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Rapeseed (Brassica napus) is an annual plant grown mainly for oil in seeds or sometimes for forage. An increasing interest in alternative energy re-

sources has been observed during the last decade, which results in expanding the market for rapeseed oil and dramatic increase of the growing area 
worldwide. Despite decreasing area under sugar-beet, the latter still remains the one of commercial crops. Whereas both rapeseed and sugar-beet are very 
good host plants for sugar-beet cyst nematode (Heterodera schachtii), there is a threat of severe enlargement of the pathogen. High population densities 
of the nematode also might be decreased by growing resistant cultivars.  

The objective of the research is to assess the reproductive rate of H.schachtii on six new hybrid winter rapeseed cultivars under in vivo and in vitro 
conditions. The reproductive rate indicates the suitability of the plant as a host-plant to the pest. The reproductive rate of H.schachtii does not differ sig-
nificantly among the cultivars in the in vivo experiment, though in the in vitro experiment the highest reproductive rate is observed in Bambin and the 
lowest one - in Betty rapeseed cultivars. As the Pf/Pi coefficient in all cases defined is >1, this infers that all investigated winter rapeseed cultivars are 
susceptible to H.schachtii.  

Heterodera schachtii, rapeseed, reproductive rate.  

 
Introduction 
 

H.schachtii is one of the most plant damaging parasitic 
nematodes in European countries (Williamson, Hussey, 
1996; Greco, Esmenjaud, 2004; Peterka et al., 2004) and 
this particular nematode is the first pathogenic nematode to 
be recognized in sugar beet (Cooke, 1993). Its distribution 
is worldwide and many species of cyst nematodes are 
grouped within the “Schachtii” group, which contains 
around 20 species (Evans, Rowe, 1998).  

Beet cyst nematode has a very wide hosts range. In ac-
cordance with literature resources, the list of hosts consists 
of around 218 plant species belonging to 98 genera. The 
most important host plants belong to two families: Cheno-

podiaceae and Brassicaceae (Evans, Rowe, 1998; Lilley et 

al., 2005). Losses as great as 50 % of some of these crops 
have been recorded (Riggs, Schuster, 1998). A group of 
scientists were working on host suitability of Brassicaceae 
species (B.juncea, B.napus, B.rapa) for H.schachtii. None of 
the selections tested displayed resistance to sugar-beet cyst 
nematode and there was no difference (P>0.13) among spe-
cies (Nielsen et al., 2003). Heterodera schachtii reproduc-
tion studies elucidated that among three crucifers radish, 
mustard and rapeseed, the latter was the best host with the 
highest reproductive rate , whereas reproductive rates for ra-
dish and mustard were lower (Zaspel, Fichtner, 1985).  

In phytonematology the most widely used definition of 
plant resistance to pathogens is the ability of a plant to in-
hibit the reproduction of nematode species relative to re-
production on a plant lacking such resistance by preventing 
parasites to produce functional feeding sites (Starr et al., 
2002). Nematode resistance in plants is mediated by resis-
tance gene and might be characterized by a rapid cells 
death near the feeding site or the latter develops abnormal-
ly. In some resistance cases nematodes even are not able to 
establish feeding sites. Severe population reduction is re-
sult of predominant development of males in the condi-
tions, commonly observed in cyst-forming nematodes 

(Müller, 1978; Lelivelt, Hoogendoorn, 1993; Williamson, 
1999; Williamson, Kumar, 2006).  

Resistance can be broad (effective against several spe-
cies) or narrow (controlling only specific biotypes of a 
species) (Williamson, Hussey, 1996). Resistance plays an 
important role in protection of yield potential and also for 
management of pest when the nematode population densi-
ties exceed the damage thresholds. Due to reduced rate of 
nematode reproduction on resistant cultivar the nematode 
population densities here are much lower than those on 
susceptible cultivar. Plant resistance to one or two nema-
tode populations of the pant-parasitic nematode species 
may result in a competitive advantage for other popula-
tions that coexist in the field and are not restrained by the 
resistance (Roberts, 2002). 

The reproductive rate (Pf/Pi) is very helpful for the as-
sessment of plant resistance/susceptibility (Roberts, 2002; 
Smith et al., 2004). 

