from the peasants
by moving or banishing the peasants. As a result, another form of street-type villages was formed - dissipated street-type
villages. District of poor inhabitants appeared. In this type of villages, homestead lands were situated on one side of the
street and the buildings stood more spaciously, sometimes by the side of the street. These villages are typical in Central
and Eastern Lithuania.

Figure 1. Šventinikai village aerial picture

After 1907 Stolypin land reform was launched, which destroyed the formation of land-ownership adopted during
Wallach reform, villages were divided into granges. Granges are more typical in Western Lithuania. The traditional
peasants’ farm in Nineteen Century included: residential house, barn, stable, stockyard, shed and sauna. Barn was an
important building in the peasants’ yard. Ancient barns in Aukstaitija were one room with an entrance from the rear. After
some time two room barns were built: one room for the grain and another designed for dowry chests and clothes. People
often slept in the barn. Granaries (barns) in Zemaitija were higher, more spacious, often with pre-barn area. Stolypin land
reform, which validated previously unlawful division of villages into granges was implemented in Russian Empire in the
beginning of Twentieth Century, destroyed the land planning which was created by Wallach reform – strips, pre-strips,
dispersion of fields. The reform allowed social differentiation of the peasants, for independent farming, as well as for new
agricultural crops. This began division from the street-type villages, where triple crop sowing and land is divided into a
number of stripes, into granges, where each farmer will own land in one place and he will no longer need to wait for the
consensus from all the villagers in order to break the ground of fallow or where shepherd has his animals. Peasants gained
the right to transfer from rural communities land, which was divided into numerous of fragmented strips, into one land
unit with also transferred of their buildings. Moreover, each farmer was able to choose the type of sowing.
By distributing villages, first the land strips were abolished, compact sites were formed, servitudes and common
pastures were liquidated, lines were straightened. One of the main objectives managing the land was to concentrate each
separate farm strip into one land, where in the most appropriate place (preferably in the center) homestead was located.
Almost all the buildings before this time were pole-frame structures (Figure 2) (Malinauskas, 2010).
Granges were massively formed during the inter-war times in Lithuania. Estates’ lands were expropriated in 1922
during the Land reform - lands which exceeded 80 hectares were divided into 8-20 hectares and were given to the poor
and landless. During the course of this reform, the land was given to approximately 38,700 persons who had little land
and 26,300 who were landless (the amount of people who wanted the land were twice as many). At the same time, villages
were reformed and divided into granges. By 1939, only about 8% of Lithuanian villages were not divided into granges.
Since Vilnius was occupied, the reform was not implemented there, that is why there are still the remains of street-type
villages in Vilnius.
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Figure 2. Barn with decoration of root ridge – bull horn or halfmoon
motives (Senieji Maceliai, Šalčininkai region)

Figure 3. Mill with hat

All the buildings were built from timber, but at the same time people were starting to build frame buildings - wind
mills (Figure 3). However, during the restoration, the authenticity of the mill was not preserved. After stopping the flail
there was no need for dry grain anymore and consequently no need for barns. It was started to build frame stockyards on
the stones which were plated with wet wooden planks. Flailing by machines had sufficient natural drying. The remaining
barns were used for flax treading, that is why one barn was enough for the entire village. Before the Second World War,
people started to build carcass barns, which were more waterproof than stockyards.
Estates’ economic buildings. Nowadays, mainly brick mansions are remaining and their economical buildings
almost all are made of bricks. Zypliai village economic manor courtyard is seen in Figure 4, currently this building is used
not only for living but also for cultural events.

Figure 4. Zypliai estate’s economical courtyard

Soviet-era buildings. During the Soviet years, after the compulsory collectivization, massive rural migration
started to urban areas, which led to the rise of mass-construction buildings. The experimental building factory - Alytus
ENSK was founded in 1976, which manufactured and built prefabricated wooden houses. This company was building
partially finished, but basically wooden structures en masse in Lithuania. The development of plywood production in the
Soviet Union contributed to the popularization of new wooden architecture in Lithuania (Gabrėnas, 2009). A sports horse
hall built in Kaunas from plywood wood structures is shown. Figure 5.
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Figure 5. Building of the sport‘s horse hall from plywood
construction in 1979, Kaunas

Figure 6. Silage tower in shell-type construction

Modern buildings and their development prospects. Pranas Markūnas (1873-1964), Lithuanian construction
engineer and one of the pioneers for constructing and building from reinforced concrete in Lithuania, has designed the
first thin-wall reinforced concrete shell-type roof structure for Sacred Heart Church in Kaunas in 1935-1938 (Universal
Lithuanian Encyclopaedia, 2009).
Company “GreenWorks Industry” has built two silage towers, volume of 404 m3, in the farmer’s Kestutis Lingo
homestead in Šikšniai village, in 2009 (Figure 6). For economic reasons and expected long-term exploitation, it was
chosen to install silage towers made by company VITKOVICE-ENVI which was coated with glass enamel. The reservoirs
have retaining shell-type structures and are assembled from tin, enameled from both sides. Individual sheets of tin are
connected with special screws with semicircular and plastic-coated heads. The linkages are sealed with high-quality
filler. The advantages of this construction are: corrosion resistance, reliability, durability, high strength properties, easy
installation, multiple applications, possibility to dismantle easily, potentiality to relocate to another place if necessary,
possibility to increase the volume by 30%.
Available engineering computer programs are used for designing of shell-type constructions: SolidWorks
Simulation, SolidEdge or similar programs which have finite element (FE) analysis and optimization options. By using
these programs, it is possibly to perform the calculations (statics, stability analysis, physical and geometrical nonlinearity
and etc.) and evaluate the type of structure (bulk or shell-type model, framework or a combination).
The materials for modern shell-type structure buildings. Stonework, prefabricated reinforced concrete,
monolithic buildings are replaced by prefabricated steel structure buildings, because the strict deadlines for construction
are very important for producing industrial and commercial purpose sites. Up-to-date, metal constructions, modern
carefully considered technical solutions, and the use of computer-assisted design systems allow shortening the construction
time, starting from the architectural decisions and finishing with the installation at a construction site. Trusted, easily
implemented and optimal engineering solutions are needed for the rapid economic development in this country. One
such construction alternative is offered in the market today – buildings made from steel structures which are light, with
good physical qualities and are easy/fast to assemble. Construction showed in figure 6 can be made not only from smooth
metal, but also from profile. Retaining steel frames used in this design are assembled from steel plates which are produced
from galvanized cold-rolled “Z”, “C” and “U” shaped profiles. The roof and walls of the building are coated in profile
tin, made of steel S220 DG. We believe that if you change the structure of the building where the roof and walls become
partially “carrying” load and should produce them from a higher grade steel. Thus it would be possible to facilitate more
and cheaper buildings.
These buildings have one important advantage - their mass is several times smaller than the mess of conventional
building. This feature, compared with concrete or brick loads used in conventional constructions, allows reducing the load
on the building foundation by several times.
It appears that customers in Lithuania do not try to save by any means. Therefore they choose optimal, deliberated
buildings of light constructions, where elements are thoroughly calculated and impeccably produced in order to accelerate
the installation of the building at the construction site. Steel frames and other items manufactured in modern facilities
are used to build light structure buildings. That is why they are characterized by geometric precision, allowing faster and
easier to install the structures, not forgetting an optimal quality and price ratio. The beams used in buildings’ frameworks
are: IPE, HEB, HEAA, HEM and IPEAA. Metal structure profiles are formed by giving priority to the simplicity of
manufacturing technology. Research shows that currently produced metal-profile shapes are not optimal (Lu, 2004). The
best result is obtained by combining high-strength steel with an optimum profile shape. It is possible to use more elastic
metal, which stiffens the structures and benefits cyclic loading (Merkevičiūtė, 2005).
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Lithuanian companies supply metal structures made of S235, S275 and low alloy steel S355, and yet do not offer
higher quality steel profiles made of steel S390, S440. It is possible to reduce the output by 30-40 percent by using higher
grade steel to the same structure. Therefore, high quality and low alloy steels are mainly used in the west (Mikelaitis and
etc., 2008).

Figure 7. Steel classification mark ratio % sold by Lithuanian supply companies

Let us analyze the dynamics of high quality steel supply for Lithuanian market. After looking at ten companies
supplying a range of metals, it can be seen that seven companies out of ten indicate only the dimensions in the nomenclature
and three companies specify the dimensions and steel grade. Figure 7 shows the structural steels’ S235 and S355 nomenclature
ratio in percentage of these previously mentioned three companies. Only company No1. has significantly increased supply
of good quality steel in the last 5 years.
Conclusions
1. It was found that significant impact was made to production structures’, technologies’ and materials’ in Lithuania, where
historical social relations have made significant impact, which stipulated the design of buildings and the materials used.
2. Steel frames are proposed to use for lightweight buildings. By using more expensive high strength steel in metallic
structures, they become not only lighter but also less expensive to construct. The best results are obtained by combining
high-strength steel with an optimized profile shape.
3. In order to facilitate and accelerate the design of shell-type buildings, engineering computer programs are used which
utilize finite element (FE) analysis and optimization options.
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Abstract
A significance and application possibilities of polymeric materials and materials based on recycled polymers increase. The significance of
waste economy efficient function is limited by a possibility of output - recycled products application. The paper deals with a research of mechanical
properties of mixed recycled plastics used i.e. in an agro complex. Important specifications of the agro complex are considerably aggressive degradation
media distinguished for a high degree of a degradation potential affecting machines and equipments.
At the saving of safety standards resulting from the constructional design it is necessary to predict a potential of given machine part. Experiments
are focused on mechanical quantities evaluation together with regarding the degradation agents (water, fertilizer, machine oil). Various media, acting
during the certain time interval on the bonded joint, were all of negative effect.

Introduction
The agricultural production is the specific producing and processing branch. Important specifications of the
agro complex are considerably aggressive degradation media distinguished for a high degree of a degradation potential
affecting machines and equipments. Representatives of aggressive degradation agents are organic and mineral fertilizers
(Müller 2009, Müller 2010, Valášek 2010). The polymers, mainly the plastics, are the dominant materials as well as in
other branches of human actives.
The increasing trend in the polymers use and production results in the increasing amount of polymer materials
waste. For the reaching of the positive economical balance it is necessary to require that the costs connected with the
manufacture of the product from recycled waste of plastics at the contemporary view to its lifetime and maintainability
can not exceed the costs of comparable products manufacture
The basic conditions of the economical effective recycling are met in the case of recycled plastics, too. The sufficient
difference between the energy consumption of the virgin polymer and the used material reprocessing as well as the rock-oil
(i.e. from the view of natural resources the non-renewable source and consequently potentially always more expensive) base of
plastics are the necessary anticipation of the effective evaluation of the plastic waste (RAGAN et al. 2008). But these positive
circumstances are complicated by the fact that the majority of waste is the generically unsorted municipal salvage and it consists
from a relatively high number of mutually non-miscible sorts of polymers (Müller 2008).
The recycling of this waste is more difficult (Fortelny et al. 2004). This waste contains the mixture of various
types of plastics (Bertin et al. 2002) of various level of damage (Fortelny et al. 2004). This fact limits expressively their
utilization. The incompability of most of polymer parts is the main reason for the unsatisfactory mechanical properties of
this mixed plastics (Fortelny et al. 2004) The effectual compatibility of various parts of heterogeneous plastic mixtures is
the key problem of their recycling (Kruliš et al. 2002) Polymers (plastics) are often of very different properties (Müller
2008, Valášek, Müller 2010). By compatibility it is meant the procedure leading to the tolerance increase between the
immiscible thermoplastics in the mixture by the decrease of the interfacial tension. This procedure leads to the mechanical
toughness improvement of the resulting mixed material (Ragan et al. 2008). From the carried out functional tests (Kruliš
et al. 2002) of the waste plastics compatibilited mixture it is evident that without significant intervention in common
conditions it is possible to reach only by mere addition of mixed compatibilisator in the processed raw material the
resulting material toughness increase approximately of 50 %. The reason for this fact is the compatibility effect which
reduces very effectively the presence of the heat instable unwanted admixtures in the processed mixture, which changes
expressively the mechanical properties of the product.
The use of mixed amortized plastics leads to the decrease of costs connected with their sorting and the plastics
waste becomes more profitable. In this way the material recycling remains one of preferred possibilities of the waste
utilization with respect to its economical and power consumption reasons (Bertin et al. 2002). At present the use of
amortized mixed plastics is doubtless the conceptual solution (Müller 2008).
For the application of the not only recycled but also virgin plastics the specific medium plays the important part
(Müller 2008). Plastics are of large use in various fields of industry and agriculture (Kimbert et al. 1992; Siddique et al.
2008; Rudakova et al. 1988). Medium spectrum of the polymers use is very large (Ducháček 2006). But many fields of
human activity are noted for expressively degrading mediums. The example can be agriculture, where the combination of
the atmosphere, agrochemical and machines working fluids shows itself (Briassoulis et al. 2004).
The degrading process is negatively reflected in changes of product properties (Aamer Ali Shah et al. 2008).
Therefore it is very important to know conditions when the adulteration otherwise degradation occurs. Plastics surpassed
successively other materials and at present they are common not only in agriculture, where they for many advantages
substitute especially metals and wood (Meenakshi et al. 2002).
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By the degradation process the toughness limits reached on their service life beginning can decrease in time (Oberk
et al. 2000). The problem of polymers degradation prognosis and degradation is interesting not only theoretically but it is
important practically (Bystritskaya et al. 1999). The same plastics made at various conditions are of different properties
(Bystritskaya et al. 1999). These conclusions are acknowledged by (Rudakova et al. 1988) and she also brings attention
to various influences of various aggressive mediums, which are characterized by essential features.
From these conclusions it is possible to presume that at recycled plastics, where at the same time the fluctuation of
single components occurs, the synergic effect is reached.
Many published literary pieces of knowledge are one-tracked to production and innovation possibilities of mixed
amortized plastics. But the degradation processes are the integral point of view which influences the product use. Especially
at recycled mixed plastics this fact is ignored and it is solved by use of massive shapes.
But it is possible to put mind to the more detailed experimental investigation in closer field, which is delimitated
by the generally recommended findings of authors, who are engaged in problems of polymer materials degradation. For
the possibility of the solved problems correctness documentation and for concrete results releasing to users, it is necessary
to carry out the one’s own experimental tests.
The aim of the carried out laboratory experiments was to evaluate the degradation medium effect on the mechanical
properties change of recycled products applied above all for cattle barriers and floors, constraint and structural elements.
Material and methods
For the practical verification of the recycled plastics usability in the agricultural application the product from the
plastics waste mixture was used. Contemporary the degradation processes of products exposed to various mediums were
respected – water bath, organic fertilizer and machine oil.
Actual degradation processes were related to the given medium with regard to the exposure time (till 2200 hour).
Single runs of tested specimens were left in the relevant degradation medium for 720, 1440 and 2160 hours. Every
run was finished by relevant destruction testing and evaluation. Following degradation mediums were chosen water bath,
organic fertilizer (cow-dung) and machine oil.
The behavior of presented graphical dependences is expressed by the linear function. The mentioned points are
the arithmetic mean of six measurements of the given run. The standard deviation is presented, too. The closeness of the
polynomial functions is determined using the determination index R2.
Determination of tensile properties
The test specimens were made from a common semi-product, which was machined to demanded shapes and sizes
according to the standard ČSN EN ISO 527 – 1 (Plastics – Determination of tensile properties – Part 1: General principles).
By the destructive testing the tensile strength σM was detemined according to the standard ČSN EN ISO 3167 (Plastics –
Multipurpose test specimens). The tensile strength σM was calculated using the equation (1).		
					

M

=

F
A 							

(1)

where: σM - tensile strength [MPa],
F - measured force value [N],
A - initial cross-section surface of the test specimen [mm2].
Determination of impact resistance
The test specimens and destructive testing were carried out carried out according to the standard CSN 64 0611
1968 (Determination of the impact resistance of rigid plastics by means of Dynstat apparatus). The impact resistance an
was determined using the equation (2).

an =

An
b.h 							

(2)

-2

where: an - impact resistance [kJ.m ],
an - energy consumed for test specimen breaking [kJ],
b - test specimen width [m],
h - test specimen thickness [m].
Results and discussion
Carrying out tests targeting the degradation medium influence the test specimens were exposed to the attack of
three common mediums which occur in agriculture.
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The degradation medias did negatively show itself at the standpoint of time on the tensile strength σM, which
showed the gradual decrease, as it is evident in Figure 1. According to the course of functions the expressive tensile
strength decrease is the common character of degradation mediums. Compared with the original value the tensile strength
decrease was after 2160 hours in degradation medium of 28 % on the average.

Figure 1. Influence of the degradation medium on the tensile strength of the recycled plastic

Functions showed in Figure 1 are expressed by equations (3), (4) and (5). They show the dependence between the
tensile strength (σM) and the exposure time th (hour) in the given medium.
σM machine oil = -0.0007.th + 7.3136					

(3)

σM water bath = -0.0009.th + 7.3049					

(4)

σM organic fertilizer = -0.0013.th + 7.4411				

(5)

On the basis of the calculation using the functional equation (3) the null tensile strength was reached after
10440 hours of exposure in the machine oil. On the basis of the calculation using the functional equation (4) the null
tensile strength decrease was reached after 8120 hours of exposure in the water bath. On the basis of the calculation
using the functional equation (5) the null tensile strength was reached after 5720 hours exposure in the organic
fertilizer (cow-dung).
From reached strength results of mixed recycled plastics shown in Fig. 1 the tensile strength decrease is evident,
but in different intensity at different degradation mediums and different exposure time. The degradation process was
mostly influenced by organic fertilizer and it is possible to presume that the similar trend will be at the use of other
fertilizers on the similar chemical base.
The results of the impact resistance an are presented in Figure 2. The value of the impact resistance of specimens
not subjected to the degradation medium action was 5.5 ± 0.6 kJ.m-2.
The Institute of Macromolecular Chemistry of Academy of Sciences deals with the mixed recycled plastics from
the same in Czech Republic dominant maker and its measured values of the impact resistance were between 4.5 and 6.0
kJ.m-2 (KRULIŠ et al. 2002).
Values of the impact resistance an were negatively influenced by degradation medias, too. Compared with the
original value the impact resistance decrease was after 2160 hours in degradation medium of 30 % on average.

Figure 2. Influence of the degradation medium on the mixed recycled plastic impact resistance
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Functions presented in Figure 2 are described by equations (6), (7) and (8) and they determine the dependence
between the impact resistance (an) and the exposure time (th) in the given medium.
an machine oil = -0.0005.th + 5.5977					

(6)

an organic fertilizer = -0.0008.th + 5.3238					

(7)

an water bath = -0.0009.th + 5.3396					

(8)

The fracture area of broken specimens showed a considerable amount of undesirable polymeric and non-polymeric
admixtures. In Figure 3 the undesirable admixture is presented. Figure 3 also shows considerable in homogeneity in the
form of bubbles and considerable presence of foreign admixtures.

Figure 3. Recycled plastic cut – reference sample from tested panel (in homogeneity – bubbles, foreign admixtures)

It is possible to agree to the statement presented in (KRULIŠ et al. 2002) that the presence of non-specified
admixtures generates at processing and production of recycled products gases. This presumption is acknowledged by
test specimens fracture areas, where in addition to undesirable admixtures the crater form cavities occur. By means of
the video analysis the undesirable admixtures evaluation was carried out, using the stereoscopic microscope equipped
with the digital picture camera Artcam – 300 MI. 20 calibrated sections were measured. In the mixed recycled plastics
5.5 % of inhomogeneous undesirable admixtures were determined. The size was very variable. Extracted the components
of the mixed recycled plastic and came to the conclusion that the mean amount of undesirable admixtures is 2.3 %. The
functional separator of undesirable admixtures would be useful to include into the producing line.
Conclusions
Topicality of this subject is without question very significant with regard to the continual popularity and usage
increase of products from polymeric materials for their positive properties. Unsatisfactory mechanical properties, which
are relatively low, are the limiting factor for the use in the consumer market compared with classic materials. (Kruliš et
al. 2002; Fortelný et al. 2004) are at one with these conclusions. Next it was by experiments demonstrated that conjoined
with the degradation processes the impact resistance and tensile strength increase. The change rate of partial mechanical
properties depends on surrounding medium. These conclusions are acknowledged by (Aamer Ali Shah et al. 2008;
PLUHAŘ et al. 1989; Ducháček 2006).
At all carried out tests it is necessary to take in consideration certain deviations of measured values. They are
caused above all by the material structure, which was non-monolithic, because the product was from resorted mixed
plastic with considerable amount of admixtures in form of stones, paper etc. These conditions influenced the tensile
properties in a most manner, when the inhomogeneous material structure caused the difficulty of the specimen
demanded sizes reaching, but above all in some cases the premature failure in the place of admixture. At the failure
plane evaluation it was determined that this negative effect was caused by non-polymeric admixtures and bubbles
contained in the tested material.
Media/surroundings acting on the mixed recycled plastic, are the significant part, which influences the long-term
quality and service life. The prediction of the long term development of the mechanical properties products from mixed
recycled plastics is to a great extent limited by many influences and it cannot be uniquely determined from data measured.
But the above mentioned results of carried out laboratory experiments help to the basic idea of mechanical characteristics
development. From the long-term point of view above all cow-dung and water represent the significant risk. They influence
and promote the expansion of microorganisms (Kučerova 2009), which are offensive to plastics components. This fact
leads to the acceleration of the whole degradation process.
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The Dependence of Properties of the Samples Made of Unburnt Clay with
Sapropel Additives on the Amount of Sapropel
Juozas Navickas, Feliksas Mikuckis, Dalia Kasperiūnaitė
Aleksandras Stulginskis University, Lithuania
Abstract
The dependence of thermo physical properties of samples formed at 21 MPa from clayey soil and sapropel mixture having 22% of absolute
humidity on the amount of sapropel. It is established that when the amount of sapropel changes in samples from 8 to 20%, the density, heat conductivity
and absorptive power in samples are inversely proportional to the amount of sapropel.
After fulfilling experimental data of linear regressive analysis it has been established that the amount of sapropel has greater influence on the
average of density (Beta=-0,794) than humidity of samples (Beta=0,528); humidity in samples has greater influence on the average of heat conductivity
(Beta=0,819) than the amount of sapropel (Beta=-0,485); and the duration of sample keeping over the water has larger influence on the average of
sample humidity (Beta=0,902) than the amount of sapropel (Beta=-0,313).
Key words: Clay, sapropel, heat conductivity, density, absorption

Introduction
Since long-ago local materials were used to build shelters. Clayey soil (further – clay) was one of used materials.
It was used to form the walls and other elements of a building. It was proved that properties of clay samples had been
determined by formation pressure and absolute humidity of both formation mass and samples at the date of the establishment
of characteristics (garliauskas et al., 2004; Gurklienė et al., 2004; Kasperiūnaitė et al., 2005, 2006, 2009). The properties
of unburnt clay were influenced by various additives (Gurskis et al., 1996), Lithuanian lake silt – sapropel was one of
them (Gurskis et al., 1998, 1999, 2000, 2004; Iljins et al., 2005; Navickas et al., 2005). The results of the investigation
showed that heat conductivity, capacity of water vapour absorption and strength bending and compressing the samples
depended on the amount and quantity of sapropel. However, the works did not deal with the problem how formation
pressure and absolute humidity of formation mass influence the properties of samples. Later the influence of the amount
of organic sapropel (1%, 2% and 4%) on heat conductivity, density and absorptive power of samples forming them from
formation mass having 7% of humidity at the pressure from 10 MPa to 40 MPa (Kasperiūnaitė et al., 2009, 2010; Iljins
et al., 2009). It was also established that increasing the formation pressure from 10 to 40 MPa the density of samples
enhanced; increasing the amount of sapropel from 0 to 2% density and heat conductivity in dry samples decrease; further
increasing the amount of sapropel to 4%, the above mentioned properties did not change. When samples were moistened,
their heat conductivity increased. After fulfilling linear regressive analysis it was established that the largest influence
on the average of heat conductivity had the humidity of samples and the least influence had sample formation pressure,
whereas, sample formation pressure has larger influence on the average of density than the amount of sapropel.
The purpose of the work is to investigate the dependencies of density, heat conductivity and absorptive power
of samples made of sapropel and clay mixture on the amount of sapropel in them (8%- 20%) when sample formation
pressure is constant (21 MPa). The samples were formed from easily melting clayey soil from Šatijai clay quarry
near Kaunas. Before production the clay had been ground and particles: from 2 to 0,063 mm amounted to 0,3 %, 63 –
2 μm – 32,3%, and less than 2 μm – 67,4%. The samples were formed from mass having 22 % of absolute humidity;
the amount of sapropel varied from 8% to 20%. The used sapropel had pH equal to 5,7, and its dry mass amounted to
6,46 %. Organic materials in dry mass were equal to 91,03%. Other materials were: N – 27653 mg/kg, P – 540 mg/
kg, K – 464 mg/kg, Cd – 0,8 mg/kg, Cr – 4,63 mg/kg, Ni – 8,60 mg/kg, Pb – 11,3, Cu – 9,73 mg/kg, Zn – 94,0 mg/
kg. Granulometric composition of sapropel was as follows: particles with diameter from 2000 to 63 μm amounted to
75,6 %, and 63 – 2 μm - 14,1%, less than 2 μm – 10,3%. The samples were pressed by hydraulic press ПГ-100 using
21 MPa pressure in indoor temperature (Kasperiūnaitė et al., 2010). The samples taken from a form were desiccated
at indoor temperature to constant mass. After that they were put into a thermostat and also desiccated at 105ºC till
constant mass was reached. Later the samples were cooled at in hermetic vessels to 20 ºC. The surface of cooled
samples was polished to fixed thickness. The density and volume of samples was established applying Archimedes’s
principle; heat conductivity was measured up by conductivity gauge FOX200, and absorptive power was established
according the methods that were described above (Kasperiūnaitė et al., 2009).
results of research
The dependence of density ρ of dry samples made of the mass having 22% of absolute humidity and formed at 21
MPa pressure on the amount of sapropel x is given in Fig.1 below. It can be observed that when the amount of sapropel
increases from 8 to 20%, the density of samples lessens. The density increases when humidity in samples increases too.
The results of linear regressive analysis of the dependencies of sample density on sample humidity are presented in
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Table 1. 124 experimental points have been used for the analysis. Determination coefficient of a model R2=0,979 shows
that 97,9% of sample density dispersion can be explained by the model of linear regression.
From the results presented in Table 1 we can observe that the amount of sapropel and humidity in a sample are
statistically significant to the prognosis of average density of a sample (p<0,001) (Navickas et al., 2005). The equation of
average density prognosis is got applying the meanings of non-standardized coefficients B in Table 1.

Figure 1. The dependence of density on the amount of sapropel in a sample
Table 1. The influence of sapropel amount and humidity of a sample on the average of density
Coefficients
Factors

Non-standardized Coefficients
B

Standardized Coefficients
Beta

p

Constant

1934,702

0,000

The amount of sapropel, %

-15,890

-0,794

0,000

The humidity of a sample, %

13,657

0,528

0,000

= 1934,702 − 15,890 x + 13,657W ,

(1)

here ρ – density of a sample kgm-3;
x- amount of sapropel %;
W- humidity of a sample %.
It can be observed that when the amount of sapropel increases in 1 %, the density of a sample lessens in 15,89
kgm-3, whereas, when the amount of sample humidity increases in 1%, the density increases 13,657 kgm-3. According to
the meanings of standardized coefficients it can be concluded that the amount of sapropel on the average of sample density
(Beta=-0,794) has larger influence than the humidity of a sample (Beta=0,528).
Figure 2 presents the dependencies of heat conductivity in samples on the humidity of samples when samples
have different amount of sapropel. Values of trend lines coefficient R2 are larger than 0,99 and it shows great reliability
of the results. It can be seen that when the amount of sapropel in dry samples increases, heat conductivity lessens.
After calculating maximal values of trend lines, it was received that a sample having 8% of sapropel additive would get
maximal value of heat conductivity when humidity of sample is 11,2%. Increasing the amount of sapropel in a sample the
value of above mentioned maximum sample humidity Wmax increases and becomes the largest (Wmax=16,7%) when the
amount of sapropel reaches 14%, whereas, when the amount of sapropel are 12 and 16% they are close (16,1 and 16,2%
respectively). Continuing to enlarge the amount of sapropel, Wmax lessens.
After fulfilling linear regressive analyses on the dependencies of heat conductivity on density, absolute humidity
and the amount of sapropel in samples, it has been received that the density of a sample is statistically insignificant to the
prognosis of heat conductivity average. Final results of linear regressive analysis are presented in Table 2. From the data
given in the table it can be noticed that the amount of sapropel and humidity in a sample is statistically significant to the
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average of heat conductivity (p<0,001). Using the values of non-standardized coefficients, we can write the equation of
prognosis of the average of heat conductivity:

= 0,492 − 0,007 x + 0,015W ,

(2)

here λ – heat conductivity of a sample WK-1m-1.
It can be seen that when the amount of sapropel increases in 1% heat conductivity of a sample lessens in 0,007 W/
(mK), whereas, when humidity increases in 1%, its heat conductivity increases in 0,015 Wm-1K-1.
The coefficient of determination of a model is R2=0,948. It proves that the model of linear regression can explain
94,8% of heat conductivity dispersion. Comparing standardized coefficients we can draw a conclusion that humidity of
samples has larger influence heat conductivity (Beta=0,819) than the amount of sapropel (Beta=-0,485).
The results of the investigation of absorptive power are presented in Fig.3. It can be observed that when the amount
of sapropel increases, absorptive power in samples lessens.

