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FOREWORD 
 

A sustainable world means working together to create prosperity for all. ...  

Even when early innovations start to succeed, it is not uncommon to see growing ... 

/Jacqueline Novogratz, founder and CEO of Acumen Fund, 2011/ 
 

Conference “Rural Development 2013: Innovation and Sustainability” is an international event 
designed to bring together key stakeholders involved in agricultural and food systems, natural resources and 
rural development research for discussion on the most important issues impacting our efforts to address the 
Challenges of Tomorrow. The importance of collaborating internationally relies upon the communication 
and sharing of research results, plans, resources and lessons learned by all international stakeholders.   

Rural development originates from combining innovatively a wide range of different and often, 
refigured resources, which consequently flow into a set of new activities, interactions, transactions and 
networks. Only through a successful mix of technological, social, organizational and institutional elements, 
and emerges through stakeholder interaction and learning Innovation occurs. Therefore, the 6th international 
conference of Rural Development is orientated to innovations and sustainability.  

Innovation – the process by means of which social and economic needs are met with new ideas and 
new products, services or business and organizational models are created; they are successfully introduced 
into existing markets or are capable of creating new markets. Innovation is a key factor, as in most developed 
countries it has long been the main engine for the economic growth, enabling achievement of high business 
efficiency and profitability, and rapidly improving quality of life. 

Sustainable growth means building a resource efficient, sustainable and competitive economy, 
exploiting leadership in the race to develop new processes and technologies, including green technologies 
and bio-based economics, using the EU-scale and foreign networks. Such an approach will help to prosper in 
a low-carbon, resource constrained world while preventing environmental degradation, biodiversity loss and 
unsustainable use of resources. It will also underpin economic, social and territorial cohesion.  

It is a great pleasure for us to welcome at our conference the scientists from our neighbouring 
countries and those coming from Belgium, the Czech Republic, Estonia, Finland, Germany, Hungary, India, 
Ireland, Italy, Kazakhstan, Latvia, Lebanon, the Netherlands, Poland, Romania, Russia, Spain, Turkey, the 
Ukraine, the United Kingdom, the United States and other countries. 

All the participants will be awarded the possibility to express their attitudes towards the scientific 
issues related to the Food Safety and Security, Engineering and Environment of Biosystems, Multifunctional 
Approach to Sustainable Use of Natural Resources, Social Innovations of Regional Rural Development 
Future and Present Policy of Agriculture and Rural Development.  

May this conference be a useful step in meeting the challenges faced by Agricultural, Food system and 
rural communities. Proceedings of the International Scientific conference “Rural Development1” (ISSN 
1822-3230 (print), ISSN 2345-0916 (online)) have been published periodically every two years since 2003. 
The proceedings are indexed and abstracted in the international databases: Thomson Reuters ISI Web of 
Science (since 2005) and Academic Search Complete via EBSCO (since 2009). The research papers meet the 
requirements of editorial board and are reviewed by two reviewers under single-blind refereeing process. 

The editorial board of the proceedings “Rural Development 2013: Innovations and Sustainability” 
hope that the scientific ideas presented in the research papers are meaningful not only for the researchers in 
the fields of agriculture and rural development, but also for the students, politicians and decision makers in 
the EU, national, regional, local organizations of agriculture and rural development. These ideas will 
promote constructive debate and search for new solutions, sharing the experience and will encourage further 
cooperation in and sustainability of rural areas development.  

 
 

Vice-Rector of the Aleksandras Stulginskis University  
assoc. prof. dr. Laima Taparauskienė   

                                                           
1 Website of the scientific journal – http://www.asu.lt/rural__development/en 
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I. Food Safety and Security  

 

Industrial Hemp Productivity and Tensile Endurance Determine of Hemp Fiber 
 

Aleksandrs Adamovics, Aivars Kakitis, Rasma Platace  
Latvia University of Agriculture 
 

Abstract 

 

 The biometric parameters of ten industrial hemp cultivars – ‘Bialobrzeskie’, ‘Futura 75’, ‘Fedora 17’, ‘Santhica 27’, ‘Beniko’, ‘Ferimon’, 
‘Epsilon 68’, ‘Tygra’, ‘Wojko’ and ‘Uso 31’ have been investigated at the Research and Study farm “Peterlauki” of the Latvia  University of 
Agriculture in 2011-2012. 

The yield of hemp dry matter in Latvia's agro-climatic conditions depending on the variety accounted for an average of 17.78 - 18.41 t ha-1. 
Three industrial hemp varieties 'Bialobrzeskie', 'Futura75' and 'Tygra' were tested for natural hemp fiber (with splint) tensile strength. Samples to be 
measured were selected and sized in 50 mm long pieces of fibers, for each thickness was measured in three places and its average value was 
calculated. In order to secure the samples in the test machine, a previously elaborated method was used ensuring convenient fixing and correct 
disruption of the sample. Results of the experiments were indicative of the cutoff stress of tensile strength for non-blanched fiber of three varieties of 
hemp with bast addition. The 'Tygra' variety of fibers is having the greatest resistance. Their average tensile strength amounted to 558 MPa, which is 
equivalent to the tensile strength of high quality steel. It should be noted that the experiments have established a large distribution of the measurement 
results. The tensile strength of individual samples ranged from 715 MPa to 373 MPa. This is explained by the fact that hemp fiber is a non-
homogeneous material, and its properties are varied within wide limits. It should be noted that tensile strength of fiber of all the varieties is large 
enough to allow it to be used for reinforcement of foam gypsum.  

The aim of this study was to evaluate hemp (Cannabis sativa L.) as a building material resource. 
 

Introduction  
 

Industrial hemp (Cannabis sativa L.) is one of the earliest domesticated and most versatiled plants known to 
people. It has been cultivated over of many centuries in many regions of Europe and of the World. In the 19th century 
the cultivation of industrial hemp in Europe declined but recently interest has been renewed, for example in Germany, 
France, the Netherland, the United Kingdom, Spain and Italy, but also elsewhere in the world (Struik et al., 2000). And 
nowadays industrial hemp has become very important as a crop for biomass production. Environmental concern and 
recent shortages of wood fibre have renewed interesting hemp as a raw material for a wide range of industrial products 
including textiles, paper, and composite wood products (Ehrensing, 1998). 

The analysis of hemp cultivation and use trends in the world and Europe, as well as taking into account the 
experimental results, we conclude that hemp cultivation and processing in Latvia have good perspectives. It is fast-
growing and suitable for Latvia’s agro-climate conditions. Latvian hemp sowing areas are registered only in year 2008 
and in year 2009 was grown 250 ha. In recent years, the amount of industrial hemp growers and cultivated areas has 
increased in Latvia and, according to data provided by Association of Industrial Hemp of Latvia, plantations area of 
hemps is approximately 600 ha in Latvia in 2012. And it means that, interest for possibilities of the hemp growing in 
Latvia is increasing year by year. 

Latvian climate is suitable for the hemp fiber production. Hemp fibres are used in a wide range of products, 
including fabrics and textiles, yarns and raw or processed spun fibres, paper, carpeting, home furnishings, construction 
and insulation materials, auto parts, and composites. In recent years, there is a growing interest for the use of natural 
materials in composite applications, where cellulose materials are reinforced in gypsum matrix. A result is 
environmentally friendly low density building material, which can show high tensile and compressive strength, good 
heat and sound insulation properties. Foam gypsum is produced using gyps cohesive substance, manufacture of which is 
environmentally friendly and energy efficient (Skujans et al., 2007). A new energy saving composite building material – 
foam gypsum with fibrous hemp reinforcement is investigated in Latvia University of Agriculture (Brencis et al., 2011). 
The foam gypsum was produced using the dry mineralization method mixing water, gypsum, surface active stuff (SAS), 
and adding hemp’s reinforcement. Fibre particle length used for foam gypsum reinforcement varies between 5 and 
20mm. Hemp fibres are natural fibres and their properties vary according to the plant growing regional climatic 
conditions, fertilizers, plant density, harvesting time and pre-treatment technological processes. 

There are two basic types of fibers: natural fibers and synthetic fibers. Many researchers have studied composites 
based on these fibers (Madsen et. al., 2007; Skujans et al., 2010) Compared with synthetic fibers, the advantages of 
using natural fibers in composites are their low cost, low density, unlimited availability, biodegradability, renewability, 
and recyceability (Mwaikambo & Ansell, 2003; Baltiņa et. al., 2009; ). Some studies suggest that natural fibers have the 
potential to replace glass fibers in polymer composite materials (Madsen et. al., 2007; Kara et. al., 2012). 

Natural hemp fibers increase scientific interest in applications of construction elements what can be described by 
the good mechanical properties exhibited by these natural fibers. Natural fibers can be feasibly used as a component of 
composite construction materials. 

Natural fibres, such as flax, hemp have received considerable attention as an environmentally friendly alternative 
for the use of glass fibres in engineering composites (Mwaikambo & Ansell, 2003 ; Meijer et. al., 1995; Sankari., 
2000).These plant fibres have a number of techno-ecological advantages over traditional glass fibres since they are 
renewable, can be incinerated with energy recovery, show less concern with safety and health (e.g. skin irritation) and 
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give less abrasive wear to processing equipment such as extruders and moulds. In addition, they exhibit excellent 
mechanical properties, especially when their low density (1.4 g/cm3 versus 2.5 g/cm3 of glass) and price are taken into 
account (Kara et. al., 2012; Sankari, 2000 ). Although natural fibres have a number of ecological advantages over glass 
fibres they also possess a number of disadvantages, such as lower impact strength, higher moisture absorption which 
brings about dimensional changes thus leading to micro-cracking, as well as poor thermal stability, which may also lead 
to thermal degradation during processing The fiber quality is determined by the chemical and physical properties. Fiber 
quality reatly is affected by its chemical composition (Jankauskiene &Gruzdeviene, 2009; Baltiņa et. al., 2009; Sankari, 
2000). 

In Latvia industrial hemp is legally allowed to be grown but the main requirement is that hemp plants should 
have a low THC (Tetrahydrocannabiol) content (less than 0.2%).  The EU common catalogue of varieties of agricultural 
plant species contains the list with more than 47 industrial hemp varieties (Cannabis sativa..., 2009). And it is difficult 
to decide which variety from this list could be possible to grow in Latvia with good results and with high biomass yield. 

Hemp fibres increase the bending strength of foam gypsum (Brencis, 2011). The foam gypsum pore structure has 
influence on the material volume density and its physical and mechanical properties (Skujans et al., 2010). 
 
Materials and methods 

 

The field trials were carried out in 2011-2012 in Research and Study farm “Peterlauki” of the Latvia University 
of Agriculture. The hemp varieties ‘Bialobrzeskie’, ‘Futura75’ and ‘Tygra’ were sown in the sod calcareous soils (pHKCl 
6.7, containing available P 52 mg kg 1, K 128 mg kg 1, organic matter content 21 to 25 g kg 1 in the soil.  The total 
seeding rate was 50 kg ha-1. The plots were fertilised as follows: N-120, P2O5- 90, K2O- 150 kg ha1.  Hemp sowing was 
made by Wintersteiger plot sowing machine in the middle of May in the plots of 10 m2, triplicate. Hemp was harvested 
by a small mower MF-70  when the first matured seed appeared.The biometrical indices of the hemp plants, height and 
stalk diameter in the middle of the stalk at harvesting time, the amount of green and dry over ground mass, and fibre 
content were evaluated. The means are presented with their LSD test.  

Three varieties 'Bialobrzeskie', 'Futura75' and 'Tygra' were tested for natural hemp fiber (with splint) tensile 
strength. In this research, fiber bundles were used, because it was difficult to separate single bundles of hemp (Ochi S. 
et al. 2002). Samples to be measured were selected and sized in 50 mm long pieces of fibers, for each sample thickness 
was measured in three places and its average value was calculated. Measurements were taken with digital sliding 
calipers with the digital measurement error 10μm . In order to secure the samples in the test machine a previously 
elaborated method was used ensuring convenient fixing and correct disruption of the sample (Figure1). Samples were 
fixed in a cardboard frame with external size of 50 mm. Ends of the sample were stuck to the cardboard by gluing in its 
ends between the cardboard pieces. After fastening of a sample in the frame, measurements of its width were taken 
using digital microscope Keyence VHX - 300.  

 

1

2

3

3

4

  
 
Figure 1. Fiber sample fixing in the cardboard frame 

before testing 

1- fibre sample, 2 –cardboard frame,  
3 - strengthen cardboard, 4 - a cut place 

 
Figure 2. Fiber sample width measurement with a 

digital microscope Keyence VHX - 300 

Width of the sample was measured at least in three places and the average value was calculated  
(Figure 2). To determine maximum disruption force for the sample, it was loaded under tension by using material 
testing machine Zwick 2500. The sample was placed in the machinery fastenings, by compressing the parts glued in the 
sample cardboards. After fastening, the cardboard frame is cut on both sides (place of cutting 4). Then loading of a 
sample was performed and the tensile chart was shot, from which the maximum disruption force was defined. The 
rupture stress and the tensile strength of the fiber was calculated using software Test Expert. 
 

 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

13 

Results and discussion 

 

Field trials have established that the yield of hemp dry matter in Latvia's agro-climatic conditions depending on 
the variety accounted for an average of 17.78 - 18.41 t ha-1. The cultivation year and the selected variety had significant 
effect on the hemp biomass yield (Table 1). In 2012, the significantly highest amount of dry biomass yield up to 20 t ha-1 
was observed from cultivars ‘Futura 75’ (21.22 t ha-1), ‘Beniko’ (20.51 t ha-1), ‘Wojko’ (20.33 t ha-1) and ‘Epsilon 68’ 
(20.26 t ha-1) but the lowest – cultivar ‘Uso 31’ (12.65 t ha-1). In 2012, the significantly highest amount of dry biomass 
yield was observed from cultivars ‘Futura 75’ (21.33 t ha-1) and ‘Tygra’ (20.87 t ha-1), but the lowest from cultivar 
‘Bialobrzeskie’ (11.95 t ha-1). Statistical evaluation showed that the meteorological conditions during growing season as 
a factor had an influence on the results of total dry biomass yield.  
 
Table 1. Stalk length and biomass yield of industrial hemp varieties, 2011–2012 

Varieties 
Plant stalk length, m Dry biomass, t ha-1 

2011 2012 Average 2011 2012 Average 

Bialobrzeskie 2.63 2.26 2.63 17.15 11.95 14.55 
Futura 75 2.54 2.48 2.54 21.22 21.33 21.27 
Fedora 17 2.47 2.59 2.47 16.60 18.23 17.42 

Santhica 27 2.52 2.66 2.52 19.84 17.39 18.61 
Beniko 2.52 2.84 2.52 20.51 19.27 19.89 
Ferimon 2.41 2.84 2.41 16.90 18.59 17.75 

Epsilon 68 2.50 2.88 2.50 20.26 12.89 16.57 
Tygra 2.49 3.06 2.49 18.61 20.87 19.74 
Wojko 1.95 2.83 1.95 20.33 19.91 20.12 
Uso 31 2.32 2.58 2.32 12.65 17.38 15.01 

Average 2.44 2.70 2.44 18.41 17.78 18.09 
LDS0.05 variety 0.21 3.45 
LDS0.05 year 0.09 1.54 

LDS0.05interaction between variety and year 0.29 4.88 

 
2011th and 2012 harvest hemp fiber tensile strength was determined and compared. Results of the experiment 

were indicative of the cutoff stress of tensile strength for non-blanched fibre of three varieties of hemp with bast 
addition. Tensile test results were obtained with hemp fiber rupture curves of several samples, Figure 3. With each 
species, samples were taken at least 30 repetitions. It should be noted that the experiments have established a large 
distribution of the measurement results. The tensile strength of individual samples ranged from 715 MPa to 273 MPa. 
This is explained by the fact that hemp fiber is a non-homogeneous material, and its properties are varied within wide 
limits. Some samples showed a very high tensile strength in excess of 1000 MPa. Samples with very high and very low 
tensile strength was evaluated as gross measurement error and excluded from the calculation. 
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Figure 3. Hemp fiber specimen rupture curves for different samples of the hemp variety Tygra 
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Some samples were observed partial rupture of the fibers, which can be explained by the uneven fiber strain 
during loading (Figure 3). 

 
Figure 4. Tensile strength  of hemp fiber depending on hemp varieties 
 

After the experiment data processing, the average tensile strength of the two-year yield of three varieties of hemp 
was established. 2011th year's crop variety Tygra showed the highest average tensile strength. (Figure 4). Their average 
tensile strength amounted to 558 MPa, which is equivalent to the tensile strength of high quality steel. 2012th the tensile 
strength of this variety was 454MPa, which is approximately equal to the variety Futura tensile strength. 

Fiber tensile strength of the hemp variety Bialobrzeskie was 361MPa (harvest 2011) and 421MPa (harvest 
2012). Hemp variety Bialobrezskie in both years showed an average of 14% less tensile strength than the variety Futura 
and 23% less than the variety Tygra. 

The modulus of elasticity was determined for all fiber samples (Figure 5). Greatest modulus of elasticity 
E=37.9GPa was stated for the variety Tygra (harvest 2012), smallest E=18.6GPa for the variety Bialobrzeskie, 
harvested in 2012. Large data dispersion during experiments was determined for hemp fiber samples. Modulus of 
elasticity of the hemp variety Tygra lies between 31 and 44GPa. 
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Figure 5. Modulus of elasticity for different varieties of the hemp 

Modulus of elasticity correlates with the tensile strength of hemp fibers. Average modulus of elasticity and 
tensile strength was calculated for the all samples of the hemp harvested in both years.  
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Figure 6. Modulus of elasticity depending on the tensile strength 

 
It was found that the modulus of elasticity depends on the tensile strength (Figure 6). Correlation between 

modulus of elasticity and tensile strength of different hemp varieties are linear, the coefficient of determination  
R2 = 0.97.  

The results obtained suggest that the hemp fiber tensile strength is similar to steel, tensile strength, and modulus 
of elasticity is significantly smaller. This means that hemp fiber is more flexible than steel and allows for greater 
deformations. It should be concluded that the hemp fiber tensile strength of all varieties is large enough to allow it to be 
used for the foam gypsum reinforcement. 
 
Conclusions  

 

The trial carried out in 2011 – 2012 enables that industrial hemp cultivars tested ‘Bialobrzeskie’, ‘Futura 75’, 
‘Fedora 17’, ‘Santhica 27’, ‘Beniko’, ‘Ferimon’, ‘Epsilon 68’, ‘Tygra’, ‘Wojko’ and ‘Uso 31’ could be successfully 
grown in Latvia for biomass and fiber production. But the highest biomass yield, during both trial years, was obtained 
from cultivar ‘Futura 75’. According to the data we can conclude that the growing season and the selected industrial 
hemp variety had a significant (p<0.05) effect on hemp yield. 

The greatest tensile strength 558 MPa was stated for variety “Tygra” (2011), but hemp harvested in 2012 gave 
tensile strength 454 MPa similar to variety Futura.  

Hemp variety Bialobrezskie in both years showed an average of 14% less tensile strength than the variety Futura 
and 23% less than the variety Tygra. 

The hemp variety Tygra fibre had the greatest modulus of elasticity in both harvesting years. It varies from 30.4 
to 37.9 GPa.  

All the tested fiber tensile strength is similar to the tensile strength of steel and is recommended foam gypsum 
reinforcement. 
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Hydrolases activity in differently managed agro-ecosystems 
 

Ligita Baležentienė  
Aleksandras Stulginskis University, Lithuania 

 
Abstract 

 
Soil samples were collected from different farming fields of the Training Farm ( Aleksandras Stulginskis University): extensive (abandoned 

barley Hordeum vulgaris L. field, meadow and fodder galega (Galega orientalis Lam.) stand), conventional, and organic (winter wheat Triticum 
aestivum L. and and legumes mixtures) rotation crops in the middle of vegetation, June of 2007-2009. The objective of this study was to determine 
the soil bioactivity responses (saccharase and urease activity) on different land management systems and main recourses of ecological factors such as 
soil genesis type, content of soil organic carbon (SOC), total nitrogen (N), and C/N ratio. The trial was comprised of eight experimental plots (three 
land management systems and two crops groups: legumes and gramineous).  

Hydrolases activity correlated stronger with SOC (r = 0.7) or ratio C/N (r = 0.6) than that with total nitrogen content (r = 0.5-0.6) 
Significantly higher mean value of saccharase (27.00 and 12.6 mg CG g-1) and urease (5.78 and 4.16 mg NH4 +–N g-1 24 h-1) were observed in oat-
vetch-barley of conventional farming and winter wheat-oat-pea-barley rotation fields of Organic Farm respectively. In most of the studies, it was 
observed that enzymes behave differently with different SOC content. Without mineral fertilizers application resulted in the least activity of urease 
(1.13 mg NH4

+–N g-1) and saccharase (8.40 mg CG g-1 24 h-1). A significant increase of hydrolases activity has been observed in conventional (144-
413% of urease and 49-50% of saccharase) and organic (219-269% of urease and 78-221% of saccharase) farming as compared.  

Key words: hydrolases, agro-ecosystem, farming.  
 

Introduction  
 

Soil fertility and contamination are the most practically important soil characteristics, which depends on soil 
biochemical components and their ratio (Abbot, Murphy, 2004). Currently the long-term soil productivity and 
sustainability of agro-ecosystems is evaluated by various bio-indices and biological methods. Among these methods, 
evaluation of soil biota and activity of extracellular enzyme might represent an integrate index of soil quality (Dilly et 
al., 2007, Li et al., 2008) or contamination (Ge, Zhang, 2011). Moreover, soil organisms are referred to maintain 
resistance to stress or disturbance, but the mechanism is not yet fully understood, thus biological stability reached might 
be different from the original populations. Soil microbes, invertebrates etc. produce extracellular enzymes, including 
hydrolases, which change soil chemical compounds substantially, thus determine soil fertility (Keeler et al., 2009). 
Usually, dissolved low molecular weight compounds are produced by soil enzyme-catalyzed depolymerisation of 
organic matter and thus more accessible to plant. Enzymes may be presented both in lifeless cells and cell debris, and 
also adsorbed or incorporated into humic substances. Subsequently, soil microorganisms and enzymes remain the 
primary mediators of soil biological processes, together with organic matter degradation, mineralization and nutrient 
recycling (Li et al., 2008; Nannipieri et al., 2002). Hydrolytic enzymes make nutrient materials available for plants and 
soil microorganisms from a wide range of complex substrates and are influenced by a wide range of soil properties such 
as pH, organic matter and texture, and also by farming management and anthropogenic impacts (Li et al., 2008). 
Saccharase and urease are related to the C and N cycles, which are the fundamental factors in forming soil fertility 
(Dilly et al., 2007). These enzymes are non-cellular and long-time persisting in soil matrix though they are sensible for 
abiotic factors (Tian et al., 2010), especially for fertilizers. Some references pointed out an increase in abundance of 
microorganisms as well as in some enzyme activity in case of applying of organic and mineral fertilizers (Li et al., 
2008). Previous studies have shown that big doses (>120 kg ha-1) of mineral fertilizers as well as the species of 
cultivated crop will change microorganism and ferment composition and abundance (Baležentienė, 2001, Baležentienė, 
Klimas, 2003; Monokrousos et al., 2006). Therefore evaluation of enzyme activity might be essential bio-indicator of 
soil organic matter biochemical amendment (Lagomarsino et al., 2009).  

In the 6th decade of the past century the traditional and diverse management of farming was replaced by modern, 
highly specialized conventional agriculture. In nowadays nearly 40% of the European Union (EU) area is agricultural 
land and thus mainly used for production of food and raw materials (MARS, 2009). Intensification of agriculture was 
achieved by application of intensive cropping technologies based on high-yielding cultivars, hard rates of agro 
chemicals (synthetic fertilizers and pesticides). The intensive management of agriculture negatively affected both 
abiotic (soil, water, air, habitats) and biotic (species, communities and biodiversity) resources of environment 
(Tylianakis et al., 2010). In order to encourage sustainable farming practices and agricultural surplus reduction, the 
recent EU guidelines are directed to develop of alternative farming, i. e. organic (UNEP-RIVM, 2003). Following the 
implementation of the EU regulation 2092/91, organic farming has been developed in Lithuania during the last two 
decades, and now occupies over 0.13 M ha. The demand for suitable soil quality indicators, evaluation and monitoring 
of the impact, and measurements of the success of any specific agricultural practices, has increased due to the 
implementation of environmentally-friendly agricultural policies  

The main objective of this research was to answer, may urease and saccharase be used for indication of soil 
fertility.    

Additionally, discrimination of soil hydrolases properties in organic and conventional farming was measured.  
 

Materials and methods  

Soil samples were collected in accordance with ISO 10381-2:2002 from different farming fields (Aleksandras 
Stulginskis University): extensive (>20 year abandoned barley Hordeum vulgaris L. field, meadow and fodder galega 
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(Galega orientalis Lam.) stand), conventional, and organic (winter wheat Triticum aestivum and legumes mixtures) 
rotation crops in the middle of vegetation, June of 2007-2009 (Table 1). Noteworthy, the Organic Farm superseded the 
conventional farming in 1996 and has since been active in the Training Farm.  

Table 1. Trial design during 2007-2009  

Management type 
Crop 

rotation 

Treatment 

acronym 
Fertilizing Year Soil classification Location 

Conventional farming 
Extensive farming  
(abandoned crop) 

barley; 
couch-grass 
couch-grass 

CF b 
ExF b-cg 

 

N120P50K60 
0 
0 

2007 
2008 
2009 

Hapli–

Epihypogleyic 

Luvisol  

(LVg-p-w-ha) 

54°52'8"-40"N, 
23°50'11"-.99"E 

Extensive farming 
(abandoned grassland)  

grassland 
 

ExF g 
 

0 
0 
0 

2007 
2008 
2009 

Hapli-Albic 

Luvisol  

(LVe-ha) 

54°53'40"-.83"N, 
23°51'43"-61"E 

Extensive farming  
(abandoned crop)  

legumes 
(galega) 

ExF lga 
 

0 
0 
0 

2007 
2008 
2009 

Hapli-Albic 

Luvisol  

(LVe-ha) 

54°53'32"N, 
23°40'85"E 

 
Conventional farming  
(Weed controlled by tillage 
and herbicide) 

oat-vetch; 
 winter 
wheat; 
barley-
clover 

CF ov-w-bcl N60P50K60 
N120P50K60 
N60P50K60 

2007 
2008 
2009 

Hapli-

Epihypogleyic 

Luvisol  

(LVg-p-w-ha) 

54°52'26"032"N, 
23°51'56"-48"E 

Conventional farming  
(Weed controlled by tillage 
and herbicide) 

oat-vetch; 
barley 

CF ov-b N120P50K60 
N120P50K60 

2008 
2009 

Albi-

Epihypogleyic 

Luvisol  

(LVg-p-w-ab) 

54°51'57"-66"N, 
23°48'40"E 

Conventional farming  
(Weed controlled by tillage 
and herbicide) 

winter 
wheat; 

oilseed rape; 
bare fallow 

CF w-r-bf N120P50K60 
0 
0 

2007 
2008 
2009 

Albi-

Epihypogleyic 

Luvisol  

(LVg-p-w-ab) 

54°52'21"-92"N, 
23°51'40"-02"E 

Organic farming  
(*certificated 15 yrs) 

oat-pea; 
barley; 
barley-
clover 

OF op-b-bc Manure, 40 t 
ha-1 

2007 
2008 
2009 

Hapli-

Epihypogleyic 

Luvisol  

(LVg-p-w-ha) 

54°52'28"-44"N, 
23°51'52"-39"E 

Organic farming  
 

winter 
wheat; 
oat-pea; 
barley 

OF w-op-b Manure, 40 t 
ha-1 

2007 
2008 
2009 

Hapli-

Epihypogleyic 

Luvisol  

(LVg-p-w-ha) 

54°52'30"-92"N, 
23°51'40"-02"E 

* Organic certification by the EKOAGROS (Lithuanian Committee for Organic Agriculture) 

Soil samples were taken from agricultural fields at 8 sites. In each field plot two separate soil samples were 
collected from surface horizon (0-25 cm depth) and were air-dried at ambient temperature. Fractions of soil samples 
were ground and sieved to 2 mm for agrochemical analyses and bioassay measurements. Soil type classified in 
accordance with FAO/UNESCO (1997). Content of organic C and total nitrogen were determined as the main substrates 
for assayed enzymes. SOC was determined through dry combustion method (ISO 10694:1995) and N was measured as 
Kjeldahl nitrogen (ISO 10694). In addition, ratio C/N was calculated (Table 1).  

The enzymatic activity was determined in air–dried soil samples in three replications. Saccharase (EC 3.2.1.26) 
activity was measured according to the modified Hofmann and Seegerer method (1951). Urease (EC 3.5.1.5) activity 
was assayed by employing the modified Hofmann and Schmidt spectrometric method (1953). When determining urease 
activity, soil (5 g) was incubated for 24 h at 37°C with 1 ml of 0.08 M urea solution. In the controls, 1 ml of deionised 
water was used instead of the urea solution. For the preparation of standards, 0, 0.25, 0.5, 1, 2.5, 4, 6, 8 and 10 ml of a 
100-fold diluted 71.4 mM ammonium chloride solution were made up to 10 ml using 2 M KCl and then the NH4+ 
concentration was determined in aliquots of 0.5 ml as reported above. Urease activity was expressed in mg NH4

+–N g-1 
24 h-1 and saccharase activity – in mg conventional glucose (CG) g-1 of air dried soil.  

The confidence limits of the data were based on one–way analysis of variance by Anova (in case of significant 
interactions) followed by post hoc Tukey theoretical criterion. The least significant differences between treatment 
means were determined using Fisher’s least significant differences (LSD05). LSD, standard error (SE), regression and 
correlation coefficient (r) has been calculated at level of statistical significance p < 0.05.  

Results and discussion 

In this study we investigated the 15-years effects of organic management on soil quality resembled by chemical 
and biological parameters of the soil. Responding to references (Diepeningen et al., 2006; Nannipieri et al., 2002), 
farming management type and crop rotation indicated significant impact on soil fertility indices, namely on SOC  
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(r = 0.7), N (r = 0.4) and N/C (r = 0.7) (Fig. 1). Eventually it was actually to identify hydrolytic enzymes (saccharase 
and urease) fluctuation in the same background.  
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Figure 1. Soil carbon, nitrogen and their ratio in different field management (mean ± SE, p < 0.05)  

The most widespread and studied enzyme in nature saccharase is produced by plant and microbes catalyzing 
saccharose monosaccharide’s etc. hydrolysis contributing to SOC changes in soil. Accordingly Singh and Kumar 
(2008), saccharase is a reliable index of soil bioactivity and fertility due to association with humus, K2O and P2O5 
content. Therefore saccharase activity with exception for CF crop stands was observed significantly different and 
dependent on farming type as well as crop during 3 study years (r = 0.3; Fig. 2). During three year conventional farming 
induced significantly the highest saccharase activity in winter wheat stand (27.00 mg CG g-1) supposedly due to 
appropriate aeration conditions (Sang et al., 2009) and sufficient C containing substrate supply (Li et al., 2008). The 
lower saccharase activity was observed in CF fallow (17.18 mg CG g-1) and CF mixtures with legumes (15.87 and 
14.95 mg CG g-1 respectively), as compared with that of CF w. wheat treatment (Fig. 2). As Cooper (2004) referred, 
nodulated plant root produced glycosides as supplement C substrate for saccharase. Consequently, it might explain high 
saccharase activity in stands with legumes in this research. 
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Figure 2. Saccharase activity responses to farming type and different crop stands (mean ± SE, p < 0.05)  

 
Extensive farming had not stimulated indices of soil fertility (SOC, N accumulation and C/N increase) and 

saccharase activity, which was observed significantly the lowest during the three experiment year in cereal (8.40 mg CG 
g-1) and legume (9.38 mg CG g-1) crops than those in CF, OF and ExF. These findings correspond with Mäder et al.  
(2002) and Monokrousos et al. (2008). Response of saccharase activity to different farming types could be explained by 
its strong correlation with SOC content (r=0.7), which varied across different farming systems and ranged between 4.86 
in ExF meadow and 12.4 % in IF w. wheat stands.  The highest mean values of soil fertility indices were observed in 
field of conventional (17 g kg-1 SOC, 1.4g kg-1 N and 12 C/N ratio) and organical (17.5 g kg-1 SOC, 1.36 g kg-1 N and 
13 C/N ratio) management system. In accordance with chemical parameters of soil fertility, the highest mean activity of 
saccharase was observed in CF (19.71 mg CG g-1) and OF (12.57 mg CG g-1) respectively. Therefore our study 
demonstrated that conventionally and organically managed soils exhibited greater saccharase activity due to beneficial 
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conditions for accumulation of SOC (r = 0.7; Table 2) and forming favourable C/N ratio (r = 0.7, Fig. 1), which, in turn, 
guarantee sufficient amount of C containing substrate (García-Ruiz et al., 2008).  

As reported in numerous studies (Smith, Powlson, 2003; Renella et al., 2007), SOC content guaranteed 
decomposed polysaccharides mass – a proper substrate (saccharose) promoting saccharase activity. Therefore it could 
be concluded that most active SOC decomposition was observed in CF and OF, where the highest SOC content was 
determined. The lowest SOC content (5.67–4.86 g kg-1) and saccharase activity (8.6–11 mg CG g-1) were observed in 
abandoned and unfertilized soils of ExF due to accumulation of organic matter and other elements important for soil 
fertility limitation. 
 
Table 2. Regression analysis between hydrolases activity and indices of soil fertility (p < 0.05)  

Enzym / Indices SOC N C/N 
r Regression equation r Regression equation r Regression equation 

Saccharase activity, 
 mg CG) g-1 0.7 y = 0.33x + 10.84 0.5 y = 0.01x + 1.1 0.7 y = 0.43x + 9.82 

Urease activity, 
,mg NH4+–N g-1 24 h-1  0.7 y = 0.76x + 12.0 0.6 y = 8.12x + 0.02 0.7 y = 1.10 x - 2.27 

 
Accordingly Zeglin et al. (2007), Zibilske, Bradford (2007), urease activity represented potential ammonification 

rate and has attracted a considerable attention due to increasing application of urea as fertilizer to improve the soil 
fertility. In correspondence with saccharase data, the different soil urease activity was observed for different farming 
and crop types (Fig. 4). Urease activity was related with nitrogen–containing substrates dynamics in response to land 
management intensity and crop (r=0.6). The highest urease mean activity has been observed in CF and OF wheat stands 
(5.79 and 4.16 mg) possibly due to applied of heavy nitrogen rates (N100–120). This trend corresponded with references 
(García-Ruiz et al., 2008), significantly higher potential ammonification in the conventional farms is consistent with the 
long-term application of ammonium or urea as the main fertilizer source, and suggests the presence of an important 
community of autotrophic nitrifying bacteria.  

 

0

1

2

3

4

5

6

7

ExF, b-cg ExF g ExF lga CF ov-w-bcl CF ov-b CF w-r-bf OF op-b-bc OF w-op-b

U
re

a
s
e

 a
c
ti
v
it
y
, 
m

g
 N

H
4

+
 2

4
h

-1

2007 2008 2009 Mean 3yrs

 
Figure 4. Potential ammonification rate responses (r = 0.6) to farming type and different crop stands (mean ± SE, p < 0.05)  

 
Higher urease activity indicates that the plant continue to assimilate the nitrogen inputs (Singh, Kumar, 2008). 

These high annual inputs are targeted to provide heavy harvest in commodity-based crops. Nonetheless, rise of urease 
activity correlated (Table 2) stronger with SOC (r = 0.7) or ratio C/N (r = 0.7) than that with total nitrogen content  
(r = 0.6). Thus urease is related with total soil fertility (Renella et al., 2007). Decrease of urease activity was observed 
in soil of EF abandoned grassland (1.13 mg NH4 

+–N g-1 24 h-1) and barley-coach grass (1.67 mg NH4 
+–N g-1 24 h-1) 

due to the lowest total N (1.2 g kg-1) and SOC (11 g kg-1) content. Due to lower rates of soil quality indices (12.7 g kg-1 
SOC, 1.19 g kg-1 N and 10.5 C/N ratio), the lowest urease mean activity (2.27 NH4 

+–N g-1 24 h-1) was observed in 
fields of extensive farming. Increase of soil fertility indices in conventional (17 g kg-1 SOC, 1.40 g kg-1 N and 12.7 C/N 
ratio) and organic (17.5 g kg-1 SOC, 1.36 g kg-1 N and 13 C/N ratio) farming indicated better agronomic management 
there. Land management stimulated the increase of mean urease activity in conventional (3.93 mg NH4 

+–N g-1 24 h-1) 
and organical (3.88 mg NH4 

+–N g-1 24 h-1) farming.  
 
Conclusion 

 
Activity of soil enzymes provide a unique integrated biological and biochemical assessment of soils because of 

their relationship to soil biota, acceptance of measurement, and rapid response to environment changes, i.e. 
anthropogenic, agronomic, chemical and environment conditions. In this research, conventional and organical faming 
promoted the highest enzyme activity. Enzyme activity correlated stronger with SOC (r = 0.7) or ratio C/N (r = 0.6) 
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than that with total nitrogen content (r = 0.5-0.6) Significantly higher mean value of saccharase (27.00 and 12.6 mg  
CG g-1) and urease (5.78 and 4.16 mg NH4 

+–N g-1 24 h-1) were observed in CF ov-b and OF w-op-b rotation fields 
respectively. Fluctuation in enzyme activities in experimental soil possibly occurred by reason of different agronomic 
practices and soil fertility conditions during the crop seasons. More intensive studies are required to evaluate the effects 
of different farming practices on important soil enzymes concerning the soil health and soil fertility. The assessment of 
soil enzymes can be used as indicator of the biological activities and natural biochemical processes related to soil 
fertility. 
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Abstract 

 
In 2002–2011 the spread dynamics of sugar beet fungal leaf spot diseases were investigated. Was found that the most widespread was 

Cercospora (Cercospora beticola Sacc.) and Ramularia (Ramularia beticola Fautrey & F. Lamb.) leaf spot diseases. Cercospora leaf spot spread was 
46.7 to 100.0 %, the severity – from 1.12 to 56.00 %, Ramularia leaf spot – from 40.0 to 96.7 % and from 1.73 to 20.00 %. Phoma leaf spot 
(Pleospora betae Björl.) damage on sugar beet crop was less – before harvesting disease spread was 0 % to 84.3 %, and the severity was – 0 to 
15.57%. Powdery mildew (Erysiphe betae Vaňha Weltzien) in sugar beet spreaded later than other fungal diseases, but in favourable time for spread 
of the disease up to 100 % of the plants were infected. Disease severity was also very high – up to 65.10 %. Beet rust has been found in small 
quantities and only in two years of investigation. Diseases spread and development depended from the weather conditions in July and August.  
 

Introduction 
 
In Lithuania, as in many other countries, sugar beet crops are damaged by fungal diseases, such as Cercospora 

leaf spot (pathogen – Cercospora beticola Sacc.), Ramularia leaf spot (pathogen – Ramularia beticola Fautrey & 
F. Lamb.), Phoma leaf spot (pathogen – Pleospora betae Björl.) and powdery mildew (pathogen – Erysiphe betae 

Vaňha Weltzien) (Wolf, Verreet, 2002; Weiland, Koch, 2004; Gadzhieva, Gutkovskaya, 2008). Because of sugar beet 
damage by fungal diseases, harvest losses can reach 10–30 % when the leaves are affected 50–60 % of the irregularities, 
and loss up to 50 % yield in the favourable years (Maiere, Burcky, 1999; Wolf, Verreet, 2002). 

Cercospora and Ramularia leaf spot causes the most damage to sugar beet crops (Wolf, Verreet, 2002; 
Gaurilčikienė et al., 2006). In the warm and humid climate regions Cercospora leaf spot affected more than 30 % of the 
sugar beet crop. After research in Belarus in 2001–2004, it was noted that vegetation seasons are characterized by high 
temperatures and high relative air humidity (2001 and 2003), the epiphytoty disease development (from 71 % at 47–
100 % spread) was noticed. In the years with cold rainy weather (2002 and 2004) in the second half of the vegetation at 
disease spread from 0 to 100 % the development made up 0–45 %. Hot dry weather is also unfavourable for leaf spot 
disease development (Asher, Hanson, 2006; Hajyieva, Soroka, 2008). Ramularia leaf spot spread in colder and more 
humid climate areas. It can be harmful if spread in early months (July – early August). The Ramularia leaf spot can 
cause up to 24 % of white sugar yield losses (Petersen et al., 2001).  

Powdery mildew usually occurs at the end of sugar beet growing, so damage is occurred by the end of vegetation 
period. Occurrence of this disease depends on the weather conditions, difference between day and night temperatures 
which cause high amount of dew to form on plants. The powdery mildews damage caused up to 30 % sugar yield losses 
(Francis, 2002; Hudec, Rohačik, 2002; Dabkevičius, Brazauskienė, 2007; Brazienė, 2011). 

According to Petkevičienė and Kaunas (2004), sugar beet leaf diseases have been influenced by weather 
conditions: spread of Cercospora leaf spots – 3.9%, its severity – 14.4%; spread of Ramularia leaf spot – 22.2%. There 
is a strong dependence between severity of diseases, such as Cercospora and Ramularia leaf spots, and the average daily 
air temperature and rainfall in August and September, when the spread of diseases is on the intense period. Warm and 
rainy weather in 2001 summer, was especially favorable for sugar beet fungal diseases: Cercospora leaf spot damaged 
leafs by 100 %, Ramularia leaf spot – 92% and leaf severity were 63.4 and 18% (Petkevičienė, Kaunas, 2004). In 2001 
in Rumokai Experimental Station was estimated average 58.5% beet leaf disease severity under favorable weather 
conditions (Petkevičienė, 2002). 

The aim of research – to identify the most widespread fungal diseases of sugar beets leaves in Lithuania, and 
their dynamics of spread, in 10 year period, in order to assess disease the risk of harmfulness of diseases and to 
prognoze the need of prevention. 

 

Research methods 

 

The research of the spread of fungal leaf spot in sugar beet crops was conducted in 2002–2011 at Rumokai 
Research Station of Lithuanian Research Centre for Agriculture and Forestry. The soil of the experimental field is 
Haplic-Epihypogleyic Luvisol (LVg-p-w-ha), with a texture of moderately heavy loam.  

The study involved two sugar beet varieties: ‘Belmonte‘ and ‘Byzance‘,which were widely cultivated in 
Lithuania and is susceptible to fungal leaf diseases. The pre-crop was winter wheat, because strictly followed crop 
rotation at the station. The sugar beet was sown in the second half of April with a drill at a sowing density of 6–7 pelleted 
seeds per longitudinal meter with 45 cm interrow width. The sugar beets were grown in compliance with the 
recommendations of Institute of Agriculture (Deveikytė et al., 2009). Protection from fungal leaf diseases was not used. 

Assessments of foliar fungal diseases were done in 4 places per plot on 5 plants in a row (20 plants per plot). 
Percentage of damaged plants and disease-affected leaf area (%) per plant were estimated. Healthy leaves and those 
affected by different diseases were counted. Disease severity was estimated by establishing the disease-affected leaf 
area in per cent, according to the scale: 0.1, 1, 2, 5, 10, 25, 35, 45, 60 (Šurkus, Gaurilčikienė, 2002; EPPO Standards, 
2004). 
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Assessments of disease prevalence were done 3 times: August 1st, In September 1st and October 1st.  
Disease severity (R) was calculated according to the formula:  
 

R = 
 
N

bn 
,  (1) 

 
where n is same grade or percentage of damaged leaf number, b – damage values, N – number of leaves of checked 
plants (Dabkevičius, Brazauskienė, 2007). 

 

Weather conditions. 
The evaluation of the meteorological conditions for sugar beet growing season (May – September,) revealed that 

in 2002, 2006 and 2008 sugar beet growing seasons were dry – the rainfall was 1.3–1.6 times lower than the standard 
rate of climate. 

The sugar beet growing seasons of 2005, 2007 and 2011 were rainy – rainfall exceeded standard rate of climate 
(1961–1990 average) from 1.2 to 1.4 times. Meteorological conditions of June, July and August are very important for 
spreading of fungal diseases. During these months the weather conditions were very different in separate year of 
experiments. More detailed meteorological data in table 1 and 2. 

 
Table 1. Average daily air temperature during sugar beet growing in 2002–2011 and climate normal (1961–1990) 

Month 

Years Normal 

(1961-

1990) 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

April 8.2 5.4 7.1 7.4 7.6 6.8 8.4 9.2 7.6 9.3 6.2 
May 15.2 13.1 8.7 11.8 12.3 13.9 12.3 12.6 12.5 12.5 12.4 
June 18.0 16.2 13.2 15.5 15.7 17.2 15.9 14.9 16.4 17.8 15.4 
July 20.2 20.1 16.2 19.0 20.6 17.2 17.9 18.6 21.5 19.2 16.9 
August 21.8 17.8 17.6 16.7 18.1 18.6 18.3 17.3 19.7 17.7 17.1 
September 13.6 13.9 12.4 14.2 15.3 13.1 12.7 14.2 12.2 14.0 12.4 
October 4.8 5.5 8.9 8.0 10.5 8.0 9.0 6.3 5.3 8.0 7.8 

Kybartai Weather Station 
 
Table 2. Amount of precipitation during sugar beet growing in 2002–2011 and climate normal (1961–1990) 

Month 

Years Normal 

(1961-

1990) 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

April 28.1 71.9 44.4 65.0 8.7 6.4 25.2 7.1 21.5 30.4 44 
May 17.8 43.8 62.0 77.0 38.1 69.5 29.2 39.1 64.9 45.9 51 
June 72.5 122.0 94.2 89.0 25.6 72.3 44.7 70.9 102.8 40.4 60 
July 79.9 85.8 86.8 45.4 11.1 181.5 47.8 88.8 73.1 163.2 76 
August 17.0 66.3 74.4 139.9 137.0 52.6 60.2 63.1 93.3 129.9 79 
September 37.0 45.7 47.6 46.5 37.7 75.9 30.7 43.6 30.3 56.0 63 
October 147.3 54.8 54.8 10.8 37.1 44.8 48.8 100.4 21.5 22.8 57 

Kybartai Weather Station 
 
Research results 

 
In the years of research established, that the most dominant sugar beet leaf disease was Cercospora leaf spot in 

sugar beet crops. This disease in early August, in different years, in different weather conditions, was damaged from 0 
to 45.0% of the plants, disease severity ranged from 0 to 1.52 % (Fig. 1). The biggest Cercospora leaf spots severity and 
prevalence was established in 2002: in different varieties disease damaged from 30.0 to 45.0% of the plants, disease 
severity was from 1.13 to 1.52%. Such an early and strong Cercospora leaf spots spread was influenced by 
meteorological conditions (warmer climate than the standard rate in June and July, and rainfall ensuring humidity 
necessary to fungus development). Cercospora leaf spot is developing rapidly, when the air temperature during daytime 
reaches + 25–35 °C (Dabkevičius, Brazauskienė, 2007). Hot July days (maximum daily temperature of II and III decade 
ranged from 24.5 to 33.5 °C) and relatively cool nights (from 9.0 to 15.0 °C) promoted the formation of dew on the 
leaves of plants and increased the moisture in the crop. Also, such an early spread of the disease could be influenced by 
a strong prevalence of Cercospora leaf spots of sugar beet crops in 2001, because the soils have a lot of this infectivity 
(Petkevičienė, Kaunas, 2004). Very low rainfall in July in 2005, 2006 and 2008 was established – from 14.6 to 62.9% 
of standard rate of climate. On August 1st in this year the damage of Cercospora leaf spot in sugar beet crop has not 
been found, or only found the traces of disease. 
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Figure 1. Cercospora leaf spots spreading (A) and severity (B) % in sugar beet crop (on August 1st) 
 
Further development of Cercospora leaf spot depended from precipitation and average daily temperature on 

August. August of 2002 was very dry and hot, Cercospora leaf spot spreading conditions were unfavourable, so the 
diseases spreading and intensity data for this month have remained almost unchanged. 2010 the average daily 
temperature was 2.6 °C higher than the standard rate of climate, rainfall 18.1 % higher than the standard rate of climate, 
so in the beginning of September the damage to sugar beets was from 95.0 to 98.3 %, and severity was from 35.3 to 
35.4 % (Fig. 2). 
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Figure 2. Cercospora leaf spots spreading (A) and severity (B) % in sugar beet crop (on September 1st) 

 
Similarly the disease was spreading in 2011, though 2011 August was only by 0.6 ° C warmer than the standard 

rate of climate, but precipitation is by 1.6 times higher than the standard rate of climate.  
Before the harvest (on October 1st),plants were strongly damaged by Cercospora leaf spot, the disease incidence 

ranged from 46.7 to 100.0 %, severity – from 1.17 to 56.0 % (Fig. 3). Cercospora leaf spots spread strength was 
influenced by September meteorological conditions and the degree of damage during the previous accounting. 

Influence to Cercospora leaf spot spread and severity of investigated varieties, was not determinated. 
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Figure 3. Cercospora leaf spots spreading (A) and severity (B) % in sugar beet crop (on October 1st) 
 

Ramularia leaf spot began early to spread in 2002, 2003, 2007, and 2011. In the beginning of August, the 
spread of the disease ranged from 15.6 to 30.0 %, severity – 0.17–0.63 % (Fig. 4).  
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Figure 4. Ramularia leaf spots spreading (A) and severity (B) % in sugar beet crop (on August 1st) 
 
This was influenced by warm and rainy weather of July, creating favourable conditions for the spreading and 

development of diseases. The further development of Ramularia leaf spot also depended on the meteorological 
conditions. Dry and hot weather on August in 2002, slowed the spread of the disease during II accounting period 
(September 1st). Disease spread and intensity data remained almost unchanged (Fig. 5). Meanwhile in 2011, rainy 
August was very favourable for Ramularia leaf spot development – plants damage by the disease, during the month, 
increased from 3.7 to 4.3 times. 
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Figure 5. Ramularia leaf spots spreading (A) and severity (B) % in sugar beet crop (on September 1st) 
  
41.7 – 93.3 % of sugar beets were damaged by Ramularia leaf spot before the harvest, disease severity was from 

1.60 to 20.0 %. The least amount of damaged plants by Ramularia leaf spot was in 2002 and 2010 (Fig. 6) ‘Belmonte’, 
variety, meanwhile in 'Byzance' variety lowest number of plants damaged was in 2009. In 2011 disease damaged 
similar number of plants as in 2005 or 2007, but the severity of the disease was significantly higher – was 18.20 to 
20.00 %. 

Varieties influence to Ramularia leaf spot spread was not determinated. The average of 10 year data, disease 
damaged a similar quantity of sugar beets. Disease severity was higher the variety of ‘Byzance’ sugar beet crop. 
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Figure 6. Ramularia leaf spots spreading (A) and severity (B) % in sugar beet crop (on October 1st) 
 
During experiment period, Phoma leaf spot damaged sugar beets less than Cercospora and Ramularia leaf spot: 

before harvesting disease incidence was from 0 to 84.3 %, and severity – 0 to 15.57 %. 
On August 1st damages of Phoma leaf spots detected only in the years of 2003, 2005, 2010 and 2011 (Fig. 7). It 

was indicated in scientific literature, that Phoma leaf spot usually affects the sugar beet crop in August and September 
(Hudec, Rohačik, 2002). 
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Figure 7. Phoma leaf spots spreading (A) and severity (B) % in sugar beet crop (on August 1st) 

 
Most damage found in 2003 – the month of July was warm and wet enough to have created favourable 

conditions for the spread of the disease. In further sugar beet growing season, the disease developed rapidly in 2004, 
2006 and 2010, when in August dominated warm and rainy weather (Fig. 8, 9). 

The average data of research, Phoma leaf spot damaged similar quantity of plants both investigated varieties 
sugar beets. The first two accounts data, disease severity was higher the variety of ‘Byzance’ crops, but before 
harvesting the disease was damaged more the variety of ‘Belmonte’ crops. 
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Figure 8. Phoma leaf spots spreading (A) and severity (B) % in sugar beet crop (on September 1st) 
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Figure 9. Phoma leaf spots spreading (A) and severity (B) % in sugar beet crop (on October 1st) 
 
Sugar beet crop damage by powdery mildews in early August was not identified in any years of study. This 

disease affects at the end of the vegetation when there are warm days and cold nights. Due to the large day-night 
temperature difference on leaf dew forming, creating favourable conditions for the spread and development of the 
fungus (Hudec, Rohačik, 2002). On September 1st, the damage of powdery mildews was found only in 2005, 2007 and 
2008. In 2005 powdery mildew damaged the very small number of plants, and only variety of ‘Byzance’ (Fig. 10). 
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Figure 10. Powdery mildews spreading (A) and severity (B) % in sugar beet crop (on August 1st) 
 

In 2007 and 2008 powdery mildews the rate of damaged plants was higher – ranging from 46.7 to 76.7 %, the 
disease severity was 11.87 to 42.67 %. This was influenced by rainfall in the III decade of August: rainfall was high – in 
2007 – 32.3 mm in 2008 – 20.4 mm, but it rained every day, resulting in a significant increase in moisture of beet crops. 
Before harvesting, powdery mildew was found in all experimental years, the disease spreading ranged from 6.7 to 100.0 
% severity – from 0.87 to 53.83 % (Fig. 11). 

The average data of ten years, powdery mildew damaged more ‘Belmonte’ variety of plants, but the severity of 
the disease was higher the variety of ‘Byzance’ crop. Especially difference was noticed at the beginning of disease 
spread – carried out the accounting data of September 1st, the severity of disease was 1.5 times higher variety of 
‘Byzance’ crops then ‘Belmonte’. 
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Figure 11. Powdery mildews spreading (A) and severity (B) % in sugar beet crop (on November 1st) 
 
Beet rust was found a very few and only in 2004 and 2009. Therefore, they didn’t identify the spread egularities. 

 

Conclusions 

 

In the years of research, the most spread in sugar beet crops were Cercospora and Ramularia leaf spot. 
Cercospora leaf spots spreading before harvesting was from 46.7 to 100.0 %, severity – from 1.12 to 56.00 %, 
Ramularia leaf spot – from 40.0 to 96.7 % and from 1.73 to 20.00 %. The spreading and development of Cercospora 
and Ramularia leaf spots depended from July and August meteorological conditions. 

Phoma leaf spot damaged sugar beet less than Cercospora and Ramularia leaf spots: before harvesting the spread 
of disease was 0 to 84.3 %, and severity – 0 to 15.57 %. 

Powdery mildew spread in sugar beet later, than other fungal diseases, but in the favourable years for the disease 
it damaged up to 100 % of the plants. Disease severity was also very high – was up to 65.10 %. 

At the beginning of the disease spread, the fungal leaf diseases strongly damaged the variety of ‘Byzance’ plants. 
At the end of vegetation, the incidence of fungal leaf diseases was similar in both sugar beet varieties. 

The most spreading and damaging sugar beet leaf diseases are Cercospora and Ramularia leaf spots, so it is need 
to monitor their spread and to plan protection measures. 
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Abstract 

 

Antioxidant activity was analyzed of raw and 24, 72, 120 hours germinated Brassicaceae family seeds (radish (Raphanus sativus L. var. 
radicula), broccoli (Brassica oleracea L. var. italica) and rape (Brassica napus L. var. oleifera)). Were detected changes in amounts of ascorbic acid, 
total phenols, ABTS and DPPH radical scavenging capacity during seeds germination. Seeds germination resulted in an increase of ascorbic acid 
content. The highest amount was in germinated rape seeds and increased by 5.1 times. Compared raw and 120 hours germinated seeds, the amounts of 
phenol compounds increased by 1.6 time in broccoli, whereas in the seeds of rape decreased by 0.9 times.  

During all germination process DPPH radical scavenging capacity increased in broccoli seeds 1.4, in radish seeds – 1.6 times. In rape seeds 
this index fluctuated and after 120 hours was less than in raw seeds. ABTS radical scavenging capacity was the highest in 120 hours germinated 
radish seeds – 2.65 mmol g-1. The statistically significant strong and medium positive correlations between the amounts of phenol compounds, 
ascorbic acid, DPPH and ABTS radical scavenging capacity were established in the germinated radish seeds.  

Key words: germinated seeds, radical scavenging capacity. 
 
Introduction 

 

In recent years human health has assumed an unprecedentedly important status because of increased cases of 
cardiovascular disease, cancer and others. It was assumed that nutritional habitants of western population are perverse 
because of the plenty usage of fats, sugar, cholesterol, saturated fats. It is well known that the consumption of a plant-
based diet, mainly vegetables, fruits and whole grains, is recommended as one of the ways to lower the risk of human 
diseases (Cadenas, Packer, 2002). Oxidative stress, which releases free oxygen radicals in the body, has been implicated 
in a number of disorders including cardiovascular malfunction, cataracts, cancers, rheumatism and many other auto-
immune diseases besides ageing (Kauri, Kapoor, 2001). Not only fruits and vegetables contain significant levels of 
biologically active components that impart health benefits beyond basic nutrition but also germinated seeds. Studies of 
the chemical composition of different seeds and cereals sprouts have indicated their high nutritive value and 
biologically-active, positive components which can improve health and wellbeing (Price, 1988). At present time 
germinated seeds became a fashionable food in western countries because the consumers demand of fresh, healthy, low 
calorie food. In germinated seeds some compounds acting like an antioxidants in fruits and vegetables; some of them 
are specific. In cereals detected low molecular mass antioxidants as phytic acid, phenolic acids, glutathione, tocopherols 
and tocotrienols. Leguminous plant seeds are plenty of vitamins, carotenoids and phenolic compounds. Brassicaceae 
seeds contain tocopherols, vitamin C and compounds with high antioxidant properties including phenolics compounds 
and glutathione (Zielinski et al., 2002). Epidemiological evidences have suggested that food phenolics may have 
protective effects against degenerative diseases (Mazza, 2000) and they can be the main determinant of food antioxidant 
potential. Amounts of phenolic compounds in products depends on inside (species, cultivar) and outside (cultural, 
meteorological and storage as well as processing) conditions (Tomas – Barberan, Espin, 2001). The amount of 
phenolics increases during seeds germination depending on species. 

The purpose of this work was to investigate antioxidant activity of germinated broccoli, radish and rape seeds. 
The objects of investigations were raw and germinated for 24, 72 and 120 hours radish (Raphanus sativus L. var. 

radicula), broccoli (Brassica oleracea L. var. italica) and rape (Brassica napus L. var. oleifera) seeds. 
 

Research methods 

 

Research was carried out in 2010- 2011 years at Aleksandras Stulginskis University. 
Seeds (200 g of all kind) were cleaned from impurities, washed and soaked in 800 ml of water for 12 hours. 

Imbibed seeds were placed in germinator Bionatura and germinated for 120 hours at 25 ºC in the dark. The seeds were 
watered every 24 hours with 1000 ml of tap water. Raw and germinated for 24, 72 and 120 hours seeds were used for 
the analysis. Seeds were lyophilized in the lyophilizer ilShin Lab Co. Ltd. (South Korea) for 72 hours, condenser 
temperature were -80 °C and pressure – 5 mTorr. Were determined amounts of ascorbic acid and phenolic compounds, 
(2,2-diphenyl-1-picrylhydrazyl) DPPH and (2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) ABTS radical 
scavenging capacity of raw and germinated for 24, 72 and 120 hours seeds. 

Germinated seeds extracts for the determination of total phenols and antioxidant activity were prepared by 
grinding 5 g of fresh mass of the sample and adding 50 ml of 80  methanol. The mixture was stirred in orbital shaker 
for 4 hours at 140 rpm. Then filtered and distilled for 30 min. in the rotary evaporator RV06 – ML (Kika Werke, USA). 

Total amount of phenols determined by spectrometric Follin method (Ragaee et al., 2006). Calibration curve 
prepared according standard gallic acid methanolic solution for 0.1, 0.2, 0.3, 0.4 mg ml-1 concentrations. Methanol was 
used as blank solution. 1 ml gallic acid solution and methanolic extract of seeds (diluted with distilled water 1:4) mixed 
with 5 ml Folin-Ciocalteau reagent (diluted with distilled water 1:10) and added 4 ml of 7.5 % Na2CO3 water solution 
(7,5 g 100 ml H2O). The absorbance was measured at 765 nm with double beam spectrophotometer Lambda 25 (Perkin 
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Elmer, USA) after 30 minute in room temperature. Total amount of phenolic compounds in extracts was determined 
according calibration curve and recalculated according used solvent volume and the amount of input.  

Amount of ascorbic acid determined by titration with 2.6-dichlorphenolindophenol sodium salt dehydrate. 
DPPH radical scavenging capacity was determined spectrophotometrically using 2.2-diphenyl-1-picryl-hydrazyl 

(DPPH) radical scavenging activity assay (Ragaee et al., 2006). Antioxidant activity of seeds extracts results were 
expressed as μmol g-1 of dry matter. 

ABTS radical scavenging capacity method measures the capacity of different components to scavenge the 2,2’-
azino-bis(3-ethylobenzothiazoline-6-sulphonic acid. 2,2’-azino-bis(3-ethylobenzothiazoline-6-sulphonic acid (ABTS) 
was dissolved in methanol (0.055 g in 50 ml of methanol). The radical cation (ABTS˙+) was prepared by reacting ABTS 
stock solution with 200 l K2S2O8 (0.1982 g and 10 ml H2O) in the dark room for 16 hours. 200 l of diluted sample 
(sample: distilled water = 1:5) was mixed with the 4 ml ABTS solution and kinetic of absorbance was scanned at 
734 nm with spectrophotometer Lambda 25 (Perkin Elmer, USA) every minute. The scavenging activity of seeds 
extracts was calculated as the difference of the absorbance at the beginning and after 10 min. of reaction and expressed 
as mmol ABTS scavenged per 1 g of sample dry matter (mmol g-1). Methanol was used as blank solution (Ragaee et al., 
2006). 

Statistical analysis. Arithmetical means and standard deviations of the experimental data were calculated. 
Significant differences among data were evaluated according to Fisher LSD test using the ANOVA, STATISTICA 
package. Also, the experimental data were processed by correlation – regression analysis method using STAT-ENG. 

 
Results of research 

 

The most abundant and ubiquitous cellular antioxidant is ascorbic acid. Ascorbic acid performs important 
biological functions in human body as in plants. Germination process promotes biosynthesis of ascorbic acid in plants 
(Khattak, et al., 2007). 

In raw broccoli seeds amount of ascorbic acid was 2.35, in radish – 2.93 and in rape seeds – 3.23 mg 100 g-1 
(Figure 1). Martinez Villaluenga et al. (2010) and Zielinski et al. (2007) determined the increase of ascorbic acid 
amount during seeds germination. In our experiment amount of ascorbic acid significantly increased in all seeds after 24 
and 72 hours germination. During germination process amount of ascorbic acid in broccoli seeds increased by 5.9, in 
rape seeds – 5.1, in radish – 4.4 times comparing raw and 120 hours sprouts (Figure 1).  

 

 
Figure 1. Ascorbic acid content mg 100g-1 in raw and germinated seeds green mass 

 
Comparing research results was noticed that in 120 hours germinated radish seeds amount of ascorbic acid was 

19.35 and in rape seeds – 17.59 times less than in Zielinski et al. (2007) investigated seeds. Martinez Villaluenga (2010) 
determined that ascorbic acid content in raw broccoli seeds was 21.72 mg 100 g-1, while in 120 hours germinated – 
128.12 mg 100 g-1. But increase of this compound during germination comparing raw and 120 hours germinated seeds 
was 5.9 times bigger like in our investigated seeds.  

The most important phenolic compounds in seeds are flavonoids, phenolic acids and tannins. Amounts of these 
compounds in seeds vary as well as changes during germination. The biggest amount of phenolics was determined in 
raw rape seeds (6.58 mg g-1) and the least in broccoli (4.58 mg g-1) (Figure 2). During germination amount of phenolic 
compounds in broccoli and radish seeds increased while in rape seeds detected decrease. After 24 germination hours 
significant increase in phenolics detected in broccoli and rape seeds. After 120 hours of germination amount of phenolic 
compounds increased in broccoli seeds 1.6, in radish – 1.3 times, while in rape seeds decreased 0.9 times. Tarasevičienė 
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(2007) reported that during 120 germination hours amounts of phenolic compounds in radish seeds increases 4.7 and in 
broccoli – 5.5 times. The variability can be influenced largely by genetic factors and environmental conditions. 
 

 
Figure 2. Amount of phenolic compounds µmol g-1 in raw and germinated seeds dry matter 

 
Phenolic characterizes antioxidant activity because of their ability to inactivate free radicals. DPPH and ABTS 

radical scavenging determination methods are simple, quick, not expensive and accurate enough.  
In raw broccoli seeds DPPH radical scavenging capacity was 24.08, in radish – 31.34 and in rape seeds –  

33.18 μmol g-1 (Figure 3). 
 

 
Figure 3. Effect of germination time on ability of raw and germinated seeds to scavenge DPPH free radicals μmol g-1 of seeds 

dry matter 
 

During all germination process DPPH radical scavenging capacity increased in broccoli seeds 1.4, in radish 
seeds – 1.6 times. In rape seeds this index fluctuated: after 24 germination hours decreased while after 72 – increased 
and after 120 hours was less than in raw seeds. Zielinski et al. (2007) reported that in 120 hours germinated 
Brassicaceae seeds like radish DPPH scavenging capacity increased till 76 μmol g-1 and in rape seeds – decreased till  
73.2 μmol g-1 of dry matter. 

ABTS radical scavenging capacity in raw broccoli seeds was 2.61, in radish seeds – 2.56 and in rape seeds – 
2.52 mmol g-1 (Figure 4). After 72 hours of germination ABTS radical scavenging capacity decreased in rape and 
broccoli seeds while after 120 hours increased. In germinating radish seeds ABTS radical scavenging capacity was the 
highest after 120 hours germinating – 2.65 mmol g-1 (Figure 4). According to Martinez Villaluenga (2010) increase of 
ABTS radical scavenging capacity in germinated broccoli seeds compile 8.39 and in radish – 8.52 mmol g-1. 
Antioxidant activity of seeds during germination increases of vitamins and phenolic compounds (Frias et al., 2005). 
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Figure  4. Effect of germination time on ability of raw and germinated seeds to scavenge ABTS free radical mmol g-1 of seeds 

dry matter 
 

Zielinski and Kozlowska (2000) determined statistically significant correlations between amount of phenolic 
compounds and DPPH radical scavenging capacity (r=0.981) and ABTS radical scavenging capacity (r=0.996). These 
correlations show the importance of phenolic compounds in radical scavenging in food matrices. Scientists proved that 
seeds phenols can inactivate free radicals in human body. Also statistically significant correlations were detected 
between ABTS and DPPH radical scavenging capacities (r=0.981) (Zielinski, Kozlowska, 2000). 

In our experiment were detected statistically significant strong correlations between amount of phenolic 
compounds and DPPH radical scavenging capacity in broccoli (r=0.602) and in radish seeds (r=0.924) also between 
amount of phenolic compounds and ABTS radical scavenging capacity in radish seeds (r=0.664) (Table 1). In rape 
seeds statistically significant strong negative correlation detected between amount of phenolic and DPPH radical 
scavenging capacity (r= -0.583) (Table 1). 

 
Table 1. Correlation between the amount of phenolic compounds and the ability to scavenge DPPH and ABTS free radical 

Seeds Ability to scavenge DPPH free radical Ability to scavenge ABTS free radical 

Broccoli 0.602* -0.447 

Radish 0.924* 0.664* 

Rape -0.583* 0.052 
*– relationship between indices is significant at P ≤ 0.05 

 
Statistically significant strong correlations were detected between amounts of ascorbic acid and DPPH radical 

scavenging capacity in broccoli (r = 0.809) and in radish seeds (r = 0.883) and medium positive correlation between 
amounts of ascorbic acid and ABTS radical scavenging capacity in radish seeds (r = 0.443) (Table 2). Statistically 
significant negative medium correlation was detected between amount of ascorbic acid and ABTS radical scavenging 
capacity in rape seeds (r = -0.606) (Table 2). 

 
Table 2. Correlation between the amount of ascorbic acid and the ability to scavenge DPPH and ABTS free radicals 

Seeds Ability to scavenge DPPH free radical Ability to scavenge ABTS free radical 

Broccoli 0.809* -0.515 

Radish 0.883* 0.443* 

Rape -0.043 -0.606* 
*– relationship between indices is significant at P ≤ 0.05 
 

Conclusions 

 

Amount of ascorbic acid during germination increases in seeds and in 120 hours germinated rape seeds this 
compound exceed 16.47 mg 100 g-1. 

Amount of phenols as well as ascorbic acid increased in broccoli 1.6, in radish – 1.3 and in rape seeds – 0.9 
times during germination.  
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The highest DPPH radical scavenging capacity was in 120 hours germinated radish seeds while ABTS radical 
scavenging capacity in radish and broccoli seeds statistically not differs.   

In germinated radish seeds were detected statistically significant strong and medium positive correlations 
between amounts of phenolic compounds, ascorbic acid and DPPH and ABTS radical scavenging capacity.  
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Abstract 

 

Trichinella is widespread zoonotic parasite, common in almost whole world and wild animals are the natural reservoirs for these agents. 
Martens are common host for Trichinella species. Aim of this study, was to monitor distribution and epidemiological status of Trichinella spp. in pine 
and stone martens in Latvia and Lithuania. Marten samples were collected in hunting seasons of winter in 2012/2013 from different regions of Latvia 
and Lithuania (Kaunas region). Determined animal gender, age group and collected muscle samples (n = 98). Each sample analyzed for Trichinella 
spp. larvae and for detection used reference method - Magnetic stirrer method for pooled sample digestion (Commission Regulation (EC) No 
2075/2005). Trichinella spp. prevalence in martens in Latvia and Lithuania (Kaunas region) was respectively 45.8% and 20.0%. Prevalence in stone 
martin was 54.6% and in pine martin accordingly 40.2%. Infection intensity varies from 0.04 to 61.20 (l.p.g.). Marten in Latvia show higher 
Trichinella spp. prevalence than in Lithuania (Kaunas region). Animal parameters (age group and gender) have low impact on Trichinella infestation. 
Main results of study show that in Latvia and Lithuania (Kaunas region) Martes species are frequent natural reservoirs for zoonotic agents 
Trichinella. 

Key words: Trichinella, Stone marten, Pine marten, Latvia, Kaunas region 
 

Introduction 

 

Pine marten (Martes martes) and stone marten (Martes foina) are carnivores with distribution areal in Europe 
and Asia parts (Proulx et al. 2005). Stone marten entered the East Baltic region after the development of agriculture and 
it has always been considered to be a rare species because Latvia localizes at the periphery of the species distribution 
range (Ozoliņš and Pilāts 1995) but for Lithuanian fauna it is common species (Stankevičiūtė et al., 2013). Pine marten 
is wide-spread species throughout Latvia and it is more common in dominant spruce forests. Pine and stone martens are 
an important fur species and scientists suggest that its abundance is highly influenced by hunting pressure which is 
decreased - main reason is low fur prices (Ozoliņš and Pilāts 1995). Pine martin is known as forest-dependent species 
but it persists in fragmented habitat and is more tree-dependent species (Mergey et al. 2011) and land cover with forest 
is growing in Latvia and Lithuania. Pine martin and stone martin populations of Latvia and Lithuania territory are 
growing because of animal good adaptation to urban territories and high number of glades witch increases supplies of 
feed.  

Nematode worms belonging to the Trichinella genus are the etiological agents of the zoonosis named 
trihinelosis. These parasites are widespread in wildlife in all continents except Antarctica, and in domestic pigs of many 
countries, with omnivores representing the most important reservoirs (Pozzio, Murell 2006; Pozzio 2007). Trichinella 
spp. can be transmitted from animal to animal through eating of meat from wild boar, red fox or feed with scraps from 
sylvatic carnivores (Pozzio, Murell 2006). Knowledge in wildlife distribution of zoonotic agent Trichinella is important 
because wild animals represent the most important source of infection for domestic pigs, which in turn are the main 
source of infection for humans (Pozzio, Murell 2006).  

Aim of this study, was to monitor distribution and epidemiological status of Trichinella spp. in pine and stone 
marten in Latvia and Lithuania. Till now data about Trichinella spp. infection in pine and stone martins in Latvia and 
Lithuania are fragmentary. 

 
Material and methods 

 

Marten samples were collected in hunting seasons of winter in 2012/2013 from different territories of Latvia and 
Lithuania. Sample collecting in Latvia occurred on all territorial regions (Kurzeme, Zemgale, Latgale, Vidzeme) from 
nine districts (Auce, Baldone, Dagda, Daugavpils, Krāslava, Mālpils, Saldus, Sigulda and Zaube) and in Lithuania took 
place on Kaunas region. Sampling sites coincides with hunting land of hunters which were attracted for collection of 
materials for the study. Specimen collection is randomized because hunting success in certain places is not possible to 
assess and predict. 

Martens sniped in accordance with hunting laws which is governing the procedure – in Latvia Cabinet of 
Ministers Regulation No. 760. (Ministru kabineta noteikumi Nr.760.) and in Lithuania Hunting regulation low Nr. IX-
966 (Lietuvos Respublikos MEDŽIOKLĖS ĮSTATYMAS Nr. IX-966). For hunt used in legislation allowed hunting 
way with frame-like marten traps (Ministru kabineta noteikumi Nr.760.). Marten traps deployed at elevations or the 
branches of trees and for the bait used other animal remains or parts. 

Hunted animals assigned with identification number and determined animal gender and age group. Animal age 
determined by the molar root adhesion methods or skull measurements (Klevezal 2007) and was divided into two age 
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groups: 1) less than one year of age; 2) adults. Total animal number collected for this study is 98 individuals. Animal 
apportionment by gender for both marten species shown in Table 1.  
 
Table 1. For the study collected animals by gender in Latvia and Lithuania 

Country 

Pine marten (Martes martes) Stone marten (Martes foina) 

Number of 

collected 

animal 

Females Males 

Number of 

collected 

animal 

Females Males 

Latvia 75 31 44 8 2 6 
Lithuania 12 6 6 3 3 0 

Total 87 37 50 11 5 6 
 
Muscle samples (n = 98) collected from each animal – at least 35 grams striated muscles from foreleg. All meat 

samples were stored frozen at -20°C until analyzes. Further investigation of the material performed in scientific institute 
of Food safety, animal health and the environment "BIOR" Microbiological and Parasitological division and in 
Laboratory of Parasitology and Histology of Daugavpils University. 

All samples for Trichinella spp. larvae detection were analyzed in accordance with the requirements in Annex I 
of the Commission Regulation (2005) (Commission Regulation (EC) No 2075/2005). In study used reference method of 
detection “Magnetic stirrer method for pooled sample digestion” from the regulation Chapter I. Methods main principle 
is Trichinella spp. larvae release from animal musculature and calcium cyst and separation by sedimentation assistance. 
Method was done for each animal separately. For analyzes used 25 g of striated muscles which were stripped from the 
serous membranes, fat and tendons. Digestion solution prepared from 500 ml of warm (46-48 ˚ C) tap water by adding 4 
ml of 25% hydrochloric acid and 2.5 g of crystallized swine pepsin in a concentration corresponding to 1: 10 000 NF 
(U.S. National Formulary). The larvae of Trichinella spp. were counted and parasites stored in 96.6 % ethyl alcohol. 

For parasite infection characteristic used prevalence which is the infected animals number from all investigated 
animals detected in percents (%) (Robers, Janovy 1996) and infection intensity - Trichinella spp. larvae number 
expressed on one gram of meat: number of detected larvae / weight (g) of tested musculature. 

 
Results 

 
In this research Trichinella spp. prevalence in Martes was 41.8% but in Latvia detected prevalence was higher 

(45.8%) than in Lithuania (Kaunas region) - 20.0%. Trichinella spp. infection parameters in different research territories 
(Table 2) and between both marten species vary. Prevalence in stone martin was 54.6% and in pine martin accordingly 
40.2%. In region Kurzeme Trichinella spp. prevalence in pine martens was 45.2% and this is the highest occurrence in 
territory of Latvia. Infection intensity varies from 0.04 to 61.20 (l.p.g.). Most of the cases show that pine martens have 
higher Trichinella spp. infection intensity than stone martens. In both marten species Trichinella spp. average infection 
intensity was higher in Latvia, than in Lithuania (Kaunas region). Region Latgale present the highest average number of 
Trichinella spp. infection intensity of pine marten. 
 
Table 2. Trichinella spp. infection parameters in pine and stone marten in different research territories 

Territory 

Pine marten (Martes martes) Stone marten (Martes foina) 

Number of 

investigated 

animal 

Number of 

infected 

animals 

Prevalence % 

or ratio of 

infection 

Infection 

intensity 

min-max 

(l.p.g.) 

Number of 

investigated 

animal 

Number of 

infected 

animals 

Prevalence 

% or ratio 

of infection 

Infection 

intensity min-

max (l.p.g.) 

L
a

tv
ia

 

Vidzeme 7 4 4(7) 0.08-5.24 1 0 - - 

Latgale 24 9 37.5% 0.80-61.20 0 - - - 

Kurzeme 42 19 45.2% 0.04-25.04 4 2 2(4) 0.04-0.08 

Zemgale 2 2 2(2) 5.68-49.88 3 2 2(3) 0.04-17.92 

Total in 

Latvia 
75 34 45.3% 0.04-61.20 8 4 4(8) 0.04-17.92 

Lithuania 12 1 8.3% 0.92 3 2 2(3) 0.56-2.40 

Total 87 35 40.2% 0.04-61.20 11 6 54.6% 0.04-17.92 

 
For research collected animals acquired in age groups - less than one year of age (92%) and adults (8%). This let 

as now that with the hunting method frame–like traps adult martens are harder to catch, because of the animal etiology 
after longer life experience.  
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In total parameters of Trichinella spp. infection in marten males and females (Table 3) show no differences. In 
Latvia both marten species individuals from both genders show similar prevalence and average larvae number per gram 
musculature. In Lithuania (Kaunas region) for marten females Trichinella spp. was absent. In Lithuania (Kaunas region) 
Trichinella spp. prevalence in stone marten male was higher, than in pine martens from the same gender, but from both 
species amount of investigated animals is small. 

 
Table 3. Trichinella spp. infection parameters in pine and stone marten males and females 

 

Male  Female  

Number of 

investigated 

animal 

Number 

of 

infected 

animals 

Prevalence 

% or ratio 

of 

infection 

Infection 

intensity 

min-max 

(l.p.g.) 

Number of 

investigated 

animal 

Number 

of 

infected 

animals 

Prevalence 

% or ratio 

of 

infection 

Infection 

intensity 

min-max 

(l.p.g.) 

L
a

tv
ia

 

Pine marten 

(Martes 

martes) 
44 19 43.2% 0.04-61.20 31 15 48.4% 0.04-49.88 

Stone marten 

(Martes foina) 6 3 3(6) 0.04-17.92 2 1 1(2) 0.08 

Total 50 22 44.0% 0.04-61.20 33 16 48.5% 0.04-49.88 

L
it

h
u

a
n

ia
 Pine marten 

(Martes 

martes) 
6 1 1(6) 0.92 6 0 - - 

Stone marten 

(Martes foina) 3 2 2(3) 0.56-2.40 0 - - - 

Total 9 3 3(9) 0.56-2.40 6 0 - - 

Total 59 25 42.4% 0.04-61.20 39 16 41.0% 0.04-49.88 

 
Discussion 

 

Martens are common host for Trichinella species. In other countries performed similar researches and presented 
Trichinella spp. prevalence in Spain for pine marten was 4.44% (Segovial et al. 2007), in Bulgaria for stone marten 
accordingly 28.6% (Kirkova et al. 2011). This type of researches  with Trichinella monitoring are significant, because 
there is low control mechanisms for this zoonosis and only a limited number of countries have implemented and official 
recording system for human and animal infections in the last 50 years (Pozzio 2007). 

Main source for marten infection with Trichinella spp. is the animal diet. Pine martens summer diet largest part 
consists mostly of herbs and mammals (Russell & Storch 2004) and half of stone marten diet are rodents and 30% game 
animals (Kirkova et al. 2011). In Lithuania detected Trichinella spp. infection in rat (9%) (Stankevicius 1975 and 
Rockiene 1994 after Kapel 1997) but in Latvia such data are no published. Infections in brow rats (Rattus norvegicus) 
living in farms or garbage dumps have been reported in Italy and Estonia although larvae of this species have a very 
short survival time in this host (Pozzio, Murell 2006). Big role in infection with Trichinella spp. is marten eating of 
dead animal carcasses because Trichinella spp. can be transmitted from animal to animal through eating of meat from 
wild boar, red fox or feed with scraps from sylvatic carnivores (Pozzio & Murell 2006).  Worms belonging to the 
Trichinella genus in Europe represent the most important reservoir in wildlife (Pozzio et al. 2009). In Latvia the highest 
observed Trichinella spp. prevalence in wild animals was observed in lynx following by red foxes, raccoon dogs and 
wild boars, 61.5-100.0%, 28.9-70.0%, 26.7-40.0% and 1.4%, respectively (Malauskas et al. 2007; Bakasejevs et al. 
2012; Bērziņa et al. 2012). In Lithuania reported Trichinella spp. prevalence in pine martens is 62,5%,  in red fox is 
33.33%, in raccoon dogs – 27.27% and in wild boars – only 1.3% (Senutaitė & Grikienienė 2001).  

Trichinella spp. prevalence differences in studies territories can be explained by host food supplies, host 
population density and other Trichinella spp. target host (wild animals) population sizes and Trichinella spp. infection 
parameters. Also animal home range, individual experience and habitat have impact on infestations. For stone marten 
average home range is in 2.2 km radius (Genovesi et al. 1997), but for pine marten in 0.9 km radius (Zalewski et al. 
2004). Pine marten is found in insular wooded areas, scrublands and coniferous forests, but stone marten frequents 
forests, woodlands and pastures, and is expanding in suburban and urban areas (Proulx et al. 2005). Pine martin home 
range is bigger in forest, than in fragmented habitats, but is not significantly different (Mergey et al. 2011). Marten life 
habitat variety increases the risk of infection with Trichinella spp. and the transition of this parasite to humans and 
domestic animals. 

In this research marten age and gender have low impact on Trichinella spp. infestation, and we suggest that more 
it can be explanted with each individual animal ethology.    

In territory of Latvia three species from Trichinella genus: Trichinella britovi, T. spiralis and T. nativa (Pozio 
2007) and in Lithuania the same species have been reported (Malauskas et al. 2007). Trichinella britovi is the most 
widespread etiological agent of Trichinella infection in wild and domestic animals and has the widest geographical 
range, occurring wildlife of the temperate areas of the Europe and Asia (Pozzio et al. 2009). T. britovi is also the most 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Senutait%C4%97%2C+Jaun%C4%97)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Grikienien%C4%97%2C+Jadvyga)
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common agents of Trichinella spp. infection in carnivores in Latvia (Bērziņa u. c. 2012). In Europe, it has been 
identified in 83%, 30% and 11% of isolates from red fox, wild boars and domestic pigs (Sus scrofa domestica), 
respectively (Pozzio et al. 2009). In further researches it is planned to make Trichinella species identification by 
multiplex PCR methods. 

 
Conclusions 

 

Main results of study show that in Latvia and Lithuania (Kaunas region) Martes species are frequent natural 
reservoirs for zoonotic agents Trichinella spp. In this research for martens in Latvia determined higher Trichinella 

prevalence than in Lithuania, but more sample analyses could help to make more detailed and reasonable explanation of 
the situation. Animal parameters (age group and gender) have low impact on Trichinella spp. infestation. Differences on 
Trichinella infection in territorial aspect has to be described for each territory individually subject to a number of 
factors. 
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Abstract 

Many studies have demonstrated the application possibilities of pulsed electric field (PEF) technology in food processing: inactivation of 
microbes, inactivation of enzymes in foods, improvement of fruit juice yield or extraction of valuable constituents from the inner parts of the plant 
cells as well as improvement in drying processes. PEF treatment could be an alternative, non-thermal method for food pasteurization, since after the 
treatment products remain fresh-like and maintain taste, flavor, color and nutritional values. However, there are still some challenges for wider PEF 
application. PEF parameters and equipment have to be optimized in order to minimize electrical energy consumption and to have homogenous electric 
field strength. Consumer acceptance of PEF treated products should also be investigated. PEF technology in industry implementation is emerging at 
the moment. This article intends to summarise the application possibilities of PEF for food preservation and processing. 

Key words: PEF technology, application, food processing, extraction. 
 

Introduction 

 
Nowadays, fast growing consumer demand for natural, healthy food with an adequate shelf-life together with a 

search for environmentally friendly processing technologies has aided in the development of emerging non-thermal 
technologies such as pulsed electric fields. Pulsed electric field (PEF) processing involves an application of short 
duration, high voltage electric field pulses (usually of couple of micro or milliseconds, but several to tenth of kilovolts) 
to foods or plant materials placed in a treatment chamber confined between electrodes. PEF can be used for liquid or 
semi liquid food products treatment at ambient, sub-ambient, or slightly above ambient temperature.  

PEF treatment influences the structural rearrangement of the cell membrane. Because of the low electrical 
conductivity of the cell membrane as compared to the cell surrounding media in biological tissue, the electric field 
appears to be concentrated mainly on the membrane. The principles of PEF processing have been explained by several 
theories however, there is still no clear evidence on the underlying mechanism of action at the cellular level. The most 
accepted theory to explain the selective damage of membrane is the electromechanical model proposed by Zimmerman 
et al. (1974). It considers the cell membrane to be a capacitor with a low dielectric constant. Free charges of opposite 
polarities are present at both sides of a membrane, resulting in a naturally occurring transmembrane potential. Exposure 
to an electric field induces accumulation of cell interior and exterior charges across the membrane and therefore an 
increase in the transmembrane potential. Additional potential induced from external electric field raises compression 
pressure on the membrane due to attraction between opposite charges on both sides of the membrane, which induces 
membrane thinning. When electro-compression exceeds the elastic resistance of a membrane, the membrane ruptures 
and losses its semi-permeable nature (Soliva-Fortuny et al., 2009). The membrane can become either transiently or 
permanently permeable, depending on factors such as the electric field intensity, pulse duration and sample composition 
(Janositz and Knorr, 2010). An alternative hypothesis to explain PEF induced phenomena is cell electroporation. This 
hypothesis states that application of external electric fields induces an increase of transmembrane potential that can lead 
to formation of hydrophilic pores in the membrane (Satkauskas et al., 2012). These pores not only allow extraction of 
intracellular components but also intracellular delivery of exogenous molecules like drugs and genes (Venslauskas et 
al., 2010, Satkauskas et al., 2012).  

The application of PEF in food technology attracted large attention in the last decade with most of the studies 
done in the range of irreversible membrane permeabilization, with the main objective to inactivate microbes or to 
facilitate extraction of fruit juices or other valuable constituents from the inner parts of the plant cells and/or to increase 
drying or freezing rates of plant materials. 

Critical electric field strength to induce membrane permeabilization is dependent on cell geometry and size. Due 
to cell being rather large in plant tissues (40-200 m) when compared to microbial cells (1-10 m), the electric field 
strength required for elecropermeabilization of plant cells (0.5–5 kV/cm) (Knorr, 1999) is lower than that required for 
inactivation of microorganisms (20–80 kV/cm) (Rupasinghe and Yu, 2012).  

The common types of electrical field waveform applied in PEF treatment include both exponentially decaying 
and square wave. Both waveforms are effective, but square wave pulses produce stable peak voltage for a longer time 
and can reduce thermal effect and energy consumption (Alkhafaji and Farid, 2007). The design of the treatment 
chamber (geometry and the dimensions of the electrodes) is also very important factor in order to assure the effective 
cellular permeabilisation during the process, it should impart uniform electric field to food with a minimum increase of 
the temperature and the electrodes should be designed to minimize the effect of electrolysis (Schoenbach et al., 2000). 

The power consumption is very important measure to evaluate the industrial attractiveness of any 
electrotechnology. It should be noted that from the standpoint of power consumption, PEF method is practically ideal 
for the production of damaged plant tissues as compared to more common treatment methods (mechanical, enzymatic, 
and heating or freezing-thawing) (Vorobiev and Lebovka, 2012). Studies on energy requirements have also concluded 
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that PEF is an energy-efficient process compared to thermal pasteurization, particularly when a continuous system is 
used (Qin et al., 1995).  

Other evident advantages of PEF application in the food industry are as follows: the method is simple and does 
not require any complex and expensive equipment; very short processing time; food products are treated at lower 
temperatures so they retain nutritional and organoleptic characteristics; the method can be easily applied in a combined 
mode, as supplementary to any pressing, thermal or microwave treatment (Vorobiev and Lebovka, 2006). In addition, 
PEF tratment do not produce any harmful environmental by-product (Toepfl et al., 2006). PEF technology was applied 
commercially for the first time in 2005 in the United States for fruit juice preservation (Clark, 2006). Genesis Juice 
Corporation produced unpasteurized finest quality fruit juices with a shelf life of four weeks under refrigeration 
conditions. PEF application for food pasteurization in the USA is allowed since 1996, demonstrating the technique is 
safe for food preservation (Jaeger et al., 2009). An approval in Europe is still awaiting (Jaeger et al., 2009). 

In this paper we shortly present and summarise main PEF application possibilities for food preservation and 
processing. 

 
PEF in food preservation  

 

Traditionally, the shelf-life stability of beverages and other foods has been achieved by thermal processing. 
High temperature short time treatment is the most commonly used technique for juice and milk pasteurization. PEF has 
the potential to complement or even replace traditional thermal processes for the pasteurization and sterilization of 
liquid food products. In recent years PEF technology has undergone substantial developments towards its commercial 
application (Clark, 2006).  

PEF treatment has lethal effects on various vegetative bacteria, mold and yeast (Table 1). PEF induce 
membrane permeabilisation of the bacterial cell (Gusbeth et al., 2009; Saulis, 2010). However, it is not clear whether 
microbial inactivation is due to the formation of irreversible pores or to the complete disruption of the cell membrane. 
In any case, the survival of microbes depends exponentially on applied electrical field intensity (Unal et al., 2002). In 
addition, effectiveness of microbial inactivation by PEF is also highly dependent on the type of microorganism. It is 
assumed that yeasts are more sensitive than the vegetative bacteria (Qin et al., 1998) and Gram-positive bacteria are 
more resistant than the Gram-negatives (Aronsson et al., 2001; Vega-Mercado et al., 1996).  

 
Table 1. Examples of PEF inactivation of microorganisms in fruit juices and milk 

Product Microorganism 
Treatment 

parameters 
Log reduction Source 

Skim milk Total mesophilic count 42 kV/cm, 612 μs, 
49 °C 

2.5 Walking-Ribeiro 
et al., 2011 

Milk Escherichia coli,  
Listeria monocytogenes and  
Staphylococcus aureus  

42 kV/cm, 200 μs, 
≤35 °C 

>3, <2 and ~2.8, 
respectively 

Zhao et al., 2013 

Apple juice Native microbial flora 40 kV/cm, 100 μs, 
43-57 °C 

5.4 Noci et al., 2008 

Green tea beverage Escherichia coli and Staphylococus 

aureus 
38.4 kV/cm, 160 
and 200 μs, 20 °C 

 5.6 and 4.9, 
respectively 

Zhao et al., 2008 

Apple juice Escherichia coli  34 kV/cm, 7.68 μs, 
55 °C 

6.2 Heinz et al., 2003 

Mellon juice Salmonella enteritidis, Escherichia 

coli and Listeria monocytogenes 
35 kV/cm, 
1440 μs, <40 °C 

3.7, 3.7 and 3.6, 
respectively 

Mosqueda-Melgar 
el at., 2007 

Cherry juice, peach 
nectar, apricot nectar 

Penicillum Expansum 34 kV/cm, 163 μs, 
21 °C 

100 % inactivation 
of spore germination  

Evrendilek et al., 
2008 

 
Bacterial spores are much more resistant than vegetative bacteria, therefore inactivation of spores only with PEF 

is not easily achieved (Marquez et al., 1997; Pol et al., 2001) and sometimes it requires the combination of PEF with 
heat or other treatment methods (Spilimbergo et al., 2003). Recently, it has been observed that when operating at 
ambient temperature, PEF process conditions that would be commercially applicable (30 kV/cm, 100 μs) are not 
sufficient to obtain substantial inactivation in several PEF-resistant strains of pathogenic microorganisms (Saldana et 
al., 2010). Therefore similar strategy (PEF + heat or other preservation factors) can be applied for more resistant 
pathogenic microbes (Monfort et al., 2012; Halpin et al., 2013).  

PEF effectiveness in food preservation depends not only on the types of microorganisms present or processing 
conditions, but also on the physical and chemical properties of the food (conductivity, water activity or pH) (Garcia et 
al., 2005; Garcia 2007). Among the benefits of PEF treatment as compared to heat treatments, better preservation of 
ascorbic acid, phenolics, organic acids, carotenoids content and better preservation of volatile compounds were reported 
(Odriozola-Serrano 2009; Soliva-Fortuny et al., 2009; Aguilar-Rosas et al, 2007; Cserhalmi et al., 2006). In addition, it 
was reported that PEF treated juice fully retain its antioxidant capacity (Oms-Oliu et al., 2009). There is no evidence 
that PEF treatment affects the primary structure of proteins (peptides and amino acids) or cause any change in fatty 

http://www.sciencedirect.com/science/article/pii/S0168160507002607
http://www.researchgate.net/researcher/10587830_Sara_Spilimbergo/
http://www.sciencedirect.com/science/article/pii/S0168160511004387#bb0125
http://www.sciencedirect.com/science/article/pii/S0168160511004387#bb0125
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acids content (Soliva-Fortuny et al., 2009). High-intensity PEF treatment of milk cause less change in vitamins B1, B2, 
D and E content than conventional processing treatments (Soliva-Fortuny et al., 2009).  

PEF treatment effect on enzymes is not well documented and the available data are not in accordance with each 
other (Van Loey et al., 2002; Yang et al., 2004). Different experimental equipments and processing conditions make 
them difficult for direct comparison. Enzyme inactivation could be related to secondary effects: local changes in 
temperature, electrochemical reactions or formation of free radicals (Jaeger et al., 2009). 

 
PEF in fruit and vegetable processing 

 

Besides the use of PEF technology to inactivate microorganisms, another field of interest is the treatment of 
plant cell material in order to improve mass transfer of inner liquids and cell components (e.g. health related plant 
metabolites, pigments). 

 
Enhancement of the juice yield 

Traditional methods used to increase juice yield include heating and enzymatic treatment. However, traditional 
treatments are accompanied by high energy consumption and degradation of juice quality, loss of the vitamins and 
changes in color and/or flavor (Charles-Rodriguez et al., 2007). PEF-assisted expression of fruit juices has been shown 
to increase yields to similar values that are reached using commercial methods, but in a faster continuous process 
(Eshtiaghi and Knorr, 2002).  PEF applied as a pre-treatment before pressing retains product quality and results in the 
production of fresh taste juices with a high concentration of heat-sensitive ingredients (Grimi et al., 2011; Turk et al., 
2010; Schilling et al., 2007). 

Praporscic et al. (2007a) investigated the effect of PEF treatment (1500 V/cm, 100 pulses, pulse duration 100 µs) 
in combination with pressing on white grape (Sauvignon, Muscadelle and Semillon) juice extraction yield. In this study, 
the PEF-assisted grape juice expression allowed to obtain high quality must with smaller content of solid particles and 
increased the juice yield from 49–54% to 76–78%. The extraction of juice from Chardonnay white grape using pulsed 
electric field (400 V/cm, treatment time 0.1 s) was studied by Grimi et al. (2009). The PEF pre-treatment resulted in the 
increase of the juice yield from 67 to 75% as well as the increased content of polyphenols in juice (>15%).   

Combined pressing and moderate PEF treatment (0.25–0.4 kV/cm) was reported to enhance the juice yield from 
carrots (Praporscic et al., 2007b). Pretreatments that cause cellular damage or permeabilization of plant cells can be 
used to enhance the efficiency of hydraulic pressing. In the recent years, PEF-assisted pressing and aqueous extraction 
from sugar beets were intensively studied (Eshtiaghi and Knorr, 2002; Bouzrara and Vorobiev, 2003; Jemai and 
Vorobiev, 2006; Sack et al., 2010; Loginova et al., 2011). In the pilot study reported by Jemai and Vorobiev (2006) PEF 
was applied after a first period of sugar beet cossettes pressing when extraction is reduced due to press cake 
compactness. Application of PEF at this particular instant increased the permeability of most of the remaining cell 
membranes leading to enhanced extraction of intra-cellular juice and better juice quality. Authors reported that up to 
80% of overall yield could be achieved by intermediately applying a PEF during a two stage pressing process at 5–15 
bar. In the study reported by Loginova et al. (2011), the dryness of pulp obtained by cold extraction of PEF-treated 
cossettes was noticeably higher than the dryness of pulp obtained by conventional hot water extraction.  It should be 
mentioned that improved juice yield constituted a sufficient driving force to build semi-industrial electroporation 
facility KEA-ZAR for PEF-assisted sugar extraction from the sugar beets (Sack et al., 2010).  

Grimi et al. (2011) investigated the influence of PEF pre-treatment (400 V/cm) on cut apples prior to pressing 
and whole apples prior to cutting and pressing. The PEF pre-treatment resulted in increase of the juice yield from 
44g/100 g apple (cut untreated apples) to 58g/100 g apple (pre-treated whole apples) and 64g/100 g apple (pre-treated 
cut apples). Furthermore, the authors concluded that PEF pre-treatment increased the content of polyphenols and 
intensified antioxidant capacities of apple juice.  

The effectiveness of PEF pre-treatment for juice extraction from alfalfa, peppers, potatoes and other plant 
material was also demonstrated (Donsi et al., 2010). 

 
Impact on drying processes  

High intensity PEF pre-treatment was reported to improve mass transfer during the drying process of plant 
tissues. 

PEF pretreatment has been shown to enhance mass transfer rates in air drying of carrots (Gachovska et al., 
2008a) and potatoes (Lebovka et al., 2007), as well as in osmotic dehydration of bell peppers (Ade-Omowaye et al., 
2002). PEF pretreated carrots (1 – 1.5 V/cm) showed a higher drying rate; however, rehydration rate of pretreated 
carrots was lower than that of blanched carrots (Gachovska et al., 2008a). The use of PEF (0.5 – 2.5 kV/cm, 20 pulses, 
400 µs) was evaluated as a pretreatment to the osmotic dehydration of bell peppers at 35 °C, in comparison with the 
osmotic dehydration conducted at 45 and 55 °C. While a similar increase of water loss was induced by higher 
temperatures as well as PEF (from 30 to 50%), the percentage of vitamin C reduction in peppers after PEF treatment 
prior osmotic dehydration was lower than after dehydration at higher temperatures (Ade-Omowaye et al., 2002).  

 
Impact on extraction and recovery of biologically active plant constituents  

Fruits and vegetables are rich sources of various bioactive compounds (Bobinaitė et al., 2012; Dvaranauskaite et 
al., 2009) and maximum recovery of these compounds is very important task. Studies have shown that membrane 
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electroporation in plant materials by moderate electric fields (0.5–5 kV/cm) is not destructive to the tissue matrix 
(Fincan and Dejmek, 2002; Grimi et al., 2010). Plant tissue with electroporated cell membranes, but with a preserved 
cell wall network, can be selectively permeable and is capable of better retaining some cell compounds. Therefore PEF 
treatment can be used for more selective extraction of plant cell components such as biologically active compounds. 

A PEF pre-treatment was reported to increase the anthocyanin concentration in grape juice (Knorr, 2003). 
Corrales et al. (2008) compared extraction of anthocyanins from grape by-products using ultrasonics, high hydrostatic 
pressure and PEF. It was demonstrated that PEF treatment (3 kV/cm, 30 pulses, 2Hz, total treatment time 15 s) of by-
products prior to the solvent extraction enhanced extraction of anthocyanins by 17% as compared to conventional and 
ultrasonic extraction; and by 10% as compared to high hydrostatic pressure assisted extraction. It was noted that PEF 
treatment especially enhanced the extraction of anthocyanin monoglucosides (Corrales et al., 2008). Gachovska et al. 
(2008b) studied the effect of PEF on the extraction of anthocyanins from red cabbage. PEF treatment of red cabbage 
mash (2.5 kV/cm, 15 µs width) enhanced total anthocyanin extraction in water by 2.15 times with a higher proportion of 
non-acylated forms than the control.  

PEF has been shown to be very effective for improving the extraction of red pigments (betalains) from red 
beetroot. Fincan et al. (2004) applied pulsed electric field (1 kV/cm, 270 pulses of 10 µs) to improve the extractability 
of red pigments from red beetroot in a solid–liquid extraction process. They observed the highest degree of extraction 
(90% of total red pigment) with PEF treatment compared with freezing and mechanical pressing, with relatively low 
levels of tissue damage and low energy consumption (Fincan et al. 2004). Lopez et al. (2009) applied electric field of 
higher intensity (7 kV/cm) but shorter pulse duration (2 µs) for red beetroot treatment, which resulted in the release of 
90% of total betanine in Mcllvaine’s buffer solution (pH 3.5). Furthermore, the combination of PEF treatment and 
pressing shortened extraction time by 18-fold. 

PEF treatment (2–10 kV/cm) may also represent a viable option for enhancing the extraction of phenolic 
compounds from grape skin cells during the maceration steps, without altering wine quality and with moderate energy 
consumption (Donsi et al., 2010).  

 
Summary 

 
PEF treatment, as an alternative, non-thermal treatment process, has been studies extensively during last several 

decades. After PEF treatment process, the products are fresh-like with maintained taste, flavor, color and nutritional 
values. PEF can effectively inactivate pathogenic microorganism, thus the technology could be applied for liquid food 
pasteurization. In addition, enzymes, vitamin or protein fractions present in milk usually are very heat sensitive. After 
PEF treatment, they could remain not affected, thus milk and similar liquid products (eg. juice) are the most potential 
products for non-thermal pasteurization by PEF. However, there are still some challenges for wider PEF application. 
First, electrical energy consumption and equipment price should be minimized. Second, consumer acceptance of PEF 
treated products versus traditionally treated products should be investigated (Jaeger et al., 2009). Third, optimization of 
the treatment chamber design and electrode geometry should be optimized in order to have homogenous field strength, 
treatment time and temperature gradients. Also, electrochemical reactions and electrode erosion should be controlled 
regularly to maintain chemical food safety.  
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Abstract 

 

The aim of this study was to investigate the influence of genotype and maturity on antioxidant substances and antiradical activity of 
raspberries. 

Two Rubus idaeus L. cultivars (red-fruited 'Glen Moy' and yellow-fruited 'Beglianka') were selected for this study. Raspberry fruits (with 
removed seeds and seeded) of four maturity stages were analyzed for total phenolics, free ellagic acid, ellagitannins, anthocyanins and ascorbic acid 
content. In addition, Trolox equivalent antioxidant capacity (TEAC) of raspberries was measured.  

Fruits of red raspberry 'Glen Moy' had higher amounts of investigated antioxidant substances than yellow-fruited 'Beglianka'. The content of 
ascorbic acid slightly increased during fruit ripening of red-fruited cultivar 'Glen Moy'. Significantly higher amounts of total phenolics and 
ellagitannins were found in the whole raspberries as compared to the seedless berry pulp. Depending on the ripening stage in the seedless raspberry 
pulp the content of total phenolics was up to 46% lower than in corresponding whole berries with seeds. The total phenolics did not show a marked 
change with maturity; phenolics content only slightly decreased with maturity, from 559.4 to 493.1 mg/100g in 'Glen Moy' fruits and from 456.3 to 
415.2 mg/100g in 'Beglianka' fruits. The content of free ellagic acid slightly increased during raspberry fruit ripening. The content of ellagitannins 
was the lowest in overripe raspberries. Higher decrease in ellagitanns concentration from underripe to overripe stage was recorded when seedless 
berry pulp was analyzed (27% for 'Glen Moy' and 21% for 'Beglianka'). As compared to the whole fruits, seedless berry pulp was found to have lower 
TEAC. The lowest TEAC was found in overripe raspberries. 

Key words: raspberry, phenolics, ellagitannins, ascorbic acid, TEAC. 

 

Introduction 

 
Berries are particularly rich in a number of biologically active phytochemicals, - primarily polyphenols. In a list 

describing the 20 foods with the highest polyphenol concentrations, 16 berries were included (Ovaskainen et al., 2008). 
The positive influence of berry phytochemicals on human health was confirmed by many investigations (Paredes-Lopez 
et al., 2010). Nowadays health-promoting food is the most important direction of the food industry. Each year 
increasing number of natural food products with enhanced nutritional values (functional foods), natural dietary 
supplements and food additives containing various bioactive components of berries are introduced into the world’s 
market. 

Raspberries are well recognised for their health-promoting antioxidant compounds. Those compounds are mainly 
represented by vitamin C and polyphenols such as anthocyanins and ellagitannins (Rao and Snyder, 2010).  Ellagic acid 
released after acid hydrolysis of ellagitannins was predominant phenolic compound in raspberries (Häkkinen et al., 
1999). Therefore, it can be assumed that these berries and their products contribute a significant amount of ellagic acid 
to the diet. Ellagic acid has received much attention for its nutritional and pharmacological potential as it has been 
reported to have antioxidant and chemopreventive activity (Stoner et al., 2008). Moreover berries with high contents of 
ellagitannins (raspberries, cloudberries and strawberries) shows strong antimicrobial activity against human pathogenic 
microbes, but not against beneficial probiotic lactic bacteria (Nohynek et al., 2006). This also offers many new 
applications of raspberries and their ellagitannin preparations in food industry and medicine. 

The concentration and composition of phytochemicals in berries is affected by many factors, particularly 
genotype, fruit ripening stage, environmental and cultivation conditions (Beekwilder et al., 2005; Atkinson et al., 2006; 
Rubinskiene et al., 2007; Viskelis et al., 2010a; Viskelis et al., 2010b). More knowledge about biochemical composition 
of raspberry fruits during maturation will be useful when selecting row materials with high phenolic antioxidants 
content for production of specific ingredients for food industry and also for agronomical (breeding) purposes. 

The aim of this study was to investigate the influence of genotype and maturity on antiradical activity of 
raspberries. In, addition the distribution of phytochemicals in raspberry fruit tissues, by analyzing seedless berry pulp 
and whole berries (including seeds), was evaluated.  

 
Materials and methods 

 
Two different raspberry (R. idaeus L.) cultivars were selected as test subjects: red-fruited 'Glen Moy' and yellow-

fruited 'Beglianka'. The berry ripeness was evaluated according to a scale determined by authors: I-st stage (beginning 
of ripening), II-nd stage (50% ripe), III-rd stage (technical maturity), IV-th stage (overripe). After harvesting berries 
were immediately frozen at -30 °C and kept until needed. Prior to the analysis berries were thawed at room temperature. 
The berry seeds (for seedless samples) were separated using a sieve after thawing of berries.  

Ascorboc acid (vitamin C) content was determined by the titrimetric method using 2,6-dichlorphenolindophenol 
sodium salt solution (AOAC 1990).  

Anthocyanins from the homogenized berries or pulp (Polytron PT 1200E homogenizer, Luzern, Switzerland) 
were extracted with acidified methanol (0.1 N HCl). The absorption of the extracts was measured using a Cintra 202 
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UV/Vis spectrophotometer (GBC Scientific Equipment, Australia) at 535 nm. The concentration of anthocyanins was 
expressed in mg of cyanidin-3-glucoside equivalents per 100 g of fresh weight (f.w.). 

Total phenolics in the methanolic berry extracts were determined with Folin-Ciocalteu reagent according to the 
method of Slinkard and Singleton (1977) with slightly modifications (Česoniene et al., 2012). The absorbance of the 
samples was measured at 765 nm using the Genesys-10UV/Vis spectrophotometer (Thermo Spectronic, Rochester, 
USA). Results were expressed in mg of gallic acid equivalents (GAE) per 100 of fresh weight. 

The extracts for the radical scavenging activity assay were obtained by extracting 5 g of homogenized berries or 
pulp with 25 ml of methanol at ambient temperature for 2 h under constant shaking. The solution was filtered and the 
residue was repeatedly extracted with 20 mL of methanol for 2 h. The extracts were combined and diluted up to 50 mL 
with methanol. 

The radical scavenging activity of berry extracts agains stable 2,2-diphenyl-1-picrylhydrazyl hydrate DPPH 
(Sigma-Aldrich, Germany) was determined by a slightly modified spectrophotometric method of Brand-Williams et al 
(1995) (Česoniene et al., 2010). DPPH methanolic solution (2 mL, 610-5 M) was mixed with 20 L of prepared extract. 
The decreasing absorbance at 515 nm due to the scavenging of DPPH radical was measured with a spectrometer 
Genesys-10 UV/Vis. Simultaneously, the absorption of blank sample containing the same amount of methanol and 
DPPH solution was measured. 

Antiradical activity of the samples was expressed as Trolox equivalent antioxidant capacity TEAC. For this 
purpose calibration curve of Trolox (concentration range 0 – 2667 µmol/L) was made in DPPH assay (r2 = 0.999). 

Ellagitannins were determined as ellagic acid equivatents after acid hydrolysis (Bobinaitė et al., 2012). 
Homogenized berries or berry pulp (3g) were mixed with 50 ml of acidified methanol (final concentration 2 M 

of HCl) and refluxed for 20 h at 85 °C. After hydrolysis, samples were cooled and made up to 100 mL with methanol.  
Free ellagic acid was analyzed in the samples without acid hydrolysis. The extracts for free ellagic acid 

determination were prepared in the same way as for radical scavenging assay. 
The HPLC system consisted of a Shimadzu HPLC (Model LC-10Avp two pumps and DGU-14A Degasser) 

equipped with a UV/vis detector (Model SPD-10AVvp; Shimadzu, Kyoto, Japan) interfaced with a personal computer. 
The separation was performed on a LiChroCART LiChrospher 100 RP-18 column (5µm; 125×4 mm i.d.; Merck, 
Darmstadt, Germany) protected with a guard column (4×4 mm i.d.). The temperature of the column oven was set at 30 
°C. The mobile phase consisted of aqueous 1 % formic acid (eluent A) and acetonitrile/methanol mixture (85:15, v/v) 
(eluent B). Ellagic acid was analyzed with gradient elution as follows: 0–20 min, from 5% to 30% of B in A; 20–30 
min, from 30% to 90% of B in A; 30–35 min, 90% of B in A; 35–40 min, from 90% to 5% of B in A. The flow rate was 
1.0 mL/min. Ellagic acid and its derivative methyl sanguisorbuate were detected at 254 nm and quantified as ellagic 
acid equivalents. Peak identification was performed by comparison of retention times and UV/vis spectral 
characteristics with the standard and the literature data (Vrhovsek et al., 2006; Koponen et al., 2007). 

The stock solution of ellagic acid standard (500 mg/L) was prepared by first dissolving it in one part of 
tetrahydrofuran followed by 24 parts of methanol. The working solutions were diluted from the stock solution with 
methanol, concentration range 5-100 mg/L, R2=0.995.  

 
Results and discussion  

 

The content of ascorbic acid slightly increased during fruit ripening of red-fruited cultivar 'Glen Moy' (Table 1). 
Similar tendency was previously reported during fruit development of 'Tulameen' raspberries (Beekwilder et al., 2005). 
The content of ascorbic acid during ripening of yellow-fruited cultivar 'Beglianka' fluctuated statistically insignificantly. 
In all ripening stages fruits of 'Glen Moy' had significantly higher amounts of ascorbic acid comparing with fruits of 
'Beglianka'. As it was expected, no significant differences in ascorbic acid content between whole berry and seedless 
berry pulp samples of corresponding cultivars was detected. The content of ascorbic acid in the investigated ripe 
raspberries was in the range reported by other scientists (Pantelidis et al., 2007; Haffner et al., 2002).  

The content of total anthocyanins increased considerably from unripe to overripe stages of red raspberry cultivar 
(Table 1). Higher amounts of total anthocyanins were found in the seedless fractions of 'Glen Moy' as compared to the 
seeded fruits. The content of anthocyanins in the fully ripe fruits of 'Glen Moy' was in the range reported by other 
researchers for red raspberry cultivars (Weber et al., 2008). Minimal amounts of anthocyanins were also detected in 
fully ripe and overripe fruits of yellow raspberry 'Beglianka'. 

Significantly higher amounts of total phenolics were found in the whole berries as compared to the seedless 
berry pulp of corresponding cultivars (Table 1). Depending on the ripening stage in the pulp of 'Glen Moy' total 
phenolics content was from 31.1 to 33.7% lower and in the pulp of 'Beglianka' - from 40.3 to 45.8% lower. 

The content of total phenolics of raspberries did not show a marked change with maturity. During ripening 
process a slight, but significant decreased in total phenolics concentration was observed in whole berries and seedless 
pulp of 'Glen Moy'. The same tendency was noted when whole berries of yellow-fruited 'Beglianka' were analyzed. 
However in the seedless berry pulp of 'Beglianka' no significant difference in total phenolics content was detected from 
I-st to IV-th ripening stages. 

The majority of ellagic acid found in raspberries was presented as ellagitannins (expressed as ellagic acid 
equivalents) (Table 1). The amount of free ellagic acid (non-tannin ellagic acid) in berries was from 0.8 to 1.9% of the 
content of ellagitannins. According to the results of our study the amount of free ellagic acid slightly increases during 
fruit ripening process (Table 1). Lower amounts of free ellagic acid were detected in the seedless raspberry pulp. 
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Table 1. The content of biologically active substances in raspberries during ripening 

Cltivar 
Ripness Phenolics Anthocyanins Ascorbic acid Ellagic acid Ellagitannins 

stage* mg/ 100g of fresh weight 

'Glen Moy' (Berries) 

I 559.4±9.0 7.8±1.0 27.6±1.5 2.58±0.12u 340.3±14.9 
II 561.3±12.5 23.9±1.7 31.2±0.9 3.13±0.20 316.2±16.0 
III 535.8±10.1 59.2±2.6 33.2±1.5 2.92±0.14 295.6±12.1 
IV 493.1±8.3 86.5±5.2 35.6±2.0 3.14±0.18 264.9±15.1 

'Glen Moy' (Seedless 
pulp) 

I 315.1±11.7 8.6±0.5 30.6±1.6 1.78±0.12 221.9±9.3 
II 316.6±10.2 25.7±4.6 33.4±2.1 2.07±0.10 208.6±10.9 
III 349.0±10.1 66.7±6.3 34.6±1.3 2.01±0.08 190.3±15.0 
IV 339.5±9.5 105.9±7.0 36.2±1.6 1.95±0.10 166.0±11.2 

'Beglianka' (Berries) 

I 456.3±12.3      − 24.4±1.3 3.40±0.11 277.6±10.8 
II 427.8±8.0      − 25.2±0.8 3.42±0.12 268.7±11.4 
III 403.7±9.4 2.0±0.2 24.8±1.5 3.41±0.19 234.8±13.1 
IV 415.2±6.9 2.1±0.2 24.0±1.0 3.51±0.16 229.2±12.4 

'Beglianka' (Seedless 
pulp) 

I 247.5±7.0      − 24.9±1.9 2.18±0.11 162.5±9.6 
II 253.7±9.7      − 27.4±1.4 2.46±0.09 164.3±7.9 
III 240.8±11.8 2.2±0.3 25.2±1.0 2.39±0.13 143.5±10.9 
IV 247.7±8.4 2.5±0.2 24.4±0.9 2.46±0.14 128.3±8.5 

* I-st stage (beginning of ripening), II-nd stage (50 % ripe), III-rd stage (technical maturity), IV-th stage (overripe) 
 

Two major ellagitannin hydrolysis products (ellagic acid and methyl sanguisorboate) were taken into account in 
the quantification of ellagitannins of raspberries (Figure 1). Second major ellagitannin hydrolysis product (methyl 
sanguisorboate) comprised from 25.0 to 30.6% of the ellagitannins quantified. 

 

 
 

Figure 1. HPLC chromatogram at 254 nm of raspberry after acid hydrolysis. Compounds: 1 - ellagic acid; 2 - methyl 

sanguisorboate. 

 
Significantly higher amounts of ellagitannins were found in the berries with seeds as compared to the seedless 

berry pulp. Depending on ripening stage ellagitannin content in the seeded fruits of 'Glen Moy' was from 33.9 to 37.3% 
higher in comparison to the seedless berries and in the seeded berries of 'Beglianka' from 38.8 to 44.5% higher in 
comparison to the seedless pulp. Previously, similar results were reported for blackberries - 50 loss in hydrolyzed 
ellagitannins (as ellagic acid) was observed in berries without seeds as compared to the seeded fruits (Siriwoharn and 
Wrolstad, 2004). Similarly, the total ellagic acid content in strawberry pulp with achenes was about 6-fold higher than 
that of pulp without achenes (Williner et al., 2003). 

The content of ellagitannins decreased during fruit ripening of raspberries (Table 1). Higher decrease in 
ellagitannins content from unripe to overripe stage was detected when seedless berry pulp was analyzed (26.5% for 
'Glen Moy' and 21.0% for 'Beglianka').  