However, rapeseed is known as a good host for 
H.schachtii. Despite the fact that rapeseed is not seriously 
affected by beet cyst nematode and, even, is recognized as 
tolerant host, it possesses very little natural resistance (Le-
livelt et al., 1993; Voss et al., 2000). Whereas other au-
thors state that sugar-beet cyst nematode could present ma-
jor problems in rapeseed production (Nielsen et al., 2003). 
The reproductive rate of H.schachtii on rapeseed in the 
field trials was 5 what proves that the plant is susceptible 
(Riggs, Niblank, 1993). Therefore, rapeseed is not a good 
choice in rotation before sugar beet (Velička, 2002).  

In phytonematology susceptibility is used as the oppo-
site of resistance. Therefore, a susceptible plant allows 
normal nematode development to take place and nematode 
populations increase from even low initial densities (Ro-
berts, 2002).  

It has been revealed that low quality rapeseed varieties 
(low in erucic acid and glucosinolates) are significantly 
more susceptible to H.schachtii than those low in erucic 
acid only or conventional varieties without reduced con-
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tents. Varieties, low in erucic acid and glucosinolates, also 
are more tolerant to the damage caused by the nematodes. 
Nevertheless, hatching intensity and reproductive rate of 
the nematode observed are similar among different rape-
seed varieties (Decker, Dowe, 1991).  

In pot experiments the pathogenicity of Heterodera 

schachtii on 4 rapeseed cultivars (Rafael, Blinda, Cerez, 
and Regents) was tested. H. schachtii penetrated the roots 
of all the cultivars and were able to reproduce. Rafael was 
defined as the most susceptible cultivar, while Blinda was 
the least susceptible one (Fatemy, 2000). 

The market for rapeseed oil is definitely expanding and 
the growing area is increasing dramatically worldwide. 
The rapeseed area during 1989-1999 increased up to 1.5 
times in the world and in the European Union as well. In 
the EU-27 a rapeseed area of 6.2 million ha was estimated 
in 2007, which is by about one million hectares more than 
that in previous year. The two main countries for rapeseed 
are Germany and France with 1.54 million hectares and 
1.56 million hectares respectively. Poland is in the third 
place with 0.71 million hectares and the United Kingdom 
ranks fourth with 0.65 million hectares. Despite the de-
creasing area under sugar-beet, the latter still remains the 
one of commercial crops. As both rapeseed and sugar-beet 
are very good host plants for sugar-beet cyst nematode 
(Heterodera schachtii), there is a threat of severe enlarge-
ment of the pathogen. 

The objective of the research is to assess the reproduc-
tive rate of H.schachtii on six new hybrid winter rapeseed 
cultivars under in vivo and in vitro conditions. 

  
Material and Methods 

 
Six new industrial hybrid winter rapeseed cultivars 

were used in the in vivo and in vitro experiments: Beluga, 
Bambin, Belcanto, Betty, Hydromel and Standing.  

The investigations were conducted at the Laboratory of 
Phytopathology and Plant Protection at K.U.Leuven.  

An experiment in vivo was conducted in a greenhouse 
environment at the temperature of 16-18oC.  

The soil was collected from the field highly infested 
with H.schachtii (Pi=±2859.72 eggs and J2/500 g soil). 
The soil after intensive mixing was put into 8 l, 30 cm di-
ameter pots, two for each rapeseed cultivar (Nielsen et al., 
2003). Twenty seeds were sown per each pot in accordance 
with the proposed sowing density of ±60 seeds/m2 to main-
tain 40-50 plants/m2 (Ghekiere, 2006). Plants were watered 
two times per week with tap water.  

An experiment in vitro was carried out under laboratory 
conditions in growth chamber. Seeds of different cultivars of 
B.napus were surface-sterilized with concentrated sodium 
hypochlorite NaOCl-solution (47 % NaOCl in H2O) and 
sown in vitro on a sterile 1.5 % distilled water-agar medium. 
Plates were kept in darkness at 25oC for three days (Feyaerts, 
Coosemans, 1992; Jalali, 1998; Baum et al., 2000; 
Hermsmeier et al., 2000). Germinated seeds after 3 days 
were transplanted from distilled water-agar medium to a nu-
trient-agar medium (Feyaerts, Coosemans, 1992). The trans-
plantation was performed under strictly aseptic conditions by 
means of tweezers. Seedlings were kept in darkness at 25oC 
for three days again. After three days the seedlings already 
had well developed roots and were ready for inoculation. 

Nematodes for use as inoculum may be applied as cysts 
to plant culture media or as eggs and/or hatched juveniles, 
freed from cysts (Feyaerts, Coosemans, 1992; Jalali, 1998; 
Soliman et al., 2005). The order of greatest control of in-
oculum quantity and quality is the second stage juve-
niles>eggs>cysts (Cook, Noel, 2002).  