Figure 2. The dependence of heat conductivity on the humidity of a sample when the amount of sapropel in a sample amounts
to 8, 10, 12, 14, 16, 18 and 20%: 8% - 8% sapropel, 10% - 10% sapropel, 12% -12% sapropel, 14% -14% sapropel, 14% - 14%
sapropel, 16% - 16% sapropel, 18% - 18% sapropel, 20% - 20% sapropel. (8%), (10%), (12%), (14%), (16%), (18%), (20%) – trend
lines, calculated according to the dependencies of the second degree polynomials 8%, 10%, 12%, 14%, 16%, 18%, 20% respectively

Table 2. The influence of the amount of sapropel and humidity of a sample on the average of heat conductivity
Coefficients
Factors

Standardized Coefficients
Beta

Non-standardized
Coefficients
B

p

Constant

0,492

0,000

The amount of sapropel x, %

-0,007

-0,485

0,000

The humidity of a sample W, %

0,015

0,819

0,000
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Figure 3. The dependence of absolute humidity of samples on the amount of sapropel when the duration of samples being over
water is different. Numbers at symbols mean duration of samples being over water in hours

It can be explained that the larger amount of sapropel is, the greatest part of capillaries is recovered by sapropel
particles and absorptive power lessens. The results of linear regressive analysis of the data are presented in Table 3.
Table 3. The influence of sapropel amount and the duration of samples being over water on the average of sample humidity
Coefficients

Standardized Coefficients
Beta

Constant

Non-standardized Coefficients
B
6,532

Time, h
The amount of sapropel, %

0,027
-0,145

0,902
-0,313

Factors

p
0,000
0,000
0,000

The equation of the prognosis of sample average humidity is as follows:

W = 6,532 + 0,027t − 0,145x ,

(3)

here t – duration of sample being over water in h.
It can be seen that the duration of sample being over water t and the amount of sapropel x in a sample are
statistically significant to the average of sample humidity (p<0,001). The duration of sample being over water has larger
influence on the average of humidity (Beta=0,902) than the amount of sapropel (Beta=-0,313).
conclusions
1. The amount of sapropel in samples formed using 21 MPa pressure and having 8-20 per cent of sapropel has larger
influence on the average of density (Beta=-0,794) than humidity of samples (Beta=0,528).
2. Humidity in samples formed using 21 MPa pressure and having 8 – 20 per cent of sapropel has larger influence on
the average of heat conductivity (Beta=0,819) than the amount of sapropel (Beta=-0,485).
3. Duration of sample keeping over the water has larger influence on the average of sample humidity (Beta=0,902)
than the amount of sapropel (Beta=-0,313).
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Thermophysical Properties of Samples Made of Sapropel and Clayey Soil
Juozas Navickas, Feliksas Mikuckis, Dalia Kasperiūnaitė
Aleksandras Stulginskis University, Lithuania
Abstract
The article deals with the dependencies of density of samples made of pure clayey soil, sapropel and clayey soil mixture on formation pressure;
it also deals with the dependency of heat conductivity and absorption capacity of samples made of clayey soil with 20% additives of sapropel on
formation pressure and absolute humidity of samples. It has been established that density of dry samples increases when formation pressure is enhanced.
Density of samples made of pure clayey soil increases more than of samples made of clayey soil and sapropel mixture. The dependence of heat
conductivity in samples, formed at 26 – 40 MPa on absolute humidity, is linear, whereas, in samples, formed at less than 26 MPa, is nonlinear. The
dependence of absorptive power on formation pressure belongs on the duration of samples keeping over water.
Linear regressive analysis of investigation data has been fulfilled using a packet of statistical programmes SPSS-15. It is established that
absolute humidity of samples and formation pressure are statistically significant (Sig.>0,001), and humidity of samples during measurements is more
important to heat conductivity than formation pressure (Beta values are equal to 0,781 and -0,528 respectively).
Key words: Clay, sapropel, heat conductivity, density, absorption

introduction
The mixture of sapropel and clayey soil is perspective substance in producing building materials (Brakš, 1971;
Biriasov et al., 1987; Garliauskas et al., 2004; Katkevičius et al., 1998; Lopotko et al., 1985; Mandeikytė, 1997;
Žvironaitė, 1997; Kurzo, 2005). Building materials made from these mixtures have unique properties dependable on
the conditions of production and percentage composition of mixture. Lots of authors investigated the properties of
sapropel mixtures with various additives (Gurklienė et al., 2004; Gurskis et al., 1996, 1998, 1999, 2000, 2004; Iljins
et al., 2005; Navickas et al., 2005).
The purpose of the work is to investigate the dependencies of density, heat conductivity and absorption capacity on
formation pressure in samples made of sapropel and clayey soil mixture. The samples were formed from easily melting
clayey soil found in Kaunas Šatijai clay quarry. The clay was remilled additionally before making. It had particles: if their
measurements were from 2 mm to 0,063 mm, they made 0,3 %, 63 – 2 μm – 32,3%, less than 2 μm – 67,4%. The samples
were formed from 22 % absolute humidity mass, which was made of 20 % sapropel and 80% clayey soil. The pH of used
sapropel was 5,7, and its dry mass was only 6,46 %. Organic substances in a dry mass made 91,03%. The samples were
pressed by hydraulic press ПГ-100 (Kasperiūnaitė et al., 2010). The samples were formed using 7 – 40 MPa pressure in
an indoor temperature. The samples, after taking them from forms, were dried at indoor temperature till constant mass
appears. The process of desiccation was continued in a thermostat at 105ºC also to a constant mass. Further, the samples
were cooled in a hermetic vessel to a constant thickness. The density and volume of samples was established applying
Archimedes’s principle; heat conductivity was measured up by conductivity gauge FOX200, and absorptive power was
established according the methods that were described above (Kasperiūnaitė et al., 2009).
results of research
The dependence of samples made of dry clayey soil and samples made of clayey soil and sapropel mixture on
formation pressure is given in Fig.1 below.
It can be observed, that density, enhancing formation pressure, increases both in dry samples made of pure clayey
soil and in samples made of mixture of clayey soil and sapropel. However, true to form, density values of samples made
of pure clayey soil are larger than of samples made of sapropel and clayey soil mixture. The dependence of density of
samples made of pure clayey soil on formation pressure is more expressed than of samples made of sapropel and clayey
soil. Besides, the samples made of pure clayey soil were formed of formation mass having 9% of absolute humidity.
Absolute humidity of formation mass determines the density of a sample (Iljins et al., 2005), therefore, it is impossible
to compare the above mentioned dependences, however, it is obviously seen that the additive of sapropel lessens density.
Sapropel as an additive enhances scattering of experimental points as it is calculated using trend lines and the coefficients
of their determination. The dependence of the samples formed using 7 - 40 MPa pressures on absolute humidity of
samples is presented in Fig.2.
It can be observed from the above mentioned results that heat conductivity of samples increases when
formation pressure enhances. Absolute humidity of samples also increases heat conductivity, however, as it can
be seen, the run of the growth depends on sample formation pressure. From pointed trend lines we see that when
there are similar coefficients R2, samples formed at 40 – 26 MPa pressure, the dependence of heat conductivity on
absolute humidity of samples W can be describes using linear function = aW + b , and samples formed using
2
pressure less than 26 MPa have the dependence described by a polynomial = aW + bW + c. After calculating
trend lines and choosing only such trend lines that have coefficients R2 larger than 0,99, we can explain the above
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mentioned experimental dependencies in a following way: the larger sample formation pressure, the closer particles
of substance are and they form capillaries of less diameter. When sample formation pressure is equal to the range from
40 MPa to 26 MPa, humidity existing in the capillaries of samples moves towards surface according to additional
pressure and heat conductivity decreases in a linear way. Heat transport from particle to particle, diffusions together
with secret heat transport and radiation mechanism function here. Capillaries having unequal diameters are usually
formed in samples formed using pressure less than 26 MPa.

Figure 1. The dependence of density of samples on sample formation pressure

Capillary water fills them not fully; air–water vapour plugs are formed and they impede water vapour diffusion
as well as prevent capillary water to move towards surface. Therefore, heat transfer decreases according to diffusion
and secret heat transfers in samples that have been formed using pressure less than 26 MPa. Comparing dry samples
and samples having 8% of absolute humidity formed using 7 and 40 MPa pressure, the difference of heat conductivity
between humid and dry samples shows that heat conductivity in humid samples is larger in 36% than id dry samples.
After processing the dependencies of heat conductivity by programme SPSS15, it is established that absolute humidity of
samples in a process of measurements and formation pressure are statistically significant (Sig.>0,001), and humidity of
samples to the average of heat conductivity is more important than sample formation pressure (Table 1, Beta values are
equal to 0,781 and -0,528 respectively).
Table 1. Results of linear regressive analysis
Unstandardized Coefficients

Model

B
1

Std. Error

(Constant)

0,504

0,007

W, %

0,015

0,001

-0,008

0,000

pf, MPa
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Standardized
Coefficients

t

Sig.

Beta
74,631

0,000

0,781

28,495

0,000

-0,528

-19,246

0,000
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Applying unstandardized coefficients, we get a linear equation of regression to prognose the average of heat
conductivity λ in samples:

= 0,504 + 0,015W − 0,008 p f ,
here W – humidity of samples during measurements in %;

(1)

p f – sample formation pressure MPa.

The dependence of sample absorption capability on sample formation pressure is presented in Fig.3.
It can be seen that absorption capability ambiguously depends on sample formation pressure. In the beginning of
the process (in a period of two days) absorption capability is inversely proportional to sample formation pressure. After
three days of experiments absolute humidity in samples, formed using 7 and 40 MPa, becomes equal.

Figure 2. The dependence of heat conductivity on absolute humidity of samples formed at 7 – 40 MPa formation pressure.
Ratings at points and trend lines show formation pressure MPa of samples

After keeping samples over water for 9 days, it was established that absorption capability in samples, formed
using 7 – 25 MPa, does not almost depend, and maximum absorption can be noticed in samples, which are formed
using 30 – 40 MPa. The fact can be explained in the same way as in heat conductivity case. When sample formation
pressure increases, the diameter of capillaries enhances too. Therefore, in the beginning of absorption on account
of diffusion water vapour transfer is quicker in samples formed using less pressure. The thinner a capillary is, the
earlier water column forms in it, because the smaller the diameter of a capillary is, the larger concentration of
nucleus forms. Scilicet, absorption of water vapour takes place in the samples in two modes: water vapour diffusion
in capillaries and moving of formed water column in a capillary.
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Figure 3. The dependence of sample absorption capability on sample formation pressure in various terms of keeping samples
over water. Ratings at experimental points correspond to sample keeping term in hours

conclusions
1. The density of samples made of clayey soil and of clayey soil with 20% of sapropel additives has linear dependence
on sample formation pressure (coefficients of determination are 0,9811 and 0,9813 respectively).
2. Linear dependence (formation pressure is 40 – 26 MPa) and nonlinear dependence (formation pressure is less than 26
MPa) are observed in the dependencies of heat conductivity on sample formation pressure.
3. Humidity of samples while measuring is more important to the average of heat conductivity than sample formation
pressure (standardized coefficients 0,781 and -0,528 respectively).
4. During two primary days the capacity of absorption was larger in samples made using small formation pressure, and
later the capacity of absorption is larger in samples made using the largest pressure (30 – 40 MPa).
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Abstract
Environmental and energetic evaluation of biogas production from plant biomass is presented in the paper. Environmental assessment of biogas
production technology has been analysed in terms of life cycle assessment methodology and energetic evaluation has been performed including direct
and indirect energy inputs of soil tillage, cultivation, sowing, fertilization, yield harvesting, transportation, ensiling and digesting to biogas. Perennial
grasses - cocksfoot grass (Dactylis glomerata), reed canary grass (Phalaris arundinacea) and tall fescue grass (Festuca arundinacea) have been
investigated. It is determined that emissions of direct energy input during the digestion tall fescue grass and reed canary grass – 0,069 and 0,067 kgCO2/
kg biomass were the highest. The highest gas leakage found to be in the cocksfoot grass biomass digestion case - 0,072 kgCO2/kg biomass. Results of
analysis of total energy input for plant biomass show energy input of 0,714 MJ/kg biomass for tall fescue grass, 0,755 MJ/kg biomass – reed canary
grass and 0,869 MJ/kg biomass – cocksfoot grass. Energy potential of cocksfoot grass, tall fescue grass and reed canary grass have been found to be
4,03, 4,03 and 3,37 MJ/kg biomass respectively. These results suggest that cultivation of perennial grasses and anaerobic digestion to biogas is energy
efficient and environment friendly way of renewable energy creation.

Introduction
The European Union (EU 27) has recently set a target of 20 % for the contribution of renewable sources from
final energy consumption by 2010 (Renewable Energy…, 2008). The projected share of 175.5 Mtoe by 2020 has been
foreseen to be from biomass and will be one of the major contributors to the renewable energy (Renewable Energy…,
2008). Increasing biomass usage leads to reduction of greenhouse gases emissions compared to the use of fossil fuels.
Environmental and energetic evaluation of biogas production technology can be analysed in terms of life cycle assessment
(LCA) methodology (Sagisaka, 2009). There are some studies made on environmental impact assessment of biogas
production technologies from maize (Graebig et al., 2010) and biogas injection to the grid compared to natural gas (Jury
et al., 2009) or as transport fuel (Patterson et al., 2011). Energetic evaluation of biogas production from plant biomass
has to take in the total energy input related to full cycle – from soil cultivation up to conversion to biogas. The direct and
indirect energy inputs of all technological operations and equipment has to be included in the analysis (Yadvika et al.,
2004; Mikkola and Ahokas, 2010; Navickas and Venslauskas, 2008; Salter et al., 2005). The aim of the paper is to perform
and present the methodology of environmental and energetic evaluation of biogas production from plant biomass.
Methods
Environmental and energetic evaluation of biogas production technology is performed according to the reduction
of greenhouse gasses. The technological scheme of plant biomass anaerobic digestion to biogas is designed depending
on microbiological features and the place of biomass production. These factors and technology affect the environmental
and energetic efficiency of biomass digestion. Different equipment and machinery is used in each stage therefore the
technological operations have been laid down for energetic evaluation.
Technologies are divided into several stages: grass seeding, yield harvesting, grass ensiling and anaerobic digestion
at biogas plant. During the summer season grass can be cut few times. According to ensiling practice, grass is wilting then
collecting to trailers and transporting to ensilage place for ensiling. Silage from the tranche or pile by tractor is loaded
to stationary biomass mixing-dosing device and later is pulled to anaerobic digesters. Digested substrate is pumped to
digestate storage tank. From the storage tank the digestate by slurry tankers is transported to the fields where crops are
fertilized. Produced biogas is used for electricity and heat production in cogenerator. Electricity and heat is consumed by
some technological equipment in biogas plant and surplus can be sold to the public electricity grid.
Energetic evaluation of biogas production from plant biomass is done after determination of total energy input for
plant cultivation and conversion to biogas. Energy consumption includes direct and indirect energy inputs of soil tillage,
cultivation, sowing, fertilization, yield harvesting, transportation, ensiling.
The emissions of global warming gases at the transportation, chopping, preparation and anaerobic digestion
processes have been analysed. The gaseous emissions of direct and indirect energy consumption and the gas leakage
have been analysed as well. Emissions of gases are expressed as equivalent mass of CO2. The reduction of GHG
emissions can be expressed as:

∆e = eM − eB ,						
here

Δe – the reduction of greenhouse gas emissions, kgCO2/kg biomass;
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eM – emissions of natural degradation of biomass, kgCO2/kg biomass;
eB – emissions of the anaerobic digestion process (burnt methane), kgCO2/kg biomass.
During the anaerobic digestion of plant biomass the emissions of GHG eB (kgCO2/kg biomass) can be determined
by the evaluation of CH4 and CO2 gas yields, gas leakages and emissions of energy input:
b
b
t
n ,				
eB = eCH
+ eCO
+ enut − eCO
− eCO
4
2
2
2

here

(2)

b
eCH
– the equivalent of methane (CH4) yield from biomass, kgCO2/kg biomass;
4
b – the yield of carbon dioxide (CO ) from biomass, kgCO /kg biomass;
eCO
2
2
2

enut – gas leakage at the anaerobic digestion process, kgCO2/kg biomass;

t – gas emissions of direct energy input of the anaerobic digestion process, kgCO /kg biomass;
eCO
2
2
n – gas emissions of indirect energy input of the anaerobic digestion process, kgCO /kg biomass.
eCO2
2

Emissions of carbon dioxide from biogenic sources are considered as neutral. Independently of organic material
degradation time-span, the overall CO2 quantity remains unchanged, i.e. does not depend on the type and speed of
degradation – by burning or natural degradation in few decades. However, other CO2 emissions that do not originate from
biomass degradation have to be evaluated. Such emissions are: construction of techniques, production of fertiliser and
chemicals and usage of liquid fuels in technological operations.
Emissions of direct energy input are determined concerning the overall energy input for the preparation and
anaerobic digestion of biomass:
i

t
eCO
= ∑ Eti kenCSM ,		
(3)
2

1
		

here Eti – direct energy input, MJ/kgTS;
ken – the coefficient of energy gaseous emissions, kgCO2/MJ;
CSM – concentration of total solids in biomass, kgTS/kg biomass.
The cultivation of energetic biomass, preparation and anaerobic digestion use various technological equipment,
machinery and buildings. For their construction indirect energy is used and it has to be accounted and involved in
n

the balance of gas emissions. Emissions of the equipment used in biogas production eCO2 (kgCO2/kg wastes) can be
expressed:
i

n
CO2

e

=

∑E

ni

mi

1

,					

(4)

mž

here Eni – the coefficient of indirect energy input of CO2 for the substance i, kg/kg substance;
mi – the mass of the substance i , kg;
i – the number of used substances;
mž – the mass of processed biomass, kg.
Energy production from biogas allows reducing consumption of mineral fuel. Emission of avoided mineral fuel by
biogas eišv is expressed as equation:

eišv = emk − eBe ,						
here

(5)

eišv – mineral fuel replaced by biogas CO2emissions, kg/MJ;
emk – mineral fuel CO2emissions, kg/MJ;
eBe – emissions of biogas production stage (CO2), kgCO2/MJ.

Production and usage of biogas for energy production can replace a certain amount of energy from mineral fuel.
The reduction of emissions after replacement of mineral fuel by biogas is calculated:
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e =

emk − eBe ,
eBe

(6)

here emk – CO2emissions of mineral fuel, kg/MJ;
eBe – CO2 emissions of biogas production, kgCO2/MJ.
The crude oil equivalent has been used for calculations. The CO2 emission of oil extraction and refining to liquid
fuel is in the range of 11,6 to 13,7 kg/MJ (Thyo and Wenzel, 2007). Analysis of European electricity generation emissions
shows that the average 486 g of CO2 emissions per 1 kWh or 135 g/MJ of electricity produced (Wicke et al., 2007).
The evaluation of biomass digestion technologies requires the determination of materials streams in the system.
Anaerobic digestion systems can be qualified according to the effectiveness of degradation of treated biomass or the
concentration of organic material at the end of the digestion system.
Direct energy input at biogas plant can be expressed by equation:
n

n

1

1

Esan = ∑ Etech + ∑ Ešj ,
here

(7)

Esan – energy input at biogas plant, MJ t-1;
Etech – energy input of technological equipment, MJ t-1;
Ešj – energy input of heating, MJ t-1.

Results and discussions
Analyzing plant biomass digestion to biogas the total energy input at establishment of plants, yield harvesting,
ensiling of biomass and anaerobic digestion at biogas plant are presented in Fig. 1.

Figure 1. Scheme of total energy input

The rates of reduction of environmental pollution have been determined. The main and highest parts of gaseous
emissions make gas leakages and emissions of direct energy input (Fig.2).
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Figure 2. Greenhouse gases emissions of anaerobic digestion of plant biomass

The highest leakage found to be in the cocksfoot grass (Dactylis glomerata) biomass digestion case - 0,072 kgCO2/
kg biomass. This cause the relatively higher concentration of TS (22,8 % TS) and energetic value of biomass (3,07 MJ/kg)
compared to other grass species. Reed canary grass (Phalaris arundinacea) and tall fescue grass (Festuca arundinacea)
have 20,6 % and 21,0 % TS respectively.
The highest emissions of direct energy input are from tall fescue grass and reed canary grass biomass digestion –
0,069 and 0,067 kgCO2/kg biomass respectively. Twice lower emissions (0,034 kgCO2/kg biomass) from direct energy
input is for the cocksfoot grass. This grass has the lowest grass yield from hectare of land therefore it directly connected
to the lower energy input for harvesting and digesting to biogas.
Emissions of indirect energy input are relatively low (6,6*10-5 kgCO2/kg biomass) and little dependent on the
anaerobic digestion scheme or grass species.
The ratio of reduction of greenhouse gas emissions Δe is the highest for the reed canary grass biomass digestion –
0,57 kgCO2/kg biomass (Fig. 3). In other cases the ratio was in the range of 0,44 – 0,50 kgCO2/kg biomass.

Figure 3. Reduction of greenhouse gas emissions Δe

A high amount of mineral fuel can be replaced by using produced biogas for energy production. It is identified that
by the exploitation of the energetic potential of plant biomass it is possible to reduce CO2 emissions from 25,0 to 26,5
times compared to gaseous emissions of mineral fuel (Fig. 4).
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Figure 4. Reduction of GHG emissions by replacement mineral fuel to biogas

The deeper analysis of various perennial grass energy input at different organic loading is presented elsewhere
(Navickas et al., 2011). According to them, average total energy input for plant biomass reach 36,52 GJ/ha for tall fescue
grass, 37,38 GJ/ha – reed canary grass and 27,75 GJ/ha - cocksfoot grass. After conversion from GJ/ha to MJ/kg of
biomass the results show energy input of 0,714 MJ/kg biomass for tall fescue grass, 0,755 MJ/kg biomass – reed canary
grass and 0,869 MJ/kg biomass – cocksfoot grass.
Thus here it is presented the energetic potential of plant biomass which has been evaluated after determination of
biomass yield and obtained biomass energetic value (Fig. 5).

Figure 5. Energetic potential of three species of grasses

Energy potential of cocksfoot grass, tall fescue grass and reed canary grass is 4,03, 4,03 and 3,37 MJ/kg biomass
respectively.
Conclusions
1. It is determined that anaerobic digestion of plant biomass to biogas reduces greenhouse gas emissions. The highest
reduction effect has been found at digestion of reed canary grass biomass – 0,57 kgCO2/kg biomass. For the other
species of grass the ratio has been lower - 0,44 – 0,50 kgCO2/kg biomass.
2. The highest gas leakage emissions have been found to be from those grasses which have higher concentration of total
solids thus higher biogas yield is obtainable from grass biomass. The highest leakage found to be in the cocksfoot
grass biomass digestion case - 0,072 kgCO2/kg biomass.
3. It is identified that by the exploitation of the energetic potential of plant biomass it is possible to reduce CO2 emissions
from 25,0 to 26,5 times compared to gaseous emissions of burning mineral fuel.
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4. Results show that total energy input is 0,714 MJ/kg biomass for tall fescue grass, 0,755 MJ/kg biomass – reed
canary grass and 0,869 MJ/kg biomass – cocksfoot grass. Energy potential of cocksfoot grass, tall fescue grass and
reed canary grass is 4,03 MJ/kg biomass, 4,03 MJ/kg biomass and 3,37 MJ/kg biomass respectively.
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Abstract
On light soil with an average slope of 5.4° was established on field trial of seven variants of soil cultivation and sowing corn and oats. Using
the method retention microplots were evaluated by surface runoff and soil washes off during intense rains during the sowing of crops in the spring to
late summer of 2010. For the conventional tillage and sowing maize tillage was found statistically significantly higher soil loss by water erosion in the
erosion events than for other variants based crop corn and spring cereals. The results confirm the importance of soil conservation technologies of soil
cultivation and sowing of maize to reduce the risk of land degradation by water erosion.
Key words: soil tillage; water erosion; maize production

Introduction
The Czech Republic is characterized by a high average gradient of agricultural land. Tippl, Janeček and Bohuslávek
(2010) reports that more than 53 % of area in the Czech Republic is situated on land with an average slope greater than
3°. The high slope of land, combined with light soil and expanding wide-row crops (maize) are at increased risk of water
erosion. The risk of erosion events, although it is not possible to completely eliminate, but it may reduce the appropriate
farming techniques. Interventions usually consist of direct management of crop residues and using reduced tillage.
Protection against water erosion of soil consists mainly of creating conditions to increase infiltration of water into the
soil and reduce surface runoff rainwater. Annual tillage increased soil porosity, although immediately after the operation
with top soil layer may be in a relatively short time, revert to the unfavorable physical properties. Significant reduction
of water infiltration into the soil and increase the risk of water erosion of soil causes the soil surface crust (Janeček et al.
2005). Soil-tillage technology contributes to limiting the formation of soil crusts. Beneficial effects of soil conservation
technologies to reduce surface water runoff and increase infiltration of water into the soil show Truman, Shave and
Reeves (2005). Rasmussen (1999) found that technology, minimization of soil erosion, soil loss decreased by half to two
thirds. What is important for reducing the risk of water erosion is a targeted retention of crop residues on the soil surface
(previous crop harvest residues, biomass, intercrops). Increased infiltration of long-Zero cultivated soils compared to
soils ploughed annually justifies Azooz and Arshad (1997), destruction of soil aggregates in conventionally treated soils.
Tillage also plowed crop residues into the soil, so apply the protective function.
Water erosion is an intermittent phenomenon, the process of erosion in the erosion events, it is difficult to
follow. Relatively accurately determine the surface runoff during intense rainfall and soil washed down the weight by
using runoff on micro plots (Janeček et al. 2005). Bagarello and Ferro (2007) reported the use of drainage of micro
plots with different surface at the experimental station Sparacia in Sicily. This station is used to drain the micro plots
areas from 0.04 m2 to 5 m2 and then drain micro plots from 11 m2 to 352 m2. On small micro plots captures all the
runoff is washing away soil, with larger plots be accounted for part of the volume of surface runoff, using the reducers.
Materials and methods
For measurement of the field trial was established on land with an average slope of 5.4 °. The land is located in the
area Nesperká Lhota at an altitude of 420 m. The soil is light on plot. The field test consists of seven variants. Plot of land
for one variant is 6m x 50 m in length side is facing the fall line.
Setting up the experiment was already in autumn 2009. After harvesting of triticale (crush straw) was the site of
the second half of August followed shallow tillage with disc tiller. In options 4, 5, 6 remained on the ground in autumn,
without further processing, for options 1, 2 Three followed in October 2009 autumn unilaterally plow tillage to a depth
of 0.22 m (driving in the direction of contour sets, tilting to hunk slope). Tillage and seeding in the spring as indicated in
each experiment variants.
Variants of experiment:
1. Conventional tillage technology for maize - plowing in the fall, winter left rough wake, spring sowing soil
preparation with harrow, seed corn.
2. Variant of tillage, spring cereals - plowing in the fall, winter left rough wake, spring sowing soil preparation
with harrow, sowing oats.
3. Variant of tillage, corn trade intercrop (winter cereal crop sown in spring) - plowing in the fall, winter left rough
wake, spring sowing soil preparation with harrow, triticale seeding, sowing corn.
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4. Option no tillage, corn free trade intercrop with spring sowing soil preparation - plowing the previous crop
harvest disc tiller, spring tillage tine cultivator to a depth of 0.10 m, sowing corn.
5. Option no tillage, spring cereals - plowing after harvest crop, sown in spring oats.
6. Option no tillage, corn free trade intercrop without spring sowing soil preparation - plowing the previous crop
harvest disc tiller in autumn 2009.
7. The “black fallow” - in the fall plowing, left rough over the winter wake, spring tillage tine cultivator to a depth
of 0.15 m is maintained without vegetation - 5 non-selective herbicide application (Roundup Rapid, 4 l ha-1).

Figure 1. Runoff microplots with plastic container

For each variant experiment after sowing were installed 4 micro plots for runoff. Area is defined by walls of sheet
metal. The collector is located at the bottom of each micro plots. It transports water into the plastic container, which is
buried below the catching micro plots. Area of each micro plots is 0.16 m2.
To measure the size and intensity of precipitation is located near the weather station experiment. Measurement of
surface runoff followed ever after intense rainfall. Surface runoff was detected by measuring the volume, the amount of
soil washed by filtering runoff and subsequent soil drying at 105°C and weighing the soil on a laboratory scale.
Results and discussion
The values of surface runoff water and washing the soil erosion events in the summer of 2010, from the third
decade of July until the end of the second decade of August, are shown in the graphs in Figure 2 to 7. The intensity of
rainfall and their total in this period are shown in the graphs in Figure 8 and 9.
In the third decade of July 2010 there has been erosion due to storm events with rainfall above 40 mm, their intensity
in excess of 50 mm.h-1 (graph in Figure 8). The graph in Figure 2 shows the surface runoff during the erosion event, which are
related to different intensities of water infiltration into the soil. In terms of harmful effects of water erosion of soil is important to
wash the soil, the values are shown in the graph in Figure 3. This chart shows the highest values of the erosion which has been
reported in versions 7 (“Black Fallow “) and 1 (conventional tillage technology for maize).

Figure 2. Surface runoff by storm in the end of July 2010
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Figure 3. Erosive wash of soil by storm in the end of July 2010

For further erosion events that occurred in the first decade of August, while the lowest recorded surface runoff
in options 1 and 7 (the graph in Figure 4), but the soil was washed off in these variants was significantly higher than for
variants 2-6 (graph in Figure 5). This statement of statistical significance of differences in soil washes off applies to the
previous erosion event (Fig. 3). High values of surface runoff in options 2 and 5 (oats) are influenced by the fact that at that
time was already oats harvested and on the soil surface was stubble. The soil was so covered with less than the previous
events and also drops of rain fell directly on the soil surface and have more kinetic energy for eroding the soil surface

Figure 4. Surface runoff by intensive rainfall in beginning of August 2010

On 14th August 2010 at the field trial occurred in a storm, whose intensity did not reach the intensity of storms
in July and early August, but the soil water intake could be affected by high soil moisture after previous rains. The
surface water runoff can not draw firm conclusions (graph in Figure 6). The highest soil washes variant was found in 7
(statistically significantly greater than for other variants) - the graph in Figure 7 The lowest soil washes was observed in
variant 5 - oats based minimization technologies.
The values of washes soil erosion in all evaluated events confirm the high risk of leaving the land cover without
organic matter. Organic matter can have a character of crop residues and intercrop the trade. Both forms meet the purpose
of protecting the soil surface from unwanted soil washes.
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Figure 5. Erosive wash of soil by intensive rainfall in the beginning of August 2010

Figure 6. Surface runoff by storm on 14th August 2010

Figure 7. Erosive wash of soil by storm on 14th August 2010
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The results obtained in the evaluation of soil and wash erosion in the above events can be compared with indicators
acceptable soil loss by water erosion (Janeček et al., 2005). For soil conditions characteristic of the field trial site constitutes
acceptable soil loss limits 1000 kg.ha-1 per year. For the three events featured the erosion of soil washed off with option 1
value 930 kg.ha-1 per year. The variants of maize cultivation without tillage technologies (variants 3, 4 and 6) was washed
off the value of soil erosion for all events below the maximum value, as is the case with spring cereal options (options 2
and 5). Results from the control variant (variant 7) show a high risk of soil washed off the bare soil.
In terms of risk of water erosion are of particular importance value to wash the soil. When comparing the
measured values with the results of authors who have dealt with the quantification of erosion processes in the
application of different tillage practices in the production technology, was confirmed positive protective effect of
plant biomass in the soil surface and the surface layer of soil (Reyes et al., 2009, Truman et al., 2005, Rasmussen
1999, Wilson 2004). Even under the conditions of the field experiment showed that the cultivation of corn using
conventional tillage technology with tillage is risky, alternative technology of maize cultivation without tillage
showed significantly less erosion with the erosion events.