Raspberry pulp samples with removed seeds had significantly lower Trolox equivalent antioxidant capacity 
(TEAC) values as compared to whole berry samples (Figure 2). Depending on ripeness stage TEAC of seedless 'Glen 
Moy' pulp was from 27.1 to 35.0% lower and that of seedless 'Beglianka' pulp from 49.4 to 48.2% lower. TEAC did not 
show a marked change with maturity. However the highest radical scavenging capacity in raspberry samples with seeds 
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was of unripe berries (I-st stage) and the lowest – of overripe berries (IV-th stage). The TEAC value decreased from 25 
to 22 µmol TE/ g for 'Glen Moy' berries and from 24 to 20 µmol TE/ g for 'Beglianka' berries. Similar tendency was not 
observed when berry pulp with removed seeds was analyzed (Figure 2). The highest TEAC values had seedless pulp of 
ripe (III-rd stage) 'Glen Moy' fruits and half ripe (II-nd stage) pulp of 'Beglianka' fruits. 
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Figure 2. TEAC of raspberries during ripening, (I-st stage (beginning of ripening), II-nd stage (50 % ripe), III-rd stage 

(technical maturity), IV-th stage (overripe)) 
 

Previously, Wang and Lin (2000) investigated blackberry, black raspberry, strawberry and red raspberry juices 
obtained at three maturity stages of berries. Authors noted that blackberry, black raspberry and strawberry juice of fruits 
harvested during their green stage yielded the highest ORAC values, whereas red raspberry fruit juices had the highest 
ORAC value at the ripe stage. In contrast, other scientists reported that overripe blackberries had higher ORAC and 
FRAP values as compared to underripe or ripe fruits (Siriwoharn and Wrolstad, 2004). In addition, the authors reported 
that total phenolics did not show a marked change with maturity, which is in agreement with the results obtained in our 
study for raspberries.  
 
Conclusions 

 

During fruit ripening of raspberries the concentration of some biologically active substances increased of some – 
reduced, however these changes were not that markedly reflected in total phenolics content and radical scavenging 
activity of investigated fruits. 

Fruits of red-fruited 'Glen Moy' had higher amounts of investigated antioxidant substances than yellow-fruited 
'Beglianka'. However, TEAC of red raspberries was not considerably higher than that of yellow raspberries.  

Considerable amounts of phenolic compounds (including ellagitannis) are concentrated in the seeds of raspberry 
fruit. This fact should be taken into account when new raspberry based functional products are created.  
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The Effects of HPS Lamp Supplementation with Blue Light-emitting Diodes on 

the Growth of Two Tomato Hybrid Transplants 
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Institute of Horticulture, Lithuanian Centre of Agricultural and Forestry Sciences 

 
Abstract 

 

The objective of our studies was to compare the growth of greenhouse tomato transplants under 455 and 470 nm short-wavelength single-
monochromatic solid-state lamps developed for supplementation of high-pressure sodium (HPS) lamps used in greenhouses. Two types of lamps with 
peak emissions at 455 nm and 470 nm were installed in a greenhouse. Transplants of tomato hybrids ‘Cunero’ F1 and ‘Magnus’ F1 were investigated. 
Measurements of growth parameters and photosynthetic pigments were evaluated at the end of the experiment. Our experiments revealed a positive 
effect of the blue light on tomato transplant growth, but differential response was determined between hybrids ‘Cunero’ F1 and ‘Magnus’ F1. Both 
supplemental blue (455 and 470 nm) lights increased height, leaf number and area, fresh weight and decreased hypocotyl length in ‘Cunero’ F1 
cultivar. 455 nm supplemental light had greater positive effect on growth parameters of ‘Magnus’ F1. The latter lighting decreased photosynthesis 
pigments content in leaves of ‘Cunero’ F1 transplants. Meanwhile, both supplemental blue lights increased photosynthesis pigments content in leaves 
of tomato ‘Magnus’ F1 transplants. The application of 455 and 470 nm short-wavelength solid-state lamps developed for supplementation of high-
pressure sodium (HPS) lamps can be an effective equipment of controlling growth of tomato transplants. 

Keywords: blue light, height, leaf area, photosynthetic pigments, transplants. 
 
Introduction 

 

Light has particularly important effects on the morphogenesis of vegetable transplants (Carvalho et al., 2011). 
Transplants cultivated in insufficient light become etiolated, more susceptible to damage and disease, and come into 
bearing later (Piszczek, Glowacka, 2008). Low natural light and short day lengths are typical of autumn–winter period 
when at the northern latitudes vegetable transplants are grown in the greenhouses. On purpose to improve unfavourable 
conditions of such lighting supplementary illumination is used (Boivin et al., 1987; McCall, 1992; Spaargaren, 2001). 
The paths of electric lamps, which have been used to grow plants, development followed from incandescent lighting, 
open arc lighting and enclosed gaseous discharge lamps till high-pressure sodium (HPS) lamps. The latter lamps still 
are the most popular for supplemental lighting in greenhouses. HPS lamps have high electrical efficiencies, a long 
operating life and a wide spectrum of light, which is suitable for many plant species. However, spectrum of these lamps 
has a low amount of blue light (Wheeler, 1991; Spaargaren, 2001; Wheeler, 2008). Blue light has effect on many 
aspects of plant growth and development. Plant blue-light responses include inhibition of hypocotyls elongation, 
internodes and petiole elongation, hypocotyls thickening, stimulation of cotyledon expansion, increase in leaf mass, 
regulation of flowering time, phototropism and other processes in plants (Ahmad et al., 2002; Baburina et al., 2002; 
Hogewoning et al., 2010; Samuoliene et al., 2011). Blue light deficiency can cause undesired morphological response - 
plant hypocotyls and internode elongation (Wheeler et al., 1991; Menard et al., 2006). So, to avoid such effect of HPS 
lamps supplementation with fluorescent, mercury vapor, metal halide lamps, high in blue light was used (Tibbitts et al., 
1983, Wheeler et al., 1991). Solid-state lighting based on light-emitting diodes (LEDs) represents a fundamentally 
different technology from the gaseous discharge-type lamps currently used in horticulture. One of the main advantages 
of LEDs is the ability to control spectral output of lighting system. LEDs are available in the entire relevant spectral 
range from near infrared to near ultraviolet (Morrow, 2008). Various plant species react differently to the same 
spectrum or to the different wavelengths of the same spectrum (Menard et al., 2006; Brazaitytė et al., 2009; Brazaitytė 
et al., 2010; Samuolienė et al., 2012; Novičkovas et al., 2012) and to the ratio of various spectral parts (Hogewoning et 
al., 2010; Liu et al., 2011, Hernández, Kubota, 2012; Nanya et al., 2012). LEDs can be customized for specific crops 
(Morrow, 2008; Tamulaitis et al., 2004) and that allow to cultivate compact, with short internodes and firm stems, large 
and intensively green leaves, which guarantees the optimal development of root system after transplanting, and have an 
effect on the earliness, quality and quantity of the yield (Glowacka, 2002; Piszczek, Glowacka, 2008).  

The objective of our studies was to compare the growth of greenhouse tomato transplants under 455 and 470 nm 
short-wavelength single-monochromatic solid-state lamps developed for supplementation of high-pressure sodium 
(HPS) lamps used in greenhouses.  
 
Materials and methods 

 

Pot experiments were performed in greenhouse of phytotron complex of the Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry during February–March (Lithuania, lat. 55 N). The greenhouse (160m2) 
type was VD-Block (DGS Danish Greenhouse Supply A/S, Denmark) adapted for scientific purposes.  

Seeds of tomato hybrids ‘Cunero’ F1 and ‘Magnus’ F1 were sown in boxes (58x39x12 cm, length x width x 
height) with the peat substrate (pH 6.0–6.5) enriched with fertilizes (NPK 14:16:18 1.3 kg m-3). After the appearance of 
first true leaves, uniform transplants were selected and transferred into pots (12x11 cm, height x diameter) filled with 
the same substratum. Plants were watered when necessary and fertilized with NPK 14:9:25 and microelements, twice 
during their vegetation. During transplant cultivation the day/night temperature was 20-23/15-18°C and relative air 
humidity was 50-60 %. The reference transplants were grown only under daylight and supplemental illumination of 
HPS lamps which provided 110 µmol m-2 s-1 (1.4 MJ m-2 day-1). Solid-state lamps for supplementation of HPS lamps 
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were developed using high-power AlInGaN light-emitting diodes (Luxeon series, Philips Lumileds Lighting Company, 
USA) with emission peaked at the wavelengths of 455 nm (type LXHL-LR3C) and 470 nm (type LXHL-LB3C) were used 
for illumination of other transplants. The generated photosynthetic photon flux density (PPFD) of each set of solid-state 
lamps was 15 μmol·m-2·s-1 (0.2 MJ m-2 day-1) and of HPS lamps was about 90 µmol m-2 s-1 (1.2 MJ m-2 day-1). The 
photoperiod of artificial lighting was 18 h. For the measurement of photosynthetic photon flux density was used 
photometer RF-100 with head G.PAR-100 (Sonopan, Poland). 

At 30th day after sowing, the biometric measurements of the transplants were performed and photosynthetic 
pigment content was determined. The leaf area of was measured by “WinDias” leaf area meter (Delta-T Devices Ltd., 
UK). Plant height was measured up to the top of transplants. The mostly developed inflorescence of tomato transplants 
was measured. Transplants were weighted and oven-dried at +105°C for 24 h to determine the dry weight. These 
measurements were performed in ten replicates (n = 10) 

Photosynthetic pigments content per one gram of fresh foliage weight was measured in 100% acetone extract 
according to D. Wettstein method (Wettstein, 1957) using “Genesys 6” spectrophotometer (ThermoSpectronic, USA). 
Measurements were performed in four replicates (n = 4).  

Tomato ‘Cunero’ seedlings after lighting experiment were transplanted in 20 l bags (two plants per bag, plot 
size – 4 m2) at the Multispan 9.60 SR greenhouse. Tomato ‘Magnus’ F1 planted in pots (one plant per 12 l pot) at the 
VD-Block type greenhouse. Tomatoes were grown in peat substratum and were fertilized with NPK 14:9:25, NPK 
8:11:35, magnesium sulfate, saltpeter, in respect of a growth stage. Water was acidified with nitric acid. Salt 
concentration in a feeding solution was EC 2.8-3.0, acidity – pH 5.5-5.8. Tomato ‘Cunero’ F1 was grown for 16 weeks 
and yield was harvested in eight weeks. Ripe fruits were harvested from 4 m2 plot (n=3) three times per week. Tomato 
‘Magnus’ F1 was grown for 12 weeks and yield was harvested in four weeks. Ripe fruits were harvested from six (n = 6) 
plants three times per week. 

Statistical analyses were conducted using STATISTICA 7.0 for Windows. Statistical differences from 
reference treatment were analysed using the Student’s t-test. Differences were considered significant at a probability 
level of P < 0.05 and denoted by an asterisk (*).  

  
Results 

 

The height of both tomato transplant hybrids was significantly higher under the supplementary blue light of 
short-wavelength solid-state lamps (LEDs) as compared to sole high pressure sodium lamps (HPS) (Fig. 1). Both blue 
LED wavelengths supplementary lighting caused decrease of hypocotyls length, but significant differences were 
determined only in ‘Cunero’ F1 transplants. 470 nm light had more distinctive effect on reduction of hypocotyls length 
(Fig.2). Tomato ‘Cunero’ F1 transplants had significantly more fully expanded leaves under 455 nm supplementary 
LED lighting and ‘Magnus’ F1 - under 470 nm supplementary light (Fig.3). However, such lighting had only slightly 
positive effect on tomato inflorescence development (Fig. 4).  
 

  
Figure 1. Height of tomato transplants grown under 

different illumination  
Figure 2. Hypocotyl length of tomato transplants grown under 

different illumination 
 

  
Figure 3.  Leaf number of tomato transplants grown under 

different illumination 
Figure  4. Inflorescence lenght of tomato transplants 

grown under different illumination 
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Significantly positive effect of supplemental 455 nm light was revealed for tomato transplant leaf area and fresh 
weight. Supplemental 470 nm light significantly increased leaf area of ‘Cunero’ F1 and fresh weight of ‘Magnus’ F1 
(Fig. 5 and 6).   
 
 

  
Figure 5. Leaf area of tomato transplants grown under 

different illumination  
Figure 6. Fresh weight of tomato transplants grown under 

different illumination 
 

Photosynthetic pigment level in leaves of tomato transplants was found to be hybrid depended (Fig. 7 and 8). 
Both supplemental blue lights increased chlorophylls and carotenoids content in leaves of tomato ‘Magnus’ F1 
transplants. Meanwhile, 455 nm supplemental light slightly decreased chlorophylls content and significantly decreased 
carotenoids content in leaves of ‘Cunero’ F1 transplants.  
 

  
Figure 7.  Chlorophylls content leaves of tomato transplants 

grown under different illumination 
Figure 8.  Carotenoids content leaves of tomato transplants 

grown under different illumination 
 

Although differences in yield were not significant, but tomato transplants cultivation under supplemental blue 
light caused a little increase of ‘Cunero’ F1 and ‘Magnus’ F1 early yield in greenhouse (Fig. 9 and 10). 
 

  
Figure 9. Tomato Cunero F1 yield per m2 Figure 10. Tomato Magnus F1 early yield per plant 

 
Discussion 

 
The presented data showed that generally blue solid-state lamps developed for the supplementation of high-

pressure sodium (HPS) lamps had positive effect on growth of tomato transplants. Plants were higher with greater 
number of leaves, formed larger leaf area, accumulated more of fresh weight. There is not much literature about the 
HPS lamps spectrum supplementation using other light sources. Wheeler (1991) reported that supplementing the HPS 
lamps with blue fluorescent light decreased both total stem length and internodes lengths in McCall soybean. When 
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yellow filters were used to increase amount of blue light in HPS lighting, lettuce dry mass and leaf area increased and 
stem length decreased (Dougher, Bugbee, 2001). According to other authors, 455 nm supplemental LEDs to the HPS 
lamps decreased internodes length, increased shoot dry weight of cucumber and tomato and decreased leaf area of 
tomato (Menard et al., 2006).  

Literature data shows the reverse effect of blue light from various light sources on growth and development of 
different plant species or even cultivars. Some authors reported that increasing blue light fraction caused dry mass 
decrease in wheat, had no effect on soybean and increase in lettuce. Such lighting had no effect on wheat leaf area, but 
increased it in soybean and lettuce (Dougher, Bugbee, 2001, 2004). Wheeler (1991) determined avoidance of soybean 
stem elongation under increased blue light using phosphor fluorescent lamps to HPS. Blue fluorescent lamps induced 
shorter internodes length of tomato (Glowacka, 2004), but caused stem elongation of cucumbers (Piszczek, Glowacka, 
2008). In agreement with Menard and others (2006), 455 nm supplemental LEDs to the HPS lamps decreased tomato 
height, but had no effect on cucumber height. Meanwhile, Hernández and Kubota (2012) reported, that no significant 
differences in young tomato seedlings growth and morphological parameters were observed with or without blue light 
applied as supplement to natural lighting in greenhouse. Our earlier investigations showed that tomato transplants 
hypocotyls diameter, dry weight, leaf area, number of leaves mostly increased under supplemental 455 nm to the HPS, 
and such indices of sweet pepper were greater under the impact of supplemental 470 nm light. Meanwhile, last-
mentioned illumination significantly decreased dry weight and leaf number of cucumber transplant (Samuoliene et al., 
2012). Comparison of tomato hybrids growth in our experiment revealed differential effect of supplemental blue light 
of 455 nm and 470 nm LEDs. Supplemental 455 nm light increased ‘Magnus’ F1 transplants height, leaf number and 
area, fresh weight more than 470 nm light (Brazaitytė et al., 2010). Both blue supplemental lights had similar effect on 
‘Cunero’ F1 transplants. Glowacka (2004) also reported different responses of tomato cultivars on blue light effect. In 
‘Recento’ F1 and ‘Remiz’ F1 there was determined a lower number of leaves when exposed to blue light, while in 
‘Tukan’ F1 there was no such effect. Dry mass was less in ‘Tukan’ F1 and ‘Recento’ F1, but was determined 
significantly greater in ‘Remiz’ F1.  

As earlier was described, HPS lamps are blue-deficient lighting sources and can cause elongation of plants 
(Wheeler, 1991; Dougher, Bugbee, 2001, 2004). Therefore, the main purpose of our experiment was to select most 
suitable blue wavelengths for supplementation of HPS lamp spectrum for improving quality of tomato transplants. Our 
results revealed that supplemental blue lights had different effect on hypocotyls elongation of investigated tomato 
transplants. Both blue lights significantly decreased hypocotyl length in ‘Cunero’ F1, but had no significant effect on 
‘Magnus’ F1.  

Our experiment revealed different effect of supplemental blue light on photosynthesis pigment content of both 
tomato cultivars. Both supplemental blue lights increased photosynthesis pigments content in leaves of tomato 
‘Magnus’ F1 transplants. But supplemental 455 nm light decreased its contents in leaves of ‘Cunero’ F1 transplants. 
Literature data show that blue light stimulates stomata opening, chlorophyll formation, increase in photosynthesis 
(Wheeler et al., 1991; Menard et al., 2006, Hogewoning et al., 2010), but it depends on the species, and even cultivar 
(Dougher, Bugbee, 2001; Glowacka, 2004). Some authors reported that wheat chlorophyll content was not affected by 
blue light fraction; soybean chlorophyll content increased under low amount of blue light, but was constant at higher 
blue lighting; lettuce chlorophyll concentration increased significantly with increasing blue light fraction (Dougher, 
Bugbee, 2001). According to literature data various amount of blue light decreased chlorophyll content in cucumber and 
tomato transplants (Glowacka 2002, Piscezk, Glowacka, 2008). Meanwhile, another authors reported contrary results in 
cucumber (Hogewoning et al., 2010). Johkan and authors (2010) determined that the total chlorophyll contents in 
lettuce plants treated with blue LEDs were less than in lettuce plants treated with fluorescent lamps, but the chlorophyll 
a/b ratio and carotenoid content increased. Our earlier investigations showed increased content of photosynthesis 
pigments in vegetable transplants leaves under 455 and 470 nm supplemental blue light (Samuoliene et al., 2012).  

Our data did not show positive after-effect of supplemental blue lighting for HPS lamps on tomato yield. It was 
determined only insignificant increase of earlier yield in both tomato cultivars. Supplemental 455 nm blue lighting had 
greater after-effect on earlier yield. Data in the literature about the after-effect of different lighting on plants yield 
greenhouse is quite contradictory. Some authors reported that early yield of tomato and sweet pepper was higher when 
transplants were cultivated under supplemental lighting (McCall, 1992; Fierro et al., 1994). Studies of other authors 
with various light intensities and qualities did not show significant differences in fruit number, yield and average of fruit 
weight (Decoteau, Friend, 1991; Evans, McMahon, 2000). Our previous investigations also did not show significant 
after-effect of various lighting on tomato, cucumber and sweet pepper yield (Brazaitytė et al., 2009; Brazaitytė et al., 
2010). The literature indicated that it is important when supplemental lighting is used. When natural light conditions in 
spring improves, the effect of supplemental lighting decreases as compared to the winter period (Boivin et al.,1987; 
Tremblay, Gosselin, 1998). Our experiments were carried out in February - March and it could determine that 
investigated supplemental lighting had no significant impact on tomato yield. 
 
Conclusions 

 

Our experiments revealed a positive effect of the blue light on tomato transplants growth, but were determined 
different response between the hybrids ‘Cunero’ F1 and ‘Magnus’ F1. Both supplemental blue (455 and 470 nm) lights 
increased height, leaf number and area, fresh weight and decreased hypocotyl length in ‘Cunero’ F1 cultivar. 455 nm 
supplemental light had greater positive effect on growth parameters of ‘Magnus’ F1. The latter lighting decreased 
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photosynthesis pigments content in leaves of ‘Cunero’ F1 transplants. Meanwhile, both supplemental blue lights 
increased photosynthesis pigments content in leaves of tomato ‘Magnus’ F1 transplants. The application of 455 and 470 
nm short-wavelength solid-state lamps developed for supplementation of high-pressure sodium (HPS) lamps can be an 
effective equipment of controlling tomato transplants growth.  
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Abstract 

 

The objective of our studies was to evaluate the impact of supplementary short-term red light emitting diodes (LEDs) lighting on the 
antioxidant properties of Perilla frutescens (L.) microgreens. Perilla frutescens (L.) (var. crispa) Britt., red form, were grown to harvest time (about 
20 days) within a greenhouse of Institute of Horticulture, Lithuanian Research Centre of Agricultural and Forestry Science in a peat substrate under 
daylight (daily average of 20 – 80 µmol m-2s-1) with supplementary lighting provided by high-pressure sodium lamps (HPS) (“Philips”, SON-T Agro). 
The generated photosynthetic photon flux density (PPFD) of HPS lamps was about 90 μmol m-2s-1. The photoperiod was 18 h, day/night temperature - 
22/16°C and relative air humidity - 50-60 %.  Three days before harvesting, supplementary lighting from red 638-nm LEDs (PPFD of 210 μmol m-2s-1) 
was applied with the total PPFD maintained at ~300 μmol m–2 s–1. To determine effect of short-term red light, reference plants were grown under HPS 
with PPFD level of ~300 μmol m–2 s–1. Our results revealed that cultivating Perilla frutescens (L.) microgreens, short-term supplemental pre-harvest 
638-red lighting can produce higher quality plants due to decreased nitrate content and increased the main antioxidants contents, such as total 
anthocyanins and ascorbic acid. Such lighting had no effect on DPPH free-radical scavenging activity and flavonols index and resulted in decreased 
α-tocopherol content. Increased total anthocyanins content also is important for microgreens external quality due to more intensive coloration of red 
P. frutescens cotyledons.  

Keywords: anthocyanins, ascorbic acid, DPPH free-radical scavenging, flavonols, nitrate, red light emitting diodes, α-tocopherol. 
 

Introduction 

 

Perilla frutescens (L.) Britton (P. frutescens) is an annual herbaceous edible and medical plant of Lamiaceae 
Lindl. family naturally growing in the East Asia. Now it is cultivated in many European, Asian, and North American 
countries (Ragažinskienė et al., 2004; Meng et al., 2009; Park et al., 2013). It has been cultivated in Lithuania as a 
decorative plant since 1990 and their biological and pharmacological properties have been analyzed since 1998 
(Ragažinskienė et al., 2004). P. frutescens is used very widely. The seeds due to their aromatic essential oils are used to 
flavour traditional foods in Asia countries. Their oil also is a source for non-food uses. Leaves are used as a fresh 
vegetable and for pickle preparation. As medical plant P. frutescens has antioxidant, anti-allergic, anti-inflammatory 
and other effects (Ragažinskienė et al., 2004; Meng et al., 2009). P. frutescens varieties differ in leaf and stem colors, 
varying from green to red, indicating that these plants contain a great range of anthocyanins and flavonoids (Meng et 
al., 2009). It is a plant rich in polyphenols such as rosmarinic acid and luteolin. So, they could be used as a functional 
food (Park et al., 2013). Recently is more and more popular to cultivate P. frutescens as microgreens. Microgreens are 
seedlings of vegetable and herbs that are grown to fully opened cotyledons or first true leaf stage. They contain higher 
concentrations of bioactive compounds such as vitamins, minerals, and antioxidants than mature plants or seeds and 
belong to the group of “functional foods” which have health promoting or disease preventing properties (Xiao et al., 
2012; Kou et al., 2013). They can be cultivated in fields and in controlled environments under artificial light. In a 
controlled environment, light is important for plants not only as the energy source for photosynthesis, but also have 
effects on antioxidant properties of various vegetables (Urbonavičiūtė et al., 2009;  Samuolienė et al., 2012a; 
Samuolienė et al., 2012b; Kobayashi et al., 2013; Park et al., 2013). High-pressure sodium (HPS) lamps still are the 
most popular for supplemental lighting in greenhouses. They have high electrical efficiencies, a long operating life and 
a wide spectrum of light, which is suitable for many plant species (Spaargaren, 2001; Wheeler, 2008), but it is not 
possible to adjust their spectrum the specific purposes. Solid-state lighting using light-emitting diodes (LEDs) 
represents a fundamentally different technology from HPS lamps with a narrow light spectrum, low power 
consumption, and little heat production. One of the main advantages of LEDs is possibility to use the specific light 
wavelengths to control photosynthesis and other crop physiological processes (Morrow, 2008; Kobayashi et al., 2013). 
Light quality and quantity could be one of environmental stressors which stimulate the production of antioxidants 
(Stutte et al., 2009). Red light seems to be most effective promoting anthocyanin and lutein production, enhancing 
concentration of phenolics and vitamins, positively influencing antioxidant activity and reducing nitrate contents (Wu et 
al., 2007; Li and Kubota, 2009; Urbonavičiūtė et al., 2009; Samuolienė et al., 2009; Stutte et al., 2009; Shiga et al., 
2009; Samuolienė et al., 2011; Samuolienė et al., 2012b). 

The objective of our studies was to evaluate the impact of supplementary short-term red LEDs lighting on the 
antioxidant properties of Perilla frutescens (L.). 
 
Materials and methods 

 

Microgreens of Perilla frutescens (L.) (var. crispa) Britt., red form, were grown to harvest time (about 20 days) 
within a greenhouse of Institute of Horticulture, Lithuanian Research Centre of Agricultural and Forestry Science 
(January, Lithuania, lat. 55 N) in a peat substrate (Profi 1, Durpeta, Lithuania) (pH 5-6). 2 g of seeds were seeded into 
0.5 l vessels (18 x 11 x 6 cm) and it represented one replicate. 6 vessels for each species were used. Microgreens were 
cultivated under natural daylight (daily average of 20 – 80 µmol m-2s-1) with supplementary lighting provided by high-
pressure sodium lamps (HPS) (“Philips”, SON-T Agro). The generated photosynthetic photon flux density (PPFD) of 
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HPS lamps was about 90 μmol m-2s-1. The photoperiod was 18 h, day/night temperature - 22/16°C and relative air 
humidity - 50-60 %.  

At the pre-harvest stage of 3 days, the HPS lamps were supplemented by a solid-state illuminator which 
contained red AlGaInP LEDs (LUXEON III Star, model LXHL-LD3C, Philips Lumileds Lighting Company, San 
Jose, Cal.) with the peak wavelength of 638 nm. This equipment was mounted on an oblong heat sink and driven by a 
custom-made power supply (Zukauskas et al., 2008). The surface area per light treatment was about 3.5 m2.  

The PPFD levels in lighting treatments was as follows: HPS + red-LEDs (treatment), total PPFD of 300 µmol m-

2s-1 where HPS lamps generated 90 μmol m-2s-1 and LEDs generated 210 μmol m-2s-1 and reference plants were 
cultivated under HPS (control) with PPFD raised to 300 μmol m-2s-1. The PPFD was measured using a photometer-
radiometer RF-100 (Sonopan, Poland). Microclimate conditions were the same before red LEDs treatment.  

After the lighting experiment, mmicrogreen cotyledons with stems were harvested just above the ground. 
Conjugated biological samples of the green matter (cotyledons) of randomly selected plants (0.5-1 g per sample) were 
used for each analysis. 

Ascorbic acid contents were assessed by a spectrophotometric method (Janghel et al., 2007). The total 
antioxidant activity was determined using the 2.2-diphenyl-1-picrylhydrazyl (DPPH) free-radical scavenging method 
proposed by Ragaee and co-authors (2006). Flavonols content was determined by non-destructive method using 
flavonols and chlorophyll meter Dualex4 (Dynamax, Inc., USA). The method is based on the assessment of 
polyphenolic compounds in leaves from the measurement of UV absorbance of the leaf epidermis by double excitation 
of chlorophyll fluorescence (Goulas et al., 2004). The total amount of anthocyanins was determined using 
spectrophotometric method proposed by Stanciu et al. (2009). Alpha tocopherol (α-T) content was evaluated using 
high-performance liquid chromatography (HPLC) (Fernandez-Orozco et al., 2003). Nitrate concentration was measured 
by a potentiometric method (Geniatakis et al., 2003) using an ion meter (Oakton, USA) with a nitrate-selective 
electrode (Cole-Parmer, USA). All data are expressed on a fresh weight basis. 

Three analytical replications of DPPH, anthocyanins, ascorbic acid, alpha tocopherol, nitrate and ten biological 
replications of flavonols were performed for each treatment. The levels of significance for differences between various 
indices were analysed using one-way Anova (Anova for MS Excel, version 7.0). Significant differences from reference 
treatment are denoted by an asterisk (*). 

 
Results and discussion 

 

Lighting conditions can induce the photooxidative changes in plants leading to the increased contents and 
activity of phenols, ascorbate, carotenoid or tocopherol (Wu et al., 2007; Li and Kubota, 2009; Stutte et al., 2009; Shiga 
et al., 2009; Samuolienė et al., 2012a). The main purpose of our study was to determine whether supplemental short-
term lighting regime using the red 638 nm LEDs, acting as photooxidative stressor would be effective for enhancement 
of antioxidant properties in P. frutescens microgreens. Our data revealed that supplemental red light had no significant 
effect on DPPH free-radical scavenging activity of these microgreens (Fig 1). Our earlier investigations showed that 
such effect was species or cultivars dependant. Red light had no significant effect on DPPH free radical scavenging 
activity of pea, broccoli, beet and amaranth microgreens. Meanwhile, antioxidant activity increased with supplemental 
red light in mustard, borage, basil, kale, tatsoi and parsley (Samuolienė et al., 2012a). The findings of our previous 
investigations also showed that short-term supplemental 638-red light illumination significantly increased antioxidant 
activity in ‘Multired 4’ and ‘Multiblond 2’ lettuces, but not in ‘Multigreen 3’ (Samuolienė et al., 2011). Literature data 
demonstrated controversial effects of red lighting on antioxidant activity. Shiga and other (2009) showed an increase of 
DPPH free radical scavenging activity in sweet basil under fluorescent red and white lamps comparing with blue. Wu et 
al. (2007) reported that red (625-630 nm) light increased antioxidant activity of pea seedlings. Lettuce, cultivated under 
red light decreased oxygen radical absorbance capacity in leaf tissue (Stutte et al., 2009).  

 

  
Figure 1. Effect of short-term red LEDs on DPPH free-

radical scavenging capacity of Perilla frutescens 
Figure 2. Effect of short-term red LEDs on flavonols of 

Perilla frutescens 
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Phenolic compounds play an important role in plant defence mechanisms and due to their antioxidant properties 
are important in human health. The increase of their content may be explained as a plants response to prevent or 
minimize photodamage (Close and McArthur, 2002; Asami et al., 2003) Short-term supplemental 638-red light only 
slightly increased flavonols index in P. frutescens leaves (Fig. 2). Due to our earlier studies short-term pre-harvest 
treatment with red LEDs significantly increased total phenols in almost all investigated microgreens, except amaranth, 
but effect on baby leaf lettuce depended on variety (Samuolienė et al., 2011; Samuolienė et al., 2012a; Samuolienė et 
al., 2012b). According to literature data phenolics concentration in leaves of baby leaf lettuce increases under 
supplemental red in comparison with white fluorescent lamps, but it is noted that this mechanism is still not known and 
could be related with increase of the cytokinin level in red light which may stimulate the synthesis of phenolics (Li and 
Kubota, 2009; Frébortová, 2010).  

Anthocyanins, which depend to flavonoid family, have about four time greater capacity to absorb oxygen 
radicals’ than ascorbic acid and vitamin E (Gould, 2004). They, also, can be used as indicator of commercial quality for 
many fruits, vegetables and ornamentals. Treatments that can increase the accumulation of anthocyanins have great 
importance in agriculture (Gould, 2004; Stutte et al, 2009). Light quality and quantity also can be factors increasing 
anthocyanins content in leaves. Short-term supplemental 638-red light cause the significant increase of total 
anthocyanins content in P. frutescens microgreens (Fig. 3). Our previous investigations with microgreens showed 
species dependant response to such lighting. The content of total anthocyanins with supplemental red light significantly 
increased in broccoli, kale, amaranth, tatsoi, parsley and pea; significant decrease was detected in borage, mustard and 
beet and was not significantly affected in basil (Samuolienė et al., 2012a). Literature data and our previous 
investigations did not revealed positive effect of red light on anthocyanins accumulation in lettuce (Li and Kubota, 
2009; Stutte et al.,, 2009; Samuolienė et al., 2011). According to some authors data, blue light, supplemental for red 
light increased anthocyanins content in lettuce grown in closed environment chambers (Li and Kubota, 2009; Stutte et 
al., 2009; Stutte, 2009). They suggest that the control of anthocyanin synthesis is associated with cryptochrome 
photoreceptors and is not a primary phytochrome-mediated developmental process (Li and Kubota, 2009; Stutte et al., 
2009; Stutte, 2009). However, Ramalho et al. (2002) reported that anthocyanin content increased under high R/FR ratio 
thus suggesting that phytochromes are also involved in anthocyanins synthesis. Our experiments were carried out under 
greenhouse conditions and supplemental 638-red light to HPS and natural light could increase R/FR ratio and could 
cause the increase of total anthocyanins content in P. frutescens microgreens.  

Ascorbic acid is a primary source of antioxidants in human diets. It, in association with other components of the 
antioxidant system, protects plants against oxidative damage resulting from aerobic metabolism, photosynthesis, a range 
of pollutants and other stress factors (Smirnoff, 1996; Davey et al., 2000). Light conditions are, also, important factor 
regulating ascorbic acid content in plants. Bartoli and other authors (2009) reported that increasing growth irradiance 
and high R/FR ratio increased leaf ascorbic acid content. According to our obtained data, short-term supplemental 638-
red light, which was used as stress factor to improve nutritional quality of P. frutescens, caused the significant increase 
of ascorbic acid in their leaves (Fig. 4). Samuolienė and others (2012) showed species depended response to short-term 
red lighting on ascorbic acid content in microgreens. It increased in amaranth, pea, kale, broccoli and mustard, but 
decreased in basil and borage, and had no significant effect in tatsoi, beet and parsley. There are also few reports of a 
study of red light effect on plants which showed contrary results. One determined no change in the contents of ascorbic 
acid in baby leaf lettuce by any LEDs irradiation (Li Kubota, 2009). The other reported the increase in it content in red 
leaf baby lettuce (Samuolienė et al., 2012b). Meanwhile, no significant differences were found in green, light green 
baby leaf lettuce and hydroponically grown lettuce (Samuolienė et al., 2009; Samuolienė et al., 2011) and decreased in 
lettuce grown in peat (Samuolienė et al., 2009). Koga and other authors (2013) determined decrease of ascorbic acid 
content in barley under red light at 54 μmol·m−2·s−1 photon flux density, meanwhile Urbonavičiūtė with co-authors 
(2009) determined the increase at 54 μmol·m−2·s−1 photon flux density.  

 
 

  
 

Figure 3. Effect of short-term red LEDs on total anthocyanins 

content of Perilla frutescens 
Figure 4. Effect of short-term red LEDs on ascorbic acid 

content of Perilla frutescens 
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α-Tocopherol is the major vitamin E compound found in leaf chloroplasts. This antioxidant deactivates 
photosynthesis-derived reactive oxygen species and prevents the propagation of lipid peroxidation. (Munne-Bosh, 
2005). α -Tocopherol levels change differentially in response to environment and depend on the level of the stress and 
species sensitivity to stress. Under high intensity light stress tocopherol levels increase dramatically (Munne-Bosh, 
2005). Short-term supplemental 638-red light significantly decreased α-tocopherol in P. frutescens. Our previous 
experiments showed that α-tocopherol content in baby leaf lettuce ‘Thumper’ significantly decreased under 
supplemental 638-red light, meanwhile in ‘Multibaby’ the effect depended on seasonality: it was increased in lettuce, 
cultivated in November and January, but decreased in March (Samuolienė et al., 2012b). Koga and authors (2013) 
reported decrease in tocopherol content under red and red-blue LEDs irradiated barley compared to grown under natural 
light. They stated that it can be explained by the fact that red LEDs radiation suppresses the activity of γ-tocopherol 
methyltransferase, which is participating in the conversion from γ-tocopherol to α-tocopherol (Koga et al., 2013). 
 
 

 

 

 
Figure 5. Effect of short-term red LEDs on α-tocopherols 

content of Perilla frutescens 
Figure 6. Effect of short-term red LEDs on nitrate content of 

Perilla frutescens  
 

Vegetables without the beneficial elements contain harmful substances such as nitrate. It is relatively non-toxic, 
but its metabolites may produce a number of health effects. In the gastrointestinal tract nitrate transforms to nitrite and it 
can lead formation of nitrosoamines which depends to carcinogens (Anjana and Iqbal, 2007; Ohashi-Kaneko et al., 
2007). Reduction in the nitrate content is important for improving the nutritional quality of vegetables for human diet. 
The control of nitrate amount in accordance with the lighting conditions can be achieved without loss in yield 
(Samuolienė et al., 2009; Lin et al., 2013). Our results revealed that short-term supplemental 638-red light significantly 
decreased nitrate content in P. frutescens microgreens (Fig. 6). Samuolienė and others reported (2009) that short-term 
red lighting decreased nitrate content in lettuce, marjoram and green onion leaves. Ohashi-Kaneko with co-authors 
(2007) determined that effect of red light from fluorescent lamps cause decrease of nitrate in lettuce and komatsuna, but 
not in spinach.   

 
Conclusions 

 

Cultivating Perilla frutescens (L.) microgreens, short-term pre-harvest supplemental 638-red lighting can 
produce higher quality plants due to decreased nitrate content and increased content of the main antioxidants, such as 
total anthocyanins and ascorbic acid. Such lighting had no effect on DPPH free-radical scavenging activity and 
flavonols index and resulted in decreased α-tocopherol content.  Increased total anthocyanins content also is important 
for external microgreen quality due to more intensive colour of red P. frutescens cotyledons. 
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Abstract 

 

Plant supply with water and nutrients during their growing season is one of the key factors shaping the harvest. The influence rates of 
watering and the main fertilization on onion ‘Spirit’ F1 productivity (marketable yield and percentage of marketable yield from total) and productivity 
parameters (bulb weight and diameter) as well as storage properties were investigated. Investigations were carried out in the experimental fields of 
Lithuanian Institute of Horticulture in 2008–2009. The soil was calcaric epihypogleyic luvisol of sandy loam on light loam soil – Calc(ar)i-

Epihypogleyic Luvisol (LVg-p-w-cc). Ploughing layer thickness was of 22–25 cm. There was small amount of humus in it, small and average amount 
of nitrogen, average amount of potassium, much phosphorus, calcium and magnesium. 

Investigations of production storage were carried out in storage houses of Biochemistry ant Technology Laboratory at the Institute in 2008–
2010. Onions were stored warmly (temperature 18–20°C, humidity 60–70%). Bulbs storability was evaluated twice – in the beginning of January and 
at the end of May. There were evaluated the amounts of marketable and unmarketable (rotten, partly rotten, sprouted, i.e., unsuitable to use) bulbs and 
calculated natural loss, i.e. drying out. It was aimed to investigate the influence of watering and the rates of the main fertilization on onion productivity, 
productivity indices (bulb mass and diameter) and storability (marketable and not marketable production, natural storage losses).  

The highest yield of marketable onions (98.6 t ha-1) and percentage of marketable yield from total (84.6%) were obtained due to the 
application of average complex fertilizers before sowing and watered with medium (60 m3 ha-1) water rate. After watering 1 m3 of water there was 
received 111.7 kg ha-1 of marketable onion yield. The largest bulbs weight (80.5 g) was obtained applying high water rate and pre-sowing fertilized 
with straight fertilizers. The biggest diameter (49.0 mm) was obtained when onions were grown without watering and pre-sowing fertilized with high 
rate of complex fertilizers. The increase of bulb weight (without watering r = 0.90, applying medium watering rate r = 0.96, and high watering rate  
r = 0.97) and diameter (correspondingly r = 0.80; r = 0.96 and r = 0.98) significantly and directly increased onion marketable yield. Bulbs weight 
gain influenced the yield increases correspondingly 42%, 44% and 45%, increase in diameter – 38%, 44% and 45%. The largest marketable 
production of short-and long-term storage received applying average complex fertilizers and watered medium rate of water (60 m3 ha-1). Increased 
marketable yield ensured a higher amount of marketable production. 

Key words: onion, storage, the main fertilization, watering rate, yield.  
 

Introduction  
 

The optimum production of field crops can be reached through application of the necessary amounts of nutritive 
elements as well as adequate amount of irrigation (Imtiyaz et al., 2000). The main source of humidity is atmospheric 
precipitation, which provides the soil humidity, necessary for plants. Nevertheless, during vegetation, precipitation 
distributed very unevenly and this amount often does not correspond to the plant needs. Under climatic conditions of 
Lithuania, plant water consumption was highest in July-August (about 5 mm per day or 40-50 m3 ha-1). Vegetables 
during the growing season consume about 3000–5500 m3 ha-1 of water, while the Republic falls on average from 2400 to 
3000 m3 ha-1 (it is 240 to 300 mm) precipitation (Dirsė, 2001). During different ontogenesis periods plants needs for 
humidity also are different and depend on the period of plant development, power of root system, physical properties of 
soil water, air temperature and watering equipment and irrigation method (Аутко, 2004).  

Onions have weak root system, which is on the surface, and at the time of intensive growth require much humidity 
in the upper soil layer, although uses moisture very sparingly. During vegetation onion use 2700 m3 ha-1 of water. Onions 
need much of humidity up till bulbs formation (75-80% of full soil moisture retention capacity), but when bulbs are 
formed, especially intended for storing onion, humidity is not required (65-70% of full soil moisture retention capacity), 
and stopped watering 2–3 weeks up to harvesting (Dirsė, 2001; Rattin et al., 2011). Not irrigated onion evaporates less 
water, but yields are lower. For optimum yield of onion it is necessary to water during bulb growth period, and during 
vegetative growth and maturation of onion is less sensitive to water deficiency (Kadayifci et al., 2005; Shock et al., 
2007) showed that onions were sensitive to water stress at the four-leaf to late six-leaf stages.  

Soil, meteorological conditions, fertilization and care, yield gathering time and cultivar influence onion and other 
vegetable storability (Adamicki, 2005; Grevsen, Sorensen, 2004; Bundinienė et al., 2009). During onion storage life 
processes take place, during which onion lose water. Temperature and humidity influence this process (Maguire et al., 
2004).  

The aim of experiments, carried out at the Institute of Horticulture, in sandy loam on light loam soil, in 2008–
2009, and 2008-2010 in storehouses was to investigate the influence different rates of watering and the main fertilization 
on onion productivity (marketable yield, percentage of marketable yield from total), productivity parameters (weight and 
diameter of bulbs) and storability (marketable production, natural storage losses and unmarketable production).  

 
Materials and methods 

 

Investigations were carried out in experimental fields of Lithuanian Institute of Horticulture in 2008–2009. The 

soil was calcaric epihypogleyic luvisol of sandy loam on light loam soil – Calc(ar)i-Epihypogleyic Luvisol (LVg-p-w-

cc). Arable layer thickness was 22–25 cm.  
There was small amount of humus in it, small and average amount of mineral nitrogen, average amount of 

potassium, much phosphorus, calcium and magnesium (Table 1). Investigations of soil agrochemical characteristics 
were carried out in Agrochemical Research Centre (now Agrochemical Research Laboratory of LRCAF) 
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Table 1. Soil agrochemical characteristics before trial establishment (Babtai, 2008, 2009) 

 

Year 

Agrochemical characteristics* 

pHKCl Nmin 

kg ha-1 
available Humus, % 

P2O5 K2O Ca Mg 

mg kg-1 
2008 7.4 77.1 400 231 3434 923 1.30 
2009 6.5 59.6 265 138 5660 1330 1.99 

* – mineral nitrogen (Nmin) amount established in arable (0-20 cm) and subsoil (20-40 cm) layers, other indices – in arable layer only. 
 

There were grown onions ‘Spirit’ F1 (1 mln. unit ha-1 viable seeds) on flat surface. Preceding crop was winter 
wheat. Sowing scheme – 8 + 15 + 8 + 15 + 8 + 15 + 8 (compacted bed sowing). Sowing was carried out with universal 
pneumatic sowing machine UPDS-2.8. Seed was inserted in the depth of 2–3 cm. Soil tillage and crop supervision works 
carried out by intensive vegetable growing technology.  

Irrigation the basis of readings of vacuum hygrometer installed into the soil of onion crop at 8 and 20 cm depth. 
Irrigation was on when soil moisture approached 70% of the full soil moisture absorption. Vegetables during growing 
season of 2008 year were watered 5 times (2 times in May and July and by 1 times in June) and in 2009 – 3 times in May. 
Watering carried out using a mobile (travelling-gun) irrigation equipment Piccolo-3 with a sprinkler-type nozzles.  

Field trial design. Factor A: Watering rate (water amount consumed during the once): 1) without watering, 2) 
medium watering rate (60 m3 ha-1), 3) high watering rate (200 m3 ha-1).  

Factor B: The main fertilization: 1) without main fertilization (N0P0K0), 2) straight fertilizers, according to LIH 
recommendations and the data of soil agrochemical investigations (N60P45K105) – straight, 3) low rate of complex 
fertilizers (N60P60K120) - LRCF; 4) average rate of complex fertilizers (N80P80K160) - ARCF; 5) high rate of complex 
fertilizers (N100P100K200) - HRCF.  

In spring, when the soil was levelled, all experimental area was fertilized with humistar (30 l ha-1 and 500 l ha-1 of 
water. Out of straight fertilizers there was used amofos (P2O5 – 49%, N – 12%) as phosphorus and nitrogen fertilizer. 
Nitrogen amount, which was insufficient, was supplemented ammonium nitre (N – 34%). Also there was used potassium 
magnesia (K2O – 30%, MgO – 10%, S - 17%) as potassium fertilizer. In 3rd, 4th and 5th treatments before sowing there 
were applied complex fertilizers Cropcare 10 10 20 with microelements (MgO – 4.15%, S – 11%) and microelements B, 
Cu, Fe, Mn, Mo, Zn and Se. All treatments were applied through leaves Ferticare 14 6 24, Folicare 5 10 40 and Final K. 

Experiment was carried out in three replications. Plots in replications were laid out in systematic order. Initial area 
of onion crop plot was 5.6 m2 (length – 4 m, width – 1.4 m), record plot – 4.2 m2 (length – 3 m, width – 1.4 m). Total plot 
size was 540 m2 

During harvesting (2008, 29 August and 2009, 7 September) bulbs were sorted into marketable (good of quality, 
representative of the variety in shape and colour, hard and dried out, not sprouting, without the roots, with more than 4 
cm of leaves residues and not less than 30 mm in diameter) and unmarketable, and weighed. Also there were taken 
sample (after 3 for each treatment, approximately 15 kg), in order to carry out storage investigations. Investigations of 
production storage were carried out in storehouses of Biochemistry and Technology laboratory at the Institute in 2008–
2010. Onions were stored warmly (temperature 18-20°C, humidity 60-70%). Storage was evaluated twice – in the 
beginning of January and at the end of May. It has been studied in marketable and unmarketable (rotten, sprouted, it is 
inappropriate to use) and calculated quantities and bulbs natural loss, it is drying off. 

Data analysis was performed using ANOVA. Treatment means were assessed using least significant difference 
(LSD) and the effects of fertilizers and watering rates were evaluated at the 5% level of probability (P = 0.05). STAT-

ENG program was used to evaluate the relationship between the variables. 
Meteorological conditions. Average air temperature of all the vegetation period months (April–August) in both 

years of investigations was lower than average multiannual (in 2008 by 1.4 °C, 2009 – 1.7 °C) (Table 2). Average air 
temperature in vegetation period of 2009 was lower than that in 2008, but in May and July, 2009 temperature was higher 
than that in 2008. In 2008 July was humid, and in 2008 was dry.  

 
Table 2. Meteorological conditions during growth period. Data of Babtai agrometeorological station, iMETOS forecasting 

system  
Month Air temperature °C Precipitation mm 

2008 2009 multiannual 2008 2009 multiannual 

April 6.6 6.5 6.2 42.6 6.0 41.7 
May 10.3 10.5 12.3 41.8 43.0 50.7 
July 14.0 12.8 15.9 59.6 96.2 71.2 
June 15.5 16.3 17.3 56.8 95.6 75.3 

August 15.7 14.6 16.7 99.0 48.3 78.4 
Average  12.4 12.1 13.8 60.0 57.8 62.6 

 
In both years of investigation there was less precipitation during vegetation period than multiannual average, but in 

2009 it was dryer than in 2008. Precipitation distribution in various vegetation months was very different. In 2008 May, 
June and July, when humidity was necessary for plant germination and growth, were dryer than multiannual average, and 
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in August, when humidity is not necessary for onion ripening; there was 26.2 % more precipitation than multiannual 
average and even twice more than in 2009. April and May in 2009 were dry, and in June and July was 31% more 
precipitation than multiannual average and moisture for pant growth was even too much, but August was dry and the 
conditions for onion ripening were good.  

 
Research results 

 
Bulb weight and diameter. A significant increase in size and weight of bulb was recorded with optimum dose of 

nutrient. Water stress during latter growing period produced smaller sized bulbs (Woldetsadik et al., 2003; Kumar et al., 
2007). Other researchers (Olalla et al., 2004) observed that transpiration, photosynthesis and growth rates are lowered 
by mild water stress and water stressed plant produced smaller sized bulbs. Fertilizing with the combination of humistar 
spraying before sowing and supplementary fertilization with potassium and nitrogen fertilizer Final K during vegetation 
there was obtained the biggest average weight of onion bulb (Bundiniene et al., 2009a). Abdisa et al. (2011) submits 
that nitrogen fertilization significantly increased bulb diameter without affecting bulb length. Phosphorus fertilization 
and its interaction with N did not significantly influence either bulb diameter or length. Our experiments showed that 
both factors influence bulbs increase in weight 23.4 g, or 55.7%, diameter – 7.4 mm, or 19.4%. Bulbs weight since the 
of fertilizer used in presowing time, regardless of irrigation, increased by an average of 18.7 g or 37.1%, diameter – 
6.3 mm, or 15.5% (Table 3). The largest fertilization effect was in non-irrigated onion crop.  

 
Table 3. Influence of watering and main fertilization rates on productivity of onion bulbs (Babtai, 2008–2009) 

Fertilization 

(factor B) 

Watering rates (factor A) 
Average 

fertilization 
without  
watering 

medium rate 
(60 m3 ha-1) 

high rate 
(200 m3 ha-1) 

Weight of onion bulb, g 
Without main fertilization 42.0 49.6 59.6 50.4 

Straight (N60P45K105) 53.4 57.0 80.5 63.6 
LRCF 61.0 69.4 75.8 68.7 
ARCF 73.1 70.6 68.6 70.8 
HRCF 71.4 71.5 76.6 73.2 

Average watering 60.1 63.6 72.2  
LSD05 A 4.28  
LSD05 B  6.05 

LSD05 A × B 11.33  
Diameter of onion bulb, mm 

Without main fertilization 38.1 40.5 42.8 40.5 
Straight (N60P45K105) 42.6 43.0 48.5 44.7 

LRCF 42.7 47.5 47.7 46.0 
ARCF 47.3 48.7 47.5 47.8 
HRCF 49.0 48.6 47.9 48.5 

Average watering 43.9 45.7 41.8  
LSD05 A 1.26  
LSD05 B  1.78 

LSD05 A × B 3.32  
 

Fertilization increased bulb weight in non-watered crop by 22.7 g or 54.2%, diameter - 7.3 mm or 19.2%. Watering 
decreased the need for fertilizers. Weight, when onion crop was irrigated with medium water rate, as compared with the 
grown without main fertilization, increased by 17.6 g, or 35.4%, diameter 6.5 mm, or 15.9%, watering with a high water 
rate by 15.8 g, or 26.4%, and 5.1 mm, or 11.9%. Because of watered, regardless of fertilization, bulbs weight increased 
by an average of 7.8 g or 12.8%, diameter 2.3 mm, or 5.3%. Bulbs weight, when the crops were watered and grown 
without main fertilization increased 18.2 g or 43.4%, diameter 5.8 mm, or 15.3%, the medium watering rate 14.0 g or 
28.3 %, and 5.2 mm, or 12, 7%, a high watering rate 12.7 g or 21.2% and 4.1 mm or 9.6%.  

When onions were not watered the largest bulb weight was fertilized with an average rate and diameter – fertilized 
with a high rate of complex fertilizer. Bulb weight, compared to bulbs grown without fertilizer weight, increased 31.1 g 
or 74.1%, diameter 10.9 mm, or 28.6%. Applying medium water rate, the largest bulb weight was fertilized a high rate of 
complex fertilizers. Weight, compared to grown without main fertilization weight, increased 22.0 g or 44.3%, diameter 
8.1-8.2 mm, or 20.0-20.2%. The largest bulbs weight (80.5 g) was watered with a high water rate and fertilized with 
straight fertilizers, diameter (49.0 mm) - onion crop non-watered and fertilized with a high rate of complex fertilizers. 
Bulb weight (for all the test r = 0.93, without watering r = 0.90, the medium watering rate r = 0.96, and a high watering 
rate r = 0.97) and diameter (correspondingly r = 0.91, r = 0.80, r = 0.96 and r = 0.98) in all watering backgrounds 
significantly and directly influenced increases of onion marketable yield. Bulbs weight gain influenced the yield 
increases correspondingly 43 % (42%, 44% and 45%), increase in diameter correspondingly 41 % (38%, 44% and 
45%).  



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

62 

Yield. Fertilization and irrigation increases the onion Riviera F1 and Utopia F1 yields (Rumpel et al., 2003). Our 
research shows that fertilizer and watering increased yield of marketable onion bulbs by an average of 23.8 t ha-1, or 
55.3 % (Fig. 1), percentage of marketable yield from total by 21.5% (Fig. 2).  

  
Figure 1. Influence of watering and main fertilization rates on onion marketable yield (Babtai, 2008–2009) 

 
 

 
Figure 2. Influence of watering and main fertilization rates on percentage of onion marketable yield from total 
(Babtai, 2008–2009)  
 

Nitrogen significantly improved both total and marketable bulb yield of onion. This positive response may be 
due to the role of nitrogen in promoting the growth of onion plant (Abdisa et al., 2011). As pointed out by Cizauskas et 
al. (2003), application of 60 kg N ha-1 gave highest bulb yield of onion. Application N, K and S significantly increased 
yield (Mozumder et al., 2007). The highest tonnage of bulbs yield was associated with that of plants which supplied the 
highest phosphorus rate (Shaheen et al., 2007) and with soil application of 200 kg potassium sulftate (El-Bassiony, 
2006). Our studies showed that fertilizers used before sowing increased marketable onion yield on the average 20.6 t ha-1 

or 41.2 %, and output of marketable yield by 7.2 %. When onion crop was not watered, main fertilization increased 
marketable yield 18.3 t ha-1 or 42.8 %. The largest increase of marketable onion yield (34.7 t ha-1, or 75.8%) gain from 
crop fertilizers was watered onions with medium water rate, percentage of marketable yield from total increased by 
1.1%. The largest increase (18.6%) output of marketable yield because of fertilizers was obtained growing onions 
without irrigation. Fertilizers were least effective watering onions with a high rate of water. Marketable yield increased 
by 8.8 t ha-1, or 14.4%, and percentage of marketable yield from total increased by 4.2%. The highest onion bulb yield 
was obtained fertilizing with an average rate of complex fertilizers. Marketable yield in all backgrounds of watering 
increased by an average 29.2 t ha-1, or 62.5%. Growing onions without watering and fertilizing at the presowing time 
with an average rates of complex fertilizers, in comparison with of onions grown without main fertilization, increased 
22.3 t ha-1, or 52.1%, watering with an average water rate 52.8 t ha-1, or 2.2 times, watering with a high water rate  
12.4 t ha-1, or 20.1%.  

Data of investigations carried out in Moldavia showed that watering is effective for all crops: garden pea 
productivity increased 1.7 times, potato grown from seedlings 1.4–2.7 times, potato sown directly into soil 1.9–4 times, 
onion 5 times, and carrot 6.5 times. Reducing watering rates by 25%, yield reduction did not exceed 6%, reduced by 
50% - did not exceed 20% of the yield (Гуманюк и др., 2005). Serbian studies (Pejić et al., 2011) showed that yield of 
onion bulb was significantly higher in irrigated. Our studies showed that watering increased onion yield on the average 
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13.7 t ha-1 or 23.8%, output of marketable yield 8.6 %. Marketable onions yield, watering with an average rate of water 
(60 m3 ha-1), in comparison with the yield of unwatered onions, increased by 16.1 t ha-1, or 28.0%, percentage of 
marketable yield from total by 11.6%, by watering with a high water rate (200 m3 ha-1) 11.2 t ha-1, or 19.5%, and 5.6%.  

The highest yield of marketable onions (98.6 t ha-1) and its percentage of marketable yield from total (84.6%) 
were obtained fertilizing before the sowing with an average rate of complex fertilizers and watering with medium rate of 
water (60 m3 ha-1). Marketable onion yield compared with yield of onion grown without main fertilization increased 
even 55.8 t ha-1, or 2.3-fold, compared with yield of onion grown without fertilization and watered with medium water 
rate it increased 52.8 t ha-1, or 2.2 times, and compared with the grown without fertilizers and watered with a high rate it 
increased 37.0 t ha-1, or 60.1%, compared with yield of onions fertilized with the same fertilizer rate and non-watered it 
increased 33.5 t ha-1, or 51.5%, compared with watered yield of onions watered with a high water rate it increased  
24.6 t ha-1, or 33.2%. Percentage of marketable yield from total increased correspondingly 37.8; 8.4 and 17.4%, and 9.3 
and 9.9%. After using of 1 kg complex fertilizers obtained 110.6 kg ha-1 of marketable onion yield. Watering 1 m3 of 
water there was obtained 111.7 kg ha-1 of marketable onion bulb yield. According to the data of Polish investigations 
(Borówczak, Grześ, 2002), watering increases sugar beet root yield 17.3 %, leaf yield 13.7%. 1 mm of water increases 
yield 62.7 kg; nitrogen fertilizer efficiency increases also. Shock et al. (2007) observed that onion yield and size reduced 
temporary water stress.  

Storage. Onion is a vegetable appropriate for long-term storage. Harvesting onions when the foliage had lodged 
on 50% to 80% of the plants resulted in the longest bulb storage (Adamicki, 2005). Both, water and nutrient 
management for onion production have a significant effect on postharvest behaviour of the produce. Data of Cizauskas 
et al. (2003) showed that application of rates above 60 kg N ha-1 decreased market production percentage after storage 
of onion bulbs. As showed studies Resende et al. (2009) there were no significant effects of nitrogen and potassium 
application on the mass losses of the bulbs short-term storage. Data of Starkutė at al. (2009) showed that the highest 
amount of marketable production was obtained storing onions, which were fertilized before sowing with potassium 
magnesia and during vegetation – with liquid fertilizer Biokal 01. Withholding irrigation during last stages of onion 
crops is a common practice to minimize losses in storage due to rots. Water deficit led to a significant reduction of bulb 
size, an acceleration of sprouting and an increased rate of weight loss during storage (Rattin et al., 2011). The results of 
Kumar et al. (2007) have shown that physiological loss in weight increased with the increase in irrigation from 0.60 to 
1.20  pan evaporation during the short-term storage of onion bulbs. This trend may be due to the fact that initially bulbs 
had more moisture to lose when grown at increased evaporation, which declined with decrease in amount of irrigation. 
Masalkar et al. (2005) observed that the physiological loss in weight of the bulbs declined significantly in storage with 
every successive level of potash up to 150 kg ha-1 in “rabi” season, only up to 90 days of storage at ambient conditions. 
Our research showed that after a short-term storage was an average of 56.8 t ha-1 marketable production, and non-
commercial production was 14.5% (Table 4). Natural loss was on average 6.9%, non-marketable, sick bulbs were on 
average 7.7%.  

 
Table 4. Influence of watering and main fertilization rates on storage of onion bulbs (Babtai, 2008-2010) 

Fertilization 

(factor B) 

 

After short-term storage After long-term storage 

marketable 
production 

t ha-1 

sick 
% 

natural 
losses 

% 

marketable 
production 

t ha-1 

sick 
% 

natural 
losses 

% 
Without watering (factor A) 

Without main fertilization 
38.7 3.3 6.4 

 
21.7 26.2 23.3 

Straight (N60P45K105) 54.7 6.3 5.9 29.5 30.0 22.6 
LRCF 55.1 7.0 7.5 26.9 32.2 25.9 
ARCF 54.2 9.9 6.9 23.8 31.5 31.8 
HRCF 42.9 11.5 7.4 18.4 28.0 37.2 

Medium watering rate (60 m3 ha-1, factor A) 
Without main fertilization 41.0 4.2 6.4 24.7 22.3 23.6 

Straight (N60P45K105) 50.6 8.8 5.9 19.5 28.0 39.8 
LRCF 67.9 7.2 7.5 31.1 30.0 30.4 
ARCF 80.3 12.6 6.9 37.2 28.3 34.0 
HRCF 71.1 9.7 7.7 30.4 33.5 32.4 

High watering rate (200 m3 ha-1, factor A) 
Without main fertilization  

50.2 9.5 9.0 
 

25.0 35.4 24.0 
Straight(N60P45K105) 56.7 8.3 7.5 23.3 35.7 29.7 

LRCF 59.6 5.5 6.4 27.9 30.8 28.0 
ARCF 64.2 6.9 6.3 30.2 32.1 27.0 
HRCF 64.4 5.4 6.1 39.3 22.6 23.4 

LSD05 A 0.3 0.09 0.09 0.31 0.1 0.18 
LSD05 B 0.42 0.13 0.12 0.44 0.15 0.25 

LSD05 A × B 0.79 0.24 0.23 0.81 0.28 0.46 
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Main fertilization and watering increased the amount of marketable production after short-term storage of onions, 
in comparison with grown without watering and fertilization, on the average 18.1 t ha-1 or 46.8 %. Natural loss of onions 
grown without fertilizers and irrigation, increased from 6.4% to an average of 6.9%, while non-marketable, not suitable 
for realization, production increased by 2.4 times (from 3.3%. to 7.7%. Marketable production when used fertilizer, 
increased an average 16.9 t ha-1, or 39.0%, and did not increase the natural loss, and non-commercial production 
increased by 46.0%. Marketable production due to main fertilization, growing onions without irrigation, as compared 
with the preserved unfertilized onions bulb, increased by 13.1 t ha-1, or 33.8%, watering with medium water rate its 
increased 26.5 t ha-1 or 64.6%, watering with high water rate 11.1 t ha-1, or 21.1%.   

Marketable onion bulbs production without watering increased 11.5 t ha-1, or 23.5 %. Natural storage losses and 
non-market production increased slightly. The largest marketable production after the short-term storage (first 
checking) carried out in early January was received applying the mean rate of complex fertilizers and the medium rate 
of water (60 m3 ha-1). Marketable production, as compared with the amount storing non-watering and non-fertilized 
onions, increased by 41.7 t ha-1, or 2.1-fold, as compared with onions watered with medium water rate and non-
fertilized its increased 39.3 t ha-1, or 95.9% and compared with onions watered with a high water rate and non-fertilized 
30.2 t ha-1, or 60.2%.  

Marketable production of long-term storage (second check), carried out at the end of second decade of May, as 
compared with the first, fell to an average of 29.5 t ha-1 (Table 4). Storage losses increased to an average of 58.6%, i.e. 
4.0 times; unsuitable for market, diseased onion bulbs increased on average of 29.8%, i.e. 3.9 times; natural storage losses 
– to 28.9 %, or 4.2 times.  

 Marketable production after the long-term storage of fertilizer and watering compared with the grown without 
watering and main fertilization of onion production, increased 5.6 t ha-1, or 25.6%, the natural loss 24.1%, while non-
marketable, not suitable for realization production increased 13.8%. Fertilizers increased amount of marketable 
production on the average 4.3 t ha-1, or 16.8%, natural loss 27.7%, amount of non-marketable production 8.2%. %. 
When crop was not watered, fertilizers increased amount of marketable production as compared with preserved storing 
the bulbs of non-fertilized onions 2.9 t ha-1, or 13.6%; watering with medium water rate – 4.8 t ha-1, or 19.4%, watering 
with a high water rate 5.1 t ha-1, or 20.6%.  

Watering marketable onion production after long-term storage increased 4.8 t ha-1, or 20.0%. Natural storage 
losses increased 3.9 %; amount of non-marketable production increased only slightly. The largest amount of marketable 
production after the second checking was obtained fertilized with an average rate of complex fertilizers and watered 
with medium water rate (60 m3 ha-1). Amount of marketable production, as compared non-fertilized and non-watered 
onions, increased 8.9 t ha-1, or 41.2%; as compared non-fertilized and watered with medium water rate onions 5.9 t ha-1, 
or 23.9%, as compared with non-fertilized and watered with high rate onions 5.6 t ha-1, or 28.6%. Higher natural loss 
after the first checks was watered with a high water rate, after the second checks was watered with medium water rate. 
Regardless of the fact that losses increased, but at higher yields, marketable production was obtained more.  

The results of field experiments conducted in Denmark showed that use of new low-sprouting cultivars, and 
early harvest at 20-50% “top fall-down”, gave less and slower sprouting in onions after long-term storage (Sorensen, 
Grevsen, 2001). Our results showed that when yields of onion marketable production were higher, the amounts of 
marketable production of short-term storage (for all test r = 0.88, without watering r = 0.99, applying medium watering 
rate r = 0.94, applying a high watering rate r = 0.80), and of long-term storage (correspondingly r = 0.91, r = 0.98, r = 
0.89, r = 0.92) were higher. Fertilization increased the amount of marketable production.  
 
Conclusions  
 

The largest bulbs weight (80.5 g) was watered with a high water rate and pre-sowing fertilization with straight 
fertilizers, diameter (49.0 mm) - onion crop non-watered and before sowing fertilized with a high rate of complex 
fertilizers.  

Bulb weight (for all the test r = 0.93, without watering r = 0.90, the medium watering rate r = 0.96, and a high 
watering rate r = 0.97) and diameter (correspondingly r = 0.91, r = 0.80, r = 0.96 and r = 0.98) in all watering 
backgrounds significantly and directly influenced increase of onion marketable yield. Bulbs weight gain influenced the 
yield increase correspondingly 43 % (42%, 44% and 45%), increase in diameter correspondingly 41 % (38%, 44% and 
45%).  

The highest yield of marketable onions (98.6 t ha-1) and percentage of marketable yield from total (84.6%) were 
obtained fertilizing before the sowing with an average rate of complex fertilizers and watering with medium rate of water 
(60 m3 ha-1). 

The largest marketable production of short-and long-term storage received applying an average complex 
fertilizer before sowing and watering the medium water rate (60 m3 ha-1). Increased marketable yield ensured a higher 
amount of marketable production. 
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Growth and Photosynthetic Pigments Responses of Setaria viridis (L.) P. Beauv. 

to Drought Stress 
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Aleksandras Stulginskis University, Lithuania 

Abstract 

Drought stress has a serious effect on plant growth and development in many regions of the world. Green millet (Setaria viridis) is valuable 
model plants for investigating the C4 grasses for biotic and abiotic stress tolerance. This study was carried out to evaluate influence of substrate water 
content on photosynthetic pigments and biomass accumulation in green millet. Under mild to moderate drought stress, any decrease of chlorophyll a 
and carotenoids has been obtained, while severe drought causes significant decreasing in all photosynthetic pigments. Therefore future studies dealing 
with the strategies to improve the pigments contents under water stress are needed. Drought treatment led to a significant decrease in shoots fresh 
weight accumulation, while dry weight reduction was obtained under moderate and severe drought. 
 
Introduction 

 

Plants are subjected to many abiotic and biotic factors that adversely affect growth, development and 
productivity (Lichtenthaler, 1996, Lawlor, 2002). Abiotic stress is responsible for more than 50% yield loss worldwide. 
As the world population is rising exponentially, this problem needs to be dealt with, especially taking into account the 
deleterious effects of global warming (Skirycz, Inze, 2010). Drought is a major abiotic stress that limits agricultural 
crop growth and productivity in many regions of the world, the loss of which is more than any other single 
environmental factor (Reddy et al., 2004; Farooq et al., 2009). 

The ability of plants to acclimate to different stress is directly or indirectly associated with their ability to 
acclimate at the level of photosynthesis, which affects biochemical and physiological processes and consequently, the 
growth and development of the whole plant. To minimize the deleterious effects of stress and to complete their life 
cycle, plants have evolved different adaptive responses (Verslues et al., 2006). The responses of plants to drought stress 
are highly complex, involving deleterious and/or adaptive changes. If the drought stress is under field conditions, the 
plant responses can be modified synergistically or antagonistically. Early responses of plants to drought stress usually 
help the plant to survive for some time (Reddy et al., 2004). A continuous oxidative assault on plants during drought 
stress has led to the presence of an arsenal enzymatic and non-enzymatic plant antioxidants – AA-like scavengers and 
carotenoids (Conklin, 2001). Chlorophyll is one of the major chloroplast components for photosynthesis, and relative 
chlorophyll content has a positive relationship with photosynthetic rate (Anjum et al., 2003). Although abiotic stress 
tolerance and photosynthesis are often studied separately, it is important to consider the effects of interaction of abiotic 
stress on photosynthetic activities (Li, Brutnell, 2011).  

C4 carbon fixation is one of three biochemical mechanisms, along with C3 and CAM photosynthesis, used in 
carbon fixation. It is named for the 4-carbon molecule present in the first product of carbon fixation in the small subset 
of plants known as C4 plants, in contrast to the 3-carbon molecule products in C3 plants. The Panicoideae subfamily is 
one of the most agronomically important grass groups. It includes the most economically important C4 crops grown 
throughout the world including maize, sorghum, pearl millet, and foxtail millet. It also includes the major biofuel, 
sugarcane, as well as emerging bioenergy feedstocks Miscanthus and switchgrass. Of plants with sequenced genomes, 
Setaria viridis and Setaria italica are the closest relatives of the biofuel feedstock switchgrass and the invasive weed 
guinea grass (Panicum maximum) (Li, Brutnell, 2011). Green millet (Setaria viridis) provides a valuable tool for 
investigating the C4 grasses, particularly those that are being developed as biomass sources for biofuel production. It 
was chosen as a target model system as much for its phylogenetic position and its photosynthetic pathway as for its ease 
of growth and small genome size (Doust et al., 2009). As whole-genome sequencing project progress at an impressive 
rate, it is likely that new model organisms will emerge to address specific challenges in agriculture, for example biotic 
and abiotic stress tolerance (Li, Brutnell, 2011).  

The aim of the study was to evaluate the effect of substrate water content on photosynthetic pigments and 
biomass accumulation in green millet. 
 
Material and methods 

 

The study was carried out during 2011–2012 at the Agrobiotechnology Laboratory, Aleksandras Stulginskis 
University. Twenty five seeds of green millet were sown to each vegetation pot 0.1 m x 0.12 m (height x diameter) with 
substrate and growing in a growth chamber at 20/18 ºC (day/night), under illumination 50 µmol m-2 s-1, photoperiod 
16/8 h (day/night). The plants were submitted to two conditions: control and drought stress. The control plants were 
normally irrigated. The appropriate amount of water for the control plants was determined during the pre-experiments. 
Drought treatment was started four weeks after germination, when 3 leaves were fully expanded (13 phenological stage 
according to BBCH scale). Substrate core (10 cm) samples were taken using a cylindrical cork borer (1.4 cm diameter 
and 10 cm length) every third day. Substrate water content was measured gravimetric by weighing the samples 
immediately after it was sampled and after drying them to a constant weight. Substrate water content (SWC) was 
calculated as: SWC (%) = [wet weight – dry weight / dry weight] x 100. The relative water content (RWC) of leaves 

http://en.wikipedia.org/wiki/C3_carbon_fixation
http://en.wikipedia.org/wiki/Crassulacean_acid_metabolism
http://en.wikipedia.org/wiki/Carbon_fixation
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was measured according to Barrs and Weatherley (1962). Immediately after sampling, leaves were weighed and then 
immersed in distilled water for 4 h at room temperature. The leaves were then blotted dry and weighed prior to  
oven drying at 80 °C for 48 h. The relative water content of leaves was calculated using the following formula:  
RWC = [(FW – DW)/(TW – DW)] × 100, where FW is the fresh weight, DW is the dry weight, and TW is the turgid 
weight (weight after the leaf was kept immersed in distilled water for 4 h). 

Content of photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) in fresh weight (FW) was 
determined spectrophotometrically (Spectro UV-VIS Dual beam, Labomed, Inc.) in 100% acetone extract (Gavrilenko, 
Zigalova, 2003). The concentration of pigments (mg L-1) was calculated according to the formulae: Ca = 9.784D662 - 
0.99D644; Cb = 21.426D644 - 4.650D662; Ckar = 4.695D440.5 - 0.268(Ca + Cb). Amount of pigments (mg g-1) was 
calculated according to the formula: X = CVV2 +*100/nV1*1000, where C – concentration of pigments mg L-1;  
V – original amount of extract ml; V1 – original amount of extract taken for dilution ml; V2 – amount of diluted extract, 
ml; n – mass. For shoot biomass determination all vegetative aboveground plant parts were harvested and immediately 
weighed to prevent tissue dehydratation. Dry biomass of shoots was determined after exposure of plant parts in a drying oven 
(Type U 40; Mommert) to a temperature of 80 °C for 48 h. 

Differences between the treatments for photosynthetic pigments and biomass accumulation were analysed using 
the software STAT (Tarakanovas, Raudonius, 2003). Mean value and standard error (SE) for each treatment were 
calculated based on the number of independent replication. 
 
Results and discussion 

 

Photosynthetic pigments are important to plants mainly for harvesting light and production of reducing powers. 
Both the chlorophylls a and b are prone to soil drying (Farooq et al., 2009). Water stress, among other changes, has the 
ability to reduce the tissue concentrations of chlorophylls and carotenoids (Kiani et al., 2008), primarily with the 
production of ROS in the thylakoids (Reddy et al., 2004). 

In our study chlorophyll a content in leaves increased with decreasing substrate water content till 38%, however, 
at higher water deficit the chlorophyll a content decreased to a significant level (Fig. 1). Similar results were obtained 
by Younis et al. (2000), Oleivera Neto et al. (2009), Liu et al. (2011). 
 

 
Figure1. The effect of substrate water content on the chlorophylls content in leaves of green millet 

 
Chlorophyll b content started to decrease when the substrate moisture reached less as 44% (Fig. 1), which 

proved that this pigment is very sensitive to water deficit. A reduction in chlorophyll content was also reported in 
drought stressed cotton (Massacci et al., 2008), sunflower (Kiani et al., 2008), bilberry (Tahkokorpi et al., 2007). 

The degradation of pigments is linked with the decrease of the synthesis and/or degradation of carotenoids, 
because the carotenoids are accessory pigments in the absorption and transference of the light, and used as chlorophyll 
protectors during the photooxidation process. The abiotic stress promotes degradation of β-carotene, reduction in the 
zeaxanthin formation and consequent decrease in the carotenoids synthesis (Sharma, Hall, 1991). In our study a 
decreasing in carotenoids content simultaneously with reduction in substrate water content has been obtained (Fig. 2). 
Similar results were reported by another research groups (Younis et al., 2000; Oliveira Neto et al., 2009). Moreover, our 
results shows that the changes in pigments content produced by drought stress also modified the ration of chlorophylls 
and carotenoids (Fig. 2). This parameter substantially increased with decreasing substrate water content till 38% and 
consistently decreased with further substrate drying. Changes in the ratio of chlorophyll a and b and carotenoids under 
drought stress have been obtained in various plants (Anjum et al., 2003; Farooq et al., 2009). 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

68 

Reduction of pigments content, as a result of either slow synthesis of fast breakdown, has been considered as a 
typical symptom of different stress (Smirnoff, 1993). Under mild to moderate drought stress, any decrease of 
chlorophyll a and carotenoids has been obtained, while severe drought causes significant decreasing in all 
photosynthetic pigments. Therefore future studies dealing with the strategies to improve the pigments contents under 
water stress are needed. 
 

 
Figure 2. The effect of substrate water content on the carotenoids content chlorophylls/carotenoids ratio in leaves  

of green millet 
 

Growth is accomplished through cell division, cell enlargement and differentiation, and involves genetic, 
physiological, ecological and morphological events and their complex interactions. The quality and quantity of plant 
growth depend on these events, which are affected by water deficit. Cell growth is one of the most drought-sensitive 
physiological processes due to the reduction in turgor pressure (Taiz, Zeiger, 2006). Under severe water deficiency, cell 
elongation of higher plants can be inhibited by interruption of water flow from the xylem to the surrounding elongating 
cells. Impaired mitosis, cell elongation and expansion result in reduced plant height, leaf area and crop growth under 
drought (Nonami, 1998; Hussain et al., 2008). Plant productivity under drought stress is strongly related to the 
processes of dry matter partitioning and temporal biomass distribution (Kage et al., 2004). A common adverse effect of 
water stress on crop plants is the reduction in fresh and dry biomass production (Farooq et al., 2009). In our experiments 
drought treatment led to a significant decrease in shoots fresh weight accumulation (Fig. 3). 
 

 
Figure 3. The effect of substrate water content on plants fresh and dry weights 

In contrast, dry weight increased with decreasing substrate water content till 40%, however, at higher water 
deficit the dry weight decreased to a significant level (Fig. 3). Reduced biomass also was obtained in water stressed 
soybean (Specht et al., 2001; Lobato et al., 2008), trifoliate orange seedlings (Wu et al., 2008) and curled parsley 
(Petropoulos et al., 2008).  
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Conclusions 
 

Under mild to moderate drought stress, significant decrease of chlorophyll b level as well as shoots fresh weight 
accumulation has been obtained. 

Severe water deficiency resulted significant decreasing in all photosynthetic pigments. 
Significant decrease in shoots dry weight has been obtained under higher water deficit. 
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Abstract 

 
The grain germination has an important effect on the chemical composition, nutritive value, and acceptability characteristics of products for 

human consumption. They have been recommended for enhance nutritional value, rich in health-promoting phytochemicals and with low fat. The aim 
of research was to determinate the effect of disinfectants for amount of amino acids in sprouted seeds of broccoli (Brassica olearacea L.), amaranth 
(Amaranthus cruentus L.), alfalfa (Medicago sativa L.) and radish (Raphanus sativus L.). Non-sprouted seeds were disinfected with 6% hydrogen 
peroxide solution and with 1% grapefruit seeds solution. The seeds germinated for 120 hours were analyzed for: amount of dry matter, protein and amino 
acids. The experiment was done in four replications of the each type of seeds.  

Disinfection with hydrogen peroxide and grapefruit seed solution ‘Citrosept’ didn't influence on the amount of dry matter in different 
sprouted seeds. But disinfection with grapefruit seeds solution showed the tendency to increase the content of dry matter comparing those with control 
variation. Both disinfection methods essentially increased the amount of protein in the radish and alfalfa, but reliably reduced in amaranth sprouted 
seeds. Disinfection with hydrogen peroxide showed tendency to increase essential amino acids comparing disinfected with grapefruit seeds solution. 
Results suggested that disinfection with grapefruit seeds solutions had tend to decline essential and nonessential amino acids in alfalfa seeds compare with 
control variation. 

Key words: amino acids, disinfection, protein, sprouted seeds for.  
 
Introduction 

 

It has been widely reported that seed sprouts provide higher nutritive value than raw seeds and their production is 
simple and inexpensive. Sprouted seeds are becoming a popular health food which has been recommended for human diet 
since they have the advantages of germinated seeds (enhanced nutritional value, low fat food, rich in health-promoting 
phytochemicals, safe and fresh) and consumers are demanding fresh and safe vegetables that may promote health and well-
being (Martinez-Villaluenga et al., 2010). Germination (often in cientific articles uses two terms “germination” and 
“sprouting” which mean the same meaning) of the grain has important effects on their chemical composition, nutritive 
value, and acceptability characteristics of products for human consumption (Samuoliene et al., 2011). Sprouting of seeds 
is one of the processing methods to increase the nutritive value (Danisova et al., 1994; Bau et al., 1997) and the health 
qualities (Bau et al., 1997; Sowmya, Rajyalakshmi, 1999) of foods in a natural way. This method has been known for a 
very long time, mainly in the Eastern countries (China and Japan). The process is simple and inexpensive to carry out and 
different seeds can be sprouted for human consumption: all legumes (bean, pea, lentil, soybean), grains (rye, wheat, barley, 
oats) and more recently, seeds of some vegetables (alfalfa, radish) (Danisova et al., 1994). Nowadays there is an increasing 
interest in Western countries in the sprouting of seeds due to the consumer demand for minimally processed, additive-free, 
more natural, nutritional and healthy foods (McCarthy et al, 1994; Rozan et al., 2000; 2001). Sprouting effects on the 
nutritional and bioactive constituents of seeds vary with the time of germination, light, moisture, temperature, seed 
varieties and the kind of drying processes employed with the seeds (Danisova et al., 1994; Bau et al., 1997).  

The reason for sprouting seeds rising popularity may be dietetics, the image of exotic health food and the 
phenomenon of fashion. These alternative foods available in food shops include many legume and cruciferous species 
such as soybean, mung bean, garden pea, lentil, alfalfa, fenugreek, cress, radish, leek, etc. Because seedlings are often 
consumed fresh in salads or as decorative appetizers, the nutritional quality of seedlings needs to be considered deeply. 
They are praised as healthy food because germination decrease the level of antinutritional factors (Juana Frias et al., 
1995) while increase the amount of some nutrients such as amino acids, vitamins, dietary fiber, etc. (Prodanov, Sierra, 
1997). Germination also improves the starch digestibility of legumes. Germination causes important changes in the 
biochemical, nutritional and sensory characteristics of legume seeds.  

The sprouted seeds consumed as human food are grown in various soils using different crop and soil 
management practices. This creates different conditions for the development of various micro-organism groups in their 
growth environment (Frisval, Samson, 1991). Most micro-organisms, such like fungi and their producing mycotoxins 
and develop slowly on dry seed; however, moisture and warmth necessary for the sprouting process promote their 
growth and development (Danilcenko et al., 2006; Mankevičienė et al., 2011). Microbiological contamination of seed 
sprouted for food is a problematic factor getting food with microorganisms, whose functional action can be very varied. 
In separate cases, it can become economically detrimental and dangerous for public health, therefore skilled and strict 
control of these ecological factors is of vital importance.  

Various disinfection methods have been used to inactivate microorganisms, and several methods have been 
evaluated for improving seed safety (Penas et al., 2008). These include heat treatment (Weiss, Hammes, 2003), gamma 
irradiation (Rajkowski et al., 2003), chemical treatments such as chlorine or hypochlorite (Winthrop et al., 2003). All of 
these factors might be responsible for both microbial inactivation also impaired germination capability induced. The 
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biochemical and physical reaction could provide denaturation of proteins include key enzymes (Linton, Patterson, 2002; 
Penas et al., 2008).  

Hydrogen peroxide is also one of the substances used for sprouted seeds disinfection seeking to reduce microbial 
contamination of sprouts and to extend the product’s shelf life. Grapefruit seed extract known as substance antibacterial, 
antiviral, antifungal and antiparasitic properties (Heggers at al., 2002; Xu et al., 2007). It could be used as a means to 
prevent the spread of fungi and to promote seed sprouting. Xu (2007) with other researches established that grapefruit 
seed extract could inhibit bacteria and prolong preservation time and it could be used as an effective preservative for 
ready-to-eat vegetables. 

The most scientists tried to solve problems related to disinfectant effect to the microorganisms. Rarely analyzed 
which disinfectants less affected on damage of sprouted seeds nutrition (Beuchat, 1997; Fett and Cooke, 2003; 
Winthrop et al., 2003). Also there are the investigations about amino acids, fatty acids or other chemical parameter 
amount changes depending on germination duration (Frias et al., 1995; Danilcenko et al., 2006; Lukšienė et al., 2007).  

The aim of this research was designed to assess the amount of protein and the amino acids ratio changes in 
proteins of sprouted seed intended for food using hydrogen peroxide and grapefruit seed extract for disinfections.  

The research object was germinated seeds of broccoli (Brassica olearacea L) cv. ‘Cesar’, amaranth (Amaranthus 

cruentus L.) cv. ‘Geltonukai’, alfalfa (Medicago sativa L.) ‘Europa’, radish (Raphanus sativus L.) cv. ‘Warta’ seeds. 
 

Research material and methods 

 

Research was done during the period 2009–2011. Disinfection, seeds sprouting and amount of dry matter were 
carried out at Department of Horticulture, Faculty of Agronomy of Aleksandras Stulginskis University. Amount of 
proteins and amino acids composition in sprouted seeds determined at Chemistry Laboratory of Institute of Animal 
Science of Lithuanian Veterinary Academy.  

The germination of seeds which were selected for researches was 95–98 %. The seeds were sprouted for 120 
hours in the dark at a temperature of 24 ± 2 °C in Polish ‘Bio Natura’ sprouters (diameter – 20 cm, plate capacity – 1 L) 
in the thermostat (“Termaks”, Norway). For sprouting, 250 g of seeds were taken and thoroughly sorted out, litter 
admixtures were removed, and the seeds were soaked for 12 hours in distilled water at a ratio 1:4. The sprout length of 
germinated radish, broccoli and alfalfa seeds depending on the species should vary from 20 to 50 mm but germinated 
amaranth – 4–7 mm. 

Non-sprouted seeds were disinfected with biocides: 6% hydrogen peroxide solution which is widely used in the 
US food industry and with 1% grapefruit seeds solution (GSE). Extract “Citrosept” derived from seeds, pulp and white 
membranes of grapefruit. It has been acquired in the pharmacy. Exposure time was 15 min. The sprouting seeds were 
periodically, every 24 h irrigated with distilled water. The experiment was done in four replications of the each type of 
seeds. 

There were determined in sprouted seeds (and seeds, and sprouts together) amount of: 1) dry matter – 
gravimetrically, by drying the seeds at +105°C till the constant weight (LST ISO 712:2000, LST EN ISO 665:2001);  
2) protein – by the Kjeldahl method, where protein content were calculated from total nitrogen × 6.25; 3) amino acids  
(% from the total amount of protein in dry matter (DM)) were separated by ion exchange chromatography (“Mikrotechna 
AAA 339”) and determined by reaction with ninhydrin using photometric detection at 570 nm (440 nm for proline). Using 
an amino acid analyser were identified the following amino acids: cyst(e)ine, methionine, lysine, threonine, alanine, 
arginine, aspartic acid, glutamic acid, glycine, histidine, isoleucine, leucine, phenylalanine, proline, serine, tyrosine and 
valine. Cyst(e)ine and methionine were oxidized to cysteic acid and methionine sulphone respectively prior to hydrolysis. 
Tyrosine was determined in hydrolysates of unoxidized samples. All the other amino acids were determined in either the 
oxidized or unoxidized sample. Oxidation is performed at 0 °C with a performic acid/phenol mixture. Excess oxidation 
reagent is decomposed with sodium disulphite. The oxidized or unoxidized sample is hydrolyzed with hydrochloric acid  
(c = 6 mol l-1) for 23 h. The hydrolyzate is adjusted to pH 2.20 (Commission Directive 98/64/EC, 1998).  

Statistical data processing was estimated by a two-factor analysis of variance method using ANOVA statistical 
program. Significant differences have been determinate at the P<0.05 level. Means and standard deviations were calculated.  
 
Results and discussion 

 

Medical studies have shown grapefruit seeds extract antioxidant and antiseptic effect on human (Heggers et al., 
2002; Cvetnić, Vladimir-Knežević, 2004); it became interesting to check it on the food sprouted seeds. Sprouting 
process made a very favorable environment for the development of different microorganisms. This extract not only 
boosts the immune system, but there are about 800 different bacteria strains and 100 species of fungi.  

Researches have been investigated antibacterial activity of grapefruit seeds extract for varying time intervals and 
different concentration and tissue toxicity at varying concentrations. They predicate that this seeds extract disrupts the 
bacterial membrane and liberates the cytoplasmic contents within 15 min after contact. But high concentration of 
grapefruit seeds extract could be toxic for tissues (Heggers et al., 2002) also could effected on the chemically active 
compounds of disinfected vegetables or sprouted seeds. Fett and Cooke (2003) suggested that neither commercial 
citrus-related products used for disinfection didn’t reduce seeds germination. But they didn’t study those products 
influence on chemical compound of sprouted seeds.  
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According our results the highest amount of dry matter was accumulated in radish seeds 20, 88%, the lowest  
one – in alfalfa sprouted seeds 9.76% (Fig. 1). Both biocides didn't effect significantly to the dry matter amount in 
different sprouted seeds. Disinfection with grapefruit seeds solution showed only the tendency to increase the content of 
dry matter comparing those with control variation. The bigger changes of dry matter amount were established in broccoli 
and amaranth sprouted seeds disinfected with grapefruit seeds solution comparing with control variation. Hydrogen 
peroxide didn’t influence the same in sprouted seeds. This disinfectant increase amount of the dry matter in radish (from 
20.88 to 21.19%), but contrarily decreased in broccoli sprouted seeds (from 15.18  to 14.98%) (Fig. 1). 

 

 
Figure 1. Amount of dry matter in different sprouted seeds intended for human consumption, % 

Notes. The difference between values with the same letter on the lines and in each column for the dry mater is not significant at the 
level P<0.05 
 

Protein amount in all studied sprouted seeds kinds differed significantly. Disinfection was influenced to the 
amount of seeds protein. Both disinfection methods essentially increased the amount of protein in the radish (4%) and 
alfalfa – between 17–18% but reliably reduced (about 4%) in amaranth sprouted seeds comparing those with control 
(Fig. 2). Hydrogen peroxide significantly reduced (from 40.83% to 40.35% DM) but grapefruit seed solution increased 
(from 40.83% to 41.88% DM) protein amount in broccoli seeds compare with control.  

 

 
Figure 2. Amount of protein in different sprouted seeds intended for human consumption, % DM 
Notes. The difference between values with the same letter on the lines and in each column for the protein  is not significant at the 
level P<0.05 
 

Chemically active compounds can be transformed into free radicals such as hydrogen peroxide, ozone and 
hydroxide. They regulate many signaling pathways which directly react with proteins, transcription factors, and certain 
genetic structures, thus modulating the functions involved in transmitting signals to promote cell growth and division, 
regulates enzymes, helping to destroy pathogens and extraneous body particles. Free oxygen radicals are very active in 
responding to most of the molecules, including protein and lipid (Apel, Hirt, 2004). The researchers maintained that 
treatment with hydrogen peroxide could affect the seeds growth parameters (Çavusoglu, Kabar, 2010). It allows that 
hydrogen peroxide could augment protein and amino acids amount.  

Nutritional quality of proteins depends on the amount of essential amino acids. Germination is a process which 
result are changes of some amino acids and peptides also the synthesis or utilization of others, to form new proteins. 
Amino acid composition of food affects taste and flavor. Some of amino acids have a distinctively bitter taste (e.g., 
tyrosine, arginine, leucine, valine, methionine and histidine) (Gulewicz et al., 2008).  

Arginine was dominated in essential amino acids and varied from 5.53 to 9.08% of total protein in DM 
respectively in broccoli and amaranth seeds (Tables 1). Deficiency of arginine could result delay in sexual maturity, 
impairment of the production of insulin, glucose tolerance, and liver lipid metabolism. Our research results show that 
amaranth sprouted seeds have been accumulated significantly more essential amino acids: methionine, lysine, 
isoleucine, arginine and phenylalanine, but the essentially more leucine was determinated in broccoli seeds; radish seeds 
accrued biggest amount of valine (Table 1).  

Results showed that amounts difference of valine, methionine, isoleucine, lysine and threonine essential amino 
acids were insignificant comparing all used disinfection with control, except in alfalfa sprouted seeds (Table 1). The 
amount of isoleucine and threonine were reliably reduced using disinfection with grapefruit seeds solution in alfalfa 
seeds. Disinfection with both biocide significantly reduced amount of lysine in alfalfa sprouted seeds.   
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Table 1. Amount of essential amino acids in sprouted seeds intended for human consumption, % of total protein in dry matter 

(DM)  

Sprouted seeds  
Amount of amino acids, % of total protein in DM 

control disinfected with GSE disinfected with H2O2 

Valine 
Alfalfa 4.10±0.01 b 4.08±0.04 b 4.41±0.01a 

Broccoli 4.95±0.02 a 4.90±0.06 a 5.16±0.03 a 
Amaranth 4.47±0.02 a 4.45±0.02 a 4.60±0.04 a 

Radish 5.26±0.01 a 5.10±0.05 a 5.33±0.01 a 
Methionine 

Alfalfa 1.21±0.01 b 1.20±0.02 b 1.22±0.02 b 
Broccoli 1.89±0.07 a 1.79±0.05 a 1.89±0.06 a 

Amaranth 2.13±0.04 a 2.10±0.04 a 2.17±0.03 a 
Radish 1.68±0.02 a 1.73±0.03 a 1.70±0.03 a 

Isoleucine 
Alfalfa 3.39±0.03 b 3.28±0.05 c 3.67±0.03 a 

Broccoli 3.73±0.01 a 3.67±0.06 a 3.97±0.04 a 
Amaranth 3.81±0.02 a 3.75±0.06 a 3.84±0.00 c 

Radish 3.78±0.03 a 3.84±0.01 a 3.89±0.01 a 
Leucine 

Alfalfa 6.98±0.12 b 6.74±0.12 c 7.48±0.04 a 
Broccoli 7.36±0.06 a 7.25±0.06 a 7.61±0.03 a 

Amaranth 6.65±0.06 c 6.50±0.09 c 6.64±0.06 c 
Radish 7.14±0.02 a 7.14±0.03 a 7.21±0.02a 

Phenylalanine 
Alfalfa 4.30±0.05 b 4.21±0.04 c 4.61±0.02 a 

Broccoli 4.19±0.01 c 4.15±0.03 c 4.28±0.03 c 
Amaranth 4.57±0.02 a 4.49±0.04 a 4.58±0.01 a 

Radish 4.26±0.02 b 4.25±0.02 b 4.30±0.01 b 
Lysine 

Alfalfa 4.74±0.02 b 4.40±0.05 c 4.51±0.0 c5 
Broccoli 5.69±0.03 a 5.54±0.02 a 5.72±0.02 a 

Amaranth 5.71±0.01 a 5.39±0.09 a 5.51±0.03 a 
Radish 5.31±0.02 a 5.19±0.01 a 5.28±0.03 a 

Hystidine 
Alfalfa 5.39±0.04 b 4.70±0.04 c 5.94±0.01 a 

Broccoli 3.64±0.05 c 3.51±0.06 c 3.76±0.02 c  
Amaranth 3.71±0.04 c 3.59±0.02 c 3.75±0.01 c 

Radish 3.70±0.02 c 3.68±0.03 c 3.76±0.02 c 
Arginine 

Alfalfa 8.79±0.01 b 8.75±0.03 b 9.07±0.03 a 
Broccoli 5.69±0.04 c 5.53±0.02 c 5.72±0.02 c 

Amaranth 8.85±0.04 b 8.87±0.03 b 9.08±0.03 a 
Radish 6.74±0.04 c 6.29±0.02 c 6.87±0.09 c 

Threonine 
Alfalfa 3.73±0.01 b 3.62±0.07 c 3.74±0.02 b 

Broccoli 4.56±0.06 a 4.53±0.03 a 4.67±0.03 a 
Amaranth 4.13±0.01 a 4.05±0.08 a 4.21±0.02 a 

Radish 4.55±0.01 a 4.54±0.01 a 4.64±0.02 a 
Notes. The difference between values with the same letter on the lines and in each column for each amino acids is not significant at 
the level P<0.05 
 

The change of amount of almost all essential amino acids using disinfection with grapefruit seeds solution was 
similar comparing with control. Only amount of threonine and hystidine (respectively from 3.73 to 3.62 and from 5.39 to 
4.70% of total protein in DM) also isoleucine and leucine (respectively from 3.39 to 3.28 and from 6.98 to 6.74% of 
total protein in DM) in the alfalfa sprouted seeds were decreased reliably (Table 1).  

Our research results showed that disinfection with hydrogen peroxide showed tendency to increase essential 
amino acids comparing with used grapefruit seeds solution and control variation. Disinfectant hydrogen peroxide 
significantly increased amounts of valine, isoleucine, phenylalanine, hystidine in alfalfa (respectively from 4.10 to 4.41, 
from3.39 to 3.67, from 4.30 to 4.61, from 5.39 to5.94 % of total protein in DM) and arginine in amaranth (from 8.85 to 
9.08% of total protein in DM) sprouted seeds comparing with control (Table 1).  

Analysis of the experimental results showed that amount of methionine was least from all essential amino acids 
in all sprouted seeds and ranged from 1.20 to 2.17 % of total protein in DM respectively in alfalfa and amaranth seeds 
(Tables 1). The least amount of nonessential amino acids was cysteine and varied from 1.07 to 2.28% of total protein in 
DM respectively in alfalfa and amaranth seeds (Tables 2).  

In sprouted seeds intended for human consumption, glutamine was the prevalent nonessential amino acid and 
amount fluctuated from 13.37 to 16.56% of total protein in DM respectively in alfalfa and amaranth seeds (Tables 2). 
Glutamine benefits the body in terms of building muscles, brain functioning, kidney functioning, immune system 
boosters for prevention of infections and faster wound healing.  

http://www.effectsofglutathione.com/immune-system-boosters
http://www.effectsofglutathione.com/immune-system-boosters
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Table 2. Amount of nonessential amino acids in sprouted seed intended for human consumption, % of total protein in dry matter 

(DM)  

Sprouted seed 
Amount of amino acids, % from total protein in DM 

control disinfected with GSE disinfected with H2O2 

Asparagine 
Alfalfa 10.91±0.02 b 9.55±0.06 c 11.32±0.03 b 

Broccoli 7.85±0.01 c 7.75±0.02 c 8.00±0.04 c 
Amaranth 8.35±0.02 c 8.29±0.05 c 8.38±0.03 c 

Radish 8.11±0.03 c 8.00±0.08 c 8.20±0.03 c 
Serine 

Alfalfa 4.89±0.06 b 4.73±0.02 c 5.00±0.01 a 
Broccoli 4.75±0.03 c 4.67±0.02 c 4.86±0.06 c 

Amaranth 6.13±0.02 a 6.14±0.00 a 6.23±0.02 a 
Radish 4.54±0.04 c 4.41±0.02 c 4.56±0.01 c 

Glutamine 
Alfalfa 14.38±0.04 b 13.37±0.05 c 14.53±0.02 a 

Broccoli 14.59±0.01 a 14.11±0.00 c 14.59±0.01 a 
Amaranth 16.44±0.02 a 16.11±0.03 a 16.56±0.05 a 

Radish 14.58±0.02 a 14.22±0.11 c 14.67±0.03 a 
Proline 

Alfalfa 4.39±0.01 b 4.07±0.04 c 4.46±0.05 b 
Broccoli 8.18±0.04 a 7.75±0.02 a 9.13±0.03 a 

Amaranth 4.33±0.04 b 4.00±0.12 c 4.47±0.06 b 
Radish 5.89±0.06 a 5.77±0.07 a 6.11±0.03 a 

Glycine 
Alfalfa 4.79±0.04 b 4.49±0.02 c 4.87±0.05 a 

Broccoli 4.73±0.02 c 4.67±0.05 c 4.79±0.04 b 
Amaranth 7.14±0.02 a 6.80±0.06 a 7.14±0.03 a 

Radish 4.63±0.06 c 4.73±0.05 c 4.66±0.05 c 
Alanine 

Alfalfa 4.99±0.08 b 4.74±0.10 c 5.29±0.04 a 
Broccoli 6.28±0.05 a 6.34±0.03 a 6.54±0.08 a 

Amaranth 4.86±0.07 c 4.62±0.01 c 5.24±0.05 a 
Radish 6.47±0.03 a 6.54±0.04 a 7.09±0.03 a 

Cysteine 
Alfalfa 1.14±0.01 b 1.07±0.02 b 1.24±0.02 b 

Broccoli 2.01±0.00 a 2.03±0.01 a 2.11±0.02 a 
Amaranth 2.26±0.01 a 2.28±0.02 a 2.26±0.00 a 

Radish 1.99±0.01 a 1.78±0.04 a 1.97±0.03 a 
Notes. The difference between values with the same letter on the lines and in each column for each amino acids is not significant at 
the level P<0.05 
 

Disinfection with grapefruit seeds solution in sprouted seeds, if comparing those with hydrogen peroxide and 
control variation, showed tendency to decrease amount of nonessential amino acids. The significant reduced were 
estimated of all nonessential amino acids in alfalfa sprouted seeds, except cysteine, also in broccoli and radish 
glutamine, and in amaranth proline (Table 2). Disinfection with hydrogen peroxide reliable increased amount of alanine 
in radish and alfalfa (respectively from 4.86 to 5.24 and from 4.99 to 5.29% of total protein in DM) of glutamine, serine, 
glycine in alfalfa sprouted seeds collate with control variation and grapefruit seeds solution. 

 
Conclusions  

 
Hydrogen peroxide and grapefruit seed solution didn't influence to the dry matter amount in different sprouted 

seeds. But disinfection with grapefruit seeds solution showed the tendency to increase the content of dry matter comparing 
those with control variation. Both disinfection methods essentially increased the amount of protein in the radish and 
alfalfa, but reliably reduced in amaranth sprouted seeds. 

Disinfection with hydrogen peroxide showed tendency to increase essential amino acids comparing with used 
grapefruit seeds solution and control variation. 

Following the analysis of the results suggests that disinfection with grapefruit seeds solutions had tend to decline 
essential and nonessential amino acids in alfalfa seeds compare with control variation.   
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Abstract 

 
Agricultural and food sector is an important part in general structure of Lithuanian export. The farmers cultivate more and more the different 

species of pumpkins, because all morphological parts of this vegetable are valuable and can be used in the food industry. The main aim of this study 
was to investigate the quality parameters of the great pumpkin’s (Cucurbita maxima D.) fruit skin and flesh of different cultivars – 'Justynka F1', 
'Karowita' and 'Amazonka'. Standard methods were applied to identify the following: dry matter, crude fibre, crude protein and crude ash.  

The results showed that the highest amount of dry matter was in cv. 'Justynka F1' flesh (10.26 %). The amount of dry matter in cv. 'Justynka 
F1' and 'Amazonka' skins was found significantly higher than in flesh (respectively 18.15 % and 18.76 %). In all tested pumpkin cvs. skins were found 
significantly higher amounts of crude protein and crude fibre it compared to flesh. It was identified that the fruit skin of cv. 'Amazonka' is valuable 
due the highest amount of crude ash – 9.27%. 

Key words: great pumpkin, quality parameters, fruit skin, fruit flesh 
 
Introduction 

 
The growth of organic food market is mainly in many European countries (Willer and Kilcher, 2011). All around 

the world the top-selling organic products have been organic fruit and vegetables since 1997 (Ferguson, 2004; Dimitri and 
Oberholtzer, 2010). Basarir and Gheblawi (2012) pointed out, that the majority of respondents were willing to pay extra for 
organically produced fruits and vegetables over what they were paying for conventional ones. Especially those who know 
organic products have higher income and higher weekly expenditure were willing to pay more for organically produced 
fruits and vegetables. Modern consumers are more concerned about the safety and quality of food they consume. The 
quality has multidimensional aspects and the four main dimensions for consumers are taste and appearance, health, 
convenience, and process (Brunsø et al., 2002). Gracia and de Magistris (2008) indicated, that the organic products are 
mainly considered to be tastier, healthier and their production process has less damage for environment. 

Currently Lithuanian consumers also buy more vegetables which are grown in small farms and have exclusive 
properties (organic products, vegetables of exceptional quality and of national heritage). In this way changes are 
inevitable in the cultivation of raw materials, their processing and marketing. According to the literature, the 
Cucurbitaceae family consists of 90 genera and approximately 700 species (Bisognin, 2002). Nowadays Cucurbita 

maxima are grown all over the world. Lithuanian climate is ideal for growing these pumpkins (Karkleliene et al., 2008). 
They grow well in the soil which is sheltered from the winds, in sandy loam or in clay, warming soil. Plants best 
develop at 25–26 ºC temperature. According to Urbonavičiūtė et al. (2009), the lighting quality has the effect on plants 
antioxidant properties. The authors of this publication state, that the supplementation of the red light of far red, blue, 
yellow and green spectral regions resulted in significantly higher radical scavenging ability, vitamin C and violaxanthin 
contents in plants leaves as compared to sole red light.  

Pumpkins produce one of the highest yields in comparison with other vegetables and they are rated for the 
simple production technology (Danilcenko et al., 2007). The breeders have already created shrubby type of pumpkin 
plants. Cucurbita maxima is cultivated for flesh and seeds for human nutrition, either for direct consumption or for 
preparation of other foods such as syrups, jellies, jams, and purees. This vegetable can be processed in different ways. It 
can be baked, frozen, dried, crystallized, marinated, lyophilized (Hamed et al., 2008). The fruits of pumpkins have a lot 
of biologically active compounds – vitamin C, vitamin E, minerals, pectins, carotenoids. The beneficial influences of 
carotenoids on human health have proven many researchers. In the human body carotenoids keep such chemical 
reactivity as in plants by catching free radicals and active atomic oxygen (Han et al., 2012). Steamed-dried pumpkins 
can contribute to alleviate vitamin A deficiency, because they are in a good retention of beta carotene (Mawamba, et al. 
2009). In China, Yugoslavia, Argentina, India, Mexico, Brazil, and America pumpkins are utilized in the 
pharmaceutical industry (Mazumder et al., 2011). 

Pumpkins are good sources of proteins and fibre. Proteins are irreplaceable, because other nutrients don’t have 
nitrogen or amino acids. Many investigations have been reported concerning the health benefits or the quantities of the 
fibre found in fruits and vegetables (Jenkins et al., 1998; Nawirska and Kwaśniewska, 2005). Most of the research has 
concentrated on the physiological properties of fibre and how they influence the gastrointestinal tract. The fibre plays an 
important role in the prevention and cure of diabetes, obesity, atherosclerosis, heart diseases, colon cancer and 
colorectal cancer (Ferguson and Harris, 2003; Ferguson, 2005). 

Minerals play an important role for the human body. They help to absorb vitamins; are an integral part of bones, 
teeth, soft tissues, muscles, blood and nerve cells. Subramanian et al. (2010) discuss, that at last 22 mineral elements are 
required for the well-being of humans and these can be supplied by a balanced diet. 

However, there is a lack of information on quality parameters of pumpkin’s fruit skin. We believe that the fruit 
skin is also a good raw material for use in food preparation and for the development of innovative products. 
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Matherials and methods  
 

Three great pumpkin cultivars 'Justynka F1', 'Karowita' and 'Amazonka' were grown in the experimental field of 
ecological farm (Prienai distr.). The field was not fertilized. Pumpkins were sown in the plastic cups on April 24, 2012 
(2–3 seeds were put into one hole of 2–4 cm depth) and were considered in the glasshouse. Into the constant growing 
place of the field shoots were planted on May 18, 2012. Plants were grown in four replications. Pumpkins were 
harvested at the end of September. 

After harvest in the great pumpkin’s cvs. skin and flesh were determined: 
 

- dry matter (ISO 751:2000); 
- crude protein (LST 1523:1998); 
- crude fibre (Methodenbuch-VDLUFA, 1983–1999); 
- crude ash (Methodenbuch-VDLUFA, 1983–1999). 
Chemical analysis of pumpkin’s were conducted at the Aleksandras Stulginskis University in the chemistry 

laboratories of Food raw materials, agronomical and zoo-technical investigations; laboratory of food technologies, 
Institute of Agriculture and Food Sciences. Statistical analysis was performed using One Way ANOVA (STATISTICA 
software). Statistical significance between cultivars was considered at p<0.05. Arithmetic means and standard deviations 
of research data were calculated with EXCEL program. Vertical bars graphed in figures indicated standard deviation. 
 
Results of research 
 

As it is stated in literature, one of the most important chemical content quality indicators is the amount of dry matter.  
This indicator ensures the quality and output of the recycled products. Depending on the type and cultivar, the 

amount of the above mentioned substances in pumpkin’s flesh can fluctuate from 4.15% to 23.1% (Konopacka et al., 
2010; Nawirska- Olszańska et al., 2011). The fruits of great pumpkins accumulate higher amounts of these substances 
than the fruits of oil pumpkins. Some studies have indicated that this is due to the relatively high sugar content in the 
flesh of Cucurbita maxima fruits (Achinewhu et al., 1995; Nawirska et al., 2008). Great pumpkins those are grown in 
Lithuania can accumulate 7.41–22.20 % of dry matter. Plant fertilization with complex and humus fertilizers increases 
dry matter content in the fruits of pumpkins (Kulaitienė, 2009). 

The results of our study showed that the amount of dry matter in different great pumpkin cultivars fruit skin ranged 
from 14.99 to 18.76 % (Fig. 1). The higher quantities of the above mentioned substances have been found in cv. 'Justynka 
F1' (18.15 %) and 'Amazonka' skin (18.76 %). The fruits of three tested pumpkin cultivars accumulated in flesh these 
contents of dry matter – 7.55–10.26 % (Fig. 1). The highest amount of dry matter was in cv. 'Justynka F1' flesh. The 
amount of dry matter in cv. 'Justynka F1' and 'Amazonka' fruit skin was found significantly higher than in flesh. 
 

 
 

The same letters show no significant differences between means (p<0.05) 
 

Figure 1. Dry matter contents in the great pumpkin cultivars, % 
 

Proteins – essential part of the diet. They affect transport through the cell membranes of various vitamins and 
minerals. The content of crude protein in dry matter of tested pumpkin cultivars fruit skin was in the range from 17.87 
to 19.98 % (Fig. 2). 'Amazonka' skin and flesh accumulated the lowest amounts of crude protein (respectively 17.87 % 
and 8.33 %). This can be explained by the shortest vegetation period of this cultivar. In the skin of all tested pumpkin 
cultivars were found twice higher amounts of crude protein compared to flesh. 

 
 
 
 
 
 
 
 
 

 
 

 
 

The same letters show no significant differences between means (p<0.05) 
 

Figure 2. Crude protein contents in the great pumpkin cultivars, % 
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Bisognin (2002) stated, that cucurbits are among the most important plant families supplying with edible 
products and useful fibres. The fibre is mainly present as cell-wall polysaccharides, which have cholesterol-lowering 
properties. According to literary data, an antioxidative effect of these pumpkin components have been also reported 
(Nara et al., 2009). It was identified, that on the average, most of the crude fibre in dry matter was accumulated in 
'Justynka F1' skin (17.45 %) and in 'Karowita' flesh (6.38 %) (Fig. 3). Basically, the amount of crude fibre in the fruit 
skin of the examined pumpkins was significantly higher than in flesh and varied from 15.93 to 17.45 %. The fruit skin 
of cv. 'Karowita' accumulated the significantly lowest amount of crude fibre (15.93 %). Quantity of crude fibre in the 
fruit flesh didn’t differ significantly between pumpkin cultivars, but in comparison with the fruit skin in each cultivar 
was three times lower. 
 

 
 

The same letters show no significant differences between means (p<0.05) 
 

Figure 3. Crude fibre contents in the great pumpkin cultivars, % 
 

Quantities of minerals in pumpkins are influenced by numerous complex factors including genotype, soil, 
environmental conditions and nutrition interactions (Šimič et al., 2009). It is very beneficial to consume food with 
sufficient amounts of these substances. The content of crude ash in the fruit skin of tested pumpkins was in the range 
from 7.78 to 9.27 % (Fig. 4). The highest amount of crude ash was accumulated in the fruit skin of cv. 'Amazonka'. In 
flesh of this cultivar was established the lowest amount of the above mentioned substances (6.61 %). In contrast with 
the above presented results, the quantities of crude ash in the fruit skin and flesh did not differ so much, except in the 
cv. 'Amazonka' – the difference has reached about 30 %. 
 

 
 

The same letters show no significant differences between means (p<0.05) 
 

Figure  4. Crude ash contents in the great pumpkin cultivars, % 
 

Conclusions 
 

Having summarized the research results it can be claimed that the fruit skin of cultivars 'Justynka F1' and 
'Amazonka' accumulated significantly higher content of dry matter compared to flesh. Skins of fruits of all investigated 
pumpkin cultivars are valuable due high crude protein and crude fibre contents. The contents of crude ash in different 
cvs. skin and flesh were found similar, except in the fruit skin of cv. 'Amazonka'. This present study is of significance 
for the discovery of new functional foods and development of processed pumpkin products. The quality parameters of 
different great pumpkin’s cvs. morphological parts needs to be sufficiently investigated for effective and nutritionally 
appropriate food processing. 
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Abstract 

 

In order to compete in the global market, to ensure the long-term viability of the country's economy and stability in Lithuania, it is necessary 
to produce food products of high-value and an exceptional quality. 

Seed sprouting is one the processing methods increasing their nutritional value. The supply of sprouted seeds for human consumption is 
increasing. Various supermarkets provide different types of organic seeds (Kordusiene S., et al., 2010). 

Different kinds of seeds can be sprouted for food. Only the seeds of the Solanaceae family and Fabaceae family, Lathyrus genus are not 
recommended to be sprouted.  

During seed sprouting, the concentration of proteins, dietary minerals and biologically active compounds is the highest in comparison with 
other growth stages of a plant. Flavonoids are one of the most important. They all have an antioxidative effect which is much stronger than vitamin C 
(Samuoliene G., et. at., 2011). 

There is not enough information about the anthocyanin quantity in sprouted seeds; in Lithuania this issues has not been researched yet.  
From all the researched sprouted seeds for food, the abundance of flavonoids was found in lucerne and lens. Lucerne had the biggest amount 

of vitamin C, P as well as anthocyanins, but the least amount of dry matter, whereas, was in lens – anthocyanins, catechins and leuco-anthocyanins. In 
comparison with lucerne and lens, in Quinoa sprouted seeds for food the least quantities were of antioxidant compounds (Чупахина Г.Н., 
Масленников П.В., 2004). 

Key words: sprouted seeds for food, flavonoids, anthocyanins, catechins and leuco-anthocyanins, vitamins. 

 
Introduction 

 

Agricultural and food industry is one of the key strategic areas of the economy, as sourcing healthy food of high-
quality is the factor of economic and social prosperity of the entire society. New tendencies, emerging in the world’s 
markets at the beginning of this century, require to re-evaluate Lithuanian agricultural and food industry stereotypes and 
to provide goals and objectives of its development (Benguo L., et. al., 2011). 

In order to compete in the global market, to ensure the long-term viability of the country’s economy and stability 
in Lithuania, it is necessary to produce food products of high-value and an exceptional quality. 

Seed sprouting is one of the processing methods increasing their nutritional value. The supply of sprouted seeds 
for human consumption is increasing. Various supermarkets provide different types of organic seeds (Kordusiene S., et 
al., 2010). 

Recently there is a new market tendency in Lithuania to reduce the amount of salt, sugar and fat, i.e. to change 
food ingredients (to reformulate food). Thus, sprouted seeds are also suitable to fulfil this task.  

Various seeds may be sprouted (peas, radishes, amaranths, lens, wheat, oats, beans, lucerne, clovers and others). 
Only the seeds of the Solanaceae family and Fabaceae family, Lathyrus genus are not recommended for sprouting. 

During seed sprouting, the concentration of dietary minerals (calcium, iron, sulphur, potassium, zinc, selenium) and 
biologically active matter (vitamins, ferments, flovanoids) is the highest in comparison with other stages of a plant’s 
growth (Danilcenko H., Jariene E.,  2005). Flavonoids are the most important ones. For instance, bio-flovanoid was found 
in 1936. Gradually, the group was supplemented with other phenolic compounds: rutin in buckwheat, catechin in tea 
leaves, anthocyanins in grapes and blueberries. Scientists have identified 12 types of catechins, the benefit of which is 
obvious. They all have an antioxidative effect which is much stronger than vitamin C. Catechins inhibit the process of 
ageing, stabilize metabolism and have antiseptic and anti-microbial properties (Здобжик П., 2012). 

Anthocyanins are natural pigments widespread in nature. They form the largest group of flavonoids. These 
pigments are found in land plants, because the anthocyanins are necessary chemical elements for biosynthesis obtained 
during the photosynthesis (Sullivan, J., 2002). Anthocyanins provide plant flowers, fruit and leaves with a salmon-pink 
or red to purple or dark blue colour. Berries and fruits are the largest natural source of anthocyanins. Most often they are 
stored in fruit caul, but they are also found in fruit pulp, as well as in roots, tubers, or onion seedlings (Andersen O.M, 
Markham KR, 2006). Traditional medicine uses them for vein varicose, heart and vascular diseases, degenerative 
effects’ treating.  

There is not enough information about the anthocyanin quantity in sprouted seeds; in Lithuania this issues has 
not been researched yet.  

The object of the experiment – sprouted seeds of alfalfa (Medicago sativa L.), lens (Lens culinaris), Mung beans 
(Vigna radiate), quinoa (Chenopodium quinoa). 

The experiment was performed in 2012-2013. Seeds were sprouted with three repetitions in polish firm “Bio-
Natūra” Ø 20cm, 1 litre capacity incubator disinfected with 70% ethyl alcohol solution. The seeds were sprouted for 
120 hours in dark ventilated room at the temperature of 22 °C. 