Sterile Heterodera schachtii Schmidt culture (kindly 
provided by prof.dr.F.M.W.Grundler, Institute of Plant 
Protection, University of Agricultural Sciences, Austria) 
was cultured on roots of susceptible white mustard (cv. 
Albatross).  

The inoculation was performed several times: with ap-
proximately 400 eggs/J2 per plate, with approximately 190 
eggs/J2 per plate, and 2 cysts per plate or approximately 
160 eggs/J2 per plate (Müller, 1978; Feyaerts, Coosemans, 
1992; Jalali, 1998). Petri plates with inoculated plants were 
tightly sealed with parafilm and left at 24oC in darkness 
(Soliman et al., 2005).  

Resistance/susceptibility evaluation was performed by 
assessing the number of new generation females/cysts 
found on the root system (Harrewijn, 1987; Lelivelt, 1995; 
Voss et al., 1999; Cook, Noel, 2002). Females were 
counted after 9 weeks since rapeseeds were sown. The soil 
was shaken from the roots before examination for pres-
ence/absence and counting of females. Root systems were 
accurately washed and females adhering to roots were 
counted under dissecting microscope. The soil was re-
moved from the root systems. The collected soil was 
mixed, and samples of 500 g were taken for cyst analyses. 
The cysts were extracted by flotation with Seinhorst appa-
ratus and counted (Voss et al., 1999; Cook, Noel, 2002).  

The cysts differ in size (0.8 to 2mm) and the number of 
eggs also varies. Due to this fact the total number of eggs 
and juveniles inside the cysts is a better measure for the 
level of resistance/susceptibility of a plant as it expresses 
the real potential of pest reproduction in a host plant. The 
corresponding suitable criterion is the Pf/Pi value – repro-
ductive rate, which is the coefficient of final population 
density Pf (counted eggs and juveniles resulting from 
crushed cyst suspension) to the initial population density 
Pi. If the coefficient is >1 reproduction of the nematodes 
has occurred, if it is <1 the population density is lowered, 
if it is <0.2 the plants are considered resistant (Voss et al., 
1999; 2000; Nielsen et al., 2003).  

Data was analyzed with the ANOVA by using STA-
TISTICA 6 package. Data was log transformed whenever 
necessary to fulfill the assumptions for ANOVA. Means 
were evaluated by Unequal N HSD test. Data was back-
transformed into the charts to show the results.  
 
Results 
 
Experiment in vivo 
 

The reproductive rate of sugar-beet cyst nematodes is 
expressed as a ratio of final population density and initial 
population density (or coefficient of final population densi-
ty). H.schachtii reproductive rate in different winter rape-
seed cultivars is depicted in Figure 1. The defined 
H.schachtii Pi in the soil was 5.8 eggs and the second stage 
juveniles per 1 g of soil. The highest sugar-beet cyst nema-
tode reproductive rate was in cultivars Bambin (5.58), Belu-
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ga (4.90) and Hydromel (4.86). It reached 3.23 in Betty. The 
lowest reproductive rate was defined in Standing (2.54) and 
Belcanto (2.38).  

 
Fig. 1. H.schachtii reproductive rate (Pf/Pi) in different rapeseed culti-

vars. Error bars represent standard error 
1 pav. H.schachtii reprodukcijos greitis (Pf/Pi) skirtingose rapsų veislėse 

 
Anyway, in all cultivars H.schachtii reproductive rate 

was considerably greater than 1.0 what infers that sugar-beet 
cyst nematode reproduced on all investigated winter rape-
seed cultivars. ANOVA statistical analysis results did not 
show any significant differences in reproductive rate among 
the investigated winter rapeseed cultivars (p=0.23339). 

While highly resistant plants allow no nematode repro-
duction and partially resistant plants allow some interme-
diate amounts of reproduction, susceptible plants allow 
high nematode multiplication. The value of reproductive 
rate is high in this case. In vivo experiment the H.Schachtii 
reproductive rates in all cultivars ranged from 5.58 (Bam-
bin) to 2.38 (Belcanto). However, the differences among 
the cultivars were not significant (p>0.05) Thus, all six 
winter rapeseed cultivars showed similar susceptibility to 
H.schachtii in the in vivo experiment. 
 