Figure 8. Rainfall and rain intensity during July 2010

Figure 9. Rainfall and rain intensity during August 2010

Conclusion
In three of erosion due to rainfall events associated with thunderstorm activity showed an increased risk of soil
erosion of soil water in the cultivation of corn using conventional tillage technologies. The harmful effect of water erosion
is evident in the period when maize plants have partly obscured the soil surface. The results support the argument for the
use of technologies for growing maize, carrying signs of soil conservation technologies. Benefits can be seen mainly in
the use of the protective effect withered biomass on the soil surface even the possibilities of using protective cover crops
planted in the alleyway of maize, provided that the plant cover crops will not compete with maize plants.
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Use of Lime-mud in Reducing Heavy Metal Phytoavailability by Lettuce Grown
on Metal-spiked Soil
Valdas Paulauskas, Alfreda Vaičikauskaitė
Aleksandras Stulginskis University, Lithuania
Abstract
Heavy metal immobilization was evaluated on soils spiked with increasing concentrations of Cd, Pb, Cu and Zn using lime-mud as soil
amendment. The immobilization efficacy of the amendment was evaluated according to heavy metal concentration in edible tissue of fast growing crop
romaine lettuce (Lactuca sativa L.) as an indicator of metal phytoavailability. Vegetative pot experiments were conducted on metal-treated sandy loam
soil mixed with lime-mud at a ratio of 5% and 10%. Soil spiking significantly increased DTPA-extractable concentration of heavy metals in the soil.
Lime-mud amendment reduced metal “availability” in artificially contaminated soils effectively, while DTPA-extractable Cu concentration increased
in the lime-mud amended soils. Soil spiking with metals caused a significant increase of Cd, Pb, Cu and Zn concentration in lettuce leaves, being by
4-52 times higher as compared with control, while addition of lime-mud amendment to metal salt-spiked soils generally lowered metal concentrations
in lettuce edible tissue. Lime-mud additive decreased accumulation ability of heavy metals in lettuce leaves significantly. Accumulation coefficients of
Zn and Cd decreased as metal treatment level increased. Studied metals according to their accumulation capacity can be ranked in the following order:
Zn>Cd>Cu>Pb. The highest correlation between metal DTPA-extractability from soil and metal concentration in lettuce aboveground tissue was in the
case of Zn (R=0.94) and Cd (R=0.91), lower relationship was in the case of Pb (R=0.75), and the weakest relationship was in the case of Cu (R=0,53).
Key words: heavy metals, phytoavailability, accumulation, Lactuca sativa, lime mud, alkaline immobilisation

Introduction
Heavy metals (HM), being one of the most dangerous and persistent contaminants can cause serious problems in
the areas of intense industry and agriculture. On-land disposal of waste materials containing heavy metals can give rise
to accumulation of these potentially toxic elements in the topsoil, following adverse effects on plant growth and crop
quality. Heavy metals are also deposited in soils by atmospheric fallout ant the use of mineral fertilizers. One of the major
concerns is HM accumulation in edible parts of various crops, thus creating direct hazard to animal and human health.
Heavy metals may also appear in the areas used for agricultural purposes due to the addition of sewage sludge. This
material is rich in organic matter, plant nutrients and enhances soil productivity. However, municipal wastewater sludge
usually contains high amounts of heavy metals (Pascual et al., 2004). Zinc (Zn), cadmium (Cd), copper (Cu) and lead (Pb)
are metals of major concern in sewage sludge: Pb and Cd being highly toxic non-biogenic elements, Cu and Zn because of
serious difficulties to reduce their concentration in the sludge (Singh and Agrawal, 2007; Castro et al., 2009). Sludge onland application poses a great concern because soil acts as a transferor, and due to bioaccumulation and biomagnification
HM can appear in a food chain.
Apart from all necessary macronutrients plants also uptake trace elements from the soil, including heavy metals
which are non-biodegradable (Golia et al., 2008) and can trigger toxic effects, like chlorosis, weak plant growth, yield
depression, as well as other disorders in plant metabolic processes (Poulik, 1999). Later heavy metals can accumulate
in human body and cause various disorders (Khan et al., 2010). Different species have different tolerance levels for HM
accumulation (Singh and Agrawal, 2007). As terrestrial plants are the first step of food chain, it is important to have good
knowledge about their capacity to accumulate toxic elements and ability to pass them on to animals and humans (Madejon
et al., 2011; Khan et al., 2010).
Lettuce (Lactuca sativa L.) is a major fresh vegetable. It is used not only for food, but also for oil extraction, nonnicotine cigarettes and sedative production. Various types of lettuce are grown on all continents due to the fact that it is a
cool-season crop. Lettuce is a self-pollinated plant; it has a deep taproot with large horizontal root which are most dense
near soil surface for better water and nutrient absorption (Mou, 2008). Lettuce is sensitive to salinity, also considered to
be sensitive to the excess of heavy metals (Zubillaga and Lavado, 2002). Within cultivated plant species lettuce is known
for its high potential to accumulate cadmium in leaves. Furthermore, lettuce can be used as an indicator crop for testing
soils which may be polluted with cadmium (Brown et al., 1996). It should be taken into consideration, that lettuce may
also accumulate high amounts of lead and mercury which may pose risk to human health (Dolgen et al., 2004). It is stated
that lettuce accumulates relatively high amounts of copper and zinc (Hue, et al., 1988; Boon and Soltanpour, 1972 via
Jordao, et al., 2006). As refers Dolgen and co-authors in their study (2004), both Zn and Cu tend to accumulate in roots
more than in leaves. Uptake of chromium is relatively small and differences between accumulation in roots and leaves
are negligible. According to Poulik (1999), lettuce has a low capacity to accumulate nickel, probably due to short rotation
period. It was also reported, that seedlings have less strict barrier for heavy metals from root to leaves compared to adult
plants (Conesa et al., 2010). In 2006 European Commission issued regulation No 1881/2006 on setting maximum levels
for certain contaminants in foodstuff, and indicating that maximum level of lead must not exceed 0.3 mg/kg wet weight
and maximum level of cadmium has to be less than 0.2 mg/kg wet weight in lettuce. It is also emphasized that these values
are applied for open-air grown lettuce (Commission Regulation, 2006).
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Many other plant species are known to accumulate high levels of heavy metals in their tissue (roots, stems, leaves,
berries). After being transferred into plant material via food chain heavy metals can pose negative impact on human
health. Thus soils polluted with heavy metals often require active measures to be taken. Ex-situ soil remediation methods
involve excavation and removal of contaminated layer, following washing of contaminated soil with strong acids or HM
chelators. But such process-based technology is mainly suitable for small areas of heavily contaminated sites.
Wide-spread low to medium level contaminated agricultural land represents a specific problem. Remediation of
large areas of agricultural land by conventional process-based technologies is not feasible economically. This is the
main reason for search of alternative remediation methods which are regarded as less intrusive and more cost-effective
(Hartley & Leep, 2008). On-site immobilization of HM in the soil could be one of such options that have been extensively
studied during the last decades. Chemical immobilization of heavy metals can be carried out by using specific additives,
which tend to form with metal ions stable, non-mobile, poorly soluble compounds. Such stabilisation techniques help to
immobilize heavy metals in soil, so that they cannot be taken up by plants. Hydroxides, oxides, phosphates, carbonates,
ferric salts or even industrial by-products can be used in-situ as heavy metal immobilizing agents (Hartley et al., 2004;
Paulauskas et al., 2006). Such materials can reduce easily bioavailable fraction of heavy metals in soil by precipitation,
adsorption, or complexation. Furthermore, industrial waste usage can significantly reduce the cost of the immobilization
process (Kumpienė et al., 2007).
The objective of the present study was to evaluate in model pot experiment the capacity of romaine lettuce (Lactuca
sativa) to accumulate heavy metals in the aboveground biomass (consumable part) grown in sandy loam soil freshly
spiked with known concentrations of Cd, Pb, Cu and Zn, as well as to study the immobilising effect of lime mud (alkaline
by-product of food processing industry) on bioavailability of heavy metals in artificially contaminated soil.
Materials and methods
Sample collection. Sandy loam soil was taken from the surface layer (0-20 cm) in a rural area, air-dried, thoroughly
mixed, sieved to remove stones, plant debris and other undesirable materials, spiked with heavy metals, amended with
lime-mud additive and used for pot experiments. Lime mud samples were collected at CSC “Arvi Sugar” where sugar is
produced from local sugar beet. Lime-mud is generated when sugar beet diffusion juice is treated with lime milk. Settled
non-sugar substances are separated by filtration, and the resulting lime mud is directed to the storage facility.
Experimental design. Sandy loam soil (Soil O) was spiked with Cd, Pb, Cu and Zn by mixing it with solutions
of soluble salts of the selected heavy metals. Concentration of artificially added metal ions in simultaneously spiked
soil samples is given in Table 1. Concentration of the selected metals in Soil B was calculated to be equal to maximum
permissible concentration (MPC) under HN 60-2004, while in Soil A it was twice lower and in Soil C twice higher than
MPC. Soil O was also used in the experiment as control.
Table 1. Heavy metal concentration in metal salt-spiked soils
Heavy metal, mg/kg dry soil
Spiked-soil
Cd

Pb

Cu

Zn

Soil O

0.16

9.4

12.7

22.3

Soil A

1.5

50

50

150

Soil B

3

100

100

300

Soil C

6

200

200

600

MPC*

3

100

100

300

BC** (sandy loam)

0.15

15

8.1

26

BC (clay loam)

0.2

15

11

36

*MPC - Maximum permissible concentration (MPC) in soil according to HN 60-2004
**BC – Background concentration (BC) in sandy loam and clay loam soils according to HN 60-2004

Individual metal salt-spiked soil subsamples were amended with lime-mud at two different doses of 5 % and 10
% by mass on dry matter basis (Soil 5A, 5B, 5C or Soil 10A, 10B, 10C, respectively). Plastic pots (3 L each) were filled
with 2.5 dm3 of soil. Distilled water was added to the pots to keep the moisture content close to field capacity. Fertilisation
doses of macronutrients used as mineral fertilisers before planting were 0.5 g N, 0.25 g P and 0.5 g K per pot. Experiment
was performed in the laboratory conditions using artificial insolation, temperature between 20-25 °C and arranged in 3
repetitions (3 replicates per treatment). After cultivation lettuce seedlings were transplanted into the pots with spiked
mixtures. During the experiment the plants were watered with distilled water regularly. One plant per pot was grown, and
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36 days after transplanting, the plants were harvested, leaves were dried at 70 °C, afterwards ground and preserved for
metal analysis. Weight of dry biomass was used as lettuce yield indicator.
After wet spiking as well as mixing of metal-spiked soil with alkaline additive substrate samples were incubated
for several weeks in order to achieve ion equilibrium.
Analytical technique. Dry matter and water content was determined on a mass basis using gravimetric method. Soil
pH values of the spiked samples were measured in deionised water (solid/solution ratio=1:2.5).
“Total” metals in the soil samples were determined according to the standard aqua regia digestion method (ISO
11466: 1995). “Plant available” metals were determined after extraction from the soil substrates with a buffered (pH 7.3)
diethylenetriaminepentaacetic acid (0.005 M DTPA) at a soil (g)/solution (ml) extraction ratio of 1:5. Extraction was
performed at room temperature (20°C) with continuous agitation for 2 h (modified ISO-14870:2001).
Lettuce leaves after harvesting and drying were wet-digested with a mixture of HNO3 and H2O2. After cooling and
diluting with deionised water heavy metal concentration in digestates was determined.
Heavy metals in extraction and digestion solutions were determined by flame or electrothermal atomic
absorption spectrometry (Perkin Elmer Aanalyst 100). All DTPA extractions and acid digestions were carried out
on triplicate subsamples and all data have been corrected to an oven-dry moisture content. The relative standard
deviation (RSD) values of triplicate determinations were less than 10 % of the mean values, excepting results for
Cd, which was lower than 20 %.
Accumulation coefficient (Ka) was calculated to assess the metal phytoavalability. The Ka is given by the formula (1):
Ka = Cp / Cs

(1)

where Cp - metal concentration in plant tissue above the ground,
Cs - metal concentration in the soil where this plant was grown.
All glassware and materials for the metal analysis were properly cleaned and analytical grade reagents were used.
Blanks were run through all the experiments.
Results of the study and discussion
Immobilization efficiency of lime-mud amendment was evaluated according to heavy metal concentration in edible
tissue of romaine lettuce (leaf vegetable) as an indicator of metal phytoavailability as well as calculating accumulation
coefficients (Ka) of the analysed metals. Vegetative pot experiments were carried out by growing lettuce in slightly acidic
(pH 5.8) sandy loam soil spiked with known concentrations of Cd, Pb, Cu and Zn. Concentration of these metals in Soil B
was calculated and spiked to be equal to the maximum permissible concentration (MPC) under HN 60-2004, while metal
concentration in Soil A was twice lower and in Soil C twice higher than MPC. The results showed a pH of around 7–8 for
all lime-mud amended soil samples, and pH 5.5-5.9 for all metal salt-spiked soil samples. Usage of weight of dry biomass
as plant yield indicator showed, that increasing levels of heavy metals did not have significant negative effect on growth,
development and yield of lettuce.
“Total” concentrations of heavy metals in the soil used for the experiment (Soil O – control) were not far from
background metal concentrations provided in the normative document HN 60-2004 (Table 1). “Available” (DTPAextractable) concentrations of Cd, Pb and Cu in the soil before spiking (Soil O) was comparatively low: 0.02 mg/kg
(12.5 % of total), 1.44 mg/kg (15.3 % of total), 2.24 mg/kg (17.6 % of total), respectively, but availability of Zn was
rather high - 9.48 mg/kg (42,5 % of total). Meanwhile, concentrations of DTPA-extractable metals after soil spiking
increased significantly and ranged from 1-4 mg/kg for Cd, 25-50 mg/kg for Pb, 30-46 mg/kg for Cu and 120-400 mg/
kg for Zn. Results of immobilisation experiment show, that lime-mud amendment decreased metal “availability” in
artificially contaminated soils significantly: concentration of DTPA-extractable Cd was below 1 mg/kg, Pb concentration
ranged between 6-24 mg/kg and Zn concentration ranged between 33-105 mg/kg. On the opposite, DTPA-extractable Cu
concentration increased in the lime-mud amended soils.
After being harvested lettuce leaves were also analyzed for heavy metals (Table 2). Results show, that Cd, Pb, Cu
and Zn concentrations were, respectively, 9-25, 12-52, 4-18, 5-10 times higher in the aboveground plant biomass grown
on spiked soils (Soil A, B and C) as compared to the control substrate (Soil O). Spiked soil treatment with 5 % lime-mud
additive reduced metal phytoavailability significantly: Cd and Pb concentrations in lettuce leaves were, respectively,
3.7-4.4 and 1.4-2.2 times lower as compared with lettuce grown on un-amended contaminated soil. Treatment with
10 % additive was even more effective: Cd and Pb concentration in lettuce leaves decreased by 5-10 and 4-7 times,
respectively. Whereas, lime-mud immobilising effect on Cu and Zn phytoavailability was weaker. Nevertheless, Cu and
Zn concentrations in lime-mud treated soils also decreased significantly: 1.3-1.8 and 2.1-3.5 times, respectively, but there
were no bigger differences between 5 % and 10 % treatments.
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Table 2. Heavy metal concentration in edible part of lettuce grown on different substrates

Heavy metal concentration, mg/kg DM
Pb
Cu

Cd

Substrate
Soil O

Zn

Mean
0,12

STD
0,01

RSTD
8,33

Mean
0,38

STD
0,03

RSTD
6,68

Mean
3,14

STD
0,22

RSTD
7,09

Mean
32,24

STD
3,17

RSTD
9,84

Soil A

1,11

0,13

12,06

4,36

0,12

2,75

13,78

1,26

9,18

160,27

10,80

6,74

Soil B

1,80

0,26

14,18

8,44

0,81

9,62

26,76

1,73

6,45

262,80

17,15

6,53

Soil C

3,02

0,41

13,50

19,86

1,09

5,49

55,45

1,19

2,14

313,07

23,30

7,44

Soil 5A

0,30

0,05

16,67

3,12

0,17

5,38

7,68

0,30

3,90

46,06

2,80

6,09

Soil 5B

0,36

0,03

8,09

4,58

0,40

8,66

16,37

0,36

2,19

88,66

2,27

2,56

Soil 5C

0,69

0,08

11,32

8,95

0,40

4,51

29,99

1,99

6,64

140,89

6,12

4,34

Soil 10A

0,22

0,04

15,72

1,16

0,11

9,12

10,33

0,61

5,95

53,95

3,73

6,91

Soil 10B

0,24

0,04

18,16

2,76

0,18

6,53

19,86

1,07

5,39

110,00

10,88

9,89

Soil 10C

0,29

0,04

14,19

3,02

0,20

6,76

33,04

2,85

8,64

149,22

4,84

3,24

Soil-to-plant transfer is one of the key factors of human exposure to potentially toxic elements through the food chain.
Accumulation coefficients (Ka) of Cd, Pb, Cu and Zn in the aboveground biomass of lettuce grown on different substrates
were calculated and provided in Table 3. In-spite of short vegetation period of lettuce (30-40 days), Zn and Cd accumulation
coefficients were rather high: 1.44 and 0.75, respectively, in the case when lettuce was grown on control soil (Soil O). Spiking
experiment show, that Ka of both Zn and Cd decreased together with an increasing metal concentration in the soil. Furthermore,
lime-mud additive decreased Zn and Cd accumulation ability in lettuce edible tissue effectively as compared with un-amended
contaminated soil: from 0.5-0.74 to 0.05-0.2 for Cd and from 0.52-1.07 to 0.23-0.37 for Zn. Cu accumulation coefficient was
less dependent from metal concentration in the soil, but lime-mud additive was again quite effective to reduce Cu accumulation
in lettuce leaves. On the opposite, to other analysed metals, Ka of Pb in lettuce cultivated on natural uncontaminated soil
(Soil O) was very low (=0,04), and accumulation of Pb in artificially contaminated soils increased by 2.0-2.5 times, instead
of decreasing. But lime-mud additive again reduced Pb accumulation in the leaves of lettuce grown on metal-spiked soil very
effectively (up to 5 times). Summarising the results of HM accumulation in lettuce leaves, it can be concluded that in-spite of Ka
variation depending on metal and amendment concentration, the studied metals according to their accumulation capacity can be
ranked in the following order: Zn>Cd>Cu>Pb.
Table 3. Accumulation coefficient Ka of heavy metals in the leaves of lettuce grown on different substrates
Substrate
Soil O
Soil A
Soil B
Soil C
Soil 5A
Soil 5B
Soil 5C
Soil 10A
Soil 10B
Soil 10C

Cd
0,75
0,74
0,60
0,50
0,20
0,12
0,12
0,15
0,08
0,05

Accumulation coefficient, Ka
Pb
Cu
0,04
0,25
0,09
0,28
0,08
0,27
0,10
0,28
0,06
0,15
0,05
0,16
0,04
0,15
0,02
0,21
0,03
0,20
0,02
0,17

Zn
1,44
1,07
0,88
0,52
0,31
0,30
0,23
0,36
0,37
0,25

Finally, correlation coefficients (R) between “available” concentrations of the analysed metals in soil and their
concentrations in the leaves of lettuce were calculated. Results show, that DTPA-extractable concentration of HM correlated
highly with their phytoavailability during vegetative pot experiments in the case of Zn (R=0.94) and Cd (R=0.91). Lower
correlation between metal DTPA-extractability from soil and experimental metal uptake in plant tissue was in the case of
Pb (R=0.75), and the weakest relationship was in the case of Cu (R=0,53).
Conclusions
1. Soil spiking increased DTPA-extractable concentrations of Cd, Pb, Cu and Zn in sandy loam soil significantly. Limemud amendment reduced metal “availability” in artificially contaminated soils effectively, while DTPA-extractable
Cu concentration increased in the lime-mud amended soils.
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2. Soil spiking with metals caused a significant increase of Cd, Pb, Cu and Zn concentration in lettuce leaves, being by
4-52 times higher as compared with control, while adding of lime-mud amendment to metal salt-spiked soils generally
lowered metal concentrations in lettuce edible part.
3. Lime-mud additive decreased accumulation ability of heavy metals in lettuce edible tissue significantly. Accumulation
coefficients of Zn and Cd decreased as metal treatment level increased. Studied metals according to their accumulation
capacity can be ranked in the following order: Zn>Cd>Cu>Pb.
4. The highest correlation between metal DTPA-extractability from soil and metal concentration in lettuce aboveground
tissue was in the case of Zn (R=0.94) and Cd (R=0.91), lower relationship was in the case of Pb (R=0.75), and the
weakest relationship was in the case of Cu (R=0,53).
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Waste Phosphogypsum Impact on the Mobility of Plant Macro- and
Micronutrients in Soil Amended with Sewage Sludge
Valdas Paulauskas, Ernestas Zaleckas, Marius Puodžiūnas
Aleksandras Stulginskis University, Lithuania
Abstract
Mobility of primary plant macronutrients - nitrogen (N), phosphorus (P) and potassium (K), secondary macronutrient - magnesium (Mg),
as well as micronutrients Zn and Cu, was studied and compared in different sewage sludge, clay soil and cement dust mixtures amended with waste
phosphogypsum, as a source of soluble PO43-, at dosages of 0.05, 0.1, 0.2 and 0.4g per g of solids. Weak extraction solution approaching the average
concentration of many soil solutions - 0.01 M CaCl2 was used as universal extraction solvent suitable for evaluation of soil fertility as well as soil
pollution. Electrical conductivity and pH was measured in centrifugates. Phosphogypsum additive reduced electrical conductivity in 0.01 M CaCl2
extracts of sewage sludge and its mixture with soil, while the conductivity of strongly alkaline soil extracts was not affected. Acidifying effect of
phosphogypsum on the studied mixtures was negligible due to their high buffering capacity. Phosphate, originating from phosphogypsum, immobilising
effect on Zn and Cu was different. Zn treatment efficiency increased together with the increasing pH condition of the system. Meanwhile, Cu leaching
from soil-sludge mixtures with 5-40% phosphogypsum additive was reduced by a factor ranging from 37 to 1105. Copper immobilization process was
substantially assisted by Cu ion adsorption on soil colloids. Phosphogypsum additive reduced the amount of N-NO3- in sewage sludge from 4 (5%
additive) up to 8 times (40% additive). Phosphogypsum also reduced concentration of 0.01 M CaCl2 extractable K+ in almost all the studied mixtures,
but the main reason of such a decrease was low initial concentration of potassium in the additive applied. Meanwhile, addition of phosphogypsum
significantly increased concentration of P-PO43- in all the studied mixtures with neutral pH. Furthermore, waste phosphogypsum is suitable for soil
amendment not only as a source of calcium and mobile sulphur, but also as soil additive, other than lime, containing magnesium.
Key words: phosphogypsum, sewage sludge, nutrient bioavailability, heavy metal mobility

Introduction
In recent decades the quantity of sewage sludge (SS) generated during wastewater treatment process grows not
only in Lithuania but also in other European countries (Environment.., 2010). Over 90% of emerging sludge in Lithuania
is stored in special, but not always well-equipped sites (Investicinė.., 2005). Such SS landfilling requires annually tens of
hectares of land which could be used for other public needs. In addition there is a real threat to groundwater and surface
water quality. In most countries of the EU, at least half of the sludge that is produced in wastewater treatment plants
is disposed on agricultural land. The beneficial effects of using sludge in agriculture have been proven by numerous
researchers. It has been shown that sludge application improves physical, chemical as well as biological soil properties.
Sewage sludge can be a valuable source of plant nutrients such as N, P also Ca and Mg, and can act as a soil conditioner
(Hernandez et al., 1991, Lee et al., 2002, Su and Wong, 2003). However, the sludge on-land usage is often limited because
of high concentration of heavy metals (HM) (LAND 20:2005, 86/278/EEC), which via drinking water and crops can reach
the human food chain. The toxic effects of heavy metals in soil, even in trace quantities, are well known. Thus the release
of HM into the environment needs to be controlled to minimize negative effects on ecosystems and human health.
The negative impact of metals that are persisting in the soil can be reduced in two ways: by removing them or
by reducing their mobility. Immobilization of heavy metals can be carried out by using specific additives, which tend
to form with metal ions stable, non-mobile, poorly soluble compounds. Hydroxides, oxides, phosphates, carbonates,
ferric salts or even industrial by-products can be used as heavy metal immobilizing agents. Furthermore, industrial waste
usage can significantly reduce the cost of the immobilization process (Kumpienė et al., 2007). The mechanism of action
may vary from ion-exchange processes, mineral surface adsorption, precipitation and co-precipitation, up to formation
of stable complexes with organic ligands (Redman et al., 1999). Industrial waste, such as fossil coal or biofuel volatile
ash, soot and slag (Moutsatsou et al., 2002), industrial by-products of lime, gypsum (Garrido et al., 2005) and cement
industries (Nicholson et al., 1998, Paulauskas et al., 2006), iron and aluminium extraction waste (Lombo et al., 2002) can
be successfully used for effective immobilization of heavy metals. Ortho-phosphoric acid and its derivatives can also be
used for HM stabilization, by forming low-solubility metal compounds in soil environment.
Phosphogypsum (FG) is a solid by-product of wet-acid production of phosphoric acid from rock phosphate. It
contains Ca and Mg phosphates which can provide HM stabilizing effect. In Lithuania FG originates during production
of phosphate fertilizers at JSC “Lifosa”. Every year, in Lithuania, these industries produce 1.2-1.6 million tons of waste
phosphogypsum most of which is piled in stacks. Phosphogypsum is a hydrated calcium sulphate – the main ingredient
(70-90%) is CaSO4·2H2O (calcium sulphate dihydrate). The rest of this waste consist elements of primary rock, with
small portions of P, F, Si, Fe, Mg, Al, some microelements including heavy metals and radionuclides as impurities. All
these impurities have a negative impact on the physico-mechanical as well as chemical properties of gypsum products
(e.g. longer solidification duration of plasters, undesired regulated contaminants); therefore recycling of phosphogypsum
waste in building/binding material manufactory is problematic (Kybartienė, 2008). Phosphate impurities, also As, F can
be washed out or neutralized, but in this case, the production of building materials from FG becomes too expensive. So
mainly primary rock CaSO4·2H2O is used for the production of gypsum based products.
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Sulphur is essential to plant nutrition, so rock gypsum (CaSO4·2H2O) is quite widely used in agriculture as soil
improver. It is used to increase soil acidity, improve nutrient availability to plants, to increase mobile sulphur content.
Waste phosphogypsum can also be utilized in agriculture as soil additive - it is used as a source of sulphur, where there
is sulphur deficiency, as a source of Ca other than lime, also as ameliorant for aluminium toxicity, sodic soils and subsoil
acidity (Alcordo et al., 1993). Moreover, the above mentioned phosphate impurities in FG can influence changes in heavy
metal mobility. However, literature reveals little data about the waste phosphogypsum impact on micro- and macroelement
mobility in the sludge or soil-sludge mixtures.
The aim of this study – to assess immobilizing effect of waste phosphogypsum on macro- and microelements
in sewage sludge as well as its mixtures with soil and alkaline waste. Usage of wastewater sewage sludge as well as
waste from fertilizer and cement manufactories in agriculture as soil quality improving additives could extend recycling
opportunities of such kind of industrial and municipal waste generated in Lithuania in large quantities.
Materials and methods
Sample collection
Anaerobically processed sewage sludge was sampled at Kaunas wastewater treatment plant JSC “Kauno vandenys”
after centrifugation. SS samples were dried at 40±5oC temperature till constant weight, homogenized with mill MF 10B
(IKA Werke) and kept in dark glass closed containers at room temperature before analysis. For mixture preparation SS of
natural moisture was used.
Phosphogypsum samples were taken from the belt conveyor at phosphate fertilizer manufactory JSC “Lifosa”.
Samples were dried at 40±5oC temperature till constant weight and crushed to pass 2 mm sieve.
Surface (0-30 cm) clay soil bulked sample consisting of ten subsamples was taken in a random pattern in a rural
area, dried at 40±5oC temperature till constant weight, homogenized by mixing and crushed to pass 2 mm mesh. Prior to
sampling the loose litter layer was removed.
Cement kiln dust (CD) samples were taken at JSC “Akmenės cementas” from electrostatic precipitators (filtration
devices) of cement manufactory technological line as pyroprocessing particulate emissions. Portland cement specifications
usually limit the amounts of sodium and potassium. Because bypass CD contains a large quantity of these minerals, CD
is usually removed from the process and end-up as waste material.
Experimental design
The following mixtures were prepared for the experiment:
1. Contaminated soil (CS) – as mixture of natural moisture SS with clay soil; weight ratio 1:1 on dry matter basis. After
8 weeks homogenized mixture was dried at 40±5oC temperature till constant weight and crushed to pass 2 mm sieve.
2. Contaminated alkaline soil (CAS) – 20% of cement kiln dust was added to the above mentioned mixture (CS).
Such mixture was prepared seeking to evaluate the effect of FG on alkaline technogenical soil in the influence zone of
cement works.
3. All mixtures containing phosphogypsum were prepared at dry matter and bidistilled water ratio 1:3 (mass, g:
volume, mL). Mixture components (total weight of 10±0.001 g) were added into a flask with 30 mL of distilled water,
mixed well and kept for 14 days in dark place at room temperature in order to achieved ion exchange equilibrium.
Composition of SS, CS and CAS mixtures with FG is presented in Table 1.
Analytical technique
Total amount of heavy metals was determined by wet digestion of solids in a conc. HNO3. 0.2000 g of air-dry
sample was added accurately into a 50 mL polytetrafluorethelene screw-cap vessel and digested with 5 mL conc. nitric
acid on a heat plate at 170oC temperature for 6 hours. Samples were kept overnight, allowing digestate to cool slowly till
constant (room) temperature. After that the residue was centrifuged, diluted to 50 mL and stored cool in polyethylene (PE)
bottles before metal analysis.
Heavy metals in extracting solution were determined using atomic absorption spectrometer (Aanalyst 100, Perkin
Elmer). The obtained data calculated in mg/kg of dry matter. Relatively high concentration of zinc (1503 mg/kg) and
copper (201 mg/kg) was found in Kaunas wastewater sewage sludge.
Dried mixtures were extracted using 0.01M CaCl2, which is a weak extraction solution approaching the average
concentration of many soil solutions (Houba et al., 1997).
Electrical conductivity (EC) and pH measurements took place in the settling suspension of the 0.01 M
CaCl2 extracts, before centrifuging, using combined EC&pH-meter HI 98129 Combo pH (Hanna) with automatic
temperature compensation system. The resulting pH-CaCl2 usually takes values approximately halfway between
pH-H20 and pH-KCl.
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Plant available form of microelements Zn and Cu, also plant macroelements Ca, K, N and P were determined as
calcium chloride leachable according to Houba et al. (1997) by using 0.01M CaCl2 solution. Extraction was performed
in 125mL PE screw-top tubes; solid (mass, g) to extractant (volume, mL) ratio - 1:10. 10±0.001 g of solid sample was
mixed with 100mL of extracting solution (0.01M CaCl2) and agitated for 2 h at room temperature (~20oC) with horizontal
automatic shaker Forma Orbital Shakers (ThermoFischer Scientific Co.) Then suspension was left to settle, decanted
(about 80mL), centrifuged, filtered and analyzed for the selected metals. Heavy metal content in solution was determined
by atomic absorption spectrophotometer (Aanalyst 100, Perkin Elmer) with air-acethylene burner. The standard calibration
method and extraction blanks were employed to avoid interferences in the measurements.
The centrifugate was also used for determination of N-NO3-, P-PO43-, Mg2+ and K+. Mg2+, K+ and NO3- concentration
was determined using ion-meter pH/ION 735 (InoLab WTW). Phosphate content in 0.01 M CaCl2 centrifugate was
determined with UVVIS spectrophotometer Lambda 25 (Perkin Elmer). All tests were triplicated and results are presented
as mean value.
Table 1. Composition of sewage sludge and soil mixtures with phosphogypsum
Mixture
No

Composition of mixture (DM mass, %)
Abbreviation

Sewage sludge
(SS)

Soil
(S)

Phosphogypsum
(FG)

Cement kiln dust
(CD)

1.