Each time 80g of seeds were taken for sprouting. Before sprouting, seeds were carefully reselected, removing 
miscellaneous impurities and then they were kept in water for 12 hours (ratio 1:4). 
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Seed sprouting and dry matter estimation were carried out at the laboratory of ASU Agriculture and Food 
Sciences Institute. Amounts of antioxidant compounds in sprouted seeds for food were determined at Immanuel Kant 
Baltic Federal University (Kaliningrad, Russia). 

By standard methods it was determined: 
The amount of dry matter (LST EN ISO 665:2001). the amount of anthocyanins, leuco-anthocyanins, catechins 

(spectrophotometric), vitamin P (titrimetric), vitamin C (titrimetric). 
Data was statistically evaluated applying a statistical program Anova. The averages and standard deviations were 

calculated. In column graphs the significance differences were marked by dashes. 
 
Results of research 

 

Public health is evaluated by the quality of food, in which apart proteins, fats, carbohydrates, macro-and 
micronutrients, physiologically active substances such as antioxidants, vitamins and others must be found (Чупахина Г. 
Н., Скрытник Л. Н., 2009).   

Flavonoids are metabolites, which are synthesized in plants. They have strong antioxidant properties that allow 
the human body to reduce the effects of free radicals that cause diseases, including cancer (Benguo L., et. al., 2011). 

In our experiment (Fig. 1), the least amount (15.62 %) of dry matter was established in alfalfa. In the remaining 
researched sprouted seeds for food (Mung beans, lens, Quinoa), the difference in the amount of dry matter was not 
significant – between 26.43% and 29.87%.  

 

 
Figure 1. The amount of dry matter in sprouted seeds for food 
 

Vitamins are extremely biologically active compounds, which are necessary for the human body in very small 
quantities. Vitamin C is one of the most important. It is involved in carbohydrate and protein metabolism, increases the 
body's resistance to various infectious diseases. When the body gets enough vitamin C, digestion is better, vascular wall 
permeability decreases, iron is easier digested furthermore, nitrates are less harmful for people (Danilcenko H., Jariene E., 
2005). 

The research revealed (Fig. 2.) that the maximum amount of vitamin C was accumulated alfalfa sprouted seeds 
for food (347.49 mg), and the lowest(138.67 mg) – in Quinoa seeds. Mung beans accumulated 233.03 mg and lenses - 
206.23 mg, twice as much as Quinoa.  
 

 
Figure 2. The amount of vitamin C in sprouted seeds for food 

Vitamin P - an important vitamin to strengthen the activities of vitamin C in the body, it also reduces the fragility 
and permeability of blood vessels, provides them with elasticity. It also increases the body's resistance to oxygen 
deficiency, radiation effects, lowers blood cholesterol, wound bleeding. Vitamin P can be found in many food products, 
particularly in liver, fish products, peas, beans, buckwheat, nuts (Burda S. Oleszek W., 2001). 
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The research revealed (Fig 3.) that the maximum amount of vitamin P had been found in alfalfa sprouted seeds 
for food (3.42%). In other researched seeds, the amount of this vitamin was twice less but not significant.  

 

 
 

Figure 3. The amount of vitamin P in sprouted seeds for food 
 

Anthocyanins provide plant flowers, fruit and leaves with a salmon-pink or red to purple or dark blue colour. 
The biggest amount of anthocyanins is found in flower petals (poppies, mallow) and fruits (cherries, elderberry). This is 
the most important group of water-soluble plant pigments. The biggest amount of anthocyanins is found in grapes, 
cherries, plums, raspberries, strawberries, blueberries, apples, peaches, etc. (Mazza G, Minaiti E., 1993). 

During the experiment it was determined (Fig. 4) that the maximum amount was accumulated in alfalfa (7.49%) 
and lens (6.51%) seeds. The quantity of in Mung beans and Quinoa was 5 times smaller. 

 

 
Figure 4. The amount of anthocyanins in sprouted seeds for food 

Catechins are organic compounds with strong antioxidant properties. Catechins have a particular role in 
maintaining a youthful body. It also protects the heart and cardiovascular system, prevent from osteoporosis and type II 
diabetes. Catechin-containing products prevent from cancer, reduce the risk of tumours (Pasko P., et. al., 2009). 

In our experiment (Fig. 1), the biggest amount (87.16 %) of catechins was established sprouted lens. It was four 
times smaller in the seeds of Quinoa (21.55%). The accumulated amount of catechins in sprouted seeds for food varied 
from 21.55–87.16 % and was significantly different. 

 

 
Figure 5. The amount of catechins in sprouted seeds for food 
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 Leuco-anthocyanins are also important antioxidants for the human body. Large quantities of them can be found 
in generative plant organs and leaves, much less in stems and roots. The maximum level is determined during the plant 
flowering stage and the smallest – during the fruit ripening stage (Yamaguchi N., 1991). 

 During the experiment it was determined that the biggest amount of leuco-anthocyanins was accumulated in 
lens sprouted seeds for food (74.64%), and the least amount – in Quinoa seeds (28,61%). Significantly different amount 
of leuco-anthocyanins was determined in the researched sprouted seeds for food – from 28.61% to 74.64%. 

 

 
Figure 6. The amount of leuco-anthocyanins in sprouted seeds for food 
 

Conclusions 

 From all the researched sprouted seeds for food, alfalfa and lens were characterized by the abundance of 
flavanoids. Alfalfa had the biggest amount of vitamins C, P and anthocyanins whereas lens had the biggest amount of 
anthocyanins, catechins and leuco-anthocyanins. The least amount of antioxidant compounds were determined in 
Quinoa sprouted seeds for food.  
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Lithuanian Research Centre for Agriculture and Forestry 
 
Abstract  
 

The main factors influencing the yield of sour cherry are spring frost and fungal diseases, namely blossom blight and leaf spot. The 
identification of molecular markers linked to the resistance genes is commonly used method under consideration that the resistance is controlled by a 
single gene. The AFLP markers linked to spring frost and fungal diseases resistance in sour cherry were not yet evaluated. Three AFLP primer 
combinations (EcoRI-AC/MseI-CG, EcoRI-AG/MseI-CAT, EcoRI-AA/MseI-CAT) were used in this study to assess the genetic diversity of 
collection of sour cherry in the Institute of Horticulture of Lithuanian Research Centre for Agriculture and Forestry and to investigate whether the 
resistance to spring frost and to main fungal diseases of sour cherry (blossom blight and leaf spot) is controlled by single genes or is polygenic.  Three 
AFLP primer combinations generated 170 polymorphic fragments and were able to discriminate all 30 sour cherry accessions. Six putative AFLP 
markers linked to spring frost resistance and one marker linked to sensitivity to spring frost were identified. These markers could be useful to select 
valuable material for breeding programs of resistant sour cherry cultivars to spring frost. The resistance to sour cherry fungal diseases leaf spot and 
blossom blight is possible polygenic and therefore putative AFLP markers linked to fungal diseases could not be identified. 
 

Introduction 
 

Sour cherry (Prunus cerasus L.) is an alotetraploid (2n=4x=32) of a natural crossing of sweet cherry (Prunus 
avium L.) and ground cherry (Prunus fruticosa L.) (Dirlewanger et al., 2007). Although both, sweet and sour cherry 
fruits are very popular. Sweet cherry grows mainly in western part of Lithuania, due to favourable agro-climate 
conditions (Stanys et al., 2012a). However, sour cherry is more resistant to winter frost and is less sensitive to 
waterlogging than sweet cherry, and therefore is common in all regions of Lithuania. The better adaptation of sour 
cherry to the harsh climate conditions could be caused by the part of genome obtained from P. fruticosa, known as the 
most winter hardy cherry (Bolotskij, 1960). The breeding of sour cherry in Lithuania started in year 1965 (Bobinas, 
2002). Today the Institute of Horticulture of Lithuanian Research Centre for Agriculture and Forestry (LRCAF) has a 
collection of sour cherry, which contains germplasm from western and Eastern Europe cultivars. These cultivars were 
utilised to breed new hybrids resistant to northern conditions (Lukoševičius, 1995).  

Productivity of sour cherry is dependent on several closely related biotic and abiotic factors that influence the 
cherry trees year-round. One of the main abiotic factors in temperate climatic zone is the frost. In LRCAF several 
studies were performed to evaluate the genetic resources of fruit crops as donors of cold resistance in Lithuania 
(Duchovskis et al., 2007; Rugienius et al., 2009). According to Mathers (2004), spring is a critical time for flower bud 
freezing injury. Spring frost is a limiting abiotic factor for yield of sour cherry. In our previous works it was found that 
sour cherry resistance to spring frost is depended on the level of generative buds development during spring frost 
(Stepulaitienė, Stanys, 2009; Stepulaitienė et al., 2013).  

Fungal diseases are the main biotic factor for the yield loss. The productivity of sour cherry is directly influenced 
by blossom blight (Monilinia laxa (Aderhold et Ruhand) Honey). In our research for this disease were found that the 
damage of blossom blight increased particularly over the last decade in Lithuania (Gelvonauskienė et al., 2013). Leaf 
spot (Blumeriella jaapi (Rehm.)) is the fungal disease indirectly affecting the productivity of sour cherry. Leaf spot 
damages the leaves of sour cherry and consequently influences cold hardening of trees. The resistance stability to leaf 
diseases of sour cherry cultivars under the agro-climatic conditions prevailing in Lithuania was investigated by 
Gelvonauskienė et al.(2004). 

All our previous studies of resistance to spring frost and fungal diseases in sour cherry were focused on virsual 
evaluation. However such evaluations are environmentally influenced. Molecular markers are independent of 
environmental conditions and the genetic diversity can by estimated in any growth stage of fruit trees. AFLP is the most 
efficient method for generating large numbers of DNA markers for use in genetic diversity studies (Struss et al., 2003). 
Although the AFLP markers primary were used for genotyping of cultivars or individual plants, assessment of genetic 
diversity and gene flow in populations and genome mapping, this molecular marker system was successfully applied for 
the research in agricultural plats for genetic markers linked to spring frost (Valverde, 1999; Sutka, 2001) and to fungal 
diseases (Xu, Korban, 2000; Chen et al., 2005; Li et al., 2007; Teixeira et al., 2008; Wolukau et al., 2009; Gökbayra et 
al., 2010) also. However the main requirement for the search of molecular markers linked to resistance genes is that the 
traits should be controlled by single genes (Teixeira et al., 2008). To our knowledge the AFLP markers linked to spring 
frost and fungal diseases resistance in sour cherry were not evaluated and whether the resistance to these traits is 
dependent on single gene or it is polygenic is unknown. 

The aim of this study was to assess the genetic diversity of collection of sour cherry in LRCAF using AFLP 
markers and to investigate whether the resistance to spring frost and to main fungal diseases of sour cherry (blossom 
blight and leaf spot) is controlled by single genes or is polygenic.   
  

Materials and methods 
 

Plant material. The study included 30 accessions of sour cherry cultivars and hybrids (Table 1). The plant 
material was collected at the reference collection of the Institute of Horticulture, Lithuanian Research Centre for 
Agriculture and Forestry in the year 2012. 
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Assessment of sour cherry resistance for fungal diseases. Injuries of sour cherry trees by blossom blight were 
recorded in the first decade of June in 2013. The resistance of sour cherry accessions was evaluated according to 
number of injured one-year-old shoots on a fruit tree: 0-healthy shoots; 4- more than 50% shoots injured (Смыков, 
1972). Susceptibility to leaf spot was evaluated in the last decade of August in 2012. The injuries of sour cherry 
accessions by leaf spot were evaluated according to percentage of injuries on the sour cherry leaves: 0 – healthy leaves; 
4- more than 50% leaves injured (Šurkus, Gaurilčikienė, 2002). The sour cherry accessions were grouped according 
injury score (I): very resistant (0 ≤ I < 1), resistant (1 ≤ I < 2), moderately resistant (2 ≤ I < 3), moderately sensitive (3 ≤ 

I < 4), sensitive (I = 4).     
DNA extraction. The DNA was extracted from leaves using “DNeasy Plant Mini Kit” (“Qiagen”, USA) and 

CTAB method (Doyle, Doyle, 1990). Genomic DNA was stored in TE buffer (100 mM Tris-HCl, 10 mM EDTA and 
pH-8.0) at −20 °C. 
   
Table 1. The origin and resistance to spring frost, blossom blight and leaf spot of 30 sour cherry accessions 

Accession Origin 
Resistance to  

spring frost 

Resistance to  

blossom blight 

Resistance to 

 leaf spot 

‘Balaton’ Hungary n.a. very resistant very resistant 
‘Biruliovskaya’ Russia resistant b sensitive d moderately sensitive 
‘Erdi jubilejum’ Hungary n.a. sensitive d sensitive 
‘Griot seredko’ Ukraine n.a. resistant moderately resistant 
‘Groniasta’ Hungary n.a. very resistant resistant 
‘Igruska’ Russia n.a. moderately sensitive moderately resistant 
‘Karneol’ Germany sensitive c very resistant very resistant 
‘Liubskaya’ Russia n.a. resistant moderately resistant 

‘Lotine’ Unknown 
 (W. Europe) n.a. moderately sensitive resistant 

‘Lucyna’ Poland sensitive c moderately sensitive moderately sensitive 
‘Maladioznaya’ Russia n.a. resistant moderately sensitive 
‘Maliga emplore’ Hungary resistant b very sensitive d sensitive 
‘Morina’ Germany n.a. very resistant n.a. 
M 323 Hungary sensitive e moderately resistant moderately resistant 
‘Nordia’ Sweden n.a. very resistant very resistant 
‘Note’ Lithuania resistant a, b, d, e resistant sensitive 
‘Novobrianskaya’ Russia resistant a moderately resistant very sensitive 
‘Orkoliya’ Russia sensitive d, e moderately sensitive resistant 
‘Pandy 301’ Hungary moderately resistant moderately sensitive very resistant 
‘Piramis’ Hungary n.a. n.a. n.a. 
‘Rovesnica’ Russia resistant a resistant moderately sensitive 
‘Salunja’ Russia n.a. moderately resistant moderately sensitive 
‘Sirpotreb ciornaya’ Russia resistant b, d moderately resistant resistant 
‘Verkne’ Lithuania n.a. moderately sensitive sensitive 
‘Vietine rugscioji’ Lithuania moderately resistant very resistant sensitive 
‘Vytenu zvaigzde’ Lithuania moderately resistant very resistant moderately sensitive 
‘Zagarvysne’ Lithuania n.a. very resistant n.a 
No. 60 Lithuania n.a. very resistant moderately resistant 
No. 67 Lithuania n.a. very resistant n.a 
No. 7/31 Lithuania n.a. moderately sensitive resistant 

a Stanys, Stanienė (2007), b Stepulaitienė, Stanys (2009), c Szpadzik et al., (2009), d Gelvonauskienė et al., (2013) 
e Stepulaitienė et al., (2013), n.a. – resistance to fungal diseases or to spring frost is not available 
 

AFLP analysis. AFLP samples were prepared using AFLP pre selective primer mix for regular plant genomes 
(“Applied Biosystems Instruments”). The PCR conditions for pre-selective and selective amplification were performed 
according to Vos et al. (1995) with some modifications (Stanys et al., 2012b). Three primer combinations (EcoRI-
AC/MseI-CG, EcoRI-AG/MseI-CAT, EcoRI-AA/MseI-CAT) with the highest discriminatory power established for 
sweet cherry accessions (Stanys et al., 2012b) were used.  Fragment analysis was performed using a “Genetic Analyser 
3130” (“Applied Biosystems”). AFLP analyses were repeated at least twice on all samples. 

Data analysis. The raw data of AFLP was analysed using GeneMapper v.4.0 software (“Applied Biosystems 
Instruments”) and converted to binary matrix to create the AFLP dendrogram. The dendrogram was constructed using 
the Nei and Li (1979) distance and UPGMA tree methods within Treecon v.1.3b software (Van de Peer, De Wachter, 
1994). To test the reliability of the dendrograms, a bootstrap analysis with 1000 replications was performed within 
Treecon software. A threshold of reliability was set to 50% for bootstrap values. The binary matrix was used for 
identification of AFLP markers specific to particular traits. AFLP fragments were visualized as gel-type figure using 
Genographer v. 2.1.4 software.   
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Results and discussion 

 
A total of 374 fragments were identified in 30 sour cherry accessions using three AFLP primer combinations. 

Nearly half of these fragments (45.45%) were polymorphic. The number of fragments for different AFLP primer 
combinations ranged from 101 to 142, with an average of 124.67 (Table 2). The number of polymorphic fragments 
ranged from 36 to 77, with an average of 56.67. The polymorphism for different AFLP primer combinations varied 
between 35.64 and 58.78. The primer combination E-AG/M-CAT generated 77 polymorphic fragments and it was the 
most informative primer combination according highest polymorphism rate (Table 2). 

 
Table 2. The characteristics of the three AFLP primer combinations used in the analysis of the 30 sour cherry accessions 

 
The number of polymorphic fragments in this study was higher than that obtained in previous sour cherry studies 

(Tavaud et al., 2004). The number of polymorphic fragments directly affects the rate of polymorphism which is 
influenced by several factors: different primer combinations (Struss et al., 2001), as well as studied genotypes and their 
number (Ilgin et al., 2009). The AFLP primer combinations used in this study were most informative for sweet cherry 
accessions in our previous study (Stanys et al., 2012b). Compared with our previous results the number of AFLP 
fragments generated with the same AFLP primer combinations in sour cherry was approximately one third higher than in 
sweet cherry. This is probably due to the fact, that   genome of sour cherry is double as large as sweet cherry genome 
(Dirlewanger et al., 2007). However, the polymorphism rate of primer combinations for sour cherry was double smaller 
as compared with polymorphism in sweet cherry accessions (Stanys et al., 2012b). The reduction of polymorphism and 
thus genetic diversity by comparing sour and sweet cherry accessions was observed by Tavaud et al. (2004) also and was 
explained by the fact that only part of the genetic diversity of sweet cherry is available in the genome of sour cherry. 

 In UPGMA cluster analysis the cultivars were grouped into two distinct clusters in the dendrogram (Fig. 1). In 
the first cluster the cultivar ‘Piramis’ and No. 67 were statistically significant (bootstrap 99% and 96%, respectively) 
separated from other accessions.  Remaining accessions in the first cluster were grouped into two subgroups.  

 
Figure 1. Cluster analysis of 30 sour cherry accessions based on three AFLP primer combinations. Numbers above 

dendrograms branches are bootstrap values in percentage (>50%). The scale above dendrogram indicates distance between 

accessions.  
A first subgroup consisted of cultivars developed in Russia and Lithuania. The second subgroup mostly contained 

the cultivars from Western Europe. In the second cluster of the dendrogram were separated three accessions: 
‘Novobrianskaya’, ‘Orkoliya’ and M 323. The relationship between the grouping of accessions in the dendrogram and 
origin was not observed. In relation to frost resistance the accessions with a known sensitivity to spring frost (‘Orkoliya’ 
and M 323) were statistically significant (bootstrap value 96%) separated from accessions resistant to spring frost (Fig 1). 
It indicates that the used AFLP primer combinations generated putative fragments linked to spring frost resistance or 

No. Primer combination 

EcoRi              MseI 
No. of all fragments 

No. of polymorphic 

fragments 
Polymorphism (%) 

1. AG CAT 131 77 58.78 
2. AA CAT 101 36 35.64 
3. AC CG 142 57 40.14 
Mean - - 124.67 56.67 44.85 
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sensitivity. In relation to fungal diseases resistance (blossom blight or leaf spot) clear separation between resistant and 
sensitive accessions was not observed. 

 For identification of AFLP markers linked to particular traits (resistance or sensitivity to spring frost, blossom 
blight and leaf spot) the rows of binary matrix of sensitive and resistant accessions were compared. In relation to frost 
resistance 6 putative AFLP markers linked to resistance were identified in two AFLP primer combinations (EcoRI-
AG/MseI-CAT136, 165, 250, 260, 299 and EcoRI-AA/MseI-CAT53) (Fig 2). One fragment (EcoRI-AA/MseI-CAT53) was 
present only in sensitive to spring frost accessions ‘Orkoliya’ and M323 (Fig 2). Altough the cultivar ‘Novobrianskaya’ 
in previous study was classified as moderately resistant cultivar (Stanys, Stanienė, 2007) the two fragments linked to 
sensitivity were observed in this cultivar also. It indicates that resistance or sensitivity to spring frost is complex and 
determinate by many factors. These two fragments linked to sensitivity were absent in cultivars resistant to spring frost.    
The AFLP markers linked to resistance to spring frost for sour cherry were not identified previously. These markers 
could be advantageous for breeding sour cherry cultivars. 
 

 
Figure 2. Six AFLP markers linked to sour cherry resistance to spring frost in EcoRI-AG/MseI-CAT CAT136, 165, 250, 260, 299 and 

EcoRI-AA/MseI-CAT53 primer combinations are present only in resistant cultivars ‘Notė’ (3) and  ‘Rovesnica’ (4). A 53 bp 

fragment in EcoRI-AA/MseI-CAT primer combination is present in sensitive cultivar ‘Orkoliya’ (1) and hybrid M 323 (2). 

Line M – DNA size ladder.  

 

In the search for putative AFLP markers linked to fungal diseases resistance no specific fragments were 
identified in all three AFLP primer combinations. AFLP markers linked to resistance to different fungal diseases were 
found in several agricultural plant species (Xu, Korban, 2000; Chen et al., 2005; Li et al., 2007; Wolukau et al., 2009). 
The resistance to fungal diseases in these plants were controlled by a single gene. The absence of specific markers in 
this study indicates that the resistance to blossom blight and to leaf spot is polygenic and cannot be identified with a 
single AFLP fragments. 
 
Conclusions 

 
Three AFLP primer combinations generated 170 polymorphic fragments and were able to discriminate all 30 

sour cherry accessions. 
6 putative AFLP markers linked to spring frost resistance and 1 marker linked to sensitivity to spring frost were 

identified. These markers could be useful to select valuable material for breeding programs of resistant sour cherry 
cultivars to spring frost. 

The resistance to sour cherry fungal diseases leaf spot and blossom blight is possible polygenic and therefore 
putative AFLP markers linked to fungal diseases could not be identified. 
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The Influence of Organic Fertilizer “Bioplant Flora” on Winter Wheat 

Biometric Indicators and Productivity 
 
Algirdas Gavenauskas, Vidmantas Spruogis, Anželika Dautartė, Edmundas Bartkevičius 
Aleksandras Stulginskis University, Lithuania 
 

Abstract  

 

Winter wheat field experiment were carried out 2010 - 2011 m. in organic field of Aleksandras Stulginskis University Training farm in PLb – g4 
Endohypogleyi – Eutric Planosol – Ple – gln – w.Experiment with winter wheat ‘Širvinta1’ was established on 21st of September, 2010, in 5 hectares 
plot, according to the scheme: 1. Control - “Bioplant Flora” fertilizer unused; 2. Felting of seed with “Bioplant Flora” fertilizer 1 lt-1; 3. Spraying of 
winter wheat, which reached 7 cm “Bioplant Flora” fertilizer 0.5 lha-1; 4. Felt of seeds 1 lt-1 and spray winter wheat, which reached 7 cm “Bioplant 
Flora” fertilizer 0.5 lt-1. Following parameters of winter wheat has been determined applying this scheme: seed germination energy, germination, 
wintering, the number of plants, plant weight, number of stems in plants, root length and shoot height, chlorophyll a and b, and the ratio of 
carotenoids in green mass of sprouts. In another experiment, established on 21st of September, 2010 was carried research on the preparation spray rate 
and frequency. The flowing scheme was applied for investigation of: yield, yield quality, biometric parameters and estimation of the cost-
effectiveness: 1. Unsprayed “Bioplant Flora”. 2. Sprayed with 0,5 lha-1+0,5 lha-1+0,5 lha-1; 3. Sprayed 0,75 lha-1+0,75 lha-1+0,75 lha-1; 4. Sprayed  
1,0 lha-1+1,0 lha-1+ 1,0 lha-1, 5. Sprayed 1,25 lha-1+1,25 lha-1+1,25 l ha-1. The investigation has showed that in organic plot of Aleksandras Stulginskis 
University Training farm “Bioplant Flora” fertilizer significantly increased all winter wheat ‘Širvinta 1’ characteristics: seed germination from 89.5 to 
93.4 percent, germination energy from 88.3 to 91.9 percent, wintering from 89.4 to 93.7 percent. The most prominent difference was noted in Variant 
4, where seeds were felted and sprayed 7 cm wheat. Comparing seeds felting and spraying, there seed felting had greatest effect. Fertilizer “Bioplant 
Flora” significantly increased all winter wheat ‘Širvinta 1’ indicators: the number of plants 444-528 plants m-2, the plant weight  from 1180.56 to 
1277.78 gm-2, the number of plant stems 6,92 - 8.18, root length from 7.35 to 9.65 cm, height of sprouts from 18.5 to 20.15 cm, as we can see in Table 
1. The best was Variant 4, where seeds were felted and sprayed 7 cm wheat. Comparing seeds felting and spraying, better effect had seed felting. A 
very important factor choosing a fertilizer is their application economical efficiency. The highest income received in variant 4 and 5, respectively, 
from 1132 to 1214 Ltha-1. The difference among them is insignificant, so sufficient spray rate is 1.0 lha-1 each time, if appling three times. 

 
Introduction 

Organic farming in the European Union is one of the priority sectors, supported financially. Demand for organic 
products is expanding, as many people have decided to eat healthy food that does not contain various carcinogenic 
residues. Currently, there in Lithuania is a lack of organic products that they would be sufficient for the local market 
and its demand is increasing with each year (Žekonienė, 2006; Rutkovienė, Garliauskienė, 2007). Harvesting of good 
quality organic products without proper and balanced plants fertilization and food materials is difficult. Along with crop 
production there are taken out large quantities of nutrients, they have to be offset, otherwise it will cause degradation of 
soil. 

There in organic farms is prohibited use of synthetic chemical fertilizers and synthetic pesticides, farms are lack 
of organic fertilizer, and from intensive production farms in large complexes and farms organic fertilizers cannot be 
used because it is strictly prohibited by organic farming rules (LR Žemės ūkio…, 2009; Žekonienė, 2008; Žekonienė et 
al., 2008). There is very difficult to balance the plants supply with all necessary nutrients, and very often organic farms 
has a negative nutrient balance (Granstedt, 1995; Riesinger, 1998; Haraldsen, 1999; Žekonienė, 2008). Lithuanian soils 
rich in nutrients differently and organic farming is spread throughout the territory of Lithuania in very different soils 
(Mažvila et al., 2003). Organic fertilizers help to avoid these problems (Žekonienė, 2006, Pilipavičius, 2009; Spruogis, 
2011). 

Recently, a very popular and useful to produce and process concentrated liquid or bulk organic fertilizers. We 
can add natural nutrients, trace elements, biologically active additives in this way (Žekonienė, 2006, Pilipavičius, 2009; 
Spruogis, 2011). 

Organic fertilizers “Bioplant Flora” enriches the soil with nutrients, and speeds up mineralization of plant 
residues, helping to rebuild exhausted soils, supports soil humus content, or even increases its volume, improve soil 
aeration, create favourable conditions for soil micro-organisms(Spruogis, 2011). Application of these fertilizers leads to 
a better and higher quality yields, maintain a clean and beautiful environment. Treatment “Bioplant Flora” increases not 
only cultivated plant productivity, but also the incoming crop quality: increased cereal gluten, beet sugar content, 
vitamins and biologically active substances in vegetables in (Bioplant Flora…, Spruogis, 2011). 

According to the data of Russian accredited laboratory ANO,,NIES”, liquid organic fertilizer “Bioplant Flora” 
offers: pH of concentrate - 9.12, dry - 27.09 gl-1, nitrogen (N) - 1.12 gl-1, phosphorus (P) - 0.08 gl-1, potassium (K) - 
0.54 gl-1, organic matter - 9.96 gl-1, total carbon (C) - 4.98 gl-1, humic acid carbon - 3.54 gl-1, fulvic acids carbon - 1.44 
gl-1, humic and fulvic acids - 9.90 gl-1, humic acid at least - 6.66 gl-1, fulvic acids not least - gl-1, trace elements: Fe, Zn, 
Mg, Mn, Mo, B, Ca, Cu, Co, Se, and other biologically active substances. The concentrate composition is oversaturated 
in discrete units, but they are properly balanced (Naujų ekologiškų..., Spruogis, 2011). 

The research aim is to investigate the influence of organic fertilizer “Bioplant Flora” on winter wheat yield and 
quality according to Lithuanian agro climatic conditions. Research objectives: to identify winter wheat harvest and 
evaluate the quality depending on the “Bioplant Flora” fertilizer testing options, plant-biometric measurements and 
calculations; to care out chemical analysis of harvest qualitative parameters, to calculate the economical effectiveness of 
“Bioplant Flora” application. 
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Methodology and conditions 

 

Experiment scheme and settings. Winter wheat field experiments were carried out 2010 - 2011 m. in organic 
field of Aleksandras Stulginskis University Training farm in PLb – g4 Endohypogleyi – Eutric Planosol – Ple – gln – w. 
Total field size of liquid organic fertilizer “Bioplant flora” influence on winter wheat grain yield investigation was 30 m2 
(3 × 10), accounting - 17.6 m2 (2.2 x 8). The soil was neutral (pH 6.4), high in phosphorus (214.0 mg kg-1), potassium 
(175.0 mg kg-1) and moderate humus content (2.14%), mineral nitrogen (in spring) – 5.64 – 9.49 mg kg-1. 

Experiment with winter wheat ‘Širvinta 1’ was established on 21st of September, 2010, in 5 hectares plot, 
according to the scheme: 1. Control - “Bioplant Flora” fertilizer unused; 2. Felting of seed with “Bioplant Flora” 
fertilizer 1 lt-1; 3. Spraying of winter wheat, which reached 7 cm “Bioplant Flora” fertilizer 0.5 lha-1; 4. Felt of seeds 1 
lt-1 and spray winter wheat, which reached 7 cm “Bioplant Flora” fertilizer 0.5 lt-1. Following parameters of winter 
wheat has been determined applying this scheme: seed germination energy, germination, wintering, the number of 
plants, plant weight, number of stems in plants, root length and shoot height, chlorophyll a and b, and the ratio of 
carotenoids in green mass of sprouts. In another experiment, established on 21st of September, 2010 was carried 
research on the preparation spray rate and frequency. The flowing scheme was applied for investigation of: yield, yield 
quality, biometric parameters and estimation of the cost-effectiveness: 1. Unsprayed “Bioplant Flora”. 2. Sprayed with 
0,5 lha-1+0,5 lha-1+0,5 lha-1; 3. Sprayed 0,75 lha-1+0,75 lha-1+0,75 lha-1; 4. Sprayed 1,0 lha-1+1,0 lha-1+ 1,0 lha-1, 5. 
Sprayed 1,25 lha-1+1,25 lha-1+1,25 l ha-1. 

Plant analysis. The soil was cultivated and prepared for sowing. Sowing carried out in September, 2010. In 
autumn of 2010, when wheat reached 7 cm, according to an experiment scheme application of sprayed “Bioplant flora” 
was carried out. Liquid organic fertilizer “Bioplant flora”, according to the experiment scheme was sprayed in spring 
2011, at the tillering, the stem growth - booting and dairy maturity stages. Plant protection measures were not used. 
Winter wheat ‘Širvinta 1’ sown on 21st of September, 2010, harvested on 18th of August, 2011, due to rainy weather. 

The precrop for winter wheat was spring cereals. Experiment were carried out in four replications, variations 
replications arranged randomised. 

Liquid organic fertilizer “Bioplant flora” impact on winter wheat wintering was investigated in 14th of April, 
2011 at the tillering stage. Wintering assessed in scores and recalculated in percentage. 

Winter wheat seed rate - 180-220 kg ha-1. 
Before harvesting two repetitions of each variant in two places 0.25 m2 were uprooted in winter wheat crops and 

bound into sheaves. Measuring of the structural elements of the yield was carried out at Experimental Station. 
Winter wheat grain was weighed before threshing. The samples for chemical analysis were taken from all 

variants. Grain was dried to 14%, cleaned and estimated yield in t ha-1 and determined their chemical composition. 
Winter cereal grain protein and gluten determined in accordance with LST 1522, sedimentation (according to 

Zeleny) in accordance with LST 1498 determined by dim infrared spectroscopy (AACC Method 39-25: 1998) with a 
computer analyser “Infratec”. Falling number determined in accordance with LST ISO 3093. Hectolitre weight - 
according to LST 1578. Grain chemical composition investigated at the Chemical Research Laboratory of Lithuanian 
Agriculture Institute of the Lithuanian Agriculture and Forestry Research Centre and at the Agrochemical Research 
Centre laboratory of Lithuanian Agriculture and Forestry Sciences Centre branch. 

Level of received results differences significance calculated using the program “Selekcija” (Lithuanian Institute 
of Agriculture, 1999). 

Meteorological conditions. Winter wheat was sown on 21st of September, 2010. September was rainy - 63.3 
mm of precipitation, this was over 10 mm according to multi-averages. Three days after sowing were extremely rainy. 
Autumn was not very favourable for winter crop growth and development, so they are poorly prepared for the winter. 
Winter 2010-2011 has been very variable. This made very aggravated wintering, many plants were frozen. Early in the 
spring winter wheat growing season began. Third decade of April and first and second decade of May there was really 
rainy, but with warm weather, which created favourable conditions for winter wheat growing. May and June were 
favourable for winter wheat growth. The general was warm and a little rainy weather. July and August was warm, but 
very rainy weather. Rainfall exceeded the rates, causing the delay of harvesting. 

 
Results and discussion 

 

Winter wheat 'Širvinta 1' sown in autumn, germinated normally within 9-10 days. There were performed 
measurements and calculations of winter wheat 'Širvinta 1' seed germination, germination energy and plant pre-
wintering. In spring wintering was evaluated. The data presented in Figure 1. 

“Bioplant flora” fertilizer significantly increased all of indicators of winter wheat ‘Širvinta1’: seed germination 
from 89.5 to 93.4 percent (LSD05 = 4.8), germination energy from 88.3 to 91.9 percent (LSD05 = 5.9), wintering from 
89.4 to 93.7 percent (LSD05 = 7.6), as we can see from Figure 1 data. The most prominent difference was noted in 
Variant 4, where seeds were felted and sprayed 7 cm wheat. Comparing seeds felting and spraying, there seed felting 
had greatest effect. 

Winter wheat ‘Širvinta1’ were denser, plants were exuberant and higher (Figure 2), the root system is better 
developed after application of “Bioplant flora” fertilizer. The most prominent difference was noted in Variant 4, where 
seeds were felted and sprayed 7 cm wheat. 
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Figure 1. The influence of liquid organic fertilisers ,,Bioplant Flora” on winter wheat ‘Širvinta 1‘ seed germination, 

germination energy and wintering 
 

  
               A                B 

Figure 2. Winter wheat ‘Širvinta 1’, October, 2010: A – seeds coated with “Bioplant Flora”, B - seeds without coating  
 

Fertilizers significantly increased all indicators of winter wheat ‘Širvinta 1’: the number of plants 444-528 plants 
m-2, the plant weight  from 1180.56 to 1277.78 gm-2, the number of plant stems 6,92 - 8.18, root length from 7.35 to 
9.65 cm, height of sprouts from 18.5 to 20.15 cm, as we can see in Table 1. The best was Variant 4, where seeds were 
felted and sprayed 7 cm wheat. Comparing seeds felting and spraying, better effect had seed felting. 
 
Table 1. Influence of liquid organic fertilizer ,,Bioplant Flora‘‘ on winter wheat ‘Širvinta 1’ number of plants, plant weight, 

number of plant stems, root length and sprouts height 

Variants 

Plants 

number,  

m-2 

Plants 

weight, 

 gm-2 

Number of 

plant stems 

Length 

of roots,  

cm 

Sprouts 

length,  

cm 

1. Control - “Bioplant Flora” fertilizer unused  361 958.33 4.65 5.65 16.75 
2. Felting of seed with “Bioplant Flora” fertilizer 1 l t-1 444 1208.33 7.58 7.35 18.75 
3. Spraying of winter wheat, which reached 7 cm “Bioplant 
Flora” fertilizer 0.5 l ha-1 

417 1180.56 6.92 7.65 18.50 

4. Felting of seeds 1 lt-1 and spray winter wheat, which 
reached 7 cm “Bioplant Flora” fertilizer 0.5 l t-1 

528 1277.78 8.18 8.65 20.15 

LSD05 74 212 2.18 1.66 1.69 
 

Determination of liquid organic fertilizer ,,Bioplant Flora“ effect on winter wheat yield, biometric parameters, 
grain quality and economic efficiency is one of the most important part of the research goals and objectives. 

Data in table 2 shows that ,,Bioplant Flora“ fertilizer significantly increased following winter wheat ‘Širvinta 1’ 
indicators: plant length from 108.5 to 113.77 cm, the length of the ear from 6.53 to 7, 98 cm, number of seeds in ear 
from 26.57 to 33.27 units, grain yield of 4.72 to 5.94 t ha-1. The most significant efficient was observed in variant 4 and 
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5. Felting of seeds and spraying remained unrealised in autumn. Variant 1 was not sprayed with ,,Bioplant Flora“ in 
spring. In other variants different rates were applied, as specified in the table. Spraying was carried out in the following 
order: first spray in tillering stage, second spray in booting stage, third spray in early milk stage. 

 
Table 2. The influence of liquid fertilizer “Bioplant Flora” on winter wheat ‘Širvinta 1’ yield and biometric parameters 

Variants
 Plant length 

cm 

Length of ear 

cm 

Number of seeds in 

ear 

Yield tha-1 Increase of yield 

proc. 

1. Unsprayed “Bioplant Flora” 96.57 5.67 26.03 4.11 100 
2. Sprayed with 0,5 lha-1+0,5 lha-1 

+0,5 lha-1 
108.50 6.53 26.57 4.72 114.84 

3. Sprayed 0,75 lha-1+0,75 lha-1 

+0,75 lha-1 
109.50 7.42 28.67 5.32 129.44 

4. Sprayed 1,0 lha-1+1,0 lha-1+ 1,0 
lha-1 

112.57 7.69 28.97 5.70 138.69 

5. Sprayed 1,25 lha-1+1,25 lha-1 

+1,25 l ha-1 
113.77 7.98 33.27 5.94 144.52 

LSD05 11.80 0.84 0.52 0.45  
 

As can be seen from the data, the use of “Bioplant Flora” increased plant height, ear length, number of seeds 
per ear and grain yield. There were observed a proportion of increase in all of these indicators and increasing spray 
rates. The maximum grain yield was applying rate of „Bioplant Flora“ in rate of 1 and 1.25 l ha-1, respectively, from 
5.70 to 5.94 t ha -1. Increase of yield was from 38.69 to 44.52 percent, compared to the control. When comparing them 
to each other were no significant differences. The evaluation of grain quality and cost-effectiveness, the most rational is 
to spray “Bioplant Flora” 1.0 lha-1 each time, if applying three times during the growing season. 

Table 3 shows that fertilizers significantly increased following winter wheat ‘Širvinta1’ grain quality 
indicators: protein from 12.3 to 14.8 percent, gluten from 24.4 to 29.4 percent, sedimentation 62-76 ml, fall number 
242-387 s, starch from 69.8 to 70.0 percent. “Bioplant Flora” fertilizer increased grain quality class. The best results 
were in variant 3 and 4, where was reached first class of grain quality. 
 
Table 3. The influence of liquid fertilisers „Bioplant Flora“ on winter wheat ‘Širvinta 1’ grain quality 

Variants 
Proteins 

proc. 

Gluten 

proc. 

Sedimentation 

ml 

Fall 

numbers 

Starch 

proc. 

Grain quality class, 

according 

to the standard 

1. Unsprayed “Bioplant Flora” 11.7 22.8 44 184 65.3 3 
2. Sprayed with 0,5 lha-1+0,5 lha-1+0,5 lha-1 12.3 24.4 62 242 65.8 2 
3. Sprayed 0,75 lha-1+0,75 lha-1+0,75 lha-1 14.4 27.6 72 367 69.8 1 
4. Sprayed 1,0 lha-1+1,0 lha-1+ 1,0 lha-1 14.8 29.4 76 387 70.0 1 
5. Sprayed 1,25 lha-1+1,25 lha-1+1,25 l ha-1 13.1 24.9 59 291 68.9 2 

LSD05 0.5 1.6 14 57 0.5  
 

A very important factor choosing a fertilizer is their application economical efficiency. There, in Table 4 
showed, that applying “Bioplant Flora” fertilisers  the highest income received in variant 4 and 5, respectively, from 
1132 to 1214 Lt ha-1. The difference among them is insignificant, so sufficient spray rate is 1.0 lha-1 each time, if 
applying three times. 

 
Table 4. The influence of liquid fertilisers „Bioplant Flora“ on winter wheat and economical efficiency 

Variants 

Grain 

yield  

t ha-1 

Increase of 

grain yield  

t ha-1 

Value of added 

grain yield  

Ltha-1 

Premium for 

grain quality 

class Lt 

Expenses for 

„Bioplant Flora“  

Lt ha-1 

Income 

Lt ha-1 

1. Unsprayed “Bioplant Flora” 4.11 - - - - - 

2. Sprayed with 0,5 lha-1 +0,5 lha-1 

+0,5 lha-1 
4.72 0.61 488 +50 120 418 

3. Sprayed 0,75 lha-1+0,75 lha-1 

+0,75 lha-1 
5.32 1.21 968 +100 180 888 

4. Sprayed 1,0 lha-1+1,0 lha-1  

+ 1,0 lha-1 
5.70 1.59 1272 +100 240 1132 

5. Sprayed 1,25 lha-1+1,25 lha-1 

+1,25 l ha-1 
5.94 1.83 1464 +50 300 1214 

LSD05 0.45      
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Conclusions 

The investigation has showed that in organic plot of Aleksandras Stulginskis University Training farm “Bioplant 
Flora” fertilizer significantly increased all winter wheat ‘Širvinta 1’ characteristics: seed germination from 89.5 to 93.4 
percent, germination energy from 88.3 to 91.9 percent, wintering from 89.4 to 93.7 percent. The most prominent 
difference was noted in Variant 4, where seeds were felted and sprayed 7 cm wheat. Comparing seeds felting and 
spraying, there seed felting had greatest effect. 

Fertilizer “Bioplant Flora” significantly increased all winter wheat ‘Širvinta 1’ indicators: the number of plants 
444-528 plants m-2, the plant weight  from 1180.56 to 1277.78 gm-2, the number of plant stems 6,92 - 8.18, root length 
from 7.35 to 9.65 cm, height of sprouts from 18.5 to 20.15 cm, as we can see in Table 1. The best was Variant 4, where 
seeds were felted and sprayed 7 cm wheat. Comparing seeds felting and spraying, better effect had seed felting. 

Fertilizer “Bioplant Flora” significantly increased following winter wheat Širvinta 1 'indicators: plant length 
from 108.5 to 113.77 cm, ear length from 6.53 to 7.98 cm, number of grains per ear from 26,57 to 33.27, grain yield 
from 4.72 to 5.94 t ha-1. The most efficient were variants 4 and 5. 

Plant height, ear length, number of seeds per ear and grain yield increased due to use of Fertilizer “Bioplant 
Flora”. Values of all of these indicators increased in proportion with increaling spray rates. The maximum grain yield 
obtained applying 1 and 1.25 lha-1 rates, from 5.70 to 5.94 t ha -1. Increase of yield was from 38.69 to 44.52 percents, 
comparing with the control. There were no significant differences among them. The evaluation of grain quality and 
cost-effectiveness, the most rational is to spray “Bioplant Flora” 1.0 lha-1 each time, if applying three times during the 
growing season. 

Fertilizer “Bioplant Flora” significantly increased following winter wheat ‘Širvinta 1’ grain quality indicators: 
protein from 12.3 to 14.8 percent, gluten from 24.4 to 29.4 percent, sedimentation 62-76 ml, fall number 242-387 s, 
starch from 69.8 to 70.0 percent. “Bioplant Flora” fertilizer increased grain quality class. The best results were in 
variant 3 and 4, where was reached first class of grain quality. 

A very important factor choosing a fertilizer is their application economical efficiency. The highest income 
received in variant 4 and 5, respectively, from 1132 to 1214 Ltha-1. The difference among them is insignificant, so 
sufficient spray rate is 1.0 lha-1 each time, if appling three times. 
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Food Safety Assurance the Case of Company Producing Dried Brewer’s Yeast 
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Abstract 

 

The integration method of ISO 22000:2005 with GMP+ standard B2 (2010)  requirements in the fodder industry is presented in the paper. 
The analysis covers the implementation method of these two standards and the way they function in the company. The company produces dried 
brewer’s yeast, which is used as an additive to fodder. The documentation of the Food Safety Management System and the results of verification 
activities conducted by the analysed company was the subject of the research. The Book of the FSMS, the GMP/GHP Codex and the procedures and 
instructions constituted the documentation. Internal and external audit reports, examination protocols of the finished product, protocols from service 
supervision and reports from management reviews were analysed as part of the evaluation of the verification activities. The conducted evaluation 
proved that the implementation of the two integrated standards was effective.  
 
Introduction 

 

Activities performed in relation to food safety are not only limited to the manufacturing of food products - all 
entities which cooperate within the food industry, i.e. agricultural producers, manufacturers of packaging products or 
service companies dealing with machine maintenance and the transport of raw materials, foodstuff and additives have to 
meet requirements regarding food product quality and safety specified by the law (Górna, 2008). Companies which 
operate in the food production chain have a significant number of tools at hand. There are  specific standards of 
operation (apart from legal requirements specified in the Acts and Regulations) which are, among others, specified in: 
- Good Manufacturing Practice/ Good Hygienic Practice, 
- ISO 22000:2005 standard: Food safety management systems. Requirements for any organisation in the food chain,  
- Codex Alimentarius, 
- BRC Global Standard for Food Safety, 
- BRC / IOP Food Packaging and Other Packaging Materials, 
- IFS International Food Standard, 
- EUREPGAP, 
- GMP + . 

Companies implement particular standards of operation in order to meet the requirements of their clients and 
those specified by the law. It should not be forgotten, however, that the most important link in the whole food chain is 
the human being, and all actions taken by companies in the food industry chain have an influence on the health safety of 
humans in an indirect and direct way.  

The comprehensive approach for the food safety assurance includes the whole of conditions which have to  be 
fulfilled and  action which have to be taken at all stages of the manufacturing process, of the food turnover and farm 
animals’ nutrition. The food safety  is a concept which is having two aspects: 
- is a feature of food – it means that there’s no health risk in it; 
-    is associated with the production / food turnover process  - with individual stages of this process and action which 
producer have to take to assure food safety of production / turnover and because of that  aspire  to ensuring    consumers' 
health (Górna, 2012). 

Food chain is constantly exposed to  threats which can have a negative influence on a health and a life of 
consumers, of what media cases connected with the melanin appearing in dairy products produced in China are 
evidence (Kher et all. 2010, p. 262). The requirements associated with the food safety  in case of such accidents are 
extorting the the need for the implementation of the traceability system and  restoring confidence for consumers to the 
food safety, its elements and the quality (Kher et all. 2010, p. 262). The food safety can be provided  only then if at all 
stages of the food chain the full traceability of raw materials, semi-finished products and processes is ensured. (Skilton, 
Robinson 2009, p. 41). 
 

Objects and methods  

 

The company analysed in the following paper manufactures a product which is a fodder ingredient, namely dried 
brewer’s yeast. The company’s manufacturing plant is situated in the Kujawsko-pomorskie District of Poland. In order 
to ensure the quality and safety of animal fodder, in 2007 the top management of the company took actions aimed at 
implementing a management system compliant with the ISO 22000 standard and GMP + standard B2 requirements. 
Due to advanced technological processes, the company manufactures brewer’s yeast in a dried form on the basis of 
yeast slurry created in the manufacturing process of beer. Yeast slurry is quite troublesome a waste product for 
breweries. The suppliers of yeast slurry are breweries localised all over Poland. The customers of the company (i.e. the 
end users of the final product) are companies located all over the European Union. Furthermore, the top management of 
the company constantly takes actions aimed at modernising the production process by investing in technological 
facilities, the road transport fleet or company infrastructure. As far as the integrated management system is concerned, 
ISO 22000 was certified in 2007, and GMP+ standard B2 was certified in 2010. At present this systems are functioning 
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as integrated management systems. Some of the methods used in this research was reviewing of company’s 
documentation and requirements of standards.   

 

The requirements of GMP + B2 (2010) and PN – EN ISO 22000 
GMP + standard B2 was drawn up by a Dutch organisation called Productschap Diervoeder (PDV) in 1992, as 

part of the “Feed for Food” programme. This programme was aimed at ensuring that the fodder supplied to animals is 
safe to them, future consumers and the natural environment (GMP+ International, 2013). The standard is based on the 
requirements specified in the ISO 9001 standard, as well as HACCP system requirements. The GMP + Standard is 
designed for the manufacturers of fodder and its ingredients, as well as transport companies and traders who cooperate 
with the Dutch and German fodder industry. The GMP + standard family includes three main standards regarding the 
production and processing of feed additives, premixes and feed materials (GMP B1), production and sales of feed 
materials and feed additives (GMP B2) as well as road transport of feed, materials and feed additives (GMP B4). The 
GMP + standard B2 document specifies the scope of the standards and refers to specific requirements in such fields as, 
for example, product standards of traceability. Some specific terms regarding the area of GMP are also defined. These 
include: point of attention (POA) as a risk which must be controlled using a general control measure; control measures 

as measures which control an identified risk to food or safety to such a degree that any risk to food is prevented, 
eliminated or reduced to an acceptable level. The actual requirements of the standard are presented in two main points 
which specify the “Basic Requirements” and “Specific requirements”. The “Basic Requirements” section includes 
requirements for feed producers, related, for instance, to the functioning of the quality control system based on HACCP 
principles, as well as documenting the implemented quality management system. Moreover, basic requirements 
regarding trade, transport and storage are described. Generally speaking, the requirements are based on common good 
hygiene and production practice. Specific requirements of the GMP + standard B2 determine the need to draw up 
product specification and a production process diagram. Next, the standard requires that chemical, microbiological and 
physical hazards be identified and that their severity be evaluated. Proper methodology for the evaluation of hazard 
severity and identification of critical control points is also presented. Apart from these, the monitoring and verification 
of critical points is to be scheduled, undertaken and supervised. The standard also specifies the necessity to actualise the 
system in case of any changes to the production process and to inform the customer should a feed material not meet 
agreed specifications.  

The structure of the ISO 22000 standard allows for easy association with other standards. The standard 
incorporates key elements required to ensure food safety in the whole food chain, that is [ISO22000, 2005]: 

 prerequisite programmes,  
 HACCP system principles, defined in Codex Alimentarius, 
 the management system (a similar approach as in the ISO 9001 standard), 
 interactive communication between particular links of the chain.  

ISO 22000 can be implemented in any organisation which is part of the food chain, from manufactures of semi-
products required in food production, food manufacturers, transport and warehousing companies to companies which 
deal with production and services connected with the food industry, i.e. the manufacturing of packaging products or 
cleaning services as well as the production of functional additives to food products. The hazard of food contamination is 
present at each stage in the supply chain. For this reason, proper control is required during the whole production process 
and when the food is delivered to the end user, i.e. the consumer. The safety of food shall be achieved by a united effort 
of all participants in the supply chain. 

 

The realisation manner of prerequisites in the GMP/GHP programme 
Integration of the requirements of the two standards in the analysed company contributed to the compilation of 

documentation, namely the GMP/GHP Codex, instructions for job positions and the Book of the Food Safety 

Management System. The GMP/GHP Codex specifies the requirements and rules of operation regarding hygiene, the 
proper maintenance of buildings, rooms and the environment, pest control, supervising machines and appliances, the 
proper handling of raw materials and additives as well as their storage. It also specifies the requirements on the final 
product. Also, the Codex presents the rules for conducting periodic training sessions for employees regarding the 
GMP/GHP and HACCP system. Awareness training sessions on GMP/GHP encompassing all company employees are 
conducted once a year. Moreover, if any changes are introduced in the production area or in the documentation 
regarding the integrated management system, training sessions are held for employees to whom the changes apply. 
Internal auditors recruited from among company employees have been trained by a consulting party participating in the 
creation of the system. In addition, they have undergone yearly training sessions which have improved their auditing 
skills. The rooms and buildings are supervised by the Production Manager, who is responsible for periodic inspections 
and the compilation of appropriate records. What is more, the roof of the production building and warehouse is 
inspected every 6 months by a qualified roofing company. Supervision of the machines and appliances is entrusted with 
the Maintenance Technician, who is also responsible for the operation and maintenance documentation/manuals of the 
machinery and equipment and for conducting earlier scheduled periodic inspections according to the “List of machinery 
and equipment”. Some of the machinery and equipment is supervised by a qualified service company. In order to 
prevent pest-related hazards, a qualified company has compiled a “Pest control programme”. It specifies, for example, 
the principles of control over pest poison feeders placed outside and the pest traps placed inside the buildings. 
Additionally, anti-germ lamps are used in the production area. Every day, before work begins, the Production Manager 
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and his/her Deputies inspect the hygiene  and health  condition of the employees. The production workers are obliged to 
begin work in good health, in proper clean working garments meeting the principles specified in the GMP/GHP Codex 
in the “Personnel” Chapter. The Production Manager is obliged the record the results of the conducted employee 
inspection and evaluation in the “Employee work admittance card” (Table 1). As far as the proper hygiene condition of 
the rooms and machinery is concerned, special programmes of operation have been drawn up. These specify the 
frequency, kind of maintenance and cleaning activities as well as which employees are responsible for them . Each 
production shift is obliged to confirm the performed cleaning and maintenance activities in an appropriate “Room 
Hygiene Card” for each room or “Machinery and Equipment Hygiene Card”. Also, tanks transporting raw materials are 
washed and disinfected, and the Production Manager verifies the efficiency of the cleaning/washing/disinfection 
actions. The efficiency of washing and disinfection actions is also verified periodically by an accredited laboratory. This 
is conducted at dates and times not known to the personnel. A microbiological smear test from workers’ hands and the 
surfaces of the machinery and equipment are taken. In order to guarantee an appropriate amount of raw materials and 
additives, their reception and storage as well as storage of the final product are supervised.  During the reception of 
yeast slurry its pH level is monitored. In case of other additives, the transport conditions, conditions of the containers as 
well as the availability of required certificates are examined. Entries in the "Record of yeast slurry supplies" and 
"Record of other additives" certify that the above-mentioned actions have been undertaken. During the storage of raw 
materials and the final product, the cleanness of the warehouse buildings, quality of a given batch, temperature and 
humidity of storing conditions, protection against pests and compliance with the FIFO (First In First Out) rule are 
evaluated.  
 
Table 1. Records held in the company in the area of GMP/GHP 

Area of the record Kind of record 

Supervision over the vicinities and 
buildings 

Book of building and room maintenance and control, Guest Book 

Personnel Employee work admittance card, Individual record of employee training, List of training 
participants, Employee medical record book for sanitary and epidemiological purposes 

Room and hall hygiene   Production hall hygiene card, Warehouse hall hygiene card 

Machinery and equipment, control and 
measurement equipment  

List of machinery and equipment, Equipment record card, Machinery and equipment 
sanitary card, Maintenance book of control and measurement equipment 

Pest control programme Card of pest poison feeders/pest traps, Inspection report 

Reception of raw materials and their 
storage 

Record of yeast slurry supplies, Record of other additives, Temperature and humidity 
control card, Tank cleaning/washing record 

Production pH level control card, Sample collection monitoring book 
Storing and distributing the final 
product 

Temperature and humidity control card, Trailer washing record 

Source: Own description   
 

Creating/building and verifying an integrated food safety management system 

In order to supervise the integrated management system, proper actions have been planned and responsibilities 
have been assigned to employees in the Book of the Food Safety Management system and manuals and instructions for 
job positions. The book includes the Owner’s declaration and promise to meet the requirements specified by the law, in 
the GMP + standard B2 and ISO 22000 standard together with the procedures of operation. Also, the Book of the FSMS 
presents a block diagram of the production process of dried brewer’s yeast, a description of the particular stages of 
production, a hazard analysis and a description of the methodology related to assessing the severity of hazards. As a 
result of hazard severity assessment, two “Points Of Attention” have been established. The first one is related to the pH 
level control at the stage of reception of yeast slurry (target value pH>5). The second one concerns the monitoring of 
microbiological cleanness of the final product (Salmonella absent in 25 g; Enterobacteriaceae <1,0x10 jtk/g; 
Clostridium perfringens absent in 1 g). Each production batch of dried brewer’s yeast is subject to microbiological 
examination and a protein content test. As far as the above-mentioned tests are concerned, the company uses the 
services of accredited laboratories of Zakład Higieny Weterynaryjnej (the Veterinary Hygiene Unit) in Bydgoszcz and 
Instytut Biotechnologii Przemysłu Rolno-Spożywczego (the Institute of Agricultural and Food Industry Biotechnology) 
in Bydgoszcz. Once the Production Manager or his/her Deputy obtains positive results of the analysis, he/she approves 
the final product by placing a record in the “Sample collection monitoring book”. If the results are negative, the product 
is examined a second time. If the results of the examination are again negative the product is utilised. The implemented 
procedures specify the principles of supervision over the documentation and records, handling complaints, identifying 
and supervising non-conforming products, performing internal audits and taking corrective measures. In addition, it 
describes proper conduct in crisis and emergency situations. The integrated management system in the analysed 
company is evaluated on the basis of internal audits; microbiological smear tests (from production workers’ hands and 
rooms); microbiological cleanness tests of particular production batches of the final product; physical, chemical and 
microbiological tests of water; a review of hazard analysis; and procedures and instructions. Proper functioning of the 
system is assessed during yearly management reviews conducted by the company’s owner, Production Manager and 
his/her Deputy, Warehouseperson, and a proxy responsible for FSMS. During the management review, the results of the 
above verification activities are analysed. Also, non-conformities identified outside audits, the results of Sanitary 
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Inspection and Veterinary Inspection controls, as well as the results of external audits (performed by second and third 
parties) undergo analysis. In addition, the efficiency of a simulated withdrawal of the non-conforming product from the 
market is assessed. Factors influencing food safety which are associated with the position of the organisation in the food 
chain are discussed. The realisation level of the planned target related to food safety in a given year, employee training 
and actions taken as a consequence of the previous management review are also assessed. The result of the management 
review is a report which includes the evaluation of the above-mentioned factors that defines areas for further 
improvement. The last management review was held on 5 December 2012 and the next one is scheduled for December 
2013. An analysis of the results of the verification activities performed in 2012 revealed that the microbiological smear 
test did not indicate any non-conformities. The internal audits which were carried out resulted in 2 remarks regarding 
personnel conduct as far as GMP/GHP was concerned. However, the remarks did not influence the functioning of the 
FSMS in a critical way. Besides the audits, 2 quality non-conformities were observed in relation to the yeast slurry 
which did not have an appropriate pH level. This raw material was not admitted for production. The inspection records 
of the supervision agencies did not show any non-conformities. The microbiological tests which have been continuously 
performed for each batch of yeast have not indicated any lack of compliance with target parameters. Finally, a 
simulated withdrawal of the product from the market was assessed based on the “Product withdrawal record”. The 
undertaken actions turned out to be effective. In the period when the company was analysed no customer complaints 
were noted and all scheduled training sessions were carried out. As a result of the management review a number of 
conclusions have been formulated. One of them regards the need to evaluate the efficiency of production worker 
training by conducting tests which shall check how aware the employees are of GMP/GHP principles.   
 

Conclusions 

 

Taking into consideration the fact that both standards are based on the HACCP system, the analysed company 
integrated their requirements in an effective way. The established documents (Book of the FSMS, GMP/GHP Codex, 
instructions) and the kept records confirm realisation of these actions. The realised production actions are supervised in 
a very effective way (e.g. by means of the Production Manager’s supervision of the personnel and rooms; 
microbiological, physical and chemical tests of the final product and water, etc.). The type of input data (e.g. results of 
verification activities, etc.) which is analysed during periodically held management reviews is sufficient to formulate 
conclusions on the basis of which the system can be improved.  
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Abstract 

 

The rest of agricultural production are often overlooked as source of raw material with high added value biologically active substances. Hight 
content of waste from wine must is created from wine production from grapes. Grape Pie, containing seeds, hulls and stem. These are  rich not only in 
content of polyphenolic substances, but also in vitamin E, which has high antioxidant activity. The content of polyphenols is influenced by external 
factors, and is thus not only depend on variety, but also on the conditions, location and method of cultivation. Although the content of polyphenols is 
generally higher in red vine varieties, our determination didn´t confirm this trend. The lowest content of total polyphenols was detected in Cabernet 
Sauvignon afloat 31,125 mg.kg -1. The highest content of polyphenols was determined by Muller Thurgau 152 586 mg.kg -1. On average, a higher 
content of polyphenols was for white grapes. This suggests that the content of polyphenols is also important in white grape varieties. 

  Vineyards fertilize by fertilizers containing copper, in the past. The average content of copper in the Bohemia wine region is lower  
(5.72 mg.kg-1) than in Moravian (9.91 mg.kg -1). 

Key words: Grape seeds, Polyphenols compound, Copper. 
 
Introduction 
 

Annual world production of grapes is 69 million tons (FAOSTAT, 2007), about 80% of this production is used 
for wine production. This process creates 10 million tons of waste pomace - grape marc, which consist of seeds, hulls 
and of stem. Seeds are approximately 38-52% dry marc and are a valuable source of phenolic compounds and different 
forms of vitamin E. The seeds can be pressed to produce a wine oil. 

Seed is the most important source of polyphenolic compounds in grapes. Part of polyphenolic substances pass 
into the oil during the actual extraction and part remains in pressings. After pressing, the grape seed oil are waste cake 
which also contain certain content of vitamin E. Polyphenolic substances and Vitamin E work as an antioxidant 
together. Grape oil together with polyphenolic substances vine participate in the regulation of blood circulation. They 
have antihepatotoxic and neuroprotective effects. There is also a high antioxidant potential. Polyphenolic substances 
can prevent of formation  cancerous growths and  they can suppress cancerous growths.  They have very high 
antioxidant potential and also their antibactial, antifungal and regulatory effects on digestion are very important. 

The rests after the wine pressing oil-cake are also contain some amount of vitamin E and similarly peel and 
polyphenolic substances, which together act as antioxidants. 

Grapevine has a wide range of biologically active substances, particularly with antioxidant effects and thus 
significantly affects human health. It prevents cataracts, has antihyperglycaemic effects and anti-inflammatory effects. 
It was also demonstrated a positive effect of the effects of vine against cell damage the brain of mice (Guo et al., 2007). 

The most important source of polyphenols are grape seeds and especially oil cake, a rest oil after pressing wine. 
Lutterodt et al. (2011) demonstrated a 100-fold higher concentration of phenolic compounds in wine cake than oil. 
Increased content of phenolic compounds in wine oil was detected at cold pressing, which is more efficient. By-
products, cakes and can be used as part of functional foods (Maier et al., 2009). According Sulc et al. (2005) seeds 
contained 3.2 times more total polyphenols than the skins of grapes. Also grape has a relatively high content of 
polyphenols. Higher content of total polyphenols was Sulc et al. (2005) demonstrated in the shells and the bridge of 
blue grapes in comparison with clusters of white varieties. The biggest influence on the content of polyphenols in red 
wine, climate factors, stress, fungi and sunshine. According to Goldberg et al. (1999), these factors have a significant 
influence on the representation of polyphenols in grapes white grape varieties. Therefore, it is possible to higher content 
of total polyphenols in red wine foreign attributable favorable conditions of cultivation. 

Also, it is assumed that the plain, where the higher pressure of oxygen in the air, and in areas with a higher 
amount of UV rays creates more free radicals and protecting plants that synthesize substances that contribute to a higher 
antioxidant capacity (Seagull et al., 2001 ). Also Faitová at al. (2004) in samples of wine Pinot Noir showed that the 
total polyphenol content is significantly influenced by the area of cultivation, and the type of wine. In contrast to 
Goldberg et al. (1999) in samples of wine Riesling total polyphenol content areas affected not only growing, but also 
vintage and class wines. 

Copper is an essential trace element for all animals, including humans. Copper is essential for the use with Iron 
in the biosynthesis of certain physiologically important compounds. Most foods contain less than 10 mg.kg-1 copper. 
Copper deficiency leads to anemia, increased cholesterol levels and changes in heart rhythm. The copper content in the 
seeds of grape vine is particularly important because of him pressed nutritionally very valuable oil. The copper content 
in the oil is cold-pressed Decree No. 305/2004 Coll. limited to 0.4 mg.kg-1 and edible oils to 0.1 mg.kg -1. 

Tusat et al. (2011) found the highest copper content of 16.42 ppm and 5.7 ppm lowest in the seeds of grapes 
grown in different areas of Turkey. He found that Generally, Cu, Fe and Zn contents of grape seeds were found high 
When compared with results of Cd and Ni. 

The content of total polyphenols was determined by the Folin - Ciocalteova by absorbance at 750 nm in the 
seeds of different varieties of vines from the harvest of 2011 and 2012, grown in the Bohemia wine region and the 
Moravian wine region. Copper was determined in samples of vine, which were first digested, by atomic absorption 
spectroscopy. 
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Results of research 

 Polyphenolic compounds were detected in grain vine harvest of 2010 and 2011. The aim of this study was to 
confirm the hypothesis that the content of polyphenols is higher in red varieties. Furthermore correlate the content of 
polyphenolic compounds with the site growing and confirm or disprove the connection with the copper content in the 
seeds of grapes. 
   The highest content of polyphenols was detected in white grape varieties Müller Thurgau . Average content was 
133,581 mg.kg-1. Conversely, the lowest content of polyphenols was measured in blue grapy varieties Cabernet 
Sauvignon just  31,125 mg.kg-1 as show in Figure 1. The content of polyphenols is affected by the location, manner and 
conditions of cultivation, which probably influenced the measured results. The main reason is  wintering vine in 
2010/2011, which was not optimal. Due to the low temperatures at the beginning of the year (-20 °C) were localized 
damage of some grape varieties. In the Bohemia wine region were damaged almost all the vineyards, about 600 ha were 
damaged and somewhere from 80%. In Moravian wine region was damaged vineyards a little in comparison with 
Bohemia wine region. Slightly damaged the Mikulov wine region without interfering with production. Spring frosts 
were slightly to moderately damaged wine region Velkopavlovická. It damaged about 70 ha of vineyards (Situation 
Outlook Report, 2011). 

If we evaluate the content of polyphenols in terms of growing area (Table 1), the highest average content was 
detected in the Bohemia wine region on the surface of 99 432 mg.kg -1.  The highest content of total polyphenols in 
Bohemia wine region was determined in Melnik wine region 147 049 mg.kg-1 and the lowest was established in Prague 
Grébovka 73,272 mg.kg-1. Avarage the content of total polyphenols  in Moravian wine region was76,813 mg.kg-1. 
Maximum was determinated at the level Hustopeče 89,708 mg.kg -1. While the lowest content was detected in Lednice 
50,348 mg.kg -1. 
 

 
Figure 1. Total polyphenolic compound in different varieties 
 

Another factor monitored in grape seeds was copper, which was used  in the vineyards used as a fertilizer in the 
past. The highest copper content was found in the blue variety Laurot, where it was detected on the surface of  
10,15  mg.kg-1, grown in Lednice in Moravia. Conversely, the lowest copper content was near white grape varieties 
Müller Thurgau 0.447 mg.kg-1, which was grown in the Bohemia wine region in Prague Grébovce, as shown in Graph 
2. In Table 1 you can see that the copper content in different locations. There are diferencest and we can say that in the 
Bohemia wine region is slightly lower. Low copper content was found in seeds grown in Melnik (5,729 mg.kg-1). The 
highest copper content was determined in Lednice 9,906 mg.kg -1. 
Among the factors measured were found minimal correlation, we can infer that show no interaction. 
 

 

Table 1. Determination of Total Polyphenols 

and  Copper by Growing Area  Table 2. Determination of Total Polyphenols and Copper by Variety 

Growing 
area 

Total 
polyphenols 

Copper 
(mg.kg-1) 

 
Variety 

Total 
polyphenols 

Copper 
Variety 

Total 
polyphenols 

Copper 
(mg.kg-1) 

(mg.kg-1)  (mg.kg-1) (mg.kg-1) (mg.kg-1) 

Bohemia 

area 99.432 6.455  
White 

varieties 101.482 6.379 

Red 

Varieties 59.264 7.999 
Mělník 147.048 5.727  Hibernal 43.806 6.21 Cabernet 31.125 7.046 
Praha – 
Grébovka 73.272 5.929  

Müller 
Thurgau 133.581 5.196 Laurot 50.348 9.906 

Karlštejn 109.72 7.224  Pinot Gris 110.478 7.555 Neronet 43.822 5.785 
Moravia 
area 76.813 7.825  Welschriesling 117.991 7.179 Pinot noir 93.538 7.971 

Hustopeče 89.708 7.236  
mixture of 
white  101.556 5.759 

mixture of 
red var. 71.488 9.46 

Lednice 50.348 9.906  varieties St. Laurent 67.997 7.784 
Velké 
Bílovice 53.241 8.068        Zweigeltrebe 56.53 8.044 
        



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

100 

 
Figure 2. Determination of Copper in different varieties 
 
Conclusions 
 

Polyphenolic substances behave as antioxidants antimutagens (Broulliard et al., 1997). These substances have 
positively affect on human health. Polyphenolic substances inhibit the occurrence of certain degenerative diseases such 
as certain cancers, cardiovascular disease (6/11-17), reduces plasma oxidative stress and slow aging (6/18-19). Other 
features include anti-inflammatory and antimicrobial effects. 

Antioxidant effects of polyphenols may not have the same effect, which is achieved synergic action of various 
polyphenolic compounds, as is the case for red wines (Soleas et al, 1997). Polyphenolic substances in wine are a natural 
source of antioxidants for the human body. 

For white varieties were detected higher levels of polyphenols than red ones. Of course we have to think a little 
unusual climatic conditions of the year. Yes, it can be said that the content of polyphenolic compounds also white 
varieties is not negligible and because I have white seeds varieties vine high nutritional value 

The high copper content in the seeds of the vine is particularly undesirable from a nutritional point of view, 
mainly due to its organoleptic properties. The human body is copper primarily trace element and is toxic after ingestion 
of 250 mg. Due the fact that in recent years, using copper as part of fertilizer applied in vineyards, this content is 
important. However, it was established that content of copper is higher in the Moravian wine region, therefore, 
specifically in Lednice. 
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Abstract 

 

Food safety insurance represents not only a vital problem for a part of the globe but a major requirement for a normal life. In this study I 
tried to present several major aspects characterizing the food consumption in our country.   
 

Introduction  

 

The most important condition of the human existence analyzed both at individual level – the person itself and at 
general level – the human community, is food. Today, at the beginning of the 3rd millennium, we can state that this 
calamity – starvation – is not entirely eradicated at global level. So we can find areas where food is not a problem for 
the society members both from quantitative and qualitative point of view, but in the same time we can find areas where 
food is not insured from quantitative point of view without taking into consideration the qualitative aspect.  

The live style of a society is linked to the food consumption analyzed from two aspects: quantitative and 
qualitative, the wellbeing of a nation is restricted by the process of insuring the necessary elements for a decent life. The 
quantitative and qualitative food differences manifested globally show that where food is in small quantities and 
insufficient it doesn’t have the proper quality either.  

It is unanimously accepted the idea that life style and health of people are linked to the elements of daily food 
consumption, analyzed both quantitatively and qualitatively. So, there should be a permanent correlation of food 
production with the consumption demand of the population.  

In order to make a proper analysis of the Romanian food consumption we started to study the data related to the 
current problem, but which will be the subject of future researches. We didn’t want to have an exhaustive analysis 
because it is a large topic analyzed globally.  
 
Research results and discussion 

 

Analyzed from economic pint of view, food consumption is part of a complex system of relationships and causal 
determinations. The main factors which influence directly the food consumption are economic (consumer’s income and 
products’ price), demographic and social.  

The consumer’s behavior related to the level and structure of food consumption is permanently correlated with 
the level of income, the prices from the market, population structure according to age and sex, with the family size, 
religion, tradition, consumption habits and health.  

In order to provide proper food consumption to the consumer, the conditions mentioned in figure 1 should be 
taken into consideration. 
 

 
Figure 1. Necessary conditions for proper food consumption 

 
Concerning the structure of the Romanian food consumption we can notice that during 1990–2010 it had an 

inconstant evolution for the most important products, table1. In the structure of the Romanian food consumption are 
predominant the vegetal origin products: cereals, potatoes and vegetables. 
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Table 1.  The average annual consumption per inhabitant for the most important products 

Specification UM 1990 2000 2005 2005 2006 2007 2008 2009 2010 UE 

Meat.meat products and edible 

offals (equivalent fresh meat) kg 61.0 46.3 68.3 68.3 69.9 66.7 66.6 67.5 60.0 86.4 

Milk and dairy products in 

equivalent milk 3.5% fat (butter 

excluded) 

 

l 140.1 193.0 239.2 239.2 246.6 252.8 254.7 233.2 224.0 237 

Eggs 

 
piece

s 
246 261 284 284 277 268 267 243 239 208 

Sugar and onfectioneries 

(equivalent refined sugar) 
kg 27.3 23.0 27.4 27.4 29.0 24.9 23.2 25.8 22.1 40.4 

Cereal products in equivalent flour 

 
kg 158.5 165.8 162.6 162.6 157.3 156.0 154.1 151.7 150.4 117.4 

Potatoes kg 59.4 86.5 98.0 98.0 97.4 96.1 99.5 93.1 98.2 76 
Fruit and fruit products (equivalent 

fresh fruit) 

 
kg 59.5 44.5 77.4 75.9 83.2 67.8 66.7 62.3 63.3 116 

Vegetables and vegetable products 

(equivalent fresh vegetables). dried 

pulses and melons 

kg 127 134.3 183.3 162.6 181.7 164.1 176.0 168.2 174.4 120 

Source: Anuarul Statistic al României, 1991-2011, EUROSTAT 
 

Compared to the European Union, in Romania there is a reduced consumption for fruits, sugar, meat, milk, and 
there is a high consumption for cereals, potatoes, vegetables. The European consumption structure reflects the high 
level of products with high nutritional value represented by products with animal origin.  
 

 
Figure 2. Changes of the average food consumption during 1990 – 2010. Source: Anuarul Statistic al României, 1991-2011, 
EUROSTAT 

 
Analyzing attentively figure 2, it can be noticed that during 1990–2010 the consumption for fish and animal fats, 

cereals, sugar and sugar products decreased, and the consumption for milk products, fruits, vegetables and potatoes 
increased.  

The consumption expenses of the population are oriented in a great proportion for insuring food requirements 
which, according to the Statistic Register from 2011, represented 41.0% in 2010. Concerning the food consumption 
there is a decreasing tendency, most of the families spend more and consume less.  
 
Table 2. Total expenses structure of families, % 

Produsul 2005 2006 2007 2008 2009 2010 

Agro-food products and non - alcoholic drinks 44.2 42.3 41.7 40.9 40.9 41.0 
Beverages, tobacco 5.8 6.0 6.5 6.5 7.1 7.7 
Clothing and footwear 6.2 6.2 6.8 6.7 6.0 5.4 
 Housing, water, electricity, gas and other fuels 15.6 16.4 15.5 15.6 15.8 16.6 
Furniture, dwelling endowment and maintenance 3.8 4.0 4.6 4.8 4.6 4.0 
Health 3.8 4.1 3.9 4.1 4.5 4.5 
Transport 6.5 6.7 5.9 6.1 5.8 6.0 
Communications 4.9 4.9 5.1 5.0 5.1 5.0 
Leisure and culture 4.2 4.4 4.6 4.5 4.4 4.0 
Education 0.9 0.8 0.8 0.8 0.9 0.7 
Hotels, cafees and restaurants 1.1 1.1 1.2 1.4 1.3 1.3 
Miscelaneous products and services 3.0 3.1 3.4 3.6 3.6 3.8 

Source: Anuarul Statistic al României, 2011 
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For the agro-alimentary products the auto-consumption phenomenon is very extended and in the case of certain 
population categories (living in the rural areas or in the small towns) it represents a high percentage in satisfying the 
consumption needs. Also it has a very important role in structuring the food products’ demand. In the city areas, the 
food demand is concentrated due to the higher population density compared to the average, respectively due to the low 
level of auto-consumption compared to the rural environment (but not compared to the urban environment in general).  

In figure 3 we present the auto-consumption rate per food product groups and environment for 2010. 
 

 
Figure 3. Auto-consumption rate per food product groups and environments, in Romania, in 2010 (%) 
Source: Coordonatele nivelului de trai în România. Veniturile şi consumurile populaţiei în anul 2010, INS, Bucureşti, 2011 
 

The analysis of auto-consumption per products highlights the following:  
- The auto-consumption rate for the main products is considerably high in the rural environment but with 

significant levels also in the urban area;  
- The rate is low for the products purchased from the market like sugar and oil;  
- the families from the rural environment consume from their own production, so the production instability 

determines consumption fluctuations;  
- Per families in general, the highest auto-consumption rate is registered for wine (85.5%), beans (65%), eggs 

(60%), these rates are significantly higher in the rural environment;  
- We can notice also the high level of auto-consumption for vegetables (46.1%) and fruits (38.3%) per general 

and in the rural environment the percentages are 67% for vegetables and 61% for fruits;  
- For the animal origin products, especially fresh meat, milk, cheese and cream, almost half of the consumption I 

from own resources.  
The high auto-consumption rate from total consumption means a low level of development and organization of 

the food product market, associated with a low level of life standard of the population. In the present economic model 
of the Romanian families the food consumption from own production and received from the enlarged family (parents, 
brothers, etc) represents one of the methods to cover the food consumption needs and is also a barometer of the 
economic development level.  

The high level of auto-consumption in the traditional agriculture express in general the importance of the pre-
capitalist sector, with a poor usage of the market relationships and living relatively separate from the other sectors 
(Bremond, J., s.a.,1995). 

Concerning the structure of the total expenses of families (table 3), we have to notice the decreasing contribution 
of the agricultural products’ consumption from own resources after 2000. 
 
Table 3. Total expenses structure (%) 

Specification 2000 2005 2006 2007 2008 2009 2010 

Total expenditure of which 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Money expenditure 68.4 81.7 83.0 82.7 84.6 84.5 84.1 
Purchasing consumed food and beverages 22.0 23.0 22.2 22.0 22.2 22.3 22.1 

Equivalent value of agricultural products 
consumption from own resources 31.6 18.3 17.0 17.3 15.4 15.5 15.9 

Source: Anuarul Statistic al României, 2001-2011 
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Figure 4. The evolution of the total expenses structure 
Source: Anuarul Statistic al României , 2011 
 

In figure 5 we present comparisons of the total expenses structure per type of families in 2009 and 2010. In 2010 
the contribution of the consumption from own resource represents in average 15.9% of the structure, with variations per 
categories between 8.7% for the employees families and 44% for the farmers. In farmers case this structure reconfirms 
the specificity of the agricultural activity focused mainly on the needs of the family. In the same time we can notice that 
also for the other families the consumption from own resources has a high contribution in the food insurance. 

 

 
Figure 5. Total expenses structure 2009-2010, % 
Source: Anuarul Statistic al României, 2011 

 
Food consumption is quantified in three aspects: quantitative, qualitative and diversity.  
Through food consumption the human body must insure the caloric contribution necessary for a normal 

development and life maintenance. The proteins, fats and sugars from food are those insuring this caloric contribution.  
 
Table 4. Daily average food consumption, expressed in calories and nutritional values per capita 

 U.M. 2000 2005 2006 2007 2008 2009 2010 

Calories of which: no. 3020 3385 3455 3290 3300 3273 3147 

    Animal origin no. 691 897 925 912 920 888 833 
Proteins gr. 94.7 112.2 114.3 111.2 111.5 107.7 103.4 

  Animal origin gr. 42.0 57.4 58.6 57.6 57.7 55.8 51.7 
Lipide gr. 85.1 101.7 107.5 101.3 104.4 105.3 98.9 

  Animal origin gr. 44.4 57.2 59.1 57.8 58.6 57.3 53.6 
Glucide gr. 449.7 483.9 485.4 462.4 457.8 452.7 440.5 

Source: Anuarul Statistic al României, 2001-2011 
 

From caloric consumption point of view, during 2000–2010 there was an increase of the calorie consumption 
from 3020 to 3455 in 2006 and a decrease to 3147 in 2010. The animal origin calorie consumption registered an 
oscillating evolution; the highest value was registered in 2006. After 2008 there is a decrease of food consumption 
expressed in calories. 
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Figure 6. Average daily food consumption structure. expressed in nutrients. per capita, 2010 
Source: Anuarul Statistic al României, 2011 

 
The differences registered in time in the calorie consumption are determined mainly by the food consumption 

structure and specificity, but also by the supply sources for these products.  
Satisfying the food needs of the population depends not only on the food availability but also on the reliable 

demand of the population, a consequence of the size of the gross product and the food cost level.  
In present the expenses for food exceed 50% of the population income. Such a situation represents an 

impediment in the internal market development and an important obstacle for the economic growth.  
The food policy is not only an agricultural and food industry problem but of the entire national economy. Over 

passing the current situation depends on the macro-economical and departmental policy, on the evolution of the gross 
internal product, on the evolution of the national and departmental labor productivity, on the evolution of incomes and 
prices, which generate an increased reliable demand, on internal market extension and economic involvement effects.  

The future realization of the food consumption model in its optional form for general satisfaction, can take place 
through the increase of the incomes and the real decrease of the food product prices so that the percentage of the food 
expenses from total expenses to considerably diminish from 50% to 15–20% as it is in the European Union countries.  
 

Conclusions, proposals, recommendations  
 

The food products demand in Romania started to change after 2000 being influenced mainly by adhering to the 
European Union.  

The economic growth from the last years, food market opening in Romania and the increasing number of 
distributors allowed the access to a large variety of products, mainly from importation or obtained from external 
producers, making possible the increase of the demand of products from western countries.  

In the same time increased also the activity volume of the internal producers which determined slow mutations 
of the demand by increasing the importance and other criteria than increasing the price in the selection and purchasing 
process of the products. This phenomenon happened mainly in the urban environment where it was directly influenced 
by the change in the life style by increasing the services sector and by the employment of young people.  

The food policy is not only an agricultural and food industry problem but of the entire national economy. Over 
passing the current situation depends on the macro-economical and departmental policy, on the evolution of the gross 
internal product, on the evolution of the national and departmental labor productivity, on the evolution of incomes and 
prices, which generate an increased reliable demand, on internal market extension and economic involvement effects. 
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Abstract  

 

Intensive soil cultivation, abundant application of the fertilizers and plant protection means leads to disbalanced biological processes in soil. 
Soil compression results in unfavourable conditions for macrobiological processes, soil consolidates, stops respiring, moisture is suppressed and due 
to unfavourable for growth conditions roots rot. Pest control leads to the death of the bacteria, which support good soil structure, stimulate 
mineralization, decay of the plant residues. Application of the biological preparations in agriculture is beneficial in several ways: activates soil 
microorganisms, plants grow intact, produce higher and better quality yield. 

In 2011-2012 the experiments on the application of the biological preparations Azofit and Amalgerol in sugar beet seeding on the Calc(ar)i-
Epihypogleyic Luvisol IDg8-k (LVg-w-cc) soil of the experiment station of ASU were carried out. Alive Acotobacter vinelandii bacteria form the 
basis of Azofit preparation. They fix nitrogen, and biologically active matter. They assimilate nitrogen from the atmosphere and release it into soil in 
the available for the plants form. The application of this preparation solution results in better mineral matter uptake, more intensive growth and higher 
yields. 

Amalgerol – liquid biological preparation, acting as biological stimulant and is applied to stimulate soil microorganisms and physiological 
functions of the plants. Preparation Amalgerol consists of more than 40 components – vegetative and essential oils, oil distillates, herb extracts. 
Application of this preparation results in activation of the soil bacteria, more active decomposition of the yield remains, enrichment of the easily 
assimilated nutrient matter. This product not only has positive effect on microorganisms, stimulates the development of the plant roots and above-
ground part but also plant development in general. 

In the considered years Azofit 1 l ha-1, Amalgerol 4 l ha-1 and the mixed solutions of these biological preparations were applied on sugar beet 
variety ‘Ernestina‘ at the 21-22 growth stage (BBCH scale). The findings revealed that the application of the considered preparations resulted in by 
4.99-6.65 t ha-1 or by 7.26-9.67% statistically higher yield, by 0.48-0.74% statistically higher sugar content in the roots, and 1.03-1.21 t ha-1 or 11.8-
13.8 % higher white sugar yield than in the control. The application of the considered biological preparations for two times resulted in statistically 
reliable increase of the sugar beet yield by 6.20 – 7.14 t ha-1 or by 9.02-10.39 %, by 0.53-0.79 % statistically higher sugar content in the roots, and 
1.24-1.47 t ha-1; 14.23-16.87% higher white sugar yield than in the control. 

Key words: sugar beets, biological preparations, productivity, sugar content. 
 
Introduction 
 

Intensive application of the pesticides results in changes of the biochemical, biophysical and biological processes 
in soil. The lack of oxygen and moisture on the soil surface leads to the death of microorganisms, microfauna, and 
microflora. Consistently, the death of microorganisms leads to the weaker decomposition of the organic residues, what 
has direct relationship with specific composition of the soil microflora (Šiuliauskas; Liakas, 2012; Шпаар, Дрегер и 
др. 2006.). 

In foreign countries application of the biotechnologies has become a major feature. Russian scientists carried out 
experiments with biological preparation Azofit the basis of which are live bacteria fixing nitrogen. The bacteria 
stimulate vital processes in soil and contribute to better uptake of the microelements. The preparation contains matter 
able to assimilate nitrogen from the atmosphere and release it into soil in the available for the plants form. Russian 
scientists claim that seed treatment with Azofit or its application together with herbicides, fungicides results in better 
mineral matter uptake, what in turn results in higher efficiency of the mineral fertilizers and higher plant productivity 
(Тихонович, Кожемяков, и др., 2008).   

Lithuanian scientists recommend the farmers to better protect soil, its vigor, natural biological processes. Due to 
biochemical reactions vast amounts of the organic residues are being processed. When biological soil activity is 
insufficient vegetative residues contaminate soil with pathogens. Therefore, the mineralization process of the organic 
residues is of the key importance. The sooner straw or other organic residues decay the sooner nutrition elements are 
released. (Romaneckas, Narkevičius ir kt., 2003; Šlapakauskas, Duchovskis, 2008). 

Application of the biological preparations should receive considerable attention when employing new plant 
growing technologies (Romaneckas, Romaneckienė, 2009). Biological preparation Amalgerol is widely applied in the EU 
countries. This is a unique preparation characterized by multifunctional effects – at the same time it affects soil, plant roots, 
and over-ground part. Amalgerol is easily accessible energy source for good soil microorganisms. Soil treatment with this 
preparation results in reproduction of the good microorganisms, better aeration and substantial reduction of the root 
diseases. Application of Amalgerol results in stronger plants, better uptake of the nutrition elements, faster straw 
breakdown, lower number of Fusarium genus fungi. From this and above it follows that plant profitability potential is used 
better. Amalgerol researchers have also established that application of this preparation contributes to lower nubers of the 
nematodes what should lead to greater interest on the part of sugar beet growers (Rauckis, 2012). 

Lithuanian and foreign scientists recommend to apply Amalgerol and Azofit mixture on the straw and soil before 
planting and on plants at the beginning of vegetation. This practice contributes to faster straw mineralization, faster 
release of the nutrient matter, better soil aeration, improved soil and seed contact. Under formation of the organic 
colloids the soil temperature changes (± 2 ºC) what results in faster and more even seed germination (Rauckis, 2012). 

Activated soil microorganisms improve phosphorus uptake and balance plant nutrition. It was observed that 
under the influence of Amalgerol and Azofit plants become more dought resistant. After stronger rainfalls soil crust 
develops in many places what reduces oxygen diffusion around plant roots and prevents carbon dioxide release. It was 
established that application of some herbicides results in stressed spring rape and sugar beets (Dewar, May, et. al., 
2006). Application of Azofit in combination with Amalgerol can impair the negative effect of the above mentioned 
unfavourable factors (UAB Bio-energy, 2010). 
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Agricultural practices of the last twenty year period led to soil degradation. Now it is worth time to improve soil 
composition by careful management. For instance, if the decision falls to sow spring wheat after sugar beets in autumn soil 
is treated with Amalgerol preparation. Then in spring Azofit is added to treat seeds, whereas Azofit may be added in 
combination with herbicides. This measure proves effective – the growth of plants is more intensive and even. The findings 
of the experiments carried out at ASU experimental station revealed that application of the Azofit solution on sugar beet 
shoots resulted in more intensive plant growth, by 12 – 14% higher yield, and higher sugar content in the roots. The 
efficiency of the biological preparations reveals itself when the conditions for growth are unfavourable (Jakienė, 2011). 

Aim of the study – to establish the effect of the application of biological preparations Azofit and Amalgerol on 
sugar beet productivity and sugar content in the roots. 

 
Methodology and conditions 

 

The experiments were carried out on experimental station at Aleksandras Stulginskis University in 2011 – 2012. 
Soil (Calcari-Epihypogleyic Luvisol) – IDg8-k. Granulometric composition of the soil – light loam on medium loam, 
and loam. pHKCl of the arable soil layer was 7.1-7.3, content of the mobile phosphorus (P2O5) – 238-315 mg kg-1, 
mobile potassium (K2O) 154-172 mg kg-1, humus 1.70-2.45 %. 

Scheme of the trials: 
1. Control (NPK 8:20:30 300 kg ha-1 + amonium salphetre (N34) 130 kg ha-1 –  background trial fertilization); 
2. Application of the Azofit on the shoots 1 l ha-1 (12-13 BBCH); 
3. Application of Amalgerol 4 l ha-1 on the shoots (12-13 BBCH); 
4. Application of Azofit 1 l ha-1 + Amalgerol 4 l ha-1 (12-13 BBCH) on the shoots; 
5. Application of Azofit 1 l ha-1 (12-13 + 21-22 BBCH) on the shoots; 
6. Application of Amalgerol 4 l ha-1 (12-13 + 21-22 BBCH) on the shoots; 
7. Application of the Azofit 1 l ha-1 + Amalgerol 4 l ha-1 (12-13 + 21-22  BBCH) on the shoots; 
 

The initial trial field area was 12.6 m2, trial field plot area was 9.0 m2. Plot arrangement – systematic. The trial 
was carried out in four replications. The reliability of the obtained data was computed employing ANOVA from the 
SELEKCIJA package (Tarakanovas, Raudonius, 2003).  

The considered biological preparations. 
AZOFIT – microbiological fertilizers which improve soil composition resulting in better uptake of the mineral 

and organic nutrition elements, activate the assimilation of nitrogen from the atmosphere; mobilize the nutrition 
elements, especially phosphorus and some other microelements, activate beneficial soil bacteria contributing to the 
improved plant productivity and quality, act as growth stimulators, improve seed germination in the fields, stimulate 
root growth, enhances straw mineralization. The preparation composition includes nitrogen fixing bacteria 
‘Azotobacter vinelandii‘, humic acids, copper (Cu), 0.01% zinc (Zn), 0.01% manganese (Mn), 0.01% iron (Fe), 0.01% 
calcium (Ca), 0.005% natrium molybnum (Na2Mo04). The water solution of 1.0 l ha-1 is used for plant treatment. 
Application of the Azofit is recommended before planting, after planting, after plant germination or vegetation, 
respectively. The preparation can be applied in composition with many insecticides, herbicides, fungicides (if it is not 
prohibited by pesticide application recommendations) or other plant nutrition or growth stimulating preparations.  

AMALGEROL is used to stimulate the activity of the bacteria decomposing vegetative residues in soil this 
rapid transformation of the harvest residues allows for easier cultivation of the soil. Application of Amalgerol 
improves soil properties, risogenesis is stimulated, improves nutrient matter uptake from the soil. The preparation 
composition includes ethereal vegetative oils, 40 kinds of extracts from different grasses, seaweed extracts and mineral 
oils. Water solution of the preparation can be applied in combination with microelement fertilizers or plant protection 
means during the vegetation or before harvesting. To stimulate the breakdown of the grain crop and rape straw, or of 
the other vegetative residues a combination of 2-5 l ha-1 and 1   l ha-1 Azofit („Kustodija“, 2012) is applied. 

Agrotechnics of the trials. In 2011 spring barely was a fore crop to sugar beet. In spring before the soil 
cultivation which was very dry it was treated with background fertilization of NPK fertilizers 9:25:25 at the ratio of  
400 kg ha-1 (Table 1). After the fertilization a pre-planting treatment of the soil with a germinator was carried out. On 
the 19th of March sugar beets were planted. The distance between lines was 45 cm and the distance between the seeds 
in a line was 16.5 cm. Seed norm was 90 thou seeds in a hectare. On the next day after planting soil was treated with the 
herbicide Pyramin Turbo (norm 5.0 l ha-1.) 

Solutions of biological preparations Afofit (1 l ha-1) + Amalgerol (4 l ha-1) were applied when sugar beets 
formed the first pair of true leaves (12 – 13 growth stage according to BBCH scale). On the next day trial field was 
additionally fertilized with amonium saltpetre (N34) 130 kg ha-1. To control the weeds 1.2 l ha-1 norm of Betanal Expert 
herbicide was applied. To control pests 0.75 l ha-1norm of the insekticide Proteus OD was applied. At the stage of six 
pairs of true leaves (21 – 22 growth stage according to BBCH scale) the plants were treated with the solutions of 
biological preparations for the second time. To control weeds a combination of Betanal Expert 1.1 l ha-1 + Lontrel   
0.3 l ha-1was applied. 

Sugar beets were harvested manually using tractor root crab. The productivity of the roots was established by 
weighing the roots and counting the roots harvested eneach of the trial plots. At the time of harvesting 25 roots from 
each plot were taken to establish the sugar content. Sugar content in roots was established in Marijampolė sugar factory, 
employing cold digestion method. 
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Table 1. Agrotechnical operations and their performing time. Agrotechnical measures and periods of their application 
 

Agrotechnical operations/measures 
Experiment times 

2011 2012 

1. Fertilisation with complex fertiliser NPK 9:25:25 400 kg ha-1 04 18 04 18 
2. Presowing soil cultivation  04 18 04 19 
3. Planting 04 19 04 19 
4. Application of Pyramin turbo soil herbicide 5.0 l ha -1 04 20 04 18 
5. At one-pair- of- leaves stage of growth, for the first time  sugar-beet was sprayed with biological preparation solutions 05 28 05 31 
6. Additional fertilisation with ammonium saltpetre 05 29 06 02 
7. Field treatment with herbicide Betanal 05 15 06 10 
8. Spraying with a insecticide Proteus OD  0,75 l ha-1 06 17 06 22 
9. At six-pairs-of 
-leaves stage of development  sugar-beet for the second time was  sprayed with  
biological preparation solutions 

06 25  06 28 

10. Spraying with a  herbicide mix Betanal Expert 1,1 l ha-1 + Lontrel  0,3 l ha-1 06 29 07 04 
11. Application of the insecticide Proteus OD 0.75 l l ha-1 + Lontrel  0.3 l ha-1  07 15 
12. Harvesting 09 24 10 04 

Experimental station: ASU   
 

In 20120 sugar beet pre-crop was spring rape. In spring when the cultivation of the soil started the background 
trial fertilization with NPK fertilizers at a ratio 9:25:25  400 kg ha-1 was done. Before planting soil was treated with 
Pyramin Turbo 5.0 l ha-1. On the day of planting soil was treated with the germinator and Ernestina variety sugar beets 
were planted (Table 1). 

When sugar beets produced the first pair of the true leaves trial plots were treated with Azofit 1 l ha-1 and 
Amalgerol 4 l ha-1 solutions (12-13 growth stage according to BBCH scale). At the beginning of June the field was 
additionally fertilized with 130 kg ha-1of ammonium saltpetre (N34). With the renewal of the weed germination the field 
was treated with the herbicide Betanal Expert 1.2 l ha-1. The solution of 0.75 l ha-1 of the insecticide Proteus OD was 
applied twice. 

At the stage of six true leaves (21-22 growth stage according to BBCH scale) the plants were treated with Azofit 
1 l ha-1 and Amalgerol 4 l ha-1 solutions. Weeds were killed applying herbicide Betanal Expert 1.2 l ha-1. 

Sugar beets were harvested manually using tractor root crab. The productivity of the roots was established by 
weighing the roots and recalculating in t ha-1. Sugar content in roots was established in Marijampolė sugar factory. 

Meteorological conditions.  In 2011 sping was early and warm. Sugar beets were planted on the 19th of April. 
More abundant rainfall at the beginning of April, at the time of beet planting created favourable conditions for seed 
germination. Although there was no rain on the third ten day period in April there was sufficient amount of moisture in 
soil and seeds germinated well (Table 1). 
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Figure 1. Meteorological conditions for the considered years of the field trial, data of Kaunas Meteorological station, 2011 
 

Moderately warm weather prevailed in May. The average temperature for the twenty four hours was by 0.1 °C 
higher than that for many years. The amount of precipitation was found to be close to an average for many years. Moisture 
content in soil was optimal, and conditions for the sugar beet shoot growth were found to be favourable. 

June was warm. The highest temperature was recorded at the beginning of the month when average temperature of 
the twenty four hours reached 21.2 °C.The average monthly temperature was by 2.6 °C than that for many years. There 
was no abundant precipitation in June and soil became drier. The application of the biological preparations proved 
valuable the growth of the plants was more intensive, and the uptake of the nutrients from the soil improved. 

In July the third ten day period was the warmest. The average temperature reached 20.1 °C. There was abundant 
rainfall. The highest amount of precipitation was recorded in the first (67 mm) and third (54 mm) ten day period. The soil was 
soaked but it did not have much effect on sugar beets. Meteorological conditions were favourable for sugar beet growth. 

The rainy weather in August was not favourable for sugar accumulation in roots. Although it was warm the number 
of sunny hours was insufficient. The amount of precipitation was reported to be 152 mm. September was warm. The 
average temperature of the twenty four hours was close to that of many years. There was a more abundant rainfall at the beginning 
of the month, while in the second half and especially in the third ten day period the amount of precipitation made 9 mm. 
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Figure 2. Meteorological conditions for the considered years of the field trial, data of Kaunas Meteorological station, 2012 

 

In 2012 at the time of sugar beet planting the soil was moist, however after the planting there were heavy 
rainfalls. There was a lack of moisture in the first ten day periods and a hard crust developed on the surface of the soil. 
The conditions for the sugar beet germination were unfavourable (Figure 2). The germination of the plants was uneven, 
the seedling looked thin. The first pair of the true leaves formed between 30th and 31st of May. 

In June, especially in the second and third ten day period the precipitation was abundant. The average temperature 
of the twenty four hours was close to that for many years. The precipitation amount in July was highly abundant. The 
amount of precipitation made 112 mm, which was by 28.6 mm more than the average for many years. The growth of 
sugar beets during that period was intensive, the leaves covered the interlines and abundant precipitation did not have 
negative effect on sugar beet growth. 

The August was warm with not abundant precipitation. The September was warm and the average temperature for 
the twenty four hours exceeded the average for the many years by 1.09. The precipitation in September was highly 
abundant and exceeded the average for many years by 13.4. The soil was soaked, the conditions fro harvesting were 
unfavourable. 
 

Results and discussion 
 

The application of the considered preparations during the sugar beet vegetation resulted in higher beet 
productivity, and size (Table 2). 

The single application of the biological preparation Azofit 1 l ha-1 solution at the stage of the first pair of the true 
leaves (12–13 %growth stage according to BBCH stage) resulted in the highest yield addition (6.65 t ha-1 or 9.67.). The 
single application of the Amalgerol 4 l ha-1 solution resulted in a significantly higher root productivity by 4.99 t ha-1 or 
7.26%. The application of the combination of the biological preparations Azofit and Amalgerol at the stage of the first 
true leaves  resulted in by 5.01 t ha-1 or 7.29% higher sugar beet productivity than in the control where the bioogical 
preparations were not applied. 

The single application of the biological preparation Azofit 1 l ha-1 solution resulted in bigger size of the roots. The 
average root weight was significantly higher by 60g than in the control. The single application of Amalgerol, and 
combination of Azofit + Amalgerol solutions also resulted in bigger root size than in the control but average root weight 
in comparison with the control was not significantly higher. 

When the sugar beets were twice treated with the biological preparations (12-13 and 21-22 growth stages 
according to BBCH scale) the highest yield addition was obtained after the treatment with the biological preparation 
Azofit. The sugar beet productivity on these fields was by 7.14 t ha-1 or 10.39% significantly higher than in the control. 
When the sugar beets were twice treated with Azofit + Amalgerol sollution a 6.85 t ha-1 yield addition was obtained, 
when during the vegetation plants were twice treated with Amalgerol solution the root productivity was by 6.20 t ha -1 
arba 9.02% significantly higher than in the control where the biological preparations were not applied. 

 
Table 2. Effect of the biological preparations on sugar beet productivity 

Applied biological 

preparations 

Productivity 

 t ha-1 

 

Difference from the 

control Plant number 

thou. ha-1 
Average root 

weight kg 

Differnce 

from the 

control kg t ha-1 % 

Control    (background) 68.72 - - 82.4 0.834 - 
Azofit 1 l ha-1 (once) 75.37 6.65 9.67 84.3 0.894 0.060 
Amalgerol 4 l ha-1 (once) 73.71 4.99 7.26 85.2 0.865 0.031 
Azofit + Amalgerol (once) 73.73 5.01 7.29 85.8 0.859 0.025 
Azofit 1 l ha-1 (twice) 75.86 7.14 10.39 81.7 0.928 0.094 
Amalgerol 4 l ha-1 (twice) 74.92 6.20 9.02 84.5 0.886 0.052 
Azofit + Amalgerol (twice) 75.57 6.85 9.96 83.6 0.904 0.070 

 LSD05 3.699   4.196 0.044  
Experimantal station at ASU, average data for 2011-2012 

When the considered biological preparations were applied twice the root size was bigger than after single 
application. The highest average one root weight was obtained when Azofit 1 l ha-1 solution was applied twice and made 
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0.928 kg and was by 94 g significantly higher than in the control. When Amalgerol 4 l ha-1 and Azofit + Amalgerol 
solutions were applied twice during the vegetation the root size significantly increased by 52 g and 70 g. 

Application of the biological preparations aso ne of the agrotecnical measures in sugar beet growing technologies 
resulted in higher sugar content in roots, and higher amount of white sugar. The precise field experiments on the effect of 
the biological preparations Azofit and Amalgerol revealed that trial plots where solution of Azofit 1 l ha-1 + Amalgerol  
4 l ha-1 was applied produced the roots with the highest sugar content. 

 

Table 3. Effect of biological preparations on sugar content in roots 

Applied biological preparations Sugar content % 
Difference from 

the control 

Amount of white 

sugar    t ha-1 
Difference from the control 

t ha-1 %. 

Control    (background fertilisation) 16.96 - 8.71 - - 
Azofit 1 l ha-1 (once) 17.44 0.48 9.92 1.21 13.89 
Amalgerol 4 l ha-1 (once) 17.50 0.54 9.74 1.03 11.82 
Azofit + Amalgerol (once) 17.70 0.74 9.89 1,18 13.54 
Azofit 1 l ha-1 (twice) 17.49 0.53 10.02 1.31 15.04 
Amalgerol 4 l ha-1 (twice) 17.56 0.60 9.95 1.24 14.23 
Azofit + Amalgerol (twice) 17.75 0.79 10.18 1.47 16.87 

 LSD05 0.498  0.488   
Experimantal station at ASU, average data for 2011-2012 
 

Application of the solution of these preparations (12–13 BBCH) resulted in by 0.74% higher sugar content in 
roots, when the solution was applied twice (12–13 and 21–22 BBCH) the sugar content in roots was found to be by 
0.79% higher than in the control. 

The application of the biological preparation Azofit 1 l ha-1 solution resulted in by 0.48% and 0.53% higher sugar 
content in roots, whereas under the effect of Amalgerol 4 l ha-1 the sugar content in roots was by 0.54% and0.60% 
significantly higher than in the control where biological preparations were not applied. 

Higher white sugar amount was obtained when the considered biological preparations were applied twice. (Table 
3). The application of Azofit + Amalgerol solution resulted in by 1.47 t ha-1 or by 13.87% higher white sugar yield than 
in the control. When sugar beets were treated with Azofit 1 l ha-1 or Amalgerol 4 l ha-1 solutions the white sugar yield 
was by 1.31 t ha-1 and 1.24 t ha-1 or by 15.04% and 14.23% significantly higher than in the control where biological 
preparations were not applied. 

 
Conclusions 
 

Application of the biological preparations sugar beet growing technologies results in more intensive plant growth, 
better uptake of the nutrients from the soil, higher  and better quality yield. 

Application of biological preparations Azofit 1 l ha-1, Amalgerol 4 l ha-1 or combination solutions at the stage of 
the first three leaves pair resulted in by 5.01-6.65 t ha-1 higher sugar beet productivity, by 0.48-0.74% higher sugar 
content, and by 1.18-1.21 t ha-1 or by 13.54-13.89% higher white sugar yield than in the control where these preparations 
were not applied. 

Application of the considered preparations for two times (12-13 and 21-22 BBCH) resulted in a substantial yield 
addition of 6.20-7.14 t ha-1, by 0.53-0.79% higher sugar content, and by 1.24-1.47 t ha-1  or by 14.23-16.87% higher 
white sugar yield than in the control. 
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Abstract 

 

The aim of the research was to explore the influence of blue (455 nm, 470 nm) and green (505 nm 530 nm) lighting spectrum of light-
emitting diodes (LEDs) for the growing and development of cucumbers transplants. Experiments were done in greenhouse of phytotron complex of 
Institute of Horticulture, Lithuanian Centre of Agricultural and Forestry Sciences. Four types of solid-state lamps were designed using high-power 
AlInGaN light-emitting diodes: 455, 470, 505 and 530 nm. The reference transplants were grown only under daylight and supplemental illumination 
of high-pressure sodium (SON-T Agro) lamps. Lamps were installed in a phytotron greenhouse. Transplants of cucumber hybrid ‘Mirabelle’ F1 and 
‘Mandy’ F1 were investigated. Measurements of growth parameters and photosynthetic pigments were performed at the end of the experiment. 
Investigations revealed that the effect of supplementary short-wavelength blue and green light was found to be hybrid dependent. Cucumber hybrid 
'Mandy' transplants better reacted to the supplemental LEDs illumination. Supplemental blue and green LEDs illumination with high pressure sodium 
lamps increased transplant height and leaf area of both cucumber hybrids. Meanwhile, supplemental green LEDs illumination had less positive effect 
on transplant growth and development. Supplemental LEDs illumination had a positive impact only on cucumber 'Mirabelle' F1 photosynthetic 
pigment content. 

Key words: blue light, cucumber, green light, LED, photosynthetic pigment, transplant. 
 

Introduction 

 
Transplants quality highly depends on various factors such as light, temperature, humidity, fertilization, 

substrate, cultivation methods (Weston and Zandstra, 1989; Ciardi et al., 1998; Gosselin and Ayari, 2001; Głowacka, 
2002; Samuolienė et al., 2012). The light is very important indices of their quality. All the features of light have an 
influence for development of plants and formation of its organs. They differently work in various periods of plants 
ontogenesis for every species of plant. In greenhouses with insufficient natural light, transplants are lighted by lamps. 
Several different types of lamp such as high pressure sodium (HPS) lamp, metal-halide (MH) lamp, fluorescent lamps 
are being used for lighting of plants and transplants (Tennesen et al., 1995; Morrow, 2008). HPS lamps are the most 
commonly used type of light source in greenhouse production (Ménard et al., 2006). Supplemental lighting promotes 
plant development and increases leaf chlorophyll, plant biomass and early yield production. It also increases biomass 
allocation to fruit, fruit dry matter content and skin chlorophyll content (Blain et al., 1986; Hao and Papadopoulos, 
1999). In recent years for supplemental lighting of plants in greenhouses more and more light emitting diodes (LEDs) 
are used (Yanagi et al., 1996; Tennesen et al., 1994; Tamulaitis et al., 2004). LED lamps consume less energy, are high-
intensity, length of its using is long (Massa et al., 2008). Light emitting diodes lighting in greenhouses is used as 
addition for sodium lamps (SON-T Agro) or as independent source of light (Ménard et al., 2006; Massa et al., 2008). 
Area of using light emitting diodes is quite wide, one of the most important advantages of using diodes is the 
opportunity of the spectrum of LED lighting to be adjusted according to the growth of plants. 

Many investigations have shown that modulation in light quality, intensity, and photoperiod can affect plant 
growth and development (Artificial, 1992; Gosselin and Ayari, 2001; Chen et al., 2004; Wang et al., 2007; Folta and 
Childers, 2008). Various parts of spectrum differently affect plants and their impact is to be discussed (Mortensen and 
Strømme, 1987). Blue light effects formation of chlorophyll, photomorphogenesis and moving of products of 
photosynthesis and their distribution in the different parts of plants (Dougher and Bugbee, 1998; Heo et al., 2002). 
According to Hogewoning (2010) and others’ data, blue light during cucumber growth is qualitatively required for 
normal photosynthetic functioning. Green light plays many different roles in the biochemistry, physiology and structure 
of plants (Klein, 1992). Vegetable plants need varying amounts of light depending on the species (Głowacka, 2004), so 
it is important to know the influence of various parts of spectrum for different hybrids of cucumbers transplants 
growing and development.  

The objective of our studies was to estimate the influence of blue (455 nm ir 470 nm) and green (505 nm ir  
530 nm) lighting spectrum of light-emitting diodes (LEDs) to high pressure sodium lamps (HPS) for the quality of 
cucumber transplants and content of photosynthetic pigments in their leaves. 
 

Materials and methods  
 

Transplants of cucumber hybrid ‘Mandy’ and ‘Mirabelle’ were grown in greenhouse. Four types of solid-state 
lamps were designed using high-power AlInGaN light-emitting diodes: 455, 470, 505 and 530 nm. The reference 
transplants were grown only under daylight and supplemental illumination of high-pressure sodium (SON-T Agro) 
lamps. It was maintained 18 h photoperiod. The day/night temperature was 20-23/15-18 ºC and relative air humidity 
was 50-60 %. Ten plants (n=10) were harvested to determine height, hypocotyls diameter, number of fully expanded 
leaves, leaf area, shoot and root dry weight. Shoots and roots were dried in a drying oven at 105 °C for 24 h to 
determine dry weight. The leaf area of cucumber transplants was measured by “WinDias” leaf area meter (Delta-T 
Devices Ltd, UK). Plant height was measured to the tip of the youngest leaf. Photosynthetic pigments content per one 
gram of fresh foliage weight was measured in 100% acetone extract according to D. Wettstein method (Wettstein, 1957) 
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using “Genesys 6” spectrophotometer (“ThermoSpectronic”, USA). Measurements were performed in four replicates  
(n = 4). The levels of significance for differences between various indices were analysed using one-way Anova (Anova 
for MS Excel, version 3.43). 
 

Results 

 

Lighting of cucumbers’ transplants by supplemental blue and green LEDs to HPS lamps had a positive effect on 
transplant biometric parameters (Table 1). Supplemental blue and green lights increased height, leaf number and area, 
total above ground dry weight of both cucumber hybrids transplant. Cucumber hybrid ‘Mandy’ better reacted to 
supplemental LEDs lighting. Transplants were 17.9-63.6 % higher, their leaf area was 25.6-43.0 % bigger than 
transplants grown under HPS lamps. Meanwhile cucumber ‘Mirabelle’F1 transplants lighted by LEDs were 16.9-26.5 % 
higher, leaf area was 4.0-6.9 % bigger than transplants lighted only by HPS lamps. Spectrum had different impact for 
biometric parameters of transplants as well. Supplemental blue LEDs light had a bigger influence for biometric 
parameters of transplants than green LEDs light. Transplants of both hybrids lighted by LEDs were higher and had 
more leaves, their leaf area was larger than those transplants which were lighted by supplemental green LEDs. 
Supplemental blue 455 nm LEDs influenced the biometric parameters of the transplants most. These diodes increased 
height, leaf area and above ground dry weight of cucumber ‘Mandy’ F1 transplants. Cucumber hybrid ‘Mirabelle’ 
transplants grown under supplemental blue 455 nm LEDs had the largest leaf area. The same transplants were highest 
when lighted by 470 nm LEDs. Total above ground dry weight of cucumber hybrid ‘Mirabelle’ transplants increased 
under supplemental green 530 nm LEDs. Both supplemental blue (455 nm and 470 nm) lights decreased hypocotyls 
length of cucumber hybrid ‘Mandy’ transplants. Cucumber hybrid ‘Mirabelle’ showed different results.  
 
Table 1. Biometric data of cucumber transplants grown under different illumination 

Indices HPS HPS+455 nm HPS+470 nm HPS+505 nm HPS+530 nm 

Cucumber ‘Mandy’ F1 
Plant height (cm) 18.45±0.57 30.18±1.51 25.40±1.47 21.75±0.81 23.40±1.18 
Hypocotyls length (cm) 4.37±0.21 4.07±0.26 4.15±0.25 4.26±0.25 5.10±0.18 
Hypocotyls diameter (cm) 0.60±0.01 0.55±0.02 0.57±0.02 0.65±0.01 0.64±0.02 
Number of leaves 3.55±0.09 4.15±0.07 4.00±0.00 3.75±0.11 3.90±0.07 
Leaf area (cm2) 575.9±23.0 823.5±23.1 766.1±26.4 742.4±30.7 723.5±26.3 
Total above ground dry weight (g) 2.49±0.13 2.74±0.12 2.67±0.08 2.63±0.12 2.67±0.08 
Cucumber ‘Mirabelle’ F1 
Plant height (cm) 13.60±0.49 16.90±0.56 17.20±0.85 15.90±0.75 16.00±0.47 
Hypocotyls length (cm) 3.60±0.08 4.20±0.26 3.80±0.27 3.70±0.15 4.10±0.19 
Hypocotyls diameter (cm) 0.59±0.09 0.61±0.009 0.61±0.009 0.62±0.011 0.65±0.01 
Number of leaves 3.40±0,05 3.40±0,05 3.20±0,08 3.20±0,08 3.30±0,08 
Leaf area (cm2) 711.2±20.7 760.1±18.5 755.6±31.6 739.6±26.2 744.0±29.8 
Total above ground dry weight (g) 2.47±0.06 2.45±0.11 2.14±0.11 2.39±0.10 2.59±0.07 

 
Supplementary lighting of short-wavelength solid-state lamps to high pressure sodium lamps (HPS) had a 

positive impact on cucumber ‘Mirabelle’ F1 photosynthetic pigment content (Fig. 1). In the leaves of these transplants 
were 1.4 time more photosynthetic pigment than in the leaves of transplant grown under HPS lamps.  
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Figure 1. The photosynthetic pigment content of cucumber transplants grown under different illumination (a - cucumber 

‘Mandy’ F1, b - cucumber ‘Mirabelle’ F1). 1. HPS lamps, 2. HPS+455 nm, 3. HPS+470 nm, 4. HPS+505 nm, 5 - HPS+530 nm. –  
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The synthesis of photosynthetic pigments mostly enhanced 455, 470 and 530 nm LEDs supplemental 
illuminations. Supplemental green 505 nm LEDs light significantly increased content of chlorophylls a and b in leaves 
of cucumber ‘Mirabelle’ F1 transplants. For cucumber ‘Mandy’ F1 transplants supplemental LEDs lighting did not have 
positive impact for photosynthetic pigment content in their leaves. Supplemental green (505 and 530 nm) LEDs light 
slightly decreased chlorophyll a in leaves of cucumber hybrid ‘Mandy’. Supplemental blue LEDs light had a bigger 
influence for accumulating of chlorophyll in leaves of transplants of cucumber ‘Mandy’ F1. Supplemental green LEDs 
light increased content of chlorophyll in leaves of cucumber ‘Mirabelle’ F1 transplants. LEDs illumination had no effect 
for carotenoids content in leaves of both cucumber hybrid transplants. 
 

Discussion 

 

Light quality influences plant growth and affects transplant quality (Mortensen and Strømme, 1987; Yanagi et 
al., 1996; Kubota et al., 1997). Supplementary lighting was shown to produce transplants with improved shoot 
characteristics, root systems, and shoot dry matter percentage (Masson et al., 1991). The seedlings of ones cabbage 
family (Arabidopsis thaliana) vegetable under green, red, and blue light together were taller than those grown under red 
and blue alone (Folta, 2004). According to Głowacka (2002) data, transplants of the tomato hybrids ‘Recento F1’, 
‘Tukan F1’, and ‘Remiz F1’ grown under fluorescent lamps emitting daylight and blue light were short, with thick stem, 
shortened internodes, enhanced participation of the dry mass in fresh mass. According to our researches, supplemental 
blue and green LEDs light influenced biometric parameters. Transplant were higher, had bigger leaf area comparing 
with the transplants lighted only by HPS (Table 1). Investigation showed that supplemental blue 455 nm light had the 
greatest positive influence on growth and development of both cucumber transplants. They formed largest leaf area, 
more leaves, above ground dry weight was higher. Literature data shows that blue light stimulates formation of 
chlorophyll, increases above-ground biomass per surface area (Dougher and Bugbee, 1998; Menard et al., 2006). Some 
authors reported that blue fluorescent lamps increased dry weight but decreased leaves number of cucumber transplant 
(Piszczek and Głowacka, 2005). Lighting with high level of blue light was useful for cucumber but not for tomato 
(Ménard et al., 2006). According to our researches, dry weight depends on hybrid of cucumbers. Cucumbers hybrid 
‘Mandy’ transplants’ which were grown under supplemental LEDs light above ground dry weight was bigger than 
transplants grown only under HPS lamps. However, above ground dry weight of cucumber hybrid ‘Mirabelle’ 
transplants lighted by supplemental green and blue LEDs, was smaller than transplants that were lighted only by HPS 
lamps. Liptay and others (1981) reported that stem diameter of tomato transplants is an indication of their vigor and, the 
accumulated reserves in tomato transplant stems enhance early fruiting. Our investigations showed that hypocotyls 
diameter of transplants of both cucumber hybrids grown under supplemental blue (505 nm and 530 nm) lights was the 
biggest. Our earlier investigations showed that supplemental green (520 nm) and orange (622 nm) light fasten the 
growth and development of cucumber hybrid ‘Mandy’ transplants (Brazaitytė et al., 2009). Our researches show 
transplants of both hybrids of cucumbers which were lighted by supplemental green LEDs were lower, leaf area was 
smaller, had less leaves than transplants which were lighted by supplemental blue LEDs. Hypocotyls diameter of 
cucumber ‘Mandy’ hybrid transplant lighted by supplemental green LEDs was bigger than lighted by supplemental blue 
LEDs. Hypocotyls length of cucumber hybrid ‘Mandy’ transplants increased under supplemental green LEDs. Hybrid 
‘Mirabelle’ reacted in the same way under supplemental blue LEDs.  

Chlorophyll is one of the photosynthetic pigments that absorb the light the plant needs. Chlorophyll biosynthesis 
requires light and its biosynthetic intermediates are involved in the regulation of chloroplast biogenesis (Hoober and 
Eggink, 1999). Li and other (2012) researchers’ data show the concentrations of chlorophylls in Chinese cabbage 
transplant was greatest under blue LEDs. Dougher and others (1998) show us that blue light fraction had positive effect 
not only on dry mass, but on chlorophyll content in lettuce as well. According to our data, accumulating of 
photosynthesis pigments in leaves of cucumbers transplants depended on hybrid (Fig. 1). In the leaves of cucumbers 
hybrid ‘Mandy’ transplants lighted by supplemental green LEDs the content of a and b chlorophylls was smaller than 
those which were lighted by supplemental blue LEDs. Contrary effect was determined in cucumber hybrid ‘Mirabelle’.  

In our experiment comparison of cucumber hybrids growth revealed differential effect of supplemental blue  
(455 nm and 470 nm) and green (505 nm and 530 nm) LEDs.  
 
Conclusions 

 
Supplemental blue and green LEDs lighting with high pressure sodium lamps increased transplant height and 

leaf area of both cucumber hybrid transplant. Number of leaves, dry weight and chlorophylls content depended on 
hybrid of cucumber. Blue 455 nm LED illumination had the greater impact for biometric parameters of transplants. 
Transplants of both hybrids were highest, above ground dry weight, leaf area were the largest, had most leaves. Blue 
LED illumination had a bigger impact for growing and development of transplants than green LED illumination. 
Supplemental LED illumination had positive influence only on cucumber ‘Mirabelle’ F1 photosynthetic pigment 
content. LED illumination had no impact for carotenoids content in leaves of both cucumber hybrid transplants.  
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Abstract 

 

Currently pumpkins are very popular vegetable containing a high nutritional value and simple cultivation technology. In Šakiai district farm, 
the pumpkin cv. ‘Rouge vif d’Etampes’ of Cucurbita Maxima genotype and cv. ‘Muscade de Provence’ of Cucurbita moschata genotype were grown 
for research. Standard methods were applied to identify the amount of moisture, crude fibre, vitamin C, potassium, nitrates and heavy metal residues 
in pumpkins’ peel and flesh. 

The highest amount of moisture was determined in pumpkins’ flesh of cvs. ‘Rouge vif d’Etampes’ (94.78%) and ‘Muscade de Provence’ 
(94.77%). It was established that the peel of ‘Muscade de Provence’ contains the highest amount of vitamin C (13.2 mg 100g -1) and the peel of 
‘Rouge vif d’Etampes’ contains the highest amount of crude fibre (23.16%) and potassium (181.8 g kg-1). It was carried out, that the least amount of 
nitrates was accumulated in the flesh of ‘Muscade de Provence’ pumpkins (140.9 mg kg-1). Residues of heavy metals cadmium and lead did not 
exceed the established standards, however, a particularly high amount of zinc (2.976 mg kg-1) was found in the peel of ‘Muscade de Provence’ 
pumpkins.  

Pumpkin fruit nutritional value and chemical pollution are influenced by agro-biological factors, meteorological and growth conditions and 
the most important – features of plant species and cultivar. 

Key words: pumpkins, chemical composition, heavy metals. 

 

Introduction 
 

 When developing economy and social welfare, humanity is constantly concerned about food safety and 
quality. In order to eat safe food, first of all there is a need to grow raw material of high quality and not to ruin them 
during the processing. Lithuania has made a lot of efforts and has achieved evident results in taking care of the entire 
chain of food safety and quality “from field to table”. In Agriculture and Rural Development Strategy (the Seimas of the 
Republic of Lithuania, 13 June, 2000, Order No. VIII-1728) there is the aim to provide the internal market for 
agricultural products of their own production. Lithuania is also obliged to develop a modern, competitive agriculture 
and food economy by European Community’s strategic guidelines for rural development for 2007–2013. In order for 
the country’s agriculture to remain the same, it is not enough to grow only traditional vegetables, it is necessary to 
encourage farmers to grow and supply the customers with less widespread but nutritionally valuable vegetables. 
Pumpkin is one of those vegetables (Paulauskienė, 2007). 

 Pumpkins are vegetables that are nutritious, dietary, containing a lot of biologically active substances and they 
are also valuable for their healing properties and simple cultivation technology. Recently, pumpkins in Lithuania are 
intensively grown. Therefore, it was interesting to research the biochemical composition and chemical pollution of the 
pumpkins, grown in the farm, which is well-known for the authors of the article.  

 The aim of the research – to investigate and evaluate the chemical composition and the amount of heavy 
metals’ residues in flesh and peel of various genotypes’ pumpkins. 

 The object – the pumpkin cv. ‘Rouge vif d’Etampes’ of Cucurbita Maxima genotype and cv. ‘Muscade de 
Provence’ of Cucurbita moschata genotype. 

 The objectives: 
 1. to evaluate the chemical composition of pumpkins. 
 2. to examine the amount of heavy metals’ residues in flesh and peel of  pumpkins. 

 
Methods and conditions 

 

 In 2012, in Šakiai district farm, the pumpkin cv. ‘Rouge vif d’Etampes’ of Cucurbita Maxima genotype and cv. 
‘Muscade de Provence’ of Cucurbita Moschata genotype – were grown for research. The soil in research area was 
drained by drainage and area relief was artificially levelled. The soil was a various granulometric composition and quite 
neutral. The preceding crop of pumpkins was winter wheat. 

 Experiments were carried out in two factors with three repetitions. In all the blocks of repetitions experiments were 
arranged randomly. The size of the recorded field – 4m2. The beginning of the planting – the end of May, the harvesting – at 
the end of September. Pesticides and additional micronutrient fertilizers were not used. Fertilization was local. The area was 
fertilized twice with NPK (11-11-24) fertilizer (Table 1), i.e. at the beginning of vegetation and two weeks later.  
 Standard methods were applied to establish the chemical composition in pumpkin peel and flesh: 

- the amount of moisture (LST ISO 751:2000); 
- the amount of ascorbic acid ( LST ISO 6557-2:2000); 
- the amount of crude fibre (Januškevičius, Mikulionienė, 2004); 
- the amount of potassium was determined by potentiometric method with potassium ion-selective electrodes 

(Methodological guidelines, 1990); 
- the amount of nitrates (LST ISO 6635:2003). 
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Table 1. Chemical composition of used fertilizer in per cent 

No. Name of characteristic Results 
1. Ammonium nitrogen 6.5 
2. Ammonium and nitrate nitrogen  10.8 
3. Total phosphorus 11.8 
4. Water soluble phosphorus 11.5 
5. Neutral ammonium citrate soluble phosphorus 11.8 
6. Potassium soluble in water 24.2 
7. Sulphur (S) 5.5 
8. Boron (B) 0.2 
9. Calcium (Ca) 2.9 

10. Magnesium (Mg) 0.0001 
11. Zinc (Zn) Not found 
12. Copper (Cu) 0.0032 
13. Iron (Fe) 0.76 
14. Manganese (Mn) 0.091 
15. Molybdenum (Mo) 0.0077 

 

The amount of heavy metals residues was determined by Atomic Absorption Spectrometer with electro thermal 
atomizer, inductively maintained atomic radiation spectrum. 

Researches were carried out in the laboratories of Food Raw Materials, Agronomical and Zoo technical 
Research and Plant Raw Material Quality Research of Agricultural and Food Sciences Institute of Aleksandras 
Stulginskis University and in Agrochemical Laboratory of the Lithuanian Research Centre for Agriculture and Forestry. 
Research data was statistically processed with Excel. The averages and standard deviations were calculated. 
 
Results 

 

 The results of 2012 have shown that the determined amount of moisture in the flesh of ‘Rouge vif d’Etampes’ 
and ‘Muscade de Provence’ pumpkins was very similar (respectively, 94.78% and 94.78%), although it was higher than 
in the peel (Table 2). 

It was scientifically proved that in the pumpkins of various species and cultivars, the accumulated amount of 
ascorbic acid significantly differs. The maximum amount of ascorbic acid was received in the peel of ‘Muscade de 
Provence’ cv. (13.2 mg 100 g-1) and in the flesh (10.56 mg 100 g-1). Respectively, in the ‘Rouge vif d’Etampes’ 
pumpkins the amount was 1.7 and 2.6 times smaller (Table 2). 

 According to Idouraine et al. (1996), the fibre content of plants depends on characteristics of cultivars. The 
analysis of these results showed that crude fibre flesh in tested pumpkin peel was significantly different and ranged 
from 16.38% to 23.16%. In ‘Muscalu de Provence’ pumpkin peel crude fibre content was 1.4 times lower than in the 
‘Rouge vif d Etampes’ peel (Table 2). 

The research has shown that the amount of potassium in ‘Rouge vif d Etampes’ peel  (181.85 g kg-1) and flesh 
(126.27 g kg-1) is higher than in ‘Muscalu de Provence’ peel (119.53 g kg -1) and flesh (95.27 g kg-1) (Table 2). 

The amount of accumulated nitrate is strongly influenced by the plant species. Having examined nitrates in 
grown pumpkins it was found that the smallest amount is accumulated in aromatic pumpkin flesh (140.98 mg kg-1) and 
a maximum in pumpkin peel, even 13 times higher (1836.2 mg kg-1) (Table 2). 

 
Table 2. The chemical composition of pumpkin fruits 

 
Table 3. Heavy metals in pumpkin fruits 

Heavy metals in pumpkin 

fruits mg kg-1 

‘Muscade de Provence’ pumpkins ‘Rouge vif d’Etampes’ pumpkins 

peel flesh peel flesh 

Cadmium (Cd) 0.002 0.011 0.002 0.002 
Lead (Pb) 0.00 0.003 0.00 0.00 
Chromium (Cr) 0.042 0.101 0.032 0.109 
Nickel (Ni) 0.053 0.221 0.035 0.064 
Copper (Cu) 0.605 0.792 0.563 0.607 
Zinc (Zn) 0.753 2.976 0.709 0.702 

 

The chemical composition of pumpkin 

fruits 

‘Rouge vif d’Etampes’ pumpkins ‘Muscade  de Provence’ pumpkins 

peel flesh peel flesh 

Moisture, %                                               89.64±0.09 94.78±0.03 92.73±1.03 94.77±0.20 
Vitamin C, mg 100 g-1 7.92±0.88 4.11±0.51 13.2±0.88 10.56±1.01 
Raw fibre, % 23.16±0.02 13.18±0.19 16.38±0.32 13.41±0.04 
The nitrate levels in fresh weight, mg kg-1 1836.19±101.65 775.35±32.33 889.98±14.64 140.98±16.06 

Potassium content, g kg-1 181.85±7.02 126.27±4.50 119.53±5.20 95.27±2.65 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

117 

In the European Union heavy metal residues regulated in vegetables only: lead - maximum permissible 
concentration (MPC) – 0, 1 mg kg-1 (vegetables, except brassica and leafy vegetables, fresh herbs, and mushrooms), and 
cadmium – MPC – 0.05 mg kg-1 (vegetables and fruit, excluding leaf vegetables, fresh herbs, mushrooms, stem 
vegetables, pine nuts, root vegetables and potatoes) (Commission Regulation (EC) No. 1881/2006). For all other heavy 
metals in vegetables the proposed MPC is for guidance only. After the research it was found that these metals in 
pumpkin flesh and peel do not exceed MPC. However, especially high zinc (2.976 mg kg-1) was found in aromatic 
‘Muscade de Provence' pumpkin meat (Table 3). 

 
Discussions  
 

The amount of dry matter in plants determines the quality of the harvest. It is claimed, that dry matter 
accumulation is 75% determined by the cultivars’ genetic characteristics, 14% by meteorological conditions and 11% – 
by other factors. Pumpkins fruit contains about 6–20% of dry matter. This amount depends on various factors, the most 
important of which are: ripeness, technology of growing, the amount of assimilated minerals and water (Seroczyńska et 
al., 2006). The research has shown that the amount of dry matter in the peel of 'Rouge Vif d'Etampes' was 10.4%, in the 
flesh – 5.2% and in the peel of ‘Muscade de Provence’ – 7.3%, in the flesh – 5.2%. According to the received data, it 
can be claimed that the amount of dry matter is determined by the genetic characteristics of pumpkins. 

The amount of vitamin C in pumpkins varies. It depends on the ripeness of fruit, on climatic conditions, 
pumpkin type, storage conditions and also on the amount of ascorbinase in pumpkin flesh. On the average, the amount 
of this vitamin in pumpkins varies from 8.0 – 12.0 mg 100g-1. Collagen synthesis is an important function of vitamin C. 
Vitamin C has an antioxidant effect. This vitamin is directly related to amino acids, other vitamins and hormones. It 
converts inactive folic acid into an active one, plays an important role in calcium and iron metabolism, protects vitamins 
A and E from oxidation, in such a way keeping the organism from free radicals. Vitamin C strengthens the immune 
system, increases the body’s resistance to cold and infectious diseases, has anti-cancer properties. It helps to form the 
body’s innate and acquired immunity to infectious diseases (Šaltenienė, 1982; Elmadfa, 1999; Paulauskienė, 2005). The 
amount of ascorbic acid depends on the genetic characteristics and growing conditions of the plant. Small amount of 
ascorbic acid may be found in pumpkins. However, researchers have shown that the accumulated amount of ascorbic 
acid differs in pumpkins of various species and cultivators (Oandey, 2003). According to the performed research it is 
seen that he maximum amount of vitamin C, 13.2 mg 100g-1) was accumulated in the peel of ‘Muscade de Provence’ 
pumpkins, whereas in ‘Rouge vif d’Etampes’ – 7.92 mg 100 g-1. When comparing the pumpkin flesh, it may be noticed 
that ‘Muscade de Provence’ pumpkins tend to accumulate larger amount of ascorbic acid. 

Fibre positively influences physiological processes in humans and animals. Its amount in pumpkins depends on 
the species, cultivar and physiological ripeness. The amount of crude fibre depends on genotype characteristic 
(Kunachowicz et al., 2005). Research results support the claim that cultivar features affect the amount of fibre. Their 
largest amount was found on the peel ‘Rouge vif d Etampes’ pumpkins (23.16%). In aromatic pumpkins amount of 
crude fibre was 1.4 times smaller (16.48%). 

Although potassium in the plant is not included in any of organic compounds, it is important in the processes of 
osmosis, it maintains favourable cell protoplasm physical-chemical properties: elasticity, viscidity and wateriness. Its 
shortage reduces photosynthetic productivity. Potassium and nitrogen are particularly important elements in plant 
growth control and the correct functioning of water system (Tretjakov, 2000). Pumpkin is rich in potassium salts – 222-
383 g kg-1 ( Rubatzky, Yamaguchi, 1997). The results have shown that ‘Rouge vif d’Etampes’ pumpkins tend to 
accumulate larger amount of potassium: 1.5 times more in the peel and 1.3 times more in the flesh. 

In Lithuania, nitrate level in pumpkin fruit is not regulated. In the flesh of pumpkins, grown in Lithuania, 
Danilčenko (1997) and Trečiokaitė (1997) have found 91-230mg kg-1 nitrates. Nitrate accumulation is influenced by the 
plant species. The largest amount of nitrates is accumulated in roots, stems and stalks, i.e. in those places where nutrient 
transport takes place. A maximum of nitrates accumulates in small, not sufficiently grown pumpkins. For this research, 
pumpkin fruits were selected randomly. Some small pumpkins of both researched cultivars were also included in the 
sample. According to the received data, the highest nitrate accumulation was found in the peel of ‘Rouge vif 
d’Etampes’ pumpkins – 1836.2 mg kg-1. It is though that this amount was influenced by the cultivar, meteorological 
conditions, harvesting period and soil drainage system. In the growing area, the drainage system did not work properly. 
There were such places in the research field, where water stayed longer. However, pumpkins are not of those 
vegetables, which tend to accumulate large amount of nitrates. While analysing the amount of nitrates in aromatic 
pumpkins, it is seen that these quantities are much smaller, i.e. in the peel – 889.9 mg kg-1, in the flesh – 140.9 mg kg-1. 

 Plants best absorb heavy metals by the form of exchange. It is investigated that heavy metals in plant increase 
in the following order: Cd>Pb>Zn>Cu depending on their mobility and the amount in the soil, however, a reliable 
connection between their amount in soil and plants was not established. Most of the heavy metals get into plant’s root 
from the soil and into leaves – from the atmosphere. Roots are more sensitive to the effect of heavy metals than the over 
ground part (Öncel et al., 2000). Consequently, the ratio of roots and stems decreases. Also, heavy metals’ 
bioavailability depends on the plants species and ability to absorb metals. Up to a certain concentration, some of the 
higher plants may themselves regulate the absorption of metals, for instance, in order to protect themselves from the 
effect of Cd, plants can change the medium pH in the rhizosphere. They increase soil pH during the absorption of not 
NH4

+, but NO3
2- (Nyguist, Greger, 2009). Mostly plants accumulate cadmium, less – zinc, copper and the least - 

manganese, nickel, chromium. As it has been mentioned before, according to COMMISSION REGULATION (EC) No. 
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1881/2006, heavy metal cadmium and lead residues in the fruit of analysed pumpkin varieties did not exceed the 
maximum permissible concentration. 

 However, it was carried out in the research that in the flesh of ‘Muscade de Provence’ pumpkins the amount of 
zinc is higher – 2.9 mg kg-1. 
 
Conclusions 

 

Most of ascorbic acid in pumpkin peel (13.2 mg 100 g-1) and flesh (10.56 mg 100 g-1) and a minimum of nitrate 
(equivalent to 889.98 mg kg-1 and 140.98 mg kg-1) was found in ‘Muscade de Provence’ fruits.  

The maximum potassium in pumpkin peel and flesh (respectively 181.9 g kg-1 and 126.3 g kg-1), and crude fibre 
content (23.16%) was found in ‘Rouge vif d’Etampes’. 

Heavy metal residues in the fruit of analysed pumpkin varieties did not exceed the maximum permissible 
concentration. 
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Abstract 

 

The varieties of potatoes, which tuber flesh has blue colour, are not widely known in our country. However, the interest of such kind of 
potatoes due to their antioxidant compounds: polyphenols (anthocyanin, leucoanthocyanin,  catechin) and vitamin C, is rapidly increasing.  

The aim of the study was determine the content of the main antioxidant compounds and  the total water-soluble antioxidant content of  potato 
tubers with blue flesh. 

Varieties of potatoes such as ‘Blue Congo’ and ‘Vitelotte’, which flesh of the tuber had blue colour, have been investigated. Research results 
showed that the amounts of anthocyanins and leucoanthocyanins were substantially higher in ‘Vitelotte’ potato tubers. Catechins content essentially 
1.7 times higher was in ‘Blue Congo’ potato tubers than in ‘Vitelotte’. The amount of vitamin C and the total water-soluble antioxidant content of 
potato tubers of both genotypes was similar, significant differences were not identified. 

Key words: potatoes, blue colour of tubers‘ flesh, antioxidants. 

 
Introduction 

 

Recently more and more attention is being given to the research of natural products and the plants which 
accumulate bigger amounts of antioxidant compounds. The majority of these compounds is nutritional and 
pharmacological importance which influence quality, taste and colour of vegetative raw. 

Red and blue coloured potatoes, in particular, have attracted the attention of investigators as well as consumers 
due to their taste, appearance, and high level of antioxidant activities. Antioxidant activities in colored potatoes are 
associated with the presence of polyphenols and ascorbic acid (Vitamin C) (Lachman et al., 2000). Therefore,  these 
potatoes have the potential to be one of the richest sources of antioxidants in the human diet (Lachman et al., 2005). 
Studies have indicated that blue fleshed potatoes are rich in certain antioxidants such as polyphenolics and contain high 
amounts of nutrients compared to white/yellow fleshed potatoes (Jang et al., 2011).  

Polyphenols are one of the most important functional components of plants, so they were analysed in detail. Pro-
health properties of phenolic compounds are demonstrated by their ant carcinogenic and ant mutagenic activity, as well 
as cardiovascular protective effect, connected mainly with decreased cholesterol concentration in plasma and prevention 
of arteriosclerosis (Gumul et al., 2011). In potatoes flavonoids are the most characteristic polyphenols (Dixon et al., 
1995).  

Coloured potatoes provide a natural source of anthocyanins (Kosieradzka et al. 2004). Interest in anthocyanin 
pigments has increased recently, due to the range of colours of their molecules, with their possible applications as 
natural dyes and also potential health benefits as dietary antioxidants (Lachman, et al., 2009). Anthocyanins content in 
blue fleshed potatoes is two to three times higher than in white-fleshed potatoes (Brown et al., 2003; Hejtmankova et. 
Al., 2009; Lachman et al., 2005). A positive correlation between the antioxidant activity and the content of total 
polyphenols and anthocyanins was found, concluding that these compounds play an essential role in antioxidant 
capacity of potatoes (Reyes et al., 2005). Among free phenolics in potatoes  is also included  catechin (Mendez et al. 
2004). 

Vitamin C (ascorbic acid) is the most important vitamin in potatoes. It shows important physiological activity in 
humans, eg. as an antiscorbutic factor and one of the important natural antioxidants (Hamouzet et al., 2007). Brown 
(2005) reported an average level of 20 mg 100 g-1 fresh mass (f.m.), which may account for up to 13% of the total 
antioxidant capacity of tuber. 

The aim of the study was determine the content of the main antioxidant compounds and  the total water-soluble 
antioxidant content of  potato tubers with blue flesh. 

The object of the research – potato varieties with blue flesh 'Blue Congo' and 'Vitelotte'. 
 

Methods  

 

Two species of potato with blue tuber flesh were tested: ‘Blue Congo’ and ‘Vitelotte’. Laboratory sample 
comprised 5 kg. Chemical analyses were conducted  in the Immanuel Kant Baltic Federal University (Kaliningrad). 

The concentration of the anthocyanin pigments was determined spectrophotometrically in 1% hydrochloric acid 
aqueous extract at 510 nm, after the homogenate was centrifuged at 4500 g for 30 min. To adjust for the maintenance of 
green pigments the optical density obtained with extracts wavelength 657 nm. Anthocyanin content was calculated from 
the amount of cyanidin-3,5-diglikozidu (Chupakhina et al., 2010). The absorption of these pigments were determined 
using a spectrophotometer "SF-2000".  The absorption of these pigments was determined using a spectrophotometer 
"SF-2000" (ZAO "OKB SPECTRUM", Russia). 

Vitamin C was measured according to titrometrical method ( Ермаков et al., 1972). 
Amounts of catechins and leucoanthocyanin was measured according to Yashin  et al. (2007) method. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gumul%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22232530
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Total water-soluble antioxidant content was measured according to Yashin et al. (2004) method.  
The experimental data means and standard errors, determined by MS Excel. For the evaluation of date 

significance there were used statistic program Anova (Tarakanovas et al., 2003). 
 

Results 

 

According to many authors (Leszczyński, 2000, Jarienė, 2009) potato is the major vegetable throughout the 
world. In Lithuania the potatoes are still looked upon as a source of starch, and about the accumulated antioxidant 
compounds almost not mention. However potatoes with blue flesh can be a viable and alternative raw material to 
produce higher value-added food products, due to their antioxidant properties containing compounds, which is 
dominated by various polyphenols and vitamin C. 

Anthocyanins, a group of polyphenols compounds, are some of the most extensive natural pigments, responsible 
for the red, purple and blue colours of fruits, vegetables and flowers. Different colored potatoes contain different 
amounts of various kinds of anthocyanins depending on genotypes and locations (Brown et al., 2003; Jansen et al., 
2006; Andre et al., 2007).  Our research showed that total anthocyanin content essentially 1.3 times higher was in 
‘Vitelotte’ potato tubers than in ‘Blue Congo’ – this can be explained by a more intense 'Vitelotte' tubers flesh color 
(Figure 1). 

 

                                         
Figure 1. Total anthocyanins content in tubers of potatoes Vitelotte’ and ‘Blue Congo’ cv. 

 *– means market with different letters differ reliably when p<0,05 

 
An important subgroup of polyphenols are leucoanthocyanins (flavan-3,4-diols). These flavonoids help to 

strengthen blood vessels, increasing the tone and elasticity of capillary walls and help to quench free radicals (Tsao et 
al., 2006). The result of our research showed that, the content of leucoanthocyanins of potato tubers of both genotypes 
was very different. Substantially more, namely 2.6 times of leucoanthocyanins, was accumulated in ‘Vitelotte’ than in 
‘Blue Congo’ potato tubers (Figure 2). 

 

                                               
Figure 2. Leucoanthocyanins content in tubers of potatoes Vitelotte’ and ‘Blue Congo’ cv. 
 *– means market with different letters differ reliably when p<0,05 
 

Catechins a group of  polyphenols compounds are known as very strong antioxidants, which can scavenge 
various forms of free radicals. They may prevent cardiovascular diseases, to lower the plasma cholesterol level, and to 
prevent platelet aggregation  (Williamson et al, 2005). Our research showed that catechins content essentially 1.7 times 
higher was in ‘Blue Congo’ potato tubers than in ‘Vitelotte’ (Figure 3). 
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Figure 3. Catechins content in tubers of potatoes Vitelotte’ and ‘Blue Congo’ cv. 
*– means market with different letters differ reliably when p<0,05 
 

Vitamin C is a crucial nutrient in the human diet. It performs many physiological functions in its primary roles 
as an electron donor and antioxidant (Love et al, 2008). The research performed by us indicates that the amount of 
vitamin C of potato tubers of both genotypes was similar, significant differences were not identified, and it was equal to 
39,60 mg % ‘Blue Congo’ and 42,53 mg % ‘Vitelotte’ tubers (Figure 4). 

 

                    
Figure 4. Vitamin C content in tubers of potatoes Vitelotte’ and ‘Blue Congo’ cv 

*– means market with different letters differ reliably when p<0,05 
 

Other researchers studies showed that potatoes with coloured flesh are significant source of natural antioxidants 
and exhibit antioxidant activity ( Reyes et al. 2005, Nara et al. 2006, Navarre et al. 2011, Zarzecka et. al 2011). High 
antioxidant activity (AOA) of these potatoes  is associated with the high total anthocyanin content, but also depend on the 
representation of individual anthocyanins and other antioxidants contained in potato tubers (Hamouz et al., 2011). Results 
of our research showed that total content of water-soluble antioxidants in both genotypes of potato tubers were similar, 
significant differences have not been found, and it was equal to 118 mg 100 g-1 ‘Blue Congo’ and 106 mg 100 g-1 
‘Vitelotte’ tubers (Figure 5).  
 

                                            
Figure 5. Total Content of antioxidants in tubers of potatoes Vitelotte’ and ‘Blue Congo’ cv. 100 g-1 

*– means market with different letters differ reliably when p<0,05 
 

Summarizing the results it can be stated that, biologically active compounds, which were identified in potato 
varieties 'Vitolette' and  'Blue Congo' tubers with blue flesh are strong antioxidants. Therefore, these potatoes have the 
potential to be one of the richest sources of antioxidants in the human diet. 

 
Conclusions 

 

‘Vitelotte’ potato tubers were substantially higher in amount of anthocyanins and leucoanthocyanins. 
‘Blue Congo’ potato tubers were substantially higher in amount of catechins. 
The amount of vitamin C and the total water-soluble antioxidant content  of potato tubers of both genotypes was 

similar, significant differences were not identified. 
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Abstract  

 

Seeking to explaine the effect of different organic fertilizers (manure and alternative organic fertilizers) on organic matter content and other 
chemical properties of acid and limed  soil the study was carried out on the moraine loam soil at the Vezaiciai Branch of Lithuanian Research Centre for 
Agriculture and Forestry, during the period of 2011–2012. In the field trial were two soil backgrounds: acid and limed were used for incorporating the 
organic fertilizers (farmyard manure (60 t ha -1) and alternative organic fertilizers). Soil samples were taken from the topsoil (0–20 cm) every year 
after the harvest by three replicates. It was revealed that the different organic fertilizers and liming combination had a positive effect on moraine loam 
Dystric Albeluvisol fertility. Application of organic fertilizers  in acid and limed soil increases the nutrient stocks, increases pH value, amount of 
organic carbon and thus improves the topsoil structure and ensures soil chemical indicators at the optimal level for more plant growth 

Key words: Dystric Albeluvisol, organic fertilizers, soil organic carbon, chemical soil properties. 
 

Introduction  

 

Soil  organic  matter  (SOM)  is   the  most  important  indicator of  soil  quality   and  productivity   and  consists  
of  a  complex and  varied  mixture  of   organic  substances. Organic  matter  is  very   important  in  the  functioning  of  
soil  systems  for  many  reasons.  Soil  organic matter  increases  soil  porosity ,  thereby   increasing  infiltration  and  
water-holding  capacity   of  the  soil,  providing more  water  availability   for  plants  and  less  potentially   erosive  
runoff   and  agrochemical  contamination  (Lal  et  al.,1999). The soil organic fraction accounts for 50–90 % of the 
cation exchange capacity of mineral surface soils, which allows macronutrient cations (K,Ca, Mg) to be held in forms 
available to plants. Through, cation exchange capacity, organic matter also provides much of the soil pH buffering 
capacity (Brady, Well, 1999). Nitrogen, phosphorus, sulphur and micronutrients are stored as constituents of soil 
organic matter, which are slowly released  by mineralization, thus aiding plant growth. Humic acids are constituents of 
soil organic matter and these accelerate soil mineral decomposition, releasing macro- and micro- nutrients as 
exchangeable cations (Jachinthe et al., 2002; Jankauskas et al.,2007). 

The intensive anthropogenic effect – mechanical soil tillage, use of mineral fertilizers, especially nitrogen, 
nutrient leaching, shortage of organic fertilizers and other factors change the accumulation of organic matter and the 
transformation processes in the soil, where mineralization prevails and humification processes are inhibited 
(Tripolskaja, 2005; Slepetiene et al., 2007). Maintaining and increasing of organic carbon retention in soil is crucial, due 
to the importance of organic carbon in the preservation of soil fertility. A growing consensus therefore regards the 
reduction of soil management intensity as a viable means to increase soil organic matter (SOM) and limit mineralization 
and CO2 emission (Lal, 2011).  

There are many different ways to add organic matter to soil, but the greatest sources are plant residues and 
different organic fertilizers: manure, straw, green manure. The effect of organic fertilizers applications on soil organic 
matter status and soil chemical properties is of importance to agricultural sustainability and soil fertility. The scientific 
researches have already shown that manured and limed soil had a higher content of organic matter, the largest number 
of microfauna and was more enriched in P, K, Ca, Mg in topsoil than unlimed and unfertilized soil (Haynes, Naidu, 
1998; Kristaponyte, 2005; Repsiene, Skuodiene, 2010). When fertilising with organic fertilisers, they mineralise and 
create a nutrient reserve which can secure more consistent plant nutrition throughout the whole growing period, 
therefore the plants form vegetative and generative organs more intensively (Helander and Delin, 2004; Tripolskaja, 
2005). In fine-textured soils due to the high abundance of clay particles and poorer aeration, the mineralization of 
organic matter occurs more slowly and this determines the specific action of organic fertilisers and a longer period of 
nutrient release, compared with coarser-textured soils. This determines the specific organic fertiliser action to maintain 
soil potential productivity and to increase crop rotation productivity (Maiksteniene, 2002; Rasse et al., 2005). 

The aim of this research  is  to evaluate and compare the effect of different organic fertilizers (manure and 
alternative organic fertilizers) on organic matter content and other chemical properties of acid and limed  soil.  

Research methods 

The field experiment was conducted during the period of 2011–2012 at the Vezaiciai Branch of Lithuanian 
Research Centre for Agriculture and Forestry. The soil was - Dystric Epihypogleyic Albeluvisol (Jin – g0 (ABd – gld – 
w) (texture – morain loam (clay 13–15%). There were two soil backgrounds: acid and limed were used for 
incorporating the organic fertilizers. The experiment was done according to following design: 1) unlimed soil;  
2) unlimed soil + farmyard manure (60 t ha -1); 3) unlimed soil + alternative organic fertilizers; 4) limed soil (1n in 5 
years); 5) limed soil + farmyard manure (60 t ha -1); 6) limed soil + alternative organic fertilizers.  

The soil was limed at 1.0 rate to maintain optimal soil pH KCl (5.8 – 6.0). The amount of manure on an equal 
portion (60 t ha-1) was applied per rotation. Alternative organic fertilizers were applied every year. The mineral 
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fertilization in both acid and limed soil was the same: N60P60K60 for cereals, N60P60K60 for barley, N30P60K60 for lupine + 
oats mixture, N60P90K120 for rape, P60K90 for perennial grasses. 

Soil samples were taken randomly by using a steel auger from three replicates of the topsoil (0–20 cm) every 
year after the harvest. All samples were air-dried, visible roots and plant residues were manually removed. Then the 
samples were crushed, sieved through a 2-mm sieve and homogeneously mixed. For the analyses of SOM content the 
soil samples were passed through a 0.25-mm sieve. Chemical analyses were carried out at the Chemical Research 
Laboratory of Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry. Soil pH was 
determined in 1M KCl (soil – solution ratio 1:2.5) using a pH – meter IONLAB, mobile aluminium by Sokolov method. 
Soil total nitrogen (N) was determined by the Kjeldahl method, and soil total phosphorus (P) was determined 
spectrophotometrically using Cary 50 (Varian) after wet digestion procedure. Macroelements (K, Mg,Ca) contents were 
determined using an atomic absorption system AAnalyst 200 after wet digestion procedure. SOM content was 
determined by photometric procedure at the wavelength of 590 nm using the UV-VIS spectrophotometer Cary 50 
(Varian) equipped with computer program, and glucose as a standard after wet combustion according to Nikitin (1999) . 
Mobile humic substances were extracted by 0.1 M NaOH solution and determined according Ponomareva and 
Potnikova (1980). 

Statistical analysis was used to evaluate the significance of differences among the data sets and were determined 
using Fisher’s LSD 05 using the computer program ANOVA from the package Selekcija (Tarakanovas, Raudonius, 
2003). 

 
Results of research  

 

Soil organic matter accumulation is a slow process and considerably slower than the rate of decline. Fortunately, 
accumulation can be enhanced by positive farm management techniques, such as green manures and applications of 
farmyard manure. These techniques have also proved effective in increasing fertility and enhancing soil biodiversity 
(Lal, 2002). 

Many studies have shown that balanced application of organic manure plus inorganic fertilizers can increase 
SOC and maintain soil productivity  (Purakayastha et al., 2008. Gong et al., 2009;Powlson et al., 2012). Soil organic 
carbon  (SOC) content changes in this field experiment illustrate multiple influences of organic fertilizers on SOC 
dynamics (Fig.1). The lowest content of SOC (1.47 %) was found in unlimed, unfertilized soil (control treatment). In 
the liming system (1.0 rate to maintain optimal soil pH), the content of SOC increased by 0.2 persentage units compared 
with the control treatment. The highest amount of soil organic carbon  (1.92%) was obtained in the limed soil with  
farmyard manure. In the organic fertilization system, having incorporated farmyard manure (60 t ha -1) in the topsoil 
significantly increased by 0.44 persentage units compared with the control treatment. The reasons for the higher SOC in  
soils with  farmyard manure possibly due to the presence of more humified and recalcitrant C forms in animal manure 
as compared to the straw (Powlson et al., 2012). 
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Figure 1. The influence of organic fertilizers on SOC content in Dystric Albeluvisol 

Fertilization systems: 1) unlimed soil; 2) unlimed soil + farmyard manure (60 t ha -1); 3) unlimed soil + alternative organic fertilizers; 
4) limed soil (1n in 5 years); 5) limed soil + farmyard manure (60 t ha -1); 6) limed soil + alternative organic fertilizers.  
 

During the experimental period, the increase of SOC also was observed in the soil after incorporation of green 
manure. Incorporated green manure in limed soil, SOC content increased by 0.12 perc.units, in unlimed soil – 0.37 perc. 
units. Significant differences were established only in the limed soil after incorporation of alternative organic fertilizers. 

The labile and mobile fractions of humic substances play important role in the formation of aggregates, and 
because of their rapid turnover time they are the most sensitive to changes in soil management (Janzen, 2004). The 
lowest mobile humic acids (MHA) share 0.48 % in SOC was determined in the limed soil with alternative organic 
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fertilizers. Fig.2 shows that in limed soil with alternative organic fertilizers amendments the amount of MHA declined 
0.15 perc. units compared with unlimed soil.  

 

 
 

Figure 2. The influence of organic fertilizers on mobile humic acids(MHA) content in Dystric Albeluvisol. 

Fertilization systems: 1) unlimed soil; 2) unlimed soil + farmyard manure (60 t ha-1); 3) unlimed soil + alternative organic fertilizers; 
4) limed soil (1n in 5 years); 5) limed soil + farmyard manure (60 t ha -1); 6) limed soil + alternative organic fertilizers. 
 

High accumulation of SOM: 1.92; 1.59 % in the limed soil with incorporation of farmyard manure or alternative 
organic fertilizers, respectively, and small relative content of mobile humic acids  in SOM demonstrates high stability of 
humic substances there. 

The main soil chemical properties influencing crop productivity are soil acidity and the amount of mobile 
aluminium. The effect of manure  or green manure to change these acidity indicators depends on the manure amount, its 
incorporation periodicity and soil texture. Soil liming had a significant possitive effect on soil acidity index (Table 1): 
pH increased by 1.83 units, removes mobile aluminium (0.00 mg kg -1) in comparison with unlimed soil.  

Farmyard manure and alternative organic fertilizers neutralize soil acidity. Manuring with 60 t ha-1 significantly 
improves the soil chemical status: it increases the soil pH, decreases the amount of mobile aluminium compared with 
unfertilized soil. The amount of mobile aluminium in unlimed soil  was reduced from 105.0 to 5.76 mg kg-1 if manure at 
a rate 60 t ha-1 was applied. The largest soil acidity neutralizing effect results from the combination of manuring and 
liming, when after incorporation the farmyard manure and green manure in limed soil, pH increased 2.07; 1.98 units 
respectively. 
 
Table 1. Effect of manuring and liming combination on topsoil chemical properties 

Treatments pH KCl Mobile Al, mg kg -1 Total N, % Total P, % 

1) unlimed  4.01 105.00 0.11 0.06 
2) unlimed + farmyard 
manure (60 t ha -1) 

4.58* 5.76 0.14* 0.08* 

3) unlimed + alternative 
organic fertilizers 

4.29* 42.74 0.13* 0.07 

4) limed  (1n in 5 years) 5.84* 0.00* 0.12* 0.07 
5) limed  + farmyard 
manure (60 t ha -1) 

6.08* 0.00* 0.14* 0.08* 

6) limed  + alternative 
organic fertilizers 

5.99* 0.00* 0.13* 0.07 

* Significant at  95 % probability level. 
 

The limed soil with farmyard manure had a higher nitrogen (0.143%)  and phosphorus (0.084 %) content 
compared to the other treatments (Table 1). The lowest total nitrogen (N) content (0.11 %) was established in unlimed 
soil (control treatment) and in limed soil (1.0 rate).  The nitrogen content in limed and unlimed soil after incorporation 
the farmyard manure and green manure were similar, 0.14% and 0.13% respectively. The same tendency was observed 
analysing phosphorus (P) content in soil. There were observed similar phosphorus content in limed and unlimed soil 
after incorporation the farmyard manure and green manure: 0.08 % and 0.07 % respectively. Statistically significant 
differences were observed in unlimed soil +farmyard manure and in limed soil +farmyard manure. 

The C/N ratio is an important indicator of soil quality and microbial activity. The C/N ratio of the organic 
residues added to the soil influences the rate of organic matter decomposition and these results in the release 
(mineralization) or immobilization of soil nitrogen. In our research, the C/N ratio of soil varied from 12.1 (limed 
soil+alternative organic fertilizers) up to 13.8 (unlimed soil+ farmyard manure). Significant differences were 
established in unlimed and limed soil after incorporation of farmyard manure and in unlimed soil + alternative organic 
fertilizers. 
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Table 2. Effect of manuring and liming combination on C:N, C:P ratio 
Treatments C:N C:P 

1) unlimed  12.2 21.5 
2) unlimed + farmyard manure (60 t ha -1) 13.3 * 22.8 
3) unlimed + alternative organic fertilizers 13.8 * 26.1 * 
4) limed  (1n in 5 years) 12.9 22.4 
5) limed  + farmyard manure (60 t ha -1) 13.4 * 22.7 
6) limed  + alternative organic fertilizers 12.1 22.3 

* Significant at  95 % probability level. 
 

The C/P ratio was much higher compared to C/N ratio, and varied from 21.5 (the unlimed soil) up to 26.1 (the 
unlimed soil after incorporation the alternative organic fertilizers). 

It is already shown that manured and limed soil had a the largest number of microfauna and was more enriched 
in K, Ca, Mg in topsoil than unlimed and unfertilized soil. Other research finds that the soil amended with 60 g manure 
kg-1 had three or four times more plant-available P and K than unamended soil (Whalen et al., 2000). Manure enriches 
the soil with nutrition, depending on the crop type and productivity, soil texture and agro-climatic conditions. The soil is 
the buffer system so the changes of nutrition show up over a long time period (Tripolskaja, 2005). 

Significant increase of the amount of calcium was determined in all limed soil treatments (Table 3). The highest 
amount of Ca (0.004 %) was found in limed soil with farmyard manure amendments. The soil liming and fertilization 
had no significant effect on the amount of Mg in soil. 

 
Table 3. Effect of manuring and liming combination on the amount of nutrition (Ca, Mg, K).   

Treatmens 
Ca  Mg K 

% 

1) unlimed  0.001 0.192 0.465 
2) unlimed + farmyard manure (60 t ha -1) 0.002 0.199 0.508 * 
3) unlimed + alternative organic fertilizers 0.001   0.194 0.487 
4) limed  (1n in 5 years) 0.003 * 0.216 0.436 
5) limed  + farmyard manure (60 t ha -1) 0.004 * 0.227 0.482 
6) limed  + alternative organic fertilizers 0.003 * 0.181 0.479 

* – Significant at  95 % probability level 
 

Manuring increased the amounts of K in the soil. The largest increase of K (0.508 %) was obtained in the soil 
manured with 60 t ha-1. 

 
Conclusions 

 

Amendments of farmyard manure and green manure significantly increased soil organic carbon content 
compared to unfertilized, unlimed soil. The highest SOC content (1.92%) was established in the limed soil after 
incorporation of farmyard manure. These results demonstrate the positive role of organic fertilizers in SOC 
conservation. 

The effect of organic fertilizers on the mobile humic acids was evaluated. The lowest MHA amount was 
determined in the limed soil with green manure, and the highest in the unlimed soil + alternative organic fertilizers. 

Manuring with 60 t ha-1 significantly improves the soil chemical status: it increases the soil pH (from 4.01 to 
6.08), decreases the amount of mobile aluminium (from 105.00 to 0.00 mg kg -1) compared with unfertilized soil. 

The limed soil with farmyard manure had a higher nitrogen (0.143%)  and phosphorus (0.084 %) content 
compared to the other treatments. The lowest total nitrogen (N) content (0.11 %) was established in unlimed soil 
(control treatment) and in limed soil (1.0 rate).   

Manured and limed soil was more enriched in K, Ca in topsoil than unlimed and unfertilized soil. Significant 
increase of the amount of calcium was determined in all limed soil treatments. The highest amount of Ca (0.004 %) was 
found in limed soil with farmyard manure amendments. The soil liming and fertilization had no significant effect on the 
amount of Mg in soil. Manuring increased the amounts of K in the soil. The largest increase of K (0.508 %) was 
obtained in the soil manured with 60 t ha-1. 
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Abstract 

 

Among the environmental stresses, drought stress is one of the most adverse factors of plant growth and productivity. This study was carried 
out to evaluate influence of substrate humidity on proline and soluble sugars levels in the leaves of pea. The proline and soluble sugars content did not 
change very much in control plants during the entire period of investigation, while in drought treated plants, proline content increased dramatically as 
well as soluble sugars level. Relative water content of leaves was about 64% under control condition, while the drought treatment caused a decrease in 
RWC to 15%. The correlation-regression analysis of our data revealed a very strong relationship between substrate water content and proline content 
as well as between peat water content and soluble sugar content in leaves. 
 

Introduction  

 

Drought or water deficit stress is the major environmental factor that negative impacts agricultural yield 
throughout the world (Selote, Khana-Chopra, 2004). To cope with drought stress, plant respond with physiological and 
biochemical changes. These changes aim at the retention of water in spite of the high external osmoticum and the 
maintenance of photosynthetic activity, while stomatal opening is reduced to counter water loss (Parida et al., 2007). 
Generally drought stress occurs when the available water in the soil is reduced and atmospheric conditions cause 
continuous loss of water by transpiration or evaporation. Drought stress is characterized by reduction of water content, 
diminished leaf water potential and turgor loss, closure of stomata and decrease in cell enlargement and growth (Jaleel 
et al., 2009). Severe water stress may result in the arrest of photosynthesis, disturbance of metabolism and finally the 
death of plant (Jaleel et al., 2008). Many plants cope with osmotic stress by synthesizing and accumulating some 
compatible solutes, which are termed as osmoprotectants or osmolytes. These compounds are small, electrically neutral 
molecules, which are non-toxic even at molar concentrations (Alonso et al., 2001). During osmotic stress, plant cells 
accumulate solutes to prevent water loss and to re-establish cell turgor. The solutes that accumulate during the osmotic 
adjustment include ions such as K+, Na+, and Cl- or organic solutes that include nitrogen-containing compounds, such as 
proline and other amino acids, polyamines and quaternary ammonium compounds like glycine betaine (Tamura et al., 
2003). Other osmolytes, which are produced in response to stress, include sucrose, polyols, sugar alchohols, and 
oligosaccharides. The organic solutes are compatible with cellular processes and accumulate to high levels in the 
cytosol with increasing drought. Production of osmolytes is a general way to stabilize membranes and maintain protein 
conformation at low leaf water potentials (Szabados, Savoure, 2009). The synthesis and accumulation of osmolytes 
varies among plant species as well as among different cultivars of the same species. Osmolytes play a major role in 
osmotic adjustment and also protect the cells by scavenging ROS (Pinhero et al., 2001). Various organic compatible 
solutes that effectively take part in plant stress tolerance include proline, glycine betaine, trehalose and several others 
(Ashraf, Foolad 2007; Nawaz, Ashraf, 2010; Ali, Ashraf, 2011). Normally, proline accumulation in plants is in response 
to drought or salinity stress occurs in the cytosol where it contributes substantially to the cytoplasmic osmotic 
adjustment (Chaves et al., 2003). Proline is also known to be involved in reducing the photodamage in the thylakoid 
membranes by scavenging and/or reducing the production of O2. Proline accumulation in plants is caused, not only by 
the activation of proline biosynthesis, but also by the inactivation of proline degradation, thereby resulting in a decrease 
in the level of accumulated proline in rehydrated plants. It can also infer that proline acts as a free radical scavenger and 
may be more important in overcoming stress than in acting as a simple osmolytes (Reddy et al., 2004). Besides, proline 
and soluble sugars may protect membranes from damaged and stabilize the structures and activities of protein and 
enzymes (Lee et al., 2008; Ben Ahmed et al., 2009; Hessini et al., 2009) 

The aim of the study was to evaluate the effect of peat water content on proline and soluble sugars content in pea 
(Pisum sativum L.). 
 
Material and methods 

 

The study was carried out during 2013 at the Agrobiotechnology Laboratory, Aleksandras Stulginskis 
University. Five plants of pea cultivar “Ilgiai” per vegetation pot 0.16 m x 0.23 m (height x diameter) with substrate 
were growing in a growth chamber at 20/18ºC (day/night), under illumination 50 µmol m-2 s-1, photoperiod 16/8 h 
(day/night). The plants were submitted to two conditions: control and drought stress. The control plants were normally 
irrigated. The appropriate amount of water for the control plants was determined during the pre-experiments. Drought 
treatment was started three weeks after germination. Substrate core (10 cm) samples were taken using a cylindrical cork 
borer (1.4 cm diameter and 10 cm length) every second day. Substrate water content was measured gravimetric by 
weighing the samples immediately after it was sampled and after drying them to a constant weight. Substrate water 
content (SWC) was calculated as: SWC (%) = [wet weight – dry weight / dry weight] x 100. The relative water content 
(RWC) of leaves was measured according to Barrs and Weatherley (1962). Immediately after sampling, leaves were 
weighed and then immersed in distilled water for 4 h at room temperature. The leaves were then blotted dry and 
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weighed prior to oven drying at 80°C for 48 h. The relative water content of leaves was calculated using the following 
formula: RWC = [(FW – DW)/(TW – DW)] × 100, where FW is the fresh weight, DW is the dry weight, and TW is the 
turgid weight (weight after the leaf was kept immersed in distilled water for 4 h). Total soluble sugars (reducing and 
nonreducing) were extracted from 0.5 g fresh weight of leaves in 85% ethanol. After incubation of the extract mixed 
with anthrone reagent (0.15% [w/v] anthrone, 72% [v/v] H2SO4, 28% [v/v] H2O) at 100 ºC for 10 min, absorbance of 
the colored product was measured at 625 nm and compared with a standard curve made with glucose (Yemm, Willis, 
1954). Total soluble sugar values are expressed as glucose equivalents. A “Spectro UV-VIS Dual Beam” (Labomed Inc, 
USA) spectrophotometer was used for the analysis. Proline content was determined using a revised ninhydrin method 
(McClinchey, Kott, 2008). Eight 7 mm diameter leaf discs per plant were obtained using single hole punch and placed 
into pre-weighed glass vials on a bed of ice and weighed to obtain the sampled leaf weight. Two ml of distilled water 
were added and placed in a boiling water bath for 30 min, then cooled to room temperature. One hundred µl of the 
sample that contains hot water soluble compounds was mixed with 400 µl of distilled water and 1 ml of acid ninhydrin 
into a new vial. Separate vials were prepared in duplicate with 1 mM L-proline solution as a standard. These mixtures 
were boiled for 20 min in a boiling water bath and then cooled on a bed of ice. Three ml of toluene was added to each 
vial and shaken vigorously. The vials were placed in the dark for 2 h and the chromophore formed was transferred into 
a quartz cuvette, absorbance was measured at 520 nm on the spectrophotometer “Spectro UV-VIS Dual beam” 
(Labomed Inc, USA). RWC, proline and soluble sugars were evaluated every second days. The drought-stressed plants 
were re-irrigated after 12, 14 and 16 days without watering. 

The least significant differences of the results were computed using the software STAT. Mean value and 
Standard error (SE) for each treatment were calculated based on the number of independent replication (Tarakanovas, 
Raudonius, 2003). Mean value and standard error (SE) for each treatment were calculated based on the number of 
independent replication. Correlation-regression analyses were performed using STATISTICA 10 software (Hill, 
Levicki, 2006). 
 
Results and discussion  

 

It has been reported that proline content in leaves of many plants are enhanced by several stresses including 
drought stress (Abdel-Nasser, Abdel-Aal, 2002; Parida et al., 2002, Parida et al., 2007). Thus, we monitored the proline 
level in leaves of peas during drought period. The proline content did not change very much in control plants during the 
entire period of investigation, while in drought treated plants, proline content increased dramatically (Fig. 1). 
 

 
Figure 1. The effect of substrate water content on proline level in the leaves of Pisum sativum 

 
Our results of drought-induced dramatic increase in proline contents in leaves of pea agree with other research 

reports of accumulation of proline as a compatible osmolytes during drought exposure (Ain-Lhout et al., 2001; Nayyar, 
Walia, 2003; Kavi-Kishor et al., 2005; Ali et al., 2013). Significant, very strong linear correlation between substrate 
water content and proline level (P < 0.01; r = -0.87) was established. After recovery from drought, the proline content in 
leaves significantly decreased and was almost equal to control (data not shown). Parida et al. (2007) proposed that 
increased accumulation of proline in cotton under drought stress might be due to the decreased activity of proline 
dehydrogenase, a catabolic enzyme of proline. Our results show that the increase of proline content during water stress 
is an adaptive mechanism in Pisum sativum.  

It was been documented that sugar level are also affected by different stress (Kerepesi, Galiba, 2000; Prado et 
al., 2000; Parida et al., 2007). In our study decreasing of substrate moisture content resulted in increasing of total 
soluble sugar content (Fig. 2). The correlation-regression analysis of our data revealed a very strong linear relationship 
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between substrate water content and soluble sugar content in leaves (P < 0.01; r = -0.94). Upon recovery from drought, 
soluble sugar content significantly decreased and was statistical not significant to the control plants. 
 

 
Figure 2. The effect of substrate water content on soluble sugars in the leaves of Pisum sativum 

 
Relative water content (RWC) is considered a measure of plant water status, reflecting the metabolic activity in 

tissues and used as a most meaningful index for dehydration tolerance. RWC related to water uptake by the roots as 
well as water loss by transpiration. A decrease in the RWC in response to drought stress has been noted in wide variety 
of plants (Nayyar, Gupta, 2006). In our experiments RWC of leaves was about 64% under control condition, while the 
drought treatment caused a decrease in RWC to 15% (Fig. 3).  
 

 
Figure 3. The effect of substrate water content on RWC of leaves 

 
Statistically significant linear relationship between substrate water content and RWC of leaves was established 

(P < 0.01; r = 0.93). However, RWC recovered to control value after 2 days of rehydratation. Despite the decrease in 
RWC during moisture deficit, leaves growth resumed after the eliminating of drought treatment, which means that the 
basic components of leaves was not damaged completely perhaps due to accumulation of compatible solutes. 
 

Conclusions 

 

Increase of proline content during water stress is an adaptive mechanism in Pisum sativum. The proline content 
did not change very much under normal water content of the substrate while under drought stress proline content 
increased significantly.  

Total soluble sugar content significantly increased under drought stress conditions, though upon recovery from 
drought, soluble sugar content significantly decreased and was comparable to the control plants. 

Relative water content (RWC) of leaves was about 64% under normal substrate water content, while the drought 
stress caused a decrease in RWC to 15%.  
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Abstract 

 

The paper deals with the dynamics of photosynthetic pigments in winter wheat during wintering season. Field experiments were performed 
during 2009–2011 period at the Experimental Station of the Aleksandras Stulginskis University (Akademija, Kaunas distr., Lithuania) in carbonate 
shallow gleyic leached soil (Idg8-k), Calc(ar)i-Epihypogleyic Luvisols (LVg-nw-cc). The objects of investigation: winter wheat cultivars ‘Ada’ and 
‘Tauras DS’. During the sowing time complex fertiliser (N32P80K120) was used, and calcium ammonium nitrate (N60) was used at the stage of spring 
tillering. In addition, foliar fertilizer urea solution (N30, N40) was given during the booting stage and (N15, N30) was given at the milk ripening stage. 
The experiment revealed that wheat wintering conditions were more favourable in 2009–2010 than in 2010–2011. The highest amount of 
photosynthetic pigments was established in autumn-winter period. In December the ‘Ada’ leaves accumulated (chlorophyll a – 1.766 mg g-1, 
chlorophyll b – 0.553 mg g-1) and those of ‘Tauras DS’ – (chlorophyll a – 1.927 mg g-1, chlorophyll b – 0.594 mg g-1). The greatest amount of 
carotenoids was found also in December. The wheat cultivar ‘Ada’ tends to accumulate larger amounts of photosynthetic pigments during wintering 
than the cultivar ‘Tauras DS’. 

Key words: winter wheat, photosynthetic pigments. 

 

Introduction 
 

Wheat is the most common sort of grain crops used for daily bread in the world. More than 120 million tons of 
wheat grain is produced in the EU every year. They are used for human food in confectionary industry as well as a 
considerable part of it is allocated to animal fodder (Gutierrez-Alamo et al., 2008). Climate change is extremely important 
for these plants because of its potential impact on their yield and grain quality. They can also suffer not only from long-
term but also short-term adverse meteorological conditions (Gelvonauskis et al., 2000; Šabajevienė et al., 2008).  
 Winter wheat growing conditions and productivity change, depending upon climate change (Lazauskas et al., 
2012). Changes in environmental conditions primarily affect the photosynthetic system of the plants. Low temperature 
stress disrupts all the photosynthesis mechanism in the crops (Klimov et al., 2006). To avoid this, winter wheat must 
form the photosynthesis apparatus before winter starts, and while wintering preserve the required relationship between 
photosynthetic pigments. Successful wintering depends upon the proper development of the plant before winter, 
sufficient amount of nutrients and favourable weather conditions. Efficient work of the photosynthetic apparatus can 
only be ensured by the optimal photosynthetic pigments contents and ratio (Scebba et al., 2003; Šabajevienė et al., 
2006; Sakalauskienė et al., 2008; 2009). Chlorophyll a and b ratio in poaceae family of plants should be at least 3:1 
(Bluzmanas et al., 1991; Šlapakauskas, Duchovskis, 2008). Chlorophyll a is less stable than chlorophyll b. Under 
adverse conditions chlorophyll a suffers damage and the optimal chlorophyll ratio is broken (Kopsell et al., 2004; 
Šlapakauskas, Duchovskis, 2008). 
 Photosynthetic potential and primary production directly depend upon the chlorophyll content in plant leaves 
(Datt, 1998). Depending on climatic conditions, it is already in early growth stages, BBCH 10–11 (leaf development), 
BBCH 23–25 (tillering), when leaf area develops and photosynthetic pigments accumulate in tissues, that the success of 
further growth is determined (Tranavičienė, 2009). 
 Plant yield potential is fully exhausted under favourable environmental conditions (Long et al., 2006; Zhu et al., 
2008). Productivity can be increased by controlling and improving conditions for growth and thereby optimizing 
photosynthesis (Dreccer et al., 2000; Wiesler et al., 2002; Sharma-Natu, Ghildiyal, 2005).  
 The goal is to explore the dynamics of photosynthetic pigments during wintering. 
 
Materials and Methods 
 

The research was carried out at the Experimental Station of the Aleksandras Stulginskis University (Akademija, 
Kaunas distr., Lithuania), between the years 2009–2011 in carbonate shallow gleyic leached soil (Idg8-k), Calc(ar)i-
Epihypogleyic Luvisols (LVg-nw-cc). The cultivars of winter wheat ‘Ada’ and ‘Tauras DS’ were grown in neutral 
(pHKCl 7.0) soil with medium humus content (2.21%), very high levels of phosphorus (292.0 mg kg-1 P2O5), and high 
levels of potassium (114.0 mg kg-1 K2O). Complex fertilizer (N32P80K120) was spread during the sowing time, and 
calcium ammonium nitrate (N60) was used in spring after the vegetative growth of winter wheat had renewed (Table 1). 
 
Table 1. The fertilization scheme of winter wheat 

No. N treatments 

Fertilization time 

In sowing time Tillering time 
BBCH1 23-25 

Booting stage 
BBCH 34-36 

Milk ripening stage 
BBCH 71-74 

1 Control variant (fertilization background – 
N32P80K120) +N60 

N32P80K120 N60 – – 

2 Fertilization background + N60 + N30 + N15 N32P80K120 N60 N30 N15 
3 Fertilization background + N60 + N30 + N30 N32P80K120 N60 N30 N30 
4 Fertilization background + N60 + N40 + N15 N32P80K120 N60 N40 N15 
5 Fertilization background + N60 + N40 + N30 N32P80K120 N60 N40 N30 

1BBCH scale to describe plant development based on: Growth Stages of Mono- and Dicotyledonous plants: BBCH-Monograph / Ed. 
by U. Meier. Berlin – Wien, 1997. 622 p. 
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Additionally foliar fertilizer urea was used: N30 and N40 at the booting stage (BBCH 34-36) and N15, N30 at the 
milk ripening stage (BBCH 71-74). 

The size of the winter wheat experimental plot was 26.4 m2. The field experiment was carried out in four 
replicates. The plots were arranged in a random order. 

The amount of photosynthetic pigments (chlorophyll a, b and carotenoids) in green leaf substance was 
established in 100% acetone extract spectrophotometrically according to Wettstein’s method, using a spectrophotometer 
„Genesys 6“ (Beadle et al., 1987). The deadlines set to determine the variability of photosynthetic indicators: 
17/11/2009, 16/12/2009, 18/2/2010, 18/3/2010, 25/3/2010, 9/4/2010 and 7/12/2010, 14/1/2011, 25/1/2011, 14/2/2011, 
18/3/2011, 5/4/2011. 

Meteorological conditions. The winter of 2009–2010 was unusually long and cold. The rainy autumn and cold 
snowless December were unfavourable for these plants. The average air temperature in November was 3.9 °C (2.0 °C 
higher than long-term-average). Monthly precipitation exceeded the November long-term precipitation by 27.1 mm (fig. 
1). The weather in December was frigid: the temperature on the coldest days fell to -13–14.1 °C. The spell of cold 
wintry weather continued throughout January. The average 24-hour temperature for the month was -10.2 °C. Most of 
the February was also cold. It briefly thawed only at the end of the month.   Wintry weather prevailed during the first 
twenty days of March fluctuating around -1.9–4.5 °C and thawed only during the middle of the 3rd decade of the month. 
The first half of April was cool and rainy. However, the second decade was completely dry and warmer in comparison 
to the first. In April the average temperature reached 7.4 °C, and the average precipitation was 19.5 mm. 
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Figure 1. Meteorological conditions during the vegetative period of winter wheat, 2009–2011 (Kaunas Meteorological Station) 
 

The winter of 2010–2011 was unfavourable for wintering plants. During the 1st and 2dn decades in November 
unusually warm weather prevailed. The temperature fell from 26 November, and the average 24-hour temperature 
became sub-zero. December was marked by chilly weather. The minimum temperature was -14.6–18.9°C, and monthly 
precipitation was 63.5 mm. January was mild: the maximum temperature reached 1.8–3.2°C and the minimum 
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temperature was -12.8 °C. The average temperature of the month amounted to -2.9 °C, and precipitation – 39.8 mm. 
The beginning of March was still rather chilly. From the 10th of March the weather got warmer. The average 
temperature of the 2nd and 3rd decades of March reached 1.9–2.2 °C, and average precipitation – 3.3–6.9 mm. The 
weather gradually warmed up further in the first ten days in April. The fluctuating temperatures in the winter of 2010–
2011 had a negative impact on the plants.  
 The accuracy of the experiment findings was assessed according to the standard deviation of measurements.  
 
Results and discussion 

 

Photosynthesis is the main physiological process in plants that reveals the response of plants to environmental 
conditions. These have a significant influence on photosynthetic pigment chlorophyll content (Schulte et al., 2007).  
Due to climate change, wintering conditions are unpredictable and different each year. While assessing chlorophyll a 
content in the leaves of winter wheat during the first year of the experiment, we can see that its highest level was found 
in December (fig. 2 B). 
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Figure 2. The change of photosynthetic pigments in the ‘Ada’ and  ‘Tauras DS’ leaves during the period of   2009–2010 
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‘Tauras DS’ leaves accumulated 1.92 mg g-1 of chlorophyll a, whereas those of ‘Ada’ – 1.76 mg g-1. Lingering 
cold weather led to a decrease in chlorophyll a. In early spring (fig. D) the leaves of winter wheat ‘Tauras DS’ 
contained 0.94 mg g-1, and the leaves of ‘Ada’ – 1.18 mg g-1. Chlorophyll b content did not vary considerably.  
Chlorophyll b content was the highest in December (fig. B), and the lowest in the middle of March (fig. D). If the 
content of one chlorophyll in a plant falls, the ratio between the chlorophylls changes. Thus the damage to the 
photosynthetic system can be evaluated. The highest level of carotenoids was also found in December when the 
temperature dropped below zero (fig B). The rise in carotenoids under conditions of cold demonstrates the positive 
reaction of the plants’ immune system (Lukatkin et al., 2012). Winter wheat of the cultivar ‘Ada’ tented to accumulate 
larger amounts of photosynthetic pigments. The greatest amount of photosynthetic pigments was found during autumn 
and winter, while at the beginning of spring their amount was the smallest. 

During the second year of the experiment (fig. 3) the highest chlorophyll a content (1.20 mg g -1) in the leaves of 
winter wheat ‘Ada’ was found in December (fig. 3 A). 
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Figure 3. The change of photosynthetic pigments in the ‘Ada’ and  ‘Tauras DS’ leaves during the period of   2010–2011 
 
 ‘Tauras DS’ accumulated the highest chlorophyll a content (1.28 mg g -1) in January (fig. 3 B). February frosts 
led to a decline in the amount of pigments – the lowest chlorophyll a content (0.80 mg g -1 ) in the leaves of ‘Ada’, and 
in ‘Tauras DS’ (0.72 mg g-1) was established in March. The highest chlorophyll b content was also in the leaves of 
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‘Tauras DS’ (0.42 mg g-1) in the middle of January (fig. 3 B). The ‘Ada’ plants accumulated more chlorophyll b  
(0.47 mg g-1) in spring (fig. 3 F). 
 According to the results, the climatic conditions of the first year (fig. 2) of the experiment were more favourable 
to the wintering of wheat than those of the second year (fig. 3): more chlorophyll a was accumulated and the ratio 
between chlorophylls a/b was higher. 
 
Conclusions 

 

The greatest amount of photosynthetic pigments was found during the autumn-winter period, whereas at the 
beginning of spring the productivity of photosynthesis was the lowest. It was established that the cultivar ‘Ada’ tends to 
accumulate larger amounts of photosynthetic pigments in comparison to the cultivar ‘Tauras DS’. 
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Abstract 

 
Investigations of biochemical composition of red beet (Beta vulgaris L. subsp. vulgaris convar. vulgaris var. vulgaris) cultivars were carried 

out at the Lithuanian Research Centre for Agriculture and Forestry in 2011–2012. There were evaluated four Lithuanian (‘Kamuoliai’, ‘Joniai’, 
‘Rikiai’, ‘Ilgiai’) and six foreign (‘Tardel’, ‘Egyptic platround’, ‘Forono’, ‘Renova’, ‘Rocket’,  ‘Cylindra’) cultivars. Red beets were grown according 
to organic growing conditions - plants were fertilized with Ekoplant (preplant) and two times sprayed with Kelkat and Fitomare Bio mix. 
Electrochemical and biochemical parameters of various red beet roots forms were evaluated. 

Red beet of Lithuanian selection cultivars accumulated higher amounts of soluble solids and total sugar compared with the foreign cultivars.  
Lowest nitrates content (2011y. – 480.5 mg kg-1 and 2012 y. – 521.0 mg kg-1) was observed in the cultivar ‘Tardel’ root-crop. 

Key words: red beet, biochemical and electrochemical indices, Energetic value P  
 

Intruduction 

 
Red beets are well-liked in Lithuania because of valuable nutritional and dietetic properties, simple growing and 

good storability during winter (Armolaitienė, 1998). Besides the main nutrients, vitamins, biologically active mineral, 
phytoncidic and other compounds abundantly found in vegetables are important in human diet (Karklelienė et al., 
2003). It was established that red beet root-crop quality mainly depends on plant genotype, meteorological and growing 
conditions and soil composition (Michalik, 1993). The major red pigment in red beet is betanin. In many countries the 
use of beet pigments as food colorantsis permitted although, due to their low thermostability, their practical use is 
limited, (Czapski, 1990). According to investigation data of Lithuanian scientists, it was determined that red beets of 
medial vegetation period accumulate more betanin (Petronienė, Viškelis, 2004b). Biochemical and electrochemical red-
beet indices depend on cultivar and growing conditions (Barsukova, 1998; Petronienė and Viškelis, 2004a). In order to 
improve the quality of organically grown beetroot and to encourage their growth during vegetation it is necessary to 
select the most appropriate fertilizers, also special attention should be paid to the additional liquid fertilization through 
plant foliar. 

Most liquid biological and homeopathic preparations are also growing activators and partly protect plants from 
certain pathogens. Plants spraying mean that they are supplied not only with nutrients such as nitrogen, phosphorus and 
potassium, but also with different microelements and biologically active compounds through their leaves (Pekarskas et 
al., 2011; Sakalauskienė et al., 2012). Biological preparations should be assessed not only by traditional methods 
according to their composition but also in electrochemical ways. This is one of the newest methods to assess vegetables 
quality where are measured beneficial and harmful nutrients content to human (Lundegardh & Martinsson, 2003). 
Method for quality measurement is one-sided, because it only reflects composition of different components, but it does 
not give information on metabolic and physiological processes going on (Hunt et al., 1999). Electric conductivity shows 
ion concentrations in the cell and also cell‘s characteristics of osmotic pressure. It is quite difficult separately explain 
connections of these three electrochemical parameters with the quality of certain product. Because all three parameters 
are expressed by values of electric power, using NERST equation and the implicit value P can be deducted (Rutkovienė 
& Nominaitis, 2004). Applying these methods on organic products quality assessment, it makes possible to assess 
vitality of these systems. Depending on vegetables growing climatic conditions and product physiological 
characteristics, electric conductivity measurements can give information about product energetic value, state of 
healthiness, age, level of maturity and its suitability to human. 

The aim of this research – to evaluate biochemical and electrochemical parameters of organic red beet root-crop in 
different cultivars. 

 
Object of investigation, methods and conditions 

 
Investigations of biochemical composition in different red beet (Beta vulgaris L. subsp. vulgaris convar. vulgaris 

var. vulgaris) cultivars were carried out at the Lithuanian Research Centre for Agriculture and Forestry in 2011–2012. 
The investigation experiment was carried out on the sandy or sandy-loam Calc(ar)i – Epihypogleyc Luvisols (LVg-p-w-
cc). There were evaluated four Lithuanian (‘Kamuoliai’, ‘Joniai’, ‘Rikiai’, ‘Ilgiai’) and six foreign (‘Tardel’, ‘Egyptic 
platround’, ‘Forono’, ‘Renova’, ‘Rocket’,  ‘Cylindra’) cultivars. ‘Kamuoliai’, ‘Joniai’, ‘Tardel’, ‘Rikiai’, ‘Egyptic 
platround’ depends to round, oval or round-flat beet root group. It is the most popular groups of red beet in Lithuania. 
Their root length and diameter varies from 6.2 to 8.0 cm. Root crops of ‘Ilgiai’, ‘Forono’, ‘Renova’, ‘Rocket’, 
‘Cylindra’ depends to the oblong group. Their root length – 13–20 cm and diameter – 4.2–6.0 cm.  On the 10–15th of 
May (every year) red beets were sown with the manual sowing machine in two rows with 70 cm inter-rows, on flat 
surface. Red beets were grown according to the organic growing conditions.  During vegetation plants were fertilized 
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with Ekoplant (preplant) and two times were sprayed with Kelkat and Fitomare Bio mix. Also, for pests protection 
plants were sprayed once with Nimezal and for disease protection with Copper sulphate. Red beet yield during the years 
of investigation was gathered on the 25–28th of September. Area of record plot – 5.6m-2. There were used five samples for 
the biochemical and electrochemical evaluation of root-crop each time. Experiment was carried out in three replications. 
The biochemical analyses of red beet were performed at the Lithuanian Institute of Horticulture (LIH) laboratory of 
biochemistry and technology applying chemical and physical methods of investigations. Soluble solids were measured 
by digital refractometer (ATAGO PR-32, Atago Co., Ltd., Tokyo, Japan); sugar content – by Bertrand method (AOAC, 
1990) and the amount of nitrates – potentiometrically, with ionselective electrode (Metodiniai nurodymai…., 1990); 
The pigment content was determined using Nilsson’s spectrophotometric method (Henry, 1992). Electrochemical 
indexes were determined at the laboratory of Aleksandras Stulginskis University. Before electrochemical analyzes, red 
beet root-crops were washed. Quarters were cut from selected samples and juice was extracted using juicer, pH index of 
red beet root-crop was measured by potentiometric method with ionometer “Metrohm AG CH – 9101“. Redox potential 
was assessed in the same way using ionometer “Metrohm AG CH – 9101“ with platinum electrode. Specific electric 
conductivity was assessed by conductometric method with device “Ino Lab WTW“. P energetic value was determined 
according to the formula: [μW] = [29.07 mV·(rH-2pH)]2·rho

-1. Obtained data was statistically evaluated using 
dispersion analysis method with software ANOVA (Tarakanovas, Raudonius, 2003). 

In 2011 and 2012, the average temperature of May was similar and favorable for seeds germination, so beets 
germinated well (Table 1). In 2011 the average temperature of June-August ranged from 17.1 to 19.3 °C, it was 2.0 °C 
higher than the multiannual average. June of 2011 was very dry (dropped only 48 mm rainfall) but weather in July was 
very humidity (203.6 mm rainfall) and these condition had negative influence on root-crop formation and growth. The 
second half of summer 2012 was rainless and colder than in 2011. Meteorological conditions slowed down 
physiological processes in the red beets and this had an impact on biochemical composition of root crops. 
 
Table 1. Meteorological conditions during red beet vegetation (Babtai, 2011-2012) 

Month 
Air temperature, ºC Precipitation, mm 

2011 2012 multiannual average 2011 2012 multiannual average 

May 14.4 13.2 12.0 51.6 57.8 43.7 
June 17.9 14.6 16.5 48.0 99.6 50.4 
July 19.3 18.7 17.7 203.6 135.4 71.8 

August 17.1 16.5 16.4 135.2 81.0 75.8 
September 13.3 13.1 12.0 75.8 59.8 30.0 

 

Results and discussion 

 
Straus and colleagues investigated nutrition value and economic feasibility of red beetroot from different 

production systems and reported that significant differences were detected in quality of red beets from different 
production systems. Their confirmed that organic red beets distinguished with significantly higher antioxidant activity 
and higher contents of ascorbic acid and some micro minerals compared with conventional or integrated red beet 
production, also admitted that total sugar content ranged from 26.0 mg g-1 in conventional to 36.9 mg g-1 in organic, but 
the differences were not significant. That difference between the production systems was the result of the use of 
artificial fertilizers and synthetic pesticides. Bavec with colleagues (2010) investigated contents of sugars, organic acids, 
total phenolic and the antioxidant activity in red beet from conventional, integrated, organic, biodynamic and control 
farming systems. They found significant differences for malic acid, total phenolic content and total antioxidant activity 
and reported that sugar content ranged from 21.03 g kg-1 (conventional) to 31.58 g kg-1 (biodynamic). Multiannual data 
of investigations showed that red beet biochemical composition more depends on cultivar genetic nature than on 
meteorological conditions (Petronienė and Viškelis, 2004a). Our studies showed that red beet root-crops accumulated 
from 11.9 up to 16.0 % of soluble solids and from 8.1 up to 10.4 % of total sugar (Fig. 1) during the years of 
investigation.  Among the studied red beets cultivars, distinguished cultivar ‘Rikiai’ with high accumulation of soluble 
solids (16.0 %) and total sugar (10.4 %), also high amount of total sugar (10.2 %) was detected in cultivar ‘Kamuoliai’ 
with round shape root crops. The least amount of total sugar (8.1%) was found in oblong shape root crops of cultivar 
‘Cylindra’.   
 
 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

139 

 
Figure 1. Soluble solids and total sugar in red beet, %, Babtai, 2011–2012 

 

Significantly higher amount of betanin was observed in the cultivar’s ‘Kamuoliai’ (78.6 mg 100 g-1) beet roots.    
Significantly lowest amount of betanin was found in cultivar ‘Ilgiai’(38.2 mg 100 g-1)  and (43.6 mg 100 g-1) with 
oblong shape of root crop. Average amount of accumulated betanin in other red beet cultivars varied from 43.6 (cultivar 
‘Forono’ with oblong shape of root crop) up to 70.0 mg 100 g-1 (cultivar ‘Rikiai’ with round-flat shape root crop) (Fig. 
2). These results coincides with previous studies where higher amounts of betanin were found in beet root of round, 
oval or round-flat shape and only few cultivars with oblong shape root crops accumulate more betanin (Petronienė, 
Viškelis, 2004b). 
 

 
Figure 2. Amount of betanin, mg 100 g-1, Babtai, 2011-2012 

 
The amount of nitrates has more negative influence on red beet nutrition value and human health. It was established 

that physiological processes in red beet root-crops in dryer years became slower and accumulation of nitrates increases. 
The data of other investigators confirms this tendency (Bagdonaitė, 1995; Kręzel and Kołota, 2007). Comparison of 
nitrate content of different years showed that in 2012 beet roots accumulated more nitrates (Fig 3) and that can be related 
with deficiency of humidity in the second half of August in 2012. Amount of nitrates in root-crops varied from 
521(cultivar ‘Tardel’) up to 717.3 mg kg-1 (cultivar ‘Ilgiai’). Root-crops of red beet grown in 2011 accumulated less 
nitrates – from 440 (cultivar ‘Tardel’) up to 573 mg kg-1 (cultivar ‘Ilgiai’).    
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Figure 3. Nitrates in red beet, mg kg-1, Babtai, 2011–2012  
 

The literature indicates that the organic acids, including nitrates and micronutrients, increase the value of P in 
plants. These plants are less suitable for the human consumption (Hoffmann, 1991). Our studies indicate that the P 
value varies slightly from 13.67 in cultivar ‘Tardel’ to 19.32 in cultivar ‘Ilgiai’ (Fig. 4).  
 

 
Figure 4. Energetic values in red beet, µW, Akademija, 2012  

 

Products with low P (energetic value) values are more valuable (Beaton, 2001; Busscher et al., 2004; 
Rutkovienė, Nominaitis, 2004). Therefore, organically grown beet roots can be characterized by high viability and are 
suitable for human consumption.  
 

Conclusions 

 

Based on obtained results it is possible to conclude that biochemical and electrochemical indices of red beets are 
determined by cultivar‘s genetic structure and all complex of growing conditions.  

Red beets of Lithuanian selection distinguished with higher amount of soluble solids (from 12.5% up to 17.9%) and 
total sugar (from 8.2% up to 10.3%).  
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Lithuanian cultivar ‘Kamuoliai’ distinguished with the highest amount of betanin (78.6 mg 100 g-1) in their root 
crops. 

It was established that red beet cultivar ‘Tardel’ accumulates very small amount of nitrates, also their root-crops 
had the lowest energetic value (P-13.67 µW) and that indicates greater suitability for human.  
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Abstract  
 

The studies were carried out in four agrocenoses of different tillage intensity (intensively cultivated land, I-II year perennial grass, natural 
meadow and reclaimed pasture) in the vicinity of Pociūnėliai town, Radviliškis district in 2011–2012. Five pitfall traps were set out in each of 
agrocenosis and the traps were active from May 28th till August 15th. The traps were checked every two weeks. In the course of the study, a total of 
98 adult specimens of click beetles were caught, belonging to eight species: Actinecerus sjaelandicus Mull., Agriotes lineatus L., Agriotes obscurus 
L., Agriotes sputator L., Agrypnus murinus L., Athous haemorrhoidalis Fabr., Hemicrepidius niger Hbst. and Oedostethus quadripustulatus F. Most 
of the specimens were caught by the traps in the reclaimed pasture and the smallest number of beetles was found in agrocenosis of I-II year perennial 
grass. Agriotes obscurus was found in all the studied agrocenoses. Actenicerus sjaelandicus and Athous haemorrhoidalis were detected only in natural 
meadow and were not found in any other studied agrocenosis. The activity of adult click beetles was determined to reach its peak in June – July 
period. The largest number of the beetles caught in the studied agrocenoses belonged to the species Agriotes obscurus and the rarest were Athous 
haemorrhoidalis representatives. The eudominants of all of the caught adult click beetles consisted of the following two species: Agriotes obscurus 
and Oedestethus quadripustulatus. The number of the adult click beetles caught in the pitfall traps decreased as the intensity of land tillage varied. 
Therefore, a conclusion can be drawn that the abundance of click beetles in agrocenoses is influenced by an intensity of land tillage. 

Key words: Elateridae, click beetles, agrocenoses, species composition, abundance dynamics.  
 

Introduction  
 

Coleoptera is one of the most abundant orders of Insecta class. From the ecological point of view this is a very 
diverse group which occupies a large part of the land and fresh-water niches. The value of the beetles in terrestrial 
ecosystems is very high, thus knowledge concerning them is particularly important.  

Click beetles family (Elateridae: Coleoptera) is one of the largest families of Coleoptera, which includes more 
than 12,000 species belonging to 600 genera (Tarnawski, Buchholz, 2008). Species composition of click beetles in 
Lithuania is not properly explored. According to Pileckis and Monsevičius (1995) 74 click beetle species live in 
Lithuania and only 25 species of them are recognized as critically important. Other species are recorded as rare or very 
rare (Pileckis, Monsevičius, 1995). However, Tamutis et al. (2011) indicates that in addition to Lithuanian click beetle 
fauna with identified 74 species, it is supposed to live about 31 other species more in the country. Stenogostus rufus (De 
Geer, 1774) and Anostirus purpureus (Poda, 1761) are included into the Red Data Book of Lithuania (Rašomavičius, 
2007; Tamutis, 2005). 

Usually click beetles are found in uncultivated land areas such as perennial crops, meadows and pastures. Even 
more of them are found in the areas of grassland, weedy or quack-grass invaded fallows and in the sites, where row 
crops were grown (Pileckis, Monsevičius, 1995; Willis et al., 2010). Some specific click beetle species are adapted to 
live in different types of soils - light sands, light loams or heavy clays (Bobinskaja et al., 1965).  

Click beetle species Selatosomus aeneus, Agriotes lineatus, Agriotes obscurus, Agriotes ustulatus, Agriotes 
sputator, Hemicrepidius niger are recognized as the most important pests (Brazauskienė, Semaškienė, 2006; Pileckis, 
1994; Pileckis et al., 2008). Larvae of these click beetle species are polyphagous and harmful to plants. They injury 
germinating seeds, seedlings, tubers, roots, violate the roots of various plants (Pileckis, Monsevičius, 1995; Parker, 
Howard, 2001; Šurkus, Gaurilčikienė 2002; Van Herk, Vernon, 2006). Wireworm damage can be very high and 
sometimes whole the field has to be sown again, while the yield of row crops may be damaged severely (Bobinskaja et 
al., 1965). Larvae of some click beetle species are predatory, feeding on other insect larvae and pupae. The other part of 
click beetle species are necrophagous and saprophagous (Pileckis, Monsevičius, 1995). Adults of click beetles are 
recognized as harmless, nevertheless sometimes they gnaw some plants. Mostly they feed on flower nectar, flowing 
plant juices and sweet secretions of aphids (Šurkus, Gaurilčikienė, 2002).  

Lithuanian click beetle fauna in different agrocenoses is not well explored from the ecological point of view and 
it is believed that the occurrence of them is closely related to several factors: soil type, agrocenosis type, environmental 
conditions, tillage intensity and other anthropogenic activities.  

Due to develop more efficient plant protection strategy against wireworms detailed knowledge concerning their 
occurrence, bioecology, species composition, population abundance and dynamics during the vegetation period and the 
harmfulness in agrocenoses is required. Thereby the relevance of the study is unquestionable.  

The aim of the study – to identify click beetle species composition and dynamics of population abundance during 
the vegetation period in different agrocenoses.  

 

Material and methods 

The study was conducted in 2011-2012 from May to October in Lithuania Radviliškis district Pociūnėliai env. (55° 
34' 26.5", 23° 51' 56.42"(WGS)) (Fig. 1). Soil type in the locality was (Gleyic Cambisols) and (Calcaric Cambisols). Each 
investigated field was bigger than 0.30 ha. Four agrocenoses with different soil cultivation intensity – intensively cultivated 
land, reclaimed pasture, I-II year perennial grasses (red clover mainly) and natural meadow – were selected.  
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Intensively cultivated land – the field with no less than three years intensive soil cultivation (deep autumn 
plowing, harrowing during the growing season and etc.) consecutively. Reclaimed pasture represents perennial 
grassland which have been deeply tilled in autumn and used again as farmland. I–II year perennial grass – newly sown 
no more than two years used perennial grassland, which is a couple of times a year, mowed or grazed by livestock. 
Before that it served as an intensively cultivated land. Natural meadow – a perennial grassland which for many years 
(>20) was not renewed. Natural meadow in some cases have been grazed and mowed. Composition of vegetation varied 
and dominated by various gramineous. All investigated fields bordered with other meadows. 

Pitfall traps were used for click beetle sampling. Traps were made from a half litre plastic dish which height was 
17 mm and width 10 mm. For conservation of the beetles 4% formaldehyde solution was used. Trials were set to a field 
randomly. 5 pitfall traps were established in each field. Between different traps 10 m distance was preserved. The same 
distance kept from the field borders. The traps were checked every two weeks. Beetles identified using descriptive keys 
(Tarnawski, Buchholz. 2008; Pileckis, Monsevičius, 1995).  

Dominance data were presented as the proportions of the individuals of a species in each agrocenosis. The following 
classes of dominance (D) – dominants are used: D1 – subrecedents (>1.0%), D2 – recedents (1.1–2.0%), D3 – subdominants 
(2.1–5.0%), D4 – dominants (5.1–10%), D5 – eudominants (>10%) (Gorny, Grüm, 1981; Tamutis et al., 2007).  

 

 
Figure 1. Locality of conducted study. (Radviliškis distr., Pociūnėliai env.) 
 
Results of research  
 

During the study conducted in 2011–2012 eight click beetle species (Table 1). belonging to six genera 
(Actinecerus, Agriotes, Agrypnus, Athous, Hemicrepidius and Oedestethus) were identified.  
 
Table 1. Adult click beetle species composition (number/ class of dominance). Pociūnėliai env., 2011–2012  

Click beetle species 
Intensively 

cultivated land  

I-II year 

perennial grass  

Natural 

meadow 

Reclaimed 

pasture 
Total  

Actenicerus sjaelandicus Mull.     5/D5   5/D4 
Agriotes lineatus L. 2/D5 1/D4   4/D5 7/D4 
Agriotes obscurus L.  12/D5 12/D5 14/D5 21/D5 59/D5 
Agriotes sputator L. 3/D5 2/D5 1/D3   6/D4 
Agrypnus murinus L.     2/D4 1/D3 3/D3 
Athous haemorrhoidalis Fabr.     2/D4   2/D2 
Hemicrepidius niger Hbst. 1/D4   3/D5 2/D4 6/D4 
Oedostethus quadripustulatus F.   1/D4   9/D5 10/D5 

Total 18 16 27 37 98 
Species number  4 4 6 5 8 

Remark: D 5 - eudominants (> 10%) - very abundant species; D 4 - dominants (5.1–10%) - numerous species; D 3 - subdominants 
(2.1–5%) – species of moderate abundance; D 2 - recedents (1.1–2.1%) - species of scarce abundance; D 1 - subrecedents (<1%) - 
sporadical species.  

Agriotes obscurus was the only one click beetle species that has been detected in all agrocenoses. According to 
literature sources A. obscurus is one of the most abundant and damaging click beetle species in Lithuania (Pileckis, 
Monsevičius, 1995). Usually representatives of A. obscurus more abundantly are found in the soils of heavier 
granuliometric structure. This species is particularly harmful for row crops (potatoes, sugar beets), maize and cereals 
(Brazauskienė, Semaškienė, 2006; Staudacher et al., 2013).  

The highest adult click beetle species diversity is found in natural meadow. Representatives of six species were 
identified there: Actenicerus sjaelandicus Mull., Agriotes obscurus L., A. sputator L. Agrypnus murinus L., Athous 
haemorrhoidalis Fabr., and Hemicrepidius hirtus Hbst. Two species Actenicerus sjaelandicus and Athous 
haemorrhoidalis have not been detected in any other agrocenoses except natural meadow. According to Pileckis and 
Moncevičius (1995) A. sjaelandicus lives in open areas, humid meadows, marshy places, turbaries and forest soils. 
Wireworms can harm crops, especially in the first and second year drained soil. Later, if the land is intensively 
cultivated, the population collapses. This demonstrates that A. sjaelandicus is a habitant of natural meadow agrocenosis 
and explains why the representatives of the species have not been detected in any other agrocenoses.  
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Athous haemorrhoidalis usually is found in deciduous and mixed forests, parks, gardens, orchards, humid pastures 
and meadows, rarely in cultivated fields. Analysis of the data showed that representatives of Agrypnus murinus have been 
detected only in natural meadow and reclaimed pasture. This confirms the results of the research published by Mertlik in 
2009. A. murinus has been found in natural meadows, wetlands, and in intensively cultivated fields as well.  

Results of the study in Pociūnėliai env. showed that the most scarce click beetle species diversity was observed 
in intensively cultivated land and I–II year perennial grass. Four click beetle species were identified in each of both 
agrocenosis: three of them A. lineatus, A. obscurus and A. sputator were common, meanwhile, representatives of H. 
niger were detected only in intensively cultivated land and O. quadripustulatus were defined only in agrocenosis of I–II 
year perennial grass. Comparing results obtained from natural meadow and reclaimed pasture the implication arose that 
click beetle species diversity was less variant in reclaimed pasture. It is believed that reduction of click beetle species 
diversity in reclaimed pasture could be triggered by tillage. According to literature sources tillage (plowing) may be one 
the most effective plant protection methods applied for wireworm control (Brazauskienė, Semaškienė 2006).  

Two click beetle species - A. obscurus and O. quadripustulatus - were the most abundant in the study, however, 
they were not always dominated. Thereby, representatives of O. quadripustulatus were detected only in reclaimed 
pasture while the only one specimen has been caught in agrocenosis of I-II year perennial grass.  

The only 25% of detected click beetle species are assigned to eudominant class: A. obscurus (60.2% – 59/D5) 
and O. quadripustulatus (10.2% – 10/D5). Meanwhile, 50% of all defined species recognized as dominants. Into this 
class A. sjaelandicus (5.1% – 5/D4), A. lineatus (7.14% – 7/D4), A. sputator (6.12% – 6/D4) and H. niger (6.12% – 
6/D4) were included. Subdominant species comprises only 12.5% of all detected species. A. murinus (3.06% – 3/D3) 
was the only one click beetle species which belonged to subdominants. Finally, A. haemorrhoidalis (2.04% – 2/D2) was 
the only one click beetle species recognized as recedent.  

75% of all detected click beetle species in agrocenosis of intensively cultivated land were assigned to 
eudominants and only one species was dominant. The least number of eudominant click beetle species was defined in I-
II year perennial grass. Among four click beetle species caught in this agrocenosis two of which (50%) were 
eudominant, while the remaining two dominant (50%) species.  

The highest click beetle species diversity was defined in natural meadow. 50% of all click beetle species  
(A. obscurus, A. sjaelandicus and H. niger) were recognised as eudominants. While dominant species A. murinus and  
A. haemorrhoidalis comprised 33.3%. Representatives of A. sputator consisted only 16.7% of the click beetle community 
in natural meadow agrocenosis and this species was referred as subdominant. Incidentally, this particular species A. 
sputator was eudominant in other agrocenoses such as intensively cultivated land and in I–II year perennial grass.  

Representatives of five click beetle species were caught in reclaimed pasture agrocenosis. 60% of all click beetle 
species there were eudominant – A. obscurus, O. quadripustulatus and A. lineatus. Meanwhile, H. niger was referred as 
dominant and the rest A. murinus assigned to subdominants. Representatives of these both species compiled 20% of the 
click beetle community each in reclaimed pasture.  

The highest click beetle activity has been observed during the first half of the summer (Fig. 2). Mating process of 
the most click beetle species takes place during that period of the time. Click beetle activity increased by 67.5% in June 
since the end of spring (May). Furthermore, click beetle activity remained almost stable since the beginning of June 
until the end of July; meanwhile, only six specimens have been caught in August. This means that click beetle activity 
in August decreased by 85% comparing with the activity peak in in June.  

 

 
Figure 2. Adult click beetle abundance dynamics during the period of their activity in different agrocenoses. 

Pociūnėliai env., 2011–2012 
 
Conclusions 

 

Dynamics of click beetle adult abundance was different in various agrocenoses. None of them shone out in click 
beetle abundance in May. Only three specimens were caught in each agrocenosis (I-II year perennial grass, natural 
meadow and reclaimed pasture), except agrocenosis of intensively cultivated land where four click beetle adult 
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specimens were detected. However, fourteen specimens were defined in reclaimed pasture in June and this consisted 
30% of all detected click beetle adult specimens. The least click beetle abundance was observed in I–II year perennial 
grass agrocenosis – only 8 specimens. The situation observed different in July. The highest click beetle abundance has 
been recorded in reclaimed pasture agrocenosis, where twenty specimens were caught and this comprised 51.3% of all 
detected click beetle adult specimens. Meanwhile, in intensively cultivated land only three specimens were defined and 
this was the least click beetle adult abundance in July. The least click beetle abundance has been observed in August. 
Two specimens were detected in each intensively cultivated land and reclaimed pasture. While only by one click beetle 
adult specimens were caught in both rest agrocenoses – I–II year perennial grass and natural meadow. 

Performing study in four different agrocenoses (intensively cultivated land, I–II year perennial grass, natural 
meadow and reclaimed pasture) specimens of eight click beetle species were identified: Actenicerus sjaelandicus,  
A. lineatus, A. obscurus, A. sputator, Agrypnus murinus, Athous haemorrhoidalis, Hemicrepidium niger and 
Oedestethus quadripustulatus.  

The highest abundance of all click beetle adults has been defined in reclaimed pasture, and the lowest – in I–II 
year perennial grass. The most abundant were A. obscurus specimens. The abundance of adult click beetles was lower 
in intensively cultivated land than comparing with natural meadow. The highest activity of adult click beetles was 
observed in June–July period.  
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Abstract 
 

The cereal leaf beetle, Oulema melanopus, is a serious pest of cereal fields. Entomopathogenic nematodes (EPNs), (Steinernematidae and 
Heterorhabditidae) are a natural enemy of insect pests which have much potential for biological control. We assessed the virulence of 
entomopathogenic nematodes to Oulema melanopus larvae as an initial step in developing a biological control program for this pest. Oulema 
melanopus larvae feeding on leaves of barley (Hordeum vulgare) were collected in mid-June 2013 r., in South-Eastern Poland. The cereal leaf beetle 
larvae were infected with four endemic EPNs: Heterorhabditis megidis, Steinernema arenarium, Steinernema carpocaps and Steinernema feltiae, 

dose 5 infective juveniles (IJs)/insect, at 20°C. After 5 days, mortality of insects was recorded. A number of the dead insects were dissected to 
determine the number of entomopathogenic nematodes penetrating into an insect. The results of the experiments show that entomopathogenic 
nematodes cause statistically significant mortality of Oulema melanopus larvae. The highest mortality of insects was observed in case of H. megidis 
and it was 91,7%, S. feltiae - 86,7 %, S. carpocapse – 78, 3%, whereas the lowest was in case of S. arenarium – 15,0%. 
 
Introduction 

 

The cereal leaf beetle (CLB), Oulema melanopus (L.) (Coleoptera: Chrysomelidae) is a common pest in 
European and North American cereal fields. The CLB has one generation per year and overwintering in the adult stage 
(Sujaya et al. 2003, Olfert et. al. 2004). Bodies of adults of Oulema melanopus is 5 mm long, greenish and blue, with 
red legs. Adults of Oulema melanopus become active in the spring, when temperature reaches 10°C, and feed initially 
on wild grasses. In the first decade of May, the females lay eggs (Grant and Patrick 1993). Usually at the beginning of 
June larvae emerge. The larvae and adults feed on the upper layer of green mesophyll cells, down to the cuticle, staying 
between the leaf veins (Campbell et al. 1989). They damage the surface of the leaves of cereals and maize, reducing 
yields and facilitating infection by pathogens (Buntin et. al. 2004). So far, there is no effective, environment-friendly 
method of controlling this pest. Much intensive work has been undertaken internationally to find a safe biological 
method as an alternative to chemical pesticides which are ineffective and toxic to environment. 

Entomopathogenic nematodes (EPNs), (Steinernematidae and Heterorhabditidae) are a natural enemy of insect 
pests which have much potential for biological control (Koppenhöfer et. al. 2000, Koppenhöfer et. al. 2006, 
Koppenhöfer et. al. 2007, McCoy et. al. 2000, Sher et. al. 2000, Shapiro-Ilan et. al. 2006).  

Biology of entomopathogenic nematodes makes them an extremely interesting group of organisms due to the 
mutualistic bonds they form with bacteria Xenorhabdus spp. and Photorhabdus spp. (Fig. 1) (Akhurst and Boemare, 
1990). Moreover, their invasive, free-living larvae developed an ability to actively seek host (Kreft and Skrzypek, 
2002). Entomopathogenic nematodes kill their host within 48 hours (Smits, 1994). They are safe for vertebrates, plants and 
numerous invertebrates (Akhurst, 1990). Introduced to the environment, invasive larvae stay there for a long time and need 
not be reintroduced for a long time. Entomopathogenic nematodes is the major factor in reducing the numbers of insect 
populations in natural conditions. Entomopathogenic nematodes of the genus Steinernema are commonly found in Poland 
whereas EPNs of the genus Heterorhabditis are rare and hard to find. 

At high concentrations, together with favourable abiotic factor (high humidity, optimal temperature) EPNs can 
be effective biological control agents of adult chrysomelids (Journey and Ostlie 2000, Trdan et al. 2009) and adult 
Oulema melanopus (Laznik et al. 2010). 

The aim of our research was to study the activity of EPNs against cereal leaf beetle larvae, to determine which 
endemic species of EPN used in our research was the most effective. 
 

 
Figure 1. Anterior end of infective juvenile of Steinernema arenarium. Mutualistic bacteria inside bacterial vesicle (BV) 

(Photo: W. Kazimierczak) 
 

Materials and methods 

Oulema melanopus larvae feeding on leaves of barley (Hordeum vulgare) were collected in mid-June 2013, in 
Motycz near Lublin, in South-Eastern Poland. The part of the leaf with feeding larvae was cut off and placed in 
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Eppendorf  2 ml tube, containing a bar of filter paper. After being transferred to the laboratory on the same day, no 
longer than three hours after collection, Oulema melanopus larvae were infected with four species of entomopathogenic 
nematodes (Tbl. 1). For the four species of EPNs, the dose of 5 infective juveniles (IJs) per insect in 30 µl water was 
applied. For the control group, 30 µl of water without nematodes were used. The Eppendorf tubes were kept in 
thermostats at 20 °C. After 5 days, mortality of insects was recorded. A number of the dead insects were dissected to 
determine the number of entomopathogenic nematodes penetrating into an insect. 

EPNs used for experiment were isolated in several localities of Poland, by means of modified method of 
Bedding and Akhurst (1975), then bred in laboratory conditions in Zoology and Invertebrate Ecology Department of the 
Catholic University in Lublin (Tbl. 1). EPNs were multiplied on larvae of Galleria mellonella. Prior to the experiment, 
EPNs invasive larvae were kept in 0,001 % aqueous formaldehyde solution, at 5 °C, for no longer than two weeks. 

 
Table 1. Entomopathogenic nematode species and strains used in assays 

Species Strain Source 

Heterorhabditis megidis Hmeg 04Pl Poland, Płaska 
Steinernema arenarium Sare 01Pl Poland, Bystrzyca 
Steinernema carpocapse Scar 03Pl Poland, Radzyń Podlaski 
Steinernema feltiae Sfel 02Pl Poland, Radzyń Podlaski 

 
Statistical analysis 
 

Mortality of Oulema melanopus larvae, infected with different species of entomopathogenic nematodes, was 
analyzed by means of Fisher's Exact Test. The mean number of entomopathogenic nematodes penetrating into Oulema 
melanopus larvae were transformed before Univariate Analysis of Variance. Every where significant differences were 
detected, multiple comparisons were made using Dunnett’s T3 test. Differences among means in all experiments were 
considered significant at p <0,05. Statistical analyses were conducted with SPSS 14 in the Catholic University of Lublin 
Calculation Centre. 
 
Results  
 

The results of the experiments show that entomopathogenic nematodes cause statistically significant mortality of 
Oulema melanopus larvae. The highest mortality of infects was observed in case of H. megidis and it was 91,7%  
(p = 0,000), second highest in case of S. feltiae - 86,7 % (p = 0,000), third highest in case of S. carpocapse – 78, 3%  
(p = 0,000) (Fig. 2). The lowest was observed in case of S. arenarium – 15,0% (p = 0,003). Insect mortality caused by 
S. arenarium was statistically significant, but lower than that caused by Heterorhabditis megidis (p = 0,000), 
Steinernema carpocapse (p = 0,000) and Steinernema feltiae (p = 0,000). 

 
Figure 2. Cumulative mortality of cereal leaf beetle Oulema melanopus larvae after 5 days of exposure to 5 infective juveniles 

(IJs) of different entomopathogenic nematodes species in laboratory conditions. The means with the same letters over bars 

are significantly different (Fisher's Exact Test, p < 0,05) 

The differences between mean numbers of entomopathogenic nematodes penetrating into Oulema melanopus 
larvae are statistically significant (Tbl. 2) (df=3; Mean Square =4,319; F=4,396; p=0,006). The highest infectivity was 
detected in case of Steinernema carpocapse (2,07 ± 1,39), the lowest was detected in case of S. arenarium (1,11 ± 
0,33). Multiple comparison Dunnetta T3 test used the mean numbers of entomopathogenic nematodes penetrating into 
Oulema melanopus larvae showing statistically significant results when Oulema melanopus was affected by 
Steinernema carpocapse and Steinernema arenarium (p = 0,011), Steinernema carpocapse and Heterorhabditis megidis 
(p = 0,032), Steinernema feltiae and Steinernema arenarium (p = 0,011). 
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Table 2. The mean numbers of entomopathogenic nematodes penetrating into cereal leaf beetle Oulema melanopus larvae. 

Letters indicate significant differences among the means 
Nematode species Mean number of EPNs 

Heterorhabditis megidis 04Pl 1,21 ± 0,67 a 
Steinernema arenarium 01Pl 1,11 ± 0,33 b, c 
Steinernema carpocapse 03Pl 2,07 ± 1,39 a, b 
Steinernema feltiae 02Pl 1,67 ± 0,93 c 

 
Conclusions 
 

The results from laboratory assays show that only three EPNs species used in the experiments: H. megidis, S. 
feltiae and S. carpocapse were able to cause significant mortality to Oulema melanopus larvae at 20 °C. More 
importantly, we used a very low dose of nematodes (5 IJs) per insect. Previous studies had shown that S. feltiae B30 and 
Steinernema carpocapse C101 from Slovenia showed the highest efficacy in controlling adults of CLB, at 15 °C and 
20 °C. The nematode strains were tested at 250, 500, 1000 and 2000 infective juveniles per adult (Laznik et al. 2010). 

The results from laboratory and field experiments are not always comparable. For example, S. carpocapsae 
caused 100% mortality of Colorado potato beetele adults, pupae and larvae in the laboratory, but only 31% reduction 
rate in this pest population when the test was repeated in field conditions (Cantrlo and Nickle 1992, Stewart et al. 1998, 
Laznik et al. 2010). Therefore it seems necessary to carry out research on susceptibility of Oulema melanopus larvae to 
entomopathogenic nematodes in field conditions. 
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Abstract 
 

The results of the study are based on field experience, carried out in the years 2011-2012 in Żyznów. The experience was done on the soil 
brown, class IVa. The experiment was performed using randomized blocks, 3 repetitions. The numbers of snails was studied on 3 potato varieties: 
Vineta, Ewelina and Zuzanna. Estimation of threat to plants by this pest included determining the severity of their occurrence and valuating the 
degree of damage to the plant. Observations of density of snails were held from plant emergence to full flowering. For this purpose, 9 traps (3 on each 
variety) were used to catch the snails. Traps with baits in the form of fresh vegetables, were placed randomly in various locations on potato 
plantations. The largest numbers of Arion lusitanicus was observed during full flowering plants. The size of the damage caused by Arion lusitanicus 
was dependent on potato varietal characteristics, while meteorological conditions, limited the occurrence of Spanish slug to the greatest extent. 

 
Introduction 

 
Spanish slug (Arion lusitanicus) is a serious pest of agricultural and horticultural plants in Europe, including 

Poland [Moens et al. 2002]. The existence of populations of A. lusitanicus was documented for the first time in 1993 on 
the basis of specimens from the posts in Albigowa near Łancut and near Rzeszow. Since then, this snail has spread very 
quickly in a significant part of the Podkarpackie province and constitutes a serious threat to agricultural crops. Massive 
predation of this species on the plants of cultivars lowers their yields and can even lead to total destruction of crops 
[Krochmal-Marczak, Sawicka 2007]. The reasons for increase in the size of Spanish slug and the reason for its spread 
are primarily intensification and changes in crop production technology as well as the climatic conditions. mild winters 
and a large amount of rainfall in spring and autumn periods. In recent years, the South-Eastern part of Poland greatly 
suffered as a result of frequent, periodic floods, which promoted the development and expansion of this species on 
acreages. According to Kozlowski [2000, 2008a], Arion lusitanicus occurs in the provinces: Podkarpackie, Malopolska, 
Podlasie, Lodz, Lubuskie, Mazowieckie, Warminsko-Mazurski and Wielkopolska. It is found in gardening and 
agricultural crops, forests and parks and areas of rough grazing. It’s very cumbersome and difficult to combat pest 
species of vegetables, ornamental plants and fruit plants and most of all agricultural crops. The threat of marine 
gastropods naked is large, especially in southern provinces of Poland, where observed pressure from these pests is 
greater than average [Krochmal-Marczak, Sawicka 2007, Kozłowski, 2010]. Hence, the purpose of the research was to 
determine the risk status of potato cultivation by (Arion lusitanicus) in the south-eastern part of Poland.  
 

Material and methods 

 

The results of the study are based on field experience, carried out in the years 2011–2012 in Żyznów, in south-
eastern Poland. The experience was done on the soil brown, class IVa. The experiment was performed using 
randomized blocks in 3 repetitions. The numbers of snails was studied on 3 potato varieties: Vineta (very early), 
Ewelina (early) and Zuzanna (average early). In the autumn, organic fertilizers were applied, 25 t ha -1 of manure, as 
well as PK fertilization in quantities: 110 kg, 60 kg, 60 kg K ha-1. In the experiment the occurrence and symptoms of 
foraging Arion lusitanicus were described and the threat to potato plants by this pest was shown. Evaluation of threat to 
plants by this pest included: establishment of the severity of their occurrence and determining the degree of damage to 
the plant. Observations of density of snails were held from plant emergence to full plants flowering. For this purpose, 9 
traps (3 on each variety) were used to catch the snails. Traps (diagnostic films), lures, in the form of fresh vegetables, 
were placed randomly in various locations on potato plantations. An assessment of the size of plant damage to crops 
was conducted on the basis of observation the number of damaged plants and their degree of damage. In 10 locations in 
the field 20 potato plants were observed, and size of leaf damage was determined according to the 3° scale (Kozlowski 
2010). The degree of damage to each plant was established on the basis of visual assessment of damaged plants 
aboveground organs. The course of weather in years of research varied, as shown in Figure 1. In June and August 2010, 
June, July and September 2011, and in all the months of the growing season of 2012, rainfalls were much higher than 
the long-term average and the air temperature of the period May-August has been higher than average. 
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Figure 1. Rainfalls and air temperature in vegetation period of potato according to meteorological Station in Krosno 

 

The result 

 
The presence of dangerous to potato species slug (Arion lusitanicus) was observed on plantations. Most of his 

numbers were observed during the full flowering of the potato, the smallest – at plant emergence. The numbers of this 
species depended significantly on variety of potato, on which this pest has preyed. Most individuals of Spanish slug  
(8 pieces.m-2) were recorded on the medium early variety Zuzanna, the smallest in early variety Ewelina (5 pieces . m-2) 
(fig. 2). 

 
 
Figure 2. Arion lusitanicus numbers on potato plants 

 

The number of Arion lusitanicus, its appearance and the pace of spread of plantations varied between studies. 
Most of his type appeared in 2012, characterised by excessive rainfall, especially in June and July, and the least in 2010 
(Fig. 3). 
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Figure 3. Influence of years on the Arion lusitanicus 

 
Damage caused by Arion lusitanicus, proved to be the biggest during full flowering (fig. 3). Snails eat leaves, 

often causing total destruction of plants. With the development of successive leaves snails gnaw holes in them and 
devour the edges, leaving sometimes only nerves. Snails leave traces of shiny mucus on the soil in places of foraging. 
The largest appearance of Arion lusitanicus is observed during rainy weather. 

 
 
 
 
Figure 4. Share of the plants damages the potatoes by Arion lusitanicus in period of vegetation 

 
The size of the damage caused by Arion lusitanicus depended on varietal characteristics. The greatest damage of 

leaves was observed in early to medium variety of Zuzanna, and the smallest on the early variety of Vineta (fig. 4). 
 

Conclussions 

 

The greatest number of Arion lusitanicus was observed during the full bloom. Snails leave traces of shiny mucus 
on the soil in places of foraging. The largest appearance of Arion lusitanicus is observed during rainy weather.  

A significant increase in the number Arion lusitanicus was observed during the phase of early flowering, and 
increase in the severity of damage to the leaves followed successively from the full emergence to full flowering of 
potato.  

Size of damage caused by Arion lusitanicus was dependent on the specific characteristics of the potato. The 
greatest damage was observed on the plants leaves of medium early variety Zuzanna, and the smallest - in the early 
variety Ewelina.  

Weather conditions limit the occurrence Arion lusitanicus at most. The largest increase was observed during 
excessive rainfall in June and July, and the lowest in a year - with a significant shortage of rainfall in April, May, 
August and September.  

To prevent excessive growth and reproduction of slugs, treatments of potato plantations should be taken at the 
beginning of the growing season, after crossing the threshold hazard. 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

152 

Future studies should concern possibility of use in combating snails at potato plantations products that are safe 
for health, of plant and microbiological origin, with properties of deterrents and antifidantes. 
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Abstract 
 

The study is based on the field experiment, carried out between 2009-2012 in Żyznów, in randomized blocks with 3 replications. The factors 
were, firstly the variety of sweet potato: Carmen Rubin, Goldstar, White Triumph, and secondly the three various cultivation a) 
technologies:traditional farming method without protection, b) farming with use of PE-foil, c)farming with use of PP-non-woven fabric. The level of 
fertilization was kept on the constant level. The cultivation with use of protection caused brightening of the pulp, both in stolon and upper parts when 
compared with the ones cultivated in traditional ways.  The specific genetic features of different varieties of sweet potato were influencing the 
browning of pulp of cooked and raw potatoes.  
 
Introduction 

 

The sweet potato (Ipomoea batatas [L.] Lam.), is a well-known long term plant in warm and hot climate zones, 
and annual plant in the temperate zones [Mazza and Qi 1991, Caliskan et al. 2007 Namutebi et al. 2009, Stanley 2013]. 
The usable part of this species are tubers of 3 up to 5 kg formed on the lateral roots. They may be spherical, oval or 
spindle-shaped, with white, cream, yellow, red, burgundy peel. The flesh is white, yellow, orange, burgundy, with 
purple skin which is due to the colour of periderm [Zuraida 2003]. Jaarsveld et al. [2005] Namutebi et al. [2009] found 
that the greatest impact on the sweet potato tuber flesh colour have ß-carotenoids which are an important component in 
the group of carotenoids and provitamin A precursors. The most important quality feature of sweet potatoes is the 
browning of their flesh also raw and cooked and this is influenced by genetic and environmental factors [Navas et al. 
1999, Sawicka and Krochmal-Marczak 2007, Namutebi et al. 2009, Stanley 2013]. The browning of the pulp that 
occurs after peeling is followed by the enzymatic oxidation of phenolic compounds. The change in colour is caused by 
melanin, which is a result of the oxidation of tyrosine the catalytic effect of tyrosinase enzyme. The browning of cooked 
tubers flesh (after cooking browning – ACD) is a non-enzymatic process and undesirable trait, however the ACD does 
not affect either the taste or the nutritional value of the sweet potato [Takenaka et al. 2006]. Recently, there is a high 
interest in cultivation of this species for food processing and pharmaceutical industries. This is possible thanks to their 
high mineral and nutritional content [Jaarsveld et al. 2005, Krochmal-Marczak, Sawicka 2007]. Research on quality of 
the flesh, particularly its organoleptic properties, is an important factor influencing the assessment of the biological 
value of sweet potatoes. Hence, the aim of this study was to evaluate the browning of raw and cooked sweet potato 
flesh, as main consumer feature. 

 
Methods and materials 

 
The study was based on a field experiment, carried out between years 2009-2012 in Żyznów, in randomized 

blocks with 3 replications. The factors were, firstly the variety of sweet potato: Carmen Rubin, Goldstar, White 
Triumph, and secondly the three diverse cultivation technologies: a)traditional farming method without protection, 
b)farming with use of PE-foil, c) farming with use of PP-non-woven fabric. The level of fertilization was kept on the 
constant level (25 Tonnes of manure, N – 100 kg, P  43,6 kg, K – 124,5 kg .ha-1). The potatoes were harvested during 
their technical maturity. The specimens were collected from 20 tubers (of an average size, not green and undamaged) in 
three replications for each combination of a field experiment in order to determine the browning of the pulp. The 
evaluation of raw and cooked flesh browning was made with use of longitudinal crossections  of potatoes in 10 minutes 
and 2 hours after cutting, according to the 9 degrees scale [Rostropovich et al. 1999]. The statistical results of study 
were then analysed with use of  variance analysis method. The significance of sources of variation was examined with 
Fisher-Snedecor F-Distribution test and the significance of differences with Tukey method [Trętowski, Wojcik 1988]. 
 
Results 

 

The raw flesh evaluation result 10 minutes after cutting was 8,9°, and after 2 hours the browning grew 2,1°, in 9° 
scale (table 1). Cultivation technologies did not significantly differentiate the browning intensity of raw pulp in both 
tests in 10 minutes and 2 hours after cutting, however the genetic properties significantly influenced the results. At 10 
minutes after cutting the brightest colour was found in White Triumph variety and the darkest in Goldstar. Varieties: 
Carmen Ruby and White Triumph proved to be homologous in the aspect of this feature. The lighter colour after 2 
hours from the cutting was found in Carmen Rubin, while White Triumph and Goldstar were homogeneous in terms of 
these characteristics (table 1).  
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Table 1. Darkening of the flesz of raw tubers of sweet potato [degree in 9° scale] 

Czynniki eksperymentu 
Darkening of the flesz of raw tubers 

10 minutes from cutting 2 hours from cutting 

Technology of tillage 
 

Traditional 
PE-sheeting 

PP-agrotextile 

8,94 
8,93 
8,95 

6,78 
6,80 
6,81 

NIR0,05  n* n 
Cultivars Goldstar 

Carmen Rubin 
White Triumph 

8,90 
8,94 
8,97 

6,72 
6,95 
6,72 

LSD0,05  0,04 0,20 
Mean 8,94 6,80 

*not significant At 0,05 
 

The flesh of cooked tubers, so after 10 minutes and after 2 hours, kept lighter colour in the top part than in stolon. 
After 2 hours from cutting tubers, pulp has only slightly darkened, both in the top and stolon part (about 1 ° in a 9 °) (table 
2). Cultivation technologies and genetic properties significantly affected the properties as well as in the top and stolon part 
of sweet potato, both 10 minutes and 2 hours after slicing the tubers (Table 2). The potatoes farmed traditionally without 
protection, characterized with darker flesh, both in the top and stolon part, equally after 10 minutes and 2 hours of cooking, 
in comparison with the ones grown under cover. However, it should be noted,  that the color of the pulp of potatoes grown 
under PP-non-woven fabric was brighter  than in those cultivated under PE-foil (table 2). 
 