SS

100

-

-

-

2.

CS

50

50

-

-

3.

CD

-

-

-

100

4.

FG

-

-

100

-

5.

SSFG-5

95

-

5

-

6.

SSFG-10

90

-

10

-

7.

SSFG-20

80

-

20

-

8.

SSFG-40

60

-

40

-

9.

CSFG-5

47.5

47.5

5

-

10.

CSFG-10

45

45

10

-

11.

CSFG-20

40

40

20

-

12.

CSFG-40

30

30

40

-

13.

CASFG-5

38

38

5

19

14.

CASFG-10

36

36

10

18

15.

CASFG-20

32

32

20

16

16.

CASFG-40

24

24

40

12

Results of the study and discussion
A number of different extracting solutions can be used to evaluate plant available as well as naturally leachable
form of macro- and microelements in the soil. Houba et al. (1997) recommended 0.01 M CaCl2 as a universal extraction
solvent for the evaluation of soil fertility as well as soil pollution. It is considered as a weak extraction solution approaching
the average concentration of many soil solutions. In this study bioavailability of plant macro- and micronutrients in FG
amended mixtures was evaluated as 0.01 M CaCl2 extractable form of these chemical elements.
Results show, that ion exchange acidity pH-CaCl2 (pH hereafter) of both SS and CS suspensions was close to
neutral (Table 2). Meanwhile, the electrical conductivity data indicates that total amount of dissolved ions in SS solution
was much higher than that of soil or cement waste used in the study. FG suspension is moderately acid (pH 4.5), while
pH of a suspension of CD – strongly alkaline (pH 10.3). The obtained results show, that sludge can be characterized as
waste with high buffering capacity – even 40% FG additive did not change mixture acidity significantly. Similar buffering
properties were revealed in the case of CS and CAS. CAS pH was reduced only from 10.31 to 10.06 after 0.4g waste
phosphogypsum per g mixture was added. It is obvious that the FG acidifying effect on the studied mixtures is negligible,
therefore even 40% waste phosphogypsum additive would not pose more significant metal mobility increase due to acidic
leaching. Much greater influence FG additive had on electrical conductivity of CS and SS solutions – up to 20% decrease
was observed in the case of 40% FG mixtures.
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Table 2. Ion exchange acidity, electrical conductivity, Cu and Zn concentration in mixtures and their components (as 0.01 M
CaCl2 extractable)
Parameter
Sample
pH

EC, μS/cm

Cu, mg/L

Zn, mg/L

SS

7.22

4000

1.104

0.661

CS

7.19

3267

0.020

0.125

CD

10.31

2306

0.341

0.010

FG

4.48

2508

0.014

0.135

SSFG-5

7.07

4000

0.341

0.599

SSFG-10

7.04

4000

0.453

0.568

SSFG-20

7.06

3807

0.411

0.505

SSFG-40

7.03

3414

0.376

0.468

CSFG-5

6.87

3285

0.030

0.168

CSFG-10

6.88

3143

0.012

0.138

CSFG-20

6.91

2720

0.012

0.136

CSFG-40

6.85

2640

0.001

0.139

CASFG-5

10.32

3020

0.257

0.024

CASFG-10

10.28

3161

0.230

0.012

CASFG-20

10.18

3005

0.210

0.008

CASFG-40

10.06

3036

0.093

0.002

In this study Cu and Zn mobility was compared in different sewage sludge and soil mixtures with FG additive. Cu
and Zn are essential plant micronutrients and at a low level may cause deficiency symptoms, while the same elements at
a higher level may cause toxicity. Waste material recycling in soil or on-land disposal of toxic waste containing heavy
metals, including on-land sewage sludge recycling, is one of the anthropogenic sources of soil contamination.
The immobilization of Zn and Cu, with waste phosphogypsum as a source of soluble PO43-, was studied at dosages
of 0.05, 0.1, 0.2 and 0.4g per g of solid mixtures. Heavy metal analysis of 0.01M CaCl2 extracts (Table 2) reveal different
phosphate (originating from FG) stabilizing effect on Zn and Cu. Results show that concentration of Zn (CaCl2 extractable)
in sewage sludge decreased 10 and 30%, when 5 and 40% of FG was added, respectively. Having in mind low Zn
concentration in FG, no evident immobilizing effect was observed in SS-FG mixtures. Similar results were obtained in the
case of CS-FG mixtures. Meanwhile Zn mobility in alkaline contaminated soil CAS-FG mixtures decreased significantly:
from 0.125 mg/l in the soil, down to 0.024 and 0.002 mg/l in CASFG-5 and CASFG-40 mixtures, accordingly. Such
results show that Zn treatment efficiency increased together with the increasing pH condition of the system from nearly
neutral up to10 in alkaline soil mixtures.
FG stabilizing effect on Cu is different - concentration of CaCl2 extractable Cu in SS was 2-3 times lower after
FG addition (Table 2). But on the contrary, Cu treatment efficiency decreased together with the increasing pH condition
of the system. Meanwhile, Cu leaching in soil-sludge mixtures with 5-40% FG additive was reduced by a factor ranging
from 37 to 1105. But it should be noted that concentration of extractable Cu in soil-sludge mixture without FG additive
was even 55 times lower than in the case of SS, while Zn leaching in SS mixture with soil was reduced by a factor of
5.3. Such an effective Cu immobilization is most probably due to metal ion adsorption on soil colloids – e.g. negatively
charged surfaces of soil clay minerals. The ability of clay minerals to adsorb heavy metal cations is confirmed in other
studies (Kumpiene et al., 2007) as an important property in the context of the increasing contamination of soils as well as
aquatic environments.
Continuing this experiment, changes in the concentration of CaCl2 extractable primary plant macronutrients nitrogen (N), phosphorus (P) and potassium (K), as well as secondary macronutrient - magnesium (Mg), has been
investigated. The selected macroelements in extracts after centrifugation were determined in the following ionic form:
nitrogen as NO3-, phosphorus as PO43-, potassium as K+ and magnesium as Mg2+.
Although nitrogen is essential for plant growth, excess concentration of nitrates in soil can cause serious
environmental problems. Waste materials are one of the anthropogenic sources of nitrate contamination of groundwater.
Sites used for disposal of animal sewage, wastewater sewage sludge, also industrial waste related to food processing are
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always regarded as sources of potential nitrate contamination of groundwater. Due to harmful biological effects, treatment
methods must be considered to stop the leaching of nitrate from the soil.
Nitrate analysis show (Fig. 1) that the highest concentration (10g/L) of soluble N was found in sewage sludge
sample. In CS and CD samples concentration of leachable N was 20 times lower, and in industrial waste products CD
and FG – more than 30 times lower if compared to that in SS. 5% phosphogypsum additive reduces the amount of NO3- 4
times (down to 2.5g/L), and 40% additive reduces the amount of NO3- nearly 8 times (down to 1.3g/L). In the sewage
sludge-soil mixtures similar result was observed – with the increase of phosphogypsum additive, concentration of N-NO3decreased. The obtained data show that phosphogypsum additive effectively reduces the amount of nitrate in the studied
mixtures. Such N immobilization in waste materials could protect the environment from the entry of nitrate into surface
water or groundwater.
The highest concentration of CaCl2 extractable potassium (K+) concentration was observed in cement kiln dust
as well as mixtures containing CD (Fig. 1). Such industrial by-product can be a source of this valuable macronutrient,
as usually there is a lack of potassium in the soil. Almost in all cases addition of waste phosphogypsum decreased K+
concentration in the extracts. But the main reason of such decrease must be low potassium concentration in FG. It was
found that the highest amount of FG (40%) additive reduces concentration of soluble potassium in CAS mixture almost
twice. Only in the case of sludge-soil mixture (CS) 5% FG additive increased soluble potassium concentration by 15%.

Figure 1. 0.01 M CaCl2 extractable NO3-, K+, Mg2+ and PO43- in mixtures and their components

Concentration of CaCl2 extractable magnesium (Mg2+) in all mixtures was higher than that in the sludge (Fig. 1).
Slight immobilization effect of this secondary plant nutrient was observed in the case of increased pH. So it can be
concluded that waste phosphogypsum is suitable not only as calcium and mobile sulphur containing additive, but also as
a source of magnesium other than lime. Both elements can be successfully returned to soil colloids through the addition
of waste phosphogypsum.
Furthermore, waste phosphogypsum is a valuable source of plant available phosphorus. Data show (Fig. 1) that
concentration of CaCl2 extractable PO43- in waste phosphogypsum was almost 3 times higher than in wastewater sludge.
Addition of waste phosphogypsum significantly increased concentration of soluble P in all the studied mixtures with
neutral pH. Meanwhile with the increasing pH condition of sludge-soil mixtures solubility of phosphorus decreased.
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Conclusions
1. Phosphogypsum additive reduced electrical conductivity (mobile ion concentration) in 0.01 M CaCl2 extracts of
sewage sludge and its mixture with soil, while the conductivity of strongly alkaline soil extracts was not affected.
Acidifying effect of phosphogypsum on the studied mixtures was negligible due to their high buffering capacity.
Phosphate, originating from phosphogypsum, immobilising effect on Zn and Cu was different. Zn treatment efficiency
increased together with the increasing pH condition of the system. Meanwhile, Cu leaching from soil-ludge mixtures
with 5-40% phosphogypsum additive was reduced by a factor ranging from 37 to 1105, substantially assisted by Cu
ion adsorption on soil colloids.
2. Waste phosphogypsum reduced the amount of N-NO3- in sewage sludge from 4 (5% additive) up to 8 times (40%
additive). Phosphogypsum also reduced concentration of 0.01 M CaCl2 extractable K+ in almost all the studied
mixtures, but the main reason of such a decrease was low initial concentration of potassium in the additive applied.
Addition of phosphogypsum significantly increased concentration of P-PO43- in all the studied mixtures with neutral
pH. Waste phosphogypsum is suitable for soil amendment not only as a source of calcium and mobile sulphur, but also
as soil additive, other than lime, containing magnesium.
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Distribution and Mobility of Heavy Metals in Sewage Sludge
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Abstract
This study compares the distribution of the heavy metals into different chemical fractions in sewage sludge before and after anaerobic
processing. The total content of Zn, Cd and Cu in the digested sludge was above the upper permissible limits of standard criteria for on-land sludge
application under LAND 20:2005. The following metal fractions were defined using sequential extraction scheme: exchangeable (F1), adsorbed
(F2), oxidizable (F3, bound to organic matter), acid soluble (F4, bound to carbonates), and residual (F5, bound to silicates and detrital materials).
In terms of their stability in the environment (according to fraction F5) the investigated heavy metals both in primary and digested sludge can be
ranked as follows: Cr>>Pb>Ni>Cd≥Cu≈Zn. Anaerobic sludge treatment had no significant effect on metal mobility row, expressed as sum of fractions
F1 and F2: Ni>Zn>Cu>Cd>Pb>Cr. The ranking order of heavy metal potential bioavailability, expressed as (F1-F3)/(F4+F5) ratio, was following:
Cu>>Zn≈Ni>Cd>>Pb≈Cr. Copper, due to its high affinity for organic matter, was the only metal significantly transferred from “stable” fractions to
“more mobile” fractions during the sludge digestion process.
Key words: sewage sludge, heavy metals, distribution into fractions, anaerobic treatment, mobility, bioavailability

Introduction
The worldwide production of sewage sludge (SS) is growing every day together with increasing amounts of
sewage to be treated and enhancement of wastewater treatment processes. Reports on SS production show that the
total amount of sewage sludge produced in 15 EU countries increased to at least 9.4 million tonnes of dry matter in
2006 (Environmental.., 2010). Today disposal of waste sewage sludge is an important environmental issue worldwide.
Sewage sludge usually contains a high content of organic matter and plant nutrients, therefore, scientists and producers
make every effort to recycle sewage sludge in agriculture. However, the presence of heavy metals (HM) in the sludge
generated in municipal wastewater treatment plants (WTP) restricts its use for agricultural purposes. It is widely
reported that the treatment of the soils with sewage sludge often results in increased concentration of metals in the food
chain (Wei and Liu, 2005).
Heavy metals occur naturally in the soils with large variations in concentration. The major sources of heavy metal
pollution in urban areas are anthropogenic, while contamination from natural sources predominates in the rural areas.
Anthropogenic sources of pollution include those associated with fossil fuel and coal combustion, industrial effluents,
solid waste disposal, fertilizers, mining and metal processing as well as sludge on-land application (Olade, 1987).
Measurement of the total concentration of metals provides inadequate information to allow us to assess the
bioavailability or toxicity of metals. An evaluation of total metal levels following a single-step strong acid extraction of
the soil may be useful only as a global index of contamination, but it provides little indication on their bioavailability,
mobility and reactivity in sludge amended soils (McBride, 1995). Whereas, investigation of speciation of metals in sludge,
soil or sludge-amended soil, may help us to assess the bioavailable metal fractions considered important for predicting the
release of metals into soil and subsequent absorption by plants (Sims and Kline, 1991).
A number of different sequential extraction schemes for HM fractionation have been presented by researchers
from time to time, such as by McLaren and Crawford (1973), Tessier et al. (1979), Forstner (1985), Salomons and
Forstner (1984), Emmerich et al. (1982), Shuman (1985), Sims and Kline (1991), Ure et al. (1993), Ma and Rao (1997),
Maiz et al. (1997), Luo and Christie (1998), Basta and Sloan (1999), Nemati et al. (2011). These sequential extraction
procedures could be very helpful when seeking to isolate the fractions of heavy metals more specifically. The use of
metal partitioning, although more time consuming, provides detailed information about the origin, mode of occurrence,
biological and physico-chemical availability, mobilization and transport of metals.
The objective of the present study is to assess the quantity and forms of heavy metals in sewage sludge before
and after anaerobical treatment. The selective extraction scheme used here is based on operationally defined fractions:
exchangeable, adsorbed, oxidizable (bound to organic matter), acid soluble (bound to carbonate), and residual (bound to
silicates and detrital materials) seeking to investigate the chemical fractionation of selected metals in the sludge and evaluate
the effect of sludge treatment on metal partitioning into different fractions. In addition, the potential metal bioavailabilities
determined according fractionation results before and after sludge anaerobic treatment has been compared.
Materials and methods
Samples of raw and anaerobically digested sewage sludge (after dewatering) were collected at Kaunas WTP, which
processes the majority of domestic and industrial wastewater for Kaunas city, Lithuania. The SS samples were dried,
typically at 40oC in an oven until a constant weight. Further, grinding was carried out by using a ball-mill (EICH; Bonn).
Sludge samples were thoroughly homogenised and stored before the experiment in glass vessels at room temperature in
a dry atmosphere.
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Total Metal Content. Analysis of SS for the total metal content was undertaken according to “aqua-regia” digestion method
ISO 11466:1995. HM concentration in solutions was measured by atomic absorption spectrometry (AAS). Determinations were
performed by spectrometer Aanalyst 100 (PerkinElmer, USA) with both flame and electrothermic atomisers. The obtained data
calculated in mg/kg of dry weight (DW) of three replicate extractions are presented in Table 1.
Other physico-chemical characteristics of sewage sludge were determined: pH – by LST ISO 10390:2003; total
N – by LST EN 13342:2002; total P – by LAND 78-2006; dry matter content – by LST EN ISO 12880:2002; organic
matter content – by LST EN ISO 12879:2002.
Sequential Extraction. Partitioning of heavy metals in sewage sludge was carried out according to the selective extraction,
proposed by Emmerich et al. (1982). Three sub-samples (one gram each) of sewage sludge were taken for sequential extraction
separately. The extraction was aimed at differentiating metal fractions in five stages as follows (Fig 1):
1.Fraction 1 (F1) – exchangeable fraction: Each sample was shaken at room temperature with 25 mL of 0.5M KNO3
for 16 hr, centrifuged and supernatant decanted and made up to 40 mL with double distilled water prior to analysis.
2.Fraction 2 (F2) – adsorbed fraction: 25 mL of deionized H2O was added to the residue from 1, shaken for 2 hr
at room temperature and centrifuged. The supernatant was decanted and made up to 40 mL with distilled water prior to
analysis.
3.Fraction 3 (F3) – oxidizable fraction (bound to organic matter): residue from 2 + 25 ml 0.5M NaOH, was shaken
for 16 hr at room temperature centrifuged and supernatant made up to 40 mL with distilled water prior to analysis.
4.Fraction 4 (F4) – acid soluble fraction (bound to carbonates): 25 mL of 0.05 M Na2EDTA was added to the
residue from 3, shaken for 6 hr and centrifuged. The supernatant was decanted and made to 40 mL with distilled water
prior to analysis.
5.Fraction 5 (F5) – residual fraction (bound to silicates and detrital materials): residue from 4 was digested by
using 30 mL of 4M HNO3 in acid digestion Teflon cup, was extracted 16 hr at 80oC temperature. The residue was diluted
to 40 mL with distilled water prior to analysis.

Figure 1. Extraction steps of metal fractionation

After each extraction step, the subsamples were centrifuged at 3000 rpm, the supernatant was decanted and
acidified to pH<2. Concentration of metal fractions in filtered solutions was determined by flame atomic absorption
spectrometry (FAAS Aanalyst 100, PerkinElmer, USA) involving direct aspiration of the aqueous solution into an airacetylene flame to obtain a metal profile of the sewage sludge. If concentration was lower than FAAS detection limit,
electrothermic atomiser with graphite furnace was used for HM detection. Prior to the sample analysis, the AAS was
calibrated and standardized by using relevant primary standards (prepared with analytical grade chemicals).
Calibration was again verified by analyzing a midpoint calibration standard and calibration blank at every 10
samples run. Reagent blank was used to assess whether analytes or interference (background correction) were present.
One replicate and one blank spike sample were also run for every 10 samples to verify the precision of the method. The
spike recovery and precision were found to be within 100±5%.
All extractions were carried out in triplicate in acid washed (5% HNO3) glass vessels and chemicals used were
of analytical-reagent grade. All data were expressed as mean values in mg/kg of DW of three replicate extractions. The
standard deviations of the replications were below 10% of the mean values in all cases. The amount of extracted heavy
metal in each chemical fraction was expressed as a percentage ratio of the total metal content. All data were presented as
mean values of fraction percentage (%) of three determinations.
Results and discussion
Agro-chemical properties of sewage sludge. Results of SS physico-chemical analysis showed that this organic
waste was rich in organic matter (Corg=22.0-27.0%), moreover, had rather high amount of biogenic plant macroelements –
nitrogen (Ntotal=2.9-6.0%) and phosphorus (Ptotal=0.99-2.8%). Such SS agro-chemical characteristics make it possible
to be recycled on-land as soil improver. But according to the requirements provided in EC Directive 86/278/EEC and

423

Rural Development 2011

Engineering and Environment of Biosystems

Lithuanian environmental normative document LAND 20:2005, one of the main criteria restricting sewage sludge onland application is heavy metal concentration.
Total metal content. Total concentration of heavy metals in anaerobically digested Kaunas WTP sewage sludge
samples are presented in Table 1. The trend of occurrence of 6 HM (selected for fractionation) in the sludge was as
following: Zn>>Cu>Pb>Cr>Cd≥Ni.
Table 1. Total concentration of heavy metals in anaerobically digested Kaunas WTP sewage sludge
Parameter

Heavy metal concentration, mg/kg DW
Ni
Pb
32.79
116.57
31.30
99.80
27.50
78.90
44.10
180.40

Cu
Zn
Average
285.80
1309.75
Mediana
303.40
1307.00
Sewage sludge
samples (n=7)
Min
158.10
1164.00
Max
455.90
1442.00
MPC* I class SS
<140
<1.5
<50
<140
<75
<300
(LAND 20:2005)
LV** on-land SS
–
20–40
300–400
750–1200
1000–1750
2500–4000
(EC Sludge Directive)
*Maximum permissible concentration of heavy metals in I class sewage sludge according to Lithuanian normative document LAND
20:2005
**Limit values (LV) of heavy metal in the sludge for on-land application according to EC Directive 86/278/EEC
Cr
91.99
89.15
70.20
121.40

Cd
33.28
40.60
2.10
69.70

The data obtained using strong acid digestion for total metal content show, that the investigated SS samples
contained on the average much higher concentration of Cd, Zn and Cu (from 4 times for Cu and Zn, up to 22 - for
Cd) than those permitted in SS for spreading on agricultural land according to environmental normative document
LAND 20:2005. In comparison to the EU’s limitation, only Cd content in several samples was above the upper
permissible limits of standard criteria under EU Sludge Directive. It is reported, that municipal sewage sludge can
contain much higher amounts of HM, which according to other researchers can be as follows (mg/kg DW): Zn (6903517), Cr (9525), Cu (524-536), Ni (293), Pb (414) (Obrador et al., 2001; Shrivastava et al., 1998). It is known,
that metal concentration in municipal sewage sludge strongly depends on the level of industry in the region as well
as the size of population in the covered area.
Evaluation of total amount of heavy metals in sewage sludge may be useful as an index of total contamination
level, but it provides little indication on HM availability to living organisms, potential mobility and leacheability in
soil environment. Thus further investigation of speciation of heavy metal forms in SS may help to assess their potential
bioavailability after sludge on-land application.
Chemical partitioning of heavy metals in sewage sludge. The results of chemical partitioning of the six metals in
primary as well as anaerobically processed SS samples, according to the above described sequential extraction procedure,
are presented in Fig. 2. Fractionation experiment show that distribution of metal ions in the different chemical fractions
depended not only on the solid matrix composition and its physico-chemical properties, but mainly on the nature of the
metal itself. In general, an appreciable part of total metal content (from 81.4 to 99.7% depending on the metal under
concern) was associated to fractions F3–F5 (organic matter, carbonate-bound and residual fractions). While HM mass
percentage accumulated in the first two fractions F1-F2 (the exchangeable and adsorbed) was much lower (0.3-18.6%).

Figure 2. Chemical fractions of heavy metals in sewage sludge (%): a - before anaerobical treatment; b - after anaerobical
treatment
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The metal distribution in SS prior to anaerobic treatment is shown in (Fig. 2a). Heavy metals in fractions F1 and
F2 are considered to be more mobile and bioavailable, so HM in the primary sludge according to their mobility can be
ranked in the following order: Ni≥Zn>Cu≥Cd>Pb>Cr.
Anaerobic sludge treatment (Fig. 2b) had no major effect on Cu mobility, while percentage of other heavy metals in
fractions F1-F2 decreased from 9.3 to 5.8% (Cd), from 18.6 to 15.4% (Ni) and from 16.6 to 13.1% (Zn). Whereas amount
of Pb in mobile fractions F1-F2 after anaerobic SS treatment increased twice, and amount of Cr – 8 times. Nevertheless
the ranking order of the investigated metals in anaerobically digested sludge defining their mobility remains similar to that
in the primary sludge: Ni≥Zn≥Cu>Cd≥Pb≥Cr.
Heavy metals in fractions F3-F4 can be defined as less mobile and less bioavailable to living organisms. But
they can also be characterised as potentially mobile, as long-term changes in soil acidity or intensive organic matter
mineralization can lead to increased release of heavy metals from organic complexes as well as their acidic leaching
from carbonate-bound derivatives. The only one fraction F5 (sulphide and residual fraction) can be described as totally
immobile – presenting HM-ion mass share combined to insoluble, stable, poorly degradable compounds. The greater the
mass share of the HM is found in this fraction, the lower is their mobility in the environment, the less will be HM leaching
and migration possibility. Therefore, in terms of their stability in the environment the investigated HM in the primary
sludge (Fig. 2a) can be ranked as follows: Cr>>Pb>Ni>Cd≥Cu≥Zn.
Anaerobic sludge treatment had no significant effect on Cr and Ni accumulation in fraction F5, and resulted only
in slight changes in the case of Cu and Zn distribution. Whereas mass share of Pb and Cd ions accumulated in fraction
F5 changed markedly after sludge anaerobic treatment: decreased from 40.2 to 30.4% for Pb, and increased from 17.3 to
24.5% for Cd. Nevertheless the row of HM stability in the environment (according to fraction F5) after sludge treatment
(Fig. 2b) looks similar to that of the primary sludge: Cr>>Pb≥Ni>Cd>Zn≥Cu.
Table 2. Prevailing chemical fractions of heavy metals in sewage sludge (%) before and after anaerobical treatment
Heavy metal
Cd
Cr
Cu
Ni
Pb
Zn

Prevailing fractions
Before anaerobic treatment
After anaerobic treatment
Fraction
Percentage
Fraction
Percentage
F4 (acid soluble)
57.0
F4 (acid soluble)
46.4
F5 (residual)
75.2
F5 (residual)
74.5
F3 (oxidizable)
45.2
F3 (oxidizable)
61.9
F4 (acid soluble)
32.8
F4 (acid soluble)
31.6
F4 (acid soluble)
51.2
F4 (acid soluble)
62.6
F4 (acid soluble)
44.6
F4 (acid soluble)
52.0

Fractionation experiment also show that sewage sludge processing had no significant effect on the prevailing metal
fraction - it remained unchanged for all metals in spite of anaerobic sludge treatment. The prevailing metal fraction for Cd,
Ni, Pb and Zn was fraction F4 (acid soluble), and Cr (~75%) in the sludge was found to be predominant in the residual
fraction (F5). While most of Cu (45-62%) appeared in fraction F3 (oxidizable). These results confirm other findings
(Wang et al., 2005), that Cu prevails in the organic bound fraction. Due to high affinity for organic matter, Cu was even
stronger immobilised in organic complexes during the SS anaerobic treatment.
Such metal fractionation data are important when investigating HM removal and immobilisation processes. The
findings of this study show that Cu, Zn and Ni can be regarded as metals that can be smoothly removed from the sludge
in relatively mild conditions. Pb and Cd should be well removed in highly acidic conditions, whereas Cr will show
the highest resistance to even stringent leaching conditions. On the other hand, immobilisation technique is the most
important for metal ions bearing high mobility in sewage sludge, such as Cu, Zn, Ni, Cd, whereas immobilisation effects
on stable metals, such as Cr and Pb can be expected to be negligible. Nevertheless, results can be controversial, as many
other factors can effect removal and stabilisation processes.
Finally the five metal fractions were divided into two groups according to metal mobility: fractions F1-F3 that can
be defined as “more mobile”, and fractions F4-F5 that can be defined as “more stable”. Distribution of the investigated
metals into these two “mobility-stability” groups in SS before and after anaerobical treatment is provided in Fig. 3.
Summarising the above results, it was found that more than 90% of Cr and Pb was distributed in the stable fractions
(F4 and F5) in both primary and digested sludge. High level of Cd (>70%) was also found in fractions F4-F5, while
percentage of Ni, Zn and Cu in these stable fractions was below 60%.
The ratio of the sum of metal ions bound in “more mobile” fractions (F1-F3) to that in “more stable” fractions
(F4-F5) was used to evaluate the potential bioavailability of the selected heavy metals in primary and anaerobically
digested SS samples (Fig. 4). Calculations show that Cr and Pb can be characterised as having the lowest potential
bioavailability, while Cd, Ni, Zn and especially Cu – with much higher potential bioavailability. These data also show that
anaerobic treatment mostly affected Cu potential bioavailability, which after anaerobic treatment increased significantly,
also Zn potential bioavailability – which decreased slightly. Because of pH decrease by the end of SS anaerobic treatment,
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mobilisation of heavy metals will be accelerated, especially those in acid soluble fraction F4. The released Cu ions can be
easily complexed with SS organic matter. Therefore only Cu, due to its high affinity for organic matter, was significantly
transferred from “stable” fractions to “more mobile” fractions during the SS digestion process. The ranking order of heavy
metal potential bioavailability, expressed as (F1-F3)/(F4+F5) ratio, was following: Cu>>Zn≈Ni>Cd>>Pb≈Cr

Figure 3. Heavy metal distribution in fractions (F1-F3) and (F4+F5) in sewage sludge (%): a - before anaerobical treatment;
b - after anaerobical treatment

Figure 4. Heavy metal potential bioavailability, expressed as (F1-F3)/(F4+F5) ratio, in sewage sludge: a - before anaerobical
treatment; b - after anaerobical treatment

Conclusions
1. Investigated sewage sludge samples contained much higher concentration of Cd, Zn and Cu (from 4 times for Cu and
Zn, up to 22 - for Cd) than those permitted in the sludge for spreading on agricultural land according to environmental
normative document LAND 20:2005, but only Cd content in several sludge samples was above the upper permissible
limits of standard criteria under EU Sludge Directive.
2. In terms of their stability in the environment the investigated heavy metals both in the primary and digested sludge
can be ranked as follows: Cr>>Pb>Ni>Cd≥Cu≈Zn. Anaerobic sludge treatment had no effect on the mobility row,
expressed as sum of fractions F1 and F2: Ni>Zn>Cu>Cd>Pb>Cr.
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3. The ranking order of heavy metal potential bioavailability, expressed as (F1-F3)/(F4+F5) ratio, was following:
Cu>>Zn≈Ni>Cd>>Pb≈Cr. Copper, due to its high affinity for organic matter, was the only metal significantly
transferred from “stable” fractions to “more mobile” fractions during the sludge digestion process.
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Nox reduction in combustion of biofuel and waste
Raminta Plečkaitienė, Kęstutis Buinevičius
Kaunas Technology University, Lithuania
Abstract
The aim of this work - using biofuels and wastes in the experimental studies, to identify the factors which have influence on nitrogen conversion
coefficient formation. The paper presents selected fuels combustion technique, the measured concentrations in smoke are compared with the permissible
concentration limits, as well submit as the nitrogen conversion into nitrogen oxides the dependence of nitrogen content in the fuel and oxygen content
supply to the furnace. It was found that the coefficient of conversion decreases with increasing nitrogen content in the incinerated fuels, and vice versa with increasing oxygen content in the furnace, increasing the nitrogen conversion to nitrogen oxides.