Table 2. Darkening of the flesz of tubers cooked of sweet potato [degree in 9° scale] 

Experimental factors 

Apical part Stolon part 

10 minutes after 

cooking 

2 hourafter 

cookind 

10 minutes 

after cooking 

2 hours 

after cooking 

 
Technology of tillage 

 

Traditional 
PE-sheeting 

PP-agrotextile 

7,91 
8,05 
8,11 

6,88 
7,04 
7,08 

7,84 
7,97 
7,98 

6,80 
6,91 
6,98 

NIR0,05  0,04 0,05 0,04 0,05 
 

Cultivars 
Goldstar 

Carmen Rubin 
White Triumph 

8,38 
8,32 
7,37 

7,23 
7,24 
6,53 

8,30 
8,19 
7,30 

7,26 
7,15 
6,28 

LSD0,05  0,04 0,05 0,04 0,05 
Mean  8,02 7,00 7,93 6,90 

 

The genetic properties of the varieties had a significant impact on the development of the browning. The top part 
of the tubers was lighter after 10 minutes of cooking, in the Goldstar variety than in White Triumph, and two hours later 
the varieties: Goldstar and Carmen Rubin remained brighter than White Triumph and also proved to be homologous in 
the results. In stolon part, the brightest colour of cooked pulp was found in a variety Goldstar, both after 10 minutes, 
and in 2 hours of cooking. The largest pulp browning was observed on in the tubers of White Triumph variety. The 
Carmen Rubin variety characterized with lighter pulp than ones of White Triumph, but it was significantly darker than 
Goldstar (table 2). 

 
Discussions 
 

The browning tendency, in both raw and cooked pulp is considered as a negative trait because tubers with 
blackened flesh cause adverse sensory impressions and are not accepted by consumers Namutebi et al. [2009] argue that 
all air-dried sweet potato products darken due to enzymatic reactions in the presence of phenolic compounds in the 
tubers of Ipomoea batatas. According to Mazzy and Qi [1991], Wang-Pruski and Nowak [2004] Krochmal-Marczak 
and Sawicka [2007] the major factors that determine the tendency of the bulbs to darken are: the variety, soil type, 
weather conditions during the growing season, potatoes maturity, fertilization, pesticide use, the temperature and the 
period of storing. In this study technologies of cultivation under cover did not differentiate significantly the intensity of 
browning of raw sweet potato tuber flesh, both at 10 minutes and 1 hour after cutting. According to Walter and Purcell 
[1980] Kołodziejczyk et al. [2005] Krochmal-Marczak and Sawicka [2007] a tendency to darken, in both raw and 
cooked tubers is a specific feature that depends on the variety and is in small degree influenced by the environmental 
variability. The pulp of tubers, both after 10 minutes and  2 hours after cooking, retains a lighter colour in the top than 
in stolon part. According to Dao and Friedman [1992], Sawicka and Krochmal-Marczak [2007] this fact results from a 
higher content of chlorogenic acid in the top part of potatoes. According to Wang-Pruski and Nowak [2004] it is due to 
a higher pH level in the stolon part, caused by linking of chlorogenic acid with iron which gives a dark colour. However 
the quality of cooked tubers mainly depended on the specific properties of separate varieties of sweet potatoes. Despite 
many years of research, the inheritance of factors influencing the ACD, is still unclear [Arkamhadevi-Pasar et al. 1996, 
Zuraida 2003, Wang-Pruski and Nowak 2004]. Kaldy and Lynch [1983] and Akkamahadevi-Pasare [1997] suggested 
that genetic diversity is a key factor in differentiating varieties. Jaarsveld et al. [2005] noted that the ACD is highly 
heritable, with at least 20% of the offspring resistant to browning when one parent has a good resistance. After the 
intersection of three varieties with two parental genotypes and estimation of the degree of vulnerability of ACD in the 
progeny in the second and third years Caliscan et al. [2007] recognized the significant influence of parental 
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characteristics. William et al. [1980] obtained the heritability of this trait in the broad sense of 0,60-0,68 and in the strict 
sense  from 0.33 to 0.63. The coefficients of browning repeatability of raw tubers, by Sawicka [1991] vary from 0.53 to 
0.67, and in cooked tubers - 0,75-0,97. This indicates that the inheritance of the trait in Ipomoea batatas is very 
complex, which to some extent explains the slow progress in breeding of varieties that are resistant to the ACD. These 
problems continue to exist, because the high correlation of browning with other characteristics of tubers, such as shape, 
mass, structure or maturity was fully analysed [Navas and in.1999, Wang-Pruski and Nowak 2004] which is mainly 
correlated with the complexity of pulp browning processes alike raw and cooked. Walter and Purcell [1980] proved that 
oxidative phosphorylation through mitochondria of Ipomoea batatas tubers is hindered by polyphenols, they also found 
the connection between the content of ascorbic acid, polyphenol oxidase and browning (browning) of raw tuber flesh. 
Takenaka et al. [2006] observed that the contents of caffeic acid changes during cooking of the of sweet potato tubers 
and this causes changes in the activity of polyphenol oxidase while reacting with ascorbic acid. Cultivation technologies 
significantly affect the browning of cooked tubers pulp, both after 10 minutes and 2 hours after cooking. Both 
technologies of cultivation, using the housings contributed to a brighter pulp tubers, the better results in this respect 
gave, the use of PP-non-woven fabric . According Akkamahadevi-Pasare et al. [1996], in the case when the covers are 
used for housing the plants the air temperature is a few degrees higher inside than outside the cover. However, an 
important factor that modifies the colour of cooked tuber flesh is the varietal characteristic. Wang-Pruski and Nowak 
[2004] examined large sets of variations, assessing the share of genetic and environmental characteristics of the total 
ACD variability and found that the genetic and environmental characteristics were more than 80% of the total variance, 
while the interaction of varieties, place and maturity accounted for less than 5%. Sawicka and Krochmal-Marczak 
[2007] proved that the variability of the overall browning of cooked sweet potato tuber was determined by the traits of 
genotype in 21-47%, age - and in 0,2-29%, the interaction of age and variety - in 9-63%. 
 

Conslussions 
 

Cultivation technologies with use of covers contributed to the brightening of pulp of cooked tubers, both in the 
stolon and top part, when compared with conventional cultivation technology; however the lighter colour of flesh was 
retained in tubers grown under PP-non-woven fabric than the PE-foil. 

 The genetic factor determined the tuber flesh browning of raw and cooked sweet potato. Variety Goldstar, 
seems to be the most suitable for cultivation for consumption purposes in the south-eastern Poland, due to its tendency 
to darken the least when raw and cooked. Therefore, it may be the starting material for a Polish variety of sweet 
potatoes. Variety Carmen Rubin, due to the highest stability of raw tuber flesh browning, may be more useful for 
industrial purposes, whereas White Triumph may be ideal for production of animal food or ethanol. 

Sweet potato growing, in the south-eastern part of Poland may provide an opportunity to introduce a new, 
alternative species, which in the future might provide a base of source material for the processing industry in the whole 
region. 
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Abstract 
 

Field experiments were performed in ASU Experimental station in 2011-2012. The aim of investigation was to determine the influence of 
sowing time and fertilization on the formation of assimilative leaf area of Festulolium. The Festulolium cultivars Vėtra and Punia were investigated. 
The experiment of two fertilization forms and three sowing times was performed. The field was fertilized with complex fertilizer NPK – 300 kg ha-1 
and 200 kg ha-1 in sowing year and additional nitrogen fertilizer norm (N60) was applied after threshing. The sowing time : 1st of June, 22nd of June 
and 12th of July. The seed rate was 10 kg ha-1. The investigation findings showed that on the sowing year assimilative leaf area of Festulolium cultivar 
Vėtra increased by 88928 m2  ha-1 for early sowing and by 61119 m2  ha-1 for middle sowing. The fertilization rate of 200 kg ha-1 had no influence on 
grass leaf area. Still, it was lower than during the first fertilization background. During second year of vegetation NPK fertilizer and late sowing time 
influenced the formation of leaf are of Festulolium cultivar Vėtra. It reached 42515 m2 ha-1. Lower rate of fertilizers, yield bigger assimilative leaf 
area of perennial grass for all sowing times and the cultivar Vėtra for late sowing it was bigger for 8.34 percent than for the cultivar Punia. 

Key words: Festulolium, 'Vėtra', 'Punia', assimilative leaf area, fertilization, sowing time. 
 
Introduction 

 
Festulolium is intertribal hybrid. The cultivar Vėtra derived by interbreeding English ryegrass 'S22' with tall 

fescue population from Kazakhstan. The parental forms of cultivar Punia are from ryegrass and meadow fescue cultivar. 
'Dotnuva I'. Festulolium are fertile and resistant to diseases, well wintering, perfectly regenerate. This grass is suitable 
where perennial ryegrass does not grow due to low temperatures. Festulolium produce bigger crop during dry season 
compared to different cultivars of tall fescue (Sliesaravičius, 1995; Lemežienė et al., 1998; Damanski P., Joks W., 1999; 
Nekrošas et al., 2007). The biological yield of plants is organic mass with chemically bound bioenergy, which is formed 
during photosynthesis (Samuolienė, Duchovskis, 2012). The peculiarities of Festulolium yield the formation are that the 
plant leaves not only participate in photosynthesis but also forms the main component of yield when growing plants for 
forage. When growing plants for seeds the assimilative leaf area provides the possibility for plants to reproduce all 
structural organs of plant and especially the establishment, growth and ripening of seeds as reproductive organs. 
Therefore the productivity of plant greatly depends on the formation of assimilative leaf area. 

Exploring plants agrobiological peculiarities the assimilative indices of different plants life forms were 
investigated in Lithuania recently (Baranauskis et al., 2005; Šabajevienė et al., 2009), the impact of changing climate 
factors on physiological indices and productivity (Brazaitytė, Duchovskis, 1999; Duchowski, Brazaitytė, 2001; 
Povilaitis et al., 2009), solving problems of growing technology improvement (Šikšnianienė et al., 2006; Balčiūnas et 
al., 2008), increasing the agrobiological potential of crop (Tarvydienė, Duchovskis, 2005, Velička et al., 2012). But the 
forage grass is nearly not investigated on this aspect at all (Duchowski, 1995), and we could not find any literature 
sources concerning the formation of assimilative area of Festulolium during vegetation and its influence on the yield 
productivity. 

The agrotechnical issues of Festulolium are not investigated properly (Adamovich, Adamovicha, 2003). There 
are some papers published according to these issues in Lithuania (Petraitytė, 2005; Vaičiulytė, 2006; Vaičiulytė, 
Bakšienė, 2006). The issues of agrobiology of Festulolium, grown for seeds are not investigated in Lithuanian scientific 
literature. 

The objective of this work is to investigate the influence of sowing time and fertilization on the assimilative leaf 
area formation of Festulolium.  
 
Materials and Methods 

 
The experiment was performed in Aleksandras Stulginskis University (ASU) Test station in 2011-2012 in a 

simple seed gleyic luvisol (IDg8-p, Hapli-Epihypogleyic Luvisol, LVg-p-w-ha). The seeds were sown in 2011 and 
results were gain in 2012. The pH of arable terrain was 6,8; humus content  – 1,9–2,4 %, agile phosphorus (P2O5) 
content – 115,2 mg kg-1, agile potassium (K2O) content – 98,4 mg kg-1. Experiment was performed during 3 different 
sowing times and 2 fertilization cases. On the first case of fertilization the complex NPK fertilizer was used 300kg ha-1 

with a rate of 5:15:30. On the second case - complex fertilizer 200 kg ha-1 was used with additional quota of nitrogen 
(when N60 after threshing). The grass was sown in 1st of June, 22nd of June and 12th of July in 2011. The experiment was 
repeated 4 times with two cultivars of Festulolium: Punia and Vėtra. The field one plot area was 3x2 m. Total field area 
was 144 m2. Assimilative leaf area was measured on the sowing year (3rd of August) and next vegetation year (15th of 
May) with leaf area measuring device Win Dias (“Delta-T Devices”Ltd, UK). 

The reliability of data was evaluated with dispersion analysis method (three operation ANOVA) with regard to 
standard deviation and lowest essential difference limit LSD05. The software „Selection“ was used for statistical 
analysis. (Tarakanovas, Raudonius, 2003). 
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Meteorological conditions during the sowing year were favorable for the germination of Festulolium. Average 
temperature in June and July was 18,1 - 19,6 oC and the precipitation was abundant during the first 10 days of July – 
66,7 mm. In April and May of the next year of vegetation the average temperature reached 7,69-13,73 oC. But 
precipitation in the beginning of vegetation (in April) was abundant up to 72,3 mm, when the perennial average is 
38,4 mm (Data obtained from Kaunas meteorological station in Noreikiskes). 
 
Results and discussion  
 

It was determined that on sowing year the essentially bigger assimilational leaf area of the cultivar Vėtra was 
influenced by early 88928 m2 ha-1  and middle 61119 m2 ha-1 sowing, when the rate of NPK fertilizer was 300 kg ha-1. For 
the Festulolium cultivar Punia it was substantially smaller - 39874 m2 ha-1 and 19778 m2 ha-1 early and middle sowing 
respectively. The cultivar Vėtra is very sensitive for fertilization and creates big assimilative leaf area when the soil is 
abundant with mineral substances. But big quantity of mineral substances with increased humidity (late sowing) impedes 
the germination of seeds and leaf area formation. The cultivar Punia is more sensitive to humidity and therefore the 
biggest formation of leaf area with high fertilization when it was sown in July after abundant precipitation. When the 
lower rate of fertilization was used, the cultivar Vėtra formed lower assimilative leaf area and combined with high 
humidity (late sowing) the assimilative area was the biggest – two times bigger than for the cultivar Punia (7835 m2 ha-1). 
The cultivar Punia formed bigger leaf area when the fertilization rate was lower (Fig.1). So the different genetic nature 
of interbridal hybrid of Festulolium determines the different demand for mineral supply, humidity of soil and interaction 
of these factors. 

It should be noted that Festulolium form a very big assimilative area (Fig.1) which exceeds the best values of 
cereal crops (Lazauskas et.al., 2012). 
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Figure 1. The influence of sowing time and fertilization on the formation of assimilative leaf area of Festulolium cultivars Vėtra 

and Punia. Measurements were performed in the end of summer (3rd of August). F1-300 kg ha-1 NPK, F2- 200 kg ha-1 NPK, first 
sowing – June 1st, second sowing – June 22nd, third sowing – July 12th. There is a substantial difference between averages marked 

by letters a, b, c at the 95% possibility level. 
 

Perennial grass like other wintering plants during winter period suffer from different abiotic and biotic 
environment factors, especially from cold (Duchovskis, 1998). Hardened plants are more tolerant to great cold and survive 
winter. But hardening depends not only on the genotype of the plant but also on sowing time and fertilization during 
sowing year (Lukatkin et al., 2012). In our experiment the Festulolium cultivar Vėtra assimilative area mostly suffered 
during winter time. In those combinations where assimilative area was formed intensively and leaves and shoots were 
growing during sowing year, the plants could not harden and shoots suffered big losses during wintering. On the contrary 
was with later sowed the cultivar Vėtra plants – young leaves and shoots managed to harden better (Lukatkin et al., 2012), 
therefore more of them wintered successfully, early started vegetation and in spring formed bigger assimilative area 
(Fig.2.). The cultivar Punia plants wintered better, which to the fertilization by leaf and shoot growth reacted not so 
sensitively. These plants hardened and wintered better (Fig.2). 
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Figure 2. The influence of sowing time and fertilization on the Festulolium cultivars Vėtra and Punia assimilative leaf area 

formation in spring after wintering. Measurements were performed in the end of spring (15th of May). F1-300 kg ha-1 NPK, 

F2- 200 kg ha-1 NPK, first sowing – June 1st, second sowing – June 22nd, third sowing – July 12th. There is a substantial 

difference between averages marked by letters a, b, at the 95% possibility level. 
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In spring, when vegetation started, NPK fertilizer applied on sowing year essentially influenced the growth of 
assimilative leaf area of perennial grass (Fig.2). For the early sowed (June 1st) the cultivar Punia in the middle of May it 
was even 56026 m2 ha-1, and for middle sowing (June 22nd) – 30631 m2 ha-1. Assimilative leaf area of the cultivar Vėtra 
essentially increased during late sowing time – 42515 m2 ha-1. It was noticed, that when fertilization was lower the 
assimilative leaf area of the cultivar Vėtra was consistently increasing independently on sowing time. It was bigger than 
for the cultivar Punia sowed in the middle and late time.  

In summarizing the results it should be stated that growing seeds of Festulolium, the seed crop should be sowed 
in the middle of summer and fertilization should be in moderation. These plants better harden, overwinter and next 
spring fast regenerate assimilative leaf area creating background for great yield photosynthetic potential and pure net 
photosynthetic productivity which it‘s on own turn provides normal growth of seeds, their supply with assimilates and 
ripening (Šlapakauskas, Duchovskis, 2008). 
 

Conclusions 
 

More fertilized Festulolium cultivar Vėtra forms the essential biggest assimilation area 2 (for early sowing) or 
even 3 times (for middle sowing) then the cultivar Punia in sowing year. 

Growing Festulolium for seeds the optimal crop assimilative leaf area forms during the second year of vegetation 
in July sowing and more fertilized crop. The assimilative leaf area of the cultivar Vėtra was essential biggest 1.7 times 
then grasses cultivar Punia. 
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Formation of Photosynthetic Parameters of Festulolium Depending on the 

Duration of Flowering Induction 
 

Jolanta Leliūnienė, Evaldas Klimas 
Aleksandras Stulginskis University, Lithuania 

 
Abstract 

 

Investigations were carried out in 2011-2012 Lithuanian Research Centre for Agriculture and Forestry Institute of 
Horticulture, Plant Physiology Laboratory of phytotron complex with aim to determine the formation of photosynthetic indicators of 
Festulolium depending on the duration of flowering induction in the conditions of artificial climate. Festulolium cultivars Vėtra and 
Punia were investigated. The plants were grown in greenhouse till the phase of tillering. The temperature of 20±2C at daytime and 
16±2C. at night was maintained in greenhouse. Later plants were moved to low temperature chambers for passing of vernalization 
processes, where the 8 hour photoperiod was maintained at 4C temperature and 16 hour photoperiod at 4C temperature. The 
cultivar Vėtra accumulated the highest content of photosynthetic pigments when plants were grown 20 days in greenhouse conditions 
after 130 days of flowering induction time. Festulolium cultivar Punia accumulated the highest photosynthetic pigments when 
growing for 20 days in greenhouse conditions after 90 days of flowering induction. The highest assimilation leaf area was formed by 
Festulolium cultivar Vėtra (2103,21 cm2), their flowering induction period was 130 days and for the cultivar Punia it was 
substantially less - 979,846 cm2. 

Key words: Festulolium, 'Vėtra', 'Punia', assimilation leaf area, photosynthetic pigments. 
 

Introduction 

 

Festulolium – it is a hybrid of ryegrass and fescue with best forage properties of both kinds of grass. They are 
more fertile than both ryegrass and fescue. This interbreedal hybrid is undemanding for soil, resistant to unfavorable 
climate conditions (Vaičiulytė, 2006; Nekrašas et al., 2007). Natural conditions of our climate are favorable for 
cultivation of Festulolium because the temperature in autumn is low and days are short therefore the processes of 
flowering induction and evocation are going normally (Duchowski, 1995; Duchovskis, 1996; 2000; 2004). 

In pursuance of control and optimization of the process of plant crop formation one should know the patterns 
of plant development and biomass formation. The productivity of plants is determined by exactly these closely related 
processes because during their course plant photosynthesis and breathing intensity, assimilation leaf area and 
productivity of photosynthesis are changing and structural elements of plant are formating (Samuoliene, Duchovskis, 
2012). It is very important to optimize photosynthesis processes during ontogenesis cycle for reaching going of 
effective morphogenesys processes with lowest material loses (Samuolienė et al., 2005; 2008a; Samuoliene, 
Duchovskis, 2009). When controlling morphogenesis processes in ontogenesis it is very important that the effectiveness 
of photosynthesis is not decreased by stress factors during different stages (Duchovskis et al., 2003; Duchovskis et al., 
2006). These investigations can be performed effectively only in artificial climate conditions – in phytotrons, climate 
chambers and greenhouses. Lately such investigations were done in Lithuania with some perennial and biennial plants 
(Duchowski, 1995; Duchovskienė et al., 1999; Šikšnianienė et al., 2001; 2004; 2006; Žebrauskienė et al., 2003; 
Šabajevienė et al., 2005; Samuolienė et al., 2006; 2008b; 2009). The investigation of flowering initiation , coherence of 
morphogenesis and photosynthesis of Festulolium is performed for the first time. 

The aim of research was to investigate the effect of duration of flowering induction period on photosynthetic 
parameters of Festulolium formation.  

 
Materials and Methods 

 

Festulolium cultivars Vėtra and Punia, are recorded in a National list of plant varieties. Experiment was 
performed on 2011 and 2012 years in Lithuanian Research Centre for Agriculture and Forestry Institute of Horticulture, 
in Kaunas distr. Plant physiology laboratory. Grass sown 5 liter pots neutral peat substrate (pH 6-6,5) 5 plants in each 
pot in three replications. Festulolium were grown in greenhouse where temperature at daytime was 20±2C, at night 
16±2C. When plants reached tillering stage they were moved to low temperature chambers for flowering induction 
where the photoperiod was 8 hours (8/16 day/night) in first chamber and 16 hours (16/8 day/night) in the second. The 
temperature was 4C in the first and second chambers. After flowering induction treatment effect plants were 
transferred back to the greenhouse for further cultivation. Immediately after the flowering induction and after the 
cultivation of plants in greenhouse for 20 days were measured the above ground assimilation area of randomly selected 
5 plants and photosynthetic pigments quantity was determined. The assimilation area was measured with the help of 
leaf area measuring device WinDIAS, Delta-T Devices. The quantity of photosynthetic pigments (chlorophyll a, b and 
carotenoids) in the leaves was determined in a 100% acetone extract with spectrometric method (Gavrilenko, Zigalova, 
2003) by spectrophotometer „Genesys 6“ (ThermoSpectronic, JAV). The accuracy of the experiment findings was 
assessed according to the standard deviation of measurements (MS Excel). 
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Results and discussion 

 

It was found that assimilation leaf area of Festulolium cultivars Vėtra and Punia was formed at low above zero 
temperatures during flowering induction (Fig.1). At 4 oC and 8 hour photoperiod after 130 days of vernalization plants 
formed the highest leaf area - 2103,21 cm2 and 979,846 cm2 respectively. 

 

 
 
Figure 1. The dynamics leaf area of Festulolium cultivars Vėtra and Punia. Measurements were performed after the induction 

of flowering for 90, 110 and 130 days. Vernalization conditions in phytotron chambers: 8 h and 16 h photoperiod, 4 oC 

temperature. 
 

When 20 days passed in greenhouse after flowering induction, the highest leaf area was regenerated by the plants 
which spent 110 days in flowering induction mode (Fig.2). The cultivar Vėtra formed bigger assimilation leaf area 
influenced by long day (16 h) and 4 oC temperature during flowering induction – 1983,66 cm2. The short photoperiod  
(8 h) and 4 oC temperature has the highest positive effect to the formation of leaf area of perennial grass cultivar Punia – 
it was 1843,56 cm2. 

 

 
Figure 2. The dynamics of leaf area of Festulolium cultivars Vėtra and Punia. Measurements were performed after the 

induction of flowering for 90 days and cultivation in greenhouse for 20 days, induction of flowering for 110 days and 

cultivation in greenhouse for 20 days, induction of flowering for 130 days and cultivation in greenhouse for 20 days. 

Vernalization conditions in phytotron chambers: 8h and 16 h photoperiod, 4 oC temperature, 20/16 oC (day/night) in 

greenhouse. 

 
The thermoinduction (vernalization) and photoinduction processes are very important for grass floral 

development (Duchovskis, 2000). When plants are affected by different photoperiods and low temperatures the 
flowering is induced. At this time plant needs a lot of organic materials for morphogenetic processes, therefore it is 
important that photosynthesis goes on effectively. Good ratio of photosynthetic pigments provides normal course of 
photosynthetic processes. After investigation of photosynthetic pigments in leaves of Festulolium it became clear that 
the highest concentration of chlorophylls a and b of the cultivar Vėtra was when the grass was affected by 90 days of 
low temperature and short day photoperiod (Fig.3). The quantity of carotenoids was changing differently at different 
photoperiods. The biggest significant content was determined after 90 days of vernalization, at the conditions of short 
day photoperiod and low temperature, because plants, when in stress condition, promoted photosynthetic pigments 
synthesis in leaves (Lukatkin et al., 2012). 
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Figure 3. Dynamics of photosynthetic pigments in Festulolium cultivar Vėtra. Measurements were performed after the 

induction of flowering for 90, 110 and 130 days. Vernalization conditions in phytotron chambers: 8h and 16 h photoperiod, 

4 oC temperature. 

 
After the Festulolium were affected by low positive temperature for 130 days and long day photoperiod they 

were moved to greenhouse for 20 days. It was determined that the ratio of chlorophylls a and b in leaves was highest 
(Fig.4). The amount of carotenoids in the grass leaves significantly increased after 110 days vernalization and 20 days 
cultivation in greenhouse conditions, when the photoperiod during flowering induction was long. The ratio between 
chlorophylls a and b was found highest also after 110 days induction. 

 

 
 

Figure 4. Dynamics of photosynthetic pigments in Festulolium cultivar Vėtra. Measurements were performed after the 

induction of flowering for 90 days and cultivation in greenhouse for 20 days, induction of flowering for 110 days and 

cultivation in greenhouse for 20 days, induction of flowering for 130 days and cultivation in greenhouse for 20 days. 

Vernalization conditions in phytotron chambers: 8h and 16 h photoperiod, 4 oC temperature, 20/16 oC (day/night) in 

greenhouse. 

 

Different regularities were found for the cultivar Punia. After 110 days of vernalization at a long day 
photoperiod conditions the content of chlorophylls a and b significantly increased. The accumulation of carotenoids was 
significantly bigger than in other combinations (Fig.5). The ratio between chlorophylls a and b significantly increased 
after grass was affected only by 90 day of low temperature and long day photoperiod. This enables us to state that plants 
of Festulolium cultivar Punia responds more sensitively and faster to the influence of environment factors.  
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Figure 5. Dynamics of photosynthetic pigments in Festulolium cultivar Punia. Measurements were performed after the 

induction of flowering for 90, 110 and 130 days. Vernalization conditions in phytotron chambers: 8h and 16 h photoperiod, 

temperature 4 oC. 
 

Comparing with control plants, the Festulolium cultivar Punia were accumulating more chlorophylls a and b and 
carotenoids in leaves when plants passed processes of vernalization (Fig.6). 
 

 
 

Figure 6. Dynamics of photosynthetic pigments in Festulolium cultivar Punia. Measurements were performed after the 

induction of flowering for 90 days and cultivation in greenhouse for 20 days, induction of flowering for 110 days and 

cultivation in greenhouse for 20 days, induction of flowering for 130 days and cultivation in greenhouse for 20 days. 

Vernalization conditions in phytotron chambers: 8h and 16 h photoperiod, 4 oC temperature, 20/16 oC (day/night) in 

greenhouse. 
 

The grass responded most to 90 days flowering induction period in a long photoperiod conditions: the highest 
chlorophylls a and b accumulation in leaves – 1,68 mg/g and 0,67 mg/g was detected. The content of carotenoids was 
also significantly bigger (Fig.6). 
 
Conclusions 

 

The highest assimilation leaf area was found in the end of vegetation. Short-day (4 °C) conditioned the highest 
assimilation leaf area of Festulolium 'Vėtra', the lowest assimilation leaf area was found in 'Punia' under long-day (4 °C) 
conditions.  

Festulolium cultivar Vėtra synthesizing the highest photosynthetic pigments content after the 130 days of 
flowering induction in long photoperiod, and the cultivar Punia sensitive to stressors, its highest key photosynthetic 
pigments are found in the 90 days of flowering induction in long photoperiod. 
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Influence of Alkaline Ionized Water on Soybean 'DOTNUVOS RUDOJI' Growth 
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Abstract 

 

Influence of alkaline ionized water on soybean ('Dotnuvos rudoji') seed germination, sprout conditions and plant morphophysiological 
parameters was investigated in ASU Institute of biology and plant biotechnology. Distilled water was chosen as control variant. It was determined that 
alkaline ionized water did not show any significant impact on seed germination, plant and root size, nevertheless earlier germination and faster 
development of leaves was observed. Chlorophyll a and b content significantly increased by 0,35 mg l-1 and 5,74 mg l-1 respectively, whereas 
concentration of carotenoids declined by 2,2 times. The changes in pigment content did not have a significant effect on the effective quantum yield of 
photochemical energy conversion in II photosystem. 

Key words: soybean, alkaline ionized water, seed germination, morphophysiological parameters 

 

Introduction 

 

Water is inherent to plant physiological processes as well as take the largest part in plant organs characterized by 
the highest rate of physiologic reactions as photosynthesis, respiration, biosynthesis and other metabolic processes. For 
the purpose to sustain the efficient rate of plant physiologic reactions, the sufficient water supply is required. Water 
regime in plant consists of water suction, transport and dissipation. 

Importance of water to living organisms is related to it specific structure with ability to form specific molecular 
clusters. Structured water consists of 3-6 molecule cluster (Strukturiertes Wasser..., 2009), drinking water has 10-13 
molecule cluster whereas alkaline ionized water consist of 5-6 molecule cluster (Privedienė, 2009). Alkaline ionized 
water more easily passes through membrane and hereby is considered to have a positive impact on plant growth. 
(Kitzmüller, 2005/2006).  

A number of studies were carried out to discover the influence of alkaline ionized water to human health, but 
impact to other group of organisms, as plants is not completely investigated. Hy et.al. (2007) in his studies analyzed the 
role of water channel proteins in rice seed germination and found that better water transportation in membrane 
improved development processes. It was found that ionized water influenced structure of aquaporin channel proteins for 
better membrane permeability (HY et al, 2007). In Harada and Yasui (2003) research, decomposition of ethylene with 
electrolyzed water was observed that resulted in markedly extended the vase life of cut carnation flowers. (Harada, 
Yasui, 2003). 

The aim of this research is to determine the influence of alkaline ionized water to soybean ('Dotnuvos rudoji') 
seed germination, plant growth and photosynthetic activity up to 4 leaf pair development stage. 

 
Materials and methods 

 

The investigation alkaline ionized water (produced by UAB „Sileka“) effect to soybean (Glycine max (L.) Merr.) 
'Dotnuvos rudoji' seed germination and particular morphophysiologic parameters was carried out in the institute of 
biology and plant biotechnology of Aleksandras Stulginskis University (ASU) during 2011-2012. Water was taken from 
180 m. borehole and structured applying GRANDER revitalization technology. For ionization, "ENVIROLITE" ionizer 
was used. Distilled water was chosen as control variant.  

The measurement of seed germination was performed following the methodology approved by Lithuanian 
Ministry of Agriculture (2003). Trial had four repetitions, seeds were spread on filter paper moistened with 
investigative water and placed in Petri dish. Temperature was set at 22±24 ºC level. After 7 days seed germination was 
estimated. 

Dynamics of seed germination and plant growth was observed when seeds were placed into pots with mixture of 
compost and sand (1:2). Subsequently alkaline ionized water and distilled water (for control variant) were applied. 

At 4 pair leaf stage we measured biometric parameters such as plant height, root length and it biomass 
respectively (scales KERN, 0,0000 g accuracy) as well as rate between length of stem and root also it biomass.  

Dry matter content was estimated after 2 h drying in thermostat at 105 ºC temperature (Stašauskaitė, 1999). 
Photosynthetic pigment concentrations were measured with spectrophotometer and calculated from following 

equations: 
 

Chl a (mg l-1) = 9,784 × D662-0,990 × D644     (1) 
Chl b (mg l-1) = 21,426 × D644-4,650 × D662     (2) 
Carotenoids (mg l-1) = 4,695 × D440,5 - 0,268 × (Chl a+b mg l-1)    (3) 

 
here: D – Optical density in extract at the specified wave length (Гавриленко et al.1975). 

 
Chlorophyll fluorescence was measured with portable fluorometer (PAM-210, Walz, Germany) when first leaf 

pair was developed. After actinic light application, effective quantum yield of photochemical energy conversion in PSII 
(Ф2) was calculated as Ф2 = ∆F/Fm’. In this equation ∆F = Fm’ - Ft (where Ft is the steady-state fluorescence and Fm′ is 
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the maximum fluorescence during a saturating light pulse) (Genty, Briantais & Baker, 1989). Chlorophyll fluorescence 
was measured after each 7 days with 8 replications (Rohaček, Bartak, 1999).  

Statistical analysis of data was made using STATISTICA statistical software One-way ANOVA was carried out.   
 
Results and discussion 

 
During germination process, water access rate and quantity is related to matric potential, seed and cell wall 

chemical content. Especially high swelling properties are specific to seeds of Fabaceae family, due to high protein 
content.  

Various techniques to speed up seed swelling currently exist. According to Silveira and Fernandes (2006) study, 
among different methods, chemical scarifying was most effective technique to improve seed Mimosa foliosa Benth. 
germination. Poželienė and Lynikienė (2006) applied corona discharge electrical field to increase rapeseed seed 
germination. In our research alkaline ionized water was not found to influence seed germination, but after seed 
replacement to soil substrate, a positive impact on seed sprouting and true leaf development was observed (Table 1).     
 
Table 1. Influence of alkaline ionized water on soybean 'Dotnuvod rudoji' germination and development 

Date Distilled water Alkaline ionized water 

03.03 sown sown 
04.04 Germination, 50 % Germination, 83 % 
04.05 Germination, 50 % Germinated 100 %, formation of leaf, 33% 
04.07 Germinated 100 %, formation of leaf, 33% Formation of leaf, 50 % 
04.08 Formation of leaf, 33% Formation of leaf, 67 % 
04.11 First leaf pair, 50 % First leaf pair, 83 % 
04.13 First leaf pair, 67 % First leaf pair, 100 % 
04.14 First leaf pair, 100 % Second leaf pair, 33% 

 
Crop productivity is highly dependent on assimilation surface area. Two weeks after sawing soybean plants, 

treated with alkaline ionized water had fully developed first true leaf pair, whereas in control variant 67% of plants were 
at that stage. It is assumed that electrolytically changed water structure resulted in better permeability through cell walls 
and hereby slightly accelerated leaf development (Červonkienė, 2010, Hy et al., 2007). 

At four leaf stage soybean plants treated with alkaline ionized water had insignificantly increased plant height 
and significantly increased root length but with a modest change. In addition, alkaline ionized water resulted in 
significantly lower root and upper part biomass at four leaf stage, but with relatively stable and slightly increased dry 
matter content in roots.  Above mentioned and other morphologic parameters as rate between root length and above-
ground part height are indicated in Table 2.  
 
Table 2. Influence of alkaline ionized water on soybean morphologic parameters 

Variants 

Above-ground part 

height /roots  length 

mm 

Green mass (above-

ground part /roots) 

mg 

Rate of length and 

weight (above-ground 

part /roots) 

Dry matter content 

(above-ground part 

/roots) % 

Distilled water  391,8 ± 84,9 
113,0 ± 1,79 

2629 ± 94,9 
  628 ± 7,80 

1 : 0,15 
1 : 0,18 

19,99 ± 0,5 
  8,36 ± 0,93 

Alkaline ionized water 367,4 ± 37,5 
117,5 ± 1,79 

2163 ± 13,8 
  463 ± 1,79 

1 : 0,17 
1 : 0,25 

19,48 ± 0,3 
  9,31 ± 0,62 

 
The ratio between autotrophic (leaves) and heterotrophic (stem, roots) plant organs could determine the yield 

formation. For example, plants with better developed heterotrophic part sinks assimilates and therefore results in 
reduced stem growth. In our results soybeans watered with alkaline ionized water developed longer roots with 
insignificantly higher dry matter content.  

Increased photosynthetic pigment content is often matched with higher plant productivity and yield. In the 
results from our study, significantly lower root and upper part biomass as well as slightly increased dry matter content 
in roots at four leaf stage in soybean plants treated with alkaline ionized water were associated with significantly higher 
chlorophyll content (Table 3.).  
 
Table 3. Influence of alkaline ionized water on the content of pigments ( mg -l) in soybean plants at 4 leaf pairs stage. 

Variants 
Chlorophyll 

content 
Chlorophyll a Chlorophyll b 

Chlorophyll a/b 

ratio 
Carotenoids 

Distilled water 42,1±0,07  25,15 ± 0,004 16,97± 0,03 1,48 4,16 ± 0,017 
Alkaline ionized 
water 

48,2±0,06 25,5 ± 0,003 22,71 ± 0,04 1,12 1,89 ± 0,026 

 
According to Osaki et al. (2004) the photosynthates from 2nd and 4th leaves of soybean are mainly transported to 

root whereas top part of plant, for example 7th pair of leaf distribute carbohydrates mainly to assimilating leaves, lover 
organs and upper organs respectively. The same tendency was observed in spring wheat and sunflower, when roots 
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were main sink organs for photosynthates of 3rd pair of leaves. The results from our research suggest that effect of 
alkaline ionized water supply was insignificant but with tendency to increase chlorophyll content and with sufficient 
photochemical energy conversion in II photosystem (Y) facilitated photosynthate transport to roots. 

Carotenoids plays important role photosynthesis by protecting photosystems from oxidative damage and 
harvesting light. As antioxidants carotenoids intervene to control these processes in at least two important ways. First, 
pigments such as β-carotene are capable of directly quenching both triplet chlorophyll and singlet oxygen states. 
Second, the xanthophyll cycle is involved in lowering the yield of triplet chlorophyll formation by pre-emptive 
quenching of excited singlet state chlorophyll, a mechanism that can have a high quantum yield value for energy 
dissipation (Foyer, Harbinson, 2004). Carotenoid content in soybean watered with alkaline ionized water was markedly 
(54,6%) decreased.  

On the basis of chlorophyll fluorescence measurements, the relatively sufficient Y in study suggest that light 
harvesting process as well as further electron transport to feed II photosystem was efficient and no ptotooxidative stress 
occurred (fig.1). According to Van Kooten and Snel (1990) studies chlorophyll fluorescence can serve as useful non 
damaging tool to monitor various types of plant stress. As far as only limited scientific information exists about 
structured ionized water effect of plant physiologic processes, it is complicated to summarize such pigment 
concentration changes. It was found that alkaline ionized water has antioxidative characteristics (Privedienė, 2009). It 
could be one of presumptions concerning lower amount of carotenoids in soybeans treated with alkaline ionized water 
that it carried out antioxidative role.  
 

 
Figure 1. Photochemical energy conversion in II photosystem of soybeans, treated with alkaline ionized water and distilled 

water (as control variant) 
 
Conclusion 

 
Structure of alkaline ionized water is changed during electrolysis process which cause increase in proportion of 

hydroxil anions compare to hydrogen ions. Alkaline water consists of smaller clusters (<6 molecules) when typical 
water has clusters from 10 to 13 molecules in each of them. Hypothetically, water with smaller cluster is easier  
transported through membranes, particularly aquaporins and consequently facilitate physiologic processes. In 
experiments with soybean 'Dotnuvos rudoji', alkaline ionized water had a positive but not significant effect on seed 
germination and dry matter content in roots. Despite the significantly decreased biomass, in early stages of plant 
development, faster formation of leaf assimilation area and increased content of chlorophyll b was observed under 
influence of alkaline ionized water.  
 
References 

 

1. Červonkienė D. Gyvasis vanduo šiandien, ne tik pasakose (2010). Sveikas žmogus. No.5, pp. 48-48. Available at 
www.somis.lt/uploads/File/gyvasis%20vanduo.pdf 

2. Foyer H. Ch., Harbinson J. (2004). Relationships between Antioxidant Metabolism and Carotenoids in the Regulation of Photosynthesis. 
Advances in Photosynthesis and Respiration. Vol. 8, pp. 305-325. 

3. Genty B, Briantais J-M and Baker NR (1989). The relationship between the quantum yield of photosynthetic electron transport and quenching of 
chlorophyll fluorescence. Biochim Biophys Acta 990,  pp. 87-92. Available at  http://www.technologica.co.uk/references/ 

4. Harada K., Yasui K. (2003). Decomposition of Ethylene, a Flower-Senescence Hormone, with Electrolyzed Anode Water. Biosci Biotechnol 
BioChemistry. N.67 (4), pp. 790-796. Available at http://www.heartspring.net/water_clinical_studies.html 

http://www.essex.ac.uk/bs/staff/baker/
http://www.heartspring.net/water_clinical_studies.html


Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

167 

5. Kitzmüller D. (2005/06). Mythen des Wassers - Wissenschaftliche Untersuchungen von „belebtem“ Wasser anhand der Grandertechnologie und 
Aquavital. Fachbereichsarbeit aus Chemie, 2005/06. 61 S. Available at http://homepage.univie.ac.at /erich.eder/wasser /kitzmueller2006.pdf 
(2013 01 24) 

6. Liu HY, Yu X, Cui DY, Sun MH, Sun WN, Tang ZC, Kwak SS, Su WA (2007). The Role of Water Channel Proteins and Nitric Oxide Signaling 
in Rice Seed Germination. Cell Research. N.17 (7). pp.638-649. Available at http://www.ncbi.nlm.nih.gov/pubmed/17452999 

7. LR ŽŪM Įsakymas dėl sėklų daigumo tyrimų metodikos patvirtinimo (2003 spalio 17 d.). Nr. 3D-346, Vilnius. Available at 
http://tar.tic.lt/Default.aspx?id=2&item=results&aktoid=7D0F89BC-8AF9-4058-B0C6-A856BE2CC4C8. 

8. Stašauskaitė S. (1999). Augalų fiziologijos laboratoriniai ir lauko bandymai. Aldorija, Vilnius. 
9. Osaki M., Shinano T., Yamada M., Yamada S. (2004). Function of Node Unit in Photosynthate Distribution to Root in Higher Plants. 

Photosynthetica. Vol. 42(1), pp. 123-131. 
10. Požėlienė A. Lynikienė S. (2006). Specialus rapsų (Brassica napus L.) sėklų apdorojimas.  Žemės ūkio mokslai. N.2, pp. 34-41. Available at 

www.ebiblioteka.lt/resursai/LMA/.../Zem_037_041.pd. 
11. Privedienė G. (2009). Ligų priežastys - rūgštys. Vakarų ekspresas. Available at www.ve.lt › 
12. Rohaček K, Bartak M. (1999). Technique of the Modulated Chlorophyll Fluorescence: Basic Concepts, Useful Parameters, and Some 

Applications. – Photosynthetica: 37, pp. 339-363. 
13. Schreiber U. Bilger W., Neubauer C. (1999). Chlorophyll Fluorescence as a Nonintreisive Indicator for Rapid Assissment of in Vivo 

Photosynthesis. Ecophysiology of Photosynthesis. Singer Verlag, Berlin. pp. 49-90. 
14. Silveira F.A.O, Fernandes G.W. (2006). Effect of Light, Temperature and Stratification on the Germination of Mimosa foliosa (Leguminosae) 

Seeds. Seed Science and Technology. Vol.34, N.3. pp. 582-592. Available at www.ingentaconnect.com/content/ista/sst/2006/ 
00000034/.../art00005 

15. Strukturiertes Wasser. 2009. Available at http://www.aquabionica.at/bionicwater/structured-water/ 
16. Van Kooten O,  F. H. Snel J. (1990). The Use of Chlorophyll Fluorescence Nomenclature in Plant Stress Physiology. Photosynthesis Research. 

Vol. 25 (3),  pp. 147-150. 
17. Гавриленко В.Ф., Ладыгина М.Е., Хандобина Л.М. (1975). Большой практикум по физиологии растений. Москва. 
 
 

Regina MALINAUSKAITĖ, Dr. , Assoc. Prof., Aleksandras Stulginskis University, Institute of Biology and Plant Biotechnology, 
Adress: Studentų 11, LT-533361, Akademija, Kaunas distr. E-mail: regina.malinauskaite@asu.lt. 
Edvardas KAZLAUSKAS, Dr., lecturer. Aleksandras Stulginskis University, Institute of Biology and Plant Biotechnology, Adress: 
Studentų 11, LT-533361, Akademija, Kaunas distr. E-mail: edvardas.kazlauskas@gmail.com.  
Aurelija ŠALUCHAITĖ, Lecturer. Aleksandras Stulginskis University, Institute of Biology and Plant Biotechnology, Adress: 
Studentų 11, LT-533361, Akademija, Kaunas distr. E-mail: aurelija.saluchaite@asu.lt. 
The main  directions of researches - plant physiology, ecophysiology, plant pathology, plant protection from diseases and pests. 
 

http://homepage.univie.ac.at/erich.eder/wasser/kitzmueller2006.pdf
http://homepage.univie.ac.at/erich.eder/wasser/kitzmueller2006.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Cui%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20WN%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20ZC%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwak%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ncbi.nlm.nih.gov/pubmed?term=Su%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=17452999
http://www.ingentaconnect.com/content/
http://www.aquabionica.at/bionicwater/structured-water/
http://link.springer.com/search?facet-author=%22Olaf+van+Kooten%22
http://link.springer.com/search?facet-author=%22Jan+F.+H.+Snel%22
mailto:regina.malinauskaite@asu.lt


Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

168 

Importance of Agricultural Anaerobic Digestion Plants for Agriculture and Rural 

Development: Notes on Researches Carried out in the Czech Republic and 

Slovakia 
 

Stanislav Martinát
1
, Petr Dvořák

2
, Josef Navrátil

3
, Petr Klusáček

4
, Marián Kulla

5
,  

Tatiana Mintálová
6
, Ilona Martinátová

7
 

1 
Silesian University in Opava, Czech Republic  

2 
Academy of Sciences of the Czech Republic, Czech Republic 

3
 University of South Bohemia, Czech Republic 

4
 Mendel University, Czech Republic 

5 
Pavol Jozef Šafárik University in Košice, Slovakia 

6 
Palacký University in Olomouc, Czech Republic 

7 
College of Business and Hotel Management, Czech Republic 

 
Abstract 

 

Renewable sources of energies are topic that is still frequently discussed in context of rural development debate. Contribution is trying to 
identify links between recent agricultural changes in two Central European countries (Czech Republic and Slovakia) and recent development of 
agricultural anaerobic digestion plants as facilities that produce clean energy. Mutual spatial consequences, positives and negatives for rural 
development are discussed. Potential of agricultural waste after animal husbandry breeding was recalculated by using statistical methods and 
presented by cartographic outputs.  
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Introduction 

 

Central European agriculture has experienced dramatic changes since the fall of the Iron Curtain in late 1980s. 
Extensive changes in both the intensity and the structure occurred, being the result of transition processes in 1990s and 
the Europeanization through the Common Agricultural Policy during the decade after the European Union accession of 
Central European countries (2004). One manifestation of such Europeanization tendencies is an effort to interconnect 
agricultural and rural activities, so that both sectors are not in contradiction, but complement one another (Van der 
Ploeg et al., 2000). To achieve this long-term objective a pressure on diversification of agricultural income in favour of 
alternative agricultural activities (alternative crops growing, operation of organic farming, etc.) or entirely non-
agricultural activities is needed (as farm based tourism, support of direct sale and processing of agricultural products, 
etc.). As a result the primary production purpose of agriculture is reduced in favour of multifunctional concept of 
agriculture that puts emphasis not only on economic aspects of agriculture but also on social and environmental aspects. 
(Marsden and Sonino, 2008). Depending on quality of natural conditions for agricultural activities in individual regions, 
strengthening or, contrariwise, weakening of individual aspects of multifunctionality has to be taken into consideration 
together with keeping the necessary threshold of each aspect of this phenomenon. It implies that e.g. the production 
function of agriculture has to be maintained and supported in areas with highly fertile soils intended to be used for food 
production; on the other hand in sub mountain conditions or peripheral regions, where quality of soil is lower, 
environmental or social aspects of multifunctionality have to be strengthen. Seeking a suitable mixture of individual 
aspects or functions of agriculture in individual regions in the context of their natural, but also socio-economic 
prerequisites, is a challenge where agricultural policies may play the decisive role and  influence its development by 
using suitable regulatory instruments and measures. Geography, known as a spatial science, can contribute to the 
knowledge of spatial phenomena and processes and their mutual dependence that is connected with the above 
mentioned issues (Wilson, 2009). 

One of alternative activities of farmers that has been widely discussed by public due to the continuously growing 
consumption of energy (e.g. in the Czech Republic there was an increase of 20 % in the last two decades) is the 
production of electricity and heat energy by means of agricultural anaerobic digestion plants. Such facilities for 
renewable energy production undoubtedly represent a positive shift in the production of clean energy in general 
(compared to the depletion of fossil sources), while at the same time planning, construction, operation and potential 
impact of such facilities on their background, but also national or EU financial incentives to support renewables, are 
frequently criticized as controversial. Agricultural anaerobic digestion plants are still intensively perceived as being not 
only an alternative source of income for farmers, whose real agricultural income is constantly decreasing and are 
looking for some new economic activities, but also as a final destination for part of agricultural production and 
agricultural wastes, too. The impacts of declines of agricultural activities differ in individual states and regions, 
however, the impacts on operation of anaerobic digestion plants differ too depending on the level of the support by 
subsidies and depending on the level of acceptance by individual farmers and local population, and by decision sphere 
on local and regional level as well (Mussal and Kuik, 2011). 

The aim of the presented contribution is to evaluate regional (NUTS 3) impacts of declines of agricultural 
activities in two Central European countries (Czech Republic and Slovakia) in contexts of the recent growth of 
agricultural anaerobic digestion sector in both countries. We would like to answer the question in what ways anaerobic 
digestion plants influence the extent and structure of agricultural in individual regions. The potential of agricultural 
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wastes after animal husbandry is also discussed. On the other hand, controversies connected to the growing acreage of 
corn maize and the usage of crops for energy purposes are discussed too. Regarding the recent boom of anaerobic 
digestion plants in the Czech Republic (currently 481 plants with total installed capacity 363 MW) and the boom of this 
sector predicted for Slovakia in near future (currently 110 plants with total installed capacity 91 MW), this paper can 
also be understood as a contribution to the recent debate on consequences between production and usage of biogas 
(product of anaerobic digestion) and agricultural and rural development, which in case of Slovakia is expected. 

Two Central European countries were selected for analyses, the Czech Republic and Slovakia, as examples of 
countries with very similar long-term agricultural development. Both countries existed as one state until 1992 – 
Czechoslovakia. This is the reason why during the period of socialism (between1950s and 1980s) similar agricultural 
policies were applied and agricultural sectors of both countries were alike. After nationalisation and collectivisation of 
agricultural land and properties in 1950s when agricultural cooperatives and state farms became the owners of majority 
of land, intensification, specialisation and concentration agricultural policies were applied in 1970s to make the whole 
sector more economically profitable and to ensure food sufficiency for the whole country. After the fall of totalitarian 
regime the former ownership of agricultural land and properties (after 1945) were restored (process of restitutions) or 
privatised and thus transferred back into private hands again (Věžník and Konečný, 2011). At the beginning of the 
transition period in the early 1990s  characteristics of both agricultural sectors showed , as a consequence of the above 
mentioned similar processes, similar features (regarding the average size of farms, highly industrialized agriculture, 
oversized sheds for animal husbandry breeding, relatively high employment in agriculture etc.). One of the main 
differences is the higher share of land in poor natural conditions for agriculture in Slovakia and historically bigger 
importance of agriculture for Slovak economy. Such importance of agriculture is reflected in shaping of national 
identity and causes a later start of industrialisation. Nowadays the economic importance of agriculture for national 
economies of both countries is at the similar level (it oscillates around 2–3 % of GDP). The same can be stressed 
regarding the employment in agriculture (Tvrdon et al., 2102). The extent of agriculture in the Czech Republic is larger 
than in Slovakia (4,26 millions of hectares in the Czech Republic, 2,4 millions of hectares in Slovakia), nevertheless 
trends in land use changes after 1990 are similar (decrease of share of agricultural lands, decrease of share of arable 
land, increase of permanent grasslands and built-up areas, etc. – Kopecká et al., 2012). 
 

Data and methods 

 

In the presented contribution recent changes of selected agricultural crops and animal husbandry breeding in the 
context of their relevance as input materials for agricultural anaerobic digestion plants were analysed. Regional analyses 
of changes of intensities of cattle, pig and poultry breeding and changes of sowing areas of corn maize were performed. 
Data on both national and regional level (NUTS 3) were evaluated. This administration level consists of 13 units in case 
of the Czech Republic (Prague as a region was excluded from analyses as a predominantly urban area with limited 
importance of agriculture) and of 8 units in case of Slovakia. Period chosen for analyses covered span after EU 
accession of both countries (2004). Second reason for this selection is that the authors made an effort to gather period 
when influence of agricultural anaerobic digestion plants on agriculture can be followed with higher intensities in both 
countries. Such approach may allow us better identification of consequences and importance of anaerobic digestion 
sectors for agriculture in individual phases of anaerobic digestion sector development. While in the case of the Czech 
Republic the most dynamic growth was experienced between 2010 and 2012 (Martinát et al., 2013), Slovakia is 
currently in the initial phases of this boom.  

Following the analyses of changes of sowing areas and changes of quantities and intensities of animal husbandry 
breeding in regions of both countries calculations of energy potential of agricultural waste according to chosen types of 
animal husbandry for each region were performed. The location of agricultural anaerobic digestion plants was assessed 
and energy potential available for use was discussed. Original data on individual agricultural anaerobic digestion plants 
in the Czech Republic are taken from the database of Energy Regulatory Office (www.eru.cz), in case of Slovakia the 
data source is the Atlas of renewable sources of energy in Slovakia (Fáber 2012). Data on quantities of animal 
husbandry and sowing areas of agricultural crops were adopted from registers maintained by the Czech Statistical 
Office (www.czso.cz) and Slovak Statistical Office (www.statistics.sk) for years 2004, 2012, 2013. For calculations of 
intensities of animal breeding for the given year data from yearbooks of land resource of both countries were used.  
 
Energy potential of agricultural waste 

 

When comparing the national action plans for renewable energies of both countries regarding the share of energy 
consumption that is planned to be covered by renewable source of energy by 2020, we come to the conclusion that the 
Czech Republic and Slovakia promised to cover 13,5 % and 14 % respectively. Such difference is not significant. 
However when taking into account the contemporary share of biogas energy (2012) in renewables, the difference 
increases enormously (more than 11 % in case of the Czech Republic). Such difference is caused by a huge support of 
renewable sources of energy in the Czech Republic in recent years in form of both feed-in tariffs and incentives for 
constructions of such anaerobic digestion plants, while in Slovakia this support wasn´t so significant. In this paper we 
predominantly focus on anaerobic digestion plants that process products or wastes produced in agriculture. Other types 
of anaerobic digestion plants include facilities located in the proximity of sewage disposal plants, facilities focused on 
processing of wastes from food industry and bio-waste from households or anaerobic digestion facilities that process 

http://www.eru.cz/
http://www.czso.cz/
http://www.statistics.sk/
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landfill gas. In all cases the technology and used inputs are rather different and require specific geographical locations 
and context that are linked to necessity to ensure fluent and continuous long-term supply, energetic sufficiency and 
economic viability of input materials. Specific types of anaerobic digestion plants require the location to be in densely 
populated areas, others on landfills, while other facilities in the proximity of food industry or within agricultural farm. 
Spatial relations among such facilities and ways how their background is formed in time in context of their operation 
(changes of land use, traffic, real or perceived environmental hazards, etc.) create great potential for geographical 
researches. With respect to rural development agricultural anaerobic digestion plants can be described as being the most 
important for the development of agriculture. The reasons for such importance are due not only to the input materials 
necessary for operation of such facility, but also due to the outputs produced in form of electricity generated and 
supplied to the grid, heat energy that might be utilised and form of digestate too, which is the residue after fermentation 
process that could be used as fertiliser of great quality (Marada et al., 2008). 

Agricultural anaerobic digestion plants become continuously more and more important “customers” of 
agricultural wastes after animal husbandry breeding. Manure produced (slurry including litter) is an energy utilizable 
waste whose energy yield per one ton varies from 40 to 90 m3 of biogas. While biogas yield of manure after cattle 
breeding stays around the lower limit of the given interval, manure after poultry seems to have much higher energy 
potential (see table 1). It is obvious that the above mentioned levels of energy from waste yields heavily depend on the 
chosen technology, the processing of input materials and its storage (Banks, 2006). One fact that supports further and 
much more intensified re-use of this agriculture waste for energy purposes can be also seen in re-use of material that 
would stay unused anyway. Diametrically different approach has to be considered when thinking of usage of crops for 
energy purposes. Even through the energy potential of corn maize is much higher (up to 220 m3 of biogas per ton of 
material), the benefits of further reuse of agricultural waste cannot be omitted. It is corn maize though which is 
nowadays the most frequent material utilized in agricultural anaerobic digestion plants in both studied countries. It has 
to be also stressed that while growing agricultural crops for energy purposes raises frequent controversies across 
society, among farmers especially, energy processing of agricultural wastes is perceived more positively. The very fact 
that crops grown on agricultural land is not just for food, but energy purposes, raises number of ethical questions 
regarding changes of land use (Boucher, 2012) and potential food sufficiency or food security (Tilman et al., 2009) as 
well as impacts on changes in way how population perceive agricultural land and its utilisation and perception of parts 
and functions of farmers in rural space (Frantál and Martinát, 2013). Such consequences might also be discussed in the 
context of post-socialistic specifities of agriculture, when during the socialistic era the perception of agriculture was 
shifted towards the production and was perceived more as a branch of industry, while other aspects (environmental, 
social, ethical, cultural) were supressed. As was pointed out by Mol (2007), there is also a problem with vulnerability of 
agricultural systems that are too dependent on production of crops for energies (or bio-fuels), as well as there is a 
problem with the acceptance of individual projects for production of renewable energies by individual actors of rural 
development (Frantál and Kunc, 2010, Frantál and Kunc, 2011). 
 
Table 1. Biogas yield from one ton of fresh biomass (m3 / ton) 

Input material 
Biogas yield (m3 / ton) 

Minimum Maximum 
corn maize 170 220 
cattle manure 40 50 
pig manure 55 65 
poultry manure 70 90 

Source: Banks 2006. 
 

For calculations of energy potentials of agricultural wastes after the three most common types of animal 
husbandry total numbers of cattle, pigs and poultry in 2012 (for regions of the Czech Republic) and 2013 (for regions of 
Slovakia) were used (see table 2 and 3). After normalisation of this data for livestock units (1 cattle head = 1 livestock 
unit, 1 pig head = 0,3 livestock unit, 1 head of poultry = 0,0025 livestock unit) and recalculation of manure theoretically 
produced by individual types of animals per year (1 livestock unit of cattle = 11,5 tons of manure per year, 1 livestock 
unit of pigs = 11,2 tons of manure per year, 1 livestock unit of poultry = 11,9 tons of manure per year) potential of 
manure available was calculated. In the next step biogas yields for individual types of animal husbandry were identified 
and theoretical amounts of biogas produced in individual regions by using manure were calculated (see table 1). Next 
step was devoted to calculation of energy potential of electricity (in kW) that could be produced from above mentioned 
biogas yields (for calculation formula proposed by Pepich et al. (2010) was used – amount of biogas in m3 / 1000 x 
2178). Potential of heat energy (in GJ) was also calculated by using formula of Pepich et al. (2010) – (amount of biogas 
in m3 / 1000 x 11,4).  

As biogas yields for individual types of input materials vary between maximum and minimum values of biogas 
produced according to different conditions (see explanation above), also both potentials were calculated to minimum 
and maximum amounts. Resulting data on both potentials has to be reduced by 10 % in case of electricity (such amount 
of electricity is in average used for operation of anaerobic digestion technology) and by circa 30 % in case of heat 
energy produced (this share represents heat necessary for operation of such facility again). Based on analyses carried 
out on regional levels of both studied countries logical assumption has to be noticed that more animal husbandry is 
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breaded in given region, more energy potential they offer. Different structure of types of animal husbandry in different 
regions could be also understood as hidden potential for location of various types of anaerobic digestion technologies in 
different locations that are able utilize given potential more effectively. Moreover, different natural conditions for 
agriculture provide has to be taken into account while discussing spatial aspects of these potential. While breeding of 
poultry and pigs is more linked to arable land with good soil quality or proximities to large cities (in case of poultry), 
cattle breeding is more connected to not so fertile areas with higher shares of permanent grasslands and sub mountain 
areas. These consequences also provide various potentials for energy processing of different types of agricultural 
wastes. 

Cartographic display of calculated regional energy potentials for the Czech Republic and Slovakia (see Figure 1) 
helps to identify wider regions with higher energy potentials from analysed types of agricultural waste. While in the 
Czech Republic it is belt that goes from western to south and central Bohemia to more eastern located sub mountain 
areas of the Českomoravská vrchovina Highland with lower soil quality, in Slovakia we are talking about Trnavský 
Region in western part of Slovakia (caused highest intensities of pig breeding) and belt of regions that goes to the east. 
On the other side three regions were identified in both countries (Košický Region, Trenčianský Region, Žilinský Region 
in Slovakia and Liberecký Region, Ústecký Region and Karlovarský Region in the Czech Republic) where relatively 
low energy potential is apparent. In these cases huge declines of animal husbandry breeding were experienced in recent 
years (see tables 4 and 5) and thus energy potential was lost. It has to be considered that calculations of energy 
potentials that were carried out above are highly theoretical. In reality, plenty of various variables influence proposed 
calculations that might be subjects of changes, adjustments to enable model more close to reality. Also capacities of 
electricity grid in individual regions have to be taken into account. There are regions with insufficient capacity of 
electricity grid (like Moravian-Silesian Region in the Czech Republic), on the other hand there are regions where such 
solution is possible. Also other types of renewable sources of energy that generate electricity have to be considered. 
Next point that needs to be discussed in this context is acceptance of renewable sources of energy in society (and 
especially acceptance of anaerobic digestion). This issue causes controversies on national, regional and local levels. 
While on national level acceptance is linked to forms and intensities of state (or EU) support for constructions of such 
facilities and settings of feed-in tariffs, on regional and local level it is more about real or just perceived environmental 
problems connected to operation of anaerobic digestion plants (as discussed above). Nevertheless, even if we take into 
account mentioned objections, calculations on energy potentials carried out still offer room for discussions if 
contemporary massive use of corn maize for energy purposes in both countries could not be substituted by agricultural 
wastes (see table 6). Next factor that heavily affects usability and information value of calculated energy potentials is 
the fact that extent of individual regions is too big and thus specificities within regions are not visible. These regions 
(NUTS 3 level) are usually formed by various natural and agro-rural structures that have influence on possibilities of 
energy re-use of agricultural waste. To achieve better and more realistic results, analyses on lower levels (districts) have 
to be performed in future. 

 
Table 2. Energy potential of chosen types of animal husbandry in the regions of the Czech Republic (2013) 

Region 

Number of 

cattle (2013) – 

thousands of 

heads 

Number of 

pigs (2013) – 

thousands of 

heads 

Number of 

poultry 

(2013) –

thousands 

of heads 

Potential of 

electricity 

generation 

in MW 

(min) 

Potential of 

electricity 

generation 

in MW 

(max) 

Potential of 

heat 

generation 

in GJ  

(min) 

Potential of heat 

generation in GJ 

(max) 

CB* 150,7 301,9 4999,3 295169 361486 1544960 1892075 
SB 210,5 148,4 2735,0 282991 350110 1481219 1832533 
PLZ 162,0 118,7 2486,9 221338 273818 1158516 1433209 
KV 39,2 1,7 174,6 40751 50921 213299 266529 
ÚST 36,2 85,4 1464,6 77315 94538 404677 494827 
LB 45,0 20,7 55,9 53700 66567 281077 348422 
KH 100,6 85,3 2289,1 145483 179884 761482 941544 
PB 113,4 147,1 3364,3 188076 231603 984417 1212247 
VY 211,0 247,3 349,0 312507 383904 1635712 2009417 
SM 59,5 173,7 3029,1 143284 174828 749971 915077 
OL 90,6 88,5 446,1 128423 158172 672186 827897 
ZL 58,3 115,7 763,2 108442 132502 567605 693534 
MS 75,8 52,4 1108,3 102020 126266 533987 660899 
CR 1352,8 1586,6 23265,4 2099498 2584600 10989109 13528209 

 

*CB – Central Bohemia Region, SB – South Bohemia Region, PLZ – Plzeňský Region, KV – Karlovarský Region, ÚST – Ústecký 
Region, LB – Liberecký Region, KH – Královehradecký Region, PB – Pardubický Region, VY – Vysočina Region, SM – South 
Moravia Region, OL – Olomoucký Region, ZL - Zlínský Region, MS – Moravskoslezský Region, CR – Czech Republic 
Source: Czech Statistical Office (www.czso.cz), own processing 
 
 
 
 
 

http://www.czso.cz/
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Table 3. Energy potential of chosen types of animal husbandry in the regions of Slovakia (2012) 

Region 

Number of 

cattle 

(2012) –

thousands 

of heads 

Number of 

pigs (2012) 

–

thousands 

of heads 

Number of 

poultry 

(2012) –

thousands 

of heads 

Potential of 

electricity 

generation 

in MW 

(min) 

Potential of 

electricity 

generation 

in MW 

(max) 

Potential of 

heat 

generation 

in GJ (min) 

Potential of heat 

generation in GJ 

(max) 

BRA* 13,6 21,7 867,4 26325 32450 137787 169847 
TRN 76,9 211,4 1399,6 168499 205051 881951 1073268 
TRE 44,2 61,8 1952,0 77989 96107 408209 503037 
NIT 66,5 147,7 3010,9 139734 171102 731390 895574 
ZIL 66,9 14,9 1206,5 78496 97907 410860 512461 
BAN 75,1 72,6 1609,4 111734 137935 584833 721975 
PRE 82,2 49,5 735,1 105647 130818 552972 684724 
KOS 45,7 51,8 1068,8 71461 88077 374037 461008 
SK 471,1 631,5 11849,8 779884 959446 4082040 5021893 

*BRA – Bratislavský Region, TRN – Trnavský Region, TRE – Trenčianský Region, NIT – Nitranský Region, ZIL – Žilinský 
Regions, BAN – Banskobystrický Region, PRE – Prešovský Region, KOS – Košický Region 
Source: Slovak Statistical Office (www.statistics.sk), own processing 
 

Another factor which enters thinking on calculations of heat energy potentials (see tables 2 and 3) is 
geographical location of individual agricultural anaerobic digestion plants. It is obvious that every such facility causes 
new and influences or deforms current spatial relations within the nearby area. Fact that agricultural anaerobic digestion 
plants are usually located outside of settled parts of villages causes problematic usage of heat potential produced there. 
This causes very limited utilisation of this secondary product of these facilities at the moment. Currently majority of 
heat is used just for necessary needs of operation of such plants (circa 30 %) and needs of farm (heating of buildings, 
sheds for animals, etc.), other part of heat remains unused. It is obvious that further use of this waste heat could be 
utilized for heating of municipal, residential and commercial buildings, but this is limited by possibilities of 
transmission of heat for longer distances. Development of such heating infrastructure requires large investment that 
would be too effective in many cases. Further use of heat should be one of the most decisive factors while discussing 
individual projects of agricultural anaerobic digestion plants and their contributions. Use of waste cheap and clean heat 
that do not cause environmental controversies (like fossil fuels) could be one of points that could affect acceptance of 
anaerobic digestion plants by both local and regional population and decision makers. Nevertheless even nowadays 
examples of effective use of heat energy generated by anaerobic digestion plants can be registered. As success stories 
that worth to be followed as inspirations (with necessary consideration of local conditions) could be found in Jaroměř 
(Královéhradecký Region, Czech Republic), where local housing estate is heated from local anaerobic digestion plant 
by using 2 kilometres long heat line, heat supplies from similar source provided for spa in Třeboň (South Bohemia 
Region, Czech Republic) or heat supplies for drying of vegetables in Chynorany (Trenčianský Region, Slovakia). As for 
some other examples that might be followed – heating chicken farms, heating of greenhouses, heating of dryers for 
agricultural crops or wood, breeding of thermophilic fish, etc. On the other hand, besides positives negative have to be 
mentioned as well. As pointed by Martinát et al. (2013), location of anaerobic digestion plants could undoubtedly bear 
consequences for attractiveness of given villages as tourist destinations and could influence attendance of nearby tourist 
attractiveness (Navrátil et al., 2012, Navrátil et al., 2013), no matter if environmental influences of such plants are real 
or just perceived. 
 

Consequences of agricultural declines 
 

Crucial point of operation of any anaerobic digestion plant is how to ensure fluent and long-termed supply of 
input materials with limited seasonal swings of its inner structure. For operation and settings of such technology stability 
of inputs structure is a key question so that possible technological malfunctions causing environmental problems are 
prevented. Even from the quick view on tables 4 and 5 is obvious that stability of livestock as basic condition for fluent 
supplies of agricultural waste after animal husbandry breeding is not met in both studied countries in last years. While 
intensity of cattle breeding in the Czech Republic decreased in period 2004–2013 by 4,4 %, in case of Slovakia it was 
more than 12 % decrease (2004–2012). Even more dramatic declines were observed in case of pig breeding. With almost 
60 % decreases of numbers of pigs within mentioned period and systematic reductions of extent of arable land in both 
countries in favour of permanent grasslands, intensities of pig breeding declined by more than two fifths in studied 
period. Such decreased are surely regionally differentiated. For example in the most western region of the Czech 
Republic (Karlovarský Region), pig breeding almost disappeared (decrease of intensity of more than 95 %), in regions 
with more fertile lands in central and south Moravia is it almost two thirds. Similar trend as result of cheap agricultural 
imports is obvious in Slovakia too, where pig breeding was reduced in both submountain regions (Žilinský Region, 
Banskobystrický Region) and in regions with better soil quality too (Košický Region, Nitranský Region) where almost 
half of pigs disappeared (see tables 4 and 5). While in the Czech Republic are indicated decreases less dramatic in 
submountain areas, in Slovakia are registered decreases more spacious no matter of natural conditions. Such conclusion 
might be influenced by the fact that analyses were performed just for the regional level, where is quite difficult to 
evaluate natural conditions for region as whole. For more detailed and clear analyses districts level has to be utilized.  

If we look on changes of poultry breeding, certain tendency is apparent to concentrate this type of farming to 
several regions in hinterland of big urban cities (Central Bohemia Region, Pardubický Region, Plzeňský Region in the 
Czech Republic, Bratislavský Region in Slovakia), while in other regions, especially those located in submountain 

http://www.statistics.sk/
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regions, dramatic decreases are visible (more than half decrease in Vysočina Region, Zlínský Region and Liberecký 
Region in the Czech Republic). In case of Slovakia are mentioned declines of poultry breeding more spacious again 
which is the most evident in eastern part of the country (Košický Region, Prešovský Region). If we sum up information 
on regional changes of animal husbandry after 2004, we come to conclusion that majority of followed regions 
experienced important decreases of individual types of animals. This fact importantly reduces potential of agricultural 
waste after animal husbandry as stable source of material for feeding agricultural anaerobic digestion plants in studied 
regions in both long and medium term time horizons. 

Questions connected to declines of animal husbandry and its consequences for agriculture, rural areas, economy 
and food security of the country worth to be discussed more deeply with distinct attention (cf. Tilman et al. 2009). 
Another question is how to influence and regulate such negative tendencies for the future development. If we 
summarize this problem in context of agricultural anaerobic digestion plants, such declines could jeopardize fluent 
operation of the plants for future and creates potential pressure on farmers to grow crops for energy purposes on still 
increasing shares of sowing areas instead of food. As obvious from data in table 6, indicated tendencies are already 
apparent in regions with occurrence of more agricultural anaerobic digestion plants (Vysočina Region at the 
Českomoravská vrchovina Highland in the Czech Republic or Banskobystrický Region in Slovakia). On the other hand, 
operation of agricultural anaerobic digestion plants based primarily on manure can act its role as factor that influences 
decision making of farmers if reduce animal husbandry or not. Farmers then can subsidize this not so market attractive 
part of their farming from income earned in energy production. This approach raises plenty of consequent ethical 
questions concerning functions breeding of animals.  
 
Table 4. Selected basic features of animal husbandry breeding in the regions of the Czech Republic (2004–2013) 

Region 

Intensity of cattle 

breeding (heads per 

100 hectares of 

agricultural land) - 

2013 

Changes of 

cattle 

breeding 

intensity 

(2004-2013) - 

% 

Intensity of pig 

breeding (heads 

per 100 hectares 

of arable land) - 

2013 

Changes of 

pig breeding 

intensity 

(2004-2013) - 

% 

Intensity of 

poultry breeding 

(heads per 100 

hectares of 

arable land) - 

2013 

Changes of 

poultry 

breeding 

intensity 

(2004-2013) - 

% 

CB* 22,1 -3,8 53,5 -30,3 886,1 62,0 
SB 42,9 -1,9 47,5 -59,4 875,8 -35,1 
PLZ 42,7 0,7 46,1 -47,1 966,0 17,1 
KV 31,6 14,4 3,1 -95,9 323,4 -24,7 
ÚST 13,2 -17,8 47,0 -39,4 806,4 -26,5 
LB 32,2 18,9 31,7 -51,1 85,8 -58,7 
KH 36,2 -7,3 44,6 -63,9 1198,3 30,8 
PB 41,8 -5,1 74,4 -25,3 1702,8 92,9 
VY 51,5 -1,7 78,1 -38,0 110,3 -72,3 
SM 14,0 -23,4 49,2 -63,9 857,8 -31,0 
OL 32,4 -11,1 42,8 -62,1 215,5 -31,8 
ZL 30,1 -6,7 94,4 9,1 622,4 -52,4 
MS 27,6 -5,5 30,7 -68,4 649,6 -38,3 
CR 32,0 -4,4 53,0 -48,2 777,3 -6,9 

*CB – Central Bohemia Region, SB – South Bohemia Region, PLZ – Plzeňský Region, KV – Karlovarský Region, ÚST – Ústecký 
Region, LB – Liberecký Region, KH – Královehradecký Region, PB – Pardubický Region, VY – Vysočina Region, SM – South 
Moravia Region, OL – Olomoucký Region, ZL - Zlínský Region, MS – Moravskoslezský Region, CR – Czech Republic 
Source: Czech Statistical Office (www.czso.cz), own processing 
 
Table 5. Selected basic features of animal husbandry breeding in the regions of Slovakia (2004-2012) 

Region 

 

Intensity of cattle 

breeding (heads per 

100 hectares of 

agricultural land) - 

2012 

Changes of 

cattle 

breeding 

intensity 

(2004-2012) - 

% 

Intensity of pig 

breeding (heads 

per 100 hectares 

of arable land) - 

2012 

Changes of 

pig breeding 

intensity 

(2004-2012) - 

% 

Intensity of 

poultry breeding 

(heads per 100 

hectares of 

arable land) - 

2012 

Changes of 

poultry 

breeding 

intensity 

(2004-2012) - 

% 

BRA 17,4 -20,2 31,9 -24,4 1274,5 140,4 
TRN 28,4 -12,3 83,3 -24,1 551,7 -38,0 
TRE 31,3 -13,5 67,6 -47,5 2134,7 2,8 
NIT 15,6 -22,4 36,9 -55,3 752,4 -20,0 
ZIL 39,1 -9,7 27 -59,7 2191,3 5,0 
BAN 25,5 -6,6 46 -52,7 1019,9 13,6 
PRE 30 2,0 37,5 -42,3 556,2 -36,5 
KOS 16,8 -13,0 25,7 -54,8 530,2 -35,7 
SK 24,4 -12,5 46,4 -45,1 871,3 -13,5 

*BRA – Bratislavský Region, TRN – Trnavský Region, TRE – Trenčianský Region, NIT – Nitranský Region, ZIL – Žilinský 
Regions, BAN – Banskobystrický Region, PRE – Prešovský Region, KOS – Košický Region 
Source: Slovak Statistical Office (www.statistics.sk), own processing 
 

http://www.czso.cz/
http://www.statistics.sk/
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Recent changes of corn maize growing in the regions of the Czech Republic (nowadays on 215 thousands of 
hectares of arable land) and Slovakia (on 85 thousands of arable land) are summarized in table 6. On the first sight 
opposite trends are apparent. While in the Czech Republic share of sowing areas covered by this crops cover 7,5 % and 
are constantly increasing, in case of Slovakia it is 6,3 % of land with decreasing tendency. If we compare these data 
with development of animal husbandry breeding mentioned above, it is clearly visible, that recent increases of corn 
maize growing in the Czech Republic are caused by dramatic boom of agricultural anaerobic digestion plants that 
process this crop. Such assumption is supported by distinct regional distribution of these increases that mutually 
correlate with location of anaerobic digestion plants (Vysočina Region, Plzeňský Region, Pardubický Region, 
Královehradecký Region in the Czech Republic). As booming of agricultural anaerobic digestion plants in Slovakia is 
experienced couple year later and large boom is still expected in near future, such tendencies are not too visible in 
Slovak regions. Only Banskobystrický Region slightly increases sowing areas of corn maize in studied period. On the 
other hand, as corn maize is traditionally utilized as fodder for cattle, whose numbers are decreasing, without mentioned 
energy facilities decreases of importance of corn maize would be much intensive. This compensatory usage of corn 
maize for energy purposes is unfortunately not visible from official statistics, but locations and installed capacities of 
agricultural anaerobic digestion plant confirm this assumption. 
 
Table 6. Changes of sowing areas covered by corn maize in the regions of the Czech Republic (2004- 2012)  

Region 

(CZ) 

Share of sowing 

areas covered 

by corn maize 

(%) – 2004 

Share of sowing 

areas covered 

by corn maize 

(%) – 2012 

Difference 

(2004-2012) 

Region 

(SK) 

Share of sowing 

areas covered 

by corn maize 

(%) – 2004 

Share of sowing 

areas covered 

by corn maize 

(%) – 2012 

Difference 

(2004-2012) 

CB* 8,9 6,3 -2,6 BRA** 6,8 5,5 -1,3 
SB 11,6 12,1 0,5 TRN 6,6 6,4 -0,2 
PLZ 12,0 13,4 1,4 TRE 9,9 9,4 -0,5 
KV 3,8 4,0 0,2 NIT 4,3 3,7 -0,6 
ÚST 4,8 3,0 -1,8 ZIL 13,3 11,5 -1,8 
LB 8,9 8,4 -0,5 BAN 10,4 10,7 0,3 
KH 9,4 10,1 0,7 PRE 8,4 7,7 -0,7 
PB 9,1 11,0 1,9 KOS 6,5 4,2 -2,3 
VY 10,2 12,5 2,3 SK 7,1 6,3 -0,8 

SM 5,1 5,1 0 - - - - 
OL 6,6 8,3 1,7 - - - - 
ZL 8,7 8,4 -0,3 - - - - 
MS 6,1 7,5 1,4 - - - - 
CR 8,1 8,7 0,6 - - - - 

*CB – Central Bohemia Region, SB – South Bohemia Region, PLZ – Plzeňský Region, KV – Karlovarský Region, ÚST – Ústecký 
Region, LB – Liberecký Region, KH – Královehradecký Region, PB – Pardubický Region, VY – Vysočina Region, SM – South 
Moravia Region, OL – Olomoucký Region, ZL - Zlínský Region, MS – Moravskoslezský Region, CR – Czech Republic 
** BRA – Bratislavský Region, TRN – Trnavský Region, TRE – Trenčianský Region, NIT – Nitranský Region, ZIL – Žilinský 
Regions, BAN – Banskobystrický Region, PRE – Prešovský Region, KOS – Košický Region 
Source: : Czech Statistical Office (www.czso.cz), Slovak Statistical Office (www.statistics.sk), own processing 
 

If we compare calculated potential of electricity that could be theoretically generated solely on basis of 
agricultural wastes after animal husbandry breeding in regions of the Czech Republic and Slovakia (see tables 2 and 3) 
with data on real location of agricultural anaerobic digestion plants and their installed capacities (from 2012) in both 
countries, it can be stated that while in the first mentioned country correlation was confirmed (mainly in belt of created 
by Plzeňský Region, South Bohemia Region, Vysočina Region and Pardubice Region), in case of Slovakia this 
assumption is not so strong yet. This is given by importantly lower numbers of these plants in Slovakia, but as stressed 
above, huge development is expected in near future. Clustering of agricultural anaerobic digestion plants in Slovakia is 
supposed in regions with highest energy potential of agricultural waste (Trnavský Region, Nitranský Region, 
Banskobystrický Region and Prešovský Region).  

 

http://www.czso.cz/
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Figure 1. Potential of electricity generated by agricultural anaerobic digestion plants by using calculated potential of cattle, 

pigs and poultry manure in regions of the Czech Republic and Slovakia 

Source: Energy Regulatory Office (www.eru.cz), Fáber et al. (2002), Czech Statistical Office (www.czso.cz), Slovak Statistical 
Office (www.statistics.sk), own processing  
 

Conclusion 

 

It is undisputable that consequences dynamic development of agricultural anaerobic digestion plants sector can 
be observed in changes of both sowing areas structure and animal husbandry breeding. While mentioned energy sector 
is currently highly developed in the Czech Republic in context of very generous subvention policy, in case of Slovakia 
boom of such facilities is expected in near future. On the other hand, further growth of anaerobic digestion plants sector 
is not supposed in the Czech Republic, since supports are planned to be finished in context of meeting values given in 
National Plan for Renewable Sources of Energy (2010). Development of anaerobic digestion sector raises many 
questions that are important from spatial or geographical point of view.  

It is clear that while negatives linked to energy use of wastes after animal husbandry are not so frequented, 
opened and controversial questions around usage of energy crops (as corn maize) for energy purposes are widely 
discussed. Nevertheless it can be assumed that declines of numbers of animal husbandry in regions of the Czech 
Republic and Slovakia that were recently experienced, will be mirrored in increases of sowing areas of corn maize in 
near future. In context of growing importance of energy crops growing for Central European agriculture also rape plant 
(Brassica napus) can be mentioned (in 2012 this crop covered 16 % of arable lands in the Czech Republic). With 
increasing importance of energy crops it is necessary to stress that desirable focus of incentives and supports for 
agricultural anaerobic digestion plants should be directed to more aims that follow rural development (re-use of wastes, 
use of heat) than just follow economic dimension of agriculture in form of supports for new, controversial energy 
markets for agricultural crops. 

Evaluation of energy potential of regions of the Czech Republic and Slovakia showed interesting results. In cases 
of both countries regions with highest energy potential were identified (Plzeňský Region, Vysočina Region, South 
Bohemia Region, Pardubice Region in the Czech Republic, and Trnavský Region, Banskobystrický Region, Nitranský 
Region and Prešovský Regions in Slovakia). Next concentration and clustering of agricultural anaerobic digestion 
plants is supposed in near future in these regions (mainly in case of Slovakia). Nevertheless analyses performed on level 
of regions showed very just general results. To deepen knowledge on spatial links between operation of agricultural 
anaerobic digestion plants and agricultural changes more detailed analyses have to be carried out. This is reason why in 
next steps proposed analyses will be more specified by using data on individual districts of both countries. 
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Gleyic Luvisols  
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Abstract 

 

Soil fertility is highly dependent on soil organic matter accumulation. However, due to human activity the content of organic matter in soil 
can change rapidly. Nowadays the priority in agriculture is given to the soil tillage system what influence in reduction of organic matter 
decomposition. For that, research was aimed to estimate the influence of different fertilization on the properties of loamy Gleyic Luvisols. The long-
term experiment was annually examined in the period from 2006 till 2008, physical and chemical properties and, especially, changes in pools of 
organic carbon and nitrogen were estimated under the organic, organic-mineral and mineral fertilization systems. As it was observed, that under the 
Norfolk crop rotation while growing winter wheat (Triticum aestivum L), mangel or sugar beet (Beta vulgaris L), barley (Hordeum vulgare L) with 
perennial grasses, perennial grasses (timothy-grass (Phleum pretense L) 80 perc. and red clover (Trifolium pretense L) 20 perc.) organic fertilisation 
(once per rotation 50 and 100 t ha-1 of manure applied) have mainly influenced the changes in soil physical properties. The soil density was 
significantly decreasing, thus the soil porosity and the content of water stable aggregates was increasing. However, the manure application along with 
combined application of mineral fertilizers (N31P38K75 and N79P65K90) in spring before planting or vegetation starts) have influenced the significant 
accumulation of organic carbon in Luvisols. On the other hand, humus in soil has significantly increased only in plots where organic fertilizers were 
applied. It is important to notice, that if to compare with control Luvisols in organic or mineral fertilization system have been significantly intensively 
accumulating nitrogen.  

Key words: Luvisols, fertilisation system, long-term experiment, crop rotation, organic carbon, mineral nitrogen  
 

Introduction  

 

The optimisation of soil resources is the main challenge for European countries improving the agriculture (COM 
232, 2006). Nowadays, the promising farming relies on the modern soil tillage and plant growing technologies, the 
increased risks of the resistance to use of the pesticides, the climate changes, though, the sustainability is both depended 
on the soil properties, the patterns of environmental and soil use.  

In Lithuania due to the intensiveness in agriculture and anthropogenic activity, the soil degradation is occurs. 
However, the soil capacity as well as the crop productivity will be directly influenced by the soil degradation and 
pollution, declining in soil organic matter and biological diversity. It is known, that the complex of factors determines 
the soil potential capacity, thus, due to sustainable environmental management it is important to maintain the relevant 
application of nutritional elements into the soil as well as the attaining the proper nutrient use by plants consumers. That 
not only the different species of crop plants but also the applied fertilization are the processors determining soil quality 
as well as plant productivity.  

The fertilization system objective is to allocate the organic and mineral fertilizers for agricultural plants within 
the crop rotation. Therewith, the evaluation of the fertilization efficiency could be relevant along the long-term 
experiments (Nilson, 1993; Jaakkola, et al., 1997). While, choosing of the optimal fertilization for the crop rotation it is 
also important to evaluate the factors influencing not only the crop productivity but also the soil potential fertility. 
Following the mineral fertilization and especially the nitrogen supply, the plants are promoted to intensified growth 
whereas in soil, the mineralization of organic material is increasing, the humus stock is declining and negative influence 
on soil physical properties is noticed. Recent research studies indicate that the part of the elements supplied upon the 
intensive fertilization is not used, while being not immobilised into the soil stable compounds is migrating into the 
deeper soil layers (Krikštaponytė et al., 2006). Pure mineral fertilization system the plant residues became the only 
source for soil humus formation. The content and chemical composition of the crop plant residues influence the 
accumulation rate and the quality of soil humus. As for example, the unfavorable C:N ratio results the slowing of the 
mineralization processes. In organic fertilization system, the organic fertilizers are the source of soil humus. Though, as 
the organic fertilizers are applied the moisture as well as the thermal regime of the soil is becoming stabilised, the soil 
structure is improved, the mobility of harmful elements (heavy metals, etc.) is decreasing. The combined organic-
mineral fertilization system determines the beneficent use of mineral nutrition by the crop plants in the beginning of 
vegetation, whereas, slowly decomposed organic fertilizers affect the stocks of nutrients for crop plants on following 
growth and development stages (Krikštaponytė, 2001, 2003). Combined use of mineral and organic fertilizers in crop 
rotation may enlarge the efficiency of fertilizers as well as provide the favorable conditions for the crop plants to use the 
nutrients (Bagdonienė, 1997) 

There are many of crop rotation fertilization experiments carried out in Lithuania (Greimas, Janušienė, 1994; 
Greimas, 2003; Tripolskaja, 1994; Plesevičienė, Gužys, 1997; Zakarauskaitė ir kt., 2001; Krištaponytė, 2002, 2005). 
Though, the data on the correlative evaluation of the organic, organic-mineral and mineral fertilization systems impact 
on soil physical, chemical properties as well as on productivity of crops are still insufficient. It is even unknown how 
the implemented organic, organic-mineral and mineral fertilization systems are determining the potential capacity of the 
Gleyic Luvisols as well as the stability and the longevity of their parameters. Thus, there is a lack in data describing the 
reliance of the changes in properties of Gleyic Luvisols and the crop productivity through the performed fertilization 
system. 
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Material and methods 

 

Experimental materials. In the 4-year crop rotation winter wheat (Triticum aestivum), beetroot (Beta vulgaris), 
spring barley (Hordeum vulgare) with perennial grasses (Trifolium pratense and Phleum pratense) were cultivated. 
Organic fertilizers (farmyard manure 50 and 100 t ha-1) were applied once per rotation while the beetroot growth. In the 
system per rotation the averages rates of the mineral fertilization (N31P38K75 and N79P65K90) was used, though, in the 
organic-mineral fertilization the combined application of manure (50 t ha-1) with the mineral fertilizers (N31P38K75) was 
done.  

Study site. The long-term fertilization trials have been carried out since 1966 in the experimental station of the 
Aleksandras Stulginskis University (further the ASU) on light sandy loam over moraine till Gleyic Luvisols. 

Expermantal methods. Soil sampling for evaluation of the chemical properties was carried out in spring in 2006, 
2007 and 2008 before the fertilisation. Composite soil samples in three field replicates (n=3) were taken in each 
treatment. The samples were collected in the arable Ap horizon (0–20 cm) to investigate the amount of organic carbon, 
nitrogen and humus. Visible roots and plant residues were removed from soil samples by hand. Air-dried soil samples 
was crushed and passed through a 2–mm sieve. For the analyses of organic carbon content and composition an aliquot 
of the dried soil was passed through a 0.25–mm sieve. The sieved soil was dried in an oven at 105°C temperature for 16 
h. Since all samples were free of carbonates, it was the measured.   

Composite soil samples (n=3) were prepared after the harvesting in the arable Ap horizon for the evaluation soil 
bulk density.  

Soil analyses. The soil analyses were performed at the Chemical Research Laboratory of Lithuanian Institute of 
Agriculture. The analyses were done as followed: the humus – by Tyurin method; the organic carbon content – by dry 
combustion at 900°C with a Heraeus apparatus (ISO 10694, 1995); total carbon, total nitrogen, C/N ratio was measured by 
dry combustion method using a CNS elemental analyser Vario EL in the oxygen-enriched atmosphere at +1150°C 
temperature. The combustion gas and helium carrier gas mixture was passed through absorption columns, which absorbed 
the individual compartments. Analyses of bulk density of the soil were done in the Department of Soil Science and 
Agrochemistry Laboratory of the ASU. Soil bulk density was estimated by the Katchinski cylinder method.  

 
Results and discussion 

 

Soil organic matter. Analyses of the long-term fertilization impact on the changes in humus content in the light sandy 
loam over moraine till Gleyic Luvisols have shown that, the higher extent in humus content have been estimated in the plots 
of perennial grasses, thus, significantly lower – in winter wheat plots and the lowest extent – in spring barley plots (Table 1). 
The average data indicated that, the soil humus content significantly differed along the different long-term fertilization. 
Evaluating the humus content along the combined application of organic and mineral fertilizers (organic-mineral fertilization 
system) for the crop plants in the crop rotation, it was not significantly extending if to compare with the organic fertilization 
system, thus, was significantly increasing (p>0.05) if to compare with the mineral fertilization system. It was estimated that, 
the application 50 and 100 t ha-1 of the manure (organic fertilization system) once per crop rotation have increased the humus 
content in soil by 0.2 and 0.43 percent units, thus, along the composite fertilization (organic-mineral fertilization system) and 
the application of mineral fertilizers (mineral fertilization system), respectively, – by 0.34 and 0.06–0.09 percent units. There 
through, the soil humus content significantly increased then applying only the organic fertilizers.  

 
Table 1. Long-term fertilization impact on humus content in arable layer of Gleyic Luvisols. Experimental Station of the 

ASU, 2006–2008. 

Crop plant 

Control (no 

fertilization 

applied) 

Fertilization system 

LSD05  
Organic Organic-mineral Mineral 

Manure t ha-1 NPK rates 

50* 100* 50*+ N31P38K75 N31P38K75 N79P65K90 
Spring barley 2.37 2.58 2.83 2.72 2.39 2.51 0.137 
Perennial grass      2.87 3.06 3.31 3.21 2.89 2.89 0.132 
Winter wheat 2.65 2.84 3.05 2.97 2.79 2.77 0.281 
Average           2.63 2.83 3.06 2.97 2.69 2.72 0.076 

Note: * – manure was applied once per rotation to beetroot. 
 

The concentration of organic carbon indicates the soil productivity, thus, humus as the “store” of soil nutrients contains 
about 58 percent of the organic carbon (Henderson, 1995). It has been estimated that accumulation of organic carbon in the 
soil reflects soil productivity, properties, plant production (Chaney and Swift, 1984; Franzmeier et al., 1985; Vesterdal et 
al., 2002; Dehlin et al., 2006). In our case, the impact of applied fertilization systems on organic carbon content was 
diverse (Table 2). The organic (100 t ha-1 of manure once per rotation) and organic-mineral fertilization systems 
significantly increased content of organic carbon in arable layer of Gleyic Luvisols as compared with the mineral 
fertilization system. However, small variation of carbon content between the ratios of the NPK was estimated in arable 
layer of Gleyic Luvisols under the mineral fertilization system. The ratio of organic carbon and mineral nitrogen depends 
on organic remains in the soil while the organic matter decomposition intensity and mineral nitrogen abundance is 
influenced by organic carbon and mineral nitrogen ratio. Therefore, among the others factors, soil humus content it is 
measured by its nitrogen content, i.e. by the ratio of organic carbon and total nitrogen (C:N). 
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On behalf of the obtained results, the strong correlation on the content of humus and on total nitrogen in soil were 
obtained (y = 0.093+0.414x; r = 0.952, t = 6.237). Thus, the data have shown that the arable layer of the Gleyic Luvisols is 
rich in nitrogen (Table 2). It was also estimated that, the fertilization systems had no significant (p < 0.05) influence on C:N 
ratio in soil. However, the C:N ratio (11.1-10.6) was in higher extent while the composite organic-mineral fertilization was 
performed. 
 
Table 2. Long-term fertilization impact on carbon and nitrogen content and C:N ratio in arable layer of Gleyic Luvisols. 

Experimental Station of the ASU, 2006–2008.  

Crop plant 

Control (no 

fertilization 

applied) 

Fertilization system 

LSD05  
Organic Organic-mineral Mineral 

Manure t ha-1 NPK rates 

    50* 100* 50*+ N31P38K75 N31P38K75 N79P65K90 
Carbon gC kg -1 

Spring barley 14.19 15.32 16.69 16.13 15.79 15.52 1.83 
Perennial grass   14.14 15.11 16.61 15.61 13.80 14.09 0.998 
Winter wheat 13.63 14.28 15.32 14.89 13.47 13.41 1.124 

Total nitrogen gN kg -1   
Spring barley 1.34 1.42 1.53 1.46 1.44 1.44 0.63 
Perennial grass 1.37 1.46 1.57 1.46 1.32 1.38 0.10 
Winter wheat 1.32 1.38 1.47 1.41 1.3 1.32 0.11 

C: N ratio 
Spring barley 10.6 10.8 10.9 11.1 10.99 10.8 0.72 
Perennial grass 10.3 10.3 10.6 10.7 10.4 10.2 0.13 
Winter wheat 10.3 10.3 10.4 10.6 10.4 10.2 0.32 

Note: *– manure was applied once per rotation to beetroot. 
 

Soil organic C pools. The long-term fertilization impact on the changes in the C pools were estimated in our study. 
The C pools in arable layer were the highest in winter wheat plots, while, it was lower – in perennial grasses and the 
lowest – in sprig barley plots (Fig. 1).  
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Figure 1. Organic carbon pools in arable layer (0–20 cm in depth) in Gleyic Luvisols. Experimental Station of the ASU, 2006–2008 

K – control (no fertilization applied); O – organic fertilization system (1–50 t ha-1, 2–100 t ha-1 manure once per rotation); OM – 
organic-mineral fertilization system; M – mineral fertilization system (1 – N31P38K75, 2 – N79P65K90)., R05 – LSD05  
 

Even though the organic fertilizers were applied once per crop rotation, the impact on the C pools was estimated 
several years after the organic fertilization. If to compare with the control plots, the significantly higher C pools were 
determined when the preplant was fertilized by 100 t ha-1 manure or half of manure was applied in combination with 
mineral fertilizers. Thus, the analogous data was estimated in the plots of perennial grasses and winter wheat.  

Average data on the carbon pools in arable layer significantly differed (p<0.05) in the organic, organic-mineral and 
mineral fertilization systems. The C pools were in higher extent in arable layer when the crop plants were fertilized by the 
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larger amount of manure or fertilization with manure was combined with the mineral fertilizers once per crop rotation. 
However, the C pools in soil were differed not significantly in plots there the fertilization by the lowest rate of mineral 
fertilizers once per crop rotation was performed. The above mentioned fertilization systems, here the organic and mineral 
fertilization could be exception because the fertilization was performed with the lower fertilizer rates (application of 50 t ha-1 
manure and N31P38K75 once per crop rotation), have influenced in the significantly increased content of nitrogen pools if to 
compare with the control. 

Nitrogen is the most important constructive as well as nutritional element in nature. In arable layer of light sandy loam 
over moraine clay in 2006 when the spring barley was cultivated, there were from 1.34 to 1.53 g kg-1 of the total nitrogen 
estimated (Table 2). Along the long-term fertilization with organic and mineral fertilizers, the tendencies in the increase in the 
content of total nitrogen were determined. If to compare with data of 2006, in 2007 when the perennial grasses were 
cultivated, there were increase in the content of total nitrogen estimated. However, in comparison with spring barley, in the 
plots of winter wheat (in 2008), even though the proceed of the third-year influence of 100 t ha-1 manure fertilization, the 
content of total nitrogen have been lower. Thus, in comparison with other applied fertilization systems, the organic 
fertilization (100 t ha-1 of manure) system has lead in the higher content of total nitrogen (1.47 g kg-1). The average data 
furthermore indicated that, the increases in the content of total nitrogen in arable layer of Gleyic Luvisols significantly were 
influenced by the application of the organic fertilizers as well as the combined use of organic and mineral fertilizers. 
Nevertheless, the application only of the mineral fertilizers, particularly, in lower rate (N31P38K75), has not significantly 
effected the changes in the content of total nitrogen changes on soil.  

The content of total nitrogen was depending on the humus content in soil. As it was estimated, the correlation of soil 
humus content with the content of total nitrogen was significantly strong (r = 0.95; y = -0.079+2.298x, t = 6.237). 

Nitrogen is one of the most important elements of nature. The highest part of nitrogen in the soil exist in organic form, 
while the total nitrogen amount differs depending on soil cultivation level, soil type and soil texture. 

Soil N pools. The average data of the results obtained in the long-term fertilization experiment have indicated that, 
in soil 0–20 cm in depth the higher content of total nitrogen (3.9 t ha-1) were estimated along the composite fertilization 
system (Fig. 2).  
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Figure 2. Total nitrogen pools in arable layer (0–20 cm in depth) in Gleyic Luvisols. Experimental Station of the ASU, 2006–2008 
K – control (no fertilization applied); O – organic fertilization system (1–50 t ha-1, 2–100 t ha-1 manure once per rotation); OM – 
organic-mineral fertilization system; M – mineral fertilization system (1 – N31P38K75, 2 – N79P65K90)., R05 – LSD05  
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Luvisol. Employed low or medium rates organic, organic-mineral and mineral fertilizers ensured regular regime for plant 
nutrition and the average yield in different weather conditions. Fertilization total nitrogen content resulted in part. 
 

Conclusions 

 

The analysed data of the long-term fertilization experiment, since the 1966 year of experiment establishment on 
light sandy loam over moraine till Gleyic Luvisols in the experimental station of the Aleksandras Stulginskis 
University, indicated that:  

Organic carbon, was in higher amount in arable layer of the Gleyic Luvisols then 50 and 100 t ha-1 of manure 
(organic fertilization system) or 50 t ha-1 of manure along with mineral fertilizers (N31P38K75, composite fertilization 
system) were applied once per crop rotation. The application of only the mineral fertilizers (N31P38K75 and N79P65K90, 
mineral fertilization system) had no influence on the aforementioned parameters.  

In comparison with mineral fertilization system then the lowest dose of fertilizers (N31P38K75) have been applied, 
the organic-mineral fertilization system was advantaged due to the improved accumulation of total nitrogen. 

The present study has confirmed that, the long-term fertilization with organic and mineral fertilizers and the 
combined use of the fertilizers as well as the crop plants in the rotation have influenced the changes in humus 
accumulation as well as in organic pools in Gleyic Luvisols. Thus, the carbon pools in arable layer were also increasing. 
Along that the carbon accumulation in mineral soil, the CO2 emissions could be reduced and the negative effect of 
climatic changes could be decreased. 
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Supplementation of Sediment Sapropel for Poultry Feed  
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Abstract  

 

In order to find a local, natural, and safe feed for young poultry, the sapropel diet supplementation was researched. Sapropel effectiveness of 
appointed chemical composition was evaluated considering body weight, digestibility, development of the digestive tract and meat quality indices of 
duckling and gosling. Organic sapropel seems to be perspective for diet supplement due to sufficient content of organic material (86.5%), 2.06% N 
and 12.70% minerals in dry material (DM). Sapropel is safe supplement due to low contents of nitrate (409.01 mg kg-1) and heavy metals (1.72–
10.01 mg kg-1). Presence of 7 essential, 3 conditionally essential (His, Tyr and Arg) and limiting (Lys, Trp, Met, Cys) amino acids proved the 
sapropel suitability for young poultry feeding. Ducklings diet supplemented with 6% of sapropel and goslings unsupplemented with it (control group, 
CG) resulted in the most effective feed conversion rate (3.62 and 3.83 respectively). Meal-based diet supplemented with 9% of sapropel resulted in 
the highest body weight: 1931 and 2704 g of 40 and 50 days ducklings; 1766 and 3772 g of 20 and 60 days goslings respectively. 9% sapropel 
supplementation increased body weight of 50 days ducklings and 60 days and goslings by 5% and 9% points respectively. Ducklings diet 
supplemented with 9% sapropel caused better feed assimilation with the highest meat yield (66.7%) exceeding CG by 1.6%. Also 1.7% and 1.1% 
increase of DM and fat, respectively, in duckling carcass meat were observed. However, the meat quality indices of goslings occurred to be better of 
CG than those of the 4 experimental group supplemented with 9% of sapropel possible due to larger body–build and nutritious needs than that of 
ducklings. 

Keywords: sapropel, duckling, gosling, digestibility, body gain, meat quality 
 

Introduction 

 

The basic problems of poultry feeding consist not only of sufficient supply of the main feed materials (Kluth and 
Rodehutscord, 2006; Gous, 2010), but also of looking for safe and native food sources (Corzo et al., 2005; Brenes, 
Roura, 2010). Sapropel seems to be perspective and alternative feed sources. Sapropel, or the lake silt, is unique and 
valuable sedimentary material accumulated in natural environment (Knicker and Hatcher, 2001; Maiorano et al., 2008; 
Rohling et al., 2004). That is complex substance of organic and mineral origin, the main part of which is composed 
from residues of plankton, benthos, algae and others hydrophytes, stratified with sand, clay and limestone fractions 
(Capozzi and Picotti, 2003). There are approximately 10 billion m3 of sapropel accumulated in lakes and marshes 
during thousands of years, which are formed into 7–15 m thickness layers in Lithuanian and conserving the nature 
balanced beneficial materials (Ciūnys et al., 1994). Sapropel is organic and mineral–carbonic by origin with pH 6.0–7.5 
and contains 79.8–90.8% organic material (OM), 2.27–3.56 % N, 0.56–1.18% Ca, 0.9–0.15% P2O5, 0.055–0.20% K2O 
in DM (Bakšienė and Janušienė, 2005; Katkevičius et al., 1998). Part of accumulated hydrolysable trace elements, 
especially Se is found in more effective assimilated organic form than in inorganic form (Endo and Nakano, 1999). For 
40 years the trace element Se has been accepted as a major component of the animals’ antioxidant defence mechanism 
controlling the body's glutathione (GSH) pool and its major Se-containing antioxidant enzyme, glutathione peroxidase 
(GPX) (Mackowiak et al., 2004; Power et al., 2011). Evidence has emerged suggesting that organic selenium, natural 
Se-amino acids found in plants, grains and other natural recourses, maintain the antioxidant defence system more 
efficiently than inorganic selenium. Inorganic selenium is a pro-oxidant, whereas organic selenium possesses 
antioxidant properties itself and is natural solution of multiple stress affected problems in animal feeding (Bañuelos and 
Mayland, 2000; Tinggi, 2003). Various bio–active materials (vitamin, enzyme, essential amino acid, antibiotic, 
carbohydrate, estrogen, humic acid, lipid fractions as growth regulators, etc.) accumulated in OM confirm physiologic 
significance of sapropel for feeding of young poultry (Chennaiah et al., 2007; Skřivan et al., 2012; Ravindran et al., 
2007; Wang and Xu, 2008). Among diversity of bio–active materials found in sapropel amino acids are essential 
feeding material due to their high physiologic activity and their role as N, C resources, growth stimulators (Guo et al., 
2008) or anti-stressors (Dai et al., 2011). As Mikulionienė et al. (1998) reports, essential amino acids compose 47–60% 
of total amino acids in sapropel. Zaccone et al. (2008) reported about antiseptic effect of sapropel humic acids, which 
improve functionality of gastrointestinal tract and microbiologic balance due to increasing content of useful microbe. 
Chemical composition and bio-activity actualized sapropel implementation as native origin, natural and ecological, 
protein and vitamin rich diet supplement with pro– or pre–biotical peculiarities. 

Nowadays actualities of safe feeding and needs to search native, natural and ecologically safe raw materials 
instigate investigations of sapropel efficiency in young poultry feeding (Katkevičius et al., 1998; Mikulionienė et al., 
1998). Therefore the aim of this study was to estimate application of assessed chemical composition sapropel for 
ducklings and goslings feeding, evaluating its efficiency for food digestibility accordingly feed conversion ratio (FCR) 
and impact on quality indices of gastrointestinal tract and meat. 
 

Materials and methods 

 

Organic sapropel from Kvietkinė lake, Marijampolė distr. was tested for ducklings and goslings feeding. 
Excavated sapropel was air dried to 40% dry matter (DM) over 3 cm diameter mesh sieve, crushed up and used for feed. 
Chemical composition of sapropel and poultry meats was performed at Agronomical and zootechnical analysis 
laboratory (Lithuanian University of Agriculture) using chemical methods: crude lipid (CL) – Soxhlet, crude protein 
(CP) – Kjeldahl, crude fibre (CF) – Van Soest, organic material (OM) and crude ash (CA) – burning at 500±25 °C. 
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Nitrogen-free extract was evaluated following Weender methods (Nauman and Bassler, 1993). Content of amino acids 
in DM was analysed using analyser T-339, concentration of heavy metals and minerals was measured spectrometrically 
using atomic analyser Perkin Elmer 603 (Official…, 1999), vitamin status was assessed by high pressure liquid 
chromatograph at Ecology Institute of Lithuanian Science Academy. 

The study of ducklings and goslings feeding was performed during 50 and 60-day period at the B. Gečas farm 
(Šilalė distr., Lithuania). A total of 150 5-day old ducklings of the Pekin and 150 5-day old goslings of Lietuvos vištinės 
breed were individually weighted and used for forming of control (CG) and experimental groups (EG). Experiment was 
replicated twice. Young poultry were fed in accordance to energy and nutritious consumption of each age group. 

The rearing was performed on deep peat litter. The poultry keeping followed the regulations for Pekin ducklings 
and Lietuvos vištinės goslings rearing with controlled light, zoo hygiene and feeding technological regiment. Poultry 
was fed with dry complete feeding mixtures, selected in accordance with nutrient requirement of age periods and DLG-
standard (Bons et al., 2000; Jeroch et al., 1999). Diet energy requirement was given in metabolically energy corrected 
for nitrogen (MEn) (Jeroch and Dänicke, 2005). 5–20 and 21–50 days ducklings were fed diets containing 17.0–12.0, 
and 12.0–15.0% CP and 10.6–10.7 and 10.7–11.4 MJ ME and 5–20 and 21–60 days goslings were fed diets containing 
22.0–13.5 and 13.5–18.0 % CP and 11.6–11.8 and 11.8–10.1 MJ ME respectively. The complete diet contained 2.5% 
(21–50 d. ducklings and 21–60 d. goslings) and 5% (1–20 d. goslings) grass meal produced from fodder galega (Galega 

orientalis Lam.). In accordance with nutrition requirements (Jeroch et al., 2004), poultry in experimental groups (2–4 
EG) were given diets with increased concentration of sapropel as follows: 2EG – 3%, 3EG – 6%, 4EG – 9% and 5EG –
12% (Table 1). Besides, diet of CG poultry was unsupplemented with sapropel. Sapropel was tested as mineral-
bioactive supplement in ducklings' and goslings' diet, therefore diet of all poultry groups was iso-nutritious and iso-
energetic. Effectiveness of feed conversion into body weight (BM) was estimated by calculating feed conversion ratio 
(FCR) estimated as feed consumption per 1 kg body weight gain (Novak et al., 2004; Wang and Xu, 2008).  
 
Table 1. Feeding scheme of young poultry 

Poultry species / 

Age group, day 

Diet group Poultry number in a 

group (n x 2) 

Sapropel supplement, 

% 

Experiment duration, 

days No Code  

Ducklings / 
5, 20, 40, 50 

1  CG 30 0 50 
2 EG 30 3 50 
3  EG 30 6 50 
4  EG 30 9 50 
5  EG 30 12 50 

Goslings / 
5, 20, 60 

1  CG 30 0 60 
2 EG 30 3 60 
3  EG 30 6 60 
4  EG 30 9 60 
5  EG 30 12 60 

 
Forty-day age ducklings (n=4) of average mass of CG and the 4th EG (which showed the fastest growth) were 

selected randomly for digestibility tests applying TiO2 as exogenic indicator. Development of body weight (measured 
by individual weighing of ducklings on day 5, 20, 40 and 50 of their age and goslings on day 5, 20 and 60 of their age), 
feed conversion rate, and survival rate were estimated. During the experimental study, poultry health condition and 
mortality rate were observed as well. 

Six control slaughters of average mass ducklings and goslings were done at the end of the experiment in 
accordance to Pingel (2000). Yield and structure of carcass meat, and breast muscle quality, namely DM (LST ISO 
1442:2000), protein fat (LST ISO 1443:2000), and ash were determined. Development of poultry digestive organs 
(small intestine, rectum, cecum and liver) was estimated by mass and length measuring.  

The confidence limits of the data were based on Student’s theoretical criterion. The least significant difference 
(LSD05) and standard error (SE) were calculated at level of statistical significance p<0.05. The results of sapropel effect 
on poultry body weight gain, digestibility and meat quality were statistically evaluated by using the statistical package 
STATISTICA of StatSoft for Windows standards. 
 

Results and discussion 

 

The following sapropel DM chemical composition was documented: 86.50% OM, 2.06 % N and 12.70% 
minerals (Table 2). Low energetic value of sapropel is due to small-scale fat content (1.53%). High fibre content 
(24.89%) in sapropel was found equal to that in plants at maturity stages. Furthermore, sufficient amount (2.82 and 
10.89 g kg-1 respectively) of P and Ca substantial for forming poultry structure and functionality was accumulated in 
DM sapropel. Corresponding to Wang and Xu (2008), Bañuelos and Mayland (2000), the essential trace element Se 
increases broiler body weight and up–regulates defence mechanism by controlling concentration of anti-oxidative and 
Se-containing enzyme GSH-Px in blood plasma and liver. Considerable content of Se rated 0.36 mg kg-1 in sapropel. 
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Table 2. Composition of organic sapropel (p<0.05) 
Constituent Content ±SE 

DM, % 86.50 1.01 
CL, % 1.53 0.18 
CF, % 24.89 0.97 
CA, % 16.01 1.10 
N, g kg-1 2.06 0.07 
Ca, g kg-1 10.89 0.96 
P, g kg-1 2.82 1.14 
Fe, mg kg-1 578.71 73.65 
Mn, mg kg-1 214.01 3.12 
Cu , mg kg-1 12.02 0.94 
Zn , mg kg-1 97.01 4.47 
Se, mg kg-1 0.36 0.008 

Heavy metal, mg kg-1 
Pb 6.50 0.29 
Ni 7.51 0.23 
Cd 1.72 0.08 
Cr 10.01 0.04 

                                  Amino acid, mg kg-1  

Lys* 67.61 5.88 

Met * 17.40 1.52 

Thr * 59.31 5.16 

Phe * 62.12 5.40 

His 50.30 4.38 

Leu * 97.21 8.46 

Ile * 50.20 4.37 

Val * 72.62 6.32 
Tyr 48.40 4.21 
Arg 79.31 6.90 

Vitamin, mg kg-1 
Cobalamine  0.52  0.014 
Inozit  28.30  0.30 
Biotin  0.02  0.00 
Pantothenic acid  4.21  0.04 

Thiamin  0.06  0.00 
Pyridoxine  0.03  0.00 
Niacin  6.31  0.02 
p–aminobenzoic acid, PABA  0.34  0.01 

*- essential amino acid 
 

Optimal deposits of other trace elements (Zn, Cu, Mn and Fe), that are essential for increasing poultry body 
gains and FCR (Schrauzer, 2000; Lizama et al., 1998) were also found in sapropel. Essential, but potentially neurotoxic 
and involved in many metabolic functions Mn rated 214.01 mg kg-1 in DM sapropel. Cu and Zn influence animal 
growth, immune function and also sustain antioxidic and regulatory impact of Fe (Rashtchizadeh et al., 2008; Shao et 
al., 2010; Watt et al., 2006). Physiologically optimal content of Cu and Zn (12.02 and 97.01 mg kg-1 respectively) 
accumulated in organic sapropel increases its relevance as feed supplement. Otherwise, doses (1.71-10.01 mg kg-1) of 
toxic heavy metals (Pb, Ni, Cd, Cr) have not exceeded safety limits assigned for animal health and environment 
(Council Directive 86/278/EEC), therefore sapropel is found as natural and ecologically clean native supplement for 
healthy animal diet. Natural sapropel has a neutral pH (7.0) and nitrates rate (409.0 mg kg-1) has not exceeded 
permissible standards (500.0 mg kg-1). Kluth and Rodehutscord’s (2006) appointed protein importance in poultry feed. 
Nonetheless, the share of nitric materials observed negligible and made up to 2.06%. Corzo et al. (2005) have pointed 
out the importance of amino acids composition in numerous investigations of poultry feeding. Some non-protein amino 
acids (Trp, Gly, Arg) contained in sapropel have important role as a precursors or as limiting amino acid (Lys, Trp, 
Met) (Meierhenrich, 2008). As mentioned in these records, protein poor (180.0 g kg-1) starter-phase diet supplement 
with proteinogenic amino acids increased body weight gains and N retention in organism. The presence of 7 essential, 3 
conditionally essential (His, Tyr and Arg) and 3 limiting amino acids (Lys, Trp, Met) has proved relevance of sapropel 
as natural diet supplement for poultry. Determined content (17.40–97.21 mg kg-1) of different amino acids in sapropel 
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was smaller in comparison with other feeds. Nonetheless, ratio of essential amino acids in sapropel protein ranged 
between that one in protein of vegetative and animal origin (Table 2).  

Observed vitamins, mainly B group, presence proves sapropel to be suitable as a poultry diet supplement (Table 
2). B group vitamins are constituents of different conferment and take part in mitochondrion functionality (Depeinta et 
al., 2007). Sufficient content of essential for cell metabolism inozit (28.3 mg kg-1), NADH, NAD, NAD+, NADP and 
NADPH precursor niacin (6.31 mg kg-1) and pantothenic acid (4.21 mg kg-1) were documented in sapropel (Combs, 
2008). Content of other vitamins was negligible and insufficient for balanced diet composition. Among the mono-
gastric animals poultry have the highest growth rate and relatively low feed input with FCR ranging between 2–4 
(Livestock’s ..., 2006; Novak at al., 2004; Wang et al., 2008). Ducklings' diet supplementation with 3%, 6% and 9% 
sapropel resulted in FCR decrease (3.62–3.84) at 50-day age, but supplementation with 12% sapropel increased FCR 
(4.34) in comparison with the control group (Table 3). BM gains of 50-day age ducklings from 2–4 EG increased by 
2.6, 2.5 and 8.1% in comparing with BM of CG. Diet supplemented with 12% sapropel and unsupplemented determined 
the least BM of ducklings. Nonetheless, BM and FRC tendencies were different. It was observed, that sapropel 
supplementation stimulated food consumption, therefore ducklings diet supplementation with 9% sapropel (4EG) 
resulted in statistically significant higher BM gains, while the most effective FCR (3.62) was documented in 3EG 
treated with 6% sapropel diet supplement. Only mechanical reasons caused ducklings mortality, which rated between 0 
(CG and 3EG) and 4.0% (5EG). 
 
 
Table 3. Impact of sapropel diet supplement on BM gains and FCR of ducklings and goslings (*p<0.05) 
Group Sapropel supplement, %  BM, g  FCR  Mortality rate, % 

   5 d.  20 d.  40 d.      50 d./ 60 d.   
Ducklings 
1CG  0 92  655  1813  2575 3.94* 0.0 
2EG  3 92  671  1919*  2643 3.75 1.0 
3EG  6 91  708*  1919*  2652 3.62* 0.0 
4EG  9 92  663  1931*  2704* 3.84 2.0 
5EG  12 92  746*  1908*  2578 4.34* 4.0 
Goslings 
1CG  0 190  1628*  -  3460 3.83* 4.0 
2BG  3 190*  1655  -  3460 3.86* 4.0 
3BG  6 192.*  1645  -  3357* 4.02 4.4 
4BG  9 187.  1766*  -  3772* 4.26* 1.9 
5BG  12 188  1607*  -  3170* 4.05 5.0 
 

Ducklings' diet supplementation with 9% of organic sapropel improved feed digestibility and intensified BM 
growth. Digestibility of DM, OM, CL, CF and CA was significantly higher respectively by 2.8, 2.6 , 6.8 and 8.7% of 
this group (4EG) than that of control group ducklings (Table 4).  
 