Introduction
Lately more attention has been paid to biomass combustion. Ecological properties of biofuel are predetermined by
the fact that carbon dioxide, generated during combustion, depends on natural carbon circulation cycle flow and does not
increase greenhouse effect (Wiedlich 1991), and sulfur dioxide is not generated (Lakasavičius et al. 1997). This compound
has an impact to rainwater oxidation (Verein 1983) and stipulates all hydrospheric, floral and material valuables impact
(Benecke 1987; Smith 1981; Gauri and Holdren 1981).
The main contamination sources of man-made environment include: manufacture of products, transport, intensive
cattle breeding. The major part of contamination – about 90%- is generated during combustion process: thermal power
plants, industrial and domestic boiler plants, vehicle engines, etc. (Baltrėnas and Zagorskis 2008).
Nitrogen oxide is one of the main contaminants of the atmosphere. It can be generated in the following cases:
- “thermal”, molecule breakdown into atoms and radicals is supported, depends on temperature;
- “rapid“, takes place at the beginning on torch, radicals CH, CH2 are involved, low-dependent on
temperature and high-dependent of fuel molecular structure (fuel type);
- “fuel”, depends on nitrogen content in fuel and excess air factor.
The European Union’s normal proposal - to use 12 percent of indigenous fuel sources in Lithuania – make good
conditions for expanded use of wood waste in all balance of energy. Biofuel use greener due to the fact that burning the
carbon dioxide depends on natural carbon cycle flow and does not increase greenhouse effect, and does not include the
sulfur dioxide. However, the ecological importance and combustion products resulting from nitrogen oxides and carbon
monoxide. In the view of nitric oxide formation and the negative impact on the environment (Buinevičius and Puida
2005), it is necessary to reduce their concentrations in the atmosphere with emissions from fuel combustion in smoke.
Generation of nitrogen oxide is sufficiently thoroughly considered on the basis of chemical combustion reaction
(Hill and Douglas Smoot 2000; Bowman 1998; Miller et al. 1998; Smoot et al. 1998).
In order to reduce NOx, released with smoke to the environment, most scientists investigate and analyze reduction
of nitrogen oxide concentration via various techniques (Buinevičius and Puida 2005, 1999, 1998; Puida 1998; Lapienienė
and Šležas 2002; Buinevičius and Strakšys 2002; Melkūnas and Buinevičius 2007). For example, the method of nitrogen
oxide reduction during gas combustion process by off-stoichiometric combustion, i.e. zoning of gas combustion, dividing
the required air or gas flow into two parts (Puida 1998). This method succeeded in NOx concentration reduction to 35%,
all fuel combustion conditions were observed. The investigations for the purpose of NOx concentration reduction by
injection of selective reagents (Buinevičius and Puida 2005; Plečkaitienė 2009) were performed. This method succeeded
in NOx concentration reduction to 40%.
While searching for other fuel alternatives – complex fuel – meat and bone powder- was investigated (Buinevičius
2009, 2008; Buinevičius and Kazilevičius 2004). It was determined that only about 0.8 % of fuel nitrogen converts into
nitrogen oxides. NOx and CO concentration are very dependent on temperature level in combustor, fuel supply and grid
driving mechanism operation.
Al these shows huge interest in NOx concentration reduction, however, during active use of renewable energy
source it is necessary to find additional methods for NOx reduction. Therefore, the work objective is to investigate
nitrogen oxide concentration in end products of biofuel and waste combustion and determine factors affecting nitrogen
conversion coefficient formation.
Investigations were performed using biomass combustion stand from Kaunas University of Technology (KUT)
Thermal and Nuclear Power Engineering Department (fig. 1).
Biomass combustion stand includes combustor with fuel and air feeders. Boiler is installed above the combustor,
combustion products are removed to the chimney. An outlet for smoke analysis and temperature measurements is installed
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in the chimney. Draft is natural it is controlled by valve which is installed in a boiler. Burner is installed in a combustor
where fuel from fuel bin is supplied to grids with the help of screw. Air to the burner is supplied by a fan and is divided
into two flows – one flows under the grids, another – above the fuel bed. During investigations the temperature and
content of end product of fuel combustion was measured by gas analyzers.

Figure 1. Biomass combustion stand

The analysis of nitrogen contained in investigated materials was performed in LAI Agrochemical Research Center
and in the above-mentioned KUT Department (Table 1).
Table 1. Charakteristics of investigated fuel types
Fuel type
Wood pellets
Corn stalk pellets
Buckwheat hull
Cornstarch pellets
Shredded packs (tetrapacks)
Scrap wood and wood pellets
Straw (80%) and fuel oil (20%) pellets
Lignin (80%) and fuel oil (20%) pellets
Mixture of all fuel types (fuel oil, straw, diesel fuel, etc.)

N content, %
0,13
0,590
0,574
1,235
0,021
0,217
0,440
0,870
0,370

Heat generation, kJ/kg
17537
15617
15912
14934
19451
16333
15743
18182
17024

Accumulation of physical and chemical processes begins in fuel bed. These processes depend on initial conditions:
fuel, supplied air amount, its temperature, etc. Experimental investigation (Kavaliauskas et al. 2003) of impact of initial
conditions to combustion process characteristics (combustion front velocity, its temperature and concentration of end
product of combustion, such as CO, CO2 and NO) were performed in fuel bed. It was observed that fuel density is one of
the most important parameters for NO generation during combustion process, using biomass fuel of different type.
Current nitrogen content also has impact to NOx concentration in end combustion products. Nitrogen conversion
into nitrogen oxides KN is calculated as the part of nitrogen contained in fuel converted into nitrogen monoxide. General
equations are used for calculation of conversion ratio KN (Buinevičius, Kazilevičius, 2004).
Theoretical air:

Vo = 0,00027 ⋅ QŽ + 0,0234,
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Vd = 0,00025 ⋅ QŽ + 0,9756,

(2)

VO – theoretical air, m /kg;
Vd – theoretical combustion product volume, m3/kg;
QŽ – the lowest value of heat generated by fuel, kJ/kg.
3

Ratio of nitrogen conversion into nitrogen oxides is calculated as follows (Buinevičius, 2009):

KN =
here:

(Vd + ( − 1) ⋅ Vo ) ⋅ C NOX
328,6 ⋅ N K

,

(3)

KN – fuel nitrogen conversion ratio, percentage;
α – coefficient of excess air contained in combustion products;
CNOx– concentration of nitrogen oxides in combustion products, mg/m3;
NK – nitrogen content in fuel, percentage;
328,6 – conversion factor.

According to the European Union Directive contamination generated in end products of fuel combustion should
not exceed permissible values for combusted fuel. For contamination generated during combustion of complex pellets
different regulations for waste, solid fuel or biofuel are applied (Table 2).
Table 2. Concentration rates for biofuel and waste combustion in Lithuania
Fuel
Pollution
NOx, mg/m3
CO, mg/m3

Biofuel <1 MW

Waste

750
4000

400
50

Results of research
Values of NOx and CO measured during experiments did not exceed the limit of biomass fuel combustion product
release permissible in Lithuania. Minimum CO concentrations were measured during combustion of scrap wood and
wood pellets.

Figure 2. NOx dependence from oxygen during biomass fuel combustion
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Wood pellets are well combusted (Fig. 3). Maximum measured NOx value – 205 mg/m3. Combustion quality can
be seen from the diagram.

Figure 3. NOx dependence from oxygen during wood pellets combustion

Combustion of scrap wood and wood pellets (Fig. 4) was the same as combustion of wood pellets. Fuel is clean,
oxide concentration are low.

Figure 4. NOx dependence from oxygen during scrap wood and wood pellets combustion

Cornstarch pellets combustion is difficult, combustion takes place only pushing off fuel bed and furthermore, there
is a lot of burnout. Maximum measured NOx value – 713 mg/m3 (Fig. 5).

Figure 5. NOx dependence from oxygen during cornstarch pellets combustion
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Figure 6. NOx dependence from oxygen during buckwheat hull combustion

Buckwheat hull is well combusted, combustion is complete, little ash; however the fuel has simple structure and
it is difficult to optimize air in smoke duct (Fig. 6). When air velocity increases, mechanical blow-off begins. So, it is
difficult to optimize amount of air, supplied to smoke duct. During testing minimum oxygen concentration 4 % was not
reached. Maximum measured NOx value – 392 mg/m3.
Combustion of cornstarch pellets is similar to combustion of wood pellets, although after combustion of cornstarch
pellets there are more of nitrogen oxides (Fig. 7).

Figure 7. NOx and CO dependence from oxygen during corn stalk pellets combustion

Concentration of nitrogen oxides escaping during waste combustion does not exceed specified permissible norms
for waste in Lithuania, but in this case CO concentration limits were significantly exceeded. Maximum measured CO
value reached 4397 mg/m3. However, CO concentrations are technological parameters, and after changing of combustor,
size of pellets or granules or air content permissible CO values can be obtained.
During combustion of selected fuel type (Table 1) no sulfur dioxide escaped, insignificant sulfur dioxide amount
was observed in cases when fuel with fuel oil additives.
During combustion of straw and fuel oil (Fig. 9) there is good gasification combustion, high temperature. After
combustion ash is observed.
Lignin and fuel oil combustion is very intensive; there is very high flame temperature in combustion (1200 –
1350 0C). Ash is carbonized on grids and cleaning is required. Lignin has very good combustible properties, norms for
CO concentration can be achieved in all cases, however, the more fuel oil is used, the more ash is produced. Figure 10
includes measured NOx and CO concentrations during combustion of lignin and fuel oil pellets.
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Figure 8. NOx dependence from oxygen during waste combustion

Figure 9. NOx dependence from oxygen during waste combustion straw and fuel oil pellets

Figure 10. NOx and CO dependence from oxygen during lignin and fuel oil pellets combustion

Figure 11. NOx and CO dependence from oxygen during shredded packs (tetrapacks) combustion
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Huge ash content and complete combustion was observed during combustion of shredded packs (tetrapacks). Fuel
is light, although there is a lot of ash on grids, required amount of air is supplied. Fuel is combusted easily, it is proved by
contamination concentrations (Fig. 11). Determined optimal oxygen concentration value is about 4,3 %. In this case there
are the lowest nitrogen oxide concentrations - about 45 mg/m3, and CO - 246 mg/m3.

Figure 12. NOx and CO dependence from oxygen during mixture of all fuel types combustion

Mixture of all fuel types include a lot of waste, i.e. fuel oil, straw, diesel fuel waste, etc. During combustion of such
fuel very high temperature was reached. So, there was solid carbonization of grids (Fig. 12). It is necessary to remove
coke from grids frequently, so it is difficult to feed air. The fuel is combusted quickly and fuel supply speed increases.
Flame temperature is high, little ash, so air amount required for combustion cannot be decreased, then unburned fuel
amount increases.
NOx concentration dependence on oxygen content has well-expressed maximum. During change of oxygen
concentration from 5 % to 9,5 % NOx concentration varies from x1,5 to x2 in case of combustion of cornstarch pellets
and corn stalk pellets.
Statement that “in case of CO concentration decrease, NOx concentration significantly increases” was proved by
experimental method (Wandrasz and Pikon 2007).
Highest oxide concentration in combustible fuel leads to higher NOx concentrations. This statement was proved by
investigations (Fig. 2 and 8) and it was determined that NOx depends on nitrogen N content in combustible material – the
more nitrogen, the more nitrogen oxides in end products of combustion.

Figure 13. Nitrogen part contained in the fuel which is converted into nitrogen oxides
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Figure 13 provides nitrogen conversion dependence on nitrogen content in fuel. Calculations are performed
applying formula 3. For the purpose of comparison the diagram includes KN values obtained during other investigations:
points 0,1; 0,4; 0,65 – during combustion of kerosene with pyridine (C5H5N) additives (Буйнявичюс, Цирульников
1990); points 0,22; 0,44 – during combustion of natural gas with karbamide additives (Buinevičius 2009); point 2,03 –
during combustion of dry pig manure (Čepanko et al. 2008). Other points are found in Table 1.
It can be seen from the diagram, that there more nitrogen content is, the less nitrogen is converted into
nitrogen oxides.
The analysis of investigation results showed that if there are totally different nitrogen sources and different types
of combustible fuel, contained nitrogen conversion into NOx can be generalized by the following equation:

				
here:

K N = 11,787 ⋅ N K

−0,5899

		

(4)

KN – conversion factor of nitrogen contained in fuel, percentage;
NK – nitrogen content in fuel, percentage;
11,312 – conversion factor.

Conclusions
1. Under the conditions of testing stand CO concentration did not exceed the permissible norms for biofuel. During waste
combustion maximum measured value of CO was 4397 mg/m3.
2. During combustion of cornstarch granules NOX concentrations reached from 482 up to 713 mg/m3, however, the
permissible norms for biofuel were not exceeded. Minimum measured value of NOX concentration during combustion
of wood pellets (about 205 mg/m3).
3. During combustion of waste with oil products containing nitrogen the waste requirements were observed. Minimum
concentrations were measured during combustion of shredded packs (up to 85 mg/m3), maximum – during combustion
of fuel mixture (up to 335 mg/m3).
4. Experiments demonstrated that that the more is nitrogen content in the fuel, the less part converts into nitrogen oxides.
For example: if nitrogen content in fuel is about 2 %, about 8 % of nitrogen is converted into NOx. However, if
nitrogen content in combustible fuel is 0,2 %, about 30 % of nitrogen is converted into NOx. When nitrogen content
decreases, i.e. <0,1 %, conversion degree reaches 90 %.
5. The analysis of investigation results showed that if there are totally different nitrogen sources and different types of
combustible fuel, contained nitrogen conversion into NOx can be generalized by the following equation:

K N = 11,312 ⋅ N K

−0 , 6196

.
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Evaluation of Cyperus esculentus Oil as a Feedstock for Biodiesel Fuel
Production
Eglė Sendžikienė, Milda Gumbytė, Violeta Makarevičienė
Aleksandras Stulginskis University, Lithuania

Abstract
As the production of biodiesel fuel increases, the demand of raw material for its production – rapeseed oil – continuesly rise. In EU countries,
including Lithuania, the amount of land available to grow rapeseed is limited because of the need for crop rotation and the suitability of the soil for
rapeseed growing.
Cyperus esculentus seeds have potential for the production of biodiesel fuel, since the seeds contain not only a significant amount of oil (28.1 %),
while their productivity is about 4 times greater than that of rapeseed. The fatty acid methyl esters of Cyperus esculentus oil meet the equirements of the
Standard that defines biodiesel fuel quality, except for the cold filter plugging point, which is only +1.4 oC. The cold filter plugging point of fatty acid
methyl esters produced from Cyperus esculentus oil can be reduced to −5.5 ºC by adding 1250 ppm of the depressant Wintron XC-30 or 1800 ppm of
Infineum R-442. In Lithuania, such a product can be used as fuel during the summer period.

Introduction
The usage of fuel of biological origin derived from renewable resources and the substitution of these for relevant
fossil fuel is encouraged by the following EU legal and regulatory documents: Biofuels in the European Union: Directive
2009/28 EC; and EC Biofuel Strategy: National Greenhouse Gas Emission Inventory Report 2009. The production
capacities of biodiesel fuel are constantly increasing in Lithuania and throughout the EU. In EU countries 9.05 million
tonnes of biodiesel fuel were produced in 2009 with increase of 16.6% compared to 2008. In 2010, production capacity
in the EU was 21.9 million tonnes of biodiesel fuel [http://www.ebb-eu.org/stats.php]. In Lithuania, biodiesel fuel is
produced by several companies (JSC Mestilla, JSC Rapsoila, JSC Arvi cukrus, KB SV Obeliai), whose installed production
capacity is 150,000 tonnes per year (Bioenergybaltic, 2010). According to the EU directive, in 2009 biofuel was supposed
to comprise 5 % of all fuel used for transportation; in effect, the target reached was 5.14 % (calculated on the basis of data
published by the Statistics Department of Lithuania). In various parts of the world, biodiesel fuel is currently produced
mostly from soybean, rapeseed, sunflower and palm oils (Demirbas, 2009), having regard to their availability and the
climatic conditions. In most European countries rapeseed oil is used, whereas in Malaysia and Indonesia the traditional
raw material is coconut or palm oil. In the USA, soybean oil is the most commonly used (Srivastava and Verma, 2008;
Sarin et al., 2007). As the production of biodiesel fuel increases, the demand for its raw material – rapeseed oil – continues
to rise. In EU countries, including Lithuania, the amount of land available to grow rapeseed is limited because of the
need for crop rotation and the suitability of the soil for growing rapeseed. Another significant problem is that the yield
from rapeseed in our country is relatively low: 2.17 t/ha in 2009 and 1.65 t/ha in 2010 (Statistics Department data). Even
if every company in the country used all its resources to grow rapeseed on all the suitable land, there would still not
be enough oilseeds to satisfy all our biodiesel fuel production needs. Some of the companies are already encountering
problems with a shortage of raw material. Therefore, they are importing it from abroad, substituting some of the rapeseed
oil with other types of imported vegetable oil or fats and using fatty waste.
In recent years the question of providing raw materials to the food sector has been emphasised, since part of
the vegetable oil required for food production purposes has been used for technical purposes, leading to an increase in
competition between the food and non-food sectors and a rise in the cost of oilseeds, while the food sector is beginning
to lack raw material. This creates negative community feelings toward biofuels and the appropriateness of using them.
It is for such reasons that scientists have begun to search for new sources of renewable energy, including new types of
non-food (technical) oil-bearing plants that can grow in less fertile soils or as an under-sowing among cereals and other
agricultural crops. One of the alternative oil-bearing plants could be Cyperus esculentus it is also called “tiger nut” or goes
by its Spanish name “chufa”. It grows under the ground, like a potato. Its place of origin is Egypt, but it is also grown in
Spain. Mature plants produce 10–12 mm tubers that contain 20–36 % of oil.
Several decades ago attempts were made to grow chufa in our country, but it has now become neglected, despite its
relatively large potential as a raw material for oil production. Chufa oil can be used for technical purposes, including the
production of biodiesel fuel. Some tests in relation to the use of chufa oil for the production of biodiesel fuel are already
being conducted in certain countries. The preliminary tests that have already been done in relation to the use of chufa oil
for the production of biodiesel fuel and the quality of the fuel produced have shown that chufa oil could be to some extent
substituted for rapeseed oil in the production of biodiesel fuel [Ugheoke et al., 2007; Barminas et al., 2001]. The potential
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of chufa (Cyperus esculentus) oil for use in the production of biofuel has been analysed by certain researchers (Zhang et.
al, 1996; Ugheoke et al., 2007; Barminas et al., 2001). However, no data about thorough studies, including data on the
quality of the product produced, have been found.
The aim of our work: to analyse possibilities to use chufa oil for the production of biodiesel fuel and to evaluate
the quality of the fuel produced and its suitability in terms of the requirements set for biofuels.
Materials and methods
A crop of rapeseed and chufa was grown in 2010 at the Research Station of the LUA (Lithuanian University of
Agriculture). Seed quality indicators were determined with reference to the methods prescribed in LST 1323 Oilseeds.
Rapeseed (Brassica napus) and turnip mustard (Brassica rapa) seeds. Requirements for purchase and supply. Rapeseed
oil was pressed from the seeds using a mechanical worm press with a heating element (Varmec RCV 252) and the seeds
are heated to 150 oC. The chufa seeds were grind and then the oil was extracted from them with hexane in Soxhlet
apparatus. The quality indicators of the oil produced were evaluated with reference to the methods prescribed in LST 1959
Food Code Standard applicable to vegetable oil from specified species (CODEX STAN 210:1999, 1st revision: 2001, 1st
amendment: 2003).
The oil was further transesterified with methanol using an alkali catalyst applying two stage tarnsesterification
procedure. Produced fatty acid methyl esters were washed twice by 10 % (mass) 10 % phosphoric acid solution. After the
mineral acid was separated, the methyl esters were washed with distilled water, dried and analysed. The fatty acid methyl
ester quality indicators were determined with reference to the methods prescribed in standard LST EN 14214 Automotive
fuel. Fatty acid methyl ester (FAME) for diesel engines. Requirements and analysis methods.
Wintron XC-30 (Biofuel Systems Group Limited, UK) and Infineum R-442 (Infineum GmbH, UK) were used as
depressants to reduce the cold filter plugging point (CFPP) of the biodiesel fuel (fatty acid methyl ester). CFPP tests were
performed following the requirements of the EN116 standard. Sample volume was 45 ml. Temperature was decreased
every 1 degree until the liquid was not able to run through the filtre any more.
Results
Since there is no experience in cultivating chufas in Lithuania, the only seeds available were in collections, the chufa
seeds we used in the study came from our Ukrainian partners (National Life and Environmental Sciences University).
They were sown and grown in the fields of the Research Station of the LUA. Before sowing, the fields were ploughed and
fertilised with NPK 8-20-30. The experimental plots were one metre wide and ten metres long. The seeds were sown five
at a time at 20 cm intervals at a depth of 4–5 cm. The space between rows was 0.5 m.
The growth of the chufas was monitored throughout the growth season. It was established that they grow
satisfactorily under Lithuanian climatic conditions, even though the summer of 2010 was unusual, with each month
of summer (especially July) experiencing temperatures and precipitation above the annual mean. The chufa crop was
harvested at the end of September. These plants bear underground tubers in the same way that potatoes do, although the
chufa tubers are significantly smaller (1–2 cm in length).
Even though the yield of the chufas that we cultivated was not as high as the best achieved in Ukraine (15 t/ha), at 7
t/ha it was a high yield for an oilseed crop, especially compared to the yield for rapeseed, which in 2010 in Lithuania was
only 1.65 t/ha (Statistics Department data). In our experiment the chufa and rapeseeds were dried to conditional moisture
level and their properties and physical and chemical indicators were analysed. The oil, moisture and protein content in
the seeds was recorded. The results are presented in Table 1.
Table 1. Content of oil, protein and moisture in seed
Plant

Oil content, %

Protein content, %

Moisture content, %

Chufa (Cyperus esculentus) seed

28.1

6.43

7.78

Rapeseed

45.2

21.2

6.5

From this data it can be seen that the oil content of chufa seeds is 28.1 %, while that of rapeseed is 45.1 %. It can
be stated that the potential of chufas is attractive, since not only do their seeds have high oil content, but they are a highyielding crop, about 4 times more so than rape. Once the quantity of oil in the seeds was established, the physical and
chemical properties of the chufa oil and its suitability for making biodiesel fuel were tested. These were compared to the
same data for rapeseed oil, which until now has been used for the production of biodiesel fuel (Table 2).

438

Rural Development 2011

Engineering and Environment of Biosystems

Table 2. Quality parameters of chufa (Cyperus esculentus) oil and rapeseed oil
Parameter

Chufa oil

Rapeseed oil

Density at 15 oC, kg/m3

904

917

Viscosity at 70 C, Pa*s

0.027

0.014

Acidity % (m/m)

1.53

0.52

Iodine value, g/100g fat

81.2

102

Fatty acid composition, %

17.7

4.7

C14:0

0.1

-

C16:0

13.1

3.5

C18:0

2.8

1.2

C 20:0

0.7

-

C 22:0

0.2

-

C 24:0

0.8

-

63.7

61.2

C6:1

2.1

-

C18:1

61.6

61.2

18.6

34.1

C18:2

17.2

24.6

C18:3

1.4

9.5

o

Saturated:

Monounsaturated:

Polyunsaturated:

From the results presented in the table it can be stated that chufa oil contain higher amount of saturated fatty acids
than rapeseed oil. However, the major fatty acid (over 60 %) in both oils is oleic acid. The iodine number of chufa oil is
lower than for rapeseed due to a higher content of saturated fatty acids.
Chufa oil methyl esters (CME) and rapeseed oil methyl esters (RME) are acid methyl esters were produced from
the respective oils applying conventional two-stage transesterification procedure with methanol and an alkaline catalyst.
The physical and chemical properties of these fatty acid methyl esters have been determined and their compliance with
the requirements of Standard LST EN 14214 has been evaluated (Table 3).
Table 3. General requirements (LST EN 14214) and physical and chemical properties of fatty acid methyl esters
Density
at 15 oC
kg/m3

Viscosity at
40 oC
mm2/s

Water
content
mg/kg

Oxidation
stability
at 110
o
Ch

Acid
value
mg
KOH/g

Iodine
value g
J2/100g

Methanol content %
(mass)

Total
glycerol
%
(mass)

CFPP
(summer
period)
o
C

Indicator

Ester
content, %
(mass)

Requirements of
LST EN
14214

min.
96.5

860-900

3.505.00

max.
500

min. 6.0

max.
0.50

max.
120

max. 0.2

max.
0.25

min. -5

CME

99.17

882

4.88

385

8.9

0.5

82

0.14

0.24

-1.4

RME

98.7

882

4.88

280

8.2

0.3

116.3

0.15

0.18

-9

The fatty acid methyl esters of chufa oil met quality standard requirements, except for the cold filter plugging point
(CFPP) – an indicator that characterises the low temperature properties of the fuel.
According to national requirements for fuels, the CFPP of diesel fuel used during the summer period should be not
higher than −5 °C, and that of diesel used during the winter period should be not higher than −32 ºC. ( EN 590). The CFPP
of the produced chufa oil methyl esters was +1.4 oC (Table 3). Therefore, the product cannot be used as fuel. In an effort
to improve the low temperature properties of the fuel, we tested the possibility of lowering the CFPP by using Wintron
XC-30 and Infineum R-442 as depressants. The test results are given in Figure 1.
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Figure 1. Dependence of the CFPP on the content of depressants

It was established that the low temperature performance of chufa oil methyl esters are affected by Wintron XC30, which used at 1250 ppm reduces the CFPP to -5.1 oC., while Infineum R-442 used at 1250 ppm reduces the CFPP to
just -4.4 oC., but at 1800 ppm to -5.5 oC. Such fuels could be used in Lithuania during the summer period.
Conclusions
1. Chufa seeds have potential for the manufacture of biodiesel fuel, since the seeds contain not only a significant amount
of oil (28.1 %), while their productivity is about 4 times greater than that of rapesed.
2. The fatty acid methyl esters of chufa oil meet the requirements of the Standard that defines biodiesel fuel quality,
except for the cold filter plugging point, which is only +1.4 oC.
3. The cold filter plugging point of fatty acid methyl esters produced from chufa oil can be reduced to −5.5 ºC by adding
1250 ppm of the depressant Wintron XC-30 or 1800 ppm of Infineum R-442. In Lithuania, such a product can be used
as fuel during the summer period.
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The Effect of Electromagnetic Fields on Agricultural Plants
Alfredas Stašelis, Virginijus Stašelis
Aleksandras Stulginskis University, Lithuania
Abstract
Lately, agrophysical methods are used more frequently in crop cultivation technologies. These methods include technological processes, where
seeds of agricultural crops are exposed to electric, magnetic fields, electric current, light and ultrasound. One of the most promising opportunities of
agrophysical methods usage in agriculture is the research on effect of electric and magnetic fields on agricultural crops.
Through optimization of electric and magnetic field parameters (field strength, exposure and direction of the fields) it is possible to stimulate
or inhibit germination dynamics of crop seeds, the plant growth, to predetermined yields and crop quality.
Electric and magnetic fields have influence on crop seed germination dynamics. Exposure to electric and magnetic fields increases
germination energy and germination capacity of seeds. Seed germination energy, germination, crop yields and crop quality are determined by
the magnetic field strength, time of exposure and period after exposure. Light variable magnetic fields reduce weed germination energy and
germination capacity, whilst stronger magnetic fields increase seed germination energy and germination itself. Steady exposure to magnetic
fields has different effect on emerging seeds and young plants; it produces lasting effect, which has influence on crops and vegetables yields.
Continuous exposure to stationary and variable magnetic fields has influence on morphological and physiological parameters of the first
generation agricultural plants and on the second generation of plants after exposure. Magnetic fields have a lasting impact on morphological and
physiological parameters of the second generation of plants after exposure.
Key words: electromagnetic fields, electric field strength, magnetic field strength, growth, seeds, germination energy

Introduction
Biological systems are constantly exposed to the natural stationary electromagnetic fields of the Earth as well as to
anthropogenic electromagnetic fields, produced by human activity.
Stationary electric field of the Earth is perpendicular to the surface of the Earth and its strength varies from
100 to 500 Vm-1. The Earth stationary magnetic field has two components: horizontal and vertical, which are changing
significantly: the horizontal one – 20 to 30 Am-1 and the vertical – 50 to 60 Am-1 (Presman, 1974; Joseph, 1989).
Frequency of anthropogenic electromagnetic fields can be low (0-3 kHz) or high (3 kHz – 300 GHz) and
electromagnetic fields of these radiation sources consist of two components: electric and magnetic.
Researches on the anthropogenic fields impact on agricultural seed, plants and solutions were initiated by Strekova,
Tarakanova, Pilugina, Kushnir, Klasen (Russia), Kirschvink, Douglas, Bruce J. MacFadden (USA), Carbonell, Martinez
(Spain), Pietruszewskij (Poland), Stašelis, Duchovskis, Požėlienė (Lithuania).
Electric and magnetic fields are physical stimuli, accompanied by quantum energy, which changes permeability
of cell membrane, activates intercellular enzymes that actually enable normal functioning of an organism and realization
of its genetic potential ((Savostin, 1937; Gross, 1964; Pittman, 1968; Пилюгина 1980; Классен 1982; Carbonell 2000;
Pietruszewski 2003; Загинайлов 2006; ).
A seed, as dielectric material, is polarized, i.e. regrouping of charges occurs within a neutral molecule. Exposure to
magnetic field charges a seed, which eventually causes biochemical changes in it (Тараканова, 1965, Cтрекова, 1971).
Magnetic field affects movement of protoplasm in a growing cell and its impact on biological systems exerts
through cellular structures and biocatalysts (Pietruszewski, 1996, Carbonell 2000).
Exposure of solutions to magnetic fields results in improvement of nutrient solubility and usage in the soil
aggregates and in increased rate of a cell membrane permeability and nutrients transportation to roots. These changes
are also associated with transportation of oxygen to plant tissues, ion systems, their relationship with water and with
variations of hydration rate (Классен, 1982).
The effect of electromagnetic fields on agricultural plants, solutions and the environment is beyond any doubt.
Analysis of the carried out research works shows that anthropogenic electromagnetic fields, as compared to the Earth’s natural
stationary electric and magnetic fields, affect dynamics of seed germination of agricultural plants, plant morphological
and physiological parameters, yields and crop quality, and alters physical-chemical properties of solutions.
The main factors that determine efficiency of agricultural plants treatment with magnetic fields are character
of a magnetic field (stabile or variable), its strength and time of exposure. Electromagnetic field application in
agricultural technologies helps to optimize some of the plant cultivating technological processes and to achieve
better production quality.
Objects and Methods
The objects of the study are: fluxes of stabile and variable electric and magnetic fields, seeds of agricultural
plants and growing plants. The theoretical, laboratory, experimental and field research methods with modern laboratory
equipment and instruments were used in the study.
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Impact of electromagnetic fields on agricultural seeds and plants was subdivided into four phases, according to
exposure time t: short-term, long-term, permanent and lasting. Germination parameters of control seeds, plant biological
parameters, yield and crop quality were calculated according to seeds and plants treatment with natural electromagnetic
field of the Earth (E = 200 V·m-1, H = 32 A·m-1).
Carrot variety ‘Šatrija‘, beet ‘Kamuoliai‘, barley ‘Ūla‘, tomato ‘Svara‘ and carrot ‘Skalsa‘ were selected for
estimating the impact of magnetic and electric fields on the dynamics of seed germination. Growing trials with seeds
and plants were carried out at a greenhouse of Phytotron testing facility of Plant Physiology laboratory, Lithuanian
Institute of Horticulture. Electromagnetic field was activated using special coils. Stationary and variable electromagnetic
fields of different intensity and variable exposure time were created with the coils. The strength of electromagnetic field
was measured with Magnetic Field Monitor HI-3350, designed for stabile (=H) and alternating (~H) electromagnetic
fields measurements, with a measurement range 80 to 2400 A·m-1. The electric and magnetic field meter IEP-05 and the
measurement installation Ciklon-05 were also used. The main technical data: 5 – 2000 µT, 0,7–200 V/m.
Seeds were germinated in Petri dishes on wet filtration paper in a thermostat TPS – 2 at 20o C. Each variation was
germinated with 4 repetitions and with 100 seeds in one repetition. Average values of germination capacity of control
seeds and those, exposed to electromagnetic fields, were assessed using Student’s criterion.
Results of the research
The study tests have shown that magnetic and electric (corona discharge) fields have influence on seed germination
dynamics of carrots ‘Šatrija’, beets ‘Kamuoliai’ and barley ‘Ūla’ (Fig. 1.) [1].
Seeds exposed to electric and magnetic fields:
Carrots (~ H = 6,2 Am-1, t = 600 s; E = 2 ∙ 105 Vm-1, t = 2 s), beets (~ H = 8,6 Am-1, t = 360 s; E = 3∙105 Vm-1, t = 2
s), barley (~ H = 12 Am-1, t = 300 s, E = 3 ∙ 105 Vm-1, t = 2 s).

Figure 1. Effect of electric and magnetic fields on germination of seeds

The influence assessment of electric and magnetic fields on germination of carrot, beet and barley seeds, using
Student’s criterion showed that difference between their effects was not significant (tcalc < t(0,95,6) = 2,54).
Influence of relaxation time on seed germination assessment showed that improvement of germination rate of
carrot seeds, exposed to electric field after 10 days was significant, as compared with improvement of germination
after 5 days (tcalc = 4,26 > t(0,95,6)). Magnetic field (tcalc = 2,99 > t(0,95,6)) gives significant improvement of barley
seed germination after 10 days after exposure as well. The relaxation period (5 or 10 days) had no influence on
germination capacity of beet seeds.
Seeds affected by electric and magnetic fields germinate quicker and also their germination capacity is higher than
germination capacity of control seeds: germination of carrots increases by 11–17 % (K – 36 %), beets by 9 – 12 % (K – 43
%), barley by 7 – 16 % (K – 64 %) respectively [1]. Electric and magnetic fields have stronger impact on seeds with low
germination capacity. These fields shorten seed germination time by 2 to 3 days. Unevenness of germination of seeds,
affected by electromagnetic fields, is 5 to 6 times lower as compared to control seeds.
Stationary (– H = 90.000, 170.000 Am-1) magnetic fields showed an effect on germination dynamics of carrot
‘Skalsa’ F1 seeds, root yield and on yield quality (Fig. 2, Fig. 3, Fig. 4.). [2]
After exposure of carrot seeds to stabile magnetic fields, germination energy and germination capacity of the seeds
varied, depending on the magnetic field strength and time of exposure [2]. During exposure to a stabile magnetic field
(H = 90.000 Am-1), time of exposure had no significant influence on seed germination energy and germination [2].
A stationary magnetic field (H = 170.000 Am-1) had influence on germination energy and germination of carrot
seeds; the exposure time was 10 minutes [2].
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Figure 2. Germination energy and germination of carrots ‘Skalsa’ F1 [2]
*Least significant difference.

Figure 3. Effect of carrot seeds exposure to magnetic field H = 90.000 A·m-1 on its root yield [2]

Figure 4. Effect of carrot seeds exposure to a magnetic field H = 90.000 A·m-1 on carrot root yield [2]
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The highest root yield (27,5 t∙ha-1) was obtained after exposure of carrot seeds to a stationary magnetic field (– H =
90.000 Am-1), when time of exposure was 20 minutes [2].
Variable time of carrot seeds treatment with a stationary magnetic field ( H = 90.000 Am-1) showed changes in
biochemical composition of carrot roots. The stationary magnetic field had the most significant influence on total sugar
and vitamin C content in roots.
Seed germination energy, germination capacity, root yield and crop quality are determined by magnetic field
strength and duration of exposure. Stationary magnetic fields (↑ H = 1000 Am-1), where direction of the field vector was
the same as the direction plant growth, (↓ H =1800 Am-1), where direction of the field vector was opposite to the direction
of plant growth, and variable ~ H = 200,8 Am-1 magnetic fields had influence on seed germination energy and germination
of fat hen (Chenopodium album ) seeds [3].
The highest germination energy 9,8 % (K – 5,4%) was determined in seeds, harvested from plants in the II stage of
organogenesis (formation of primary internodes,) affected by a stabile magnetic field ↑ H = 1000 Am-1, when direction of
the field vector coincided with the direction of plant growth; a value 8,8 % (K – 5,4%) was estimated with a variable ~ H
= 800 Am-1 magnetic field [3]. The lowest germination energy 3,5 % (K – 5,4%) was estimated in seeds, harvested from
plants in the III stage of organogenesis (formation of inflorescence axis), affected by a stationary magnetic field ↓ H =
1800 Am-1, with direction of its vector opposite to the direction of plant growth [3].
The lowest germination – 17 % (K – 25,4%) was estimated in seeds, collected from plants in the II stage of
organogenesis, and exposed to a stabile magnetic field ↓ H = 1800 Am-1, when direction of the field vector was opposite to
the direction of plant growth. The highest germination – 38,8% (K – 25,4%) was estimated in seeds, that were harvested
from plants in the II stage of organogenesis, exposed to a stabile magnetic field ↑ H = 1000 Am-1 and 31,3 % (K – 25,4%)
- to a variable ~ H = 800 Am-1 magnetic field [3]. The highest germination – 44 % (K – 25,4%) was estimated in seeds that
were harvested from plants in the III stage of organogenesis, exposed to a variable magnetic field ~ H = 800 Am-1 and the
lowest – 8,8 % (K – 25,4%), exposed to a variable ~ H = 200 Am-1 magnetic field [3].
Germination energy and germination of fat hen seeds are determined by the strength of stationary magnetic fields
and by their vector direction. Light variable magnetic fields reduce weed germination energy and germination. Whilst
increasing strength of a variable magnetic field results in increasing seed germination energy and germination.
There is a lack of published studies, concerning exposure of agricultural crops to anthropogenic magnetic fields
during the whole period of vegetation. We suppose that steady exposure to the magnetic fields could affect seed germination
dynamics, plant root development, morphogenesis of above-ground segment of a plant and yields.
Stationary and continual (↓ H = 160 Am-1) magnetic field, when direction of the field vector was opposite to
the direction of plant growth, and variable (↓ H = 1700 Am-1) magnetic fields had influence on root system and on
morphogenesis of an over-ground segment of tomato variety ‘Svara’ [4]. Continual tomato roots exposure to a range of
different magnetic fields has uneven impact on roots development of young plants. In VI and VII stages of organogenesis
(sporogenesis and gametogenesis), the seedling development was impeded by a stationary (↓ H = 160 Am-1) magnetic field
and it was stimulated by a variable (↓ H = 1700 Am-1) magnetic field [4].
Stationary continual and variable magnetic fields have an effect on sporogenesis and gametogenesis of tomato
seedlings. Summarising the results of research it could be stated that the lasting effect of stationary and variable magnetic
fields, with different vector directions and their strength, has influence on germinating seeds of agricultural plants, on root
development, plant morphological and physiological parameters and on yield.
The authors did not find published research data on lasting effect of magnetic fields on morphological and
physiological parameters of the first and second agricultural plants generation after treatment.
The first generation of tomatoes during its entire growing season was continuously exposed to stationary and
variable magnetic fields [5]. Seeds were collected from tomato and tomato plants from the seeds (the second generation)
were grown using similar technology, without exposure to magnetic fields [6].
Consistent effect of exposure to stationary magnetic fields, when direction of the field vector is the same as direction
of plant growth (↑ H = 1800 Am-1) and when direction of magnetic field is opposite to the direction of plant growth (↓ H =
1000 Am-1) ant to variable magnetic fields (~ H = 200, 800, 1500 Am-1), on morphological and physiological parameters of
tomato are presented in an article [7]. The explored magnetic fields had lasting effect on morphological and physiological
parameters of the second generation tomato plants after exposure [8]. The lowest germination energy and germination was
observed in seeds, collected from the first generation tomatoes, exposed to stationary (↓ H = 1000 Am-1) and variable (~
H = 800 Am-1) magnetic fields during plant growth, i.e. magnetic fields had an adverse effect on germination energy and
germination of tomato seeds (Fig. 5) [8].
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Figure 5. Germination energy and germination of seeds, collected from tomato, treated with magnetic fields during entire
growing season [8]

The strongest impact on the second generation of tomatoes was observed after treatment with stationary magnetic field
(↓ H = 1000 Am-1), where direction of magnetic field was opposite to the direction of a plant growth, and with variable (~ H =
200 Am-1) magnetic field. Stationary (↓ H = 1000 Am-1) magnetic field, with its vector opposite to the direction of plant growth,
showed the highest inhibition rate of germination energy and germination first the first seed generation (Fig. 6) [8].

Figure 6. Germination energy and germination of seeds, collected from the first generation of tomato after treatment with
magnetic fields [8]

Significant differences between the total tomato yield both in the first – A, and in the second – B generation were
not detected (Fig. 7).

Figure 7. A – the first generation of tomato after the treatment with electromagnetic fields, B – the second generation tomato
after the treatment with electromagnetic fields

             In summary, it can be stated that magnetic fields have influence on the next generations of tomato after exposure.
The strongest adverse effect on germination energy was estimated for seeds, collected from tomato plants, exposed to
magnetic fields during vegetation. For the first and the second generation, an impact of magnetic fields on plant growth
and development was more pronounced in the early stages of organogenesis. Later on, differences between the treatment
variants were minimal.
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           According to the survey results it can be suggested that continuous exposure to stationary and variable magnetic fields has
an effect on morphological and physiological parameters of the first and the second generation of tomato plants.
Conclusions
1. Electric and magnetic fields have influence on germination dynamics of crop seed. Exposure to electric and magnetic
fields increases germination energy and germination of seeds. Seed germination energy, its germination, crop yields
and crop quality are determined by the magnetic field strength, time of exposure and period after exposure.
2. Light variable magnetic fields reduce weed germination energy and germination capacity, whilst stronger magnetic
fields increase seed germination energy and germination itself.
3. The magnetic fields have an impact on germination energy of weed seed and it allows the development of progressive
weed control approaches in crops.
4. Continuous treatment with magnetic fields has different effect on emerging seeds and young plants; it produces the
lasting effect, which has influence on crops and vegetable yields.
5. Continuous exposure to stationary and variable magnetic fields has an effect on morphological and physiological
parameters of the first and the second generation of agricultural plants. Magnetic fields have a lasting impact on
morphological and physiological parameters of the second generation of plants after exposure.    
6. Usage of electric and magnetic fields in agricultural technologies gives possibility of conditioning biological systems
with electric and magnetic fields and development of an organic farming system, in the light of increasing ecological
requirements.
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Abstract
Operation quality of two combine-harvesters A and B equipped with a single axial threshing rotor have been tested paying special attention to
grain separation losses, grain damage, amount of impurities in the grain, and fuel consumption. The relationship between the feedrate of winter wheat
Ada and Ebi supplied into the combine and the mentioned operation factors has been defined. It has been determined that when the feedrate of the winter
wheat has been increased from 3.4 to 27.2 kg s-1 combine-harvesters A and B have not exceeded the permissible 1% grain damage limit. The least grain
damage (0.2%) has occurred when the feedrate of 20 kg s-1 has been supplied into the threshing-separation apparatus. Then the grain separation losses
of both combines have been approximately 0.4%. Hourly fuel consumption of the combine B when idling with switched on technological gears equals
to about 4 liters, when driving through the field stubble it is about 3 liters, and while harvesting the winter wheat it is about 8 liters greater than the
hourly fuel consumption of the combine A. It has been destined by the peculiarities of combine design and because the maximum rotational speed of
the combine B engine during its operation has been greater by 200 min-1. When the stubble height of the wheat has been increased from 80 to 150 mm,
the wheat feedrate supplied into the combine A moving at the same speed has been 3.1 kg s-1 less. Thus hourly fuel consumption of the engine has been
reduced by approximately 11 liters or by 0.3 liters to thresh a ton of grain. The hourly efficiency of the combine-harvester A in technological time while
harvesting winter wheat Ada equals to 35.9±1.8 t, and while harvesting winter wheat Ebi it is by 1.1 t greater. Combine A has threshed about 2.4 t more
grain and harvested by 0.25 ha greater crop area if compared with combine B, because its cutting bar is by 1.5 m wider.
Key words: combine-harvester, grain damage, grain losses, fuel consumption

Introduction
The most important factors of operation estimation of all the combine-harvesters are as follows: grain damage, the
amount of impurities in the grain, straw walker and cleaning shoe grain losses, fuel consumption and operation efficiency
(Rademacher, 2001). The grain has been damaged not only by the strokes of the rasp-bars of threshing apparatus but by
the other rotating parts as well. The grain damage is closely related with the grain characteristics. Romanski and Stopa
(2007) have determined that the deformation of 0.23 mm of the wheat kernel Elena the moisture content of which is 12.1%
has been noticed when the force of 70 N has been applied, and the deformation of kernel Wanda when the force of 120
N has been applied. The grain damage primarily depends on the grain maturity, grain moisture content, and the feedrate
of the crop supplied into the combine-harvester (Eimer, 1988; Špokas, 2006). When ripe wheat crop has been harvested
with the combine-harvester equipped with tangential threshing apparatus the grain damage equals to 1.6% and in case the
harvesting is delayed it equals to 1.8%. Grain is less damaged when the crop moisture content during harvesting is greater
(Feiffer et al., 2005). Other combine-harvester estimation factors, such as operation efficiency and fuel consumption are
related with the combine design peculiarities (Turan et al., 2006; Hassani et al., 2011).
The operational efficiency of combine-harvesters with the straw walker has been limited by the permissible grain
losses that depend on the operation conditions and the crop feedrate into combine-harvester. The allowable combine
throughput equaled to 13 kg s-1 of winter wheat during harvesting in Hungary (Kelemen et al., 2005). Combine-harvesters
with the straw walker would have greater throughput if 95% of all the threshed grains were separated through the concave
of the threshing apparatus the total area of which in various combine-harvesters is from 0.5 to 1.36 m2. Then the grains
remaining in the straw could be separated by the rotor straw separators and the straw walker assembly with the straw
agitators (“power separators”). The grain separation through the concave has been limited by the technological parameters
of the threshing apparatus and the crop mass flow velocity over the concave surface. It has been determined that the mass
flow velocity at the beginning of the concave is 4–6 m s-1, and that at the end is 10–15 m s-1 (Liashenko and Kosilov, 2008).
Then the duration of the crop flow over the concave surface varies from 0.09 to 0.16 s. Thus the grains separated from the
ears are unable to penetrate through the threshed crop layer and separate through the concave grates.
The factors significantly limiting the throughput of the combine-harvesters with tangential threshing apparatus and straw
walkers have less impact on the operation quality than of the combines with axial threshing-separation apparatus (Rademacher,
2003; Steponavicius et al., 2011). The axial threshing-separation equipment is about 4 times longer than the concave of the
tangential threshing apparatus. The wrap angles of concaves of the axial equipment are 180° or 360°. The velocity of axial
rotor rasp-bars is from 22 to 38 m s-1. The rotor of this equipment supplies the crop in the direction of the rotor axis, rotates
and grinds the crop between the rotor rasp-bars and concave cross-bars. During winter wheat harvesting tests the operation
of two combine harvesters, i.e., the combine with tangential threshing apparatus and the combine with the axial threshingseparation device has been compared (Kelemen et al., 2005). The combine-harvester with the axial threshing-separation rotor
has damaged approximately 4 times less grains and by 0.94 percentage points less impurities has been left in the grains if
compared with the grains threshed with the tangential threshing apparatus. The fuel consumption to harvesting one ton of grains
varied insignificantly. Miu and Kutzbach (2007) investigated the mass flow and grain separation in axial threshing-separation
apparatus. They have stated that 2 m length threshing rotor rotated the crop five times when transferring the crop longitudinally
through the axis thus all the grains have been separated from the straw.
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Most of the authors have investigated the operation of the axial threshing-separation apparatus in the laboratory by
threshing dry crops and described its working activity using mathematical models. But when the tests have been executed
in the crop fields the operation of the threshing-separation apparatus depends on the meteorological conditions, and crop
quality which is actually impossible to repeat in the laboratory.
The investigation aim is to compare in the field the operation quality of various-design combine-harvesters
equipped with single axial threshing rotor and to prove the possibilities of operation improvement.
The investigation object is combine-harvesters equipped with single axial threshing rotor.
Materials and methods
The field operation quality of two different design combine-harvesters A and B equipped with a single threshing
rotor has been tested (Table 1).
Table 1. The most important technical data of combine-harvesters
Indices
Header width
Rotor diameter
Rotor length
Number of concaves
Total separation area of concaves
Total separation area of sieves
Grain tank capacity
Throughput of the grain auger
Engine power
Maximum rotation speed of the engine
Capacity of the fuel tank
Combine mass without the header

Measuring units
m
mm
mm
units
m2
m2
l
l s-1
kW (AG)
min-1
l
t

Combine-harvesters
A
B
9.1
7.6
762
750
2638
3130
4
3
2.98
3.00
6.50
4.58
12900
11000
113
107
360 (490)
394 (530)
2100
2300
1000
1155
16.6
15.8

The design of two combine headers varied insignificantly. Belt conveyer that evenly supplied the cut crop into
the auger was used instead of the conventional flat bottom in the header of the combine-harvester B. The design of the
threshing-separation rotor of the combines was different. There are screws at the front of the axial threshing-separation
rotor of combine A. These screws transfer the crop from the sloping feeder conveyer into the threshing-separation part
of the above mentioned rotor. High rasp-bars are attached on the rotor surface in four helix lines. The front part of the
concave, where ear threshing takes place, consist of two parts with wrap angle of 156°, and the rest part of the rotor is
also wrapped by two amply perforated concaves at the angle of 133°, where the separation of grains from MOG (Material
Other than Grain: straw, some chaff etc.) occurs. Combine B also has threshing-separation rotor that consists of three
parts. The front of the rotor has screws, then there are small rasp-bars attached to the rotor in shape of helix lines, and still
further there are four lines of teeth. Every individual of three parts of the threshing-separation rotor are wrapped with the
concaves of various diameters. The gaps between the small rasp-bars and concave in the second part are greater than in
the first one, and in the third part the gaps between the rotor teeth and the concave are greater than in the second one. The
crop mass in the bottom part of the rotor is squeezed, grinded, and scattered on the top to improve the grain separation.
The combine cleaning device has four augers instead of a conventional vibration-mounted preparation floor, which throws
the chaff-grain mixture into the air flow of the fan. Both combine-harvesters have more different technical solutions but
these differences do not have significant impact on the operation qualitative indices.
Meteorological conditions. They are estimated according to the data of Kaunas Meteorological station.
Biometrical indices. In order to determine the biometrical indices of winter wheat Ada and Ebi the plants were
harvested and weighed from five plots of 0.25 m2 of the specially chosen crop field (reading accuracy 0.01 g). The
stem length measurement up to the ears and the average stem length was determined. The grain threshed from the ears
was weighed, their moisture content, the mass of 1000 grains and the biological yield of the grains of 14% moisture
content was determined. Besides, the relationship of stubble mass of 150 mm height, the grain supplied into the combineharvester, and the whole mass was determined.
Determination of the grain damage. When the combine-harvester was running at preset speed the grain sample
of approximately 2 kg was twice taken with the special utensil from the grain flow falling into the tank. At the same time
the technological parameters, grain moisture content, yield, and fuel consumption were recorded in the test log. The grains
from the utensil were poured into the small bag with the label which had the test number and the basic technological
parameters recorded on it. Four 100 g samples were taken from each bag in the laboratory. Mechanically broken grains
were separated from each individual specimens and the average grain damage was determined.
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The amount of impurities in the grains. Five 100 g specimens were taken from the grain sample taken from
the combine-harvester grain tank as describe above. Each specimen was separated using the sieves with the oblong holes
of 3.5, 2.0, and 1.0 mm width. The impurities that were left on the sieve with the holes of 3.5 mm width and those that
were separated through the sieve with 1 mm width holes were attributed to the waste impurity. Those that were separated
through the sieve with 2 mm width holes were attributed to the grain impurity. Waste and grain impurities were weighed
separately (reading accuracy 0.01 g), and the amount of impurities in the grains was calculated.
Grain separation losses of threshing-separation devices and cleaning shoe. They were determined using the
bowls of the cut-cone type (Figure 1) with the surface area of 0.0027 m2. When the combine-harvester operated five of
these bowls were thrown under the combine, one beside the steering wheel, and another at the distance of 1 m from the
steering wheel (Špokas and Steponavičius, 2010).

Figure 1. Bowls used to determine the grain separation losses

After the combine-harvester passes the bowls are covered with the grain and MOG. The straw and chaff is
separately collected from every individual bowl. The grains are calculated and the data registered in the test log. The
moisture content is measured with the grain moisture gauge Feuffer He lite (reading accuracy 0.1%). After the weight of
1000 grains is determined in the laboratory the mass of the grains from every individual bowl, and the percentage of grain
separation losses is calculated:

G=

kag
0.213 Ag

,

(1)

where: a is the number of grains in an bowl, units;
g is the mass of 1000 grains, g;
Ag is the crop yield, kg ha-1;
k is the coefficient estimating the header width. When the width of combine header is 9.1 m, k=4.0, and when the
header width is 7.6 m, k=4.6.
Throughput of a combine-harvester. The timer was used to record the combine running speed during operation,
the time when the grain tank was filled, the area of the harvested crops, and the yield. After the tank was filled with
the grains they were weighed in the storage. The combine throughput was calculated ha h-1 and t h-1. The time of grain
unloading from the tank was measured.
Fuel consumption. Both combines had the gauges for the measurement of the hourly fuel consumption of the
engine. When the combine harvested the crop in the 100 m length strip the computer registered the following data: stubble
height, combine running speed, the technological parameters of the threshing-separation devices, and the change of the
engine fuel consumption. The fuel consumption to harvest a ton of grains (1 t-1) is calculated as follows:

Bg =

10 Bv ,						
L v Ag

(2)

where: Bg is the hourly fuel consumption, l;
L is the header width, m;
v is the combine forward speed, km h-1.
Every test was replicated 3 times. The test data was estimated when the arithmetic mean and its 95% confidence
interval was calculated.
Results and discussion
Operation conditions of combine-harvester. On 5th and 7th of August, 2009 meteorological conditions were
suitable for the harvesting of winter wheat. In the first decade of August the average ambient air temperature was 18.4 °C,
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the relative air humidity was 68%, and there was no precipitation. But the winter wheat crop was not evenly matured
because there were 19 rainy days in July with 83.3 mm rainfall amount.
Crop biometrical indices. The operation of combine-harvesters A and B was investigated during the harvesting of
winter wheat Ada and Ebi (Table 2). Although the density of the winter wheat crop Ada was great (630±68.5 stems m-2),
the average yield was only 6.64±0.42 t ha-1, as the ears were short (63.8±4.7 mm), and the grains in the ears were small
(1.05±0.15 g).
Table 2. Crop biometrical indices
Indices
Number of stems
Stem length till the ear
Grain number in the ear
Grain mass in the ear (14% moisture content)
Straw mass except 150 mm stubble height (18% moisture content)
Grain mass (14% moisture content)
1000 grain mass (14% moisture content)
Biological yield (14% moisture content)

Measurement
units
stems m-2
m
units
g
g m-2
g m-2
g
t ha-1

Winter wheat
Ada
Ebi
630.0±68.5
548.0±30.1
0.78±0.02
0.75±0.03
30.4±4.1
31.1±2.7
1.05±0.15
1.52±0.15
544.05±46.1
533.47±35.38
668.23±41.7
819.57±53.39
33.63±0.38
48.82±0.56
6.64±0.42
8.20±0.53

Grain damage. It is the qualitative index of combine operation estimation. It mostly depends on the crop feedrate
into the threshing-separation apparatus (Špokas, 2006; Klüßendorf-Feiffer, 2009). It has been determined, that when the
uniform wheat flow is delivered, both combines damaged similar amount of grains (Figure 2a). Very insignificant grain
damage difference can be attributed to the error of the test data.
Analogous results were received in the other plot of the field where the less yield winter wheat Ebi were harvested
(Figure 2b). The combine-harvesters speed had to be increased to get the same flow of wheat as in the first trial described
above. The comparison of the grain damage data shows that the variation was only about 0.05%.
The grain damage of combine A was also investigated while harvesting the winter wheat crop Ada (grain moisture
content 13.7%, straw moisture content 15.7%). It has been determined, that when the wheat feedrate m supplied into
combine-harvester was increased from 6.1 to 30.1 kg s-1, the grain damage was reduced from 0.19±0.024% to 0.08±0.003%.
Variation behavior of the part of the damaged grains S was: S=0.231e- 0.033m, R2=0.97.

Figure 2. The impact of winter wheat Ebi feedrate supplied into the combine-harvester on the grain damage
Grain moisture content U1=11.1%, straw moisture content U2=25.1%, the ratio of grains with the whole wheat mass β=0.6:
a) yield Ag=8.2 t ha-1, b) yield Ag=7.5 t ha-1; Combine-harvester A: rotor rotation speed nb =920 min-1, fan rotation speed nv =1100 min-1;
gap between the rotor rasps-bars and concave a=15 mm, distances between the sieve scales: the short one b=6 mm, the upper one b1=18
mm, and the bottom one b2=12 mm; Combine-harvester B: nb =850 min-1, nv =970 min-1, a=11 mm, b1=16 mm, b2=8 mm.

Combine-harvesters with a single threshing-separation rotor should avoid slow forward speeds, frequent turnings
at the end of the fields, cutting when not all the width of the header is used because less grain is damaged when the greater
wheat flow is supplied into the combine.
Impurities in the grain. They are grain impurities and waste impurities (The Regulation of European Commission,
2000). The safe limit of the impurities in the grain supplied into the tank is 3%. Damaged grains comprise the greatest
part in the grain impurities, and this mostly depends on the crop feedrate supplied into the threshing-separation apparatus
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(Figure 3). When the feedrate of the wheat Ebi supplied into the combine-harvesters has been increased the part of the
grain impurities decreased. But the amount of the grain impurities (damaged grains) started to maximize when the crop
flow into combine-harvester A was increased more than 21.7 kg s-1, and the crop flow into combine-harvester B was
increased more than 17.4 kg s-1. This is governed by the stronger and longer duration of wheat deformation during the
threshing because of the reduced speed of the crop flow movement over the concave surface.
The amount of waste impurities in the grains is closely related with the cleaning shoe operation (Craessaerts et al.,
2007). The systems of cutting, separating and chaff cleaning of both combine-harvesters have excellent throughput thus
the waste impurities in the grains comprised insignificant amount of 0.25%. It has been determined that in the combineharvesters with a single threshing-separation rotor the amount of both types of impurities in the grains does not exceed
the safe 3% limit (Figure 3).

Figure 3. The impact of the combine-harvester forward speed and the feedrate of the winter wheat Ebi on the amount of
impurities in the grains
U1 = 11.1%, U2 = 25.1%, β=0.6, Ag = 8.2 t ha-1, (technological characteristics of combine-harvesters are given in Figure 2): a) combineharvester A; b) combine-harvester B

Grain separation losses of threshing-separation devices and cleaning shoe. These grain losses limit the crop
feedrate supplied into combine-harvester, i.e., the combine forward speed (Turan et al., 2006; Špokas and Steponavičius,
2010). As the header width of combine-harvester A was 1.5 m wider if compared with the header width of combineharvester B, when both combine-harvesters operated at the same speed the flow of wheat was by 2.3 kg s-1 greater
into combine-harvester A. To supply the same crop feedrate the speed of combine-harvester A should be by 1.2 km h-1
slower.
It has been determined that when the same amount of wheat flow is supplied into both combine-harvesters (Figure 4),
and when this wheat flow is changed from 13.8 to 19.4 kg s-1, the grain separation losses increased from 0.2 to 0.4%.
The difference of variation in grain losses of both combine-harvesters does not exceed the data error limits. Combineharvester B could not accept the greater feedrate of wheat because the engine rotational speed began to decrease. The
grain separation losses of combine-harvester A exceeded the safe limit by 0.5%, when the wheat Ebi feedrate exceeding
20 kg s-1, i.e., the combine forward speed was 6.5 km h-1.

Figure 4. The impact of winter wheat Ebi crop feedrate supplied into the combine-harvester on the grain separation losses
U1=11.1%, U2=25.1%, β=0.6, Ag=7.5 t ha-1 (technological characteristics of combine-harvesters are given in Figure 2)
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Fuel consumption. When combine-harvester does not operate, runs idling, or when the crop is harvested and
grain is unloaded from the tank, the engine should rotate with different speeds and use the fuel rationally (Špokas and
Steponavičius, 2010). During the crop harvesting the permissible engine load and the permissible grain separation losses
(0.5%) limit the combine-harvester forward speed and the crop feedrate supplied into the threshing-separation apparatus.
A computer registers the engine load and the variation of grain losses during the operation of combine-harvester.
Fuel consumption during the idle running of the engine, and rotation of technological drives of combineharvester. When the engines of both combine-harvesters operate the hydraulic pumps of various designs and outputs
are rotated alongside with the devices of the cooling system and other mechanical drives. Hourly fuel consumption
of both combine-harvesters is compared when their engines are rotated at the maximum speed (Figure 5). The fuel
supply into the engine of combine-harvester A simultaneously with the engine rotation speed n could be changed
continuous and that of combine-harvester B could be changed by turning the lever into the three fixed positions
(n=1200 min-1, 1600 min-1 or 2300 min-1).
It has been determined that the fuel consumption when the engine of combine-harvester A is idling rotates at the
speed of 1200 and 1600 min-1, and it is higher if compared with the fuel consumption of combine-harvester B. But when
the engines rotate at maximum speed (as is the situation during crop harvesting) the engine of combine-harvesting B uses
by 0.5 l h-1 more fuel because it rotates at 200 min-1 greater speed.