Table 4. Duckling feed digestibility (%; *p<0.01) 
Group  DM OM CP CL CF  NEM CA 

1CG 79.2 81.1 92.7 70.8 42.5 88.1 50.7 
4BG 81.4* 83.2* 92.1 75.6* 47.5* 87.2 55.1* 
 

Diet supplementation with 9% sapropel (4EG) resulted in statistically significant the highest carcass meat yield 
(66.7%), or higher by 1.6% than that in the control group (Table 5). Diet supplementation with 9% sapropel 
considerably improved duckling carcass meat structure and meat chemical composition, increasing its DM and fat 
content respectively by 1.7% and 1.1% and reducing bones ratio by 1.9% in comparison with CG. Observed data of 
meat chemical composition correspond with references (Pingel, 2000). 
 
Table 5. Chemical composition of poultry carcass meat (%) 

Poultry  Group Carcass meat output DM Protein Fat Ash 

Ducklings  1CG 65.1 45.31 14.77 29.70 0.80 
4EG 66.7 47.01* 14.89* 30.80* 0.71* 

Goslings  1CG 63.1 45.12 17.24* 27.04* 0.91* 
4EG 62.4 36.78* 16.09* 20.58* 0.84* 

 
Presented trend of goslings BM gains variation was analogous to ducklings (p<0.01), nonetheless diet 

supplementation with sapropel resulted in evident increase of feed conversion rates of all EG gosling. 12% sapropel diet 
supplementation resulted in the least BM (188–3170 kg) in all age groups of goslings (Table 3). BM of 20- and 60-day 
age 5EG goslings decreased by 1.3 and 8.4% respectively compared with the control group. The highest BM (1766 and 
3772 g respectively) was obtained among 20- and 60-day age goslings supplemented with 9% sapropel. After 60 day 
their BM increase rated 9.0% in comparison with CG. However, the least effectiveness of feed conversion documented 
in 4EG (9% sapropel) and did not correspond with BM tendencies. BM rate of goslings, supplemented with 3 and 6% 
sapropel diet, was similar to the BM of the control group. During the whole course of feeding, the registered gosling 
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mortality rate (4.0–5.0%) was similar in all groups, with exception of 4EG where it was the least (1.9%). Gosling diet 
supplementation with 9% sapropel (4EG) resulted in the same carcass meat yield as in the control group, but DM, 
protein and fat decreased by 8.34%, 1.15% and 6.46 % respectively (Table 5). Observed decrease of feed conversion 
efficiency (FCR=4.26) supposedly caused this reduction of gosling meat yield and quality. Also sapropel diet 
supplementation affected meat indices of goslings more negatively, supposedly due to their larger body-build and 
decrease of feed conversion efficiency (FCR=4.26) than that of ducklings. 

Normal development of digestive organs (gizzard stomach, small intestine, bung intestine / rectum, blind 
intestine and liver) was documented by their mass and length of both ducklings and goslings (Table 6). Corresponding 
to Sklan (2001) and Uni et al. (2003), larger digestive organs, especially of small intestine, stimulate effectiveness of 
feed assimilation. Rate of 9% sapropel in feed stimulated development of gastrointestinal tract. 
 
Table 6. Development of gastrointestinal tract (n=6) 

Index  
Ducklings  Goslings  

CG 4 EG LSD05 CG 4 EG LSD05 

Muscular stomach mass, g 79.8 76.1 1.02 125.8 127.9 2.07 
Small intestine mass, g 73.5 77.9 1.10 112.9 140.8 2.11 
Small intestine length, cm 178.9 181.6 6.11 206.9 227.9 4.13 
Rectum mass, g 16.5 19.1 1.05 9.9 10.9 0.71 
Rectum length, cm 14.9 14.6 0.54 14.3 15.3 0.96 
Cecum mass, g 14.0 16.2 0.21 13.5 16.8 1.02 
Cecum length, cm 32.5 31.7 0.92 49.8 53.6 1.31 
Liver mass, g 51.8 53.9 0.89 98.9 109.8 1.42 

 
4EG goslings and ducklings small intestine mass increased by 6 and 25% and length increased by 2 and 10% 

respectively compared with the control group. Progressed gastrointestinal tract induced good food sorption, digestibility 
and explained maximal BM of 4EG of both treated species.  
 

Conclusion  

 

Summarising, diet supplementation with 9% sapropel could be considered as appropriate native, natural and safe 
component for ducklings feeding due to increased body gains, feed conversion rate, higher carcass meat yield and its 
quality, but sapropel is less contributing for goslings with larger body-build. Obtained data proved 6–9% organic 
sapropel to be suitable for duckling diet supplementation without impairment of growth ability and feed conversion 
under the conditions of complete diet. 
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Abstract 

 
Intensive industrialisation of the Smelė peninsula, the pollution of the Northern part of the Curonians lagoon, increasing with each year. 

Recreation activities on the coastal meadows – it is the main harmful factors for the flora, especially for rare and vanishing populations of plants as 
Glaux maritima, Aster tripolium, Triglochin maritimum, Juncus gerardii, included into Red Data book of Lithuanian. The construction of the Ferry 
port (Klaipeda – Mukran) in the Nother part of the Smeltė peninsula has been covered with concrete about ten hectares meadows and the terminal for 
huge sea ferries have been established as well. For these reasons, this rare plant species have vanished irrevocably from the territory of the Smeltė 
peninsula. Latter decade, the industrialization of the Smeltė peninsula has been renewed, the construction of the sea container terminal has been in 
progress. Concrete covering has covered a big part of the Smelte peninsula territory. 

Only a part of the Smeltė peninsula has not yet been covered with concrete. So this remaining part of the territory currently is the only place 
where in Lithuania can detect such rare species as: Aster tripolium L., Glaux maritima L., Triglochin maritimum L., Juncun gerardii Laisel. Purposes 
of the study were determining the dynamics of plant species populations; determine rare plants species state and conditions of growth in the inventory 
habitat (from 1988 till 2012). For these research of the anthropogenic influence on the plants habitats and determination of abundance of rare plants 
population, was used itinerary investigation method. The Smeltė peninsula biodiversity has been measured and investigated by using various routes 
and objectives of estimation. The floral has been estimated on the circular record plots with the diameter of 4 meters. 

 Intensive industrialization of Smeltė peninsula is evidently harmful for the flora which growing on this area, especially for the population of 
rare and vanishing plants species. In recent twenty five years (1988 – 2012) the number of individuals in the population of Glaux maritima, has 
dimished by 70 %, Aster tripolium – by 80%, Triglochin maritimum – by 95% and Juncus gerardii as well as 90%.  Abundance of population and the 
territory of the habitats evidently decreased because the sea industry developed on the Smeltė peninsula. Preservation of genetic fund of the 
Lithuanian flora should be strengthened based on scientific recommendations. 

Key words: Lithuanian sea industry, rare plant species, preservation of the genetic fund. 
 

Introduction 

 
The salty soil has a specific growth conditions, so on shore areas of the European sea coasts and in the lagoons 

are found exceptional plant species like Glaux maritime L., Aster tripolium L., Triglochim maritimum L., Juncus 
gerardii Liosel and other species (Doody, 1991; Doing, 1991; Markowski et al. 1980). During the recent decades due to 
intensive industrialization of natural environment in the coastal zone the growth conditions for the salty soil plants have 
become worse, the territories of the habitats have narrowed and of some rare plants species verge of vanishing (Dijk, 
1995; Piotrowska, 1980; Davidson, 1991). The anthropogenic factor in the Curonian Lagoon of the Lithuanian part has 
reached the device stage in the latest twenty four year.  

It is evident that constantly growing invasion of the sea port industry in the territory of the Smelte Peninsula but 
that time disappearing habitats of such rare plant species as Glaux maritime, Aster tripolium, Triglochin maritimum and 
Juncus gerardii, included into Red Data Book of Lithuania (Balevičienė et al., 1995; Jankevičienė, 1978; Red Data 
Book; 1992; Olsauskas et al., 1999). 

The construction of the Ferry Port (Klaipėda-Mukran, lenght 400 meters, width 250 meters) in the northern part 
of the Smelte Peninsula started about thirty five years ago (Fig.1). The territory of tens hectares has been cover with 
concrete and the terminal for huge sea ferries have been established. Therefore part of the rare plant species habitats has 
vanished irrevocably from the territory of the Smelte Peninsula. Recently, the industrialization of the Smelte Peninsula 
have been renewed, the construction of the sea container terminal as well as terminal for mooring the ro-ro type vessels 
have been in programs. 

Only a little part of the Smelte Peninsula (some tenths meters in width and about one Kilometer on length) which 
has not yet been covered with concrete now is the only habitat in Lithuania for such rare plants species as Glaux and 
Juncus gerardii which are included in the Red Data Book of Lithuania and other European state (Olsauskas al. 2000). In 
this article we present results of four time (1988, 1998, 2003 and 2012) field investigations of anthropogenic influence 
on the Smelte Peninsula Biodiversity. 

 
Study area  

 
The habitats of the flora on the Smlete Peninsula may be divided into three areas: the waters area, the coastline 

and the dry coast meadow. In the water area the plants species of wet habitats are under permanent influence of the 
population by substance accumulated in the water of the Curonian Lagoon (Fig.2). The water polluted with mud and oil 
products, splash the plants of wet habitats on the coast line (including rare plant species). Besides, the plants are 
trampled by a big number of fishermen. During the investigation the main attention has been paid to the following rare 
and vanishing plant species: 

a) Glaux maritime L., included into the category of first list the Red Data Book of the Lithuania as a rare and 
vanishing species. On the Smelte Peninsula this species grow among stones on the coast of the Curonian Lagoon in the 
associations of Triglochino – Glaucetum maritimea. This is perennial herbal plant. 10-15 centimeters height. It blooms 
in June and ripens seeds in August. Propagates in by seeds and rhizomes; 

b) Aster tripolium L., included into category of first list the Red Data Book of Lithuanian as a vanishing species. 
On the Smelte Peninsula this species grows on the coast line in the associations of Asteretea tripolli. This perennial 
grassy plant is 20-60 (100) centimeters height. It blooms in July and ripens seeds in Septembers. 
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c) Triglochin maritimum L., included into category of third list the Red Data Book of Lithuanian as a rare and 
vanishing species. On the Smelte Peninsula of Asteretea tripolli. This is a perennial herbal plant, 20-70 centimeters 
heights. It blooms in July and ripens seeds in September. Propagates it by seeds; 

d) Juncus gerardii Loisel, included into category of third list the Red Data Book of Lithuania as a rare and 
vanishing species. On Smelte Peninsula it grows on the moist coast in the association of Juncetum gerarchii. This is a 
perennial plant of salty soil, 15-30 centimeters height. It blooms in July and ripens seeds in September. Propagates itself 
by seeds and in a vegetative way. 

 
Methods 

 
For the anthropogenic influence research of plants habitats in the northern part of the Curonian Lagoon and for 

determination abundance of rare plant population, we used the method of itinerating investigation. The Smelte 
Peninsula biodiversity has been measured and investigated by using various routes and objectives of estimation. The 
flora has been estimated on the circular record plots with the diameter of 4 meters. The measurements were made 
according to Smelte Peninsula eastern coast perimeter. The specific plants species to the seacoast and abundance of 
population has also been determined. The limits of rare plants spreading, the vital ability of populations, the relation 
between the grassy plants size in projective cover and intensity of anthropogenic activities have been investigated.  

The projective cover of grassy plants has been estimated according to 10 gradation of covering (0, 10, 
20,30…100% of the investigation area). The Braun-Blanquet scale has been used for the estimation of plants 
population, in points: 

– The number individuals of plant species is very small (up to 5 indiv.), a very small area covered; 
+ – the number individuals of plant species is small (more than 5 indiv.), a small area covered; 
1 – the number individuals of plant species is quite small, covering up from 1% to 5% of total area; 
2 – the number individuals of plant species is quite big covering from 5 % to 25% of total area; 
3 – the number individuals of plant species is big covering from 25 % to 50 % of tall area; 
4 – the number individuals of plans species is very big, covering from 50 % to 75 % of total area; 
5 – the number individuals of plant species is extremely big, exceeds 75 % and more of total are. 
 

Results 
 

1. Glaux maritima L., investigation.   
The primary inventory of Glaux maritima populations on the Smeltė Peninsula has been performed in summer 

1988 and repeatedly in May-June 1998, in June-September 2003 and June-September 2012. The habitat of Glaux 
maritima commences in the neighborhood of the northern end of the pine grove. It spreads along the coast of the Malku 
Bay about 1200 meters to the fence of the Ferry Port. The main of these species individuals resides in the zone of dry 
land and in water contain among stones. But the bigger or smaller groups of Glaux maritima individual resides on the 
coastal line. 

They are located in such a way that the water of the Malku Bay permanently irrigates them. The prevailing 
distance among accumulations of these species individuals is 10 – 17 meters. During the last inventory (2012) the Glaux 
maritime individuals on coast of the Smelte Peninsula grew in 57 record plots.1988 in 189 record plots, 1998 in 162 
record plots and in 2003 in 99 record plots. According to the data of the inventory, during recent 24 years (1988–1998 – 
2003–2012) the individuals of Glaux maritime population has decreased about 70 %.    

It was determined that the main harm for the populations of these species individuals is done by oil and mud 
polluted water when contaminated water spray falls on the vegetative and Generative parts of plants. Constant trampling 
of fisherman is also a negative factor for the plant population. For the above reasons, the population of Glaux maritima 
on the coast line of Smelte Peninsula is not numerous. The vitality of the population is low and it tends to vanishing. 

2. Aster tripolium L., investigation 
Aster tripolium population on Smelte Peninsula has performed some primary investigation in summer 1988 and 

repeatedly in May – September 1988, June – September 2003 and 2012 June – September. The habitat of this plant species 
spreads along the coast line of the Malku Bay for 1200 meters and ends beyond the fence of the Ferry Port near the 
concrete pier. Population of Aster tripolium resides on the coast line of the Smelte Peninsula at the Malku Bay (on the dry 
land of the coast and in the water of the pre coast area). The distance between the coast line and the individuals under 
investigation does not exceed 50 – 70 centimeter. Individuals of Aster tripolium grows separately or join in to small groups 
in the association of Asteratea tripolli. The Malku Bay water permanently moistens the investigated individuals.  

During previous inventory (2012) individuals of population grew in 40 record plots. 1988 in 201 record plot, 
1998 in 148 record plots, 2003 in 79 record plots. During recent 24 years (1988–1998, 2003–2012) the individuals of 
Aster tripolium population has decreased about 80%. 

Due to intensive anthropogenic activities on the Smelte Peninsula in recent 24 years (construction, water 
pollution in the Curonian lagoon, and big flow of fisherman) the numbers of individuals in the population of Aster 
tripolium decreases year after years. Its vitality and renovation diminishes in the territory of habitat as a result this plant 
species has reached the limit of vanishing. 

3. Triglochin maritimum L., investigation.  
Triglochin maritimum on the Smelte peninsula has over some primary investigation in summer 1988 and 

repeated in May – September 1998, July – September 2003 and July – September 2012. The habitats of Triglochin 
maritimum population located on eastern and western coast of the Smelte peninsula. 
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In 1998 some small groups of Triglochin maritimum resided at the Klaipeda channel and along all the coast of 
the Malku Bay. During the inventory in 1998 it has been determined that the bigger part of Triglochin maritimum 
habitat has vanished due to the construction of the sea container terminal. Five small groups of Triglochin maritimum 
have been observed behind the northern border of the terminal. The individuals under investigation resided in the 
Asteretea tripolli association. During previous inventory (2012) individuals of population grew in 6,5 record plots. 2003 
in 10,5 record plots, 1998 – in 37 record plots and 1988 – in 129 record plots. During recent 24 years (1988, 1998, 
2003, 2012) the individuals of Triglochin maritimum population has decreased about 95%.  

4. Juncus gerardii Loisel investigation.  
Juncus gerardii population investigation on the Smelte Peninsula was performed in summer 1988, 1998, 2003, 

and 2012. 
In 1988 the habitat spread along the coast of the Malku Bay from the Klaipeda channel to the territory of the 

Ferry port. Individuals of Juncus gerardii population have been spontaneously spread in some areas of the Smelte 
Peninsula.  

The inventory data in 1998 proved that the biggest part of the investigated habitats of the species population on 
the Smelte Peninsula vanished in the process of the construction sea container terminal. The results of four inventories 
(1988, 1998, 2003, 2012) showed that the area of the population habitats and the abundance of population individuals 
has decreased about 90%. It was determined that during the vegetation period of plants the habitat is permanently and 
intensively trampled by fisherman. Besides, the plant species individuals suffer from the rubbish, which is thrown out 
from the water of the Malku Bay.  Due to the above mentioned Juncus gerardii population is growing rare and coming 
to the line of extinction.  

 
Conclusions 

 
The conditions for the growth of halophytic plants in the Lithuanian coast not long were quite favorable. The 

best area for these plants in recent time was the Smelte peninsula in the northern part of the Curonian Lagoon with the 
unique natural conditions. It is the only place in Lithuania with specific conditions for the Baltic Sea coastal plants – 
littoral Enders included into Red data Book of the Lithuania: Glanx maritime L., Aster tripolium L., Triglochin 
maritimum L., Juncius gerardii Loisel. 

Intensive industrialization of the Smelte peninsula is evidently harmful for the flora growing on this area 
especially for the populations of the rare and vanishing plant species. In recent twenty four years (1988, 1998, 2003, 
2012) the abundance of population of Glanx maritime L. has diminished by 70%, Aster tripolium L. – 80%, Triglochin 
maritimum L. – 95%, Juncius gerardii Loisel also diminished by 90%. 

 
References 

 

1. Balevičienė J., Lazdauskaitė Ž., Rasomavičius V. Conservation of botanical Diversity in the Lithuanian Costal region. In: Costal conservation 
and Management in the Baltic region. 1995, Klaipeda University, pp. 43 – 47.  

2. Broun – Blanquet J., Pfalzensoziologie Grunzunge der Vegetation skunde. Wien, New York, 1964, p.865. 
3. Doody J.P. Sand Dune Inventory of Europe Peterbourgh, UK. 1991, p. 80. 
4. Jankeviciene R. Rare Wender plants Lithuania. Vilnius, 1978, p. 48. 
5. Doing H. Lundscape Ecology of the Dutch Coast. The Netherlands. Amsterdam, 1991, p.48. 
6. Red Data Book of Lithuania. Vilnius, 1991, p. 364. 
7. Dijk H.W. Management and Preservation of Coastal Habitats. The Netherland Leiden, 1995, p. 191. 
8. Markovski R., Stasiak J. The flora of the River. In: Embankments at the Nounts of the Wistula. Biologia No.2. University of Gdansk Poland, 

1980, p. 117 – 129. 
9. Davidson N.S.Nature Conservation and Estories in Great Britain, Peterbourgh UK, 1991, P. 442/ 
10. Olsauskas A.M., Urboniene R. The influence of Klaipeda University Botanical Garden on preservation and enrichment of the genetic fund of rare 

and characterictic to the Lithuanian coastal plants. In: Plant genefund accumulation, evolution and protection in Botanical Garden in Lithuania. 
Vilnius, 1999, pp. 53 – 58. 

11. Olsauskas M.A., Urboniene R., Flora of the approaches to a Klaipeda sea port. In: Klaipeda sea port (economy and ecology) Institute of Ecology 
Lithuania. Vilnius, 2000, pp. 139 – 141.  

12. Urbonienė R., Olšauskas A.M., Dubra V. (2008). The importance of plant Rover stability to the state of the protection dune: a case study of 
Lithuanian. A changing coast: challenge for the environmental policines. 9 th International conference. Italy, Venice. pp. 214. 

13. Urbonienė R., Olšauskas A.M. (2007). Lithuanian coastal dunes: environmental impact appraisal. Coastal manegement and communication: case 
studies development. Integrated coastal manegement research school, Latvia, pp. 70-78. 

14. Urbonienė R., Olšauskas A.M. (2005) Coastal dunes and their Management. Dunes and Estuaries. (Abstracts of internacional conferency Dunes 
and Estaurides). 

15. Urbonienė R., Olšauskas A.M., Grecevičius P. (2008). Importance of coastal dunes for stability of the mainland Lithuanian sea–schore. Žurn. 
Jūra ir aplinka. Leidėjas Klaipėdos Universitetas. Nr. 1(16), pp. 28–32. 

16. Olšauskas A.M., Olšauskaitė Urbonienė R. (2001). Anthropogenic influence on population of Lathyrus maritimus (L.) Bigelow on the Lithuanian 
protective coastal dune. Biologija Nr. 2, pp. 96-98. 

17. Olšauskaitė Urbonienė R., Olšauskas A.M. (2005). Smelte Peninsula as a Maintain Biodiversity of Rare Plants. Aplinkos tyrimai, inžinerija ir 
vadyba. Nr. 3 (33), pp. 65-72. ISSN 1392-1649. 

 

Algimantas Mečislovas OLŠAUSKAS, Professor at the Department of Architecture, design and art, Klaipeda University, H.Manto 
str.84, LT-92294, Klaipeda, Klaipeda district, Lithuania. E-mail: olsauskasama@yahoo.com, tel.8 46 398830. Field of Scientific 
Interest: scientific research work (planting technology, landscape architecture, pharmacy, food, herbs, ornamental plants uses). 
Ramunė OLŠAUSKAITĖ URBONIENĖ, Associate professor at the Department of Architecture, design and art, Klaipeda 
University, H.Manto str.84, LT-92294, Klaipeda, Klaipeda district, Lithuania. E-mail: ramune.uoramune.uo@com, tel.8 46 398830. 
Field of Scientific Interest: spatial planning, landscape planning and assessment. 
Kristina KONTVAINIENĖ, Landscape rchitecture in Department of Architecture, design and art, Klaipeda University, H.Manto 
str.84, LT-92294, Klaipeda, Klaipeda district, Lithuania. E-mail: kristina.kontvainiene@gmail.com, tel.8 46 398830. Field of 
Scientific Interest:landscape architecture.   

mailto:olsauskasama@yahoo.com


Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

191 

Changes in Chemical Composition During Ripening of Actinidia kolomikta 

Fruits 
 

Aurelija Paulauskienė, Viktoras Pranckietis, Živilė Tarasevičienė, Toma Barčytė 
Aleksandras Stulginskis University, Lithuania 

 
Abstract 

 

Chemical composition of A. kolomikta fruits depend on natural area habitats. Fruits chemical composition of different cultivars grown in 
Lithuania varies slightly. Fruits of the Actinidia genus are attributed to a fruit group with critical maturation period. Therefore is very important to 
identify fruits picking time which determines the persistence and quality of the fruit. In Lithuania fruits of A. kolomikta most often ripen after 60–65 
days after flowering. A. kolomikta fruits should be picked during the technical maturity phase because they get soft rapidly. The purpose of this work 
was to investigate changes in chemical composition of A. kolomikta fruits during maturation period. Four cultivars of Actinidia kolomikta fruits – 
‘Landė’, ‘Paukštės Šakarva’, ‘Laiba’ and ‘Lankė’ – were investigated. A. kolomikta fruits were picked after 62 days after the most abundant flowering 
according to research done to determine the technical maturity. Fruits were picked three times in two-day intervals: first – August 11, second – 
August 13, and third – August 15. Picked fruits were ripened four days at 20±2 °C temperature in room, pour a thin layer. Was analysed fruits 
chemical composition during ripening on plant, fresh fruits of all pickings and fruits after two and four days of ripening in room temperature. The 
amount of dry matter was determined by drying the samples to the constant mass at the temperature of 105 ºC, of soluble solids – by refractometric 
method and of ascorbic acid – by titration with 2.6-Dichlorphenolindophenol sodium salt dihydrate. The investigation showed that during ripening 
period content of dry matter and soluble solids increases while the content of vitamin C decreases. The biggest amount of dry matter accumulated in 
fruits of Actinidia kolomikta picked 62+4 days after the most abundant flowering and ripened at 20±2° C temperature four days. Such fruits must 
remain in good condition the longest and are best suited for drying, jams making, etc. The biggest amount of soluble solids was in fruits picked 62+2 
days after the most abundant flowering and ripened at 20±2° C temperature four days. These fruits have the best taste characteristics for fresh 
consumption and freezing. The highest amount of ascorbic acid accumulated in the fruits of first picking after two days of ripening at 20±2 °C 
temperature. 

Key words: kolomikta actinidia, chemical composition. 

 
Introduction 

 
Actinidia kolomikta (Maxim. & Rupr.) Maxim. belongs to Actinidia genus, Actinidiaceae family. The world’s 

best-known of this family is the kiwifruits (Actinidia deliciosa). Only Actinidia kolomikta is characterized as resistant 
and Actinidia arguta – as tolerant to Lithuanian climatic conditions. 

In Aleksandras Stulginskis University breeding of Actinidia kolomikta cultivars started in 1972. Seven best 
hybrid forms were selected and from 1988 have been investigated in orchard of ASU. In 1997 year four cultivars of A. 

kolomikta ‘Landė’, ‘Paukštės Šakarva’, ‘Laiba’ and ‘Lankė’ were entered in “Lithuanian National List of Plant 
Varieties”. These cultivars are characterized by particular chemical composition, tolerant to the surrounding conditions 
and low temperature, diseases and pest resistant (Pranckietis et al., 2001). 

Recently A. kolomikta fruits have become famous for its nutritious, especially high content of vitamin C, and are 
evaluated as a healthy fruits. According to Leong and Shui (2002) Actinidia fruits indicate high antioxidant capacity. 
Not only phenolics, but also vitamin C significantly influences the antioxidant qualities of the fruits (Krupa, Latocha, 
2007; Kalt et al., 1999). A. kolomikta fruits accumulate exceptional amounts of ascorbic acid that several times exceed 
the recommended daily norm. In comparison with other Actinidia species the fruits of A. kolomikta contain the biggest 
amounts of this vitamin – 7730–15200 mg kg-1; a medium size fruit contains 80–100 mg of ascorbic acid (The natural 
Food HUB, 2005).   

Chemical composition of A. kolomikta fruits depend on natural area habitats. Fruits chemical composition of 
different cultivars grown in Lithuania varies slightly. A. kolomikta fruits of all cultivars are characterized by a high 
content of ascorbic acid, although in different years for different weather conditions, it varies greatly. 

In Lithuania fruits of A. kolomikta most often ripen after 60–65 days after flowering (Pranckietis et al., 2001). 
The ripe fruits fall down; therefore, all fruits are harvested at the same time. The picked fruits ripen in two–three day 
time (Pranckietis et al., 2001). Fruits of the Actinidia genus are attributed to a fruit group with critical maturation 
period. The so called climacteric period with rapid and complicated changes of biochemical composition and skin 
firmness is characteristic of the berries of A. kolomikta during their ripening (Chesoniene et al., 2003). Therefore is very 
important to identify fruits picking time which determines the persistence and quality of the fruit. On the time picked A. 

kolomikta fruits release ethylene that affects the rapid and uniform ripening process, but has no influence on ascorbic 
acid content (Ferguson and MacRae, 1992). 

Actinidia deliciosa fruits ripening process is characterized by a variety of factors: soluble solids content, flesh 
firmness, seed colour, flavours changes. Investigations in New Zealand, Italy, Spain kiwi (A. deliciosa and A. arguta) 
plantations have shown that the best quality fruits are in early technical maturity. According to Krupa et al. (2011), 
fruits of A. arguta at the stage of storage maturity contain 8–10 % of soluble solids. 

A. kolomikta fruits should be picked during the technical maturity phase because they get soft rapidly and their 
skin starts to break. The picking time is determine in accordance to the most abundant flowering, skin firmness (230–
320 N (cm2)-1) and soluble solids content (9–11°Brix) (Chesoniene et al., 2003; Chesoniene et al., 2004).  

The purpose of this work was to investigate changes in chemical composition of A. kolomikta fruits during 
ripening period. 

The objects of investigations were cultivars of A. kolomikta: ‘Laiba’, ‘Lankė’, ‘Landė’, ‘Paukštės Šakarva’. 
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Research methods 

 
 Investigations were carried out in 2010 year. A. kolomikta fruits were picked after 62 days after the most 

abundant flowering according to research done to determine the technical maturity (Pranckietis et al., 2001; Chesoniene 
et al., 2004). Fruits were picked three times in two-day intervals from August 11 to August 15: first – August 11, 
second – August 13, and third – August 15. Picked fruits were ripened four days at 20° C temperature in room, pour a 
thin layer. Was analysed fruits chemical composition during ripening on plant, fresh fruits of all pickings and fruits after 
two and four days of ripening in room. 

The amount of dry matter was determined by drying the samples to the constant mass at the temperature of  
105 ºC, of soluble solids – by refractometric method and of ascorbic acid – by titration with  
2.6-Dichlorphenolindophenol sodium salt dihydrate. 

The investigation data was evaluated by the method of dispersion analysis (ANOVA) using computer 
programme STATISTICA. Arithmetical means and standard errors of the experimental data were calculated. Significant 
differences among data were evaluated according to Fisher LSD test. Difference statistically significant when p<0.05. 
 

Results of research 

 

The results of all pickings showed that the biggest amounts of dry matter were in fruits of third picking except 
‛Landė’ fruits (Table1). Content of dry matter in fruits ranged from 13.6 to 16.4 %. The biggest amount of dry matter 
was established in ‛Landė’ fruits of first picking – 16.6 %. ‛Landė’ fruits ripen earlier than others. 
 
Table 1. Chemical composition of Actinidia kolomikta fruits picked on different time 

 Paukštės Šakarva Laiba Lankė Landė 

Dry matter % 
August 11 13.4±0.0a 11.0±0.9b 13.1±0.5a 16.6±0.9c 
August 13 13.0±0.1a 16.0±0.7b 13.0±0.8a 13.4±0.5a 
August 15 13.6±0.9c 16.4±0.1a 15.9±0.9a 10.8±0.6b 

Soluble solids % 
August 11 7.2±0.2b 7.7±0.5b 6.4±0.3a 6.4±0.3a 
August 13 7.9±0.2d 6.6±0.1c 6.3±0.1b 5.5±0.3a 
August 15 6.8±0.1a 6.4±0.1c 6.7±0.2a 5.4±0.1b 

Ascorbic acid mgkg-1 
August 11 3860±0.0c 3521±166.0a 3521±50.2a 3860±25.4b 
August 13 2986±76.2c 3608±116.4a 2653±50.8b 3495±66.7a 
August 15 2669±50.8c 1599±25.4b 2381±24.8a 2308±50.8a 

Significant differences (p<0.05) among the cultivars in row are marked by different letters  
 

Amount of soluble solids in fruits of all cultivars and pickings varied from 5.4 to 7.9 % (Table 1). The biggest 
amount was in ‛Paukštės Šakarva’ fruits picked in August 13 (second picking) – 7.9 %. The mostly of soluble solids in 
‛Laiba’ and ‛Landė’ cultivars were in fruits of first picking, respectively 7.7 and 6.4 %. And the biggest amount of 
soluble solids in ʽLankėʼ cultivar was in fruits of third picking – 6.7 %. 

The most of ascorbic acid accumulated in ‛Paukštės Šakarva’ and ‛Landė’ cultivars fruits picked in August 11 
(first picking) – 3860 mg kg-1 and in ‛Lankė’ cultivar fruits – 3521 mg kg-1 (Table 1). Only ‛Laiba’ cultivar the biggest 
amount accumulated in fruits of second picking – 3608 mg kg-1. 

The amount of dry matters indicates nutritive value of fruits and influences their storage. Dry matter levels in 
fruits ripened at room temperature revealed that these substances in fruits increased and after four days the biggest 
amount was in ‘Laiba’, ‘Lankė’ and ‘Landė’ cultivars (Table. 2). The highest amount of dry matters was established in 
‘Laiba’ fruits of second and third pickings after four days of ripening, respectively 21.2 and 21.1 %. In 2009 year the 
biggest amount of dry matters – 23.95 % – was in ‛Laiba’ fruits too (Pranckietis et al., 2009). In ‘Paukštės Šakarva’ 
fruits content of dry matters did not increase after four days of ripening, remained the same as after two days. 

Soluble solids appear to be an important index determining sensory characteristics of fruit. In the course of 
ripening A. kolomikta fruits change their chemical composition, increase the amounts of soluble solids and reduce the 
level of ascorbic acid (Chesoniene et al., 2004). Results of biochemical composition of A. kolomikta fruits 
investigations carried out by Chesoniene et al. (2004) indicated that in the stage of biological maturity fruits of ‘Landė’ 
cultivar contained 15.9 % of soluble solids. Krupa et al. (2011) estimated soluble solids content of A. arguta fruit at 
vine ripe stage from 11.7 to 13.9 % but in fruit at harvest it was lower and ranged from 8.2 to 9.9 %. 

Of the A. kolomikta cultivars analysed in this work the highest content of soluble solids (14.6 %) was 
accumulated in ‘Landė’ fruits (Table 2). Soluble solids content after two days ripening at room temperature was 
increased in fruits of all cultivars and pickings. But amount of soluble solids decreased in fruits of third picking after 
four ripening days except ‛Paukštės Šakarva’ cultivar. 

Analysis of biochemical composition showed the presence of the highest amounts of ascorbic acid in unripe 
fruits. In the stage of biological maturity fruits had the lowest amounts of these compounds (Chesoniene et al., 2004). 
The results of analysis done Chesoniene and Viskelis (2007) confirmed that the cultivars of A. kolomikta accumulate 
from 7210 to 11460 mg kg-1 of ascorbic acid at the technical maturity stage. The investigations results of others 
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researchers has shown that the level of ascorbic acid in fruit is not constant and can be affected by cultivation conditions 
such as soil, fertilization, irrigation, temperature and the genotype themselves (Krupa, Latocha, 2007). 

In the fruits of first picking after two days of ripening the amount of ascorbic acid was higher than in freshly 
picked fruits and ranged from 4004 to 4239 mg kg-1 (Table 2.). It was the biggest amount of ascorbic acid of all 
cultivars. The reliably biggest amount was in ‛Paukštės Šakarva’ fruits. 

In the fruits of second picking after two days of ripening the amount of ascorbic acid was higher in ‛Paukštės 
Šakarva’ and ‛Lankė’ cultivars, but lower in fruits of ‘Laiba’ and ‘Landė’. The highest amount was in ‛Paukštės 
Šakarva’ fruits – 3729 mg kg-1. And in the fruits of third picking the amount of ascorbic acid after two days of ripening 
was higher in fruits of all cultivars except ‛Paukštės Šakarva’. The highest amount was in ‛Lankė’ fruits – 3275 mg kg-1. 
After four days of ripening at room temperature the amount of ascorbic acid in comparison with freshly picked fruits 
was higher in the ‛Paukštės Šakarva’ and ‘Lankė’ cultivars fruits of all pickings, in ‘Laiba’ fruits of third picking (08 
15) and in ‘Landė’ fruits of first (08 11) and third (08 15) pickings. All results showed that the highest amount of 
ascorbic acid accumulated in fruits of ‛Paukštės Šakarva’ and ‘Lankė’ cultivars. 

 
Table. 2. Changes in chemical composition of Actinidia kolomikta fruits during maturation period in 20 °C temperature 

 Paukštės Šakarva Laiba Lankė Landė 

Dry matter % 

Picking time 08 11     
After 2 ripening days 14.8±0.9a 15.8±0.5a 14.9±0.6a 12.9±0.3b 
After 4 ripening days 11.7±0.1a 17.5±0.4d 14.8±0.2c 13.8±0.2b 
Picking time 08 13     
After 2 ripening days 13.7±0.8a 17.2±0.1c 15.7±0.6b 13.3±0.4a 
After 4 ripening days 13.6±0.9a 21.2±0.8c 17.3±0.7b 14.4±0.9a 
Picking time 08 15     
After 2 ripening days 16.2±0.6a 18.3±0.9b 15.9±0.1a 15.7±0.1a 
After 4 ripening days 16.1±0.7a 21.1±0.8b 16.8±1.0a 15.7±0.1a 

Soluble solids % 
Picking time 08 11     
After 2 ripening days 9.9±0.1a 10.1±0.3a 9.7±0.3a 10.0±0.3a 
After 4 ripening days 8.9±0.1b 10.4±0.6a 11.2±0.2a 11.3±0.6a 
Picking time 08 13     
After 2 ripening days 9.8±0.3a 13.9±0.3c 9.6±0.3a 8.4±0.1b 
After 4 ripening days 12.0±0.2a 14.6±0.3b 12.1±0.1c 11.8±0.4a 
Picking time 08 15     
After 2 ripening days 10.6±0.3a 13.6±0.3b 10.4±0.3a 10.1±0.2a 
After 4 ripening days 11.4±0.1c 11.8±0.1d 10.3±0.1b 9.8±0.1a 

Ascorbic acid mg kg-1 

Picking time 08 11     
After 2 ripening days 4239±67.2c 4107±25.4a 4107±25.4a 4004±44.0b 
After 4 ripening days 3901±50.8a 3285±50.8b 3916±44.0a 3417±25.4c 
Picking time 08 13     
After 2 ripening days 3729±44.0c 3251±50.2a 3502±50.2b 3256±88.0a 
After 4 ripening days 3729±44.0c 2860±0.0a 3502±50.2b 2655±125.8a 
Picking time 08 15     
After 2 ripening days 2600±101.0b 2728±44.0c 3275±25.4d 2423±25.4a 
After 4 ripening days 3901±50.8a 3285±50.8b 3916±44.0a 3417±25.4c 

Significant differences (p<0.05) among the cultivars in row are marked by different letters  
 

Conclusions 
 

The biggest amount of dry matter accumulated in fruits of Actinidia kolomikta picked 62+4 days after the most 
abundant flowering and ripened at 20±2 °C temperature four days. Such fruits must remain in good condition the 
longest and are best suited for drying, jams making, etc.  

The biggest amount of soluble solids was in fruits picked 62+2 days after the most abundant flowering and 
ripened at 20±2 °C temperature four days. These fruits have the best taste characteristics for fresh consumption and 
freezing.  

The highest amount of ascorbic acid accumulated in the fruits of first picking after two days of ripening at 20± 
2 °C temperature. 

During ripening period content of dry matters and soluble solids increases while the content of vitamin C 
decreases. 
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The Influence of Cultivars on the Tuber Yield, Chemical Composition and 

Diseases Incidence of Organically Grown Potatoes 
 

Juozas Pekarskas, Jolanta Sinkevičienė 
Aleksandras Stulginskis University, Lithuania 

 
Abstract 

 
Studies of organic potato varieties were carried out in 2011–2012 in Vladas Elsberg‘s organic farm in Jonelaičiai village of Kužiai 

municipality in Šiauliai district. Research was carried out with the early potato varieties 'Valor' and 'Vineta'. It was found that  cultivating potatoes 
'Valor' and 'Vineta' no substantial differences in the total and marketable yield as well as in marketable crop yield between these varieties have been 
identified. Tubers of the 'Vineta' variety contained substantially less nitrates and slightly more dry matter and starch than potatoes of  the variety 
'Valor'. Tubers of the variety 'Valor', as compared to the variety 'Vineta', contained considerably more phosphorus, while in the amounts of nitrogen 
and potassium no essential difference were found. Organically grown potato varieties in different years were differently affected by diseases. If in 
2011  potatoes of the cultivar 'Vineta' were by 13.3% less damaged by potato rash (Rhizoctonia solani Kuhn., Thanatephorus cucumeris (Frank) 
Donk.) than potatoes of  the cultivar 'Valor', then in 2012 potatoes of  the 'Valor' variety were damaged by 2.0% less. Potato tubers of the 'Valor' 
variety  were damaged by common scab (Streptomyces scabies (Thxaxter) Waksman & Heric) by 6.7% less than the cultivar 'Vineta'. In 2011 potato 
tubers of the 'Valor' variety had by 8.0% higher prevalence of   blight (Phytophthora infestans (Mont.) de Bary) than tubers of the cultivar 'Vineta', 
while in 2012 potato tubers were not affected by blight. 

Key words: organic farming, potatoes, yield, chemical composition, prevalence of tuber diseases. 
 
Introduction 
 

In the crop structure of Lithuanian organic farms in 2002–2003  dominated perennial grasses (37–49%), while in  
2004–2005 – legumes and cereals. Over the period 2005–2010, no significant changes happened in the structure of organic 
farm crops. Both in 2005 and in 2010 the crop structure dominated by cereals (respectively, 45.2 and 45.72%), perennial 
grasses (from 26.9 to 20.98%), leguminous crops (respectively 7.6 and 12.64%) and mixtures of legumes and cereals 
(respectively 7.7 and 6.19 %). Comparing the years of 2005 and 2010, the areas of potatoes, vegetables and fodder beet 
changed slightly – from 0.30 to 0.32% (Pekarskas et al., 2008; Kriščiukaitienė, Namiotko, 2012). In Lithuania almost all 
potatoes are grown in farms, and only a very small part  in agricultural companies. Most potato growers are small: about 
97% of all farms grow less than 1 ha of potatoes. Average crop area – only 0.30 ha (Ražukas, 2003).  
 Western European potato production occupies an important place in organic farming. Potatoes are grown not 
only for consumption but also for processing. One of the main problems is adequate supply of organically grown 
potatoes with nutrients and selection of  varieties (Wszelaki et al., 2005; Finckh et al., 2006; Haase et al., 2007). 
 It was found that potato tuber yield depends on the level of fertilization, varieties, agricultural practices, weather 
conditions. A direct dependence of potato yield and starch content of tubers on weather conditions during the growing 
season was ascertained. In dry years the yield of potatoes is low, the tubers are small. Most affected by the drought are 
the early and the late, less – medium early varieties of potatoes (Ražukas, 2003; Makarevičiūtė, 2003; Rainys, Rudokas, 
2005 Asakavičiūtė, Ražukas, 2011). 
          Organic farming produces much lower potato yields than  intensive farming. This is due to different requirements 
for supply of potatoes with nutrients and completely different plant protection systems in organic and intensive farming. 
Varieties suitable for intensive organic production are not always justified in organic farming (Ražukas, 2003; 
Pekarskas, 2008; Järvan, Edesi, 2009).  
         In  organic production the use of fertilizers and the use of biological agents is strictly regulated. It is strictly 
prohibited to use synthetic chemical fertilizers and organic fertilizers, for the manufacturing of which synthetic mineral 
and organic fertilizers from industrial production farms are used. It is also strictly forbidden to use synthetic pesticides, 
which have to be replaced by biological plant protection products (Council Regulation (EC) no. 834/2007; Commision 
Regulation (EC) no. 889/2008). 
         In Lithuanian organic farming system farmers growing potatoes insufficiently  provide them with required 
nutrients, they have no biological plant protection means against pests and diseases, which leads to significantly lower 
potato yields than in intensive farming (Pekarskas, 2008, 2012; Pekarskas, Šileikienė, 2009; Pekarskas et al., 2011; 
Pekarskas, 2012). 
 According to the  research data of Lithuanian and other countries, potato tuber yield due to diseases and pests 
decreases by 5-40%. Potatoes are damaged by about 300 diseases. The main protection against diseases are preventive, 
agrochemical and chemical measures. Research in Lithuania has  shown  that prevalence of potato tuber diseases 
depended on weather conditions. In biological farming  potato tubers were more damaged by potato blackleg and scab 
and disease development was higher than in sustainable farming, while common scab infected tubers in both cropping 
systems to a similar degree (Šurkus, Valskytė, 1998; Vasinauskienė, 1998). 
           The aim of the study – to investigate  the influence of organically grown potato varieties on their productivity, 
chemical composition and prevalence of potato tuber diseases. 
 
Material and methods 
 

Growing trials of organic potato varieties in 2011–2012 were carried out in  Vladas Elsberg‘s organic farm in 
Jonelaičiai village of Kužiai municipality in Siauliai district. The test site was dominated by loamy soils that were 
neutral, close to neutral and neutral (pH 6.4–6.8 and 6.3–7.0), with low to medium humus content (1.90–2.21 and 1.91–
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2.30%), containing high potassium (K2O 161–171 and 166–179 mg kg-1), medium and high phosphorus (P2O5 119–
181 and 151–164 mg kg-1) amounts, while total nitrogen amounted to (0.113 to 0.141, and 0.201-0.245%) (Table 1). 

The total area of potato testing comprised 75 m2, sample area – 25 m2. All trials were done in four replications. 
Potatoes in 2011 were grown after perennial grasses (long–term meadow), while in 2012 – in the same field, 

only in another place after  potatoes. Early potato varieties 'Valor' (UK) and 'Vineta' (Germany) were grown. Plant 
protection products against diseases and pests were not  applied. 

The potatoes in 2011 before planting were fertilized with farmyard manure at 20 t ha-1 rate, while in 2012 no 
fertilizing was applied. 

 
Table 1. The characteristics of soil agrochemical properties of organic potatoes test area  

 Indicator of soil 2011 m. 2012 m. 

Humus,  % 1.90–2.21 1.91–2.30 
pH 6.4–6.8 6.3–7.0 
Total nitrogen, % 0.113–0.141 0.210–0.245 
Mobile phosphorus (P205), mg kg–1 119–181 151–164 
Mobile potassium (K20), mg kg–1 161–171 166–179 

 
Soil samples for testing chemical properties were taken from 0–20 cm depth of 8–12 different locations. Soil 

samples were taken from  three replications of each variant. Soil pH was determined potentiometrically (ISO 
10390:2005), humus – by dry ashing (organic carbon × 1.724) (ISO 10694:1995), mobile phosphorus and potassium – 
by A-L (Egner-Rimo-Domingo) (GOST 26208-84) and total nitrogen – by Kjeldahl‘s (ISO 11261:1995) methods. 

Harvested potatoes were sorted. To marketable potato tubers were attributed those with a diameter greater than 
5.5 cm. Potatoes of smaller diameter were assigned to seed and fodder categories. Dry matter content was determined 
by heating at a temperature of 105 0C to constant weight,  starch - according to the relative weight, nitrates – by 
yonometrical method, the amount of nitrogen by Kjeldahl‘s apparatus, the amount of potassium by flame photometric, 
while phosphorus by the spectrometric method with ammonium molybdate. 

The following potato tuber diseases were investigated: common scab (Streptomyces scabies (Thxaxter) 
Waksman & Heric), potato scab (Rhizoctonia solani Kuhn., Thanatephorus cucumeris (Frank) Donk.) and potato blight 
(Phytophthora infestans (Mont.) de Bary). The incidence of potato tuber diseases was evaluated after harvest. Potato 
tubers damaged by common and potato scabs were rated assessing the appearace of tubers, blight – by cutting the tuber 
in half lengthwise (Šurkus, Gaurilčikienė, 2002). Diseased tubers (%), and disease severity (%) were determined by 
surveying 200 tubers from each variant. Damaged tubers (%) were calculated according to the formula: 
 

 P = n / N ×100              (1) 
 

where:  P – % of damaged tubers; n – number of damaged tubers; N – total number of healthy and damaged tubers.  
  

               Severity of diseases was calculated according to the formula: 
 

 R = ∑(a×b) ×100 / A×K                    (2) 
 

where: R – severity of disease in %; a – number of diseased tubers with the same number of damage score (percentage) 
b – damage score, determined by the percentage scale – 5, 10, 25, 75, 100% of the affected area of the potato tuber, A – 
number of analysed tubers; K – the highest damage score (percent). 
 

 Statistical analysis of the study was performed using the computer program ANOVA (Clewer, Scarisbric, 2001). 
Potatoes in 2011 and 2012 were planted on 20 May. Meteorological conditions were favorable for them to 

germinate, both  heat and moisture were sufficient. The potatoes well germinated and developed. The biggest problem 
this year was an excess humidity during their vegetation time. Very unfavorable meteorological conditions prevailed in 
July and August, when due to heavy rain water stood in potato ridges. This adversely affected the growth of potatoes 
and had a significant impact on both the potato yield and its quality. The years 2011 and 2012 can be seen as  very 
unfavorable for growing potatoes. 
 
Results 
  

 The results show that growing potatoes of the 'Valor' variety  a by 0.47 t ha-1 higher total tuber yield was 
obtained than growing 'Vineta' variety, but no essential differences in the total potato yield between the varieties have 
been identified. If in 2011 higher  yield of marketable potatoes was obtained growing the variety 'Vineta', then in 2012  
production of the variety  'Valor' was higher, but no essential potato yield differences between the tested varieties were 
received. In all study years  higher marketable crop output was growing potatoes of the 'Vineta' variety, but no major 
marketable crop yield differences were obtained when compared with the variety 'Valor' (Table 2). 
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Table 2. Influence of potato varieties in determining total, marketable yield and marketable yield output Vladas Elsberg‘s 

organic farm,  mean data of 2011–2012  
Variety Total yield, t ha-1 Marketable yield, t ha-1 Output of marketable yield, % 

  2011 m  
Valor 12.94 7.84 60.6 
Vineta 12.52 8.02 64.1 
LSD05 0.51 0.56 5.12 

  2012 m.  
Valor 12.92 8.11 62.8 
Vineta 12.39 7.93 64.0 
LSD05 0.64 0.61 4.32 

 Mean data in 2011 and 2012  
Valor 12.93 7.98 61.7 
Vineta 12.46 7.98 64.0 
LSD05 0.58 0.59 4.74 

 
Table 3. Influence of  potato varieties on the chemical composition of organically grown potatoes  Vladas Elsberg‘s organic 

farm,  mean data of 2011–2012 
Variety Dry matter, % Starch, % Nitrates,  mg kg-1 

 2011 m .  
Valor 17.13 10.10 80.50 
Vineta 17.58 10.50 57.00 
 LSD05 0.38 0.22 7.15 

 2012 m.   
Valor 18.40 10.22 80.50 
Vineta 18.33 10.20 80.50 
LSD05 0.41 0.19 4.20 

 Mean data in 2011 and 2012  
Valor 17.77 10.16 80.50 
Vineta 17.96 10.35 68.75 
LSD05 0.40 0.21 5.86 

 
Table 4. Influence of potato varieties on the content of nitrogen, phosphorus and potassium in the tubers of organic potatoes 

Vladas Elsberg‘s organic farm,  mean data of 2011–2012 
Variety N, % P, % K, % 

 2011 m .  
Valor 0.33 0.06 0.42 
Vineta 0.24 0.04 0.35 
 LSD05 0.054 0.008 0.06 

 2012 m.   
Valor 0.27 0.07 0.42 
Vineta 0.27 0.07 0.41 
LSD05 0.021 0.002 0.04 

 Mean data in 2011 and 2012  
Valor 0.30 0.065 0.42 
Vineta 0.26 0.055 0.38 
LSD05 0.041 0.006 0.051 

 
 Growing potatoes in 2011, potato tubers of the cultivar 'Valor' have accumulated significantly less  dry matter 

and starch and substantially more nitrates than potato tubers of the cultivar 'Vineta', while in 2012 no significant 
differences have been identified. According to average data of two years, potato tubers of  the 'Vineta' variety  contained 
substantially less nitrates and slightly more dry matter and starch than  potatoes of the cultivar 'Valor' (Table 3). 

Examination of the amounts of mineral nitrogen, phosphorus and potassium in different varieties of potato tubers 
showed that in 2011 the tubers of the cultivar 'Valor' contained substantially more nitrogen, phosphorus and potassium 
than 'Vineta' tubers, while in 2012 no significant differences were observed. According to the data of two-year studies,  
tubers of the variety  'Valor', compared with the variety 'Vineta', contained essentially higher amounts of phosphorus, 
while in nitrogen and potassium levels no significant differences were detected. A tendency has been noticed that potato 
tubers of the 'Valor' variety accumulate more nitrogen and potassium than 'Vineta' potatoes (Table 4).  

In 2011 and 2012 potato tubers of the tested potato varieties 'Valor' and 'Vineta' were damaged by rash 
(Rhizoctonia solani Kuhn., Thanatephorus cucumeris (Frank) Donk.) in a similar way (Table 5). In 2011, potatoes of 
the 'Vineta' variety, as compared with 'Valor', were by 13.3 percentage units less affected, but disease severity was by 
2.2% higher. In 2012  damage of  potato tubers of the 'Valor' variety was by 2.0% lower than that of the 'Vineta' variety. 
According to many authors, the disease is caused by a typical soil fungus, the development of which is directly 
dependent on  weather conditions (Plesevičienė Gužys, 1997; Lazauskas, Simonavičienė, 1999). 

In 2011 common scab (Streptomyces scabies (Thxaxter) Waksman & Henrici) damaged potato tubers of the 
variety 'Valor' by 6.7% less than those of the variety 'Vineta'. Disease severity of the variety 'Valor' tubers comprised 
17.8% and was by 2.7 percentage units lower than that of the variety 'Vineta'. In 2012 conditions for the spreading of 
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common  scab were not very favorable, the disease damaged both varieties of potato tubers in a similar way, but 
potatoes of the variety 'Valor' were by 2.0% less scabby. However, the intensity of the disease on the cultivar 'Vineta' 
potatoes compared to the variety 'Valor' was by 0.52% lower. 

Blight (Phytophthora infestans (Mont.) de Bary.) lesions on potato tubers were detected only in 2011, while during 
the study period in 2012 organic potato tubers were not affected by this disease. Potatoes of the variety 'Valor' were not 
resistant to blight, their tubers had by 8.0% higher disease prevalence than potato tubers of the cultivar 'Vineta'. 
 

Table 5. Influence of potato varieties on disease prevalence of organically grown potato tubers Vladas Elsberg‘s organic farm,  
mean data of 2011–2012 

Variety 
Rhizoctonia solani Kuhn., Thanatephorus 

cucumeris (Frank) Donk. 
Streptomyces scabies (Thxaxter) 

Waksman & Henrici 
Phytophthora infestans 

(Mont.) de Bary 1 2 1 2 
 Year 2011 

Valor 63.3 15.3 76.6 17.8 10.0 
Vineta 50.0 17.5 83.3 20.5 2.0 

Year 2012 
Valor 66.0 10.62 20.0 1.64 0 
Vineta 68.0 7.9 22.0 1.12 0 

1– prevalence of disease %, 2– severity of disease % 
 

Conclusions 
 

Organically growing potatoes of the varieties 'Valor' and 'Vineta', no substantial differences in the total, 
marketable yield and marketable crop yield have been identified. Potato tubers of the variety 'Vineta'  contained 
substantially less nitrates and slightly more dry matter and starch than potatoes of the cultivar 'Valor'. Tubers of the 
variety 'Valor', compared to the variety 'Vineta', contained essentially more phosphorus, while no significant differences 
in nitrogen and potassium levels were observed. 

Organically grown potato varieties in different years were differently affected by diseases. If in 2011 potatoes of 
the variety 'Vineta' were by 13.3% less damaged by potato rash (Rhizoctonia solani) than potatoes of the variety'Valor', 
then in 2012 potatoes of the 'Valor' variety were damaged by 2.0% less. Common scab (Streptomyces scabies 
(Thxaxter) Waksman & Heric) damaged potato tubers of the variety 'Valor' by 6.7% less than the variety 'Vineta'. In 
2011 potato tubers of the variety 'Valor' had by 8.0%  higher prevalence of blight (Phytophthora infestans (Mont.) de 
Bary) than tubers of the cultivar 'Vineta', while in 2012 potato tubers were not affected by blight.                  
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Abstract 

 
Studies of Humiverd-eko rates on seed germination power, viability and fungal contamination after organic barley seed treatment by different 

rates of  biological preparation Humiverd-eko at Aleksandras Stulginskis University in 2012 have shown  that barley seed treatment by Humiverd-eko at 
6 l t-1 rate after 24 h has considerably increased the value of germination power index. The value of seed germination index after 960 h has substantially 
decreased compared to the value after 24 and 480 h. Spring barley seed treatment with Humiverd-eko at 9 l t-1 rate has essentially increased barley seed 
germination compared with untreated seeds, treated with synthetic stain and Humiverd-eko at 1, 3 and 6 l ha-1 rates. Having treated seeds with synthetic 
stain Lamardor 400 FS, an essential decrease of seed germination was observed when compared with both untreated seeds and those  treated with 
biological preparation Humiverd-eko. After 24 h since the application of biological preparation, contamination of barley seeds by Fusarium, Alternaria 
and Penicillium spp. fungi was effectively reduced by Humiverd-eko 3.0 l t-1 rate, after 960 h since treatment - 9 l t-1 rate  reduced contamination of barley 
by Fusarium and Alternaria fungi, while 12 l t-1 rate  reduced contamination by the fungi of Alternaria and Drechslera genera. After 24 h, under the 
influence of biological preparation at a rate of 9 l t-1, damage of seedling coleoptiles substantially decreased by 10.6%, prevalence of seedling root diseases 
– by 1.5%. Seed contamination by root rot pathogens was effectively reduced by 6 l ha-1 rate. After 960 h, Humiverd-eko 1 and 12 l t-1 rates effectively 
protected barley seedlings against the spreading of diseases. The least damaged barley roots were found under exposure of Humiverd-eko 1 and 12 l t-1 

rates, while  biological efficiency of Humiverd-eko 6 l t-1 rate on seed fungi comprised 20.0%. 
Key words: organic farming, barley, seed treatment, germination power, viability, fungi. 

 

Introduction 

 

Pre-sowing preparation of seed in organic production is a hardly addressed issue, because in organic farming the 
use of synthetic stains is strictly prohibited, they must be replaced by biological agents of natural origin (Council 
Regulation (EC) no. 834/2007; Commision Regulation (EC) no. 889/2008). Only recently on the market have appeared 
specific biological agents for pre-sowing treatment of seeds, and they may well be treated with liquid organic fertilizers 
which are   used for spraying organic plants during the growing season (Sliesaravičius et al., 2006; Pekarskas, 2008; 
Pekarskas et al., 2009; Pekarskas, Sinkeviciene, 2011). Investigations in Lithuania have revealed that biological agents 
not only increase seed germination power and viability, but can reduce seed contamination by fungi of  some genera 
(Pekarskas et al., 2007; Gaurilčikienė et al., 2008; Jankauskienė, Survilienė, 2009; Pekarskas, Sinkeviciene , 2011). 

Soil is the main source of infection with fungi. Large crop losses are caused by Fusarium fungi, which are 
transmitted through contaminated grain on to seedlings and damage them (Knudsen et al., 1995). A common cause of 
death of the germinating seeds are fungi of Penicillium genus, which in cereals produce and excrete toxic metabolites 
that kill the germ and the most sensitive to infections  seedlings. Saprotrophic fungi (Mucor spp., Penicillium spp. 
Cladosporium spp.) reduce seed germination energy and capacity, while fungi of  the Alternaria, Cocliobolus, 
Nigrospora, Aspergillus and Rhizopus genera – seed viability (Lacey, Magan, 1991; Ruza et al., 2004 ). 

Many studies have been conducted with herbal biological agents. It was found that the development of fungi of 
the genus Alternaria is prevented by plants having pesticide qualities (Pretorius et al., 2002; E-Assiut, 2006). According 
to Hadizadeh et al. Research (2009), Urtica dioica L. effectively prevents the spread of Alternaria. 

Analysis of  literature has revealed that there is little data on the effect of biological preparations produced only 
from vermicompost on seed germination and spreading of fungi on seeds. Besides, in this area there is not enough study 
on the use of different biological agents for seed treatment against pathogens, the advantages and disadvantages of these 
agents have not been  identified. Optimal rates of these products are also not clear. 

The aim of the research is to investigate the influence of liquid vermicompost preparation Humiverd-eko rates on 
organic barley seed germination power, viability and fungal contamination. 
 

Material and methods 
 

 The  effects of biological preparation Humiverd-eko rates on spring barley variety 'Carbona' seeds were 
studied in the Agroecology Center and laboratory of the Institut of Biology and Plant biotechnology of Aleksandras 
Stulginskis University in 2012. During the trials spring barley seeds were treated with different rates of biocertified 
ecoproduct Humiverd at 1, 3, 6, 9 and 12 l t-1 rates. Its effect was compared with the stain Lamardor 400 FS 
(protiokonazole 250 g l-1 and tebuconazole 150 g l-1), at a rate of 0.2 l t -1. Seed germination power and viability of the 
seeds of spring barley were determined after 24, 480 and 960 hours since the treatment, while fungal infection – after 24 
and 960 hours. Treated seeds were stored in paper bags at 18–21 ° C temperature. 

Humiverd-eko is a naturally occurring biological liquid preparation made from vermicompost by cavitation. The 
biohumus was derived from littered cattle manure  with the aid of  earthworms Eisenia fetida. 

Composition of Humiverd-eko: organic mater 1.04%, pH 9.6, nitrogen (N) 450 mg kg-1, phosphorus (P) 31 mg kg-1, 
potassium (K) 382 mg kg-1, water solube humates 0.76%, S 231 mg kg-1, Cu 0.54 mg kg-1, Zn 2.07 mg kg-1, B 0.74 mg kg-1, 
Mn 1.26 mg kg-1, Mo 0.08 mg kg-1; Cd 0.01 mg kg-1, Cr 0.51 mg kg-1, Pb 0.21 mg kg-1. 

Spring barley seeds were sprouted in Petri dishes at 25 pcs., with eight replications, on the filter paper in a 
thermostat at 25–26 °C. Germination power was determined after  3, and viability – after 7 days. 
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To determine fungal infection of barley, at 200 seeds were taken from each study variant, which were spread out 
in Petri dishes on potato dextrose agar (PDA) medium. Grains were kept in thermostat at 26 ± 2 °C temperature. Fungal 
colonies were counted on the 7th day. Morphological characteristics of fungi were investigated by light microscope, 
using of descriptor (Leslie et al., 2006). 

Blotter rolls were used to evaluate how pathogens have damaged barley seedlings – their coleoptiles and roots 
(Dabkevičius, Gaurilčikienė, 2002). Analysis of each variant was performed in four replications at 50 seeds. Grains 
were incubated for 7 days in a thermostat at 20–22 °C and for 10–13 days were kept in light, at 15–18 ºC temperature. 
The percentage of plants damaged by root rot and the intensity of root diseases were calculated (Dabkevičius, 
Gaurilčikienė, 2002). Assessment of seedling and root damage was done on a 3–point scale (0 points – intact, 2 points – 
an average of damage, 3 points – significantly damaged) (Tinline et al., 1975; Dabkevičius, Gaurilčikienė, 2002). 

Statistical analysis of the study data was done using computer software ANOVA (Clewer, Scarisbric, 2001). 
 

Results 
 

It was found that having treated spring barley seed with different rates of biological preparate Humiverd-eko, 
after 24 h since the treatment increased the value of seed germination power as compared to untreated seeds. 
Germination power of seeds treated with synthetic stain Lamardor 400 FS was slightly lower than that of untreated 
seeds. Having kept treated seeds for 480 h, their germination power value increased with the exception of seeds treated 
with synthetic stains and treated with Humiverd-eko at 1 l t-1 rate. After 960 h the values of seed germination power 
index in all three versions decreased in comparison with germination power values observed after both 480 h and after 
24 h. Treatment of spring barley seeds with  Humiverd-eko 6 l t-1 rate has considerably increased the value of 
germination power compared to untreated seeds, pickling with synthetic stains and treatment with Humiverd-eko at 1 
and 9 l t-1 rates, while compared with 3 and 12 of l t-1 rates, no essential differences in seed germination power values 
were found. A comparison of seed germination values after 24, 480, and 960 hours has shown that seed germination 
value after 960 h has substantially decreased compared to the values after 24 and 480 h. After 480 h  seed germination 
power value was higher than after 24 h, but no major increase was observed. Only a tendency was noticed that seed 
germination power of treated seeds stored up to 480 h  is not decreasing, but slightly increases, while that of seeds kept 
longer substantially decreases (Table 1). 
 
Table 1.  The effect of biological preparates on spring barley laboratory germination power, % 

Treatment Time after seed  treatment        (factor B) 

(factor A) after 24 h after 480 h after 960 h means for factor A 

Untreated 84.00 85.25 82.75 84.00 
Lamardor 400 FS 0.20 l t-1 83.50 82.50 81.50 82.50* 

Humiverd-eko 1 l t-1 84.75 84.00 82.75 83.83 
Humiverd-eko 3 l t-1 84.25 85.75 85.50 85.17* 
Humiverd-eko 6 l t-1 85.50 86.75 85.00 85.75* 
Humiverd-eko 9 l t-1 84.50 85.00 83.75 84.42 

 Humiverd-eko 12 l t-1 85.00 86.00 84.25 85.08 
Means for factor B 84.50 85.04 83.64*  

LSD05: A –1.108; B – 0.64; AB – 2.024   
 

   Having treated organic barley seed with different rates of biological preparation Humiverd-eko and having 
pickled with synthetic stains, after 24 h since the treatment seed germination increased as compared to untreated seeds. 
Having kept treated seeds for 480 h, seed germination augmented, while under the influence of synthetic stain it 
decreased. After 960 h in all three versions the values of seed germination index decreased as compared to the 
germination values after 480 h. Having treated spring barley seeds with Humiverd-eko at 9 l t-1 rate, seed germination of 
spring barley has essentially increased as compared with untreated seeds, pickling with synthetic stains and treatment 
with Humiverd-eko at 1, 3 and 6 l t-1 rates, while in comparison to 12 l t-1 rate, no essential differences in the  values of 
seed germination index were found. Pickling of  seeds with synthetic stain Lamardor 400 FS has caused essential 
decrease of seed germination when compared with both untreated seeds and those treated with Humiverd-eko. A 
comparison of seed germination values after 24, 480, and 960 h has shown that seed germination value after 480 h has 
substantially increased compared to the values after 24, while after 960 h it was basically lower than after 480 h, and 
compared with the germination value after 24 h, no significant differences were found (Table 2). 
 
Table 2.  The effect of biological preparates on spring barley laboratory germination, % 

Seed treatment  Time after  seed treatment        (factor B) 

(factor A) after 24 h after 480 h after 960 h means for factor A 

Untreated 93.00 95.00 93.25 93.75 
Lamardor 400 FS 0.20 l t-1 93.75 92.75 91.75 92.75* 

Humiverd-eko 1 l t-1 93.50 95.25 94.25 94.33 
Humiverd-eko 3 l t-1 94.75 96.00 95.13 95.29* 

Humiverd-eko 6 l t-1 93.50 95.00 94.25 94.25 
Humiverd-eko 9 l t-1 94.00 98.00 96.75 96.25* 

Humiverd-eko 12 l t-1 95.25 96.75 94.75 95.58* 

Means for factor B 93.96 95.54* 94.30  
LSD05: A – 0.791; B – 0.456; AB – 1.443   
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  Studies have shown that spring barley grains were infected with Fusarium spp. (12.0% of contaminated grains), 
Alternaria spp. (33.0%), Drechslera spp. (8.0%), and Penicillium spp.  (19.0%) (Table 3). Standard stain Lamardor 400 
FS as compared with the control, has  substantially reduced barley damages by Fusarium, Drechslera, Alternaria and 
Penicillium fungi. After 24 h since the application of biological agents, it was found that among the investigated 
Humiverd -eko rates the most effective was 3 l t-1. Biological efficiency of this rate against Fusarium and Alternaria 
spp. fungi comprised 16.7 and 15.2%, against Penicillium spp. – 11.0%. Barley seed treatment with Humiverd-eko at  
9 l t-1 rate has shown the most significant decrease of pathogenic Fusarium spp. fungi on the surface of seeds – by 3.0% 
percentage units. Biological effectiveness of the product against a variety of other fungal genera (Mucor spp., 
Aspergillus spp., Mycelia sterilia and others) comprised 16.7%. However, this rate of the product was not effective in 
reducing contamination of barley by Drechslera, Alternaria and Penicillium fungi. 
 
Table 3. The effect of biological preparates on spring barley seed infection  

Treatment 

Rate of 

preparatio

n 

After 24 h 

Fusarium spp. Alternaria spp. Drechslera spp. Penicillium spp. Other fungi 

1 2 1 2 1 2 1 2 1 2 
Untreated - 12.0 - 33.0 - 8.0 - 19.0 - 30.0 - 
Lamardor 0.2 l t-1 0* 100 0* 100 0* 100 4.0* 79.0 9.0* 70.0 
Humiverd-eko   1 l t-1 14.0 0 30.0 9.1 12.0 0 15.0 21.0 32.0 0 
Humiverd-eko   3 l t-1 10.0 16.7 28.0 15.2 10.0 0 17.0 11.0 42.0 0 
Humiverd-eko 6 l t-1 11.0 8.3 36.0 0 8.0 0 20.0 0 29.0 3.3 
Humiverd-eko  9 l t-1 9.0 25.0 34.0 0 10.0 0 22.0 0 25.0 16.7 
Humiverd-eko 12 l t-1 11.0 8.3 25.0* 24.2 8.0 0 14.0 26.3 45.0 0 
LSD05  9.50  6.44  3.49  3.94  8.62  

1 – Contaminated seeds %; 2 – Biological efficiency %;* – was significantly different from control with the level of probability at 0.05  
 
                After 960 h since the treatment of barley with different Humiverd-eko rates, it was revealed that among all 
tested rates the rate of 9 l t-1 reduced barley contamination by Fusarium and Alternaria fungi (biological efficiency of 
the preparation comprised respectively 12.5 and 7.5%), while Humiverd-eko 12 l t-1  rate reduced contamination by 
fungi of Alternaria and Drechslera genera. Biological efficiency of this rate comprised respectively 17.5 and 25.0% 
(Table 4). The effect of different analyzed  products on the fungi of other genera was essential. 
               Growing plants by the method of moist chamber, root diseases have damaged 61.0% of spring barley sprouts, 
55.5% of  roots and  53.0% of seeds (Table 5). After 24 h since the treatment of barley with different Humiverd-eko 
rates,  under the impact of 9 l t-1 rate  coleoptile damage of seedlings was substantially reduced by 10.6%, infection of 
seedling roots – by 1.5%. Contamination by root rot pathogens among the tested Humiverd-eko rates the most 
effectively was reduced by the rate of 6 l t-1, as compared with untreated seed contamination decreased by 26.0%, while 
biological efficiency comprised  49.0%. 

After 960 h since spring barley seed treatment it was revealed that different rates of  the biological preparation 
Humiverd-eko have weakly influenced the infection of barley roots and seedlings (Table 6). Humiverd-eko 1 and 12 l t-1 
rates were  the most effective among all applied seed treatment rates in preventing barley seedlings against spreading 
diseases, biological efficiency amounted respectively to 8.7 and 7.7%, while that of the stain Lamardor 400 FS – 71.2%. 
 Biopreparation  rates studied by the method of blotter roll slightly reduced the prevalence of barley root diseases. 
The least damaged barley roots compared to untreated seeds were found under the impact of Humiverd-eko 12 l t-1 rate. 
Biological efficiency of this preparation comprised 6.8%. Damage of spring barley seeds by pathogens after Humiverd-
eko application at 6 l t-1 rate decreased by 8.0%  as compared to the control, while biological efficiency of the 
preparation comprised  20.0% (Table 6). 
 
Table 4. The effect of biological preparates on spring barley seed infection  

Treatment 

Rate of 

preparatio

n 

After 960 h 

Fusarium spp. Alternaria spp. Drechslera spp. Penicillium spp. Other fungi 

1 2 1 2 1 2 1 2 1 2 
Untreated - 8.0 - 40.0 - 4.0 - 29.0 - 28.0 - 
Lamardor 0.2 l t-1 0* 100 8.0* 80.0 0 100 32.0 0 11.0* 60.7 

Humiverd-eko 1 l t-1 9.0 0 42.0 0 5.0 0 27.0 6.9 21.0* 25.0 
Humiverd-eko 3 l t-1 11.0 0 35.0 12.5 7.0 0 36.0 0 14.0* 50.0 
Humiverd-eko 6 l t-1 8.0 0 45.0 0 8.0 0 31.0 0 10.0* 64.3 
Humiverd-eko 9 l t-1 7.0 12.5 37.0 7.5 4.0 0 33.0 0 25.0* 10.7 
Humiverd-eko 12 l t-1 10.0 0 33.0 17.5 3.0 25.0 30.0 0 20.0* 28.6 

LSD05  4.05  9.23  5.12  3.39  5.74  
1-Contaminated seeds %; 2- Biological efficiency %;*- was significantly different from control with the level of probability at 0.05  
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Table 5. The effect of biological preparates on spring barley seedling and seed by the method of blotter roll 
 

Treatment 

 

Rate of  

preparation 

After 24 h 

Coleoptiles Roots Seeds 

1 2 3 1 2 3 1 3 
Untreated - 61.0 2.60 - 55.5 5.50 - 53.0 - 
Lamardor 0.2 l t-1 12.5* 0.30* 79.5 18.0* 0.20* 67.6 8.0* 84.9 

Humiverd-eko 1 l t-1 64.0 2.95 0 60.0 3.35* 0 31.0* 41.5 
Humiverd-eko 3 l t-1 58.5 1.80 4.1 62.0 2.70* 0 43.0* 18.9 
Humiverd-eko 6 l t-1 63.5 1.60 0 67.0 3.00* 0 27.0* 49.0 
Humiverd-eko 9 l t-1 50.4* 2.00 17.3 54.0 2.65* 2.7 32.0* 39.6 
Humiverd-eko 12 l t-1 55.0* 1.85 9.8 56.0 4.00* 0 28.0* 47.2 

LSD05  2.59 1.04  6.02 0.59  5.64  

1 – damaged %; 2 – disease development %; 3 – biological efficiency; *- was significantly different from control with the level of 
probability at 0.05  
 
Table 6. The effect of biological preparates on spring barley seedling and seed by the method of blotter roll 

 
Treatment 

 
Rate of 

preparation 

After 960 h 

Coleoptiles Roots Seeds 

1 2 3 1 2 3 1 3 
Untreated - 52.0 3.50 - 44.0 4.70 - 40.0 - 
Lamardor 0.2 l t-1 15.0* 2.00* 71.2 9.0* 4.10* 79.5 5.0* 87.5 

Humiverd-eko 1 l t-1 47.5 1.90* 8.7 51.5 4.65 0 33.5 16.3 
Humiverd-eko 3 l t-1 55.0 1.75* 0 55.0 3.50* 0 38.0 5.0 
Humiverd-eko 6 l t-1 50.0 3.20 3.8 48.5 3.70* 0 32.0 20.0 
Humiverd-eko 9 l t-1 54.0 1.40* 0 57.0 4.00 0 42.0 0 
Humiverd-eko 12 l t-1 48.0 1.85* 7.7 41.0* 3.90* 6.8 39.0 2.5 

LSD05  7.53 0.5  2.49 0.13  8.45  

1 – damaged %; 2 – disease development %; 3 – biological efficiency; *- was significantly different from the  control with the level 
of probability at 0.05  
 
Conclusions 

 

Treatment of spring barley seeds with Humiverd-eko 6 l t-1 rate has considerably increased the value of 
germination power compared to untreated seeds, pickling with synthetic stains and treatment with Humiverd-eko at 1 
and 9 l ha-1 rates. Seed germination value after 960 h has substantially decreased compared to the values after 24 and 
480 h. After 480 h the value of seed germination power was higher than after 24 h, but not major increase was observed.  

Treatment of spring barley seeds with Humiverd-eko 9 l t-1 has essentially increased seed germination of barley 
compared with untreated seeds, pickling with synthetic stains and treatment with Humiverd-eko at 1, 3 and 6 l t-1 rates. 
Treatmen of seeds with synthetic stain Lamardor 400 FS has essentially reduced seed germination when compared with 
both untreated seeds and treated with  biological preparation Humiverd-eko. Seed germination value after 480 h 
substantially increased compared to the values after 24, while after 960 h it was basically lower than after 480 h, and, 
having compared it with the germination value after 24 h, no significant differences were observed. 

After 24 h since the application of  biological  preparation barley seed contamination by Fusarium, Alternaria 
and Penicillium spp. fungi was effectively reduced by Humiverd-eko 3 l t-1 rate, respectively by 16.7, 15.2 and 11.0%, 
after 960 h the rate of  9 l t -1 has reduced contamination of barley by Fusarium and Alternaria fungi, while the rate of 
12 l t-1 – contamination by fungi of Drechslera and Alternaria genera. 

After 24 h, under the effect of the biological preparation at 9 l t-1 rate, damage of seedling coleoptiles has 
substantially decreased by 10.6%, the prevalence of seedling root diseases – by 1.5%. Seed contamination by root rot 
pathogens was effectively reduced by the rate 6 l ha-1. After 960 h, Humiverd-eko rates of 1 and 12 l t-1 have effectively 
protected barley seedlings against spreading diseases. The least damaged barley roots were ascertained under the effect 
of Humiverd-eko 12 l t-1 rate. Biological efficiency of Humiverd-eko 6 l t-1 rate against seed fungi comprised  20.0%. 
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Abstract  
 

The experiment was carried out at the Perloja Experimental station of the Lithuanian Research Centre for Agriculture and Forestry during 
2010–2011. The experimental soil was Hapli-Albic Luvisol. Winter wheat spelt (Triticum spelta L.) 'Franckenkorn' agrophytocenoses weed seedling 
over-wintering and dynamics under changing climate conditions of two crop sowing times in organic agriculture were investigated. Winter wheat 
spelt crop weed seedling over-wintering and continuous density dynamics were established arranging three fixed plots of 0.25 m2 (total 24 continuous 
plots) in each experimental plot. A coloured marker for each evaluation using different colour near new germinated weed seedlings was stacked. 
Unsurvived, i.e. dead weed seedlings were calculated collecting stacked markers. Marker colours near dead seedling indicated date of seedling 
emergence. Weed seedlings were counted each month according to the experimental design in the crop in autumn (BBCH 13), during wintering 
(BBCH 13), in spring (BBCH 25-37) and summer (BBCH 49-87) vegetation of winter wheat spelt. 

Weed seedling germination, death and total dynamics during vegetation of winter wheat spelt agrophytocenoses of different sowing time was 
in confirmity with general weed germination dynamics. During over-wintering (January – March) the highest weed seedling death was established. In 
organic winter wheat spelt crop of earlier sowing during winter 76.7% of all during autumn germinated weed seedlings unsurvived. In the crop of 
later sowing only 12.9% of all during autumn germinated weed seedlings were dead in the crop. Uniform number of weed seedling total number, 
germination and death in organically grown winter wheat spelt agrophytocenoses during June – August were influenced by the meteorological 
conditions. 

Key words: agrophytocenoses, climate change, meteorological conditions, organic agriculture, seedling, winter wheat spelt, weed  
 
Introduction  
 

Weed sprouting starts earlier than vegetation beginning of agricultural plants. Weed emergence continues the 
whole vegetation season till soil freezing. Therefore, weed seedlings are common at any growth stage of cultural plants 
in the crop. It was established that in dense crop weed number proportionally declines. However, weed seedling density 
till spring barley tillering independs from crop thickness while at heading and early milk stages of maturity because of 
increased competitive power of crop weed seedling number decreases from 3 to 20 times (Romaneckienė et al., 2008). 
In denser crops weeds are more smothered (Pilipavičius et al., 2011a). The highest number of weed seedlings also decay 
in thickness cereal crops (Pilipavičius et al., 2011b). The prevailing weeds in Lithuania are short-lived annual 
dicotyledons that comprise 70–90% of all the weeds (Pilipavičius, 2005, 2007). Many annual weeds successfully 
survive till spring because of climate warming; however, they were naturally frozen during winter time just 10-15 years 
ago (Pilipavičius, 2012). Global warming is the increase in the average temperature of the Earth's near-surface air and 
the oceans since the mid-twentieth century and its projected continuation. Including uncertainties in the future 
greenhouse gas concentrations and climate sensitivity, the IPCC, scientific intergovernmental body set up by the World 
Meteorological Organization (WMO) and by the United Nations Environment Programme (UNEP), anticipates a 
warming of 1.1 °C to 6.4 °C by the end of the 21st century, relative to 1980–1999 (Summary for policymakers..., 2007; 
Pilipavičius, 2012). The warmest eleven years from the twelve records in the world were stated in the period of 1995-
2006. Seasons of the years are constantly attended by the increase of marginal air conditions. Many researches agree 
that anthropogenic activity is reason for climate change and it induced changes of the nature (Biota ..., 2007). In 
Lithuania there was registered unique climate expression – even seven warm winters successively in the period of 
1988/1989–1994/1995. Such long period of anomalously warm winters in the Baltic region were not registered during 
last 200 years (Paltanavičius and Gudžinskas, 2013).  

Productivity and competitive ability of agricultural production is critically related to climate which changes 
faster than it was foreseen. Climate changes in Lithuania manifest through increasing air temperatures and precipitation 
during winter and slightly increase of air temperatures and decrease of precipitation during summer time (Rimkus and 
Bukantis, 2008). At changing climate conditions competitive abilities of plants are changing showing through new weed 
biological qualities. Increase weed ability of over-wintering for weed species that during winter time traditionally were 
frosting at conventionally colder climate conditions (Pilipavičius, 2012).  

Purpose of investigation was to evaluate weed seedling over-wintering and dynamics in organically grown 
winter wheat spelt (Triticum spelta L.).  

The experimental tasks were to establish weed seedling over-wintering and change dynamics during vegetation 
of winter wheat spelt (Triticum spelta L.) agrophytocenoses.  

Object of the experiment was organically grown winter wheat spelt (Triticum spelta L.) agrophytocenoses under 
climate changing conditions.  
 

Materials and methods 
 

The research was carried out at the Perloja Experimental Station of the Lithuanian Research Centre for 
Agriculture and Forestry during 2010-2011. Winter wheat spelt (Triticum spelta L.) 'Franckenkorn' agrophytocenoses 
weed seedling density dynamics under changing climate conditions of two crop sowing times in organic agriculture 
were investigated.  

http://www.lammc.lt/en/
http://www.lammc.lt/en/
http://www.lammc.lt/en/
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Scheme of the research  
Factor A, sowing time of winter wheat spelt: 1. earlier sowing, 24th of September; 2. later sowing, 1st of October.  
Factor B, weed seedling number evaluation during winter wheat spelt crop vegetation and wintering according to 

BBCH scale (Meier, 2001):  
No Evaluation time BBCH Winter wheat spelt stage of development and maturity 
1. 2010 11 16 13 leaf development 
2. 2010 12 15 13 leaf development 
3. 2011 01 15 13 leaf development 
4. 2011 02 18 13 leaf development 
5. 2011 03 15 25 tillering 

6. 2011 04 20 32 stem elongation 
node 2 at least 2 cm above node 1 

7. 2011 05 12 37 stem elongation 
flag leaf just visible, still rolled 

8. 2011 06 15 49 booting 
9. 2011 07 20 79 late milk-early dough 

10. 2011 08 03 87 hard 
 

 Experiment was conducted in four replications (Pilipavičius and Lazauskas, 2012). Treatments in replications 
were randomly situated. The initial size of single plot comprised 130 m2 and the observational plot size was 80 m2. 
Winter wheat spelt variety 'Franckenkorn' seed rate was 220 kg ha-1. Pre-crop of winter wheat spelt was outs for green 
fodder. Experimental field was maintained according to regulations of organic agriculture (Ekologinio žemės ūkio 
taisyklės, 2013).  

Experimental soil agrochemical characteristic. The Perloja experimental station is situated in southern-east part 
of Lithuania. Experimental station enter south – east zone, south-east sand area where near the zandric sand plains light 
hilly moraine relief areas are incorporated. Sandy parent material dominates in this territory. It covers about 75.1% of 
all soils in the area. The experimental soil was Hapli-Albic Luvisol (Mažvila et al., 2006). Soil samples for 
agrochemical analysis were taken from 0-20 cm soil layer from all treatments and its replications, making combined 
samples. Arable soil layer pHKCL was 4.7-6.2, available phosphorus P2O5 213-258 mg kg-1, available potasium K2O 
138-199 mg kg-1 and joint nitrogen amount of 0.082-0.103%. Agrochemical soil properties were established at the 
Agrochemical research laboratory of the Lithuanian Research Centre for Agriculture and Forestry.  

Winter wheat spelt crop weed seedling density, its germination and death dynamics were established by a 
quantitative method improved by V. Pilipavičius (2000, 2006). In each experimental plot three continuous plots of 
0.25 m2 (total 24 continuous plots) were arranged to establish new germinated and unsurvived weed seedlings in the 
crop. A coloured marker for each evaluation using different colour near new emerged weed seedlings was stacked. 
Unsurvived, i.e. dead weed seedlings were calculated collecting stacked markers. Marker colours near dead seedling 
indicated date of seedling emergence. Weed seedlings were counted each month according to the experimental design in 
the crop in autumn (BBCH 13), during wintering (BBCH 13), in spring (BBCH 25-37) and summer (BBCH 49-87) 
vegetation of winter wheat spelt. Data were recalculated into weed seedling number per square meter.  

Meteorological conditions of experimental 2010-2011 years were estimated according to the data of Varėna 
hidrometeorological station. As long-term average was taken average of the years 1973-2010.  

Statistical data assessment. The research data were statistically evaluated by two way dispersion analysis of 
variance ANOVA, applying the Selekcija software package (Tarakanovas, 1997). The factorial effects were evaluated 
by Fisher F-test, and the least significant differences were evaluated by the Tukey HSDAB0.05 test.  
 

Results of research 
 

Climate is the biggest abiotical factor influencing the whole vegetation. At climate changing conditions 
adaptation ability of vegetation changes to grow in certain territory. October of 2010 was enough warm, maximal 
average air temperature during the first ten day period range 11.7 °C, i.e. higher by 5.5 °C compared with long-term 
average, hence minimum average was -1.6 °C. During the second ten day period of October maximal average air 
temperature reached 9.1 °C and minimum average air temperature was -2.3 °C, at the third ten day period air 
temperatures were 9 °C and 1.2 °C, accordingly. Rainfall was absent during the first ten day period of the month. It was 
unfavourable for just sowed winter wheat spelt because for grain sprouting humidity is obligatory. Later, during the 
second ten day period rainfall reached 30.2 mm and during the third ten day period there was 13.4 mm of rainfall. It was 
by 20.1 mm and 36.9 mm of rainfall less compared with long-term average. Long-term average for rainfall in October 
was 50.3 mm. Generally in October warm and humidity were enough for plants and growing conditions were 
favourable for both – cereal and weeds.  

The first ten day period of November was warm – 10.4 °C. It was even by 9.3 °C warmer compared with long-
term average. During the second ten day period air gradually got cool till 9.5 °C and during the third ten day period 
average air temperature substantially got cool till 0.5°C while minimum air temperature fell down till -3.6°C. The 
second ten day period compared it to long-term average was by 8.4°C warmer and the third ten day period by 0.6 °C 
cooler. Precipitations at the first ten day period reached 49.5 mm, at the second 6.8 mm and at the third ten day period 
18.6 mm while long-term average for November was 33.7 mm. During the last ten day of November the first snow fell 
down. Snow cover on soil made 1.4 cm. The warm and humid weather of the first ten day period of November formed 
favourable conditions for spelt wheat growing.  

http://www.lammc.lt/en/
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At the first ten day period in December average maximal air temperature was -4.8 °C while minimal reached -
10.2 °C. It was colder by -2.6 °C and -8 °C compared it to long-term average. During the second ten day period 
temperatures reached -7.2 °C while during the third one temperature rose till -2.7 °C. Minimal temperatures of the 
second and the third ten day periods reached -14.2 °C and -8.1 °C. Precipitation at the first ten day period of December 
reached 25.5 mm, at the second – 19.8 mm and at the third – 18.9 mm while long-term average was 27.7 mm. 
Precipitation during December showed in form of snow which has already covered frozen soil, following creating well-
affected conditions for winter wheat spelt wintering. Snow cover during December all three ten day periods distributed 
following 7.3 cm, 16.6 cm and 22.2 cm.  

January, as often happened, was rather warm with thaws and limited precipitations. The average maximal air 
temperature of the first, second and third ten day periods distributed following -0.6 °C, 1.5 °C and -2.4 °C. Air 
temperature did not exceed long-term average -4 °C of January. Minimal average air temperature during ten day periods 
as well was not very low -6.1 °C, -2 °C and -7.5 °C, accordingly. Precipitation during the first, second and third ten day 
period of January comprised 21.8 mm, 15.1 mm and 7 mm while long-term average was 28.7 mm. Higher air 
temperature and thaws have decreased cap of snow cover. Cap of snow cover during three ten day periods was as 
follows 18.5 cm, 9.5 cm and 10 cm.  

The beginning of February was very warm, minimal air temperature was only -1.3°C while maximal average air 
temperature rose till +2.2 °C, i.e. higher by 5.8 °C than long-term average of February. During the first ten day period of 
February precipitation was fairly 27.8 mm, however, snow cover has already decreased till 3.7 cm. During the second and 
the third ten day periods air temperature fell down till -6.2 °C and -6.7 °C while minimal air temperature reached -14.7 °C 
and -20.2 °C, accordingly. Precipitation during the second ten day period reached 22.1 mm and the third ten day period 
stayed without precipitations while long-term average was 37.9 mm. Cap of snow cover during the second and the third ten 
day periods made 5.1 cm and 11.5 cm, respectively. February of 2011 was characterised by very cold even arctic weather. 
After dry thaw in some places snow was totally melted, it was extremely hard for crops of winter cereals.  

The first ten day period of March started with possitive average air temperature of 2.3 °C which was by 2.2 °C 
higher than long-term average of March. Minimal air temperature of the first ten day period was -9.1°C while the 
second and the third ten day periods were warmer – 6.9 °C and 5.9 °C, accordingly. It was by 6.8 °C and 5.8 °C higher 
minimal air temperature than long-term average, respectively. Average minimal air temperature decreased till -1.8 °C. 
Precipitation during all three ten day periods comprised 1.3 mm, 5 mm and 7.8 mm, respectively. It was very low 
compared to long-term average of 34.6 mm. During March snow cover still persisted in the field. Cap of snow cover 
was 6.3 cm at the first, 0.8 cm at the second and 0.2 cm at the third ten day period of March. March remains too cold for 
plants and vegetation is standstill.  

During the first, the second and the third ten day periods of April average maximal air temperature rose till 11.7 °C, 
12.7 °C and 20.9 °C while average minimal air temperature was 2.8 °C, 0.5 °C and 3.3 °C, accordingly. Precipitation 
reached 30.6 mm at the first ten day period while during next two periods only 4.3 mm and 4.5 mm. Long-term average of 
precipitation in April was 41.6 mm. During April plant vegetation renewed, as well weeds started to grow more intensively.  

Average air temperature during May at the first, second and third ten day periods increased and reached 14.9°C, 
20.8 °C and 22.2 °C which was by 2.7 °C, 8.6 °C and 10 °C higher than long-term average, respectively. Average 
minimal air temperature was still low, only 2.6 °C, 5.4 °C and 8.4 °C. Amount of precipitation during May increased. 
Through the first, second and third ten day period precipitation covered 20 mm, 41 mm and 25.3 mm while long-term 
average of May was 51.2 mm. At this time vegetation was fully renewed, as well new weed seedlings germinated more 
intensively.  

The first ten day period of June was characterized by very warm weather. Average maximal air temperature 
reached 28.2 °C. It was by 12.2 °C higher than long-term average air temperature of June. During next two ten day 
periods of June average maximal air temperature slightly decreased till 21.8 °C and 22.6 °C and exceeded long-term 
average by 5.8 °C and 6.6°C, accordingly. The first ten day period of June was arid with only 1.2 mm of rainfall. 
During the second ten day period rainfall reached 44.7 mm and during the third ten day period again decreased till 18.7 
mm while long-term average of rainfall in June was 71 mm.  

July was warm enough. Average air temperature distributed following 23.3 °C, 26.9 °C and 25.1 °C over passing 
long-term average by 5.7 °C, 9.3 °C and 7.5 °C, respectively. Rainfall distributed very uneven in July, during the first ten 
day period rainfall was intensive and reached 60.2 mm, during the second ten day period it reached just 11.4 mm and 
during the third ten day period rainfall increased till 83.7 mm (however, it did not reach long term average of 85.2 mm). 
Such rainy period is unfavourable for cultural plants growth and development either for germination of weed seedlings.  

August was similar to July. During all three ten day periods air temperature remained constant enough, i.e. 23.5 °C, 
22.8 °C and 22.8 °C while long-term average was 17 °C. Rainfall in August by ten day periods reached 21.4 mm, 
46.2 mm and 2.4 mm while long-term average was 67.1 mm.  

Weed seedling vegetation dynamics. Weed seedlings of 17 species were established in the crop of organic winter 
wheat spelt of different sowing time from vegetation beginning till hard stage of grain maturity. 11 species from them 
belonged to annual and 6 to perennial weed species (Table 1). Jointly, in both crops of different sowing time 18 
different species of weed seedlings were established.  

In winter wheat spelt (Triticum spelta L.) crop of earlier sowing annual monocotyledons weeds Setaria viridis, 
annual dicotyledonous weeds Capsella bursa-pastoris and Polygonum lapathifolium dominated. From perennial weeds 
Elytrigia repens and Mentha arvensis prevailed. In the crop of later sowing Setaria viridis, Stellaria media and 
Tripleurospermum perforatum prevailed, while from perennial weeds – Equisetum arvensis.  
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Table 1. Weed seedling species composition in organic winter wheat spelt crop  
Sowing time of winter wheat spelt crop 

2010 09 24 2010 10 01 

Species of weed seedlings 

Brassica napus var. Oleifera Brassica napus var. Oleifera 
Capsella bursa-pastoris L. Capsella bursa-pastoris L. 
Galeopsis tetrahit L. Galeopsis ladanum L. 
Persicaria maculosa L. Persicaria maculosa L. 
Polygonum lapathifolium L. Polygonum lapathifolium L 
Setaria viridis (L.) Beauv. Setaria viridis (L.) Beauv 
Spergula arvensis L. Spergula arvensis L. 
Stellaria media (L.)Vill Stellaria media (L.)Vill 
Tripleurospermum perforatum (Merat) M.Lainz Tripleurospermum perforatum (Merat) M.Lainz 
Viola arvensis Murray Viola arvensis Murray 
Convolvulus arvensis L. Convolvulus arvensis L. 
Elytrigia repens (L.) Nevski Elytrigia repens (L.) Nevski 
Equisetum arvensis L. Equisetum arvensis L. 
Mentha arvensis L. Mentha arvensis L. 
Sonchus arvensis L. Sonchus arvensis L. 
Stachys palustris L. Stachys palustris L. 

 

Evaluating weed seedling change dynamics in organic winter wheat spelt crop, every month starting from 
autumn to cereal harvesting, germinated weed seedlings, unsurvived / dead seedlings and total number of weed 
seedlings in the crop were calculated. Research data evaluated by the experimental factors confirmed that weed seedling 
germination depended on winter wheat spelt crop sowing time (Factor A F = 77.8**). More intensive weed seedling 
germination was confirmed in the crop of later sowing. It could be influenced by later winter wheat spelt germination 
and slow development of the crop. Next factor (B) of the experiment was winter wheat spelt stages of development and 
maturity also showed dependence on weed seedling number dynamics (F = 134.2**). It was presumptive calculating 
weed seedlings in different seasons of the year with specific meteorological conditions. It was in confirmity with the 
general regular of weed germination (Pilipavičius, 2006). Further evaluation of weed seedling germination dynamics 
was conducted on estimated interaction between factors A and B F = 24.5** according to Tukey HSDAB0.05 test (Table 
2). Analogous results were received of factorial analysis of weed seedling death dynamics (factor A F = 7.4**; factor B 
F = 15.3**; factors AB interaction F = 5.4**) and of total weed seedling density (factor A F = 971.2**; factor B  
F = 203.7**; factors AB interaction F = 5.6**).  

 Weed seedling germination was more intensive at the beginning of autumn vegetation at leaf development 
stage and in spring and early summer developing spelt wheat from stem elongation to booting stage of maturity (Table 
2). In the spelt crop of earlier sowing weed seedling germination decreased by 15.7 time from November till December 
while in the crop of later sowing by 1.4 times. During wintering there were not new germinated seedlings, hence, during 
January and February some weed seedlings did not survive. However, total density of weed seedlings in the organic 
spelt crop of both sowing times during wintering time decreased insignificantly. With increase of average air 
temperature germination of weed seedlings regularly increased. With increase of precipitations during July and August 
and increase of excess humidity reserves in soil, weed seedling germination was inhibited. Before harvesting weed 
seedling germination reach minimum when no new germinated weed seedlings in the winter wheat spelt crop were 
established. Total biggest density of weed seedlings per square meter in the crop was from the booting till the hard stage 
of maturity (Table 2). Obtained weed seedling germination, death and total number dynamics in organic winter wheat 
spelt crop was in confirmity with the general weed germination dynamics (Pilipavičius, 2006, 2011b; Romaneckienė et 
al., 2008). Weed seedlings are found at any growth and development stage of agricultural plants; however, they 
germinate unlikely, the most intensively in spring and autumn (Pilipavičius, 2007). 
 
Table 2. Weed seedling germination, death and total number dynamics in organic winter wheat spelt crop  

Evaluation 

time 

BBC

H 

Winter wheat spelt 

stage of development 

and maturity 

Winter wheat spelt sowing time 

2010 09 24 2010 10 01 2010 09 24 2010 10 01 2010 09 24 2010 10 01 

New germinated weed 

seedlings per m2 
Unsurvived / dead 

weed seedlings per m2 

Total density of weed 

seedlings per m2 

2010 11 16 13 leaf development 4.7 b 42.3f 0a 0a 4.7a 42.3c 
2010 12 15 13 leaf development 0.3a 30.3e 0a 0a 5.0a 72.6d 
2011 01 15 13 leaf development 0a 0a 1.5a 1.7a 3.5a 70.9d 
2011 02 18 13 leaf development 0a 0a 2.5a 10.0b 1.0a 60.9cd 
2011 03 15 25 tillering 0a 0a 0a 1.0a 1.0a 59.9cd 
2011 04 20 32 stem elongation 9.3 c 41.3f 0a 0a 10.3a 101.2b 
2011 05 12 37 stem elongation 64.3h 55.7g 0a 0a 74.6bd 156.9e 
2011 06 15 49 booting 25.3d 29.0e 0a 0a 99.9b 185.9f 
2011 07 20 79 late milk-early dough 0a 0a 0a 0a 99.9b 185.9f 
2011 08 03 87 hard 0a 0a 0a 0a 99.9b 185.9f 

Tukey HSDAB0.05 2.16 3.61 26.75 
Note. Data marked with different letters have significant differences at 95% level of probability. 
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Conclusions 
 

Weed seedling germination, death and total dynamics during vegetation of winter wheat spelt (Triticum spelta 

L.) agrophytocenoses of different sowing time were in confirmity with general weed germination dynamics.  
 During over-wintering (January – March) the highest weed seedling death was established. In organic winter 

wheat spelt (Triticum spelta L.) crop of earlier sowing during winter 76.7% of all during autumn germinated weed 
seedlings unsurvived. In the crop of later sowing only 12.9% of all during autumn germinated weed seedlings were 
dead in the crop.  

 In winter wheat spelt (Triticum spelta L.) agrophytocenoses of later sowing time more intensive weed 
germination and general number of weed seedlings were established, because of later wheat germination and slow 
development of the crop.  

Uniform number of weed seedling total number, germination and death in organically grown winter wheat spelt 
(Triticum spelta L.) agrophytocenoses during June – August were influenced by the meteorological conditions.  
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Abstract  

 
 The experiment was carried out at the Perloja Experimental station of the Lithuanian Research Centre for Agriculture and Forestry during 

2010–2011. The experimental soil was Hapli-Albic Luvisol. Purpose of investigation was to evaluate winter wheat spelt (Triticum spelta L.) 
'Franckenkorn' agrophytocenoses at three growth stages of two sowing times under conditions of organic agriculture. In the experiment crop 
weediness and soil weed seed bank were established at three growth stages of winter wheat spelt and weed mass influence on the spelt grain yield. For 
experiment establishment standard research methods were used. In the spelt crop of later sowing, weeds spread and accumulate air-dry mass more 
intensively than in the crop of earlier sowing. During crop vegetation air-dry weed biomass regularly increased from 0.22 to 3.55 g m-2 and from 0.52 
to 10.63 g m-2. Soil weed seed bank did not change essentially comparing crop soil before and after over-wintering of the winter wheat spelt. At hard 
stage of wheat maturity, weed seed bank significantly increased in both crops of different sowing time. Cereal earlier or later sowing time did not 
significantly influence winter wheat spelt grain yield. Because of particularly low crop weediness, homologous wheat grain yield dependences on 
crop weed mass were not established.  

Key words: organic agriculture, winter wheat spelt, weed, weediness, weed seed bank, yield  
  

Introduction  
 

Spelt wheat (Triticum spelta L.) is one of the oldest grain crops. It was already known at Stone Age according to 
archaeological data. During Roman time spelt wheat was spread in Europe till south Sweden. Presently, interest in spelt 
wheat in the world grows again (Sliesaravičius and Klimas, 2007; Maikštėnienė, 2009). Spelt wheat is less demanding 
in soil, fertilization and environmental conditions. Spelt crop plants grow till 1.5 m high, well smothered weeds and are 
suitable for growing under organic agriculture, near protected water pounds where use of chemical compounds are 
limited (Sliesaravičius and Klimas, 2007; Maikštėnienė, 2009).  

The word “weed” was started to use when human began to grow plants suitable for food, clothing or decorative 
purposes (Čiuberkis and Kavoliūnaitė, 2007). Weeds are one of the important problems in all agricultural systems, 
however, particularly actual in organic agriculture (Liebman et al., 2003). Crop weediness has negative impact on yield 
and on crop phytosanitary condition (Rask and Kristoffersen, 2007). Weeds spread in crop rotations of organically 
grown cereals are one of the most important phytosanitary factors limiting crop productivity and soil fertility. Weeds in 
competition with cultural plants for environmental factors use water and nutritions, distribute pests and diseases, 
aggravate technological processes and crop harvesting (Žėkaitė, 2010). Crop weediness depend on soil weed seed bank 
and vegetative propagate rudiments of the weeds. Weed seed bank in soil change in two directions: regularly cleans 
from them and replenishes. Balance between those processes determines weed seed change dynamics in soil 
(Pilipavičius, 2007a). Soil weed seed bank depends on many factors: matured weed seed amount in earlier crop 
(Pilipavičius, 2013), their survival in soil (Pilipavičius, 2004), crop weediness (Pilipavičius, 2007a), weed thriftiness 
(Romaneckienė, 2007), etc. Farming organically is one of the most effective methods to decrease weed seed passing to 
soil in non-conventional cereal harvesting at earlier grow stages of maturity (Pilipavičius, 2000) for animal fodders 
(Pilipavičius, 2007b). The later cereal harvest, the less amount of weed seeds get into grain, but the more of them 
pollute the soil (Pilipavičius, 2006, 2007a). Weed control should concentrate on period of intensive weed emergence at 
the beginning of vegetation because weeds of this period ripen more seeds in crop than weeds of later emergence and 
cause more competition (Pilipavičius, 2003). Increased demand to protect environment (Pilipavičius, 2013), concern for 
herbicides impact on environment, development of weed resistance to herbicides induced search for rationale, 
economically viable and sustainable weed control strategy (Mohler, 2001; Nazarko et al.,2005). Similar chemical 
composition of weeds and cultural plants determine competition between species in agrophytocenoses for nutritions 
(Pilipavičius et al., 2011), humidity, heat and solar light (Romaneckienė et al., 2008). Weeds occupied place where 
could grow agricultural plants (Pilipavičius et al., 2011). Productivity of a crop – community of cultured plants and 
weeds – expressed by total mass of cultured plants and weeds per area unit under the same plant growing conditions is 
relatively constant. At decreasing crop weediness (weed mass) the yield of cultured plants naturally increases, and 
contrary, at the increasing crop weediness the yield decreases in the inverse proportion (Lazauskas, 1990, 1993).  

Purpose of investigation was to evaluate winter wheat spelt (Triticum spelta L.) agrophytocenoses at 3 growth 
stages of two sowing times under conditions of organic agriculture.  

The experimental tasks were to establish weediness and soil weed seed bank at three growth stages of winter 
wheat spelt (Triticum spelta L.) crop and its influence on the spelt grain yield.  

Object of the experiment was organically grown agrophytocenoses of winter wheat spelt (Triticum spelta L.).  
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Materials and methods 
 

The research was carried out at the Perloja Experimental Station of the Lithuanian Research Centre for 
Agriculture and Forestry during 2010-2011. Winter wheat spelt (Triticum spelta L.) 'Franckenkorn' agrophytocenoses at 
three growth stages of two sowing times under conditions of organic agriculture were investigated.  

Scheme of the research  
Factor A, sowing time of winter wheat spelt: 1. earlier sowing, 24th of September; 2. later sowing, 1st of October.  
Factor B, development and growth stages of winter wheat spelt according to BBCH scale (Meier, 2001):  

 

No Evaluation time BBCH Winter wheat spelt stage of development and 
maturity 

1. 2010 11 16 13 leaf development 
2. 2011 04 20 32 stem elongation 
3. 2011 08 03 87 hard 

 

 Experiment was conducted in four replications (Pilipavičius and Lazauskas, 2012). Treatments in replications 
were randomly situated. The initial size of single plot comprised 130 m2 and the observational plot size was 80 m2. 
Winter wheat spelt variety 'Franckenkorn' seed rate was 220 kg ha-1. Pre-crop of winter wheat spelt was outs for green 
fodder. Experimental field was maintained according to regulations of organic agriculture (Ekologinio žemės ūkio 
taisyklės, 2013).  

Experimental soil agrochemical characteristic. The Perloja experimental station is situated in southern-east part 
of Lithuania. Experimental station enter south – east zone, south-east sand area where near the zandric sand plains are 
incorporated light hilly moraine relief areas. Sandy parent material dominates in this territory. It covers about 75.1% of 
all soils in the area. The experimental soil was Hapli-Albic Luvisol (Mažvila et al., 2006). Soil samples for 
agrochemical analysis were taken from 0-20 cm soil layer from all treatments and its replications, making combined 
samples. Arable soil layer pHKCL was 4.7-6.2, available phosphorus P2O5 213-258 mg kg-1, available potasium K2O 
138-199 mg kg-1 and joint nitrogen amount of 0.082-0.103%. Agrochemical soil properties were established at the 
Agrochemical research laboratory of the Lithuanian Research Centre for Agriculture and Forestry. 

Winter wheat spelt crop weediness was established by a quantitative-weight method. From each plot four 
samples (50x50 cm, 0.25 m2) were taken to establish weed density and air-dry mass of the winter wheat spelt crop at the 
stages of leaf development BBCH13, stem elongation BBCH32 and hard maturity BBCH87.  

Soil weed seed bank. The samples were taken from 10 places to make joint soil samples of every trial plot. Soil 
samples were taken from 0-20 cm arable soil layer at leaf development BBCH13, stem elongation BBCH32 and hard 
maturity BBCH87 of winter wheat spelt crop. Weed seeds were washed through 0.25 mm sieve and separated by 
saturated solution of big special mass of NaCl (Warwick, 1984). 

1000-grain weight. Two samples containing 500 grains each were taken from an average seed sample and 
weighed separately at 0.01 gram accuracy. The difference between 1000-grain weights could not exceed 3%. If there 
was a higher difference the third grain sample was taken. The average was calculated from two samples showing the 
least difference.  

Meteorological conditions. Lithuanian territory occupies intermediate geographical position between west 
Europe oceanic climate and Eurasian continental climate. Cold air masses transfered from Arctic induce decrease of air 
temperatures which is reason of spring and early autumn frosts and in winter time of hard frost. Warm air masses from 
tropics are seldom which form thaws during winter and clear hot days during summer. Climate of the Lithuania territory 
forms in different radiation and circulation conditions. Differences in these conditions hardly cross the boundaries of 
microclimatic differences; therefore, Lithuania belongs to western region of the Atlantic Ocean continental climatic 
area. Meteorological conditions of experimental years were estimated according to the data of Varėna 
hidrometeorological station.  

Statistical data assessment. The research data were statistically evaluated by two way dispersion analysis of 
variance ANOVA, applying the Selekcija software package (Tarakanovas, 1997). The least significant differences were 
evaluated by the Tukey HSDAB0.05 test. Winter wheat spelt grain yield dependences on crop weed air-dry mass at three 
stages of growth and development (BBCH 13, 32, 87) were established by linear correlation-regression analysis, 
applying the SigmaPlot software package (SPSS Science, 2000).  
 
Results of research 
 

Crop weediness. Weed density and mass essentially depended on winter wheat spelt (Triticum spelta L.) sowing 
time. In the crop of later sowing significant higher weed density and as well higher air-dry mass of weeds were 
established at all three evaluated stages of winter wheat growth and development (Table 1). Preparing winter wheat 
spelt crop of earlier sowing for wintering at stage of leaf development BBCH13 lower weed density by 60% and lower 
weed mass by 42% were established compared weediness to the crop of later sowing. In the crops before and after 
wintering annual dicotyledonous weeds Viola arvensis and Stellaria media and perennial monocotyledons – Elytrigia 

repens prevailed.  
In over-wintered crop of earlier sowing after renewing the vegetation at stem elongation BBCH32 weed density 

increased 5 times and weed mass 7 times, while in the crop of later sowing it increased by 3 times till 62 weeds per 
square meter and its air-dry mass increased by 6.5 times, accordingly. At hard stage of wheat maturity BBCH87, i.e. 
just before harvesting, in later sowed crop there were established 103 weeds per square meter, however its mass 

http://www.lammc.lt/en/
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comprised only 10.6 g m-2 (Table 1). It could be influenced by high farming culture and low concentration of weed 
seeds in soil seed bank (Table 2) of experimental field. At the end of winter wheat spelt vegetation in the crop 
dominated weed species were supplemented with Capsella bursa – pastoris, Spergula arvensis and Setaria viridis. 

  
Table 1. Winter wheat spelt crop weediness – weed density and air-dry mass at the leaf development, stem elongation and 

hard stages of wheat maturity  

Evaluation time BBCH 
Winter wheat spelt stage of 

development and maturity 

Winter wheat spelt sowing time 

2010 09 24 2010 10 01 2010 09 24 2010 10 01 

Weed density  

number m-2 

Weed air-dry mass  

g m-2 

2010-11-16 13 leaf development 8.0a 20 a 0.22a 0.52a 
2011-04-20 32 stem elongation 41ab 62b 1.58a 3.43ab 
2011-08-03 87 hard 60b 103c 3.55a 10.63b 

Tukey HSDAB0.05 35.8 4.61 
Note. Data marked with different letters have significant differences at 95% level of probability. 
 

Soil weed seed bank. During experiment weed seeds of 15 species were found in soil of trial field. Ten weed 
seed species belonged to annual and five to perennial ones (Table 2). Soil weed seed bank did not change essentially 
comparing crop soil before and after over-wintering of the winter wheat spelt. However, at the end of crop vegetation – 
hard stage of wheat maturity, weed seed bank significantly increased in both crops of different sowing time. This 
phenomena is adequately to the weed seed rain dynamics (Pilipavičius, 2000, 2013; Pilipavičius and Lazauskas, 2000) 
when ripening cereal, weed seed rain in the crop gets more intensive and increases weed seed dispersal to the soil. In the 
soil weed seed bank seeds of annual weeds as Stellaria media and Viola arvensis prevailed. From perennial weeds in 
the soil seed bank seeds of Elytrigia repen dominated. At the hard stage of winter wheat spelt Capsella bursa-pastoris, 
Setaria viridis and Tripleurospermum perforatum joined to dominating weed seed species in soil seed bank (Table 2).  
 
Table 2. Soil weed seed bank in 100 gram of air-dry soil of 0-20 cm arable soil layer at two different winter wheat spelt sowing 

times and three stages of crop development 

Weed seed species 

Soil weed seed bank evaluation time 

leaf development stem elongation hard 

Winter wheat spelt sowing time 

2010 09 24 2010 10 01 2010 09 24 2010 10 01 2010 09 24 2010 10 01 

Weed seed number in 100 gram of air-dry soil 

Galeopsis tetrahit L. 0.25 0.0 0.25 0.75 1.5 0.5 
Spergula arvensis L. 0.0 0.0 0.0 0.0 0.75 0.75 
Viola arvensis Murray 0.5 1.5 1.25 1.75 1.0 1.75 
Brassica napus var. Oleifera 0.0 1.25 0.0 0.0 0.0 0.0 
Persicaria maculosa L. 0.0 0.0 0.0 0.0 0.0 1.0 
Polygonum lapathifolium L. 0.0 0.0 0.25 0.0 1.0 0.0 
Setaria viridis (L.) Beauv. 0.5 0.0 1.5 1.0 3.25 3.75 
Tripleurospermum 

perforatum (Merat) M.Lainz 0.25 0.5 0.0 0.75 1.75 2.25 

Stellaria media (L.) Vill. 1.0 1.25 1.25 1.75 1.5 2.75 
Capsella bursa-pastoris L. 0.0 0.0 0.0 0.0 2.0 2.25 
Total annual seeds 2.5 4.5 4.5 6.0 12.75 15.0 

Mentha arvensis L. 0.0 0.0 0.0 0.0 0.75 0.0 
Stachys palustris L. 0.0 0.0 0.0 0.0 0.75 0.0 
Sonchus arvensis L. 0.5 0.0 0.0 0.25 2.0 0.0 
Elytrigia repens (L.) Nevski 1.75 1.5 0.75 1.25 1.75 1.25 
Convolvulus arvensis L. 0.0 0.0 0.25 0.0 0.5 0.75 
Total perennial seeds 2.25 1.5 1.0 1.5 5.75 2 

Total weed seeds 4.75a 6.0a 5.5a 7.5a 18.5b 17.0b 

Tukey HSDAB0.05 7.53 

Note. Data of total weed seeds marked with different letters have significant differences at 95% level of probability.  
 

Grain yield of winter wheat spelt. Winter wheat spelt sowing time has no significant effect on its grain yield 
(Table 3). On average yield of winter wheat spelt grain reached 1.86 t ha-1. Experiment was carried out under organic 
farming system, i.e. without chemical-synthetically fertilizers, growth regulators and means of plant protection. 
Presumably, growing crop under more extensive conditions its biologically available productivity did not reach 
available general productivity of the soil. Winter wheat spelt grain qualities as 1000 grain mass, grain shelling and 
rogue were similar from crop of both sowing times (Table 3).  
 
Table 3. Winter wheat spelt grain yield, mass of 1000 grains, grain shelling and rogue  

Winter wheat spelt 

sowing time 

Grain yield 

t ha-1 

1000 grain mass 

gram 

Shelling 

gram 

Rogue 

gram 

2010 09 24 1.865 35.7 11.16 3.14 
2010 10 01 1.865 35.9 11.48 2.62 

Tukey HSDAB0.05 0.241 - - - 
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Winter wheat spelt grain yield dependences on crop weediness were established taking into account weed mass 
in autumn crop before wintering, in spring crop after over-wintering and at hard stage of wheat maturity (Figure 1 and 
2). Weed mass before winter (BBCH 13) on spelt grain yield of earlier sowing time crop showed negative effect  
r=-0.504, while of later sowing time positive one r=0.466, however both dependences were statistically unreliable 
p>0.05. Weed mass of over-wintered winter wheat crop at stem elongation stage of development did not show any 
relationship (r<0.15) to grain yield. Gained tendencies could be studied in more weedy experimental fields that would 
cover high areas of agricultural fields according to weed infestation. Crop weediness at hard stage of grain maturity 
directly influenced grain yield at earlier wheat sowing time r=0.994 p<0.01 and at later wheat sowing time r=0.626 
p>0.05. These results were contrary to the law of crop productivity (Lazauskas, 1990, 1993). The reason of this 
phenomenon could be extremely low weed mass 0.2-10.6 g m-2 in the crop (Table 1) when evaluating botanically, one-
plant population (winter wheat spelt) was grown, but not a plant community – agrophytocenoses comprised from 
dominating cultural plant and weeds. It is in conformity with the previous research of Pilipavičius (2005) when 
significant decrease of weed mass in the crop leads to population effect. On the other hand, exclusively unfavourable 
meteorological conditions can lay down crop and level different crop weediness through levelled different experimental 
conditions of cultural plant growth and development (Pilipavičius, 2005). Winter wheat spelt was grown under 
nutritionally extensive organic agriculture, therefore even with weed-free field crop its grain yield left lower than 
biologically liable productivity.  
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BBCH 32, earlier sowing time
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BBCH 87, earlier sowing time
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Figure 1. Winter wheat spelt at earlier sowing time grain yield dependences on crop weeds air-dry mass at three stages of 

winter wheat development  
 

BBCH 13, later sowing time
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BBCH 32, later sowing time
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BBCH 87, later sowing time
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Figure 2. Winter wheat spelt at later sowing time grain yield dependences on crop weeds air-dry mass at three stages of 

winter wheat development  
 
Conclusions  
 

In the crop at a later date sowed winter wheat spelt (Triticum spelta L.) spread weeds more intensively and 
accumulated bigger air-dry mass: by 42% at leaf development, by 46% at stem elongation and by 33% at hard stage of 
maturity. During crop vegetation air-dry weed biomass regularly increased from 0.22 to 3.55 g m-2 and from 0.52 to 
10.63 g m-2.  