Figure 5. Hourly fuel consumption Bv during the engine idle running and for rotation of technological drives:
1 – only the engine is rotated; 2 – the drives of threshing-separation device and chopper are switched on; 3 – the drives of header,
threshing-separation device and chopper are switched on

All the technological drives of combine-harvester are switched on during crop harvesting. When the combineharvester runs through the road they are switched off, and when it passes through the field they may be left switched on
or are switched off. When the grain is unloaded the header drive is switched off. Occasionally the fuel can be economized
by reducing the engine rotation speed (Špokas et al., 2009). Hourly fuel consumption needed for the rotation of combine
engine and technological drives were compared (Figure 5). It has been determined that when the engine was rotated at
the maximum speed with all the technological drives switched on the hourly fuel consumption of the engine of combineharvester A was about 4 liters less if compared with the hourly fuel consumption of combine B. When the engine was
rotated at the speed of 2100 min-1, the hourly fuel consumption of the combine-harvester A to rotate the technological
drives alone (the drives of the header, threshing-separation device and chopper) was 9.1±0.17 l, and the hourly fuel
consumption of the combine-harvester B (n=2300 min-1) was 12.5±0.3 l, i.e., about 3.5 l greater. The maximum rational
rotation speed of the modern combine-harvesters is 2100 min-1.
Hourly fuel consumption of the engine during combine idle running through the stubble. Combine-harvesters
A and B were running through the stubble in one plot of the field with switched off technological drives when the rotation
speeds of their engines were maximum, i.e., n=2100 min-1 of combine-harvester A, and n=2300 min-1 of combine-harvester
B (Figure 6). It has been determined that the hourly fuel consumption of combine-harvester B was greater than that of
combine-harvester A when they were running through the stubble. When the forward speed was 4 km h-1 the difference in
fuel consumption was 2.5 l, and when the speed was increased to 10 km h-1 the difference in fuel consumption was 3.2 l.
This is related with the greater maximum rotation speed of the engine. After the estimation of the test data it has been
concluded that combine-harvesters should use accelerated speeds during their idle run through the stubble, minimizing
the engine rotation speed at least to 1600 min-1.
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Figure 6. The impact of combine-harvester forward speed on the hourly fuel consumption when combine is running through the
stubble with switched off technological drives (n=2100 min-1 for combine-harvester A, and n= 2300 min-1 for B)

Fuel consumption during wheat harvesting. The headers of both combine-harvesters had different width. When
they operated at the same speed different wheat flows were supplied and the engines used various amounts of the fuel.
The hourly fuel consumption of both engines was compared when equal amount of wheat crop was supplied, i.e., they
operated at various speeds (the speed of combine-harvester A was less by 1.2 km h-1).

Figure 7. The impact of the winter wheat Ebi feedrate supplied into combine-harvester on the fuel consumption
U1=13.5%, U2=15.4%, β=0.6, Ag=7.5 t ha-1 (technological characteristics of combine-harvesters are given in Figure 2): a) hourly fuel
consumption Bv; b) hourly fuel consumption to harvest a ton of grain Bg

It has been determined that the hourly fuel consumption of combine B during harvesting of winter wheat Ebi is
by 5 l greater if compared with that of combine A. This was determined by the hourly fuel consumption of idle run of
combine-harvester B that was by 3.5 l greater than that of combine-harvester A (Figure 5). In addition, to supply the
same wheat flow to combine-harvester B it had to run by 1.2 km h-1 quicker as its header was by 1.5 m narrower. When
the rational wheat feedrate (20 kg s-1) was supplied into combine-harvester A the hourly fuel consumption was 80 l
(Figure 7a). Combine-harvester B used the same amount of fuel when the supplied wheat feedrate was 18.3 kg s-1.
In summary of the test data it has been concluded that when the winter wheat Ebi is harvested and the same amount
of the wheat flow is supplied into both combine-harvesters the hourly fuel consumption of combine B is by 8 l greater if
compared with that of combine-harvester A.
Hourly fuel consumption does not reflect the rational load of combine-harvester and the actual working time.
During the crop harvesting the forward speed of combine-harvester should be such that does not exceed the permissible
limit of the grain losses, and the fuel consumption to harvest a ton of grain should be as low as possible. The lowest fuel
consumption of both combine-harvesters to harvest a ton of grain is when the wheat feedrate of 19 kg s-1 is supplied into
the combine-harvester (Figure 7b). When the supplied wheat flow was further increased the fuel consumption to harvest
a ton of grain did not decrease, because the hourly fuel consumption of the engine maximized more quickly than the
throughput of the combine-harvester.
Stubble height. Winter wheat Ebi was cut with combine-harvester A leaving the stubble height of 80 mm and
150 mm (Figure 8). When combine-harvester was running at the speed of 5 km h-1, the wheat feedrate supplied into
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the combine-harvester was 18.9 kg s-1 and the grain ratio with the rest of the mass was 0.5. Then the engine hourly fuel
consumption was 76.2±2.1 l, and to harvest a ton of grain 2.25±0.02 l of the fuel.

Figure 8. The impact of the stubble height of wheat Ebi on the fuel consumption of combine-harvester A:
U1=17.6%, U2=19.3%, Ag=7.5 t ha-1 (technological characteristics of combine-harvesters are given in Figure 2):
1 – the hourly fuel consumption Bv;
2 – the hourly fuel consumption to harvest a ton of grain Bg

When the stubble height was increased to 150 mm the grain ratio with the rest of the mass was 0.6. Then at
the same forward speed of the combine-harvester the wheat feedrate was 15.8 kg s-1, and the hourly fuel consumption
minimized to 65.1±0.9 l, and to harvest a ton of grain it minimized to 1.93±0.03 l (Figure 8).
When the standing wheat is harvested the stubble height can be increased up to 200 mm at the start of the harvest
time, then the straw mass supplied into the combine-harvester is less by 18% and the forward speed of the combineharvester can be greater by 1.0 km h-1 and the amount of the harvested grains per hour can increase by 6 tons.
Throughput of a combine-harvester. During the harvesting of wheat Ada the average throughput of combine-harvester
A was 35.9±1.8 t h-1 of the harvested grain or 4.72±0.24 ha h-1 of the harvested wheat crop. It has changed from 31.2 to 40.6 t h-1
because the wheat yield in the field greatly varied. Approximately 1 min 37 s ± 0 min 02 s took the grain unloading from the
tank. While harvesting winter wheat Ebi the average throughput of combine-harvester A in technological time was still greater
and equaled to 36.9±2.6 t h-1 of harvested grain or 4.93±0.34 ha h-1 of the harvested wheat area.
The average hourly throughput of combine-harvester B in technological time was 33.5±1.4 t of grain, and that of
combine-harvester A was by 2.3 t greater. Approximately 4.5 ha of winter wheat Ebi was harvested per hour. The grain
(7900 kg) was unloaded from the tank in 1 min 30 s ± 0 min 01 s.
When planning the scope of the seasonal operation of combine-harvesters attention should be paid to the fact that
combine-harvester operation comprises only 70% of the possible working time. The actual hourly throughput per day is
approximately 25 t of the threshed grain or about 3.5 ha of the harvested wheat crops. In the big crop fields the combineharvesters with the wider header would be always more efficient if compared with the combine-harvesters with less
engine capacity and narrower header. Still much better results could be achieved if GPS system is installed in the combineharvesters because then the whole width of the header is more efficiently used, and the idle run time is reduced.
Conclusion
1. The indices of operation quality of combine-harvesters equipped with single axial threshing-separation rotor such
as grain damage, the grain separation losses, and the amount of impurities in the grain mostly depend on the wheat
feedrate. The throughput and the fuel consumption of combine-harvesters depend on the working conditions, the
design peculiarities and the header width.
2. Mechanical grain damage does not exceed 0.5% when the constant feedrate of wheat into the combine-harvester is
greater than 7 kg s-1.
3. When the rational wheat feedrate of 20 kg s-1 is supplied into both combine-harvesters the waste impurities do not
exceed the permissible limit and equal to 0.25%, and the grain impurities equal to 0.35%.
4. The grain separation losses in both combine-harvesters do not exceed the permissible limit of 0.5% when the wheat
feedrate is not greater than 20 kg s-1.
5. The combine-harvester A can thresh approximately by 2.4 t more grain and can harvest by 0.25 ha greater wheat crop
area than the combine-harvester B because its header is by 1.5 m wider.
6. To minimize the fuel consumption the stubble height should be increased up to 200 mm at least at the start of the
harvest period. Besides when the combine-harvester passes through the stubble in idle run the technological drives
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should be switched off and the engine rotation speed should be minimized to at least 1600 min-1. When the rational
wheat feedrate (20 kg s-1) is supplied into the combine-harvester A the hourly fuel consumption is approximately 80 l.
Combine-harvester B uses similar fuel amount when the wheat feedrate is equal to 18.3 kg s-1.
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Application of Physical Indices at Field Scale Crop Management
Arnoldas Užupis, Kęstutis Nemčiauskas, Ligita Baležentienė, Evaldas Klimas
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Abstract
In order to understand a fluctuation of the physical processes in agro environment, it is necessary to analyze a lot of physical parameters: temperature
of atmosphere and soil, gas concentration (O2, CO2 etc.), soil solidity, dependency of the wind velocity on the height and density of plants, humidity of the
soil, vegetation period and other factors. Our experiments have been done using data collection according to the national USDA‘s Forest Health Monitoring
Program (Stohlgren, 2007). Cultivated grassland as the target of the investigation has been taken. The data have been collected in a real time using digital
sensors of the humidity, pressure, gas concentration, solar intensity, wind speed and temperature. All the dependencies of the various physical data were
valuated according to the plant growth. Data were obtained in cultural grasslands with different fertilizer application and in crop fields of different geographical
location. The experimental data confirm that the average meteorological data obtained from the State Meteorology Stations are quite preliminary and cannot be
unambiguously considered as the environmental factors on the wide area of vegetation with different soil. The gathered data set should be used when analyzing
ecological drivers on the fluctuation of the climate. Measurement of properties that affect fluid storage and transport, such as macro porosity, provided soil
quality indices that helped in recommending suitable soil management systems (Harpal et al., 2004).
Key words: plants, ecosystem, measuring methods

Introduction
There are a lot of factors influence Earth’s weather - the extent of snow and ice cover; the surface temperature of
the oceans and the velocity of their major currents; the type of ground cover and the soil moisture content; the amount
and type of cloud cover as it affects the reflection and absorption of the incoming solar radiation and the absorption of the
outgoing infrared radiation from the Earth; the effect of major fires or the ejected from major volcanic eruptions; and the
dynamic state of the atmosphere and its composition - including infrared absorbing molecules such as water vapor, carbon
dioxide, methane, and oxides of nitrogen. That’s just naming a few of the things that we take into account. We don’t
profess to understand or always incorporate all of these and other factors into our Almanac forecasts. However, we are
continually striving to improve our methods. The interaction of plants within their physical surroundings is one of the most
important concepts within Environmental Science. During the changes of the ecosystem, concerning of the household
practice, the rise has born to find others new methods to investigate the growth of the plants. These investigations would
optimally let us to evaluate the environment of plants – soil, its humidity during the rainfall stock is changed, temperature,
lightness, atmospheric pressure and others factors.
Soil respiration, which originates from autotrophic root respiration and heterotrophic microbial respiration in the
rhizosphere and the bulk soil, provides the main carbon efflux from terrestrial ecosystems to the atmosphere and is therefore
an important component of the global carbon balance (IPCC, 1996; Soil gas exchange, which originates from autotrophic
root respiration and heterotrophic microbial respiration in the rhizosphere and the bulk soil, provides different effluxes
from terrestrial ecosystems to the atmosphere and is therefore an important component of the global climate balance
(IPCC, 1996). However, there is a surprising lack of knowledge on the precise functional roles played by multiple abiotic
factors on plant and soil organisms [Park et al., 2003; Han et al., 2007]. Generally, soil temperature and soil moisture are
considered the most influential environmental factors controlling soil respiration and other metabolic processes. These
factors interact to affect the productivity of terrestrial ecosystems and the decomposition rate of soil organic matter,
thereby driving the temporal variation of soil respiration (Wiseman, Seiler, 2004). Soil respiration also exhibits high
levels of spatial heterogeneity, especially across small spatial scales in forest, grassland and farmland ecosystems at
different time scales (Maestre,Cortina, 2003). In order to accurately estimate abtiotic conditions in target ecosystems, we
must be able to account for small-scale spatial variation in ambient (both air and soil) peculiarities (Adachi et al., 2005).
Methods in quantifying spatial variation in soil and air peculiarities are limited and proved to be in small scale (Rayment,
Jarvis, 2000). The heterogeneity of vegetation coverage, root distribution, major environmental factors and soil properties
contributes to the spatial variation of soil (Tang, Baldocchi, 2005).
This paper reports preliminary results from a project designed to investigate the field scale interactions between the
productivity of plant-soil biota system and environment physical indices (air and soil temperature, density, humidity etc.).
The approach is based on the local measurement and comparing the impact of environment physical indices on grassland
productivity at crop habitat scale. Moreover, the study was aimed at evaluation effects of site-specific environmental
factors (climate and soil) and compare with those of State Meteorological Station (Kaunas, Kalvarija distr.).
Materials and Methods
Biosphere-atmosphere interactions were investigated on a light deeply carbonate washed light loam soil
(Bathihypogleyi–Calc(ar)ic Luvisol) in semi natural grassland (54o52′ N, 23o50′ E) at Training farm of Lithuanian
University of Agriculture in 2009 and in intensive grassland at conventional farm (Kalvarija distr.) (54o28′ N, 23o38′
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E) in 2011 respectively. Humus horizon was 25 cm deep. Physical measurements of abiotic parameters were run in
June, when meteorological conditions were optimal for intensive plant and soil biota physiological processes, in absence
of frosts stress. The nearest neighbors are situated 2-3 km and 250 m away from the study site at conventional farm
and semi natural grassland of Lithuanian University of Agriculture respectively. The vegetation of the site semi natural
grassland developed on a neutral soil which has been cultivated in the past, i.e. more than 20 years ago. Investigations
were completed during active vegetation period at June. The plants height was 15-20 cm in both cases. Fresh mass (FM)
weighting and drying (105oC) was used to obtaining dry mass (DM, %) and grassland productivity (g m-2).
Air temperature and humidity were measured by mobile air station Meteo Multi, Campbell (sensor FMA510,
humidity sensor PS 2174), UVA radiation by Almemo FLAGB, Radiometer CNR2, soil density by Compaction meter SC
900, Campbel, soil temperature by CM 107, soil humidity by sensor Hydrosense CS-620. Results were obtained in 5
sites of each study field (n=10) and processed with Excel and Data Studio. The inter-dependency and correlation of solar
intensity, temperature of environment, pressure, and wind speed, soil density were investigated. The results were collected
evaluating change of the humidity, temperature etc. in the time of dry period. The data of the State Meteorological Station
have been compared with measurement results for respective periods (i. e. days) and sites of the experiment. Results were
evaluated statistically by using package Statistica (StatSoft for Windows) program ANOVA. The confidence limits of the
data were based on Student’s theoretical criterion at the level of statistical significance p<0.05.
Results and Discussion
The 5 experimental sites have been chosen (Fig. 1), which were in many different places of the relief in the semi
natural grassland, handing different humidity and density of the soil. The investigations of the soil density have shown
that the structure of the measured soil is very different depending on the relief and depth. Diverse results of soil density
measurements were recorded at different sites of semi natural and intensive grassland ecosystems (Fig. 1 -2).

Figure 1. Soil density measurements in semi natural grassland (54o52′ N, 23o50′ E) in 2009

Figure 2. Soil density measurements in conventional farm grassland ecosystems (54o28′ N, 23o38′ E) in 2011
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Compared grassland ecosystems, differing in the degree of anthropogenization level and abiotic factors, the
least yield of fresh mass (892.5-1520.0 g m-2) and dry material (12.7-23.6 %) were obtained in semi natural grassland
as compared with those of intensive grassland (Table 1). Intensive fertilizing and optimal botanical composition (47%
Poaceae and 50% legume) possible could be a reason of higher productivity of intensive grassland.
Table 1. Yield and botanical composition of semi natural (1-8 site) and intensive grassland (IG)
Site

FM, g m-2

DM, %

1
2
3
4
5
IG
LSD05

957.5
892.5
1002.5
1102.0
1520.0
3020.0
87.55

19.9
22.8
23.5
23.6
12.7
27.4
0.6

Poaceae
35
50
75
71
70
47
1.04

Botanical composition, %
Fabaceae
35
3
0
0
0
50
0.53

Forbes
30
47
25
29
30
3
1.18

One can see the total increase of the soil density against the depth. Indeed, that is logical. Measurements of soil
humidity in the same 8 different places verified non homogeneous increasing of density at the same time, and then the
dept of the measuring is increasing too.
The highest humidity alteration (~35 %) was observed in sites 1, 2, 4, and 5 (Fig. 1). Noteworthy, these measurements
are directly correlating to investigations of the soil density, shown in Fig. 2. In the last (others-at 2011 years) measuring
sites moisture was about 5%, that emerges a higher soil density (Fig. 2).

Figure 3. Soil humidity measurements according to 2009 and 2011 years

When analyzing environment influencing change of plants, investigations of humidity, solar intensity, temperature,
wind speed and absolute air pressure were considered. The data of these measurements are presented in Figures 3-7.

Figure 4. Solar intensity in semi natural grassland (54o52′ N, 23o50′ E) in 2009
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As we see, the ambient temperature directly depends on the weather temperature and solar intensity. The
experimental measurement has been arranged during dry period of the day in 12-14 a.m. The medium ambient temperature
was 23-27 ºC - first day and 28-23 ºC - second day (Fig. 5). The air temperature obtained from the Kaunas Meteorology
Station was 21.8 ºC and 18.9 ºC (in 2009) and 23.1 ºC obtained from the Kalvarija Meteorology Station (in 2011). The
average soil temperature was 17.5 ºC (in 2009) and 19.3 ºC (in 2011-Fig. 6) during the experiment. The average soil
temperature obtained date from the State Meteorology Stations was 18.2 ºC (in 2009) and 18.5 ºC (in 2011). The wind
speed approximately was changing between 2-4.5 ms-1.

Figure 5. Air temperature and humidity in semi natural grassland (54o52′ N, 23o50′ E) in 2009

When lacking rain, the soil humidity (Fig. 3) was changed in dependence on the relief and soil density. This
correlation between soil humidity and density is very important for plant growth and productivity (Han et al., 2007). In
the sites, where soil density was observed the highest, but humidity was the lowest, the plant height was for 5 – 7 cm less.
That shows that plant state directly depended on soil humidity and density

Figure 6. Air humidity and weather, soil temperatures in conventional farm grassland ecosystems (54o28′ N, 23o38′ E) in 2011
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Figure 7. Wind speed and direction in 2011

Conclusions
During the time of plant active vegetation, the environment which has covered it has a great importance. Influence of
physical factors in local agro environment gives us to understand rating of physical data complexes over time, not only in plant
surrounding (air, and soil), but also it gives as an information about influence of field management measures (soil preparation,
structure, fertilization etc.). Experimental data of this study confirmed that for thorough analysis of agro environment impact
on plants would be not limited data getting from State Meteorological Stations, lying in distance of 10 to 15 km. The best
way would be to use these data only as a bearing or commendatory. We have to notice that data of the environment factors in
grassland ecosystems must be collected in separate site rather obtained from centralized Stations.
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Abstract
This paper describes soil pollution with arsenic and thallium compounds, also gives a quick overview on stabilization methods and materials
that can be used as trace element immobilising additives. According to published research, alkaline materials can be used for arsenic stabilization.
Meanwhile, information on the immobilization of thallium in the soil is very limited. Immobilisation experiment was carried out using cement kiln
dust from cement industries and lime mud obtained from sugar refinery as stabilising agents. The 20% addition of these alkaline industrial by-products
to contaminated soil and sewage sludge was assessed as a possible way to reduce trace element mobility. Total amount (as aqua regia digestible) and
mobile fraction (as (NH4)2EDTA extractable) of 10 trace elements (Zn, Cu, Ni, Cr, Pb, Cd, Hg, As, Se, Tl) were evaluated in four stabilised mixtures and
their initial components. The highest total concentrations of trace elements was found in sewage sludge (Cu, Cd, Zn exceeding maximum permissible
concentrations (MPC) up to 5.5 times), while the lowest total concentrations of trace elements was in lime mud. Results show that the addition of
alkaline waste in most cases decreased available metal fractions. Immobilising effect on contaminated soil was moderate, while both alkaline byproducts effectively reduced mobility of Zn, Ni, Cr, Pb and Cd in the sludge. Mobility of Cu was reduced using lime mud, but additive of cement
kiln dust even increased Cu concentration in mobile fraction. Total arsenic (28 mg/kg) exceeded the MPC by 2.8 times in contaminated soil, while
the highest As mobility was found to be in the sewage sludge (31% of total). Lime mud effectively decreased As mobility in the sewage sludge (by
15%), but alkaline treatment even slightly increased the share of mobile As fraction in contaminated soil. Thallium initially had rather low mobility
(14-17% of total) and addition of alkaline by-products did not have any strong stabilising effect. The highest total concentration of thallium was found
in contaminated soil (17 mg/kg). In general, alkaline treatment was able to produce more stable compounds of the majority of the investigated trace
elements and reduce their potential negative impact on the environment. The best stabilising results were obtained in sludge-lime mud mixture, where
mobility of all the investigated trace elements was reduced.
Key words: trace elements, heavy metals, arsenic, thallium, immobilisation, contaminated soil, sewage sludge, alkaline waste

Introduction
The amount of trace elements (TE) in the Earth’s crust is constant and their depletion in one area leads to enrichment
in another thereby causing soil or water pollution. Soil pollution with TE is a problem of great concern, due to the fact that
inorganic compounds are non-biodegradable like organic ones. As human activities have introduced numerous potential
hazardous trace elements in the environment, various remediation techniques are now applied seeking to reduce the impact
of soil pollution. One of the most popular and widely used reclamation options is excavation and landfilling of contaminated
soil. But excavation and disposal means damage to soil natural structure and it simply displaces the contaminated soil
from one place to another. Moreover, landfill space for soil disposal as well as clean soil for replacement in excavated
areas is required. Dilution of contaminated soils with clean soil is another cheap and effective option especially in a site
where contamination is uneven. It is usually simple to carry out by deep-ploughing and requires no special equipment. But
using this method all contaminants are left on-site, only concentration is reduced. And there is always a risk of bringing a
greater pollution source onto the site. Moreover, dilution process can make some pollutants more ‘available’ to leaching or
downward migration by changing soil pH and redox conditions. Therefore, processes employing dilution of contaminants
in the environment has been restricted, or even prohibited in many countries. However, many other methods (especially
process-based techniques) are more expensive, and the majority of these processes are applied to excavated soil (ex situ).
These are the reasons for search of alternative remediation methods which are regarded as less intrusive and more costeffective (Hartley & Leep, 2008). In-situ immobilization of TE in the soil could be one of such options that have been
extensively studied during the last decades. The goal of immobilization is conversion of mobile toxic compounds, e.g.
heavy metals, into insoluble sulphides, phosphates, hydroxides reducing their mobility and bioavailability (Hartley et
al., 2004; Paulauskas et al., 2006). Thus in-situ chemical immobilization is a remediation technique that decreases the
concentration of dissolved contaminants by sorption, complex formation or precipitation.
Scientific literature usually describes immobilisation effects of 6-8 elements which refer to term heavy metals: Zn,
Cu, Ni, Cr, Pb, Cd, Co, Hg. Such trace elements like arsenic or thallium are less explored, but there are no doubts about
their toxicity and danger to the environment. Though, semi-metal As is not classified as “traditional” heavy metal, it is
highly toxic to plants, animals and humans (Van der Perk, 2006). It is stated, that iron and its compounds are the most
effective in As stabilization process (Kumpiene et al., 2008). However other alternative materials like manganese and
alumina oxides, alkaline materials, are studied as well.
Thallium compared to other TE, like lead, mercury or cadmium is studied in a much smaller scale. Reason could
be that thallium is not easily measured using traditional analytical methods. Although pollution with thallium compounds
does not create global or regional problems, it is a problem in certain places like cement factories or mining sites. United
States Environmental Protection Agency (US EPA) states that there are no existing techniques designated to clean up soil
polluted with thallium compounds (Peter & Viraraghavan, 2005).
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The aim of this study is to evaluate immobilisation effect of alkaline by-products (cement kiln dust and lime-mud)
on Zn, Cu, Ni, Cr, Pb, Cd, Hg, As, Tl and Se, both in sewage sludge and in contaminated soil with a particular focus on
As and Tl.
Arsenic Mobility and Soil Pollution
Naturally arsenic is abundant in places with As-containing bedrock. Anthropogenic sources of arsenic pollution
appeared in last century and nowadays is a problem of great concern. Arsenic was widely used in pesticides, dyes and
preservatives. Chromated copper or zinc arsenates were considered as one of the most effective wood impregnators till the
beginning of XXI century. Most of the products containing As compounds now are banned or their use is highly restricted
due to pollution of the soil or surface water bodies (Townsend et al., 2005).
US EPA bulletin on As pollution introduces six main physico-chemical methods for soil decontamination:
stabilization/solidification (S/S), vitrification, soil washing/acid extraction, pyrometallurgical recovery, in-situ soil
flushing and landfilling (US EPA, 2004).
Chemical stabilization (immobilization) is a part of S/S method, but can be used separately as well. Soil
amelioration with lime and organic matter has been known for many years. Amelioration was used in order to amend
soil with nutrients, increase biomass and reduce soil acidity. Stabilization differs from amelioration because the key
point here is contaminant mobility but not soil fertility. Immobilisation method can be used in-situ in contaminated
places like abandoned mining sites or wood treatment sites (Kumpiene et al., 2008). Materials that can be used for
As stabilization are presented in Table 1.
Table 1. Soil additives used for immobilisation of As and other heavy metals
Additives

References

Iron, iron compounds

Hartley et al., 2004; Hartley & Lepp, 2008, Kumpiene et al., 2006; Seidel et al.,
2005, Jeong et al., 2007

Alkaline materials

Moon et al., 2007; Bertocchi et al., 2006; Moon et al., 2008; Paulauskas, 1999;
Paulauskas et al., 2006;

Al and Mn oxides

Jeong et al., 2007; Ruiping et al., 2009;

Organic materials

Dobran & Zagury, 2006; Bertocchi et al., 2006

The behaviour of As in the soil is dependent on many factors: pH, redox conditions, organic matter and clay content,
bacterial activity, etc. For this reason it is difficult to evaluate long-term effectiveness of the above listed additives. Study
of Kumpiene and co-workers (2007) showed that single factors have different impact to stabilization effectiveness than
their interactions.
Thallium Mobility and Soil Pollution
Thallium does not have such economic value as other TE (Pb, Hg, Cr, Ni, Cu or Zn) and only about 15 tonnes of Tl
are produced per year. Though, pollution scale is not a global one, compounds of Tl are highly toxic. Moreover, Tl tends
to replace potassium in cells and disorder their natural functions which can lead to cell malfunction or even death (Galva
‘N-Arzate and Santamaria, 1998). Naturally Tl is quite rare, though Tl of anthropogenic origin (ore mining, cement
industries, metal refineries) causes pollution of soil and nearest water bodies at local level (Peter and Viraraghvan, 2005).
Plants take up Tl compounds which, due to biomagnification, can appear on higher levels of the food chain (Yang et al.,
2005). Due to the increasing concern of Tl pollution, there is a need to find appropriate soil remediation techniques.
Thallium is usually distributed in four different fractions in the soil (residual, acid exchangeable, oxidizable,
and easily reducible). Naturally existing Tl compounds are strongly bound to soil components and are mostly found
in residual soil fraction (Galva ‘N-Arzate and Santamaria, 1998). Anthropogenically originated Tl compounds tend to
adsorb on easily exchangeable sites. Up to 80% of anthropogenic Tl is found in unstable (potentially mobile) fraction. The
mobility of Tl mostly depends on the amount of contaminant that was released into the environment. Although, soil pH
is also important, Tl+ can be adsorbed onto iron oxides when pH is low (up to 3), though, these links are not very strong.
Tl+ is more electropositive than K+, but due to the similar ionic radius, Tl easily replaces K in silica minerals and clays
(Yang et al., 2005). Meanwhile, Tl3+ is more similar to Al3+, has properties of strong oxidiser and does not tend to shift to
monovalent form (Peter & Viraraghavan, 2005).
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Materials and Methods
Sampling and sample characterisation
Anaerobically processed sewage sludge (SS) was taken at Kaunas city wastewater treatment plant JSC “Kaunas
waters” after dewatering in centrifugation unit.
Contaminated soil (CS) was sampled at a territory of a former sleeper impregnation plant of “Lithuanian
Railways”. Surface soil samples (0-20 cm) were taken with a screw-type auger (sampler) in five different random
spots from a deep circular pit (approx. 5 m deep and 8 m diameter), where a shale oil tank for wooden sleeper
impregnation was formerly situated. The sampling location was heavily contaminated with shale oil waste (easily
detected visually) which probably leaked from the carelessly maintained tank and pipelines during the impregnation
process. Soil subsamples from the surface layer were mixed together to form a composite sample of about 1 kg. Prior
to soil sampling the loose litter layer was removed.
For immobilisation experiment the following industrial by-products were used: cement kiln dust (CD) and lime mud
(LM). Cement kiln dust samples were taken at JSC “Akmenės cement” from electrostatic precipitators (filtration devices)
of cement manufactory technological line as pyroprocessing particulate emissions. It consists of fine mineral particles
captured by air cleaning installations (electrostatic filters, cyclones, etc.) after the dehydration of cement ingredients in
rotary kiln at high temperature (above 1400-1500oC). Portland cement specifications usually limit the amounts of sodium
and potassium. Because bypass CD contains a large quantity of these minerals, CD is usually removed from the process
and end-up as waste material.
Lime mud samples were collected at CSC “Arvi Sugar” where sugar is produced from local sugar beet. LM
is generated when sugar beet diffusion juice is treated with lime milk. Settled non-sugar substances are separated by
filtration, and the resulting lime mud is directed to the storage facility.
All sludge and soil samples were dried at 40±5oC temperature in an oven, homogenized with mechanical ball-mill
or by-hand in a porcelain mortar, sieved to <2 mm, and kept closed in dark glass containers at room temperature in a dry
atmosphere before analytical determinations.
Analytical procedures
Total TE concentration in the solid samples was determined by flame or electrothermal method of atomic absorption
spectrometry (FAAS or ETAAS) with spectrometers Perkin-Elmer 3030 or AAnalyst-100 analysing digestion solutions
according to the standard aqua regia digestion method (ISO 11466:1995). For determination of As, Se and Hg hydride
generation system was applied.
Mobile TE concentration in the solids was determined applying the above described AAS technique in the 0.05M
(NH4)2EDTA (pH 7) extract solutions. Samples with the extractant were agitated for 2 h at room temperature applying
sludge (mass) and extractant (volume) ratio – 10 g/50 ml. After that the extraction solutions were centrifuged, filtered and
analysed for trace elements.
All sludge and soil samples as well as stabilised solids were tested for pH in a 1:5 (w/v) suspension of solid in
double distilled water (DDW) with pH-meter PH 526 calibrated with standard buffer solutions (pH 4.8 and 7). Organic
matter (OM) content was evaluated as loss-on-ignition after heating solid air-dryed samples in a muffle furnace for 3 h at
550°C, or as chromic acid oxidizable OM (Walkley-Black acid digestion method). Total N was determined as Kjeldahl
nitrogen (LST EN 13342:2002); P2O5 was measured using spectrometric method, K2O was determined using flame
photometry; and dry matter content (moisture content) was measured following the standard LST EN ISO 12880:2002.
All tests and extractions were carried out in triplicates and results are presented as mean values expressed in g/kg,
mg/kg or % on a dry matter basis. Reagent blanks were used for quality assurance.
Methodology of the experiment
Immobilisation of trace elements in sewage sludge and contaminated soil was performed by the use of cement
kiln dust or lime mud as stabilising agents, both of which are alkaline industrial by-products originating from cement and
sugar industries. CS and SS samples were mixed with alkaline by-products CD and LM in an 8:2 proportion (calculated
on dry matter basis) to produce four stabilized samples with 20% immobilising additives (CS+CD, CS+LM, SS+CD and
SS+LM). DDW was added to all the mixtures to form thick suspension. Homogenised mixtures were kept for 2 weeks
in a dark place at room temperature in order to achieved ion exchange equilibrium. After that the mixtures were dried at
40±5oC temperature in an oven, homogenized with mechanical ball-mill, sieved to pass 2 mm mesh, and kept closed in
dark glass containers at room temperature in a dry atmosphere before analysis of trace elements.
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Results and Discussion
General physico-chemical characteristics of stabilised mixtures and their components are provided in Table 2. The
highest moisture content was in centrifugated SS (78.56 %), the lowest in CD (1.80 %). Results show, that pH of CD
and LM was strongly alkaline (12.6 and 12.2 respectively); while SS had a slightly basic pH (7.8) and CS had a slightly
acidic pH (6.3). After mixing sludge and soil samples with 20% alkaline additive, the pH of all the suspensions rose
substantially, reaching values of 9.8–12.3 (Table 2). Though soil was more acidic than the sludge, the pH rise of the soil
samples after CD or LM additive was more intensive than in the case of sludge samples.
The highest OM content (Table 2) was in the sludge (59.7%), much lower in the soil (4.6%) and cement kiln dust
is free from organic compounds, as it originates after heating mineral rock materials at extremely high temperature
(>1500oC). The lime mud was comparatively rich in OM (7.2%) due to organic non-sugar substances accumulated in the
lime suspension after sugar refinery process.
Table 2. General characteristics of tested mixtures and their initial components
Parameter