According to the experimental data of crop weediness and seeking to preserve it at lower scale under organic 
agriculture, sowing time of winter wheat spelt was purposeful earlier on 24th of September instead of later sowing on 1st 
of October.  

Total soil weed seed bank comprised by 4.75-18.5 weed seeds per 100 gram of air-dry soil of arable soil layer 0-
20 cm. Soil weed seed bank did not change essentially comparing crop soil before and after over-wintering of the winter 
wheat spelt. At hard stage of wheat maturity, weed seed bank significantly increased in both crops of different sowing 
time compared with crop soil of leaf development by 74% and 65%, accordingly.  

Growing crop under more extensive conditions of organic agriculture, its biologically available productivity did 
not reach soil productivity limit and significant differences between winter wheat spelt sowed at different times were 
not established.  

Winter wheat spelt grain yield dependence on crop weed air-dry mass at leaf development BBCH13 statistically 
was not significant p>0.05, at stem elongation BBCH32 such dependence was not established at all r=0.007-0.145. At 
hard stage of maturity in the crop of earlier sowing significant dependence of wheat grain yield on weed air-dry mass 
r=0.994 was established and it was not significant in the crop of later sowing r=0.626. These results are in conflict with 
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the law of crop productivity. The reason of this phenomenon could be extremely low weed mass in the crop, when 
evaluating crop botanically, one-plant population was grown, but not a plant community – agrophytocenoses.  
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Yielding of Winter Oilseed Rape as Influenced by Different Sowing Dates 
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Abstract 

 
Field experiment was carried out in 2008–2010 at the Experimental Station of Aleksandras Stulginskis University. The soil of the 

experimental site – Hapli-Epihypogleyic Luvisol. Treatments of the experiment: factor A – sowing date: 1) August 10; 2) August 20; 3) August 30; 4) 
September 5 (in 2009); 5) September 10; 6) September 15 (in 2009). Factor B – winter rape varieties: ‘Sunday’ and hybrid ‘Kronos’. Sowing date 
exerted a significant impact on winter rape seed yield structural elements. However, these changes were not as dramatic for hybrid rape as for 
‛Sunday’ variety. In most cases there were found no significant differences of yield structural elements between the different varieties. Sowing date 
effect on rapeseed yield was significant: the highest seed yield was obtained for the sowing dates August 20 and 30, while the lowest for August 10 
and September 10. When sown on the latter dates, the seed yield of the ‘Kronos’ hybrids was significantly higher compared with that of ‘Sunday’ 
variety. 

Keywords: winter oilseed rape, seed yield, yield structural elements 
 

Introduction 

 

Oilseed rape (Brassica napus L.) is the primary raw material for vegetable oil production in the temperate 
climate zone and is the second most important oil crop in the world (Kumar et al., 2007). With changing climate, 
oilseed rape is spreading further into Northern and Eastern Europe and at the same time remains a widely-distributed 
crop plant in Southern and Western Europe; however, its production area is starting to decline in South-Western Europe 
(Tuck et al., 2006; Peltonen-Sainio et al., 2009). Oilseed rape is grown worldwide in a wide range of climate 
environments, including even extreme conditions: it exhibits tolerance of low temperatures and small variations of 
precipitation amount (Diepenbrock, Grosse, 1995). Due to the phytosanitary characteristics and weed suppressive 
ability, oilseed rape is valued as a perfect preceding crop, enhancing the productivity of the crop rotation (Velička et al., 
2006).  

Agricultural production is one of the economic activities most vulnerable to hydrometeorological phenomena. 
The global climate has been warming recently, and a significant rise in average temperature has caused noticeable shifts 
in the dates of plant phenophases and has resulted in the lengthening of the crop growing season (Ahas et al., 2002; 
Walther, 2003). In recent years, due to the global warming, the events of hydrometeorological phenomena adverse to 
agriculture have become increasingly more common as well as their increasing negative effects, especially obvious in 
crop production. Climate changes in Lithuania manifest themselves by increasing temperature variations in summer and 
winter and by decreasing amount of precipitation during the crop growing season. These factors are predominantly 
responsible for crop growth inhibition and yield reduction (Bukantis et al., 2008; Galvonaitė, Valiukas 2008). Plant 
growth and development significantly depend on the environmental factors, of which drought and extreme temperatures 
are one of the most common ones limiting crop productivity. The effect of stress on plants depends on its duration, 
severity and genetic characteristics of plants (Hekneby, 2004).  

Competitive ability and industrial value of important and promising agricultural crops in Lithuania are limited by 
their insufficient adaptive capacity – winter hardiness and cold tolerance.  Most researchers agree that the future 
agricultural production will have to consider climate changes and newly emerging extreme weather events (Rosenzweig 
et al. 2001; Tubiello et al., 2007). When oilseed rape is grown according to intensive cultivation technology, one of the 
key problems is unstable winter oilseed rape over winter survival which largely relies on plant development in the 
autumn, varietal characteristics, crop and soil management practices and meteorological factors (Velička, 2002). 
Frequent temperature variations in winter cause reductions in winter rape productivity or even plant kill.  

Lithuania’s soil and climate conditions are suitable for producing high and stable winter rape seed yields; 
however, its productivity potential has still been underexploited and rape seed yield produced in Lithuania does not 
meet the growing demands of local and foreign markets. Due to the abundance of varieties and their capacity to adapt to 
even considerably variable growing conditions, oilseed rape can be grown in a wide range of agroclimatic conditions 
(Bernotas, 2003). However, recently farmers have been opting to sow foreign winter oilseed rape varieties, which are 
characterized by high productivity but relatively insufficient winter hardiness.   

Experimental aim. The study was aimed to establish the optimal sowing date of winter rape and its hybrids 
under the conditions of autumn-winter period becoming warmer and variable in length.  
 

Experimental conditions and methods 

 

Experimental site. Field experiment was carried out in 2008–2010 at the Experimental Station of Lithuanian 
University of Agriculture (nowadays – Aleksandras Stulginskis University). The soil of the experimental site – 
limnoglacional silty loam on moraine clay loam Hapli-Epihypogleyic Luvisol. Soil arable layer is 23–27 cm. Water 
regime adjusted by closed drainage, micro relief leveled. Soil pH 6.5–7.2, total nitrogen 1.47–1.59 percent, humus 2.2–
3.0 percent, available phosphorus 173–235 mg kg-1, available potassium 115–189 mg kg-1, available sulfur 5.6–26.4 mg 
kg-1 soil.  
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Experimental design. The experiment involved two-factor experimental design and was conducted in four 
replications. In 2008–2009 winter oilseed rape was sown in four terms and were grown two varieties: 'Sunday' and 
hybrid 'Kronos'. Factor A – sowing date: 1) August 10 (by the scientistʼs  recommendations (2000-2005) for Central 
Lithuania); 2) August 20; 3) August 30; 4) September 10. Factor B – winter rape variety: ‘Sunday’ and hybrid ‘Kronos’. 
In 2009–2010 winter oilseed rape was sown in six terms and were grown two varieties: 'Sunday' and hybrid 'Kronos'. 
Factor A – sowing date: 1) August 10; 2) August 20; 3) August 30; 4) September 5; 5) September 10; 5) September 15. 
Factor B – winter rape varieties: ‘Sunday’ and hybrid ‘Kronos’. 

The experimental plots were laid out in a randomised design with each plot replicated four times. The size of 
each plot was 30 m2. Conventional soil cultivation practices were applied. The field before winter oilseed rape sowing 
was kept under black fallow. Plant fertilization (N120P60K90) was performed as follows: P and K were applied in 
autumn prior to sowing, and N was supplied in spring. After sowing the rape was sprayed with herbicide Butizan 400 
(bentazon) 2.5 l ha-1. During the growing season the crops were sprayed with insecticides three times: Karate Zeon 
(lambda cyhalothrinum) 0.10–0.15 l ha-1, Fastac (alfa-cipermetrina) 0.10–0.15 l ha-1, Bulldock (beta-cyfluthrin) 0.10–
0.15 l ha-1, and with fungicide Folicur (tebuconazole) 1.0 l ha-1 once – at the end of flowering.  

Experimental methods. Yield structure elements and seed yield evaluation. After winter oilseed rape full 
maturity from each plot were randomly selected 20 plants for evaluation of yield structural elements: the number of 
siliques per plant, the number of seeds per silique and 1000 seed mass.  

Research data statistical analysis. Statistical significance of differences between treatments was evaluated using 
Fisher’s criterion and protected least significant difference test at P(level) < 0.05 (program ANOVA). 
 

Results 
 

Results of earlier experiments showed that optimal date for winter rape sowing in Central Lithuania is about 10–
15 of August (Montvilas, Mittas, 2000; Velička, 2002; Butkute et al. 2006). Sowing date exerted a significant impact on 
winter rape seed yield structural elements. With a delay in sowing date, reductions occurred in the number of siliques, 
number of seeds per silique and 1000 seed weight (Table 1). However, these changes were not as dramatic for rape 
hybrids as for ‛Sunday’ variety. Although in most cases there were found no significant differences between the 
different varieties, hybrid winter rape plants (especially sown on late dates) had a higher number of siliques and a 
higher 1000 seed weight.  
 

Table 1. The effect of sowing date and variety on the winter rape yield structural elements 

Sowing date 

Silique number, units 
Seed number per 

silique, units 
1000 seed mass, g 

Plant number, units  

m-2 

2009 
‘Sunday‘ ‘Kronos‘ ‘Sunday‘ ‘Kronos‘ ‘Sunday‘ ‘Kronos‘ ‘Sunday‘ ‘Kronos‘ 

August 10 129.6ab* 153.2 a* 24.4 a 23.2 a 4.63 b* 4.38 b* 37.8 c 36.0c 
August 20 136.9 a* 120.2 b* 23.39ab 24.4a 4.75ab* 4.48 b* 49.2 b 45.8 bc 
August 30 107.0 b 97.6 bc 24.5a 22.7 ab 4.83 a* 4.48 b* 53.7 a 52.2 b 
September 10 62.8 c 70.6 c 22.1 b 21.0 b 4.77 ab 4.81 a 51.5 a* 68.8 a* 
 2010 
August 10 79.9 b 73.8 b 23.6 ab 22.7a 3.44 b* 4.23 a* 45.0 b 49.2 ab 
August 20 98.5 b 91.6 b 24.3 a 22.8 a 3.85 ab 4.1 ab 50.8 ab 51.8 a 
August 30 141.7 a 152.2 a 25.7 a 25.2 a 3.85 ab 3.38 b 30.5 d 36.0 c 
September 5 90.4 b 87.2 b 20.1 b 22.2 a 4.38 a 4.13 a 56.5 a 56.0 a 
September 10 93.6 b 96.3 b 23.9 ab 23.6 a 3.52 b* 4.09 ab* 38.5cb* 46.8 b* 

Note: means marked with different letters (a, b, c...; factor A – sowing date) and asterisk (*, factor B – variety) are significantly 
different (P<0.05). 
 

According to R. Montvilas and V. Mittas (2000), earlier-sown crops generally exhibit better preparation for 
overwintering – this is especially obvious in the years with less rainfall (Krawchik et al., 2008). However, the crops 
sown too early, when the conditions are favourable in the autumn tend to overgrow: the stems start elongating, which 
makes them more vulnerable to winter cold. The cold-affected plants regenerate from lateral shoots and this was one of 
the reasons in our experiment why the early-sown (August 10) crops produced lower seed yield. The highest rapeseed 
productivity was in 2009 in the crops sown on August 20 and 30, and in 2010 even on September 5.  

Significantly lower rapeseed productivity was recorded for late-sown crops (September 10), except for the year 
2009 (Fig. 1). In the latter year, the seed yield of rape hybrids sown on September 10 did not differ significantly from 
those sown on August 20, 30 and September 5. Hybrid plants, characterised by a longer vegetation period, start 
flowering earlier and are able to better utilise moister when lower temperatures are still favourable for seed setting and 
development. In our study, significantly more productive were ‘Kronos‘ hybrids: in 2009 significant differences were 
obtained having sown on the earliest (August 10) and the latest (September 10) dates; and in 2010, significantly lower 
seed yield was produced only having sown on the earliest date (August 10). ‘Valesca’ and ‘Sunday’ exhibited a more 
sensitive response to the sowing date, compared with ‘Kronos’. 
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Figure 1. The effect of sowing date and variety on winter rape seed yield, 2009–2010. 
Note: means marked with different letters (a, b, c...; factor A – sowing date) and asterisk (*, factor B – variety) are significantly 
different (P<0.05). 
 

Rape hybrids were found to respond less to the sowing date than conventional varieties. When conventional 
varieties are grown and the sowing date is delayed, seed yield and its structural elements are more markedly influenced 
by the climate conditions rather than the varietal characteristics.  

In our study, the hybrid variety ‘Kronos’ exhibited significantly higher seed productivity: in 2009 significant 
differences were established for the earliest (August 10) and latest (September 10) sowing dates, and in 2010 
significantly lower seed yield was obtained only for the earliest (August 10) sowing date. 
 
Conclusions 

 

  Sowing date exerted a significant impact on winter rape seed yield structural elements. With a delay in sowing 
date, reductions occurred in the number of siliques, number of seeds per silique and 1000 seed weight. However, these 
changes were not as dramatic for rape hybrids as for ‛Sunday’ variety. Although in most cases there were found no 
significant differences between the different varieties, hybrid winter rape plants (especially sown on late dates) had a 
higher number of siliques and a higher 1000 seed weight. Sowing date effects on rapeseed yield were significant: the 
highest seed yield was obtained for the sowing dates August 20 and 30, while the lowest for August 10 and September 
10.  When sown on the latter dates, the seed yield of the hybrid winter rape variety ‘Kronos’ was significantly higher 
compared with that of ‘Sunday’ variety.  
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Abstract 

 

Investigation was carried out at the Institute of Horticulture Lithuanian Research Centre for Agriculture and Forestry. Tomatoes were growth 
using two different farming systems (organic and conventional) in no heated greenhouses in the natural soil. The study object was tomato cultivar 
'Vilina' and two tomato hybrids 'Benito' and 'Tolstoi'. Tomato fruit quality and physiological parameters were evaluated: there was established the 
amount of dry matter, soluble solids, lycopene and β─carotene, also skin and flesh firmness and color coordinates (CIE L*, a*, b*, C, ho). Our 
research showed that higher dry matter and soluble solids content was found in organically growth tomato of all investigated cultivars compared with 
conventional growth tomato, but determined differences were not statistically significant. An average amount of lycopene in organic fruits was 
significant higher compared with conventional ones. A comparison of β-carotene in organic and conventional tomato showed that significant higher 
amount was established only in organic fruits of hybrid 'Tolstoi'. Average data of fruit firmness revealed that conventional tomato fruits had stronger 
skin and flesh compared with organic ones, but difference was not significant. It was established significant increase in tomato fruit color tone (by 
4.78 units) and pureness (by 2.46 units) in conventional tomato, meanwhile organic tomato fruits distinguished with significant higher value of color 
index a* (redness) by 4.18 units. 
 
Introduction 

 
Nowadays, people are more interested in environmental problems caused by agricultural activities. Special 

attention is focused on the health risks resulting from the use of various chemicals. Otherwise, the growing 
phytosanitary problems and unrelenting use of pesticides lead to new challenges in food safety. Sustainability of 
conventional agriculture started being questioned and necessary changes needed in the agricultural science. Currently 
the development of organically growing systems is rapidly emerging as a national priority and many countries had 
certified organic agriculture (Van Bruggen, 1995; Bettiol et al., 2004). The organic food market is developing 
dynamically in many countries and therefore studies concerning the nutritive value of organically growth products are 
becoming increasingly important. 

Tomato cropping is an excellent plant for their fruit quality attributes comparison between the conventional and 
the organic systems, because, tomatoes are one of the most valuable vegetable, particularly popular in Lithuania. 
Tomato fruit is rich in soluble sugars, organic acids, dietary fiber and pectic substances, proteins, fats, minerals 
(potassium, phosphorus, magnesium, calcium), vitamins (B1, B2, B3, PP C, provitamin A, I, H), carotenoids (lycopene, 
β-carotene, etc.). Nutritional value, color and flavor of tomato fruits and their products mainly depends on amount of 
lycopene, β-carotene, dry matter, sugar and acids. The two most important carotenoids in fruits of tomato are lycopene, 
which determines red color, and β-carotene, which contains approximately 7% of the tomato carotenoids (Nguyen, 
Schwartz, 1999). Therefore, tomato products and their quality can be well characterized by the content of these 
elements. Human gets 85% of the lycopene from tomatoes and their products (Levy, Sharon, 2004). That is the reason 
why tomatoes are used in functional food products (Shi et al., 2002), and sometimes they can be used as functional food 
(Canene-Adams et al., 2005; Viškelis et al., 2005). Epidemiological studies and the results associated with the 
consumption of tomato products against the prevention of chronic diseases such as cancer and cardiovascular disease, 
confirming the tomato products as a functional food, and show that lycopene and β-carotene acts as an antioxidant 
(Giovannucci, 1999). In additional to chemical composition, texture and fruit color are also very important quality 
attributes of tomato. Fruit firmness is related to the susceptibility of tomato fruit to physical damage within harvest and 
storage. Also, fruit color and firmness can be the most important consumer preference parameter, which can be tested 
by fingers or assessed by eyes (Radzevičius et al., 2012). Unfortunately organic cultivation has a markedly negative 
effect on the yield and organic fruits have more visible defects in comparison to conventional ones (Hallmann, 
Rembialkowska, 2007). But consumers expect organic food to have a higher nutritional value, to be healthier or simply 
to be safer and less risky to human. Scientists reported that conventional crops have higher levels of protein and vitamin 
E, carotenoids and alkaloids, while organically grown crops tend to have more phytic acid, phenolic compounds, 
glucosinolates and vitamin C. However, experiments showed that relative impact of adapting organic production 
methods on food quality and safety may change over time, according to changes of soil characteristics and plant 
cultivars (Niggli, Leifert, 2007). 

The aim of our investigation was to evaluate the influence of organic and conventional farming on fruit quality 
of different tomato cultivars. 
 
Materials and methods 

 

Investigation was carried out at the Institute of Horticulture Lithuanian Research Centre for Agriculture and 
Forestry. Tomatoes were growth using two different farming systems (organic and conventional) in no heated 
greenhouses in the natural soil. The study object was tomato cultivar 'Vilina' and two tomato hybrids 'Benito' and 
'Tolstoi'. Organic tomato plants were sprayed twice (on the 07th and 21th of July) with organic fertilizer based on 
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seaweed extract (Ascophyllum – 15% w/w). Conventional tomatoes were grown under conventional tomato growing 
technology adopted by Institute of Horticulture (Jankauskienė, Survilienė, 2003). 

During investigation fruit quality and physiological parameters were evaluated: there was established the amount 
of dry matter, soluble solids, lycopene and β─carotene, also skin and flesh firmness and color coordinates (CIE L*, a*, 
b*, C, ho). 

Dry matter and soluble solids were established using NIR (Near Infrared) method, by transmittance principle 
using the near infrared spectrophotometer (“NIR Case NCS001A”, Sacmi Imola, S. C. Imola, Italy). 

In order to establish the amount of lycopene and β ─ carotene, tomatoes were homogenized by crusher Bosch 
Easy Mixx (type CNHR6, Robert Bosch GmbH, Stuttgart, Germany). The amount of lycopene and β─carotene was 
established spectrophotometrically (Scott, 2001). 

Color coordinates in the space of even contrast colors (CIE L*a*b* Color Scale) were measured with 
spectrophotometer MiniScan XE Plus (Hunter Associates Laboratory, Inc., Reston, Virginia, USA). In the regime of 
light reflection there were measured parameters L*, a* and b* (correspondingly lightness, coordinates of redness and 
yellowness according to scale CIE L*a*b*) and calculated the color pureness (C = (a*2+b*2)1/2) and color tone (h° = 
arctan(b*/a*)). The volumes L*, C, a* and b* are measured in NBS units, color tone ho – in degrees from 0 to 360°. 
NBS unit is a unit of USA national Standard Bureau and corresponds to one threshold of color distinction power, i. e. 
the least distinction in color, which the trained human eye can notice. 

Before the each series of measurements spectrophotometer was calibrated with light catcher and standard of 
white color, the color coordinates XYZ of which in color space are X = 81,3, Y = 86,2, Z = 92,7.  

The tree coordinates CIE L*a*b* represent: the lightness of the color L* = 0 means black and L* = 100 indicates 
diffuse white; negative value of a* indicate green while positive values indicate red; negative values of b* indicate blue 
and positive values indicate yellow (CIE L*a*b* Color Scale,1996). 

Tomato texture measured with texture analyzer “TA.XTPlus” (Stable Micro Systems, Godalming, England). Flat 
head stainless cylindrical probe of 2 mm diameter was used for penetration test. The start of penetration test was the 
contact of the probe and tomato surface, finish – when the probe penetrated the tissues to depth of 8 mm. the probe 
speed was 1 mm s-1. For each test five tomato fruits of every variety were selected and each tomato was punctured 
three times around the equatorial area. The obtained data was processed by "Texture Exponent” program. 

The data are presented as the averages of three measurements. Color coordinates are processed by software 
Universal Software V.4-10. For the evaluation of data significance there were used statistical programs SAS and 
ANOVA (Tarakanovas, Raudonius, 2003). 
 
Results and discussion 

 

Organic foods are perceived by many consumers as safer and healthier compared with conventional ones. 
Organic farming features are to enhance the long-term natural fertility of soil, to minimize soil pollution, to avoid the 
use of mineral fertilizers and pesticides and this lead to positive health effects in livestock and humans consuming 
organic foods. Fruits and vegetables have positive health benefits and contain significant amounts of biologically active 
compounds that may be responsible for these effects (Brandt, Molgaard, 2006). 

Tomato fruit quality composition varies due to the wide range of species, stage of ripeness, year of growth, 
climatic conditions, light, temperature, soil, fertilization, irrigation, and other conditions of cultivation. Amount of total 
and soluble solids in tomato fruit is a major economic parameter for their nutrition value. Average dry matter content of 
the ripe fresh fruit range between 5.0 and 7.5% (Petro-Turza, 1987). The earlier results noticed statistically significant 
differences in the content of dry matter in organic tomato fruits. Scientist reported that organic tomatoes contained on 
average 7.86 and conventional – 5.07% of dry matter in fresh tomato fruits. Investigation of different cultivars showed 
that cherry tomato contained the highest level of dry matter compared with other tomatoes (Hallmann, Rembialkovska, 
2007). Our research evidence suggested that higher dry matter and soluble solids content was found in organically 
growth tomato of all investigated cultivars compared with conventional growth fruits (Fig. 1). Determined differences 
were not statistically significant. The amount of dry matter varied from 6.64 (cv. 'Vilina') to 9.06% (cv. 'Benito H') in 
organically growth tomato fruits and from 6.37 (cv. 'Vilina') to 8.44% (cv. 'Benito H') in conventionally growth 
tomatoes. The highest amount of soluble solids (4.47%) was detected in tomato hybrid 'Tolstoi' fruits growth using 
organic system. In organic tomatoes average amount of dry matter was 7.77% and amount of soluble solids – 4.40%, 
while conventional fruits had 7.30% of dry matter and 4.30% of soluble solids. 

Lycopene is a carotenoid mainly responsible for a deep red color of ripe tomato fruit. The amount of this 
pigment in tomato varies according to plant cultivar, stage of maturity also depends on environmental and growing 
conditions (Radzevicius et al., 2012). Previous studies remarked that lycopene content in organic tomatoes was lower 
compared to conventional ones, but it was established significant higher level of β-carotene in organic fruits (Hallmann, 
Rembialkowska, 2007). Schulzova and Hajslova (2007) investigated fertilization systems impact on biologically active 
compounds in tomatoes and determined that amount of carotenoids varied depending on the farming system and variety. 
In their experiment levels of β-carotene ranged from 5.4 to 9.8 mg kg-1 and levels of lycopene from 137 to 286 mg kg-1. 
However, Riahi (2009) with colleagues investigated impact of conventional and organic production systems on the 
quality of field tomato and did not found any significant differences on amount of lycopene and in all cultivars. 
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Figure 1. Farming systems influence on amount of dry matter and soluble solids in tomato fruits 

 
The data (Fig. 2) of our study showed that tomato hybrids, growth organically, accumulated significantly higher 

amounts of lycopene in their fruits compared with conventional farming, but there were no significant difference in 
amount of lycopene in cv. 'Vilina' fruits. Organic fruit of tomato hybrid 'Tolstoi' had 5.85 mg 100 g-1 of lycopene, 
meanwhile conventional tomato fruits had 4.58 mg 100 g-1 of lycopene. An average amount of lycopene in organic 
fruits was significant higher compared with conventional tomatoes. A comparison of β-carotene in organic and 
conventional tomato showed that significant higher amount (0.21 mg 100 g-1) was established only in organic fruits of 
hybrid 'Tolstoi'.  

 
Figure 2. Farming systems influence on amount of carotenoids in tomato fruits 
 

For fresh tomatoes, the two quality attributes – texture and skin color are very important to buyers and 
consumers. Texture is influenced by flesh firmness and skin strength. The degree of fruit firmness has been used as an 
indication of fruit quality, and firmness may be the final index by which the consumers decide to purchase a given batch 
of tomatoes (Burton, 1982; Tijskens, Evelo, 1994). So, firmness and color are the most important factors for 
determination of external tomato quality. Two possible minimum firmness limits were suggested for tomato fruits at the 
point of retail marketing and at home. All 100% marketable fruits should have firmness values above 1.45 N mm−1 but 
the values of the tomato for home use should have values higher than 1.28 N mm−1 (Batu, 2004).  Earlier investigation 
showed, that growing system had affected amount of fruit soluble solids and fruit firmness only in some tomato 
cultivars (Riahi et al., 2009). 

Our experimental evidence (Fig. 3) indicated that higher tomato fruit skin and flesh firmness had hybrids growth 
conventionally. Conventional tomato fruits of hybrid 'Benito' had significant stronger skin (294.3 N cm-2) and flesh 
(53.8 N cm-2) firmness, meanwhile organic fruits skin firmness reached 273.1 N cm-2 and flesh firmness – 41.5N cm-2. 
There were no significant differences found in tomato cv. 'Vilina' skin and flesh firmness between organic and 
conventional fruits, but skin and flesh firmness of organic tomato fruits was slightly stronger. Average data of fruit 
firmness showed that conventional tomato fruits had stronger skin and flesh compared with organic ones, but difference 
was not significant. 
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Figure 3. Farming systems influence on tomato fruit skin and flesh firmness 
 

People identification of colors is sufficiently complex where sensations like brightness, intensity, lightness and 
others modify the perception of the primary colors (red, blue, yellow) and their combinations, meaning that in many 
ways color definition is a matter of subjective interpretation. Color scales give measurements of color in units of 
approximate visual uniformity throughout the color solid. Thus, in the Hunter scale, L* measures lightness and varies 
from 100 for perfect white to zero for black, approximately as the eye would evaluate it. The chromaticity dimensions 
(a* and b*) give understandable designations of colors as follows: a* measures redness when positive, gray when zero 
and the greenness when negative; b* measures yellowness when positive, gray when zero and blueness when negative. 
While C indicates color pureness and h° – color tone (CIE L*a*b* Color Scale, 1997).  
 
Table 1. Farming systems influence on color indexes in tomato fruits 

 L* a* b* C ho 

 'Vilina' (organic) 39.65 ± 1.05 29.05 ± 2.02 28.12 ± 2.90 40.55 ± 1.62 43.99 ± 2.38 

 'Vilina' 38.50 ± 1.15 28.41 ± 2.10 26.95 ± 1.91 39.20 ± 2.28 43.50 ± 2.43 
 'Benito H' 
(organic) 

42.36 ± 1.25 34.29 ± 1.67 32.38 ± 2.58 47.23 ± 1.94 43.31 ± 1.86 

 'Benito H' 49.64 ± 1.40 24,70 ± 1.72 36.49 ± 1.69 44.11 ± 1.19 55.88 ± 2.81 
 'Tolstoi H' 
(organic) 43.12 ± 1.25 28.36 ± 1.34 30.50 ± 2.22 41.67 ± 2.22 47.03 ± 1.84 

'Tolstoi H' 44.36 ± 1.24 26.06 ± 2.57 30.19 ± 1.18 39.93 ± 2.11 49.30 ± 2.72 
Organic (average) 41.71 ± 1.18 30.57 ± 1.68 30.33 ± 2.57 43.15 ± 1.93 44.78 ± 2.03 
Conventional 
(average) 44.17 ± 1.26 26.39 ± 2.13 31.21 ± 1.59 41.08 ± 1.82 49.56 ± 2.65 

 
Color development in tomato fruits is temperature sensitive with better plastid conversion occurring above 12°C 

and below 30°C (Thai et al., 1990). Scientists found that index b* suffered big changes if tomatoes were ripened  to 
high temperatures (over 30°C) and yellowing took place due to the inhibition of lycopene synthesis and the 
accumulation of yellow/orange carotenoids. Otherwise, at low temperatures (below 12°C), chlorophyll is not degraded 
and lycopene accumulation does not start. This could be related to abnormal ripening conditions, changes in the b* 
values may compensate a* magnitudes, depending on their mathematical relationship, leading to misleading results 
(Tijskens, Evelo, 1994; Lopez, Gomez, 2004). 

 According to average data of color indexes (Table 1), it was established significant increase in tomato fruit color 
tone (by 4.78 units) and pureness (by 2.46 units) in conventional tomato, meanwhile organic tomato fruits distinguished 
with significant higher value of color index a* (redness) by 4.18 units. There were no significant differences found in 
color index b* and chroma (C) values between organic and conventional tomato fruits. 

 
Conclusions 
 

Higher content of dry matter and soluble solids was found in organically growth tomato in all investigated 
cultivars compared with conventional growth fruits, but determined differences were not statistically significant. An 
average amount of lycopene in organic fruits was significant higher compared with conventional tomatoes. A 
comparison of β-carotene in organic and conventional tomato showed that significant higher amount was established 
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only in organic fruits of hybrid 'Tolstoi'. Average data of fruit firmness revealed that conventional tomato fruits had 
stronger skin and flesh compared with organic ones, but difference was not significant. It was established significant 
increase in tomato fruit color tone and pureness in conventional tomato, meanwhile organic tomato fruits distinguished 
with significant higher value of color index a* (redness) by 4.18 units. 
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Abstract 

 

The influence of different dosages of UV-B radiation on spinach antioxidant phytochemical constituents was studied. Spinach (Spinacia 

oleracea L.) cv. ‘Andromeda H’ and ‘Matador’ were the objects of this study. Experiment was conducted in closed growth chambers of controlled 
environment at the Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry. Plants were placed in different growth 
chambers at 18/13 °C day/night temperature and 12 h photoperiod. High-pressure sodium lamps (SON-T Agro, Philips) were used for illumination 
(150 µmol m-2 s-1). UV-B radiation (290–320 nm) was provided by UV-B fluorescent tubes (TL 40W/12 RS UV-B Medical, Philips). Spinach plants 
were exposed to 0 kJm-2 day-1, 2 kJm-2 day-1, 4 kJm-2 day-1 and 6 kJm-2 day-1 UV-B for 3 days. The results of investigation showed that more intense (6 
kJ) UV-B radiation reduced the ascorbic acid amount in the investigated species spinach leaves. The lowest DPPH radical immobilization ability of 
both species spinaches is determined when they are affected by the UV-B. The amount of phenolic compounds in spinaches depended on their species 
and UV-B dose. Spinaches of both species exposed to 4 kJ UV-B radiation have accumulated a larger amount of anthocyanins. ”Matador” spinaches 
affected by UV-B radiation, accumulated the significantly lower amount of total tocopherols. 

Keywords: anthocyanins, ascorbic acid, DPPH, phenols, tocopherols, spinach.  
 
Introduction 

 

In recent years more and more attention is turned to the growing of high quality nutritional vegetables and to 
enrichment of human nourishment by natural vitamins and antioxidants (McGlougghlin 2010). Under natural 
environmental conditions plants synthesize and accumulate a wide spectrum of secondary metabolites which perform 
various functions in them and have a positive effect on human health. There are a number of estimations saying that 
synthesis of biologically valuable materials may be induced in plants by causing an adequate (moderate) environmental 
stress (Wang, Frei, 2011). Environmental stressors induce various protective reactions in plants mobilizing their support 
to compete against the stress i.e. stimulate in them synthesis of biologically valuable antioxidants: anthocyanins, 
flavonoids, vitamins A, C, D, etc. (Jensen et al., 2008; Sakalauskaitė et al., 2013). Most of these metabolites are of 
nutritional and pharmacological importance and also they determine the quality of vegetable resource (Sun et al, 2010; 
Schreiner 2005). Antioxidants are main molecules carrying the signal when generating a physiological response of a 
plant under stress conditions (Hideg et al., 2012). 

Recent researches reflect that the UV-B radiation effect on plants is rather versatile. An intense UV-B ray 
stimulates the formation of reactive oxygen species, damages of DNA, proteins and lipids (Jordan, 2002; Frohnmeyer, 
Staiger, 2003; Jaakola, Hohtola, 2010). However, a fair UV-B ray flow determines changes in adaptive growth and 
metabolism resulting in the enhanced synthesis of secondary metabolites (flavanoids, phenol compounds, ascorbic acids, 
etc) whose action provides plants protection against the UV-B radiation effect (Jenkins et al. 2009; Hideg et al., 2012). 
Plant response to the UV-B radiation depends on duration of the effect, its intensity, the interaction of plant’s genotype and 
environmental factors. It was assumed that the UV-B radiation is a negative agent causing harm to the growth of plants. 
But, in recent years a new vision has appeared that low “ecologically friendly” UV-B doses may have a positive impact on 
plant growth (Hideg et al., 2012) and enzymatic reactions of photosynthesis (Januskaitiene, 2011). “Friendly” UV-B 
radiation causes morphological changes in plants, alters their metabolic processes and antioxidant concentration. All these 
changes determine both productivity of plants and quality of the grown stock (Hideg et al., 2012). 

The aim of our research is to examine the effect of UV-B radiation of different intensity on antioxidant 
phytochemical contents in two spinach genotypes.  
 

Materials and methods 

 

Effects of UV-B irradiation on spinach (Spinacia oleracea L.) cv. ‘Andromeda H’ and ‘Matador’ plants were 
examined in close growth chambers of controlled environment at the Institute of Horticulture, Lithuanian Research 
Centre for Agriculture and Forestry. Seeds of spinach plant were sown in 120 ml vessels (1seeds per vessel) in peat 
substrate (Durpeta, Lithuania). Plants were placed in different growth chambers at 18/13 °C day/night temperature and 
12 h photoperiod. High-pressure sodium lamps (SON-T Agro, Philips) were used for illumination (150 µmol m-2 s-1). 
UV-B exposition was started after 21 days after seeds germination. UV-B radiation (290–320 nm) was provided by UV-
B fluorescent tubes (TL 40W/12 RS UV-B Medical, Philips) with its main output at 312 nm. UV radiation was filtered 
through 0.13 mm cellulose acetate filter paper to avoid transmission of wave length below 290 nm. Spinach plants were 
exposed to 0 kJm-2 day-1, 2 kJm-2 day-1, 4 kJm-2 day-1 and 6 kJm-2 day-1 UV-B for 3 days.  
 

Determination of total phenolic compounds  
 

The total content of phenolic compounds was determined in plants leaf methanol (POCh, Poland) extracts (1 g of 
plant tissues grounded with liquid nitrogen and diluted with 10 ml of 80% methanol) using a calorimetric Folin-
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Ciocalteau method. The absorbance was measured after 20 min at 765 nm with Genesys 6 spectrophotometer 
(Thermospectronic, USA) against water as a blank. Gallic acid was used as a standart, the total phenolics were 
determined using calibration method. 
 

Determination of DPPH free radical scavenging activity  
 

The antioxidant activity of plant leaf methanolic extracts (1 g of fresh leaf sample) was evaluated 
spectrophotometrically via their DPPH free radical scavenging capacity. Genesys 6 spectrophotometer was used for this 
analysis. The extract was shaken for 30 min and then centrifuged at 2012 × g for 20 min. Diluted plant extract was 
mixed with DPPH solution in appropriate proportions. The absorbance at 515 nm recorded after 16 min was used to 
calculate the ability of the plant material to scavenge DPPH free radicals (μmol g−1). 
 

Determination of ascorbic acid 
 

Ascorbic acid content was evaluated using a spectrophotometric method (Janghel et al., 2007). Genesys 6 
spectrophotometer was used for the analysis (Thermospectronic, USA). 1 g of plant tissues was homogenized in 10 ml 
of 5% oxalic acid (Fluka, Germany) and centrifuged (5 min, 1691 x g). 1 ml of extract was mixed with 0.1% methyl 
viologen (Sigma-Aldrich, Germany) and 2 mol l-1 sodium hydroxide (Delta Chem, Chech rep.). After 10 min the 
coloured radical ion was measured at 600 nm. 
 

Determination of tocopherols  
 

Alpha, beta, gamma and delta tocopherols (α-T, β-T, γ-T and δ-T, respectively) content was evaluated according 
to Fernandez-Orozco et al. (2003) using high-performance liquid chromatography method (HPLC). The HPLC 10A 
system, equipped with RF-10A fluorescence detector (Shimadzu, Japan) with Pinacle II silica column, 5 µm particle 
size, 150 mm x 4.6 mm (Restek, USA) was used for analysis. Peak was detected using an excitation wavelength of 295 
nm and emission wavelength of 330 nm. The mobile phase was 0.5% isopropanol in hexane, flow rate 1 ml min -1 . 
 

Determination of anthocyanins 
 

The total amount of anthocyanins was determined using spectrophotometric pH-differential method, proposed by 
stanciu et al. (2009). The absorption values were measured at 420, 520 and 700 nm wavelengths. Anthocyanins were 
expressed as cyanidin 3-glucoside equivalent, mg g-1 in fresh plant weight, using molar extinction coefficient of 25740 
M-1 cm-1 and molecular weight of 485 g mol-1. 
 

Results and discussion 

  
Research results indicate that a 3-day UV-B radiation has made an impact on spinach antioxidant properties (fig. 1). 

After UV-B exposure spinaches showed significantly lower ability of DPPH free radical immobilization. The lowest 
DPPH radical immobilization ability of both species spinaches was determined when they were affected by 4 kJ UV-B 
dose. At the highest, 6 kJ UV-B radiation, DPPH free radical immobilization ability increased, but in (control) 
unexposed to UV-B radiation plants the ability of DPPH radical immobilization was found to be the highest (fig. 1). 
Free radical immobilization activity demonstrates accumulation of non-enzymatic antioxidant materials in plants, such 
as ascorbic acid, tocopherols, phenolic compounds, etc. However the amount of materials possessing antioxidant 
properties in vegetable tissues does not indicate a full antioxidant potential of the plant because different antioxidant 
material forms are known to have different radical immobilization ability (Mishra et al., 2012). 

 
Figure 1. DPPH free radical scavenging activity in spinach, exposed to different UV-B doses  
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The effect of UV-B radiation on ascorbic acid accumulation in spinach leaves depended on spinach specie and 
UV-B dose (fig. 2). “Matador” spinaches treated with 4 and 6 kJ UV-B dose accumulated in their leaves a smaller 
amount of ascorbic acid. Whereas, in “Adromeda” spinaches a decrease in ascorbic acid was found only under the 
highest applied UV-B dose of 6 kJ (fig. 2). Ascorbic acid is a central antioxidant in plant metabolism and in its 
involvement in stress responses (Jansen et al., 2008; Yabuta et al., 2007). Ascorbic acid is a multifunctional metabolite 
participating in almost all biological processes of the plant. It is a catalyst of many enzymatic reactions. It neutralizes 
reactive oxygen forms, and, in addition, it plays an important role in protecting or regenerating oxidized tocopherols 
and carotenoids (Jansen et al., 2008). Our research data indicate that a very intensive 6 kJ UV-B radiation has 
significantly reduced ascorbic acid amount in the analyzed spinach leaves. Shao and co-authors (Shao et al. 2008) say 
that with an increase in stressor’s impact the ascorbic acid concentration decreases. This UV-B radiation impact on 
reduction in ascorbic acid has been also determined by other researchers (Rosales et al., 2006; Wang, Frei, 2011). 
 
 

 
Figure 2. Ascorbic acid contents in spinach exposed to different UV-B doses 
 

The amount of phenolic compounds in spinaches depended on their species and UV-B dose (fig. 3). In 
“Matador” spinaches, exposed to 4kJ UV-B radiation an essentially larger amount of phenol compounds has been 
found, but after exposition to the enhanced 6 kJ UV-B radiation the amount of phenol compounds has significantly 
decreased. In “Andromeda” species spinaches exposed to 2 kJ UV-B dose, a significantly smaller amount of phenolic 
compounds has been determined, while under the effect of intensifying UV-B radiation the phenolic compounds 
amount has remained stable (fig. 3). Phenolic compounds are responsible for plant protection against oxidant damages 
(Hounsome et al. 2008). A review of abiotic environmental stresses on crop quality notably suggests that all studies 
dealing with UV stress found an increase in antioxidants, especially phenolic concentrations, in various crops. In most 
cases, this leads to the accumulation of phenolics in agricultural products produced under stressful conditions (Wang, 
Frei, 2011). 

  

 
Figure 3. Total contents of phenolics compounds in spinach exposed to different UV-B doses 
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Anthocyanins – important class of flavonoids, are known as protective pigments against UV irradiation (Ubi et 
al., 2006; Sakalauskaitė et al., 2012). Accumulation of anthocyanins in spinach leaves has depended on their species 
and UV-B radiation intensity (fig. 4). A greatest positive effect on anthocyanins accumulation in spinach leaves has 
been induced by 4 kJ UV-B dose. Spinaches of both species exposed to 4 kJ UV-B radiation have accumulated a larger 
amount of anthocyanins. Under the 6kJ UV-B radiation impact the amount of anthocyanins has not changed when 
compared to the control plants (fig. 4). Marais et al. (2001) showed that UV-B irradiation had no effect on the 
accumulation of anthocyanin in pears, but Ubi et al. (2006) observed that UV-B irradiation could induce the expression 
of anthocyanin biosynthesis genes in apple skin. It is deduced that the different UV-B dosage has the differential effect.  
 

 
Figure 4. Anthocyanins contents  in spinach, exposed by different UV-B doses 
 

The effect of UV-B radiation on tocopherols accumulation in spinach leaves depended on species and UV-B 
dose (fig. 5). ”Matador” spinaches treated with 2 and 6 kJ UV-B dose accumulated in their leaves a significantly higher 
amount of tocopherols, but after 4 kJ UV-B radiation exposition the amount of tocopherols has decreased. 
“Andromeda” species spinaches affected by UV-B radiation accumulated the significantly lower amount of total 
tocopherols. Tocopherols are beneficial not only to humans, but their quantitative changes are connected to the plant 
reaction to the environmental factors. Generally, an increase in α tocopherol concentration correlates with the plant 
tolerance toward stressor, while its decrease induces oxidant damages (Havaux et al., 2003; Munne-Bosch 2005).  

 
Figure 5. Tocopherols contents in spinach exposed to different UV-B doses 
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Conclusions 
 

The antioxidant properties and antioxidant phytochemical contents in ‘Andromeda’ spinach variety were more 
sensitive to UV-B exposure, compared to ‘Matador’ variety. Although mild UV-B radiation dosage (2-4 kJ m-2 day-1) 
negatively affected the overall antioxidant properties of both spinach varieties, expressed as DPPH free radical 
scavenging activity, UV-B radiation was beneficial for enhancement of selected phytochemical, e.g. anthocyanins 
contents. The highest applied UV-B dosage of 6 kJ had the most pronounced effect on the free radical scavenging 
activity, but this dosage already had negative effect on spinach growth and reduced contents of other investigated 
phytochemicals.  
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Changing Climate Factors Affects Physiological Indices of Pisum sativum L. 
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Lithuanian Research Centre for Agriculture and Forestry 

 
Abstract 

 

 The aim of this study was to investigate the complex impact of CO2, temperature, substrate moisture and UV-B radiation on physiological 
indices of pea (Pisum sativum L. cv. ‘Cud Kelvedonu’). Experiments were performed in growth chamber of controlled environment at the Institute of 
Horticulture, Lithuanian Research Centre for Agriculture and Forestry. Plants grew under ambient (T- 21/14 °C, CO2 – 350 ppm) and elevated 
environmental conditions (T- 25/18 °C, CO2 – 700 ppm) at different combinations of UV-B irradiation (0 kJ; 2 kJ; 4 kJ) and substrate moisture 
(~40%, ~25 %, < 10 %). Analyses were made after 10-days of exposure. Different combinations of investigated factors had a significant influence on 
changes of plant physiological indices. Under ambient and elevated environmental conditions the moisture deficiency and intensified UV-B radiation 
significantly increased photosynthetic pigments (chlorophylls a, b and carotenoids) accumulation in leaves. The moisture deficiency and the most 
intensive UV-B radiation reduced fresh and dry biomass, leaf area and plant height. The intensified UV-B radiation significantly increased the content 
of UV absorbing pigments in Pisum sativum leaves. 
              Keywords: pea, growth indices, chlorophyll, carotenoids, UV absorbing pigments. 

 
Introduction 

 

 Climate change has become one of the most important problems that can cause the whole future of our planet 
and is one of the greatest environmental, social and economic threats. Atmospheric changes, such as increased CO2 
concentration in the atmosphere, drying and warming climate, ozone layer depletion, are accelerating and it is likely 
will continue. The concentration of CO2 in the atmosphere has increased for about 30% during the last 150 year period 
and it is predicted to double within the middle of this century. Subsequently, at this ambient carbon dioxide 
concentration as a result an increase in temperature is also expected (IPCC, 2007).  

Plant physiological processes are directly affected by various environmental factors and this leads to 
morphological and metabolic changes. Atmospheric CO2 enrichment typically increases photosynthesis, biomass, leaf 
area, and less consistently yields in a number of C3 crop species (Ainsworth, Long, 2005; Gou et al., 2010). Exposure 
of elevated CO2 for plants generally leads to increased rates of leaf-level photosynthesis due to enhanced activity of 
ribulose-1.5 bisphosphate carboxylase/oxygenase (Rubisco) (Urbonavičiūtė et al., 2006; Juknys et al., 2011) 

It is estimated that in the future, one of the most important environmental factors limiting plant physiological 
processes will be water deficiency and higher temperature (Sakalauskienė et al., 2009; Ludwing, Asseng, 2010). With 
an increased air temperature respiration intensity rises resulting in a loss of plant power sources (Kirnak et al., 2001; 
Yamaguchi-Shinozaki et al., 2002). However, if the heat stress joins drought, plants are not able to open their stomata, 
and the temperature of their leaves rises (Mittler, 2006; Cieslik et al., 2009). The first and the most sensitive plant 
reaction to the lack of water is turgor reduction and slowdown of growth processes (Nakayama et al., 2007). In addition, 
lack of water and high temperature may stimulate the formation of free radicals and active oxygen derivatives which 
cause diverse harm to plant metabolism processes (Alexieva et al., 2003; Chaves et al., 2009).  

Enhanced UV-B radiation has many effects on plant morphology, physiology and development (Frohnmeyer and 
Staiger, 2003; Raklevičienė et al., 2005). UV-B radiation targets three important features of plant cells: genetic system, 
photosynthesis, and membranes (Sangatarash et al., 2009). The negative effect of UV-B radiation is attenuated in leaves 
by leaf cuticles, by UV-absorbing compounds produced and deposited in leaf epidermal or by antioxidant systems 
(Jenkins, Brown, 2007). Higher flavonoids could act as a protectant against UV-B radiation for plants grown 
(Sangatarash et al., 2009). To understand the effect of multiple changes on plant physiological process in a changed 
climate conditions studies of the responses of factors alone and their combinations are needed (Albert et al., 2011). The 
interaction among the environmental stress factors (CO2, temperature, drought and UV-B) evokes a variety of plant 
responses. Therefore, the interaction among the environmental factors will severely modify the magnitude and direction 
of individual effects of climatic stress factors on plants (Lobell, Asner, 2003). Plant adaptation to adverse environmental 
factors is important to their survival, growth and development. Therefore, currently this issue is one of the most urgent 
and important. 

The aim of our research was to investigate the integrated impact of CO2, temperature, substrate moisture and UV-
B radiation on Pisum sativum L plant physiological indices. 
 

Materials and methods 

 

 Pot experiment was carried out in closed growth chambers of a controlled environment at the Laboratory of 
Plant Physiology, Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry. Pea (Pisum 

sativum L., cv. Cud Kelvedonu) plants (10 plants per pot) grew in pots of 5 l (21 cm diameter). Substrate was prepared 
from neutral acidity (6–6.5 pH) peat (Durpeta, Lithuania) and sand (3 : 1). Until treatment, plants grew in a greenhouse, 
an average temperature was maintained at 16–20ºC, under natural solar radiation. When plants developed till III – IV 
organogenesis stage, pots were transferred to growth chambers where 16 h photoperiod and 21ºC/14ºC day/night 
temperature was maintained, and left for 2 days for adaptation to a new environment. High-pressure sodium lamps 
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(SON-T Agro, Philips) at a PPFD of ~300 µmol m-2 s-1 were used for artificial illumination. Organogenesis stages were 
established according to F. Kuperman (Kуперман et al., 1982).  

After that particular conditions of experiment were maintained (see Experimental scheme). The duration of 
differentiated and complex impact of investigated factors was 10 days. Experiments were performed in 5 replications 
The replications were set according to principle of Latin square.   

Experimental scheme:  

1. Ambient environment conditions: combinations of UV-B irradiation (0 kJ; 2 kJ; 4 kJ) and substrate moisture 
(~40%, ~25 %, < 10 %) under 350 ppm CO2 concentration and 21/14 oC temperature (day/night). 

2. Elevated environment conditions: combinations of UV-B irradiation (0 kJ; 2 kJ; 4 kJ) and substrate moisture 
(~40%, ~25 %, < 10 %) under 700 ppm CO2 concentration and 25/18 oC temperature (day/night).  

UV-B radiation (290-320 nm) was provided by UV-B fluorescent tubes (TL 40W/12 RS UV-B Medical, Philips) 
with its main output at 312 nm. UV radiation was filtered through 0.13 mm cellulose acetate filter paper to avoid 
transmission of wave length below 290 nm. UV-B intensity was measured using radiometer VLX – 3W (Vilber 
Lourmat, France). The average intensity of UV-B tubes in growth chambers (for supplementary UV-B treatment) was 
0.0571 mW cm-2 and 1 kJ m-2 day-1 UV-B dose was applied in 30 min. The desired radiation intensity was obtained by 
adjusting the period of illumination. Pea plants were exposed to different intervals of time: to obtain UV-B light of 2 kJ 
m-2 day-1 plants were exposed for 1 h (11:00 to 12:00); to obtain 4 kJ m-2 day-1 – 2 h (11:00 to 13:00).  

Substrate moisture content was measured with the “Delta-T Devices” soil moisture meter HH2, while plants 
were watered with tap water according to the readings.  

A leaf area, fresh and dry biomass of pea plants were determined at the end of treatment. Five plants were taken 
for all measurements. Leaf area was measured using leaf area meter WinDIAS, Delta-T Devices. Dry weight evaluated 
after drying in drying oven at 105 ºC temperature till constant weight. 

The amount of photosynthetic pigments (chlorophyll a, b and carotenoids) was measured in extract of 100% 
acetone by spectrophotometric Wettstein method (Гавриленко и др., 1975), spectrophotometer „Genesys 6” 
(ThermoSpectronic, USA). 0.2 g of fresh plant tissues was grinded with 0.5 g CaCO3, filtered with cellulose filter and 
diluted till 50 ml with 100% acetone. Spectrum of absorption for chlorophyll a – 662 nm, for chlorophyll b - 644 nm 
and 440.5 nm for carotenoids.   

The amount of UV absorbing pigments was established by the spectrophotometric method (Genesys 6, 
ThermoSpectronic, JAV) according to Mirecki and Theramura (1984) method. 0.2 g of fresh tissue was grind and diluted 
with 10 ml acidic methanol (79/20/1 v/v/v, CH3OH/H2O/HCl). Extraction was carried out for 24 h at 4C temperature. The 
extract was diluted with the same extraxent with ratio 1:15. Limits of absorption specrum  280–400 nm.  

The significance of influence of treated factors was evaluated by dispersal analysis “Anova”, the Fisher’s LSD 
test to trial mean at the confidence level p = 0.05. Estimating the interactions between factors, Student T test and its p 
value was calculated. Data was processed using Statistica 7 software. 
 

Results and discussion 

 

 Plant growth was evaluated under above-mentioned influence of environmental factors. The obtained data 
analysis of variance showed that pea growth depended on CO2, temperature, UV-B radiation and soil moisture (Table 
1). Fresh and dry biomass, plant height was unaffected by (CO * UV) (T *UV), and leaf area by (CO * M) (T * M) 
factors interaction. Other factors showed significant interactions (Table 1.). Moisture deficiency substantially reduced 
growth processes of pea at both ambient (T- 21/14 °C, CO2 – 350 ppm) and elevated (T- 25/18 °C, CO2 –700 ppm) 
environment conditions. The lack of moisture has reduced their dry and fresh biomass, leaf area and plant height (Table 
1.). Literature sources indicate that elevated CO2 partially reduces adverse effects of stress factors on plant growth, but 
elevated temperature eliminates stimulatory effects of CO2 (Amthor, 2001; Führer, 2003). Results of our study showed, 
that Pisum sativum growth indices basically depend on the interaction of investigated factors and their level. In all cases 
pea plants reacted negatively to the lack of moisture. Water deficiency is the main environmental factor limiting the 
growth and development of vegetation (Gou et al., 2010; Ludwing, Asseng, 2010). According to our results, UV-B 
radiation, as well as moisture deficit had a negative effect on pea growth. The growth of pea was the mostly reduced by 
interaction of the highest 4 kJ m-2 day-1 UV-B dosage and normal (~40 %) substrate moisture under ambient 
environment conditions (T- 21/14 °C, CO2 – 350 ppm) (Table 1). It is known that processes of biosynthesis, herewith 
production of free-radical initiated by unfavorable factors occur more intensive when water supply is sufficient (Guidi 
et al., 2011). We demonstrated that, under elevated (T- 25/18 °C, CO2 –700 ppm) environmental conditions growth of 
pea was reduced by interaction of 4 kJ m-2 day-1 UV-B dosage and 10 % of substrate moisture (Table.1). Literature data 
also shows that an increase in yield observed at elevated CO2 (Kimball et al, 2002) were not observed when plants are 
grown in combination with high temperature (Prasad et al., 2003) or increased in UV-B radiation (Teramura et al., 
1990; Qaderi, Reid, 2005). Plants physiological response depends on UV-B radiation strength level, plant species and 
variety (Yao et al., 2006; Juknys et al., 2008). Alexieva et al. (2001) showed that the increase of UV-B radiation 
decreased wheat and pea growth by 12 % and 43 % respectively (Alexieva et al., 2001).  
Our data showed that photosynthetic pigment accumulation in pea leaves depended on effects of investigated factors 
combinations (Table 2).  
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Table 1. Growth  parameters  of  pea  under diferent  environmental  factors. M – substrate moisture, T - temperature, FW – 

fresh weight, DW – dry weight, LA – leaf area, PH – plant height.  Significance levels are indicated by * P < 0.05 and NS (not 

signifficant) represents P > 0.05. Average ±SE, n=5 

Impact of combinations  

FW, g 

 

SW, g 

 

LA,  cm2 

 

PH, cm CO2; T, M; UV-B 

 
 
 

350 ppm; 21/14 °C 
 

 
40 %; 0 kJ 

 
8.19 ± 1.68 

 
0.76 ± 0.15 

 
185.33 ± 28.18 

 
45.10 ± 2.64 

25 %; 0 kJ 7.71 ± 1.05 0.76 ± 0.11 158.99 ± 14.54 48.60 ± 1.42 
<10 %; 0 kJ 4.14 ± 1.10 0.58 ± 0.19 93.75 ± 18.16 30.50 ± 2.09 
40 %; 0 kJ 5.36 ± 0.92 0.54 ± 0.11 112.74 ± 30.60 38.20 ± 1.47 
25 %; 0 kJ 5.98 ± 1.12 0.70 ± 0.08 117.84 ± 19.26 38.60 ± 1.99 

<10 %; 0 kJ 3.57 ± 0.37 0.50 ± 0.05 74.13 ± 8.99 32.30 ± 1.28 
40 %; 0 kJ 2.79 ± 0.82 0.30 ± 0.09 57.04 ± 17.68 26.70 ± 0.08 
25 %; 0 kJ 5.36 ± 0.83 0.59 ± 0.08 90.50 ± 19.51 37.40 ± 1.33 

<10 %; 0 kJ 4.10 ± 0.08 0.57 ± 0.06 65.66 ± 3.56 35.30 ± 0.54 
 
 
 

700 ppm; 25/18 °C 

40 %; 0 kJ 5.04 ± 1.20 0.58 ± 0.15 138.10 ± 30.66 32.90 ± 1.95 
25 %; 0 kJ 3.63 ± 0.35 0.48 ± 0.05 107.24 ± 8.86 32.10 ± 0.63 

<10 %; 0 kJ 1.27 ± 0.27 0.24 ± 0.05 28.74 ± 5.13 13.30 ± 0.45 
40 %; 0 kJ 2.32 ± 0.32 0.31 ± 0.03 37.38 ± 5.80 23.34 ± 0.53 
25 %; 0 kJ 1.70 ± 0.34 0.23 ± 0.04 24.35 ± 5.99 19.36 ± 0.61 

<10 %; 0 kJ 1.22 ± 0.16 0.17 ± 0.03 17.22 ± 2.40 16.08 ± 0.43 
40 %; 0 kJ 2.11 ± 0.42 0.30 ± 0.05 35.09 ± 7.36 22.84 ± 0.43 
25 %; 0 kJ 1.52 ± .24 0.22 ± 0.03 20.19 ± 2.73 15.94 ± 0.29 

<10 %; 0 kJ 1.02 ± 0.18 0.15 ± 0.03 11.38 ± 2.04 10.96 ± 0.30 
Source of variation  

CO2 * * * * 
T * * * * 
M * * * * 
UV-B * * * * 
CO2 x M * * NS * 
CO2 x UV-B NS NS * NS 
T x M * * NS * 
T x UV-B NS NS * * 
M x UV-B * * * NS 
CO2 x M x UV-B NS NS NS * 
T x M x UV-B NS NS NS * 

 
Table 2. Statistical analysis of photosynthetic and UV absorbing pigments in pea under different environmental factors. 

Significance levels are indicated by * P < 0.05 and NS (not signifficant) represents P > 0.05. 
Source of variation chlorophyll  a chlorophyll  b carotenoids UV absorbing pigments 

CO2 * * * NS 
T * * * NS 
M * NS * NS 
UV-B NS * * * 
CO2 x M * NS * NS 
CO2 x UV-B * * NS NS 
T x M * NS * NS 
T x UV-B * * NS NS 
M x UV-B NS NS NS NS 
CO2 x M x UV-B * NS NS NS 
T x M x UV-B * NS NS NS 

 
Chlorophyll a content in pea leaves was influenced by the interaction of following factors: (CO2 x T), (CO2 x 

UV-B), (T x M) and (T x UV-B). Accumulation of chlorophyll b significantly depended on (CO2 x UV-B) and (T x 
UV-B) interaction. Interaction of (CO2 x M) and (T x M) has a significant influence on accumulation of carotenoids 
(Table 2). Under ambient environment conditions, (T- 21/14 °C, CO2 – 350 ppm) accumulation of photosynthetic 
pigments (chlorophyll a, b and carotenoids) in pea leaves increased significantly when plants sustain the lack of water 
(fig.1). Under elevated environment conditions (T- 30/23 °C, CO2 –700 ppm), the accumulation of photosynthetic 
pigments in pea’s leaves depended on impact and interaction of treated factors. The chlorophylls a, b contents increased 
in plant leaves under interaction of 25 % and 40 % substrate moisture and intensified UV-B radiation (fig.1 A, B). Soil 
moisture deficits had a significant effect on carotenoid accumulation in pea leaves (fig.1 C). Photosynthesis is a 
principal physiological process when plants react to the changed environmental conditions. Productivity of plants 
depends upon this process. Photosynthetic activity of the chloroplast is one of the most stress-sensitive physiological 
processes (Wang et al., 2010). Results of this study demonstrate that the content of photosynthetic pigments in Pisum 

sativum was changed after all investigated factors combinations (fig.1). The photosynthetic pigment accumulation was 
stimulated by the lack of moisture and intensifying UV-B radiation (fig.1). In previous studies, UV-B radiation has been 
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shown to increase (Poulson et al., 2006), decrease (Qaderi et al., 2007) or have no effect on chlorophyll content (Cechin 
et al., 2007).  

The negative effect of UV-B radiation is attenuated in leaves by leaf cuticles, by UV-absorbing compounds 
produced and deposited in leaf epidermal cells or hairs (Manetas, 2003) or by antioxidant systems (Jenkins, Brown, 
2007). Besides, UV-B absorbing pigments participate in photoprotection (Poulson et al., 2006). According to our 
results, the variation of UV absorbing pigments depended on UV-B radiation intensity (fig. 2). The amount of UV 
absorbing pigments in pea plants varied under different conditions. At ambient (T- 21/14 °C, CO2 – 350 ppm) and 
elevated environmental conditions (T- 30/23 °C, CO2 –700 ppm), the intensification of UV-B radiation significantly 
increased contents of UV-absorbing pigments in pea leaves. Elevated environment conditions (T- 30/23 °C, CO2 – 700 
ppm) determined more intense accumulation of these pigments in pea leaves. Also, UV-absorbing pigments in pea 
leaves depended on the soil moisture (fig. 2). Increased flavonoids and phenolic compounds under UV-Bradiation have 
also reported by other researchers (Poulson et al., 2006). 
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Figure 1. Photosynthetic pigments variation in pea leaves under different environmental factors.  

A- chlorophyll  a, B - chlorophyll  b, C -  carotenoids. Average ±SE, n=4  
 
 

    
    
Figure 2. UV absorbing pigments variation in pea leaves under different environmental factors.  

A- chlorophyll  a, B - chlorophyll  b, C -  carotenoids. Average ±SE, n=4 
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Conclusions  
 

Under ambient and elevated environmental conditions lack of moisture significantly increased the accumulation 
of photosynthetic pigments in pea’s leaves. Under elevated environment conditions interaction of drought and intense 
UV-B radiation significantly stimulated intensified photosynthetic pigments accumulation in pea’s leaves. 

It was established that due to stressful action of UV-B radiation the amount of UV absorbing pigments increased. 
This increase depended on treated factors level and their interaction. The most intensive accumulation of UV absorbing 
pigments was observed under elevated (T- 25/18 °C, CO2 –700 ppm) environmental conditions and 4 kJ UV-B radiation 
in Pisum stivum plants. 

In the ambient and warmed climatic conditions at drought deficiency and intensifying UV-B radiation influence 
peas’ growth was suppressed, and thus conditioned significant decrease of dry and fresh weight, leaf area and growth. 
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Abstract 
 

In 2009–2011 there was investigated the effect of Asahi SL on crop and chemical composition of some potato cultivars: Denar, Irys, Satina. 
Studies were carried out in field experiment station in the central-eastern part of Polish on the soil of light loamy sand content. The experiment 
was set by the means of randomized sub-blocks in dependent system. The primary factors were: sub-blocks with Asahi SL; control group with 
distilled water. The secondary factors were three potato cultivars. Growth regulator Asahi SL contributed to the increase in the total yield and 
commercial tuber yield by modifying the structure. Asahi SL caused the increase of total and commercial crop of tubers as well as phenolic 
compounds content. The content of starch and vitamin C did not change, and levels of soluble, reductive sugars and sacharose decreased under this 
synthetic growth regulator influence. Among investigated varieties the most prolific was very early cultivar – Denar, the least prolific – middle early 
Satina. The highest levels of starch, soluble and reductive sugars as well as vitamin C was characterized Satina cultivar, the highest concentration of 
sacharose – Irys, and the phenolic compounds – Denar. The reaction of investigated varieties towards Asahi SL application – regarding the soluble, 
reductive sugars, sacharose, vitamin C and phenols – was differentiated . It was found positive interaction of this preparation with the crop and its 
quality. The most prolific cultivar appeared to be Denar, the richest in analyzed compounds – Satina. 

Key words: bioregulator Asahi SL, potato, cultivars, yield, quality 
 

Introduction 
 

The possibilities of increasing the potato crop due to the traditional agrotechnical means are not quite large, 
especially on light soils. Factors allowing to better usage the crop-producing potential of this plant may be the growth 
regulators. Their application makes limitless possibilities of affecting the plants and controls their growth according to 
their needs. These compounds can be activators or inhibitors of plant growth and development processes. Thus, their 
efficiency is very differentiated and it depends on such factors as: kind and concentration of preparation; species and 
cultivar of plant; kind of organ which is applied on; environmental conditions during vegetation period [Sawicka 2003, 
Czeczko, Mikos-Bielak 2004. Maciejewski at al. 2007, Przybysz at al. 2010, Sawicka 2013]. The introduction of 
integrated crop production, including the integrated production of potato after 2014 brings with it the need to use non 
chemical methods of plant protection, especially methods of agrotechnical and breeding. Therefore the withdrawal of 
many chemical preparations selection of adequate plant protection gives the farmer a lot of problems. The new group of 
agents used in the modern technology of field crops occupy biostimulators. Biostimulators influence the course of life 
processes in plants, support the natural defense mechanisms, and indirectly also influence the development of pathogen 
reduction [Bartnicki at al. 2011]. The most commonly used among commercially available biostimulators by Polish 
producers is the preparation of Asahi SL. Asahi SL is a growth regulator that has yet realized had wider application in plant 
production. The active substance of this preparation is a mixture of salt sodium 5-nitroguajakolu and ortho- and para 
nitrophenols. These compounds in low concentrations occur naturally in plants, acting substrates for enzymatic redox 
systems [Stutt, Clark 1990]. In the opinion Czeczko and Mikos-Bielak [2004] these compounds are enhanced the 
exogenously applied plant cell walls, increase the biosynthesis, including polyols which protecting plant cells and enzyme 
systems, increase the resistance of plants to water stress and temperature, mechanical injury and infection disease. Also can 
be increase the rate of adaptation of plants to changing environmental conditions. In addition, play an important role in the 
nitrogen metabolism in the plant cytoplasm, and transport, contributing to increased productivity of the plant. Until now, 
its influence on modification of many physiological processes associated with plant productivity has been reported [Starck, 
Cieśla 1989, Koupil 1996, Panajatov 1997, Vavrina 1998, Sawicka 2003, Przybysz at al. 2010]. Those are good prognostic 
of its potential role and implementation into wide plant crop production. However its influence on chemical yield quality is 
the weakest part in the whole study programme. Thus the purpose of carried studies was the estimation of the effect of 
application of Asahi SL preparation on crop and quality of some cultivars of potato. 
 
Materials and methods 
 

Studies were carried out in field experiment station in the central-eastern part of Polish (E φ = 51o34´, λ = 
23o02´, H = 157 m above sea level) on the soil of light loamy sand content in 2009–2011. The soil was medium 
phosphorus rich and medium potassium rich. The experiment was set by the means of randomized sub-blocks in 
dependent system in 3 repetitions. The primary factors were: sub-blocks with Asahi SL; control group with distilled 
water. The secondary factors were following potato cultivars: Denar, Irys (very early), Satina (middle early). Organic 
and mineral fertilization was constant (25 t manure, N - 100 kg, P - 44 kg, K - 126 kg. ha-1). Tubers were set at elite 
stage at the beginning of April in 62.5 x 40 cm intervals. Asahi SL is biostimulator whose active ingredient was in 
January 2009, registered under the provisions of the EU as SOR (entry in the Annex and Directive 91/414 WEG). Asahi 
SL was applied as foliar spray in recommended doses, at two dates: before bloom and 2 weeks later. Fertilization and 
plant protection treatments were applied uniform throughout the experiment, in accordance with the principles of proper 
agricultural technology. Harvest was made during physiological maturity of tubers. During the harvest the tuber crop 
was estimated and there were taken samples for quality estimation. In fresh mass of tubers there were estimated: starch by 
the polarimetry method; vitamin C by Tillman’s method; reductive sugars and sacharose according to Hagedorn-Jansen 
method; phenolic compounds by Mapson and co. method [AOAC 1984, Krelowska-Kulas 1993]. The statistical computing 
of results was made by variability analysis method. The significance of differences was tested by Tukey’s test. 
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Results and discussion  
 

The total and commercial crop of tubers appeared to be significantly dependent on growth regulator application 
and cultivar property of potato (table 1).  
 
Table 1. The effect of Asahi SL application and cultivar property on total and commercial crop of tubers [t.ha-1] 

Cultivar 
Total crop Commercial crop 

Asahi Control Mean Asahi Control Mean 

Denar 
Irys 
Satina 

48.6 
38.7 
31.7 

39.1 
37.1 
30.9 

43.0 
37.9 
31.3 

35.2 
26.9 
22.8 

29.7 
26.7 
21.0 

32.5 
26.8 
21.9 

Mean 39.1 35.7 37.4 28.3 25.8 27.1 
LSD (0.05) 
between objects 
between cultivars 

  
 

 
2.1 
6.2 

  
 

 
1.0 
5.4 

 

The Asahi SL usage made increased the total crop by 9.5% as well as the commercial crop – by 9.7%. Among 
investigated cultivars Denar was characterized by the highest total and commercial crop, the lowest – Satina (table 1). 
Sawicka [2003] yielding similar results obtained after application Asahi SL in the cultivation early, medium early and 
medium-late cultivars of potatoes. Maciejewski at al. [2007] argues that the potato plants are particularly sensitive to 
drought during the period of setting tubers. Use of Asahi SL have a better bond between tubers in the case of varieties 
characterized by a low number of tubers promotes better alignment especially in varieties involving large quantities of 
tubers. After application of Asahi SL is less big and small tubers, and more commercial tubers. In opinion Przybysz at 
al. [2010] biomass accumulation was greater after biostimulator application mainly due to better photosynthetic 
apparatus efficiency, which was manifested by greater leaf area, higher total chlorophyll content and increased intensity 
of photosynthesis. Effect of Asahi SL on chlorophyll a fluorescence was marginal. Despite of higher transpiration and 
lowered stomatal resistance the RWC was almost unchanged in biostimulator treated plants what was attributed to 
increased water uptake. Obtained results clearly showed that Asahi SL applied on plants can also be effective and 
beneficial when they are grown under optimal conditions. 

The sugars and vitamin C contents are shown in table 2, the vitamin C and phenols – in table 3.  
 
Table 2. The effect of Asahi SL application and cultivar property on starch and sugars contents in % of fresh mass of tubers 

Cultivar 
Starch Soluble  sugars Reductive sugars Sacharose 

A B C A B C A B C A B C 

Denar 
Irys 
Satina 

10.0 
11.2 
15.0 

10.1 
11.1 
14.7 

10.1 
11.2 
14.9 

0.421 
0.506 
0.522 

0.472 
0.550 
0.539 

0.447 
0.528 
0.530 

0.186 
0.194 
0.220 

0.177 
0.219 
0.210 

0.181 
0.206 
0.215 

0.223 
0.296 
0.287 

0.280 
0.315 
0.312 

0.252 
0.305 
0.299 

Mean 12.1 12.0 12.0 0.483 0.520 0.502 0.199 0.202 0.201 0.269 0.302 0.285 
LSD (0.05) 
among objects 
among cultivars 
cooper. AxB 

  
 

 

 
n* 
0.6 
n 

  
 

 
0.011 
0.017 
0.030 

  
 

 
n 

0.009 
0.016 

  
 

 
0.012 
0.180 
0.032 

A - Asahi SL; B - control; C – mean; * insignificant at 0.05 
 

Asahi SL application caused the reducing of soluble, reductive sugars and sacharose contents, and increasing the 
phenolic compounds levels in potato tubers. The increase in concentration of reducing sugars may affect the tuber flesh 
darkening after cooking and their taste, as well as their storage. Unfavorable color change are related to the ability of 
these sugars to the Maillard reaction, which cause non-enzymatic browning. In a studies Czeczko and Mikos-Bielak 
[2004] under the influence of Asahi were increased the content of sum of sugars and reducing sugars and of phenolic 
compounds in the tubers, thus improving their antioxidant properties. Pulkrabek and others [1999] argue that treating 
plants with Asahi increases the number of vascular bundles in the plant. The effect of this growth regulator on vitamin 
C concentration appeared insignificant, however it was observed the tendency towards the alteration its content in 
objects with Asahi SL. In a studies Czeczko and Mikos-Bielak [2004] treatment of plants of stimulator Asahi SL were 
received on significantly reduce the vitamin C content of all vegetables except Alium cepa. The direction of changes of 
vitamin C, may explain the mechanism of action of Asahi SL on its concentration in plants. Asahi probably inhibits its 
transport to the generative organs, and not the actual biosynthesis in vegetative parts. 

The highest levels of starch, soluble, reductive sugars and vitamin C in fresh mass of tubers were found in mean 
early cultivar – Satina. The highest level of sacharose was in Irys, and the phenolic compounds - in Denar (table 2, 3). In 
Harasimowicz-Herman [2007] opinion, such positive effect of Asahi resulted from the fact that the agents components 
influence the cytoplasm dilution and activate so-called cation gates, which makes the molecule movements faster in a 
cell, and which effectively accelerates the electron transport during photosynthesis and improves the flow assimilates 
from leaves to tubers. Moreover, due to specific regulating the calcium concentration in plant cells, in it accelerates the 
cytoplasm flow by about 15%, which is expressed by faster protein, enzymes, sugars, and lipids synthesis within the 
plant. More effective transport of molecules within the cell involves faster plant’s reaction to stress conditions. 
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Table 3. The effect of Asahi SL application and cultivar property on vitamin C and phenols in mg% of tuber fresh mass 

Cultivar 
Vitamin C Phenols 

Asahi SL Control Mean Asahi SL Control Mean 

Denar 
Irys 
Satina 

27.28 
27.51 
27.50 

27.30 
27.06 
27.31 

27.29 
27.28 
27.41 

42.7 
25.0 
36.9 

43.3 
24.1 
18.1 

43.0 
24.6 
27.5 

Mean 27.43 27.22 27.33 34.8 28.5 31.7 
LSD (0.05) 
between objects 
between cultivars 
cooper. AxB 

   
n* 
n* 

0.23 

  
 

 
1.7 
2.5 
4.4 

* insignificant at 0.05 
 

The contents of soluble and reductive sugars as well as sacharose, vitamin C and phenols appeared to be 
dependent on the reaction of cultivars towards the Asahi SL application. 

Among investigated varieties Denar and Irys acted by the lowering the soluble sugars content; Irys – by the drop 
of reductive sugars concentration; Denar and Satina – by the decrease of sacharose level. The change of phenolic 
compounds under the influence of this growth regulator was only present in Satina cultivar. Panajatov [1997], Czeczko 
and Mikos-Bielak [2004], Sawicka and Mikos-Bielak [2008] argue that Asahi SL stimulates accumulation in the cells of 
polyphenols that protect cells and their enzyme systems from damage and allows for quick response and adaptation of 
plants to changing environmental conditions. Better flow of molecules in a cell means faster response of plants to stress 
conditions. 
 
Conclusions 
 

Growth regulator Asahi SL contributed to the increase in the total yield and commercial tuber yield by 
modifying the structure. Its effect is particularly valuable in situations where the plants are exposed to stress conditions 
of heat and moisture. 

Asahi SL caused the increase of total and commercial crop of tubers as well as phenolic compounds content.  
The content of starch and vitamin C did not change, and levels of soluble, reductive sugars and sacharose 

decreased under this synthetic growth regulator influence. 
Among investigated varieties the most prolific was very early cultivar – Denar, the least prolific – mean early 

Satina. The highest levels of starch, soluble and reductive sugars as well as vitamin C was characterized Satina cultivar, 
the highest concentration of sacharose – Irys, and the phenolic compounds – Denar. 

The reaction of investigated varieties towards Asahi SL application – regarding the soluble, reductive sugars, 
sacharose, vitamin C and phenols – was differentiated. 
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Abstract 

 

We report on the application of 638-nm light-emitting diode (LED) treatment on three baby leaf lettuce (Lactuca sativa L., red leaf ‘Multired 
2’ ‘Multired 4’ ‘Solvano’) varieties grown in closed controlled environment chambers. Day/night air temperature was maintained at 21ºC/17°C. Red 
638 nm LED light was used for lettuce illumination with photosynthetic photon flux density (PPFD) of 150-160 µmol m-2 s-1. The effect of 18 and 24 
h photoperiod was compared. Reference plants were grown under high pressure sodium lamp (HPS) illumination at the same light level and 
photoperiods. After harvesting, free-radical scavenging activity and the contents of phenolic compounds, ascorbic acid, alpha tocopherol and nitrates 
were evaluated.  

It was determinded, that red LED light and 24 h photoperiod effect for nitrate and antioxidant contents in red baby leaf lettuce is variety – 
dependant and proper lighting strategies should be selected seeking to cultivate lettuce with optimal nutritional properties. Red LED light and 
continuous illumination was beneficial for antioxidant and nitrate contents in ‘Solvano’ baby leaf lettuce. Light spectra and photoperiod are suitable 
tools seeking to create mild photostress for plants with the aim to enhance the contents of antioxidant phytochemicals.  

Keywords: Ascorbic acid, DPPH, nitrates, phenols, tocopherol.  
 

Introduction  

 

The increased demand of fresh vegetables associated with health benefits has led to an increase in the quality, 
quantity and variety of produce available to the consumer. Various approaches, involving environmental, cultural and 
management practices, have been used to enhance the quality of lettuce, specifically in the areas of phytochemical 
contents and health-promoting attributes (Kleinhenzet al., 2003). Among various environmental factors, light is one of 
the most important variables affecting phytochemical concentrations in plants (Perez-Balibrea et al., 2008). A promising 
electric light source for controlled-environment plant growth are light-emitting diodes (LEDs), that is solid-state, 
durable, light weight, extremely long-lived, and comes in selectable narrow-waveband emissions that can be matched to 
the absorption spectra of plant pigments (Goins et al, 1997; Kim et al, 2005; Michell et al., 2012). The solid-state 
lighting technology, based on LEDs expanded the possibilities to analyze the effects of lighting parameters on 
physiological processes occurring in plants (Samuolienė et al., 2011a). Light intensity and quality are important factors 
for vegetable growth and development;. moreover, light parameters mediate the metabolic processes in plants that 
determine the indices of nutritional quality (Li, Kubota, 2009).  

Red light is the main energy for photosynthesis. It also important for photosynthetic apparatus development, 
regulate translocation of photosynthates out of leaves (Saebo et al., 1995); activates photoreceptors phytohromes. Red 
light usually is the basal component in plant lighting spectra and sole red light is sufficient for normal green leafy 
vegetable growth and photosynthesis (Mizuno et al., 2011). The red light effect on nitrate reductase activity is also 
important, as low nitrate content is an important nutritional quality factor of green vegetables. Nitrate reduction 
processes were found to be regulated through photoreceptor phytochrome (Duke, Duke, 2006). Higher photosynthetic 
photon flux density of red light also might act as photostressor for plants and evoke photooxidative changes that lead to 
the increased contents and activity of antioxidant protecting compounds: phenols, ascorbate, carotenoids or tocopherols. 
Moreover, individual antioxidant compounds acting in combination with other antioxidants results in enhanced 
antioxidant capacity due to synergistic or antagonistic effects (Niki, Noguchi, 2000).  

There are some data about the improvement of antioxidant activity in baby leaf lettuce, invoked by light-emitting 
diodes lighting both in closed environment chambers (Li and Kubota 2009) and in greenhouse (Samuolienė et. al., 
2011b; Samuolienė et al., 2012a). However, the obtained controversial results suggest for further investigations seeking 
to evaluate the impact of other environmental factors, like temperature, photoperiod, background lighting parameters as 
well as to evaluate the response of different lettuce varieties.  

The objective of this study was to evaluate the effect of red LED light and photoperiod on a range of antioxidant 
characteristics important for the quality of different baby leaf lettuce varieties.  

 

Materials and methods 

 

Growth conditions and plant material 

The experiments were performed under controlled environmental conditions. Three red baby leaf lettuce 
(Lactuca sativa L.) varieties: ‘Multired 2’, ‘Multired 4’, ‘Solvano’ were sown in 120 ml vessels (3seeds per vessel) in 
peat substrate (pH 5.5-6.5). The amount of nutrients (mg l-1) in substrate was as follows: N 6080, P 30, K 140180, Ca 
200300, Mg 4060. Vessels were equally distributed to act as four experimental replications for each lighting 
treatment. The seeds were germinated until the plants developed first true leaf in day/night temperature 24ºC/19°C, 
under high-pressure sodium lamps (HPS) (“SONT-T Agro”, “Philips”, USA). After germination plants were exposed to 
either HPS lamps (reference), or a solid-state illumination (treatment). The solid-state lluminator contained high-power 
(3 W) red AlGaInP LEDs (LUXEON_ III Star, Model LXHLLD3C; Philips Lumileds Lighting Company, San Jose, 
CA) with the peak wavelength of 638 nm. Photosynthetic photon flux density and air temperature (day/night) were 
maintained at 150-160 µmol m-2 s-1 and 21ºC/17°C. The effect of 18 and 24 h photoperiods was compared.  



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

238 

After harvesting (22 days after germination) the contents of total phenols, ascorbic acid, α tocopherol, nitrates 
and free-radical scavenging activity were evaluated. Conjugated biological samples of green matter of 5 randomly 
selected plants were used for each analysis. Three analytical replications of all samples were performed for each 
treatment. All data are expressed on a fresh weight basis. 

Determination of ascorbic acid. Ascorbic acid content was evaluated using a spectrophotometric method (Janghel  

et al. 2003). Genesys 6 spectrophotometer was used for the analysis (Thermospectronic,USA). The colored radical ion 
was measured at 600 nm against the radical blank. 

Determination of total phenolic compounds: The total content of phenolic compounds was determined in 
methanol extracts of lettuce using a calorimetric method (Ragaee et al. 2006). The absorbance was measured at 765 nm 
with Genesys 6 spectrophotometer (Thermospectronic, USA) against water as a blank. Gallic acid was used as a 
standard; the contents of total phenolics were expressed using calibration method.  

DPPH radical-scavenging activity: The antioxidant activity of methanolic extracts of the investigated lettuce 
was evaluated spectrophotometrically as the 2,2–diphenyl–1–picrylhydrazyl (DPPH) free radical scavenging capacity 
(Ragaee et al. 2006). A Genesys 6 spectrophotometer was used for the analysis (Thermospectronic, USA). The 
absorbance scanned at 16 min at 515 nm was used for the calculation of the ability to scavenge DPPH free radicals 
(μmol g-1). 

Nitrate concentration was measured by a potentiometric method using an ion meter (Oakton, USA) with a 
nitrate-selective electrode (Cole-Parmer, USA). Samples were prepared with 40 g fresh tissues per sample that was 
dried at 105°C for 24 h and ground. The ionic strength adjustor (ISA) contained 0.02 M Al2(SO4)3, 0.01 M Ag2SO4 and 
0.02 M H3BO3. The weighed dry sample was diluted with water-ISA solution (50/50% v/v) and extracted in ultrasonic 
bath for 10 min. All measurements were performed after the sensor signal had been stabilized for 3 min. 

Determination of tocopherol: Alpha tocopherol content was evaluated according to Fernandez-Orozco et al. 
(2003 ) using high performance liquid chromatography (HPLC) on Pinacle II silica column, 5 μm particle size, 150 mm 
x 4.6 mm (Restek, USA). The HPLC 10A system, equipped with RF-10A fluorescence detector (Shimadzu, Japan) was 
used for analysis. Peak was detected using an excitation wavelength of 295 nm and emission wavelength of 330 nm. 
The mobile phase was 0.5% isopropanol in hexane, flow rate 1 ml min -1. 

Data analysis was processed using one-way analysis of variance Anova, the Fisher’s LSD test to trial mean at 
the confidence level p ≤ 0.05. Data was processed using MS Excel software (version 7.0). 

 
Results and discussion 

 

Plants typically respond to environmental stresses by inducing antioxidants as a defense mechanism. As a 
number of these are also phytochemicals with health-promoting qualities in the human diet, mild environmental stresses 
might be used to enhance the phytochemical content of lettuce with little or no adverse effect on its growth or yield (Oh 
et al., 2009a). Activation of secondary metabolism is an integral part of plant adaptation to the fluctuations of normal 
growing conditions and plants typically produce a diverse group of antioxidants as a protective mechanism against 
various stresses (Oh et al., 2009b). However, phytochemical composition and nutrient quality, as well as sensitivity to 
the changes in environmental conditions depends on the variety of lettuce (Mou, 2009). In our experiments, different 
red-leaf baby leaf lettuce varieties possessed both different levels of antioxidant compounds and differential reaction to 
lighting conditions (Table 1). 18 h lighting photoperiod was more favorable for the accumulated contents of antioxidant 
compounds in ‘Multired 2’ and ‘Multired 4’ baby leaf lettuce leaves, irrespectively from the lighting source. ‘Solvano’ 
baby leaf lettuce was more resistant and showed no significant negative response to continuous irradiation, DPPH free 
radical activity, on the contrary, was determined significantly higher after 24 h photoperiod exposure. However, this 
variety displays no exceptional differences of the investigated antioxidant compound levels compared to ‘Multired 2’ 
and ‘Multired 4’.  

Lettuce, cultivated under monochromatic red LED lighting, possessed lower antioxidant properties as compared 
to high pressure sodium illumination in both applied photoperiods; however the reaction of lettuce of ‘Solvano’ variety 
to the differential HPS and LED illumination spectra was smoother. In ‘Multired 2’ and ‘Multired 4’ lettuce Lower 
DPPH free radical scavenging activity under red LED lighting correlated with lower contents of investigated 
antioxidants – phenolic compounds, ascorbic acid and alpha tocopherol. When in ‘Solvano’ lettuce some kind of 
compensatory changes in the contents of individual antioxidants occurred.  

In general, the extended photoperiod of LED lighting had more positive effect on the antioxidant properties of 
red-leaf baby leaf lettuce. In lettuce, cultivated under 24 h photoperiod, DPPH free radical scavenging activity was 
found to be 1,9, 1,7 and 1,3 times higher (in ‘Multired2’, ‘Multired 4’ and ‘Solvano’ lettuce respectively) as compared 
to 18 h photoperiod LED treatment. This increase in antioxidant capacity corresponds to increased ascorbic acid and 
alpha tocoperol contents in 24 h LED illuminated lettuces. This trend was not observed in HPS illuminated lettuces.  

Analyzing nitrate contents in lettuce, the variety, lighting type and photoperiod effects are also controversial. 
LED lighting was beneficial both in 18 and 24 h photoperiod only in ‘Multired 4’ lettuce. Continuous lighting resulted 
in increased nitrated contents in ‘Multired 2’ and ‘Multired 4’ lettuce, when in ‘Solvano’ lettuce cultivated under 24 h 
LED photoperiod nitrate contents were determined about 5 times lower as compared to 18 h LED photoperiod.  
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Table 1. Variation of nitrate content and antioxidant parameters in baby leaf lettuce lettuce after 18 and 24 hour photoperiod 

exposure 

Photoperiod Variety Lighting 
DPPH, 

µmol g-1 

Total phenols, 

mg g-1 

Ascorbic acid, 

mg g-1 

Alpha 

tocopherol 

µg g-1 

Nitrates 

mg kg-1 

  HPS 8.38* 0.81* 1.49* 0.61* 11678 
 Multired 2 LED 1.87* 0.34* 0.21* 0.23* 13181 

  LSD 0.05 0.40 0.02 0.02 0.04 1417 
  HPS 8.91* 0.81* 2.63* 0.59* 7848* 

18 h Multired 4 LED 3.99* 0.44* 0.32* 0.40* 6311* 
  LSD 0.05 0.30 0.05 0.04 0.02 561 
  HPS 8.50 0.74 0.70* 0.94* 21011 

 Solvano LED 8.35 0.76 0.24* 3.54* 18792 
  LSD 0.05 0.66 0.02 0.03 0.22 1252 
  HPS 7.04 * 0.39* 1.04 0.98* 23947 

 Multired 2 LED 3.62* 0.21* 1.38 0.70* 26589 
  LSD 0.05 0.17 0.03 0.25 0.04 2558 
  HPS 8.25* 0.43 1.39* 1.04* 18564 

24 h Multired 4 LED 6.81 * 0.39 0.62* 0.59* 16402 
  LSD 0.05 0.32 0.04 0.34 0.02 1696 
  HPS 10.63* 1.11* 0.26 0.95* 2823 

 Solvano LED 10.72* 0.53* 0.32 0.70* 3854 
  LSD 0.05 0.03 0.02 0.04 0.05 687 

*values are signifficantly (p≤0.05) different from the treatment average.  
 

The presumption was made, that red LED light, being the appropriate light spectral component for lettuce 
growth will also act as mild photostressor and will evoke the antioxidant protective metabolic changes in baby leaf 
lettuce, thus enhancing the contents of antioxidant compounds and reducing nitrate contents. The short-term preharvest 
LED light effects, when red light applied alone (Samuolienė et al., 2009a) or in combination with blue light (Wanlai et 
al., 2013) were found to be efficient reducing nitrate contents in multi-leaf lettuce. Moreover, supplemental LED red 
light, applied together with HPS and natural illumination in greenhouse (Samuolienė et al 2012b) had more pronounced 
positive effect on lettuce antioxidant phytochemical contents and nitrates (Samuolienė et al., 2011b) due to mitigating 
effect of broad-spectrum background lighting. These nitrate reduction effects under red LED light were presumed to be 
associated to the accelerated senescence in lettuce under red light exposure (Samuolienė et al., 2009b). It was reported, 
that red-leaf and green leaf lettuce possessed differential responses to red LED light (Žukauskas et al., 2011; 
Samuolienė et al., 2011b). However, according to our results, the light effects are remarkably different within three 
different red-leaf lettuce varieties. Red LED light, applied the whole growth cycle for baby leaf lettuce illumination was 
expedient only for ‘Solvano’ lettuce.  

Continuous illumination under 24 h photoperiod was expected also to be beneficial for nitrate reduction. 
However, according to our results, the expected effect occurred only in ‘Solvano’ lettuce, cultivated under red LED 
light. However, Duke and Duke (2006) propose, that nitrate reductase activity is affected by the equilibrium of 
biologically active and inactive phytochrome and through another unidentified blue light photoreceptor. Lillo and 
Appenroth (2001) also proposed that the nitrate reductase molecule possess FAD prosthetic group that absorbs blue 
light. Thus, the lack of blue light in sole red LED light treatments might be critical for normal nitrate metabolism.  

In summary, the red LED light and 24 h photoperiod effect for nitrate and antioxidant contents red baby leaf 
lettuce is variety – dependant and proper lighting strategies should be selected seeking to cultivate lettuce with optimal 
contents of phytochemical compounds. However, light spectra and photoperiod are suitable tools seeking to create mild 
photo stress for plants with the aim to enhance the contents of antioxidant phytochemicals.  
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Abstract 

 
The scanning electron microscopy (SEM) technique is applied in various biological sciences. This technique allows observing the surface of 

probes, but is not popular in gastrointestinal examination, due to technical difficulties. At present research SEM is employed to evaluate the 
gastrointestinal tract surface in three dimensions. SEM analyses unveiled a number of changes in small intestine mucosa during first month of life. 
Modification of small intestine parts: duodenum, jejunum and ileum were analyzed in SEM. The changes in gut during postnatal period manifested in 
villi density, size and shape. SEM gives a new scope to examination of intestinal mucosa postnatal changes. 
 
Introduction 

 
The postnatal gut changes are induced by milk nutrients and bioactive substances present in colostrum and milk. 

The epidermal growth factor, insulin-like growth factor I and II, insulin, glucagon like peptide, leptine and transforming 
growth factor are factors that stimulate gastrointestinal maturation (Xu at al, 2000;Guilloteau at al, 2002, Burrin at al, 
2001, Woliński at al., 2003). The gastrointestinal tract of pigs in early postnatal period, particularly gut is also 
vulnerable to different factors (stress, bacteria, improper food) in the postnatal period and after weaning. Those factors 
are able to perturb the tissue growth and maturation (Guilloteau at al, 2000, Le Dividich at al, 2000). In early postnatal 
period mentioned milk nutrients and bioactive substances are crucial for genuine development. After weaning, the 
gastrointestinal tract environment changes due to solid food, mainly plant origin, presented in piglets diet. In response 
to weaning the gastrointestinal tract undergoes changes in structure and function in intestine mucosa, if animals poorly 
adapt to weaning they shows poor growth, diarrhea or die. (Zabielski, 1998; Simmen at al, 1990; Wiese at al, 2003).The 
changes in the structure of small intestine are increased or decreased e.g. vilus size. SEM technique allowes to evaluate 
the changes occurring during postnatal period development. The majority of studies on the intestinal development are 
done with classical light microscopy or confocal microscopy. Those microscopes give two-dimensional images. The use 
of scanning electron microscopy enables to observe the changes in the surface of the intestine in three dimensions in a 
wide range of scale. SEM also enables observation range from bigger structure (e.g. folds, magnification 10x) till 
smallest structure (e.g. microvilli, magnification 50 000x). This technique is not commonly used in gut examination, 
mostly due to numerous difficulties with preparation of fragile mucosa tissue (Xu at al, 1996). 

 
Materials and methods 

 
The study held 15 piglets (n=3) (polish landrace/Pietrain). The piglets were born on time, housed in standard 

farming conditions. Experiments were based on piglets kept with their sows from birth to 38 th of life (piglets were 
weaned on day 28) received commercial pre-starter, starter solid food ad libitum. We studied the changes appeared in 
mucosa architecture during postnatal period: birth day (0 d, unsuckling neonates), 3rd, 7th, 14th and 21st days of life. The 
tissue samples were taken from duodenum, jejunum (proximal, middle and distal) and ileum for scanning electron 
microscopy. For scanning, 5 cm gut segments were collected from the duodenum 5cm distal from the pylorus, jejunum 
(proximal – 25%, mid – 50% and distal – 75% of the jejunum length) and ileum 5 cm proximal to the ileo-cecal valve. 
For SEM, the gut segments were 5 times rinsed with 0,9% NaCl, cut into square shaped fragments, washed and fixed 
(24 hours) in 5% buffered formaldehyde. After fixation, the samples were washed in saline solution and dehydrated in a 
series of alcohols (20, 30, 50, 70, 80, 90, 96% and absolute ethanol); drayed in CPD (CPD7501, Polaron Range) and 
sputter coated (SC 7620,Polaron Range) with Au/Pd layer. The samples were examined under LEO 1430 VP SEM. The 
numerical data was expressed as their means and standard errors of mean (SEM). One-way Anova and Kruskal-Walis 
tests were used to indicate the statistical differences between the groups. Analysis of the linear trend was carried out. 
The repeated comparison was carried out with the Dunnett T3 test. In all statistical analysis P<0,05 was taken as level 
of significance. 

 

Results 

 
Duodenum 
 

At birth and on day 3 after birth the surface of duodenum, mucosa were folded and covered by villi of regular 
shape and size. The surface of villi were rich in transversal incisions. The brush borders were well developed. The 
extrusion zones showed little activity. On day 7 after birth architecture of villi was similar to observed in earlier days, 
but furrows were less numerous. SEM micrographs of duodenal villi on day 14 and 21 after birth were regular in shape, 
but reduction in the number of transversal furrows was observed. (Ryc1 ). 
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Figure 1. The surface of duodenum in the birth day (a), 3(b), 7(c), 14(d) and 21 (e, f) of life. On birth day numerous 

transversal furrows are presented on villi body (b, c, d ,e ,f). The furrows vanished with age. The white arrows on a and b 

micrographs pointed the rest of mucus. The smaller micrographs (a): white arrows pointed transverse furrows, the black 

arrow pointed crypts 

 
Jejunum 
 

At birth, villi were thin, finger-like in shape. There were numerous transversal furrows on villi body. Only a few 
shedding enterocytes were present on villi top. On day 7 after birth, the shape of villi become flat and tongue-like. 
There were transversal furrows on villi body. On day 21 after birth, the shape of most of jejunal villi were tong-like 
(Fig. 2). 

 
Ileum 
At birth villi covering ileum mucosa were various in size, most of them were flat or finger-like in shape. On day 

3, villi still flat, but part of them were partly divided. Villi surface was smooth with not numerous transversal furrows 
on their surface. On 21 day of life ileal villi were different in shape and size. 
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Figure 2. The surface of jejunum on birth day (a), 3(b), 7(c), 14(d) and 21 (e, f) of life. Smaller micrographs showed villi parts. 

The white arrows pointed transverse furrows (a). The white arrows on d micrographs pointed extruded cells 

 
Discussion 
 

Scanning electron microscopy technique was used to observe mucosa structure in three segments of small 
intestine: duodenum, jejunum and ileum in the postnatal period. The technique allowed to examine numerous 
interesting details in mucosa structure: shape, furrows and extrusion zones of villi. This tree-dimensional technique 
allowed to evaluate the details of apical membrane structure of epithelial cells. SEM allowed to observe structures 
which are usually indistinguishable when analyzed with other microscopes (Wiese at al, 2003). Light microscope gives 
two dimensional images of gut section and allows to measure the size of structures: villi or crypts (histometry analysis). 
Cross-section based measurements (light microscopy) does not truly show the actual tissue condition. During 
preparation, the tissue undergoes changes impacting their size and sometimes shape. Cross section based methods 
unveiled this type of changes. SEM allows to observe the shape and size of villi. Analyzing extrusion zone of villi, 
calculating the the number of epithelial cells per unit, evaluation of cell type and their location on the villi are possible 
to be observed under SEM. The essential feature of SEM is its resolution capability, 10-20 nm., higher than in light 
microscopy. The higher resolution, the more detailed observation of the epithelial cell structure is possible. SEM with 
three-dimensional observation is useful in making new findings. Additionally, common use of different analyzing 
methods helps to avoid artifacts.  

 
Conclusion 
 

Scanning electron microscopy technique is powerful technique which supports other microscopy techniques in 
analyzing gastrointestinal tracts structures or works also as independent tool for discovering new changes occurring 
during postnatal period. SEM observation has contributed to better understanding of the physiology of gut development 
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in neonatal piglets. SEM technique gives possibility to evaluate distribution, location, density and villi shape. 
Recognition of epithelial cells shape and number are possible due to high-power magnification. 
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Abstract 

 

It is well established that game is nutritionally and physiologically valuable meat. It contains small amount (less than 4 %) of fat and 
connective tissue. Meat of wild animals, hunted and done properly, is healthier and more valuable than that of domestic animals. However, the quality 
of the game depends on many factors including the state of animal health before it was shot down, the shoot area, and how the hygiene rules of 
skinning and evisceration were followed. 

The article focuses on the use of lead shot pellets in European hares (Lepus europaeus Pallas) hunting. 22 European hares, that were shot 
down over the period 2009-2012, in Vilkaviskis and Marijampole districts were examined at ASU Game management laboratory. The research 
revealed that meat of a hunted European hare was frequently in poor condition. During skinning, eviscerating, portioning of hares the haematomas 
and hardly noticeable pieces of lead shot pellets could be found all over the body. 23 % of the examined bodies had multiple injures on shoulder-
blades, guts, thighs. When the cases of multiple injuries occured the waste of edible hare meat made about 69 %. Often lesions in the valuable 
muscles (loin and thigh) were substantial. 

Kay words: European Hares (Lepus europaeus), lead shot pellets, damages, meat yield 

 

Introduction 

 
Compared to livestock meat, the consumption of game meat is not of large proportions; however, every day its 

significance escalates. In Western European countries hunters own small game meat processing facilities and sell the 
game processed there. According to the foodstuff hygiene regulations of the European Union, prior to selling the game 
meat in the market, it must be checked by veterinary institutions, skinned, eviscerated, divided into portions and packed 
hygienically (Reg. (EC) 852/2004; EC, 2004a). 

There are no tradition of selling game animals in Lithuania. The hunting clubs and communities rarely sell game meat 
to processing facilities due to the prevailing low prices. Most of the game meat is consumed by the hunters themselves. The 
said rules are not applied as strictly to local personal use of game meat. 

Game meat is foodstuff of high nutritional and physiological value containing low amount of fats (up to 4 %) 
and connective tissue. If properly hunted and prepared, game meat is much healthier than livestock meat. Yet, the high 
quality of game largely depends on many distinct factors, such as the health condition of the animal prior to the kill, the 
shot placement, skinning and conforming to the hygiene rules for handling game meat. 

Even though scientific studies (Pėtelis, Brazaitis; 2009) revealed that the population of the European hares in 
Lithuania was diminishing; an average of 4.5 thousand hares was hunted down during the latter 5 years in our country 
(data of the Ministry of Environment, 2011).  

Hare meet is solid and dry dark red meat with a specific taste inherent only to this species. The meat of leverets 
younger than 8 months old is richer in color and of better quality while the meat of older hares tends to be darker. The 
yield of edible meat of an old hare compared to the entire body mass can reach 66.54 % in average. The chemical 
composition of hare meat is as follows: water 75.34%, protein 23.19 %, fat 1.12 %, and minerals 1.16 % (Škrivanko et al., 
2008). 

In comparison to other game animals, the hare meat is valuable due to its unsaturated fatty acids (up to 65.5). More 
importantly, as many as 22.9 % of these acids are comprised of the Omega-3 fatty acids.  

Unsaturated fatty acids, especially Omega-3, are the most valuable constituents of fats because of their proven 
positive impact on the cardiovascular system and strengthening effect on the sight and memory. As these substances are 
not synthesized by the human body, it is necessary to receive them with food. 

As the popularity of game meat among consumers grows, so does the importance of the scientific researches 
announcing the information on the microbiological contamination of game meat and the related gaming practice and 
compliance with the hygiene rules for handling game meat (Coburn et al., 2005; Anonymous, 2009). According to such 
researches, violations of the hygiene rules and, subsequently, microbiologically contaminated meat may be hazardous to 
the health of consumers. 

The studies revealed that, e.g., according to the microbiological indicators, as many as 61.97% of the samples of 
the European hare meat from game hunted in Croatia (during winter and spring seasons) failed to comply with the 
hygiene standards for foodstuff valid in the said country. 26.76% of the samples exceeded the allowed count of aerobic 
mesophilic bacteria. Also, 2.82% of the samples contained the highly dangerous Staphylococcus aureus bacteria. More 
than half of the hare meat samples (52.11%) were judged to be of unsatisfactory quality due to the presiding numbers of 
Enterobacteriaceae. 23.94% of the samples (muscle and kidney) contained toxins and heavy metals, i.e. lead, cadmium, 
and mercury (Škrivanko et al., 2008). 

It is imperative to take note of the use of lead shot pellets when hunting small game. Most often, lead pellets of 
3.5 mm in diameter or slightly larger are used for hare hunting. The ideal situation is when the hare is killed by a head 
shot or a shot to its front body area, and the pellet fragments do not spread deeply into the tissues. However, in case of 
small-sized animals, aiming becomes complicated and the shots are rooted deeply in the body tissues. The amount of 
undamaged and edible game meat is either very low or rendered absolutely unsuitable for consumption. Such meat is 
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contaminated with both lead which is a toxic material, and microbiological contaminants (Johansen et al., 2009; Tsuji et 
al., 2009). This phenomenon occurs rather often and it is a bad hunting practice.  

According to the data of the earlier performed researches by Swiss scientists, the hypothesis that the hunters who 
often eat the meat of game killed with lead shots are attributed to the high level health risk group, and their blood 
harbors an increased amount of lead, has not been affirmed (Haldimann et al, 2002).  

However, based on the data of the most recent studies and according to the joint report of the British and Spanish 
scientists published on June 6, 2010 (Science Daily), the consumption of meat of the game hunted down with lead 
bullets may be hazardous for one’s health, especially that of children or consumers whose ration is largely comprised of 
such type of game meat. The tests carried out by employing the atomic absorption spectroscopy show that the lead 
concentration of 20-87.5% of the game meat samples exceeds the maximum limit permitted by the EU. Based on this 
information, one should note that the lead shot pellets used in game hunting can be defined as a much more serious 
source of game meat contamination than it has been thought previously.  

The use of lead pellets has already been prohibited in several countries (Denmark and Sweden) and suggestions 
are given to replace the lead with non-toxic metals, e.g. copper (Cu) (Avery et al.; Knott et al., 2009; Tsuji et al., 2009). 

The scientists and experts emphasize that good game practice means correct aiming to the head or front body area 
of the hare by firing at a “not too far and not too close” range (Sternath, 2006). Dividing the catch into skillfully and 
unskillfully hunted game is considered a good game practice as well. Skillfully hunted game is the game killed by a fatal 
shot. Unskillfully hunted game is the game with a multitude of bodily wounds, gunshot wounds at viscera and bodies 
contaminated by faeces (Atanassova et al., 2008). 

The goal of the study is to determine the influence of the damage injured by shot pellets on the meat yield of the 
European hare (Lepus europaeus Pallas). 
 
Methods 

 
The researches were carried out in the Game Management Laboratory of the Faculty of Forestry and Ecology of 

Aleksandras Stulginskis University. 
The research object is the European hares (n= 22) hunted during the winter seasons (from November till January) 

of 2010/2011 and 2011/2012 during the practice hunts. The hares were hunted with beaters and by herding them while 
hunters moved in a circle. 

After the game the hares were weighted, dissected and grouped according to the wound location (G (head), P 
(front body area, shoulder-blade), V (viscera), U (rear body area, haunch) and quantity (Fig. 1). 
 

 
Figure 1. Scheme of investigation on pellet injuries on European hare 
 

Next, the pieces of meat that were undamaged and damaged by the shots were weighted and the meat mass waste (%) 
was calculated. 

The results were processed by employing methods of descriptive statistics and dispersion analysis using the Data 
Analysis add-in for Excel. 
 

Results and discussion 

 

The performed researches showed how the shot pellet wounds influenced the yield of edible hare meat.  
Seven out of the 22 hunted European hares were males and the remaining ones were females. The hares 

weighted 4.22 (±0.19) kg in average. The average weight of the females was 4.26 ((±0.28) kg, and that of the males - 
4.12 (±0.5) kg.  

After skinning the hare, they were dissected. Following the weighing of the dissected hare body, the shot 
placements and wounds were determined. The research data are provided in Fig. 2. 

The 22 hunted European hares were studied and it was determined that only 2 (14%) of them were killed by a 
headshot (G). According to the researches, the European hares were killed most often (44 %) by shots to the front body 
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area (P). As many as 23% of the hunted hares had multiple gunshot wounds in several body areas, i.e. the front (P), 
middle (V) and rear (U) or all the body areas at the same time (Fig. 2). 

G (head)

14%

P (frontal part)

44%

Multiple

23%

U (rear part)

5%

VU (middle, rear)

9%

PV (frontal, 

midlle)

5%  
Figure 2. The distribution of damages according to injures areas on European hare(n=22) 

 
The weight of the dissected hare was counted after deducting the weight of fur, head, and feet, and the weight of 

the blood, intestines and their content, heart, lungs, liver and kidney removed during the enviscerating process. After 
weighing the dissected hare body, the hematomas and shattered bones occurring due to the gunshot wounds were 
removed, the pellets were cut out of the muscles and the undamaged meat was weighted. The statistical analysis of the 
research data was carried out and several ratios were presented in Table 1. 
 

Table 1. Weight of whole and already eviscerated European hare (n=22)  

 Statistics 
Weight, (kg) 

Body weight Fur, viscera Dissected body Undamaged meat  

 Average 4.22 ± 0.19 1.65 ± 0.07 2.56 ± 0.17 1.87 ± 0.25 

 Median 4.3 1.6 2.6 2.1 
Comment. Containing a probability of  95% 

 
The ratios indicated in the table allow deciding on the average values of the hare wounds made by shot pellets. The 

provided median values are close enough to the mean weight values and this additionally shows that the mass waste occurring 
due to the gutting process correlate quite strongly with the total body mass. The rather significant difference in the mean value 
and median value of the weight of good meat and reflects a larger variety of undamaged hare meat waste due to shot pellet 
wounds.  

It was determined that the meat of edible parts of the hare was rarely of an ideal condition. The meat is wasted the 
least, i.e. 0–3% meat waste, when the hare is killed with a headshot (G). If the pellets hit the front of the body (P), the waste is 
average, i.e. up to 3 %. 44% of the studied hares were killed like that (Fig. 3). 

 

3% 3%

25%

69%

G (head) P (frontal part) U (rear part) Multiple

 
Figure 3. Average waste of European hare‘s meat depending on damaged areas 

 
When the shots hit the rear body part, the meat waste is always of rather large proportions and equal 25% in average 

because the haunches of the hare are damaged. If the shots hit the middle body area (V), the risk of microbiological 
contamination is inevitable. However, during the research no hares were killed by shots to the middle body area. 

Generally, if the pellets hit the viscera, the shot wounds were found in the front of the body (P) and in several 
cases in the rear body (U) as well. In such cases the average meat mass waste increases to 60%. When multiple gunshot 
wounds are found on the hare body, i.e. P, V and U areas, the amount of edible meat is low and the mass waste reach as 
many as 69% in average (in separate cases up to 85%).  
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As it was determined that the highest meat mass waste was caused by multiple wounds, statistical calculations 
were carried out to find out which hare body area carried the largest losses. The waste caused by multiple wounds was 
calculated by the least square method. The results are provided in Table 2. 
 

Table 2. Average percentage/part of wasted meat due to multiple damages 

Part of multiple damage G (Head) P (Frontal part of body) V (Middle part of body) U (Rear part of body) 

Meat loss 12.3 12.9 32.5 42.3 
 

The research showed that the highest hare meat waste in case of multiple wounds occurred when the shot pellets 
hit the middle and the rear body areas. 

A regression analysis was carried out to assess the reliability of all the studied parameters. The results of the 
regression analysis are reflected in dependencies provided in Fig. 4. 

 

y = 0.858x - 1.0546
R2 = 0.8455

y = 0.7705x - 1.3751
R2 = 0.3076
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Figure 4. Regresive analysis of European hares’ weight and meat’s change due to evisceration and pellet injuries 

 
Evidently, the weight of the dissected European hare correlates with the total body mass strongly. This indicates 

a stable mass waste which is independent from the wounds caused during the game. The said independency is 
confirmed by the high value of the coefficient of determination R2 

 0.8455 and the slope of regression line which is 
equal to 0.858 (p<0.0001). This way it is possible to claim that when the hare eight is larger, the mass waste occurring 
due to skinning and gutting are always higher as well. In such cases, the most valuable muscles (backside and haunches) 
are often essentially damaged and unsuitable for consumption. These miniscule pellet fragments cannot be easily seen by the 
human eye. 

The general dependency between the total body mass and the good meat weight remaining due to the shot pellet 
wounds is not too high, i.e. R2 

0.3076; however, it is statistically reliable because the slope of regression line  is equal 
to 0.7705 (p=0.0074).  

The research also showed that during the processes of skinning, gutting, dividing and deboning the hare, 
hematomas and, at times, pellet fragments spread throughout the entire body and invisible to the human eye, are 
detected. Fig. 5 clearly shows as many as 10 shot wounds in the European hare body. The wounds are circled.  

 

 
Figure 5. Multiply damaged body of European hare 
 

It is plausible that the said contaminants could enter the human body when using such hare meat as foodstuff. 
In conclusion of the research data, the qualification of the hunter is obviously of high significance when hunting 

European hares. The population of the European hares in Lithuania has dwindled notably (Pėtelis, Brazaitis, 2009); 
therefore, careless hunting (when after dissecting the hare, only 30% of edible meat remains) along with other influencing 
factors cause unsatisfactory results. When hunting the European hares it is important to remember such character qualities 
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as discipline and responsibility. Choosing the correct caliber of the pellets or bullet is essential. All hunters should aim at 
gaining experience. The lack of practice in shooting technique should be covered by training in shooting ranges rather than 
during the hare game. Also, prior to firing an aimed shot, the hunter is recommended to have the basic knowledge of the 
anatomy and behavior of this animal. 
 

Conclusions 

 

The research of 22 hunted European hares revealed that due to the gunshot wounds the meat is rarely of an ideal 
condition. 

The weight of the undamaged hare meat depends directly on the wound location. It was determined that the 
lowest meat mass waste (no higher than 3%) was caused by headshots. 

23% of the studied hare bodies contained multiple wounds in several areas at the same time, i.e. shoulder-blade, 
viscera and haunch. In such cases the amount of edible meat is the lowest and the meat waste reaches 69 %. The most 
valuable muscles (backside and haunches) are often essentially damaged and unsuitable for consumption. 
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Abstract 
 
Botrytis spp. are a polyphagous fungal plant pathogens that causes extensive damage to a wide range of economically important crops world-

wide. Even seven Botrytis spp. have been associated with diseases of Allium crops and can reduce yield from 15% up to 50%. The predominantly 
latent nature of field infections complicates efforts to manage this disease and to predict losses in storage. The aim of this study was to evaluate the 
spread of Botrytis leaf spot (Botrytis cinerea risk model) and Botrytis leaf blight (Botrytis squamosa infection model) according to iMETOS®sm 
forecasting system (Pessl Instruments, Austria) at different agro-climatic conditions in various regions of Lithuania in 2011–2012. Assessment of 
forecasting model data found that in different areas created unequal conditions for the possible spread of Botrytis infection, which is determined by 
agro-climatic conditions of the area, and each area prediction model data to be assessed individually. The iMETOS®sm forecasting model gives the 
opportunity to optimize the usage of fungicides and  reduce the number of applications, therefore allows more efficient and economically accepted 
control of onions Botrytis leaf blight and Botrytis leaf spot. 

Key words: onion, Botrytis squamosa, iMETOS®sm Botrytis Leaf Blight infection model, Botrytis cinerea, iMETOS®sm Botrytis Leaf Spot 
risk model  

 

Introduction 
 

Onions are important vegetable in the world and the diseases can cause losses reducing yield and quality of 
marketable onions (Du Toit et al., 2004; Shtienberg, 2007). Onions diseases mostly begins on leafs during growing 
season in the field and develop on the bulbs during storage (Survilienė, 2003). The Botrytis spp. species pathogenic 
fungi are very important economically as causes various plants diseases. The fungus Botrytis cinerea infect more than 
220 host plants worldwide. Several of Botrytis species are associated with a fungal neck rot disease of bulb crops. 
Botrytis squamosa causes onion leaf blight; on the leaf appear spots and maceration (Carisse et al., 2005; Chilvers, Du 
Toit, 2006). Botrytis cinerea cause oval and small spot on the leaf onion. Yield losses caused by Botrytis spp. can be 
from 15–20% up to 50%, the severity of epidemics varies widely from year to year. The fungus Botrytis spp. 
overwinters as sclerotia in aged onion bulbs or waste piles, sclerotia may survive more than 2 year in soil (Shtienberg, 
Elad, 1997; Elad et al., 2007).  

The control of the disease is necessary for good yield, fungicides applications are unnecessary then conditions for 
disease development are unfavorable (Shtienberg, Elad, 1997; Raudonis et al., 2008; Survilienė et al., 2010). The primary 
strategy to control Botrytis spp. pathogenically fungi caused diseases are plant protection products as fungicides. 
Conventional fungicide spray programs for disease management include several applications of fungicides every 7 to 14 
days. Long lasting leaf wetness, high humidity and rain periods together with critical temperatures for each Botrytis 
species are the primary factors for disease occurrence. In order to produce high-quality onion production it is necessary to 
use disease forecasting models. Disease forecasting models lets indicate the optimal conditions for the disease 
development. Using disease forecasting models the applications of fungicides are optimized and made only when it’s 
necessary. The optimal use of fungicides by reducing the number of applications leads to environmentally friendly plant 
protection. There are established various forecasting models witch calculate the risk of infection for a certain disease with 
the use of weather data (Shtienberg, Elad, 1997; Carisse et al., 2005; Lorbeer et al., 2007; Shtienberg, 2007).  