CS

SS

CD

LM

CS+CD

CS+LM

SS+CD

SS+LM

Moisture, %

6.54

78.56

1.80

23.46

-*

-

-

-

pH

6.3

7.8

12.6

12.2

12.3

11.5

11.0

9.8

OM, % DM

4.55

59.67

-

7.18

3.80

4.85

51.26

50.76

CaO, % DM

-

-

39.01

51.69

-

-

-

-

MgO, % DM

-

-

-

1.48

-

-

-

-

Ntotal, % DM

-

4.53

-

0.42

-

-

-

-

P2O5, % DM

-

3.41

-

1.25

-

-

-

-

K2O, % DM

-

0.13

6.86

0.16

2.33

0.13

2.19

0.15

*- no available data

Analytical results of waste composition show (Table 2) that both CD and LM was rich in calcium compounds:
39.01 % and 51.69 % respectively (expressed as CaO), while SS had elevated concentration of plant nutrients N and P.
Concentration of potassium compounds (expressed as K2O) in CD was the highest, reaching almost 7%, and characterising
CD as a potential source of this valuable plant nutrient. K2O values in the investigated mixtures were lower than those
observed in the original components, but still they were high in mixtures with CD (>2%) to compare with natural
background concentration.
Table 3. Total concentration and mobility of trace elements in initial materials
Contaminated soil (CS)
Trace
element

MPC
mg/kg

Cu

Cement kiln dust (CD)

Sewage sludge (SS)

Lime mud (LM)

Total,
mg/kg

TE mobility,
%

Total,
mg/kg

TE mobility,
%

Total,
mg/kg

TE mobility,
%

Total,
mg/kg

TE mobility,
%

100

19.26*

13.86

30.75

9.11

166.72

43.80

12.87

20.67

Zn

300

80.44

4.81

59.70

0.80

1655.05

16.94

62.33

9.55

Cd

3

0.82

74.39

5.23

4.59

13.59

47.53

0.74

21.62

Pb

100

137.61

6.19

168.91

1.35

86.54

14.20

23.46

5.54

Ni

75

19.90

13.57

66.56

2.28

38.63

72.77

15.75

5.21

Cr

100

78.69

4.22

82.54

3.39

136.00

17.01

12.65

5.22

Hg

1.5

0.84

14.29

1.20

-**

0.41

12.20

0.16

-

As

10

28.16

16.34

1.45

-

0.64

31.25

0.84

5.95

Se

5

0.66

3.03

1.80

-

1.23

6.50

2.04

-

Tl

-

16.74

16.55

12.74

6.36

3.87

13.95

6.88

19.19

*Relative standard deviations for triplicates were below 10%.
**No data about MPC; or mobile concentration was under detection limit
MPC - Maximum permissible concentration (MPC) in soil according to HN 60-2004
Total – TE concentration expressed as aqua regia digestible
TE Mobility – expressed as ratio (%) of (NH4)2EDTA extractable fraction with total concentration
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Data on the total concentration of trace elements and TE mobility in initial mixture components (expressed as
ratio of (NH4)2EDTA extractable fraction with total concentration) are presented in Table 3. It was found, that total Pb and
As concentration in contaminated soil was above MPC under Lithuanian normative document HN 60-2004, while Cd
showed the highest mobility (74%). Tl total concentration in the soil (16.74 mg/kg) was the highest from all the 4 solids,
but it is difficult to make any conclusion about risk degree, as no limit value for Tl is provided in Lithuanian normative
documents. In cement kiln dust total Cd and Pb also exceeded MPC, but mobility of all trace elements in this alkaline
waste was low (<9%). Concentrations of Hg and Se in (NH4)2EDTA extracts of alkaline wastes, as well as As – in CD,
were below their detection limits. Cu concentration in SS sample exceeded the maximum permissible concentrations
(MPC) for contaminated soils 1.6, Zn 5.5 and Cd 4.5 times. Ni, Cd and Cu in the sludge can be characterised as highly
mobile (mobility above 40% of the total concentration). The mobility of As exceeded 30%, and the rest of trace elements
had also elevated concentrations comparing with the other investigated solids. Such mobility indicates their anthropogenic
origin in the sludge. The total concentration of all the investigated trace elements in lime mud was below permissible limit
values, and immobile fractions dominated, except for Cd and Cu that exceeded MPC by 20%.
Comparison of the mobility of the selected trace elements, only occasionally described in other stabilisation assays:
As, Tl, Hg and Se is provided in Fig. 1. The data shows that As had the highest mobility in all four mixtures. Mobility of
Hg and Tl was much lower, and Se was the most stable in all the investigated mixtures. Alkaline treatment did not bring
significant changes in the mobility of these trace elements, only lime mud was more effective when stabilising As in the
sludge sample.

Figure 1. Mobility of As, Tl, Hg and Se in stabilised mixtures and their components: CD - cement kiln dust, LM - lime mud, SS –
sewage sludge, CS – contaminated soil

Data on changes of trace element mobility in the stabilised mixtures is provided in Table 4. The degree of metal
immobilization was evaluated by analyzing the (NH4)2EDTA leachable fraction of trace elements in the treated mixtures
and comparing with untreated solids.
Table 4. Changes of trace element mobility in the stabilised mixtures
Trace element mobility, %

Trace element
CS

CS+CD

CS+LM

SS

13.86
43.80
Cu
17.79 (+3.93)
15.59 (+1.73)
4.81
16.94
Zn
3.80 (-1.01)
4.17 (-0.64)
74.39
47.53
Cd
27.66 (-46.73)
39.76 (-34.63)
6.19
14.20
Pb
4.55(-1.64)
4.81 (-1.37)
13.57
72.77
Ni
12.27 (-1.3)
10.16 (-3.41)
4.22
17.01
Cr
3.72 (-0.5)
4.99 (+0.77)
14.29
12.20
Hg
10.75 (-3.54)
13.33 (-0.96)
16.34
31.25
As
20.94 (+4.6)
22.92 (+6.58)
3.03
6.50
Se
2.35 (-0.68)
1.87 (-1.16)
16.55
13.95
Tl
12.14 (-4.41)
15.44 (-1.11)
“+” – mobility increased; “-“ – mobility decreased.
CD - cement kiln dust, LM - lime mud, SS – sewage sludge, CS – contaminated soil.
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SS+CD

SS+LM

56.29 (+12.49)
9.72 (-7.22)
28.19 (-19.34
5.93 (-8.27)
24.02 (-24.02)
3.14 (-13.87)
8.77 (-3.43)
28.75 (-2.5)
4.48 (-2.02)
11.88 (-2.07)

28.82 (-14.98)
11.72 (-5.22)
32.58 (-14.95)
4.71 (-9.49)
32.60 (-40.17)
4.91 (-12.1)
8.33 (-3.87)
16.18 (-15.07)
3.60 (-2.90)
11.63 (-2.32)
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Results show that the addition of alkaline waste in most cases decreased available metal fractions. Immobilising
effect on contaminated soil was moderate, while both investigated alkaline by-products effectively reduced mobility of
Zn, Ni, Cr, Pb and Cd in the sludge. Mobility of Cu decreased in SS mixture with lime mud, but in the case of CD additive
mobility even increased reaching 56% and being the highest of all the investigated trace elements. Addition of alkaline
by-products also increased mobility of As in contaminated soil sample, while alkaline treatment had an opposite effect
on As in sewage sludge by decreasing its mobility. Thallium initially had rather low mobility and addition of alkaline
by-products did not have any strong stabilising effect. The same trend was observed in the case of Hg and Se. In general,
alkaline treatment was able to produce more stable compounds of the majority of the investigated trace elements and
reduce their potential negative impact on the environment. The best stabilising results were obtained in SS+LM mixture,
where mobility of all the investigated trace elements was reduced.
Conclusions
1. According to published research, alkaline materials can be used for arsenic stabilization. Meanwhile, information on
the immobilization of thallium in the soil is very limited.
2. Total arsenic (28 mg/kg) exceeded the MPC by 2.8 times in contaminated soil, while the highest As mobility was
found to be in the sewage sludge (31 % of total). Lime mud effectively decreased As mobility in the sewage sludge
(by 15%), but alkaline treatment even slightly increased the share of mobile As fraction in contaminated soil.
3. Thallium initially had rather low mobility (14-17 % of total) and addition of alkaline by-products did not have strong
stabilising effect. The highest total concentration of thallium was found in contaminated soil (17 mg/kg).
4. The highest total concentrations of trace elements was found in sewage sludge (Cu, Cd, Zn exceeding MPC up to 5.5
times), while the lowest total concentrations of trace elements was in lime mud.
5. In general, alkaline treatment was able to produce more stable compounds of the majority of the investigated trace
elements and reduce their potential negative impact on the environment. The best stabilising results were obtained in
sludge-lime mud mixture, where mobility of all the investigated trace elements was reduced.
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Possibilities of Buckwheat Grain Classification in the Air Flow
Edvardas Vaiciukevičius, Egidijus Šarauskis, Anicetas Strakšas, Darius Jonušis
Aleksandras Stulginskis University, Lithuania
Abctract
The investigation of the sorting of buckwheat grains “Smuglianka” with the air flow has been fulfilled in the laboratory of the Machine
department of Lithuanian Agricultural University. The main goal of the tests was to investigate the possibility to use air flow to sort the buckwheat grains
by varying the buckwheat grain flow, the slanting air flow rate and angle, and to determine the rational parameters for the buckwheat grain grading.
The tests have been executed using the method adopted by the Agricultural machinery department. The critical rate of the buckwheat grains has been
determined prior to the buckwheat grain sorting tests using the air flow. Analyzing the test results 1000 grain mass of the buckwheat collected in the
individual boxes has been estimated.
The tests defined that average critical rate of the buckwheat grains “Smuglianka” was (vk.vid =8.96 m s-1), and the flight coefficient was 0.33. To
sort the buckwheat grains with air flow its rate should not exceed 0.9 kg·(m·s)-1, the recommended air flow rate is approximately 10 m·s-1, the impact
of the air flow angle is insignificant. Suitable selection of the parameters of buckwheat grains and air flow makes it possible to use the air flow for
buckwheat grain grading, and to use the seeds blown into the first two boxes for the sowing.
Key words: buckwheat grain, classification, air Flow, grain flow

Introduction
Buckwheat (Fagopyrum esculentum) is one of the most valuable nutritive crops. According to their nutritional value
buckwheat grains are better than those of grain crops because of abundance of iron and organic acids, good assimilation of
proteins and carbohydrates. Only rice has more precious nutritive value if compared with buckwheat cereals.
Buckwheat crop area declared in Lithuania in 2010 was 20304 ha [Šapailaitė L., Požėlienė A., Lynikienė S.,
2007]. Buckwheat crop growers meet not only with the problems of gain separation, but the buckwheat grain sorting in
accordance with biological value, i.e., the whole of quality indices of seed-corn. When grading the buckwheat seeds after
the separation they are calibrated into the fractions according to the size, density and other characteristics [Vaiciukevičius
E., Strakšas A., 2009]. The scientists who research seed farming [Romanovska D., Rožukas A., 2006] and selection
[Lazauskas J.,1998] have stated that the buckwheat sorting in accordance with the grain size is one of the most important
factors providing the greater yield. They assert that the biggest grains should be chosen for the sowing thus the greatest
attention is paid to their calibration.
The seed quality is determined by the cleanliness and the biological homogeneity, and the improvement of the
seed quality is related with the utilization of modern sorting machines. Premixes, damaged, tiny and not-fully-developed
grains are removed during the sorting. These means help to improve seed quality, and the grain having similar physicalmechanical properties are classified into various fractions.
The grain separation in accordance with their biological characteristics is practically impossible thus the biologically
valuable grains are classified indirectly according to other physical-mechanical attributes that most fully represent these
features. Such criterion can be grain size, mass, density, form etc. [Трофимов С.К., Конченко Н.Ф. 1992].
Ivanov L. E. has investigated the grain classification into fractions. He has stated that the well-chosen sorting
method subject to the grain type results in the much greater mass of 1000 grains [Иванов Л.Е., 1997].
Zaika P. M. after the research has stated that the vibration sorting unit with the course belt surface enables
to separate from 10 to 28 % of cabbage seeds and from 2 to 30% of radish seeds the fertility of 1000 seed mass of
which is greater than the control one [Заика П.М. et all 1989 ]. The percentage of seed separation depends on the
angle of the belt position.
The Ukraine enterprise “Agrotech” has patented the multifunctional universal aerodynamic separator with
deflectors installed for the equal air flow. Seeds and grains are accurately classified according to their specific weight.
After the grading the grain homogeneity equals to 3% [Agroteh., 2007]. The field tests enabled to determine that the
grain sorting in accordance with their biological value the seed norm should be reduced by 20 – 30%, then the crop yield
increases by 30 – 40 %.
Aerodynamic separators have no sieves, their design is less sophisticated thus there are no vibrations, and in
conclusion the machine technical reliability is greater.
Methodology
Buckwheat grains “Smuglianka” of 2010 yield were used in the tests. Their average moisture content was wgr =
16.7%. In accordance with the given method [Beck F., 1997] the aerodynamic characteristics of buckwheat grains were
tested with the classifier in the Machine department of Lithuanian Agricultural University. The defined aerodynamic
features of the buckwheat grains impacted the spread of buckwheat grains in the air flow.
The scatter of the buckwheat grains in the sloping air flow has been tested with the test stand (Fig.1) in the Machine
department of Lithuanian Agricultural University.
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Figure 1. The scheme of the test bench: 1 – boxes; 2 – buckwheat grains; 3 – transporter; 4 – frame; 5 – ventilator; 6 – air duct

Grains have been evenly distributed on the belt transporter 3 the length of which is 2.3 m and the width is 0.3 m.
The buckwheat grains were fed into the sloping air flow with the help of the transporter. The grains were scattered in
the zone of 0.63 m length and 0.3 m width. This zone has been divided into ten segments. The box of 0.105 m width has
matched each segment. The grains from each box were weighted and their quantity in percents was calculated.
Centrifugal ventilator supplied the slanting air flow via the air duct. Thermo-anemometer E + Electronic EE 65VB5 was used to measure the air flow speed in the air duct and the spirit-level DMN 60L measured the direction angle
before each test.
Results
The average critical rate (vk.vid =8.96 m s-1) (Fig.2) has been determined during the tests of aerodynamic features of
buckwheat grains, and the average value of the flight coefficient (ks = 0.33) has been calculated. The tests disclosed that the
greatest amount approximately 40% of the grain has been sucked when the air flow speed in the inlet air duct is 9 m s-1.

Figure 2. The impact of vertical air flow speed (critical rate) on the grain mass quantitative scatter: Ws = 16.7%

During the investigation of the impact of the buckwheat grain flow on the grain spread (Fig.3) the amount of
buckwheat grains from 0.5 kg·(m·s)-1 to 1.3 kg·(m·s)-1 moving at the speed of 10 m s-1 has been fed into the slanting air
flow moving at the angle of 12o.
The tests disclosed that when the supplied grain flow is increased the air flow insufficiently scattered the grain
layer. The grains lost the energy when they crashed into each other due to the greater grain density in the air flow thus the
greater amount of the grains fell into the nearest boxes. There was no significant variation when different amount of the
buckwheat grains (from 0.7 kg·(m·s)-1 to 0.9 kg·(m·s)-1) were fed into the air flow therefore the mass of 1000 grains found
in individual boxes was tested (Table 1).
In order to determine the scatter of 1000 grain mass the sloping air flow moving at the rate of 10 (m·s)-1 was
additionally supplied with the buckwheat grains varying their amount from 0.1 kg·(m·s)-1 to 1.7 kg·(m·s)-1. It has been
defined that when the grain flow is increased the grain sorting becomes worse due to the increasing resistance to air flow.
The heaviest grains having the greatest mass were sorted at the grain flow was higher than 0.9 kg·(m·s)-1.
With the tests of 1000 grain mass in the individual boxes in mind it can be concluded that the optimum buckwheat
grain flow is 0.9 kg·(m·s)-1.
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Figure 3. The impact of buckwheat grain flow on the grain scatter: 1 – the grains in the 1st box; 2 – the grains in the 2nd box; 3 – the
grains in the 3rd box; 4 – the grains in the 4th box; 5 – the grains in the 5th box; a = 12o (is the angle of air flow position); v = 10 m·s-1 (is
the air flow rate); v1 = 0.5 m·s-1 (is the transporter belt movement speed); Ws = 16.7% (grain moisture)

Table 1. The scatter of 1000 grain mass varying the grain flow from 0.1 kg·(m·s)-1 to 1.7 kg·(m·s)-1
Grain flow
kg·(m·s)-1

Average mass of 1000 buckwheat grains in the boxes
The first

The second

The third

The fourth

0,1

29,5±0,015

26,7±0,028

20,7±0,006

18±0,028

0,5

29,6±0,013

27,3±0,021

24,3±0,030

24,2±0,011

0,9

30,4±0,019

28,6±0,009

25,8±0,008

24,2±0,017

1,3

30,1±0,017

29,3±0,022

26,7±0,018

23,3±0,052

1,7

28,9±0,008

28,3±0,006

26,1±0,023

23,4±0,061

In order to define the rational rate of the air flow 0.9 kg·(m·s)-1 of buckwheat grains have been fed into the air flow
moving at the angle of 5 degrees (Fig.4). The air flow rate has been changed from 6 m·s-1 to 12 m·s-1.

Figure 4. The impact of air flow rate on the grain scatter: 1 – the grains in the 1st box; 2 – the grains in the 2nd box; 3 – the grains in
the 3rd box; 4 – the grains in the 4th box; 5 – the grains in the 5th box; α=120; q=0,9 kg·(m·s)-1; vt=0,5 m·s-1; Ws=16,7%

When the grain flow has been treated with the air flow of 6 m·s-1, 95% of the grains fell into the first box. Buckwheat
grain scatter becomes more even when the slanting air flow is being increased. The tests showed that the grains reached
further boxes when the slanting air flow rate was above 12 m·s-1, thus the recommended slanting air flow rate is 10 m·s-1.
The impact of 1000 grain mass on the scatter has been tested because the grain layer is viscous (Table 2).
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Table 2. The scatter of 1000 grain mass when the air flow is varied from 6 m·s-1 to 14 m·s-1
Air flow speed
m·s-1

Average mass of 1000 buckwheat grains in the boxes
The second

The second

The second

The second

6

28,4±0,024

25,4±0,271

23,4±0,185

19,6±0,088

8

28,8±0,033

28,9±0,088

25,7±0,033

24,5±0,681

10

30,23±0,202

27,9±0,066

26,8±0,157

24,0±0,033

12

28,7±0,081

29,0±0,057

28,6±0,641

27,8±0,601

14

29,4±0,033

29,5±0,07

28,9±0,088

28,9±0,991

When the slanting air flow rate has been increased from 6 m·s-1 to 14 m·s-1, 1000 grain mass in the 5th box increased
from 19.6±0.37 g to 28.9±4.27 g, as the sorting became worse because of the formed vortexes, and the light grains were
mixed with the heavy ones. When the slanting air flow rate was 10 m·s-1 the biggest grains fell into the 2nd box (1000 grain
mass was 30.2±0.872 g).
In order to investigate the impact of the air flow angle on the grain scatter (Fig.5), 0.9 kg·(m·s)-1 of buckwheat
grains were supplied into the slanting air flow moving at the rate of 10 m·s-1.
The air flow angle has been varied from 3 to 15 degrees. When the air flow angle was 3o the greatest amount of the
grains fell into the 1st and the 2nd boxes, and it meant that the grain layer was scattered insufficiently.
It has been noticed that the smaller air flow angle the greater the number of the grains that fall into the nearest
boxes, and vice versa the number of the grains proportionally decreased in the further boxes.
This can be explained by the fact that the grain in the vertically rising air flow is blown further due to the force of
the external air flow. The rational angle of the slanting air flow is approximately 12o, because the increase of the value of
this angle to about 15o would result into the greater amount of big grains blown into the 3rd and 4th boxes.

Figure 5. The impact of the air flow angle on the grain scatter: 1 – the grains in the 1st box; 2 – the grains in the 2nd box; 3 – the grains
in the 3rd box; 4 – the grains in the 4th box; 5 – the grains in the 5th box; v=10 m·s-1; q=0,9 kg·(m·s)-1; vt=0,5 m·s-1; Ws=16,7%

Investigating the impact of the air flow angle on the spread of 1000 grain mass (Table 3) the conclusion has been
arrived at that the biggest grains (30.6±0.115 g) fell into the 1st box when the slanting air flow angle was 3 degrees.
Table 3. 1000 grain mass scatter when the air flow angle is being varied from 3 to 15 degrees
Air flow angle
degrees

Average mass of 1000 buckwheat grains in the boxes
The second

The second

The second

The second

3

30,6±0,115

26,8±0,145

25,2±0,176

24,0±0,066

6

29,0±0,100

26,5±0,208

25,1±0,120

24,3±0,261

9

30,0±0,120

28,4±0,176

26,9±0,088

25,6±0,266

12

28,5±0,145

27,7±0,191

26,7±0,101

24,0±0,115

15

28,4±0,100

28,4±0,088

26,3±0,115

25,5±0,088
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Conclusions
1. The average critical rate of the tested buckwheat grains “Smuglianka” was (vk.vid =8.96 m s-1), the flight coefficient was
0.33 at the grain moisture content of 16.7%.
2. After the estimation of the impact of the tested parameters on the grain scatter in the slanting air flow it has been
recommended to feed approximately 0.9 kg·(m·s)-1 of buckwheat grains into the air flow moving at the rate of 10 m·s-1.
Then about 40 – 45 percent of the grains fall into the 1st and the 2nd boxes.
3. In order to find the parameters of the buckwheat grain sorting the attention should be paid into the 1000 grain mass in
the boxes. At the rational parameters the biggest grains (1000 grain mass equal to 30.6±0.115 g) fell into the 1st box.
4. The properly chosen parameters of the slanting air flow made it possible to sort the buckwheat grains with the
air flow.
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Architecture of Anadaptive Automatic Control System for Bioprocess Control in
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Abstract
Acomplex process of biological object behavior monitoring and control can be accomplished by combining automatic control system benefits
with data mining and data analyzing technologies.
Automated adaptive control and monitoring system was developed based on self-developed system architecture for improving the honey bee
wintering process. System is used for controlling and monitoring honey bees in the bee wintering building with controlled microclimate environment.In
order to developsuch biological systems it is needed to use various information technologies and expert knowledge in specific biological field.
Proposed control system architecture is based on independent technical sub-systems, which can be developed individually.

Introduction
Nowadays one can observe situation ofrapidly increasing demand for biological system control solutions in various
production fields, for example, it can be mentioned Precision Agriculture, biotechnologies, pharmacy and etc.
This paper concentrates onthebiological processes which take place in aclosed environment (see Fig.1) (greenhouses,
wintering buildings, grain dryers etc.), because only in this type of environment it is possible to change pre-defined
microclimate parameters to changethe process stateor thebehaviorof the biological object.

Figure 1. Biological process environment

One of the biological process features is that it usually takes place without direct human participation and intervention.
Human task remains as applying needed action to the object at the exact time. Using the information technologies
thecontrol and monitoring process of the complex biological object could become more precise and interactive.
Today there are developed many systems, which performonly a singledefined task, for example onlymicroclimate
control, object parameter measurement or else.For example V.Ogorodnik developed an automated control system for
grain drying process [Ogorodniket at., 2009]. The purpose of the system was to bring the condition of the air to the
desirable temperature and moisture by preheating the air with help of the sun and/or a wood heated furnace. As the
measured parameters were microclimate parametersonly, the grain specific parameters were not monitored and taken into
account. Many researches aimed to control greenhouse microclimate conditions without monitoring the conditions of the
inner biological objects [Pasgianos et al., 2003; Arvanitis et al., 2000; Stipanicev and Marasovic, 2003].
In this paper author offers a model ofa unified system architecture which could be used when developing control
systems for performing acomplex task of biological object monitoring and control, combining environmental microclimate
control with individual biological object monitoring.
Proposed architecture of an automatic control system
When controlling a biological process it is needed to combine many tools and devices for the successful operation
of the system, starting from choosing the physical equipment till programming and choice of web-based tools. Author of
this paper developed a unified system architecture of biological object behavior monitoring and control, which is based
on adaptive automatic control system combined with data acquisition (data mining) system and data computational (data
analyzing) system.
Model of the self-developed system architecture is demonstrated in the Fig.2:

474

Rural Development 2011

Engineering and Environment of Biosystems

Figure 2. Architecture of biological object behavior control system

The developed system consists of three main elements or sub-systems: a control system, a measurement system
and a computational system. In a closed environment the biological process is automatically controlled by the automatic
control system based on needed environmental parameters (temperature, humidity, light intensity etc.). At the same time
the specific parameters of biological objects are measured by the measurement system. Measurements results or data
about biological objects are transferred to the remote computational system for further data evaluation and analysis. Then
based on a predefined algorithm or a model, the computational system can recognize the state of the monitored biological
object. Taking into account other external additional data sources, system will make the decision of changing the control
system parameters either by itself or by attracting the operator.
The control system can be realized and implemented using specific controlling devices, sensors and actuators.
Nowadays there is a huge amount of such devices available and the right equipment is needed to be chosen for each
specific task.
The measurement or data acquisition systems can be developed using sensor network architecture. Based on a
defined task wired or wireless technologiescan be used. Wireless technologies have been under a rapid development
during recent years and nowadays wireless sensor network is a perspective scientific direction. The countof applications
for wireless sensor network count is also increasing [Wang et al., 2006]. One can mention many scientific publications
where authors are using the wireless solutions for measurement tasks [Ahonen et al., 2008; Mancuso and Bustaffa, 2006;
Liu and Ying, 2003; Wu et al., 2006].
The main objective of the computational system is to save and demonstrate received biological object data. One of
the ways to effectively publish data is to develop and utilize a web based application.
Practical example of the developed control system using the described architecture
To practicallydemonstrate the described system architecture authorchose to develop control system for monitoring
and controlling honey bee behavior during the passive wintering period inside the special wintering building. So the
described and monitored biological process is bee wintering process.The honey bee wintering building is a building with

475

Rural Development 2011

Engineering and Environment of Biosystems

size 6,25m x 4,00m x 2,4m made from sandwich panels with wall thickness of 80 mm and the roof 100 mm [Osadcuks
and Stalidzans, 2008] (see Fig.3.).

Figure 3. Experimental honey bee wintering building (view from rear side and inside)

As mentioned in thedescribed system architecture the whole system consists of three sub-systems:
I. Automatic microclimate control system. The developed control system is based on and controlled by a PLC
(Programmable Logical Controller). PLC controls other equipment in the building(heater, fans, cooling system). The
main task of the system is to control the temperature changes. Temperature is measured, using the Siemens Sitrans TF2
sensor [Zacepins etal., 2010].
II. Honey bee hive temperature measurement system (see Fig.4.). In our case we are monitoring the activity of bees
inside each individual hive. We have developed one-wire temperature sensor network to measure the temperature. For our
sensor network we are using small d18s20 temperature sensors which are sequentially connected with Temp08 interface
device, which are used for data transmitting from sensors to the end PC [Zacepins et al., 2011].

Figure 4. Developed one-wire temperature measurement system

III. Computational system.Astandalone MS Office application based on Pivot tables and Pivot charts was developed.
The application is used for summarizing received data from measurement system and for demonstration of resulted charts
to the end user for further decision making. As additionalinformationfor correct decision making weather forecast can
be usedin our case. To this moment we have not implemented automatic decision making based on data and this option
remains in our future work plans.
Based on developed architecture honey bee behavior monitoring and control system model is demonstrated in
Fig.5.

476

Rural Development 2011

Engineering and Environment of Biosystems

Figure 5. Architecture of wintered honey bee behavior monitoring and control system

Conclusions
1.

2.

Based on the offered system architecture the complex task of biological process monitoring and control can be divided
into smaller logical parts or sub-systems. These sub-systems can be developed individually and independently, but by
combining them all together it is possible to build an advanced control system for biological object monitoring and
control.
The offered system architecture and described approach could be also applied in other fields, where biological object
is in the center. For example, similar systems could be built for monitoring the vegetables in the greenhouses, grains
in the dryers etc.
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