Research on the efficiency of forecasting models for pests and diseases in horticultural plants under Lithuanian 
climate conditions using internet forecasting system iMETOS®sm (Pessl Instruments, Austria) was started at the 
Institute of Horticulture in 2007 (Valiuškaitė et al., 2008; Raudonis, Valiuškaitė, 2009; Valiuškaitė et al., 2010; 
Survilienė et al., 2010; 2011). One of the goals of this research was to investigate the Botrytis leaf spot and Botrytis leaf 
blight forecasting models for onions in Lithuanian conditions  

 

Materials and methods 
  

In order to evaluate the occurrence of Botrytis cinerea and Botrytis squamosa infections in onions were carried 
out in June–August of 2011–2012. There were investigated the possibility of using iMETOS®sm (Pessl Instruments, 
Austria) diseases forecasting models as integrated Botrytis spp. management system. The iMETOS®sm weather station 
were located in different agro-climatic regions of Lithuania: in Kaunas (Central region), and in Pasvalys (North region) 
districts. The iMETOS®sm diseases forecasting model is a computer model based on automatic meteorological 
database station, recording leaves wetness, rainfall, air temperature, relative humidity, precipitation amount and other 
parameters and accumulating disease infection risk every hour, the records are received in the internet 
http://www.fieldclimate.com/ (Raudonis, Valiuškaitė, 2009; Valiuškaitė et al., 2010; Survilienė et al., 2011; 
Rasiukevičiūtė et al., 2012). 

iMETOS®sm Botrytis Leaf Spot risk forecasting model indicates the risk of B. cinerea infection periods on the 
basis of the interaction between air temperature and leaf wetness duration. This model shows the spread of the Botrytis 
leaf spot infection risks during the leaf wetness period from 4 to 16 hours at optimal temperature 7–24 °C. The infection 
prevalence depends on excess humidity. If this forecasting model shows the infection risk periods more than 60% 
(which lasts longer than 3 days) it’s recommended to use fungicides.  

http://www.fieldclimate.com/
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iMETOS®sm Botrytis Leaf Blight infection forecasting model indicates B. squamosa infection beginning and 
disease infection severity. The favorable conditions for onion leaf blight occurs then leaf wetness lasts around 7 hours 
and the temperature is 12–25 °C. As longer the leaf wetness will persist as more B. squamosa spores will participate in 
the infection. Forecasting model records are transformed into onion leaf blight disease severity (measured %) and 
infection severity (measured from 1 to 4 points). The beginning of infection (1 point) is determined when there is a 
minimum time (hour), which is required and necessary for B. squamosa spore germination and onion infection. 

 

Results 
 

The evaluation of iMETOS®sm Botrytis spp. forecasting models for onions data in 2011–2012 indicated that in 
different agro-climatic regions the conditions for infections were dissimilar.  

Analysis of records of iMETOS®sm Botrytis Leaf Spot risk forecasting model showed that in Kaunas dist. 
conditions for B. cinerea was unfavorable in June–August of 2011, and the risk of infection ranged from 15% till 59% 
(Fig. 1 a).  

 

   
2011 June, July and August - unfavorable conditions for disease spreading 

   
2012 June 21, 23–29 2012 July 3–6, 8, 9, 12–16, 22 2012 August 14 

a) 

   
2011 June 22–26 2011 July 7, 9, 17, 28–30 2011 August 9–17, 21–26 

   
2012 June – unfavorable conditions for 

disease spreading 
2012 July 10–16 2012 August – unfavorable conditions for 

disease spreading 

b) 

Figure 1. Onion Botrytis leaf spot dynamic according to iMETOS®sm Botrytis Leaf Spot (Botrytis cinerea) risk forecasting 

model in Kaunas (a) and Pasvalys (b) regions, 2011–2012  
(*number of days then B. cinerea infection reached 60%, data from iMETOS®sm) 

Different conditions were in Pasvalys distr. compared with the same period in Kaunas distr. The risk of infection 
in Pasvalys distr. were greater than 60% and lasted for 26 days in 2011 – 5 days in June, 6 in July and 15 in August 
(Fig. 1 b; Table). Other situation was in 2012. The data of iMETOS®sm Botrytis Leaf Spot risk model showed that 
infection lasted for 21 day in Kaunas distr. – 8 days in June, 12 in July and only 1 day in August, meanwhile only 7 
days in July in Pasvalys distr. During this trial were established that in Kaunas dist. in 2011 and in Pasvalys distr. in 
2012 there was a possibility to reduce the amounts of fungicides usage because the conditions for infection were 
unfavorable or minimal. 
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Table. Factors characterizing the spread of Botrytis spp. infection by iMETOS®sm data, 2011–2012 

Time and factors 
characterizing the spread 

of infection 

Favourable days for B. cinerea infection Favourable days for B. squamosa infection 

Kaunas distr. Pasvalys distr. Kaunas distr. Pasvalys distr. 

2011 2012 2011 2012 2011 2012 2011 2012 

June 0 8 5 0 8 13 8 4 

Average air temperature, °C 15.85- 
23.60 

8.01- 
18.45 

13.47- 
24.84 

8.31- 
18.61 

15.85- 
23.60 

8.01- 
18.45 

13.47- 
24.84 

8.31- 
18.61 

Leaf wetness period, min. 0-835 0-1440 0-770 0-565 0-835 0-1440 0-770 0-565 
July 0 12 6 7 13 13 17 6 

Average air temperature, °C 16.98- 
23.27 

13.16- 
25.88 

15.90- 
25.27 

14.11- 
27.21 

16.98- 
23.27 

13.16- 
25.88 

15.90- 
25.27 

14.11- 
27.21 

Leaf wetness period, min. 0-1020 0-1200 0-1060 0-540 0-1020 0-1200 0-1060 0-540 
August 0 1 15 0 12 15 13 5 

Average air temperature, °C 14.65- 
20.01 

11.33- 
21.87 

14.20- 
20.77 

11.01- 
21.37 

14.65- 
20.01 

11.33- 
21.87 

14.20- 
20.77 

11.01- 
21.37 

Leaf wetness period, min. 0-1030 0-1070 0-930 0-1100 0-1030 0-1070 0-930 0-1100 
Total days 0 21 26 7 33 41 38 15 

 

According to iMETOS®sm Botrytis Lead Blight forecasting model favorable conditions for B. squamosa 
infection formed in June, July and August in both areas, as well as in both years. The iMETOS®sm Botrytis Leaf Blight 
forecasting model records 33 favorable days when infection rate reached 100% in Kaunas district, and 38 days in 
Pasvalys distr. in 2011 (Fig. 2 a, b; Table). Rather different records were received in 2012: 41 days in Kaunas and just 
15 days in Pasvalys districts.  

 

   
*2011 June 2, 9, 11, 12, 18, 23, 24, 26 2011 July 1, 2, 4–7, 12, 16, 17, 19, 22, 23, 26 2011 August 1, 8–11, 13, 14, 20–23, 30 

   
2012 June 1,2, 9–11, 15, 17, 19, 22, 23,24–27 2012 July 1, 2, 4, 5, 8, 11, 12, 18–21, 30, 31 2012 August 1, 4, 7, 8, 10–15, 22, 23, 25–27 

a) 

   
2011 June 11, 12, 17–19, 23–25 2011 July 1– 4,6, 14–16, 18–20, 23, 24, 27–29 2011 August 8–12, 14, 15, 19–23, 30 

   
2012 June 1, 9, 22, 25 2012 July 2, 4, 5, 8, 10, 30 2012 August 7, 22, 25–27 

b) 

Figure 2. Onion Botrytis leaf blight dynamic according to iMETOS®sm Botrytis Leaf Blight (Botrytis squamosa) infection 
forecasting model in Kaunas (a) and Pasvalys (b) regions, 2011–2012  
(*number of days then B. squamosa infection reached 100%, data from iMETOS®sm) 
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The iMETOS®sm Botrytis spp. infection forecasting models data showed that in different areas created unequal 
conditions for the possibility to spread of diseases, which is determined by local weather conditions, therefore making 
each area prediction model data to be assessed individually. 

One of the most efficient impellent to reduce consumption of plant protection products is disease forecasting 
which lets to optimize the usage of fungicides. Comparing both forecasting model records in 2011–2012 we can 
observe that consist risk of both B. squamosa and B. cinerea infections spread time. Evaluating matching dates we can 
review and specify the time of fungicide sprays. iMETOS ® sm disease forecasting models of the data can be used for 
onion IPM. 

 

Conclusion 
 

In different agro-climatic regions prevalence of onion Botrytis spp. infection should be assessed individually.  
The iMETOS®sm forecasting model lets to improve the spraying time and to use optimally plant protection 

products can be used for onion IPM.  
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Abstract 

 
Anthocyanins are widely distributed plant pigments. One of the richest sources of anthocyanins is blackcurrant. Our aim was to establish 

anthocyanin content in various Ribes species and interspecific hybrids, and to evaluate the stability of anthocyanins in berry extracts depending on 
light and temperature. Anthocyanins from berries of R. nigrum ‘Ben Tirran’, R. uva-crispa ‘Čiornyj negus’, R. aureum ‘Corona’, R. petraeum 
‘Jonkher van Tets’ cultivars, and asymmetric interspecific hybrids of R. nigrum x R. petraeum, R. nigrum x R. uva-crispa and R. nigrum x R. aureum 

were studied using HPLC. Delphinidins constitute 64 %, cyanidins 31 % and minor anthocyanins up to 5 % of total anthocyanin amount in berries of 
blackcurrant ‘Ben Tirran’. Cyanidins dominate in berries of gooseberry ‘Čiornyj Negus’ (91.5 %) and golden currant ‘Corona’ (81 %).  6.2 percent of 
peonidin 3-O-rutinoside was identified in ‘Corona’. Only cyanidins were identified in berries of red currant ‘Jonkher van Tets’. Anthocyanin 
composition in berries of asymmetric interspecific hybrids was similar to the berries of blackcurrant. Anthocyanin stability in Ribes berry extracts 
depends on its composition and storage conditions. Red currant berry extract anthocyanins were the most stable, stability of anthocyanin extracts from 
berries of golden currant and gooseberry was lower, and extracts from blackcurrant were the most degraded. After storage of anthocyanin extracts in 
dark and cold (+4 oC) conditions up to 90 % of red currant, up to 80 % of gooseberry and golden currant and up to 50 % of black currant cyanidins 
remained stable. Cyanidins in Ribes berry extracts were more stable than delphinidins in all storage conditions. 
 
Introduction 

 

Blackcurrant (Ribes nigrum) berries are rich source of polyphenols, especially anthocyanins, which have high 
impact on human health (Jordheim et al., 2007; Liobikas et al., 2009; Basu et al., 2010; Paredes-López et al., 2010). 
Commercial extracts are available from blackcurrant, elderberry, blueberry, lingonberry, grapes, red cabbage (Davies 
2004; Basu et al., 2010). Anthocyanin content varies in berries of plants from the same species and depends not only on 
genotype, but on environmental conditions also, thus creation of well adapted cultivars is appreciated (Blando et al., 
2004; Pantelidis et al., 2007; Khao et al., 2011). Creation of blackcurrants cultivars with high anthocyanin content and 
favourable composition is one of breeding goals. Four anthocyanins constitute up to 95 percent of anthocyanins in 
blackcurrant (Rubinskienė et al., 2004; Borges et al., 2010; Hellstrom et al., 2013), however minor anthocyanins may 
have higher antioxidant or other health promoting value, so other currant species should be introduced into the breeding 
programs. Anthocyanins are unstable plant pigments and they are very susceptible to degradation. The stability of 
anthocyanins is affected by many factors: pH, storage temperature, light, concentration, and the presence of proteins, 
enzymes or metal ions (Rein, 2005; Hellstrom et al., 2013). Our aim was to establish anthocyanin content in various 
Ribes species and interspecific hybrids, and to evaluate the stability of anthocyanins in berry extracts depending on light 
and temperature. 

 
Materials and Methods 

 

R. nigrum ‘Ben Tirran’, R. uva-crispa ‘Čiornyj negus’, R. aureum ‘Corona’, R. petraeum ‘Jonkher van Tets’ 
cultivars, and asymmetric interspecific hybrids of R. nigrum x R. petraeum, R. nigrum x R. uva-crispa and R. nigrum x 
R. aureum were studied. Interspecific hybrids were created at the Institute of Horticulture, Lithuanian Research Centre 
for Agriculture and Forestry (Stanys et al., 2004). Berries were collected at technical maturity stage in 2011 and frozen 
at -70 oC. Anthocyanins were extracted from frozen berries with 90% aqueous methanol, with 0.02 % HCl at a 1:20 
g:mL ratio (Arrnok et al., 2012), and concentrated in rotary evaporator  at 37°C, residues were dissolved in acidified 
water (pH 2.4). Anthocyanin composition was established using HPLC (Durst, Wrolstad, 2001; Liobikas et al., 2009). 
All anthocyanins were quantified at detection wavelength of 520 nm using an external standard of cyanidin 3-O-
glucoside (c3g), cyanidin 3-O-rutinoside (c3r), cyanidin 3-O-sambubioside (c3sam), delphinidin 3-O-rutinoside (d3r), 
delphinidin 3-O-glucoside (d3g), pelargonidin 3-O-glucoside (pel3g), peonidin 3-O-rutinoside (peo3r) and malvidin 3-
O-glucoside (m3g). ‘Ben Tirran’, ‘Čiornyj negus’, ‘Corona’, ‘Jonker van Tets’ berry extracts were diluted and 
anthocyanin stability was evaluated in different conditions: +23±2 oC with 50-150 mol m-2 s-1 lighting; +23±2 oC in 
dark; and +4 ±1 oC in dark, after 2, 7, 14, 28, 56 and 84 days of storage. 
 
Results and discussion 

 
Different anthocyanin amount was established in berries of various Ribes species and interspecific hybrids 

(Table). Anthocyanin amount in blackcurrant ‘Ben Tirran’ was high (478.6 mg 100g-1 FW), similar results were 
obtained earlier (Jordheim et al., 2007; Anisimoviene et al., 2009). Delphinidins were predominant in berries of ‘Ben 
Tirran’, they constituted 64 percent of total anthocyanins, 46.7 percent of delphinidin 3-O-rutinoside between them. 
Rutinosides of delphinidin and cyanidin were the most abundant in ‘Ben Tirran’ berries, over 74 percent of total 
anthocyanins. Cyanidins dominated in berries of gooseberry ‘Čiornyj negus’, they constituted over 91 percent of total 
anthocyanins, while cyanidin 3-O rutinoside was major anthocyanin (60.7 %). R. aureum ‘Corona’ distinguished with 
highest anthocyanin amount (615.5 mg 100g-1 FW). Other studies established significantly lower anthocyanin amount 
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in golden currant (Jordheim et al., 2007), probably they studied golden currant with red berries, and our studied 
‘Corona’ berries are black. Cyanidins were predominant in berries of golden currant ‘Corona’ also; however 6.2 percent 
of peonidin 3-O-rutinoside was identified, which was minor anthocyanin in berries of other species. The lowest amount 
of anthocyanins was established in berries of red currant ‘Jonkher van Tets’, it accumulated 66.7 mg 100g-1 FW of 
anthocyanins. Only cyanidins were identified in berries of ‘Jonkher van Tets’, and cyanidins distinguish in stability 
(Fig. D2-D3).  
 
Table 1. Total anthocyanin amount and composition in berries of blackcurrant species and interspecific hybrids. d3g - 
delphinidin 3-O-glucoside, d3r - delphinidin 3-O-rutinoside, c3g - cyanidin 3-O-glucoside, c3r - cyanidin 3-O-rutinoside, pel3g - 
pelargonidin 3-O-glucoside, peo3r - peonidin 3-O-rutinoside, m3g - malvidin 3-O-glucoside, c3sam - cyanidin 3-O-sambubioside. 
Standard error of mean is presented, N=5. 

Species, hybrids 

 

Total 

anthocyanins 

mg 100g-1 FW 

Anthocyanin composition, % 

d3g d3r c3g c3r pel3g peo3

r 

m3g c3samb unidentified 

R. nigrum ‘Ben 
Tirran’ 478.6±14.81 17.3 46.7 3.3 27.6 0.4 0.7 0.4 0.0 3.6 

R. uva-crispa ‘Čiornyj 
negus’ 379.2±  35.30 2.8 2.8 30.8 60.7 0.5 1.2 0.1 0.0 1.1 

R. aureum ‘Corona’ 615.5±15.92 1.0 2.4 36.9 44.0 1.7 6.2 3.2 0.0 4.6 
R. petraeum ‘Jonker 
van Tets’ 66.7±5.43 0.0 0.0 47.5 32.7 0.0 0.0 0.0 12.0 7.8 

R. nigrum x R. uva-

crispa 230.4±24.32 15.7 48.1 2.8 28.4 3.0 0.9 0.5 0.0 0.6 

R. nigrum x R. 

aureum  416.1±63.0 19.4 35.7 4.0 32.1 1.6 1.1 0.6 0.0 5.4 

R. nigrum x R. 

petraeum 340.9±33.18 14.2 50.8 2.3 27.0 2.4 0.8 0.4 0.0 2.0 

 
Amount of anthocyanins varied in berries of interspecific hybrids, it ranged from 230 to 416 mg 100g-1 FW 

(Table). Interspecific R. nigrum x R. aureum hybrid accumulated 416.1 mg 100g-1 FW of anthocyanins, this amount 
was similar to blackcurrant and was higher than amount in berries of gooseberry and red currant. Anthocyanin 
composition in berries of interspecific hybrids was similar to blackcurrant, but some minor anthocyanin amount was 
higher, like pelargonidin 3-O-glucoside. Some minor anthocyanins were unidentified in our study, it amount ranged 
from 0.1 to 5.4% in cultivars and interspecific hybrids. The largest part of unidentified anthocyanins was established in 
berries of red currant ‘Jonkher van Tets’ and interspecific hybrid blackcurrant x golden currant. 

Stability of major anthocyanins in berry extracts of Ribes species was evaluated in different storing conditions. 
Three anthocyanins (d3g, d3r, c3r) were dominant in berries of blackcurrant ‘Ben Tirran’, they constituted 91.6 % of all 
anthocyanins. After storage in room temperature in light for 14 days anthocyanin amount decreased two times, and only 
28-30 % of delphinidins remained, while cyanidins were more stable (41-43 % remained) (Figure A1). Only 5-7 % of 
delphinidins and 18-19 % of cyanidins remained non degraded after storage for 28 days, and almost all anthocyanins 
were degraded after 56 days. Degradation of anthocyanins in the same extracts, stored at room temperature in dark was 
slower. More than 50 % of cyanidins and 36-39 % of delphinidins remained stable after storage for 28 days, and 28-30 
% of cyanidins and 11-13 % of delphinidins were non degraded after storage for 84 days (Figure A2). 72-75 % of both 
delphinidins and cyanidins were undegraded after storage in dark and cold (+4 oC) conditions after 28 days, and after 84 
days in these conditions 51 percent of cyanidins and 45 % of delphinidins were non degraded (Figure A3).  

Cyanidins (c3g and c3r) were dominant in gooseberry ‘Čiornyj Negus’ berry extracts. After storage in room 
temperature in light for 14 days 43-46 % of cyanidins were non degraded (Figure B1) and 21-24 % cyanidins remained 
after storage for 28 days. 84 % of cyanidins were non degraded after 14 day storage in room temperature and dark, and 
53-55 % remained after 84 days (Figure B2). Almost 80 % of cyanidins were stable after storage for 84 days in dark and 
cold (+4 oC) conditions (Figure B3).  

Cyanidins (c3g and c3r) were dominant in golden currant ‘Corona’ berry extracts, and 6.2 % of peonidin 3-O-
rutinoside was established. Stability of cyanidins in extracts was similar to the stability of gooseberry extract, after 28 
days of storage in light and room temperature 28-32 % of cyanidins remained non degraded (Figure C1), and 44-47 % 
remained stable after storage in room temperature and dark for 84 days (Figure C2). Same as gooseberry, approximately 
80 % of cyanidins were stable after storage in dark and cold (+4 oC) conditions for 84 days (Figure C3), also 50 % of 
peo3r was not degraded.  

Red currant ‘Jonker van Tets’ berry extracts had only cyanidins. The main cyanidins were c3g and c3r, and 
c3samb was minor. 22-38 % of cyanidins remained in extract after 14 days of storage in light and room temperature 
(Figure D1), and 4-13 % after storage for 28 days. Storage in dark increased stability of cyanidins, 51-68 % remained 
non degraded after 84 days (Figure D2). 80-89 % of red currant berry extract cyanidins were stable after storage in dark 
and cold (+4 oC) conditions for 84 days (Figure D3). 

Our data on anthocyanin stability corresponds to other scientists (Hellstrom et al., 2013), but they studied total 
anthocyanin content only, and our study reveals stability of certain anthocyanin.  
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Figure 1. Variation of anthocyanin amount of in berry extracts of Ribes species, mg 100 g-1 FW. A – R. nigrum ‘Ben Tirran’, B -  
R. uva-crispa ‘Čiornyj negus’, C - R. aureum ‘Corona’, D - R. petraeum ‘Jonker van Tets’. Storing conditions: 1. +23±2 oC with 50-
150 mol m-2 s-1 lighting, 2. +23±2 oC in dark, 3. +4 ±1 oC in dark. d3g - delphinidin 3-O-glucoside, d3r - delphinidin 3-O-rutinoside, 
c3g - cyanidin 3-O-glucoside, c3r - cyanidin 3-O-rutinoside, pel3g - pelargonidin 3-O-glucoside, peo3r - peonidin 3-O-rutinoside, 
m3g - malvidin 3-O-glucoside, c3sam - cyanidin 3-O-sambubioside. 
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Conclusions 

 
It was established, that berries of blackcurrant ‘Ben Tirran’ distinguish in broad spectrum of anthocyanins – delphinidins 

constitute 64 %, cyanidins 31 % and minor anthocyanins up to 5 % of total anthocyanin amount. Cyanidins dominate in berries of 
gooseberry ‘Čiornyj Negus’ (91.5 %) while delphinidins and other minor anthocyanins part is less than 9 % from total anthocyanin 
amount. Cyanidins are major anthocyanins in golden currant ‘Corona’ berries also; they constitute 81 % of total amount, though 6.2 
percent of peonidin 3-O-rutinoside was identified. Only cyanidins were identified in berries of red currant ‘Jonkher van Tets’, while 
almost 8 % of anthocyanins were unidentified. Anthocyanin composition of asymmetric interspecific hybrid berries were similar to 
the berries of blackcurrant, broadest spectrum of anthocyanins was identified in berries of R. nigrum x R. aureum hybrid.  

It was established, that anthocyanin stability in Ribes berry extracts depends on its composition and storage conditions. Red 
currant berry extract anthocyanins were the most stable, only cyanidins were identified in them. Stability of anthocyanin extracts 
from berries of golden currant and gooseberry was lower, cyanidins constituted 81 – 91 % of total anthocyanins in these extracts. 
However, these anthocyanin extracts were more stable than extracts from blackcurrant, where dominant anthocyanins were 
delphinidins (64 %). After storage of anthocyanin extracts in dark and cold (+4 oC) conditions up to 90 % of red currant, up to 80 % 
of gooseberry and golden currant and up to 50 % of black currant cyanidins remained non degraded. Cyanidins in Ribes berry 
extracts were more stable than delphinidins in all storage conditions. 
 
Acknowledegment. Research was funded by a grant No SVE-01/2011 from the Research Council of Lithuania.  
 

References 

 
1. Anisimovienė N., Rubinskienė M., Viškelis P., Stackevičienė E., Stanys V., Šikšnianas T., Jankovska E., Sasnauskas A. (2009). Anthocyanins in 

currants, cherries, blueberries, and antioxidative activity of berry extracts. Zemdirbyste-Agriculture 96(3), pp. 158-167. 
2. Basu A., Rhone M., Lyons T.J. (2010). Berries: emerging impact on cardiovascular health. Nutrition Reviews 68(3), pp. 168-177. 
3. Blando F., Gerardi C., Nicoletti et al. (2004). Sour cherry (Prunus cerasus L.) anthocyanins as ingredients for functional food. J. of biomedicine 

and biotechnology 5, pp. 253-258. 
4. Borges, G., Degeneve, A., Mullen, W., Crozier, A., (2010). Identification of flavonoid and phenolic antioxidants in black currants, blueberries, 

raspberries, red currants, and cranberries. European Food Research and Technology 219, pp. 620–629. 
5. Davies K.M. (2004). An introduction to plant pigments in biology and commerce. Plant pigments and their manipulation, Palmerston North, New 

Zealand.  
6. Durst R.W., Wrolstad R. (2001). Separation and characterization of anthocyanins by HPLC. Current protocols in food analytical chemistry, 

Wiley, New York.  
7. Hellstrom J., Mattila P., Karjalainen R. (2013). Stability of anthocyanins in berry juices stored at different temperatures. Journal of Food 

Composition and Analysis 31, pp. 12-19.  
8. Jordheim M., Mage F., Andersen O.M. (2007). Anthocyanins in berries of Ribes including gooseberry cultivars with a high content of acylated 

pigments. J. Agric. Food Chem 55(14), pp. 5529-5535. 
9. Khao G.M., Clausen M.R., Pedersen B.H., Larsen E. (2011). Bioactivity and total phenolics content of 34 sour cherry cultivars. J. of food 

composition analysis 24, pp. 772-776. 
10. Liobikas J., Trumbeckaitė S., Bendokas V., Baniulis D., Majienė D., Kopustinskienė D.M., Šikšnianas T., Anisimovienė N. (2009). Pro-apoptotic 

effect of black currant berry extracts on rat heart mitochondria.  Zemdirbyste=Agriculture 96, pp. 149-157. 
11. Pantelidis G.E., Vasilakakis M., Manganaris G.A., Diamantidis G.R. (2007). Antioxidant capacity, phenol, anthocyanin and ascorbic acid 

contents in raspberries, red currants, gooseberries and Cornelian cherries. Food chemistry 102, pp. 777-783. 
12. Paredes-López O., Cervantes-Ceja M.L., Vigna-Perez M., Hernández-Pérez T. (2010). Berries: improving human health and healthy aging, and 

promoting quality life-a review. Plant Foods Human Nutrition 65(3), pp. 299-308. 
13. Rubinskienė M., Viškelis P., Jasutienė I., Dambrauskienė E. (2004). Anthocyanins and their variation in black currant berries and products. 

Sodininkystė ir daržininkystė, 23(4) pp. 9-21.  
14. Stanys V.,  Staniene G., Shikshnianas T., Bobinas C. (2004). Interspecific hybridisation in Ribes genus. Acta Horticulturae 663, pp. 861-864. 
 

Tadeušas ŠIKŠNIANAS, dr., Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, t.siksnianas@lsdi.lt . Research 

interests: plant breeding and genetics, molecular markers. 
Vidmantas BENDOKAS, dr., Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, v.bendokas@lsdi.lt . Research 

interests: plant breeding and genetics, plant metabolomics, molecular markers. 
Rytis RUGIENIUS, dr., Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, Lithuanian Research 
Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, r.rugienius@lsdi.lt . Research interests: 

plant breeding, cold acclimation, cryopreservation. 
Audrius SASNAUSKAS, dr., Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, a.sasnauskas@lsdi.lt . Research 

interests: plant breeding, cultivar evaluation. 
Inga STEPULAITIENĖ, PhD student, Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, 
Lithuanian Research Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, 
i.stepulaitiene@lsdi.lt . Research interests: plant genetics, spring frost resistance. 
Vidmantas STANYS, prof., hab. dr., Department of Orchard Plant Genetics and Biotechnology, Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry, Kauno 30, LT-54333 Babtai, Kaunas distr., Lithuania, v.stanys@lsdi.lt and Faculty of 
Agronomy, Aleksandras Stulginskis University, Studentų 11, LT-53361 Akademija, Kaunas distr., Lithuania. Research interests: 

plant breeding and genetics, molecular markers.  



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

258 

The Effect of Nitrogen Fertilizers on the Changes of Photosynthetic Pigments in 

Winter Wheat 
 

Ilona Vagusevičienė
1
, Aistė Juchnevičienė

1
, Pavelas Duchovskis

2
 

1 
Aleksandras Stulginskis University, Lithuania 

2 
Aleksandras Stulginskis University, Lithuania 

2 
Lithuanian Research Centre for Agriculture and Forestry  

 
Abstract 

 

The paper deals with the effect of nitrogen fertilizers on photosynthetic pigments in winter wheat. The investigation was carried out at the 
Experimental Station of Aleksandras Stulginskis University during the period of 2009–2010. The soil: carbonate shallow gleyic leached (Idg8-k), 
Calc(ar)i-Epihypogleyic Luvisols (LVg-n-w-cc). The objects of investigation: wheat cultivars ‘Ada’ and ‘Tauras DS’. During the sowing time 
complex fertilizer (N32P80K120) was used, and calcium ammonium nitrate (N60) was used at the stage of spring tillering. In addition, foliar fertilizer 
urea solution (N30, N40) was given during the booting stage and (N15, N30) was given at the milk ripening stage.  It was established that nitrogen 
fertilizers stimulated an overall increase in pigment content in plants before flowering. Additional fertilization with nitrogen (N30 and N40) during the 
late stages of plant development encouraged the accumulation of pigments and prolonged the period of active photosynthesis. The ‘Ada’ plants 
fertilized with a rate of N30 had an overall content of pigments of  4.60 mg g-1, and those fertilized with N40 accumulated 4.45 mg g-1, whereas  in the 
‘Tauras DS’ plants fertilized with N40 the overall content of pigments was 3.71 mg g-1. After flowering, when the ageing process started, the total 
pigment content began to decrease. 

Key words: winter wheat, photosynthetic pigments, nitrogen fertilizers. 
 

Introduction 

 

The composition of photosynthetic pigments (chlorophylls a, b and carotenoids) reflects the overall condition of 
the plant, its potential to carry out photosynthesis and allows the assessment, modeling and forecasting the productivity 
of agro-technologies (Sabo et al., 2002; Bojovic, Stojanovic, 2005). Chlorophyll content in plants is dependent on 
genetic factors, growth and development process as well as the environmental conditions (Bojovic, Stojanovic, 2005) 
and the stage of development (Sakalauskienė et al., 2013). It should be noted that the warming of the climate is 
changing moisture and temperature regimes that have significant impact on the process of photosynthesis and plant 
chlorophyll content (Guo et al., 2006; Kim et al., 2007; Guo et al., 2008; Sirtautas et al., 2011 ). Environmental 
conditions cannot be changed, but  by properly selecting crops or their cultivars and by applying adequate growth 
technologies we can reduce crop losses incurred due to climate change (Brazaitytė et al., 2008). 

Chlorophyll is extremely sensitive to changes in the nitrogen content in the soil. A large part of the nitrogen is in 
the composition of the pigments (Paul, 1990; Kopsell et al., 2004). Balanced fertilization with nitrogen fertilizers 
stimulates the operation of the photosynthetic apparatus, maintains adequate chlorophyll a and b ratio in plants, 
intensifies growth and slows down plant development (Kopsell et al., 2004; Tranavičienė et al., 2007; Šlapakauskas, 
Duchovskis, 2008). 

Plant photosynthetic, and thus vital, capacity is closely linked to the photosynthetic pigment content and ratio in 
leaves and is integrally related to the nitrogen content available to plants in the soil. There are many studies where 
chlorophyll amounts are used as indicators to optimise fertilization technologies (Makino et al., 1994; Vidal et al., 1999; 
Sabo et al., 2002; Bojovic, Stojanovic, 2005; Cartelat et al., 2005; Spaner et al., 2005; Kichey et al., 2006; Fritchi, Ray, 
2007; Houles et al., 2007). Differences in humidity and temperature have greater influence on pigment synthesis than 
small differences in rates of nitrogen. Depending on the environmental conditions, an appropriately selected fertilizing 
scheme postpones the degradation of photosynthetic pigments, and extends the period of active photosynthesis as well 
as ensures efficient transport of assimilates to the seeds, thus determining the yield (Tranavičienė, 2009). 

Plants accumulate most of chlorophyll when they start to bloom, therefore it is stated that chlorophyll is also 
involved in morphogenetic processes (Samuolienė et al., 2007; Samuolienė, Duchovskis, 2012; Šlapakauskas, 
Duchovskis, 2008). From the 8th stage of wheat organogenesis the chlorophyll system is not an adequate indicator of 
nitrogen nutrition as aging processes start (Hikosaka, 2004; Fritchi, Ray, 2007). 

The aim of the work is to explore the effect of nitrogen fertilizers on the changes of photosynthetic pigments in 
winter wheat.  
 

Materials and methods 

 

Field experiments were carried out during the period of 2009–2010, at the Experimental Station of 
Aleksandras Stulginskis University. The soil: carbonate shallow gleyic leached (Idg8-k), Calc(ar)i-Epihypogleyic 

Luvisols (LVg-nw-cc). The plow layer is neutral (pH 7.0), with medium humus content (2.21%), very high levels of 
phosphorus (292.0 mg kg-1 P2O5) and high levels of potassium (114.0 mg kg-1 K2O). The objects of the investigation: 
winter wheat cultivars ‘Ada’ and ‘Tauras DS’. 

Winter wheat was grown by conventional technology. The complex of fertilizer (N32P80K120) was spread 
during the sowing time and calcium ammonium nitrate (N60) was used in spring during the tillering time (BBCH 23-25) 
after the vegetative growth of winter wheat had renewed (Table 1).  
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Table 1. The fertilization scheme of winter wheat 

No. N treatments 

Fertilization time 

In sowing time 
Tillering time 

BBCH1 23-25 

Booting stage 

BBCH 34-36 

Milk ripening stage 

BBCH 71-74 

1 Control variant (fertilization 
background – N32P80K120) +N60 

N32P80K120 N60 – – 

2 Fertilization background + N60 
+ N30 + N15 

N32P80K120 N60 N30 N15 

3 Fertilization background + N60 
+ N30 + N30 

N32P80K120 N60 N30 N30 

4 Fertilization background + N60 
+ N40 + N15 

N32P80K120 N60 N40 N15 

5 Fertilization background + N60 
+ N40 + N30 

N32P80K120 N60 N40 N30 
1BBCH scale to describe plant development based on: Growth Stages of Mono- and Dicotyledonous plants: BBCH-Monograph / Ed. 
by U. Meier. Berlin – Wien, 1997. 622 p. 

 

Additionally foliar fertilizer urea solution (N15, N30, N40) was used during the booting (BBCH 34-36) and milk 
ripening (BBCH 71-74) stages. 

The size of plots: total plot size was 36 m2, and harvested plot size was 26.4 m2. The plots were arranged 
randomly with four replications.  

The amount of photosynthetic pigments (chlorophyll a, b and carotenoids) in green leaf substance was 
established in 100% acetone extract spectrophotometrically according to Wettstein’s method, using a spectrophotometer 
„Genesys 6”. The 0.2 g of fresh plant tissues was grinded with 0.5 g CaCO3, filtered with cellulose filter and diluted till 
50 ml with 100% acetone. Spectrum of absorption for chlorophyll a – 662 nm, for chlorophyll b – 644 nm and 440.5 nm 
for carotenoids (Beadle et al., 1987).   The investigations were carried out at different wheat growth stages, before and 
after each case of fertilization with nitrogen. 

Meteorological conditions. The September of 2009 was dominated by dry, warm weather. The average 
temperature of the month was 13.9 °C (1.6 °C higher than the long-term average) (fig. 1). 
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Figure 1. Meteorological conditions during the vegetative period of winter wheat, 2009–2010 (Kaunas Meteorological Station) 

 
October and November were very wet. During these months the precipitation level was from 75.3 to 

100.0 mm. The average temperature of October and November reached 3.9–5.4 °C. Although the winter was not warm, 
wheat crop overwintered successfully. However, the spring was late. Wintry weather prevailed during the first twenty 
days of March fluctuating around -1.9–4.5 °C and thawed only in the middle of the 3rd decade of the month. The 
average temperature of April was 7.4 °C, while the average amount of precipitation amounted to 19.5 mm. In the 
second decade of May warm and humid weather prevailed. The average temperature of the ten days reached 16.5 °C, 
while the average amount of precipitation was 59 mm. The beginning of June was warm and rainy. Although the 
amount of precipitation decreased slightly from the second decade of the month, the weather remained fairly wet and 
warm. The first twenty days of July saw a lower level of precipitation than that in the respective period of June, but the 
last third of the month was the wettest during the whole vegetative period of wheat (60 mm). In July, the wheat had 
reached the kernel hard ripening stage (BBCH 89) and was harvested. 
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The accuracy of findings concerning photosynthetic pigments was estimated according to standard deviation of 
measurements. 

 
Results and discussion 
  

Photosynthesis is a fundamental physiological process whose progress allows drawing conclusions about a 
certain plant’s response to the environmental conditions and the agro-technical tools used (Stašauskaitė, 1995). Efficient 
photosynthesis is ensured by adequate chlorophyll a and b content, and ratio (Scebba et al., 2003; Šabajevienė et al., 
2006; Sakalauskienė et al., 2008; 2009). In spring, after the vegetative process renewed, the content of chlorophyll a 
and b and that of carotenoids in winter wheat began to rise. The wheat of ‘Ada’ cultivar had accumulated more 
chlorophyll a and b, as compared with ‘Tauras DS’ cultivar. The amounts of carotenoids did not differ significantly 
(‘Ada’ - 0.68 mg g-1, ‘Tauras DS’ - 0.67 mg g-1). Having fertilized the wheat at a rate of N60 the total pigment content 
increased in the ‘Ada’ plants, whereas it decreased from 2.31 to 2.22 mg g-1 in the ‘Tauras DS’ plants (fig. 2 and 3). 
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Figure 2. The effect of nitrogen fertilization on the pigment content in winter wheat ‘Ada’ at different stages of development  
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Figure 3. The effect of nitrogen fertilization on the pigment content in winter wheat ‘Tauras DS’ at different stages of 

development  
 

Additional foliar fertilization during the booting stage helped to slow the degradation of pigments down and to 
maintain a longer period of active operation of photosynthesis system in the period of seed ripening. A higher content of 
pigments was established in the wheat treated with a higher rate of fertilizers. The ‘Ada’ plants fertilized at a rate of N60 
accumulated the total pigment content of 4.00 mg g-1, those fertilized at a rate of N60 + N30 – 4.60 mg g-1, and N60 + N40 
– 4.45 mg g-1. In the wheat of  ‘Tauras DS’ cultivar the total pigment content was positively affected only by the higher 
N60 + N40 rates of nitrogen fertilizer (with N60 rate of fertilization the total pigment content was 3.35 mg g-1, with that of 
N60 + N30 –  3.08 mg g-1, and N60 + N40 – 3.71 mg g-1). 

The maximum amount of the pigments in plants of both cultivars was accumulated before flowering, and then it 
started to fall, which indicated that the plants were ageing. 

On July 8, the total pigment content in the wheat had already started to decline. The lowest content of pigments 
was found in the wheat fertilized at a rate of N60 (in the ‘Ada’ plants – 2.58 mg g-1, ‘Tauras DS’ – 2.16 mg g-1). The 
highest content of pigments was established in the wheat fertilized with N60 + N30 rate (‘Ada’ – 3.07 mg g-1, ‘Tauras 
DS’ – 2.30 mg g-1). 

On July 16, the analysis of chlorophyll a, b and carotenoids revealed that ‘Tauras DS’ plants contained more 
pigments.  
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Conclusions 
 

Nitrogen fertilizers stimulated an increase in the overall content of pigments in the plants before flowering. After 
that, when ageing processes began, the total pigment content started to fall.  
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Abstract  
 

The phenological observations, morphological and ornamental properties were studied in 19 Paeonia lactiflora cultivars and hybrids in 
Kaunas Botanical Garden of Vytautas Magnus University during 2005-2011. The ornamental properties of peony cultivars were evaluated according 
to these characteristics: duration of blooming, flower size, number of generative stems and height of the plants habit. It was established that species of 
Lithuanian peonies varied.  

The morphological–ornamental features of these Paeonia lactiflora are of large variety: plant blooming duration lasted 12–21 days, size of 
flower was 10–20 cm, height of plants was 65-–103 cm. According to the average of height, two phenorhythmotypes of peonies were classified: 1) 
medium height (50.0–79.0 cm), 2) high (80.0 cm and more). These results are relevant for grouping different types of peonies intended for planting in 
green areas of urban territories.  

Key words: Paeonia lactiflora Pall., peony cultivars and hybrids, morphological and ornamental properties. 
 
Introduction  
 

Genus Paeonia L. has been attributed to Paeoniaceae family. There are 40 species in this genus of beautiful 
perennials and shrubs that are natural to Mediterranean coast region, Europe, Caucasus, East Asia and two species 
originated from North America (Sang et al., 1997). Peonies are all deciduous and have long-lived, rather woody 
rootstocks with swollen roots, and large compound leaves with leaflets usually toothed or lobed. Each stem in spring 
ends with one to several large, rose-like flowers. The flowers are mostly in shades of pink or red, but there are also 
white and yellow-flowered species (Cheifetz, Double et al., 2006). Peonies are used as pot flowers, cut flowers and dry 
flowers (Wang, Zhang, 2005). It is a very popular flower traditionally grown in every flower-garden in Lithuania 
(Žliobienė, 1985). In ornamental plantations, cultivars bred by breeders that stand out with unusual decorative flowers 
and habit are more popular than species of peonies (Mažeikienė, Stanys et al., 2008). Lithuanian breeders O. Skeivienė, 
E. Tarvidienė and J. Tarvidas have created a great number of cultivars and hybrids of Paeonia lactiflora Pall. Three 
cultivars and 16 hybrids of O. Skeivienė and 25 hybrids of E. Tarvidienė and J. Tarvidas were selected and presented 
for conservation in Lithuanian Plant Genetic resources (Dapkūnienė, 2007; Dapkūnienė, Varkulevičienė et al., 2007). 
Collection, protection, investigation and evaluation of ornamental plants from Lithuanian flower genefund are the trend 
of scientific researches in the country (Dapkūnienė, Indrišiūnaitė et al., 2002).  

There are 109 cultivars and hybrids of peonies of Lithuanian breeders in two collections of the Botanical 
Gardens of Vilnius University and Vytautas Magnus University in Kaunas. Peony cultivars and hybrids created by 
Lithuanian breeders grow, overwinter and blossom very well in Lithuanian climate (Dapkūnienė, Motiejūnaitė et al., 
2008). After investigating the contamination levels of viral diseases in these plants it was revealed that virological state 
of Lithuanian peony cultivars and hybrids growing in collections was good (Samuitienė, Navalinskienė et al., 2009). 

Peony species created by O. Skeivienė are compiled, grown and studied in Botanical Gardens of Vytautas 
Magnus University in Kaunas. These peonies distinguish themselves by various morphological, ornamental and 
biological properties (Varkulevičienė, Stankevičienė, 2006). The morphological features of peony cultivars ‘Garbė 
Motinai’, ‘Virgilijus’, ‘Prof. K. Grybauskas’ and hybrids ‘Maironis’, ‘Darius-Girėnas’ were examined in Lithuanian 
Institute of Horticulture. According to morphological features, ‘Maironis’ hybrid is the closest to Paeonia lactiflora, 
furthermore, species and cultivar ‘Darius-Girėnas’ are similar to ‘Sarah Bernhard’ and ‘Festivas Maxima’ cultivars 
created by French breeders (Mažeikienė, Stanys et al., 2008). Peony cultivars created by Lithuanian breeders are much 
better adapted to wet and moderate climate of Lithuania and are more resistant to pathogens, than introduced cultivars 
(Varkulevičienė, Stankevičienė, 2005).  

Findings presented in this article would facilitate grouping of these plants according to ornamental aspects in 
collections and plantings, also would ensure the expansion of Paeonia lactiflora plants in public green areas. Bearing in 
mind that in green plantations the Paeonia plants are grown for ornamental purposes, information about 
phenorhythmotypic features of these plants is very important. Phenorhythmotype is a phenological group that combines 
plants of different species according to similarity indexes of the beginning and end of their vegetative period as well as 
based on analogical succession of the main phenological phases during the vegetation period or the entire calendar year 
(Naujalis, 1992). 

The aim of this work was to evaluate phenological and biometrical properties and to classify in 
phenorhythmotypes 19 cultivars and hybrids of Paeonia lactiflora (originator O. Skeivienė) in Kaunas Botanical 
Garden having the status of National Plant Genetic Resource. 
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Materials and methods 
 

Investigations of Paeonia lactiflora Pall. 3 cultivars (‘Garbė Motinai’, ‘Virgilijus’, ‘Prof. K. Grybauskas’) and 
16 hybrids created by O. Skeivienė were carried out during 2005–2011 in Kaunas Botanical Garden of Vytautas 
Magnus University (Table 1). Names of the hybrids used in this article are conditional. Peony flowers are hollow and 
double, white, rose and red of various shades.  
 
Table 1. Description of Paeonia lactiflora Pall. cultivars and hybrids created by O. Skeivienė in Kaunas Botanical Garden 

according to the data provided by Dapkūnienė (2002). 
Cultivar*, hybrid Example No. / origination year Colour of flower Form of flower 

‘Danutė’ G907/h-1970 Bright rose Single 
‘Darius-Girėnas’ G910/h-1964 Rose Half-spherical, double 

‘Elena’ G908/h-1970 Bright rose Single 
‘Freda’ G921/h-1964 Bright rose Crown-like, double 

‘Garbė Motinai’* G922/v-1958 Bright white with violet shade Half-spherical, double 
‘Jadvyga’ G905/h-1970 Bright rose Single 

‘Jonas’ G916/h-1970 Bright lilac rose Single 
‘Kastytis’ G917/h-1964 Dark rose Single 
‘Maironis’ G920/h-1964 White Single 

‘Ona’ G906/h-1970 Bright rose Single 
‘Prof. K. Grybauskas’* G923/v-1958 Dark red with white edging Half-spherical, double 

‘Ramunis’ G912/h-1970 Lilac rose Single 
‘Regina’ G909/h-1970 Lilac rose Single 
‘Rytas’ G913/h-1970 Bright rose Single 

‘Skeivienės vėlyvasis’ G911/h-1964 Bright rose Half-spherical, double 
‘Tadas’ G915/h-1970 Red Single 

‘Vakaris’ G914/h-1964 Rose Crown-like, double 
‘Virgilijus’* G918/v-1958 Rose Single 

‘Žilvinas’ G919/h-1964 Bright rose Single 
*cultivar 

 

Paeonia lactiflora cultivars and hybrids grow in an open area in rows to the southwest direction, spaces 
between plants are 0.8 x 1.0 m. The soil of the experimental site is Calc(ar)i-Endohypogleyic Luvisol (LVg-n-w-cc) 
(Buivydaitė, Vaičys et al., 2001) and its texture are light clay loam on heavy clay loam. The layer of cultivated light 
clay loam soil is approx. 0.60 m deep. The soil pHKCl was slightly alkaline (pHKCl 7.15–7.29) (potentiometric method), 
the content of the humus 2.97–3.25% (Tyurin method), available P2O5 and KO2 245–298 and 169–198 mg kg- 1 
respectively (A-L method).   

Peonies were being planted since the middle of August till the middle of September into specially prepared 
pits, according to Žliobienė (1985) as well as Varkulevičienė and Stankevičienė (2005 and 1984). Referring to 
Žliobienė (1985), caring works such as the weeding out, watering and others were carried out during vegetation. 3-4 
years after the planting, plants are fertilized as Varkulevičienė and Stankevičienė (2005) state.  

Investigations of morphological and ornamental properties of Paeonia lactiflora cultivars and hybrids based on  
Vaidelys’s (2005) methodology were carried out during the full flowering stage. The beginning and the end of 
flowering of Paeonia lactiflora cultivars and hybrids, diameter of the flowers were estimated. The numbers of 
flowering and vegetative stems were counted. 

Assessment of flowering of Paeonia lactiflora cultivars and hybrid plants started when the first bloom started 
flowering and was finished on the completion of flowering. The diameter of every flower was measured using a ruler. 
Height of each plant from soil surface to the top of flower was measured using a calibrated meter during the mass 
flowering stage of plants.  

According to plants average height, the Paeonia lactiflora cultivars and hybrids were divided into 
phenorythmotypes: medium high and high. The data was statistically processed using statistical software package 
Statistica, version 8.0. Significant differences of height of plants, number of generative stems and diameter of flowers 
were marked by different letters, according to Duncan criterion.  
 

Results of research and discussions 
 

Results and the place in Kaunas Botanical Garden for Paeonia lactiflora collections-exposition are optimally 
suitable for growing these plants (Varkulevičienė, Stankevičienė, 2005; Varkulevičienė, Stankevičienė, 2006). In 2005-
2011, continuing the introduction and acclimatisation research works started by O. Skeivienė and E. Žliobienė, research 
on morphological-ornamental properties was carried out and the data is summed up in Table 2. 

Usually early peonies bloom from late May to the 10th of June, and late to the 10th of July. Depending on the 
weather conditions, their blooms can slightly vary, but the groups of peonies remain with the same regularities (Fulton, 
Hall et al., 2001), and the warmer temperature leads to more rapid shoot emergence and flower development. Under our 
ecological conditions, peonies start growing again in the beginning of April, for 8–12 days. The hybrids ‘Skeivienės 
vėlyvasis’ and ‘Žilvinas’ start growing later. Annual phenological research of Paeonia plants showed the earliest 
flowering in the Botanical Garden: ‘Maironis’ on the 7th of June. The beginning of flowering in the first decade of June 
is typical to peony Elena’, ‘Tadas’, ‘Kastytis’, ‘Ona’, ‘Ramunis’ and ‘Jonas’. Every year, the last flowering peony was 
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typical to ‘Prof. K. Grybauskas’, on the 13th of July. Short flowering duration (12 days) was typical to Paeonia ‘Garbė 
Motinai’, ‘Skeivienės vėlyvasis’, ‘Žilvinas’, ‘Vakaris’, ‘Danutė’ and ‘Jonas’. The longest flowering was specific to 
Kastytis’ and ‘Tadas’ (20 days) and ‘Virgilijus’ (21 days). The analysis of the data of separate years shows that average 
flowering duration of peonies is 15 days. 

 
Table 2. Morphological and ornamental properties characteristic to Paeonia lactiflora cultivars and hybrids in Kaunas 

Botanical Garden, 2005–2011. 

Cultivar*, hybrid 
Average flowering 

time, days 

Height of plant, 

cm 

Number 

of generative stems 

Diameter of 

flower, cm 

‘Danutė’ 12 80.86efg 47.80g 16.42fghi 
‘Darius-Girėnas’ 14 77.43cde 5.60a  12.29a 

‘Elena’ 21 83.57fgh 34.40e 15.14bcde 

‘Freda’ 17 78.86def 7.60a 15.00bcd 

‘Garbė Motinai’* 12 81.57efgh 46.20fg 15.57cdef 
‘Jadvyga’ 16 73.14cd 20.80cd 15.71def 

‘Jonas’ 12 91.86ifg 32.60e 15.57cdef 
‘Kastytis’ 20 86.29ghi 25.80cde 15.71cdef 
‘Maironis’ 21 81.71efgh 30.80e 17.42 

‘Ona’ 16 87.00hi 31.60e 15.14bcde 
‘Prof. K. Grybauskas’* 16 97.29k 32.20e 12.28a 

‘Ramunis’ 17 83.86fgh 20.60c 16.28efg 
‘Regina’ 15 93.86jk 44.60fg 17.71 
‘Rytas’ 16 72.57c 19.20bc 16.57 

‘Skeivienės vėlyvasis’ 12 59.00a 7.00a 11.42a 
‘Tadas’ 20 65.57b 20.20bc 14.43bc 

‘Vakaris’ 12 94.71jk 29.80de 16.57fghi 
‘Virgilijus’* 21 83.43fgh 33.80e 15.86def 

‘Žilvinas’ 12 78.00cdef 11.60ab 14.29b 
Average 16 81.61 46.20 14.53 

Different letters indicate significant differences between cultivars and hybrids at 95 % significance level.  

The number of generative stems of ‘Darius-Girėnas’, ‘Skeivienės vėlyvasis’ and ‘Freda’ were not abundant, depending on  diseases 

in the experimental years. 

 
The analysis of the data of separate years shows that the cultivars of Paeonia lactiflora in the Botanical Garden 

are of approx. 85.0 cm height. The minimum height of peony was specific to ‘Tadas’ (65.2 cm) and ‘Jadvyga’ (69.3 
cm). The maximum height was typical to ‘Kastytis’ (97.1 cm) and ‘Vakaris’ (102.7 cm). Statistical indicators of 
Paeonia height in separate years are presented in Table 3. 

 
Table 3. Statistical indicators of cultivars and hybrids of Paeonia lactiflora height (cm), 2005–2011.  

Years X±SE M SD 
2005  88.9±1.8  -  7.8 
2006 75.2±2.8 70.0 12.1 
2007 76.4±2.7 75.0 11.7 
2008 80.6±3.0 82.0 13.1 
2009 84.4±2.4 87.0 10.5 
2010 86.2±2.3 85.0 10.1 
2011 79.6±2.0 - 8.6 

Note. X – average dates of phase period, SE – standard error, M – the most frequently repeating criterion value, SD – standard 
deviation.  
 

According on the standard deviation parameters, in 2005-2011 the average height indicators (7.8–13.1 cm) of 
peonies were slightly distant in relation to the average. The results of high indicators of the peonies most varied in 2006 
and 2008 (Table 2). Peonies ‘Jadvyga’, i.e. 11.6 cm, and Skeivienės vėlyvasis’, i.e. 11.5 cm, varied the most in height 
parameters.  

The analysis of the data of separate years shows that, according to the average of height, two phenorhythmotypes 
of peonies were classified: 1) medium height (50.0–79.0 cm), 2) high (80.0 cm and more) (Fig. 1). 

In 2005, medium height (55.0–79.0 cm) was specific to 11% of plants (‘Tadas’, 71.0 cm, and ‘Rytas’, 79.0 cm). 
In the collection, approx. 89% of peonies (‘Garbė Motinai’, ‘Žilvinas’ and others) were high (82.0–100.0 cm). The 
analysis of the data shows that in 2006 peonies (‘Jadvyga’, ‘Danutė’ and others) of the first phenorhythmotype were 
characterized by medium height (51.0–76.0 cm) (Fig. 1). This group consists of 68% of Paeonia plants. The second 
phenorhythmotype containing 32% of peonies (‘Kastytis’, ‘Jonas’ and others) was high (88.0–92.0 cm). The analysis of 
the data of separate years shows that in 2007 the medium height (50.0–79.0 cm), like in 2006, was specific to 68% of 
Paeonia plants (‘Darius–Girėnas’, ‘Maironis’ and others). The second phenorhythmotype containing 32% of Paeonia 
(‘Ona’, ‘Regina’ and others) was high (83.0–100.0 cm). 
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Figure 1. Distribution of cultivars and hybrids of Paeonia lactiflora. according to the height of plants 

Note. Phenorhythmotypes of Paeonia: 1 – medium height, 2 – high. 



Rural Development 2013                                                                                                                                                   ISSN 2345-0916 

266 

In 2008, medium height (55.0–79.0 cm) was specific to approx. 37% of plants (‘Freda’, ‘Rytas’ and others). In 
the collection approx. 63% of peonies (‘Elena’, ‘Ramunis’) were high (80.0–110.0 cm). The analysis of the data shows 
that in 2009 peonies (‘Jadvyga (No. 26)’, ‘Tadas’ and others) of the first phenorhythmotype were characterized by 
medium height (57.0–75.0 cm). This group consists of 21% of Paeonia plants. The second phenorhythmotype 
containing 79% of peonies (‘Kastytis’, ‘Ramunis’ and others) was high (80.0–100.0 cm). In 2010, medium height 
(59.0–78.0 cm) was specific to approx. 21% of peonies (‘Jadvyga’, ‘Tadas’ and others). Peonies of the second 
phenorhythmotype were high (80.0–103.0 cm). This group comprises approx. 79% of peonies (‘Ona’, ‘Vakaris’ and 
others) of the collection. In 2011, peonies (‘Rytas’, ‘Jadvyga’ and others) of the first phenorhythmotype were 
characterized by medium height (57.0–79.0 cm). This group consists of 47% of peonies. In the collection approx. 53% 
of peonies (‘Kastytis’, ‘Elena’ and others) were high (80.0–93.0 cm). 

The analysis of the yearly data shows that Paeonia ‘Rytas’ and ‘Tadas’ were of medium height. Yearly high 
peonies were typical to ‘Prof. K. Grybauskas’, ‘Ona’, ‘Vakaris’, ‘Jonas’ and ‘Regina’. Our data obtained in 2005–2011 
revealed that peony plants had lower height than 100 cm, compared with the data obtained in 2000–2006 (Dapkūnienė, 
Varkulevičienė et al., 2007). Only three cultivars were higher than 100 cm in some years: ‘Prof. K. Grybauskas’ was 
100 cm and 110 cm in 2007 and 2008 respectively, ‘Regina’ was 100 cm in 2005, 2009 and was 103 cm in 2010, 
‘Vakaris’ was 100 cm high in 2008. According to our data, the tendency of descending height of plants caused by 
abundant formation of generative stems and flowering next year was observed.   

Statistical indicators of Paeonia diameter of the flowers in separate years are presented in Table 4. 
 

Table 4. Statistical indicators of cultivars and hybrids of Paeonia lactiflora diameter of the flowers (cm), 2005–2011 
Years X±SE M SD 

2005 15.1±0.3 15.0 1.4 
2006 17.3±0.5   18.0 2.1 
2007 16.1±0.5 17.0 1.9 
2008 15.5±0.4 16.0 1.9 
2009 14.5±0.4 15.0 1.9 
2010 15.1±0.4 - 1.9 
2011 14.3±0.4 15.0 1.7 

Note. X – average dates, SE – standard error, M – the most frequently repeating criterion value, SD – standard deviation.  
 

The statistical analysis shows that the average of flowers’ diameter is 19.9 cm. The minimum diameter of 
flowers was typical to ‘Darius–Girėnas’ and ‘Skeivienės vėlyvasis’, i.e. 10.0 cm, the maximum diameter was of 
‘Kastytis’, ‘Vakaris’, ‘Regina’ (19.0 cm) and ‘Maironis’ (20.0 cm). According to the standard deviation indicators, 
average parameters of flowers’ diameter were slightly distant in relation to the average (1.4–1.7 cm).   

Only the parameters of 2006–2008 (Table 3) are more distant from the average because peonies ‘Freda’, 
‘Darius-Girėnas’ and ‘Skeivienės vėlyvasis’ did not flower in 2006–2007, in 2008 only ‘Darius-Girėnas’ do. Since this 
period, the diameter parameters of peony flowers were not recorded, so they are the most varied. 

To group such peonies according to the diameter of the flowers in 2005–2011, the method of full link cluster 
analysis was applied. After carrying out the cluster analysis, four groups of peony clusters were distinguished (Fig. 2). 
The average diameter of the flowers of the first cluster group peonies (‘Danutė’, ‘Ramunis‘, ‘Rytas‘, ‘Garbė Motinai’, 
‘Jonas’, ‘Jadvyga’, ‘Kastytis’, ‘Virgilijus’, ‘Ona’ and ‘Vakaris’) was 15.1–16.6 cm. The second cluster group contains 
peony (‘Elena’, ‘Freda’, ‘Tadas’ and ‘Žilvinas’) with 14.3–15.1 cm average diameter of the flowers. 
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Figure 2. Link dendrogram of Paeonia plants (similarity in Euclidean distances) according to diameter of the flowers 
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The third cluster group contains peonies (‘Maironis’ and ‘Regina’) with the average diameter of the flowers 
higher than 17.0 cm. The average diameter of the flowers of the fourth cluster group of peonies (‘Prof. K. Grybauskas’, 
‘Skeivienės vėlyvasis’ and ‘Darius-Girėnas’) was less than 13.0 cm. Generative structures of these peonies were 
unstable to production every year.  

Most of peony flowers according to size are middle (diameter 13.0–16.0 cm), ‘Skeivienės vėlyvasis‘ ‘Darius-
Girėnas‘ and ‘Prof. K. Grybauskas‘ had smaller flowers (diameter less than 13.0 cm), ‘Maironis‘ and ‘Regina‘ had 
larger ones (diameter more than 17.0 cm). Comparing the data obtained in previous studies, we observed that peony 
flowers became smaller (Dapkūnienė, Varkulevičienė et al., 2007). 

We plan to accumulate a collection valuable from scientific, educational, recreational, and economic points of 
view. It is necessary to protect the created cultivars and hybrids, evaluate their selective numbers and continue 
increasing the selection of new cultivars constantly spreading and showing them to society.   

 
Conclusions 

 

The analysis of the data of separate years shows that the cultivars of Paeonia lactiflora in the Botanical Garden 
are approx. 81.6 cm height. According to the average of height, two phenorhythmotypes of peonies were classified of: 
1) medium height (50.0–79.0 cm), 2) high (80.0 cm and more). 

The statistical analysis shows that the average of flowers’ diameter is 19.9 cm. The minimum diameter of 
flowers was typical to ‘Darius–Girėnas’ and ‘Skeivienės vėlyvasis’, i.e. 10.0 cm, the maximum diameter to ‘Maironis’ 
(20.0 cm).  

Annual phenological research of Paeonia lactiflora plants showed that the earliest flowering in the Botanical 
Garden was ‘Maironis’, on the 7th of June. The last flowering peony was typical to ‘Prof. K. Grybauskas’, on the 13th of 
July. 

The analysis of the data of separate years shows that average flowering duration of peony is 15 days. Short 
flowering duration (12 days) was typical to Paeonia lactiflora ‘Garbė Motinai’, ‘Skeivienės vėlyvasis’, ‘Žilvinas’, 
‘Vakaris’, ‘Danutė’ and ‘Jonas’. The longest flowering was specific to ‘Virgilijus’, 21 days.  
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Progress in Plant Photophysiological Investigations 
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Abstract 

 

 In this study we review the progress in plant photophysiological investigations performed in the laboratory of plant physiology at Institute of 
Horticulture, Lithuanian research centre for agriculture and forestry, in the global science context in this field. The main directions of investigations – 
the effects of light parameters on growth and development of greenhouse plants and metabolic changes in green vegetables and sprouts. Experiments 
were performed exploring versatile facilities of solid-state lighting, based on light emitting diode (LED) technology. The succeeded lighting strategies 
for microgreen sprouts, green vegetable and vegetable transplant cultivation are overviewed.  
 
Introduction 

 

 Light for plants is the source of energy and the source of information, regulating the main vital process, such as 
photosynthesis, photomorphogenesis and metabolism. Sun is the universal light source; plants were adapted to its 
natural intensity variations and spectral quality during evolution. Artificial light sources do not come up to the natural 
ones, however light parameters can be designed to assure normal plant growth and development (Chen et al., 2004; 
Folta, Maruhnich, 2007). In recent years, due to the achievements in lighting technologies and analytical capabilities, 
photobiological studies became more popular and gained lots of important fundamental scientific knowledges that are 
important both in agrotechnological and economical aspects. However, even after more than 100 years of scientific 
searches, the objective to elucidate and manipulate light regulated physiological processes is not achieved.  

Plant responses to the light under which plants are grown affect their growth and development in a complicated 
manner. Light quality and quantity initiate signaling cascade of specific photoreceptors, such as phytochromes, 
cryptochromes, and phototropins, which alter the expression of a large number of genes. The specific responses of 
plants to lighting parameters may sometimes be predictable according to published research data, however, the overall 
plant response is generally difficult to predict due to the complicated interaction of the many different responses 
(Hogewoning et al., 2010).  

Light emitting diodes represent a promising technology for the greenhouse industry that has technical advantages 
over traditional lighting sources, but are only recently being tested for horticultural applications (Mitchell et al., 2012). 
The color of the light emitted depend on the properties of semiconductor material. LEDs can have peak emission 
wavelengths from UV-C (~250 nm) to infrared (~1000 nm) (Bourget, 2008) and it is the first light source to have the 
capability of true spectral control, allowing wavelengths to be matched to plant photoreceptor absorbtion to provide 
more optimal production and to influence plant morphology and composition (Morrow, 2008). The fast technological 
progress of LEDs due to their extensive usage for other industrial applications provides various advancements for 
horticultural lighting.  

The plant photophysiological researches, performed in 2003 – 2009 in the Laboratory of plant physiology at 
Lithuanian Research Centre for Agriculture and Forestry, Institute of Horticulture, were reviewed previously 
(Urbonavičiūtė et al., 2009). In this study we present the successive scientific achievements, gained to date, performing 
scientific projects of researcher groups “Solid-state lighting technology for the improvement of the nutritional quality of 
lettuce” (NUTRILED); project of the National program “The management of microgreens nutritional quality in light 
culture systems” (MICROGREENS) and proof of concept project “Photophysiological effects for the control of plant 
secondary metabolism” (METABOLED) et ct. In these studies, various light parameter effects on plant growth and 
metabolism were investigated.  

The objective of this study was to review the main progressive explorations investigating various horticultural 
plant photophysiological processes.  
 

Research methods 

 

Experiments were performed in 2009–2013, at the Institute of Horticulture, Lithuanian Research Centre for 
Agriculture and Forestry. In cooperation with the physicists from Institute of Materials Science and Applied Research, 
Vilnius University the original, intentionally designed lighting units, based on solid state lighting technology were 
constructed and applied.  

The effect of different spectral components on plant growth, development and metabolism was investigated in 
phytotron chambers, using computer regulated 5 illuminators complex with possibility to combine lighting spectra of 
blue (447 nm), red (638, 662 and 669 nm), far red (731 nm), and the supplemental UV (385 nm), green (510 nm) and 
yellow (595 nm), orange (622 nm) light emitting diode (LED) wavelength (Tamulaitis et al., 2005).  

The light impulses frequency, that might have the resonance effects for various plant endogenous processes, 
were investigated using pulsing LED light modules for phytotrons, used in combination with high pressure sodium 
lamps (HPS) and emitting blue (455, 470 nm), cyan (505 nm), yellow (590 nm) or red (629 nm) light.  

According to the results of the investigations in the phytotron, unique lighting units were constructed for the 
plant illumination in industrial greenhouses. The patented red LED light (638 nm) based technology (Bliznikas et al., 
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2009), supplemental for traditional high pressure sodium (HPS) illumination was used for pre-harvest treatment of 
green vegetables to improve their nutrient contents.  
 Supplemental illumination units for greenhouse, based on blue (447, 455 nm ), cyan (505 nm) or green (530 nm) 
light were explored for vegetable transplant cultivation and green vegetable nutritional quality regulation.  

The effect of light on the photosynthesis and metabolism were performed with different types of microgreen 
sprouts (tatsoi, kohlrabi, red pak choi, mustard, beet, basil, parsley etc. (CN seeds, UK); different varieties of “baby 
leaf” (Lactuca sativa L.) lettuce (Nunhems Nertherlands BV, The Netherlands); various green vegetables (parsley, 
marjoram, onion leaves, dills, basil); red and green perilla (Perilla frutescens L.) plants.  

The light effect on the vegetable seedling growth and productivity was investigated with cucumber (Cucumis 

sativus L Mandy F1, Mirabelle F1), tomato (Lycopersicon lycopersicum L. Cunero F1, Magnus F1) and sweet pepper 
(Capsicum annum L. Reda, Figaro F1). Plants were cultivated according proper agrotechnical requirements; illuminated 
from sowing time, or transferred under LED lighting in the determined developmental stage.  
 To determine lighting effect on plants biometric measurements and different biochemical analysis were 
performed. Spectrophotometric methods were applied for determination of photosynthetic pigments, ascorbic acid 
concentration, total contents of phenolic compounds, total contents of anthocyanins, free radical scavenging activity. 
Nitrate measurements were performed using potentiometric method. High performance liquid chromatography was used 
for soluble sugar, tocopherol, carotenoid and other phytochemical compound determination.  
 
Results of research  

 

The photophysiological researches in the Laboratory of plant physiology at Institute of Horticulture, Lithuanian 
research centre for agriculture and forestry were performed in different directions from 2003. There we present the main 
results and achievements regulating green vegetable growth, photosynthesis and metabolism and vegetable transplant 
growth and productivity obtained in recent years.  
 

The effect of light parameters on green vegetable photosynthesis and metabolism.  

The light effect for plants is the result of complex signaling network, involving different light parameters and 
different enzymes, primary and secondary metabolites. Optimizing light spectral conditions, timing effects, 
photosynthetic flux densities it is possible to create economically efficient lighting conditions for qualitative, higher 
nutritional value green vegetable production. However, the needs of various plant species for lighting conditions 
(Žukauskas et al., 2011; Bliznikas et al., 2012) are different during different maturity stages (sprout – baby leaf – 
technical maturity). Thus, lighting parameters should be selected regarding plant type, maturity level and other 
environmental conditions, and also should meet agronomic and economic objectives. Lighting conditions must not be 
optimal for plants seeking for certain agronomic purposes; mild photostress conditions are frequently effective.  

Proper light irradiance level, expressed as photosynthetic photon flux density (PPFD), is required to maintain 
normal photosynthesis. Higher PPFD usually results in lower nitrate accumulation rates in green vegetables and sprouts 
(Fig. 1A), but maximal accumulation of other nutritionally important compounds, like phenols, anthocyanins in plant 
material occurs only at moderate PPFD levels (Fig. 1B).  
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Figure 1. Nitrate contents (mg kg-1) (A) and total contents of phenolic compounds (mg g-1) (B) in microgreen sprouts, 

cultivated under different photosynthetic photon flux densities of 638, 665, 455 and 735 nm LED combination in closed 

environment phytotron chambers.  
 

The certain light and dark periods – photoperiods – are necessary for normal plant photosynthesis and 
development. However, experiments with different baby leaf lettuce varieties showed, that 24 h photoperiod might be 
also beneficial improving antioxidant properties of lettuce material, that is associated with higher accumulation rates of 
antioxidant compounds (Fig. 2A) with only slight negative effect on parameters reflecting action of photosynthesis 
system (Fig. 2B).  
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Figure 2. Chlorophyll ratio (A) and antioxidant properties (B) of different baby leaf lettuce varieties, cultivated under 642 nm 

red LED light within different photoperiods in phytotron (21/17°C) in peat substrate.  

 
Light spectral quality is a powerful tool regulating nutritional quality parameters in green vegetables. The need 

of different light wavelengths was investigated in the closed environment phytotron chambers (Brazaitytė et al., 2006). 
However, the lighting strategies, selected as optimal for different plants in phytotron conditions, generally are not so 
efficient in greenhouse conditions, where supplemental natural and high pressure sodium illumination act parallely on 
plants (Samuolienė et al., 2013); especially, when other varying environmental factors during different cultivation 
seasons mediate light effect for plants (Samuolienė et al., 2012a). LED technology to date is still relatively expensive to 
displace the fluorescent or high pressure sodium (HPS) illumination. However, combining the spectra of these 
conventional light sources with LED wavelengths it is possible not only to optimize the spectral quality for various 
plants and different physiological processes (growth, flowering, metabolism, photosynthetic efficiency), but also to 
create economically efficient lighting system. Higher flux of red LED light, applied few days before harvesting, have 
the more pronounced effects on the antioxidant properties improvement in microgreens (Samuolienė et al., 2012b), 
baby leaf lettuce (Samuolienė et al., 2011) and lettuce and other green vegetables in technical maturity stage (Žukauskas 
et al., 2011; Bliznikas et al., 2012).  

Generally it is difficult to attain comprehensively positive light effect on different green vegetables, both in 
metabolic and photosynthetic manner, however, our results show, that specific lighting strategies might be employed 
seeking to create plant – bioreactor systems, for the enhanced production of selected phytochemical compounds 
important for pharmacy or human nutrition.  
 

The light effects on vegetable transplant growth and productivity 

Vegetable transplants were previously reported to be successfully cultivated under the combinations of red and 
blue light emitting diodes in closed environment chambers (Brazaitytė et al., 2009; Brazaitytė et al., 2010) with 
profitable effects of supplemental green, yellow or UV-A components depending on plant type (Fig. 3). Small flux of 
supplemental UV light was effective for more compact tomato transplant cultivation and faster developmental rates. 
Cucumber tranplants, contrarily, showed reduced growth and developmental characteristics, when sweet pepper 
transplants reacted to supplemental UV-A light indifferentialy.  
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Figure 3. Height (cm) of vegetable transplants, cultivated in closed environment growth chambers under basal LED 

illumination (red 640, 660 nm, blue 445 nm and far red 731 nm) supplemented with UV-A LEDs (385 nm).  

 

 In greenhouse conditions, where transplants were cultivated under HPS and natural illumination, different 
requirements for supplemental LED lighting were observed (Samuolienė et al., 2012c): supplemental blue (455, 470 
nm) and green LEDs (505, 530 nm) resulted in increased leaf area, fresh and dry weight and photosynthetic pigment 
contents in tomato, cucumber and sweet pepper transplants (Novičkovas et al., 2012; Samuolienė et al., 2012c). Despite 
no significant light effect on the remnant plant yielding in the greenhouse, the LED light is a suitable tool for qualitative 
seedling production in the industrial scale.  
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Conclusions  

 
 After 10 years of investigations in the Laboratory of Plant Physiology at Institute of Horticulture, Lithuanian 
Research Centre for Agriculture and Forestry, valuable information, regarding photophysiological processes in plants of 
different genotype and different life strategies was assembled. These explorations not only provided practical and 
biological knowledge, but also opened the door for further progressive scientific researches and for commercialization 
of the ideas and technologies. The obtained knowledge was employed designing, installing and testing the novel, 
progressive lighting units for industrial applications and lighting methods for qualitative, healthy and safe vegetable 
food production.  
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Abstract 

 

 In this study we used the combination red (638, 665 nm), blue (445 nm) and far red (735 nm) light-emitting diodes (LEDs) to obtain the 
different light irradiance photosynthetic photon flux densities (PPFDs) of uniform spectra and investigated the effects of different light irradiance 
levels (110-545 µmol m-2s-1) on growth and nutrient contents in borage (Borago officinalis L.) microgreens cultivated in closed controlled 
environment chambers (21/17°C, 16 h photoperiod). The results showed that fresh weight, leaf area increased and hypocotyls length decreased with 
increasing PPFD from 110 to 440 µmol m-2s-1; when the highest investigated PPFD level of 545 µmol m-2s-1 resulted in inhibited biomass growth and 
undesired hypocotyl elongation. The lowest nitrate contents were determined in microgreens cultivated under moderate, 330-440 µmol m-2s-1 

irradiance levels. 440 µmol m-2s-1 PPFD level evoked the response of protective antioxidant system and resulted in the highest contents of the main 
antioxidant phytochemicals, when 545 µmol m-2s-1 PPFD level suppressed antioxidant levels in borage microgreens. Our results implied that, 
compared to other light irradiance treatments, 440 µmol m-2s-1 was more suitable for borage microgreens cultivation.  
 
Introduction 
 

Microgreens are a type of specialty leafy greens harvested shortly after the first true leaves have emerged. They 
are cut just above the roots and consumed fresh as salad greens. This crop has a quick production cycle (two to three 
weeks) and occupies very little space in greenhouse production (Kopsell et al., 2012). It distinguishes from other types 
of green vegetables by tender textures, vivid colors and intense flavors. Moreover, microgreens were claimed to surpass 
mature vegetables by higher levels of phytochemical contents. Brassicacea family greens are the most popular; 
however, microgreens of other origin, such as beet, borage, amaranth or basil also possess beneficial nutritional and 
flavor properties (Xiao et al., 2012).  

Borage (Borago officinalis L.) is well known for medicinal properties of its oil. However, young leaves of 
borage also possess high antioxidant properties (Bandonienė, Murkovic, 2002). The plant is reputed as antispasmodic, 
antihypertensive, antipyretic, aphrodisiac, demulcent, diuretic and is considered useful to treat asthma, bronchitis, 
cramps, diarrhea (Gilani et al., 2007). However, its medicinal properties depend on phytochemical content that is highly 
sensitive to the overall cultivation conditions. As a primary source of energy, light is one of the most important 
environmental factors for plants. The intensity and quality of light are essential for the growth, morphogenesis and 
physiological responses of plants (Fan et al., 2013). In order to adjust to the various light environments, plants have 
evolved many mechanisms, including morpho-physiological and metabolic changes. The certain level of light irradiance 
is necessary for normal photosynthesis in plants, when low light results in photoinhibition and net photosynthesis rate 
correlates with increases in light intensity (Fan et al., 2013). Nitrate concentration in green vegetables also decreases as 
nitrate reductase activity increases with increased light level (Liu, Yang, 2012). High light intensity often results in 
photoinhibition and plant injury. Moreover, absorbtion of excess photon energy at high light in lettuce was reported to 
be associated with increased antioxidant capacity due to higher contents of ascorbate, glutathione, carotenoids and α 
tocopehrol (Zhou et al., 2009). However, there is great discrepancy in the light saturation point in different green 
vegetables;even the less of information is available about light requirements for young and tender microgreen sprouts.  

In this study we revise the effect of different light irradiance levels, provided by light emitting diode (LED) 
lighting on the nutritional properties of borage microgreen sprouts. The combination of red and blue LED light 
wavelengths were proved to be suitable for illumination of green vegetables (Brazaitytė et al., 2006; Stutte et al., 2009), 
as well as for sprouting seeds (Samuolienė et al., 2011) and broccoli microgreens (Kopsell, Sams, 2013). However, 
LED lighting technology, despite being in repute due to advanced technology, efficiency and multiparametric control 
capabilities (Mitchell et al., 2012) is still quite rare in applicational field. To date, more knowledge must be acquired on 
the effects of LED lighting parameters on various plant types, varieties and developmental stages.  
 
Research methods 
 

Experiments were performed in Lithuanian Research Centre for Agriculture and Forestry, Institute of 
Horticulture in 2012; in controlled environment growth chambers with natural illumination elimited. Borage (Borago 

officinalis) microgreens (blue flowered; CN seeds, UK) were grown in peat substrate (Profi 1, Durpeta, Lithuania) (pH 
5-6) in 0.5 l plastic vessels (18 x 11 x 6 cm) for 10 days from sowing to harvest time. The amount of nutrients (mg l–1) 
in substrate was: N 110, P2O5 50, K2O 160; microelements – Fe, Mn, Cu, B, Mo, Zn. No supplemental fertilization was 
applied. Vessels were equally distributed to act as four experimental replications in space for each lighting treatment. 
Experiments were performed in controlled environment closed growth chambers. The day/night temperature of 
21±2/17±2°C, the 16 h photoperiod and relative air humidity of 50-60 % were maintained during experiment.  

Originally designed solid state lighting unit was applied for microgreen lighting. Lighting spectra consisted of 
commercially available LED with emission wavelengths: blue (LXHL – LR3C,   455 nm), red (LXHL-LD3C,  
  638 nm and LXM3-PD01-0300,   660 nm) (Philips Lumileds, USA) and far-red (L735-05-AU,   735 nm) 
(Epitex, Japan) in proportions presented in Table 1. Different irradiance levels, expressed as photosynthetic photon flux 
density (PPFD) were set in each lighting unit: 545, 440, 330, 220 and 110 μmol m-2 s-1. PPFD of individual LED colors 
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in different treatments were reduced proportionally (Table 1). PPFD was measured and regulated at the vessel level 
using photometer – radiometer (RF-100, Sonopan, Poland).  

 
Table 1. Combinations of light-emitting diodes photon flux densities 

PPFD, μmol m-2 s-1 

Total Blue, 445 nm Red, 638 nm Red, 665 nm Far-red, 735 nm 
110 8 45 55 1 
220 17 90 111 2 
330 25 136 166 3 
440 34 181 221.5 3.5 
545 41 225 275 4 

 
Borage microgreens were harvested 12 days after sowing, cutting stems with cotyledons. 10 randomly selected 

plants were used for biometric measurements. The hypocotyl length (cm) was measured, green weight (g) evaluated. Leaf 
area (cm2) was measured using automatic leaf area meter (AT Delta-T Devices, UK). Conjugated biological samples of the 
randomly selected plants (0.5-1 g per sample) were used for biochemical analysis. Three replications were performed for 
each phytochemical measurement and. All data are expressed on a fresh weight basis and presented as the mean value ± 
standard deviation. Data analysis was processed using one-way analysis of variance Anova, the Fisher’s LSD test to trial 
mean at the confidence level p = 0.05. Data were processed using MS Excel software (version 7.0).  

Phytochemical analysis was performed according appropriate analytical methods. DPPH free radical-scavenging 
activity. The antioxidant activity of microgreen 80% methanol extracts (1:10) was evaluated spectrophotometricaly as 
the 2,2–diphenyl–1–picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany) free radical scavenging ability (µmol g-1) 
(Ragaee et al., 2006). The absorbance was measured at 16 minute at 515 nm (Genesys 6 spectrophotometer, 
Thermospectronic, USA). Total contents of phenolic compounds were determined in microgreen 80% methanol (POCh, 
Poland) extracts (1:10) acording calorimetric Folin-Ciocalteau method (Ragaee et al., 2006). Absorbance was measured 
at 765 nm (Genesys 6 spectrophotometer, Thermospectronic, USA) against water as a blank. Total phenolics were 
determined using gallic acid as a calibration standard. α tocoperol (Supelco, USA) content was determined preparing 
microgreen hexane (Merck, Germany) extracts (1:10) and evaluated using high-performance liquid chromatography 
(HPLC) method. Samples were centrifuged (5 min, 349 x g) and filtered through 0.45 µm PTFE syringe filter (VWR 
International, USA). HPLC 10A system, equipped with RF-10A fluorescence detector (Shimadzu, Japan) and Pinacle II 
silica column, 5 µm particle size, 150 x 4.6 mm (Restek, USA) were used for analysis. Mobile phase was 0.5% 
isopropanol (Merck, Germany) in hexane, flow rate 1 ml min-1. Peak was detected using an excitation wavelength of 
295 nm and emission wavelength of 330 nm. Ascorbic acid (Penta, Check rep.) content was evaluated using a 
spectrophotometric method (Janghel et al., 2007). Genesys 6 spectrophotometer was used for the analysis 
(Thermospectronic, USA). Absorbance was measured at 600 nm and ascorbic acid contents were evaluated using 
calibration method. Nitrate concentration was measured by a potentiometric method (Geniatakis et al., 2003) using an 
ion meter (Oakton, USA) with a nitrate-selective electrode (Cole-Parmer, USA). Fresh microgreen matter was dried at 
105°C for 24 h and grounded. The ionic strength adjustor (ISA) contained 0.02 M Al2(SO4)3 (Poch, Poland), 0.01 M 
Ag2SO4 (DeltaChem, Czeck Republic), and 0.02 M H3BO3 (Poch, Poland). The weighted dry sample (0.2 g) was diluted 
with a 20 ml water–ISA solution (50/50% v/v) and extracted in ultrasound bath for 10 min. All measurements were 
performed after the sensor signal had been stabilized for 3 min. 
 

Results of research 
 

 LED light photosynthetic photon flux density (PPFD) significantly affected the growth parameters of borage 
microgreens (Table 2).  
 

Table 2. Growth parameters of borage microgreens cultivated under different irradiation levels (μmol m-2 s-1). 

PPFD, μmol m-2 s-1 Fresh weight, g Hypocotyl height, cm Leaf area, cm2 

110 0,43±0,02b 1,03±0,25a 15,21±2,27b 
220 0,64±0,09 0,82±0,30 16,86±2,48 
330 0,66±0,04a 0,66±0,11b 18,74±1,88 
440 0,75±0,12a 0,62±0,11b 19,05±3,09 
545 0,50±0,08b 1,06±0,17a 18,46±1,86 

a – the value is significantly (p<0,05) higher, b – the value is significantly lower than the treatments average.  
 

The fresh weight increased with increasing light irradiance level from 110 to 440 µmol m-2s-1, and 545 µmol m-2s-1 

irradiance resulted in significant decrease in plants fresh weight (Table 2). Analogous trend was observed measuring 
hypocotyls length. Increasing light level to 440 µmol m-2s-1 resulted in decreased hypocotyls length and prevented from 
undesirable plant elongation; when hypocotyls of borage microgreens, cultivated under the highest investigated light 
level were elongated and even higher than hypocotyls of microgreens cultivated under the lowest irradiation. Leaf area 
showed the trend to increase at higher irradiance levels, however, these differences were insignificant.  

Different light irradiance levels differentially affected the contents of nitrates and antioxidant compounds in 
borage microgreens. Nitrate concentration (Fig. 1) was accumulated the highest in borage, cultivated under lower light 
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levels (110 and 220 µmol m-2s-1). The determined nitrate levels are quite high, 2100–3100 mg kg-1 of fresh microgreen 
weight. Moderate light levels (330, 440 µmol m-2s-1) resulted in significantly lower nitrate contents, but the highest 
investigated light level (545 µmol m-2s-1) accelerated nitrate accumulation, as compared to medium light.  
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Figure 1. Nitrate contents in borage microgreens irradiated with different LED light PPFD levels (μmol m-2 s-1).  
a – the value is significantly (p<0,05) higher, b – the value is significantly lower than the treatments average.  
 

DPPH free radical scavenging activity showed the trend to increase with increasing irradiance level (Fig. 2), 
however 330-545 µmol m-2s-1 lighting levels did not distinguish by its antioxidant properties. This does not correspond 
to the variation of investigated antioxidant compounds. Contents of phenolic compounds, that should have their role in 
free radical scavenging activity, increased with increasing lighting intensity from 110 to 440 µmol m-2s-1 (Fig. 3). 
However, 545 µmol m-2s-1 irradiation resulted in lower phenol concentration as compared to 440 µmol m-2s-1. This 
might be associated with the usage of free phenolics for the metabolism of complex polychenolics that are not 
determined by the applied method.  
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Figure 2. DPPH free radical scavenging activity in borage 

microgreens irradiated with different LED light PPFD levels. 
a – the value is significantly (p<0,05) higher, b – the value is 
significantly lower than the treatments average.  

Figure. 3. Contents of phenolic compounds in borage 

microgreens irradiated with different LED light PPFD levels. 
a – the value is significantly (p<0,05) higher, b – the value is 
significantly lower than the treatments average.  
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Figure. 4. Ascorbic acid contents in borage microgreens 

irradiated with different LED light PPFD levels. 
a – the value is significantly (p<0,05) higher, b – the value is 
significantly lower than the treatments average.  

Figure 5. α tocopherol contents in borage microgreens 

irradiated with different LED light PPFD levels. 
a – the value is significantly (p<0,05) higher, b – the value is 
significantly lower than the treatments average.  
*value is <1,5 µg g-1 

 
 Ascorbic acid contents in borage microgreens showed only slight variation between different LED light 
irradiance levels (Fig. 2), however, significantly higher concentration was measured in borage, cultivated under 440 
µmol m-2s-1. α tocopherol contents (Fig. 5) were determined the highest under the lowest applied LED irradiance level; 
decreased gradually with increasing light PPFD and was determined only within detection limits in borage, cultivated 
under 440 and 545 µmol m-2s-1 LED light PPFD level.  
 According to the growth characteristics (Table 2), 440 µmol m-2s-1 PPFD level is optimal for borage microgreen 
growth: plants possess shorter hypocotyls, larger leaf area and greater fresh weight. This lighting level seems to be 
optimal for the antioxidant phytochemical and nitrate contents in borage microgreens. High light levels (440-545 µmol 
m-2s-1) evoked the antioxidant protective system in microgreen sprouts, thus stimulated the free radical scavenging 
activity and accumulation of phenolic compounds, ascorbic acid. α tocopherol contents were determined the lowest 
under highest applied LED irradiance levels. However, it is not reflected in the DPPH free radical scavenging activity 

* * 
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and supports the idea about complex action of different plant antioxidant compounds under environmental stress 
conditions (Andre et al., 2010). Zhou et al. (2009) reported, that high light levels are also associated with higher 
nutritional value in lettuce due to higher contents of ascorbate, glutathione, carotenoids, and α-tocopherol. It was 
concluded that produce quality could be improved by the exposure to suboptimum irradiance; however this treatment 
should be short-term to prevent negative effects on photosynthesis and growth (Zhou et al., 2009). Kopsell et al. (2012) 
presented, that in mustard microgreens, cultivated under 463 µmol m-2s-1 PPFD light high light stress had occurred, that 
was associated with the decreased contents of photosynthetic pigments, β-carotene and neoxanthin, when zeaxanthin 
concentration was determined significantly higher. Samuolienė et al (2012) also reported about enhanced antioxidant 
properties of several microgreen species due to the increased activity of the metabolic system after the exposure oh high 
flux of red LED light. There is overwhelming evidence, that the activation of secondary metabolism and accumulation 
of antioxidants such as phenolics, tocopherols and ascorbic acid in response to wide range of abiotic stresses, as well as 
high light and, hence, their importance in plant adaptation to the stress conditions has also been recognized (Oh et al., 
2009). However, the light effects found to be species specific. Thus llighting systems must be optimized both in 
agronomic and economic approaches: to meet the constraints for power and provide optimal photosynthetic photon flux 
for different plant species growth, photosynthesis and metabolism.  

 
Conclusions 
 

440 µmol m-2s-1 light emitting diode illumination is a recommendable light intensity for production of borage 
microgreens with optimal growth and nutrient contents. Lower irradiance levels result in significant accumulation of 
nitrates, decreased fresh weight and elongated hypocotyls, when the highest investigated 545 µmol m-2s-1 PPFD level 
exceeds plant tolerance and is associated with the decreased growth parameters and slightly lower antioxidant 
phytochemical contents.  
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Abstract  

 

The investigations of biomorphological characteristics of introduced cultivars of asparagus were carried out in the period from 2003 to 2012 
by the Institute of Agricultural and food sciences of the Aleksandras Stulginskis university. The biological characteristics of the cultivars of asparagus 
‘D’Argenteuil Primaticcio’, ‘Schwetzinger Meisterschub’, ‘Eposs’, ‘Schneekopf’, ‘Rambo’, ‘Gartner Saat’ (standard); ‘Ravel’, ‘Ramos’, ‘Ramada’, 
‘Rally’, ‘Ranger’(male) and ‘Mary Washington’ (control) were investigated. Productivity and chemical composition were established and the 
indicators of shoot quality were evaluated.  

It was established that the size of yield is influenced by the characteristics of asparagus cultivars, ecological conditions (i.e. fluctuations of 
temperature and humidity during formation and growing of spears). According to the results of investigations, the most productive cultivars in the 
group of standard cultivars were ‘Schwetzinger Meisterschub’, ‘Eposs’ and ‘Rambo’, and in the group of male cultivars – ‘Ravel’, ‘Ramos’ and 
‘Ranger’.  

Key words: asparagus, standard cultivars, male cultivars, yield, quality.  
 

Introduction 

 
Asparagus (Asparagus officinalis L.) is a vegetable and herbaceous perennial with edible young shoots, which 

are called spears (Chin and Garrison, 2008). 
Currently, vegetable asparagus is cultivated in about 62 countries worldwide with an estimated yield of 760 

thousand tons per year and a total cultivated area of about 196 thousand hectares. Of this area, 35.5% are located in 
Asia, 29% in Europe and 34% in North and South America (Benson, 2009). In America, mainly the young unexpanded 
green spears are consumed, whereas in western European countries white asparagus spears are preferred (Benson, 
2009). Green spears are most popular in North America, where they constitute almost a 100 % of asparagus 
consumption, they dominate in most Asia and South America, and of Europe in Italy, Norway, U.K. and Switzerland 
(Benson, 2008). White or green spears can be received from the same plant but some cultivars are better suited for 
green and others for white asparagus production. The production of green and white asparagus spears is determined by 
the cultivation method. Spears turn green as soon as they break through the soil surface. Consequently, if white 
asparagus is to be produced, the spears have to be protected against light – traditionally by forming soil ridges over the 
plants rows (Feller et al., 2012).  

Asparagus officinalis belongs to the Asparagaceae family and is a perennial dioecious plant with male and 
female flowers on separate plants, although hermaphrodite flowers are sometimes found (Lee et al., 1996; Ainsworth, 
2000). The subterranean part of the herbaceous plant is known as the crown, the foliage as the fern (Robb, 1984). 

Asparagus cultivars may be standard, male and tetraploid hybrid. Asparagus is a dioecious plant, i.e. they have 
male and female flowers on separate plants. A crop of dioecious cultivars contains an almost equal number of male and 
female plants (Cantaluppi, 1994; Kmitiene et al. 2004, 2005). To increase the yield of shoots, only male plants should 
be planted.The harvest time of male plants starts earlier, resulting in higher yield of shoots. According to the professor 
William J., 50 male plants produce 17.28 kg of shoots on the average, while female plants produce only 11.57 kg 
(Macus & Gonzales, 1991). Asparagus sex may be identified only in the second year after planting when plants start to 
flower, therefore it is better to implant two-year sprouts in the field. According to Cantalupi & Precheur, male plants 
produce more shoots, however the shoots of male bushes are larger and thicker (Cantaluppi & Precheur, 1993). 

Asparagus yield is also considerably affected by environmental, agricultural and meteorological factors (Gifford 
and Evans 1981). The number, size and vigor of spears result from many factors such as crown size and asparagus 
cultivar (Knaflewski and Kałużewicz 1998), the length of the harvest (Knaflewski et al. 1999, Knaflewski and 
Krzesiński 2002, Paschold et al. 2002) and temperature (Yen et al. 1996, Knaflewski and Krzesiński 1998). 

Asparagus is not widespread in Lithuania. Asparagus growing and setting up a plantation must be well 
considered, since new hybrid cultivars are more productive and resistant to different diseases than old selections such as 
‘D’Argenteuil’ and ‘Mary Washington’, which have been available in Lithuania.  

Aim of the research is to compare the yield and quality of introduced cultivars of  Asparagus officinalis L. 
suitable to grow in Lithuanian agroclimatic conditions.  

 

Research methods 

 

The research has been carried out in the period from 2003 to 2012 by the Institute of Agricultural and food 
sciences of the Aleksandras Stulginskis University in the collection nursery of asparagus. The following cultivars have 
been tested: ‘Mary Washington’ (control), standard cultivars: ‘D’Argenteuil Primaticcio’, German selection: 
‘Schwetzinger Meisterschuss’, ‘Eposs’, ‘Schneekopf’, ‘Rambo’, ‘Gartner Saat’; male cultivars: ‘Ravel’, ‘Ramos’, 
‘Ramada’, ‘Rally’, ‘Ranger’.  

Soil of the research plots is limnoglace loam on till in deeper layers Calc(ar)i-Epihypogleyic Luvisol (LVg-n-w-cc). 
Agrochemical indicators of soil in 0–25 cm layer are as follows: pHKCL – 6.7–6.9 (almost neutral); humus – 2.55–2.90% 
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(average humus), mobile phosphorus – 125–150 mg kg-1 (average quantity of phosphorus), mobile potassium – 108–
117 mg kg-1 (average quantity of potassium), total nitrogen – 0.150–0.160 %.  

Layout of the researched plots of asparagus was set randomly with three repetitions. The size of sample field was 
12.6 m2. The annual asparagus seedlings were planted at the beginning of May of 2003. The distances of 70 cm were 
left among the rows and among the plants. The first yield of spears was harvested in 2004. The yield of spears has been 
harvested during the period from the beginning of April to the end of May depending on the meteorological conditions. 
The meteorological conditions were different during the research years (Table 1). 

 
Table 1. Meteorological conditions during the asparagus harvest period (Kaunas Meteorological Station, 2004–2012) 

 

Year of 

investigation 

Air temperature ºC   Sum of precipitation mm 

April May April May 

monthly 

average 

long- term 

average* 

monthly 

average 

long- term 

average* 

monthly 

amount 

long- term 

average* 

monthly 

amount 

long- term 

average* 

2004 6.6 6.2 13.5 12.3 17.1 41.4 54.1 53.4 
2005 7.5 6.2 12.1 12.3 37.4 41.4 76.9 53.4 
2006 6.5 6.2 12.6 12.3 29.3 41.4 74.5 53.4 
2007 7.0 6.7 13.6 12.6 22.2 38.1 96.5 47.2 
2008 8.8 6.7 12.3 12.6 10.8 38.1 35.5 47.2 
2009 8.9 6.7 12.7 12.6 8.6 38.1 42.0 47.2 
2010 7.4 6.7 13.7 12.6 58.5 38.4 94.8 53.8 
2011 8.9 6.1 12.7 12.3 25.2 38.4 46.9 53.8 
2012 7.7 6.1 13.7 12.3 72.3 38.4 50.3 53.8 

* – average of the year 1922–2012  
 
Analysis of the agrochemical characteristics of soil was carried out in the Laboratory for Agrochemical 

Research under the Lithuanian Research Centre for Agriculture and Forestry.  
The potentiometer method was applied in order to measure pH; Turin method was applied in order to measure 

humus; A-L method was applied in order to measure mobile phosphorus and potassium; Kjeldahl method was applied 
in order to measure total nitrogen in the soil.  

Standard spears (15–22 cm) have been cut every 2-3 days in early morning. After harvesting of the yield, the 
spears were sorted (into marketable and non-standard) and weighed. Variability of total and marketable yields, the mean 
lenght, diameter and weight of green spears of 12 cultivars was evaluated.  

LSD05 was assessed in terms of statistics by performing analysis of variance with software program Anova 
(Tarakanovas, Raudonius, 2003).  

 
Results of research 

 

The research revealed that characteristics of cultivar influenced considerably the size of yield. Total yields of 
spears of different cultivars of asparagus varied from 360.7 to 4132.6 kg ha-1 (Table 2). Total yield of spears of the 
standard cultivars ‘Gartner Saat’ and ‘Mary Washington’ (control) was the smallest (360.7 and 685.0 kg ha -1, 
respectively). The reliably largest total yield of spears, comparing to control cultivar, was that of Standard cultivar 
‘Schwetzinger Meisterschuss’ (3795.9 kg ha-1) and male - ‘Ravel’ (4132.6 kg ha-1). Standard cultivar ‘Rambo’ (3307.6 
kg ha-1) and male ‘Rally’ (2647.2 kg ha-1) and ‘Ranger’ (2662.6 kg ha-1) may be ranked as productive cultivars.  

The reliably largest yield of marketable spears was that of the male cultivar ‘Ravel’ (3223.5 kg ha-1) and 
standard -‘Schwetzinger Meisterschub’ (2862.9 kg ha-1).  
 
Table 2. Total and marketable spears yield of asparagus (LUA, 2004–2012 average data) 

Cultivars 
Total spears yield  

kg ha-1 
Marketable spears yield  

 kg ha-1 

 %  

of standard yield 

Mary Washington * - control 685.0 539.1 78.7 
D’Argenteuil Primaticcio* 1821.4 1465.4 80.5 
Schwetzinger Meisterschuss* 3795.9 2862.9 75.4 
Eposs* 2674.6 2044.1 76.4 
Schneekopf* 1128.1 897.5 79.6 
Rambo* 3307.6 2570.4 77.7 
Gartner Saat* 360.7 292.1 81.0 
Ravel** 4132.6 3223.5 78.0 
Ramos** 2126.9 1728.4 81.3 
Ramada** 1317.3 1061.0 80.5 
Rally** 2647.2 2184.9 82.5 
Ranger** 2662.6 2122.6 79.7 
LSD05 106.6 143.8 - 

*  – standard cultivars; ** – male cultivars 
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The lowest output of the marketable spears yield was that of the ‘Gaartner Saat’ and was equal to 81.0 %. 
Comparing to the control cultivar, the largest amount of marketable spears was produced by ‘Rally’ (82.5 %).  

It is important to evaluate influence of age of asparagus plant on productivity during the research of introduced 
cultivars. According to Knaflewski (1996 a; 1996 b) and Krzesinski et al., 2008), productivity of asparagus increases up 
to the 7–10th year of harvest, and then it begins to reduce.  

Following analysis of the indices of standard quality of spears of asparagus it was established that length of the 
spears of all varieties under the research varied from 18.1 to 20.5 cm comparing to control cultivar. The differences 
were not considerable (Table 3). Spears of ‘Schwetzinger Meisterschuss’ and ‘Eposs’ grew more rapidly comparing to 
other cultivars.  

Average diameter (0.99–1.46 cm) of marketable shoots of the cultivars under the research was in compliance 
with the standard requirements (the tightest was 0.7 cm). The thickest spears (1.46 cm) were formed by the plants of 
standard cultivar ‘D’Argenteuil Primaticcio’ and male cultivar ‘Rally’. Differences of mean spears diameter of other 
cultivars were not considerable. Average weight of spears varied from 12.9 to 22.9 g. Shoots of considerably higher 
weight (comparing to control) were formed by the plants of the standard varieties ‘D’Argenteuil Primaticcio’ and 
‘Rambo’ (22.5 and 22.3 g, respectively) and male ‘Rally’ (22.9 g). The asparagus of standard cultivar ‘Gartner Saat’ 
produced the spears of the lowest weight (12.9 g).  

 
Table 3. Quality of asparagus spears (LUA, 2004–2012 average data) 

Cultivars 
Mean spear lenght 

 cm 
 Mean spear diameter  

 cm 
Mean  spear weight 

 g 

Mary Washington* - control 19.2 1.21 18.7 
D’ Argenteuil Primaticcio* 19.2 1.46 22.5 
Schwetzinger Meisterschuss* 20.2 1.33 19.9 
Eposs* 20.5 1.19 17.4 
Schneekopf* 18.1 1.30 17.8 
Rambo* 19.1 1.41 22.3 
Gartner Saat* 19.2 0.99 12.9 
Ravel** 19.7 1.21 18.3 
Ramos** 19.7 1.21 19.6 
Ramada** 19.0 1.23 18.8 
Rally** 19.6 1.46 22.9 
Ranger** 19.2 1.29 19.4 
LSD05 1.19 0.29 1.71 

* – standard cultivars; ** – male cultivars 
 
Conclusions 

 

The size of yield was influenced by characteristics of asparagus cultivar. The most productive cultivars in the group 
of standard cultivars were ‘Schwetzinger Meisterschub’ and ‘Rambo’, and in the group of male cultivars – ‘Ravel’, ‘Rally’ 
and ‘Ranger’. The total largest yield of spears was produced by the plants of the standard cultivar ‘Schwetzinger 
Meisterschub’ (3795.9 kg ha-1); the yield of marketable spears by the male cultivar ‘Ravel’ (3223.5 kg ha-1), and the 
smallest yield by ‘Gartner Saat’ (total – 360.7, marketable – 292.1 kg ha-1).  

Output of the standard asparagus spears yield of all introduced cultivars oscillated 80%; the largest one was that 
of the male cultivar ‘Rally’ (82.5%), and the lowest one was that of the ‘Schwetzinger Meisterschuss’ (75.4 %).  

The length (18.1–20.5 cm.) and diameter (0.99–1.46 cm) of the spears of asparagus were in compliance with the 
standard requirements. The highest weight spears were formed by the plants of the standard cultivars ‘D’Argenteuil 
Primaticcio’ and ‘Rambo’ (22.5 and 22.3 g, respectively) and male cultivar ‘Rally’ (22.9 g).  
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Abstract  

 

The investigations of chemical composition of introduced cultivars of asparagus were carried out in the period from 2004 to 2012 by the 
scientists of the Aleksandras Stulginskis university Institute of Agricultural and food sciences. Chemical characteristics of asparagus cultivar ‘Mary 
Washington’ (control cultivar), standard cultivars: ‘D’Argenteuil Primaticcio’, ‘Schwetzinger Meisterschub’, ‘Eposs’, ‘Schneekopf’, ‘Rambo’, 
‘Gartner Saat’; male cultivars: ‘Ravel’, ‘Ramos’, ‘Ramada’, ‘Rally’, ‘Ranger’ were investigated.  

The amount of biologically active substances in the spears of asparagus depended on the characteristics of cultivar. Larger amounts of dry 
matters, crude ashes, vitamin C and nitrates were found in the spears of standard cultivars, and larger amounts of crude fat and potassium were found 
in the spears of male cultivars.  

Evaluation of  chemical composition of the investigated cultivars revealed that the most valuable were spears of male cultivar ‘Ravel’, and 
spears of ‘Schwetzinger Meisterschub’ and ‘Rambo’ were more valuable between the standard cultivars.  

Key words: asparagus, chemical compostion, spears.  

 

Introduction 

 
Vegetables are appreciated and very important for the human nutrition. They are source of minerals, vitamins, 

ferments, pectins, phytoncides, organic acids and other biologically active compounds (Salunkhe, Kadam, 1998; 
Aberoumand, 2009). Spears of asparagus contain approximately 2 % of proteins; 0.12 % of fats, approximately 2 % of 
total sugars, including glucose, fructose, sucrose. They contain a lot of minerals (calcium, magnesium, potassium, 
phosphorus, ferrum, as well as slightly less quantities of zinc, copper, manganese, selenium) and vitamins B1, B2, C, PP, A, 
E (Salunkhe, Kadam, 1998; Lopez et al., 1999) and helps to prevent of arthritis and rheumatism (Kalasauskienė, 2007).  

Asparagus (Asparagus officinalis L.) are valuable not only for its nutritive materials, but also because the spears 
supplement range of early vegetables.  

Asparagus is perennial rootstock medicinal, vegetable and decorative plant. The rootstock is short, succulent, 
with thick adventitious roots. The upper part has the buds which produce annual, thick, succulent and edible spears. 
Mature, well-developed bush of asparagus gives up to 50 spears (Kmitienė et al., 2005; Jakše, Kacjan Maršic, 2005; 
2008). White asparagus and green asparagus are the same species. The difference between both plants is that white 
asparagus is harvested before emergence of spears above ground and exposed to sunlight and the green crop after 
emergence (Macus, Gonzales, 1991). The asparagus with green spears are widely spread in USA and in Asia countries. 
European countries, especially Germans, grow white asparagus (Macus et al., 1994; Rolbiecki, Rolbiecki, 2008).  

Young green or white spears are used for food from April to June. The spears shall be picked manually in early 
morning or in evening (Kmitienė et al., 2005; 2007). Different factors such as cultivar, degree of maturity, fertilization, 
spears mass, harvesting date, storage conditions and industrial processing have an influence on the quality of asparagus 
(Zurera et. al, 2000; Maсus et al., 1994; Mulder, Lavrijsen, 2008). The major difficulty involved in any asparagus 
variety trial is the extended harvest period within each growth season, and consequently hight variability of quality 
parameters of spears and crop productivity within the years (Nichols, Fisher, 1999).  

Approximately 370 varieties of asparagus (Asparagus L.) are grown all over the world. Cultivars are classified 
into standard, male and tetraploid hybrids. Asparagus is dioecious plant, i.e. they have male and female flowers on 
separate plants. Crop of standard cultivars contains similar ratio of male and female plants. Male plants (95–97 %) 
prevail among the male cultivars (Sinton, Wilson, 1999). These cultivars are very productive, resistant to diseases, 
laying and mechanical damage (Cantaluppi, 1994; Knaflewski, 1996a; 1996b; Deputy, 1999). Asparagus is not widely 
spread in Lithuania, therefore assortment is very narrow. 

The aim of the research was to establish and compare chemical composition of asparagus spears introduced in 
Lithuanian agroclimatic conditions. 

 

Research methods 

 

The research has been carried out in the period from 2003 to 2012 in the Institute of Agricultural and food 
sciences of the Aleksandras Stulginskis University in the collection nursery of asparagus. The following cultivars have 
been tested: ‘Mary Washington’ (control), standard cultivars: ‘D’Argenteuil Primaticcio’, ‘Schwetzinger Meisterschuss’, 
‘Eposs’, ‘Schneekopf’, ‘Rambo’, ‘Gartner Saat’ (German selection); male cultivars: ‘Ravel’, ‘Ramos’, ‘Ramada’, 
‘Rally’, ‘Ranger’.  

Soil of the research plots was limnoglace loam on till in deeper layers Calc(ar)i-Epihypogleyic Luvisol (LVg-n-w-cc).  
Chemical composition of the asparagus spears was established at the Laboratory of Food Raw Materials, 

Zootechnical and Agronomical Research Laboratory and in the Department of Chemistry of ASU in accordance with 
the standards. Amount of dry matters have been evaluated by drying the sample to the constant mass at the temperature 
of 105 oC (LST ISO 751:2000); vitamin C was evaluated by Murri titration method (LST ISO 6557-2:2000); potassium 
and nitrates were evaluated by ionometric method (LST EN 12014-1+A1:2001); amount of crude ashes was established 
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by combusting the sample at the temperature of +550 ºC; the crude fibre was evaluated by gravimetric analysis; crude 
fat was evaluated by Soxhlet extractor; amount of crude proteins was assessed according to the amount of nitrogen 
which was established by Kjeldahl method (Mikulionienė, Stankevičius, 2003).  

The investigation data was evaluated by the method of dispersion analysis ANOVA (Tarakanovas, Raudonius, 
2003).  

 
Results of research 

 

Amount of dry matters determines nutritional value of vegetables. The largest amount of dry matters were found 
in the spears of standard cultivars ‘D’Argenteuil Primaticcio’ (9.03%) and ‘Eposs’ (8.74%) and of male cultivars 
‘Ramos’ (8.22%) and ‘Ramada’ (8.35%) (Table 1). The essentially lowest amount (7.76%) of dry matter was 
accumulated by the spears of control cultivar ‘Mary Washington’ and male cultivar ‘Rally’ ( 7,41%).  

The asparagus contains a lot of minerals beneficial to human organism: calcium, magnesium, potassium, 
phosphorus, iron, etc. Amount of ashes indicate minerals content (Shou et al., 2007).  

The largest amount of crude ashes (10.07%) was found in the spears of the standard cultivar ‘Gartner Saat’; slightly 
lower amount is that of the control cultivar ‘Mary Washington’, standard cultivars ‘Eposs’ and ‘Rambo’ (9.62 %, 9.36 % 
and 9.36 % respectively). The lowest amount of crude ashes is found in spears of standard cultivar ‘Schneekopf’ (8.21%). 
The amount of crude ashes was similar of spears male cultivars.  

Crude fibre is not assimilated by the human organism; however it is necessary for peristalsis of the digestive tract 
and improves assimilation of nutrients from the digestive tract (Dekker, 1987).  

Investigation of crude fibre indicated that the largest amounts accumulated spears of the control cultivar ‘Mary 
Washington’ (13.4 %), the reliably lowest (11.4 %) – spears of both standard cultivars ‘D’Argenteuil Primaticcio’ and 
‘Schneekopf’ (Table 1). Differences of crude fibre in spears of other cultivars are not significant.  

Asparagus accumulates low amounts of fat, but these compounds are valuable because they consist of 
polyunsaturates acids. The lowest amount of crude fat (1.85 %) was found in the spears of the control cultivar ‘Mary 
Washington’. Comparing to the control cultivar the reliably higher amounts were found in spears of male cultivars ‘Ravel’ 
(2.35 %), ‛Ranger’ (2.21 %), ‘Ramada’ (2.15 %) and standard cultivars ‘Rambo’ (2.24 %), ‘Schneekopf’ (2.16 %) and 
‘Gartner Saat’ (2.15 %), (Table 1).  

Results of crude proteins investigation indicated that the lowest amounts were accumulated the spears of 
standard cultivar ‘Schneekopf’ and control cultivar ‘Mary Washington’, respectively 34.2 % and 34.5 %. The reliably 
largest amount (38.8 % s. m.) of the crude proteins was found in the spears of the standard cultivars ‘Eposs’, ‘Rambo’ 
and ‘Gartner Saat’. Spears of the rest cultivars accumulated the reliably larger amounts comparing to the control 
cultivar ‘Mary Washington’ (Table 1).  
 

Table 1. Chemical composition of  asparagus spears (dry matters, crude ash, crude fiber, crude fat, crude protein) 
ASU, 2004–2012 average data 

Cultivars Dry matter % 
Crude ash %  

of dry matter 

Crude fiber %  

of dry matter 

Crude fat %  

of dry matter 

Crude proteins %  

of dry matter 

‘Mary Washington’* control 7.76 9.62 13.4 1.85 34.5 
‘D’Argenteuil Primaticcio’* 9.03 9.01 11.4 2.08 35.7 
‘Schwetzinger Meisterschuss’* 7.95 9.09 12.6 2.02 36.7 
‘Eposs’* 8.74 9.36 11.9 2.04 38.8 
‘Schneekopf’* 8.10 8.21 11.4 2.16 34.2 
‘Rambo’* 7.99 9.36 12.2 2.24 38.8 
‘Gartner Saat’* 8.01 10.07 12.3 2.15 38.8 
‘Ravel’** 7.98 9.07 12.7 2.35 38.5 
‘Ramos’** 8.22 8.66 11.7 1.91 38.4 
‘Ramada’** 8.35 8.92 12.1 2.15 37.1 
‘Rally’** 7.41 8.96 12.1 2.10 35.7 
‘Ranger’** 7.81 8.91 11.9 2.21 36.5 

LSD05 0.19 0.27 0.60 0.29 0.61 
* – standard cultivars, ** – male cultivars 

 

Investigations of the chemical composition of asparagus spears indicated that amount of nutrients depend on the 
cultivar characteristics.  

The spears of asparagus contain the nitric substances of non-albuminous origin important for the human 
organism. It was established that the lowest amount of total nitrogen (4.67%  of dry weight) was accumulated in the 
spears of the standard cultivar ‘Schwetzinger Meisterschuss’. The spears of other cultivars accumulated more than 5% 
of total nitrogen (Fig. 1).  

Potassium is necessary for activity of the human tissue cells and nervous system. Normal rhythm of organism 
activity, including rhythm of the heart, is maintained only in case of sufficient amounts of potassium (Oberbeil, Lentz, 
2000; Kalasauskiene, 2007).  

The investigation demonstrated that the largest amount of potassium (2190 mg kg-1) was accumulated in the spears 
of the standard cultivar ‘D’Argenteuil Primaticcio’. The lowest amounts of potassium were accumulated by the standard 
cultivars ‘Eposs’ (1781 mg kg-1), ‘Schneekopf’(1834 mg kg-1) and ‘Schwetzinger Meisterschuss’ (1910 mg kg-1); 
differences are considerably lower comparing to the spears of control cultivar (Fig. 2).  
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The asparagus is rich in vitamin C which very beneficial for human organism. It is one of the most important 
antioxidants. Human organism do not synthesize vitamin C and do not accumulate its resources, therefore it is very 
important to get it with food (Kalasauskienė, 2007). The research indicated that spears of different asparagus cultivars 
accumulated different amounts of the vitamin C (Fig. 3). The lowest amounts of vitamin C were accumulated by the 
spears of cultivar of standard varieties ‘Mary Washington’ (control) (86.7 mg kg-1), ‘Gartner Saat’ (87.4 mg kg-1)  and 
male cultivars ‘Ranger’ (84.4 mg kg-1)and ‘Ramada’ (90.0 mg kg-1). Reliably higher amounts of vitamin C were found 
in spears of other cultivars: the highest ones were found in the standard cultivars ‘Schwetzinger Meisterschuss’ and 
‘Schneekopf’, respectively 127.2 and 129.9 mg kg-1.  
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Figure 1. Amount of total nitrogen of asparagus spears (ASU, 2004–2012 average data) 
* – standard cultivars, ** – male cultivars 

 
Research of the nitrates in spears of different asparagus cultivars verified the statement of Lopez et al. (1999) 

and other scientists (Deputy, 1999; Shalaby, 2004; Kmitienė et al., 2005), that asparagus accumulate low amounts of 
nitrates in spring. Amounts of nitrates in the spears of different cultivars varied from 42.3 mg kg-1 (standard 
‘Schneekopf’) to 58.2 mg kg-1 (standard ‘Gartner Saat’) (Fig. 4).  

Comparing to the control cultivar ‘Mary Washington’, essentially lower concentrations of nitrates were found in 
the spears of standard cultivars ‘Schneekopf’ (42.3 mg kg-1), ‘Rambo’ (47.1 mg kg-1) and male cultivars ‘Rally’ 
(43.8 mg kg-1),‘Ramos’ (44.5 mg kg-1) and ‘Ranger’ (44.7 mg kg-1). Amount of nitrates was low in the spears of 
asparagus in comparison to other vegetables. Spears of male asparagus cultivars accumulated lower amounts of nitrates 
comparing to the standard cultivars (Fig. 4).  

2049
2190

1910
1781 1834

2116
2017

2098 2101 2071 2091 2045

0

500

1000

1500

2000

2500

M
ar

y 
W

as
hi

ng
to

n*
 -

co
nt

ro
l

D
‘ A

rg
en

te
ui

l
Pr

im
at

ic
ci

o*

Sc
hw

et
zi

ng
er

M
ei

st
er

sc
hu

ss
*

Ep
os

s*

Sc
hn

ee
ko

pf
*

R
am

bo
*

G
ar

tn
er

 S
aa

t*

R
av

el
**

R
am

os
**

R
am

ad
a*

*

R
al

ly
**

R
an

ge
r*

*

mg kg-1

cultivars

LSD05=75.68

 
Figure 2. Amount of  potassium of asparagus spears (LUA, 2004–2012 average data) 
* – standard cultivars, ** – male cultivars  
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Figure 3. Amount of vitamin C of asparagus spears (LUA, 2004–2012 average data)  
* – standard cultivars, ** – male cultivars  
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Figure  4. Amount of nitrates of asparagus spears (LUA, 2004–2012 average data)  
* – standard cultivars, ** – male cultivars  
 

Conclusions 

 

The largest amounts of dry matter was found in the spears of standard cultivars ‘D’Argenteuil Primaticcio’ 
(9.03%), ‘Eposs’ (8.14%) and male cultivars ‘Ramada’ (8.35%) and ‘Ramos’ (8.22%); the highest amount of crude ash 
(10.07%) was found in the spears of standard cultivar ‘Gartner Saat’; spears of standard cultivars ‘Eposs’, ‘Gartner 
Saat’ and male cultivar ‘Ramos’ contain the largest amounts of crude proteins (38.4% ).  

The largest amount of potassium (2190 mg kg-1) was accumulated by the spears of the standard cultivar 
‘D’Argenteuil Primaticcio’. The largest amounts of vitamin C were found in the spears of standard cultivars 
‘Schneekopf’ (129.9 mg kg-1) and ‘Schwetzinger Meisterschuss’ (127.2 mg kg-1). Amount of vitamin C was lower in 
spears of the male cultivars comparing to the standard cultivars.  

Amount of nitrates is low in the spears of asparagus (from 42.3 to 58.2 mg kg-1). The lower amounts of nitrates 
were found in the spears of standard cultivar ‘Schneekopf’ (42.2 mg kg-1) and male cultivars ‘Rally’ and ‘Ramos’ (43.8 
and 44.5 mg kg-1, respectively).  
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