Experiment in vitro 
 

Figure 2 presents H.schachtii reproductive rate ex-
pressed in eggs and the second stage juveniles in the inves-
tigated rapeseed cultivars at 35 days after inoculation. Pi 
here was applied ±190 eggs and the second stage juveniles 
per plate. The highest H.schachtii reproductive rate was in 
cultivar Bambin (37.41). Similar results were in cultivars 
Beluga (21.50) and Standing (20.35). There Pf/Pi was con-
siderably higher than that in other cultivars. In cultivars 
Hydromel, Belcanto and Betty the reproductive rate was 
not markedly different – 12.61, 10.20 and 8.87, respective-
ly. In all cultivars H.schachtii had a high reproductive rate. 
Results of ANOVA statistical analysis showed significant 
differences in reproductive rate among the investigated 
winter rapeseed cultivars (p=0.00012).  

H.schachtii reproductive rate in different rapeseed cul-
tivars at 60 days after inoculation did not differ significant-
ly (p=0.09940). Here Pi was applied ±400 eggs and the 
second stage juveniles per plate. The highest reproductive 
rate was observed in Standing (21.37) and the lowest one - 
in Belcanto (7.70). In other cultivars sugar-beet cyst nema-
tode gained comparable results: Beluga 16.78, Bambin 
16.11, Hydromel 14.50 (Fig. 3.).  

H.schachtii reproductive rate was calculated where ra-
peseed seedlings were inoculated using 2 entire cysts or 
±160 eggs and the second stage juveniles per plate (Fig. 
4.). The difference in sugar-beet cyst nematode reproduc-
tive rate among different winter rapeseed cultivars was in-
significant (p=0.74289). 

 
Fig. 2. H.schachtii reproductive rate (Pf/Pi) expressed in eggs and the 

second stage juveniles in different rapeseed cultivars at 35 days after in-
oculation. Error bars represent standard error 

2 pav. H.schachtii reprodukcijos greitis (Pf/Pi), išreikštas kiaušiniais ir 

antro ūgio lervomis, skirtingose rapsų veislėse po užkrėtimo praėjus 35 

dienoms 

 
Fig. 3. H.schachtii reproductive rate (Pf/Pi) expressed in eggs and second 
stage juveniles in different rapeseed cultivars at 60 days after inoculation. 

Error bars represent standard error 
3 pav. H.schachtii reprodukcijos greitis (Pf/Pi), išreikštas kiaušiniais ir 

antro ūgio lervomis, skirtingose rapsų veislėse po užkrėtimo praėjus 60 

dienų 

 
Fig. 4. H.schachtii reproductive rate (Pf/Pi) expressed in eggs and second 
stage juveniles in different rapeseed cultivars at 35 days after inoculation 

with entire cysts. Error bars represent standard error 
4 pav. H.schachtii reprodukcijos greitis (Pf/Pi), išreikštas kiaušiniais ir 

antro ūgio lervomis, skirtingose rapsų veislėse po užkrėtimo sveikomis 

cistomis praėjus 35 dienoms 
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H.schachtii reproductive rates in different winter rape-
seed cultivars were calculated in respect to inoculation lev-
el and calculation time. Differences in reproductive rates 
among different cultivars were insignificant (p>0.05) in the 
cases where counting of cysts was performed at 60 days af-
ter inoculation and where seedlings were inoculated with 
entire cysts. However, significant differences in 
H.schachtii reproductive rates among cultivars were de-
fined in the plates where seedlings were inoculated with 
±190 eggs and the second stage juveniles per plate and 
evaluation was performed at 35 days after inoculation 
(p<0.05). According to this data (Pf/Pi) Bambin was the 
most susceptible cultivar to H.schachtii, while the lowest 
susceptibility was demonstrated by cultivar Betty. 

The investigations concerned rapeseed resis-
tance/susceptibility to H.schachtii is very scarce and only 
few publications published. Nevertheless the problem ex-
ists and the way for solution should be found.  

According to some authors (Decker, Dove, 1991) rape-
seed varieties low in erucic acid and glucosinolates are 
significantly more susceptible and more tolerant to 

H.schachtii. Therefore all six tested winter rapeseed culti-
vars (Standing, Beluga, Hydromel, Betty, Belcanto, Bam-
bin) are characterised low in erucic acid and glucosinolates 
as well (Ghekiere, 2006). This explains the susceptibility 
of all selected cultivars to the pathogen.  

H.schachtii produced viable cysts on every tested win-
ter rapeseed cultivar. Thus the outcome of investigation 
completely defers to other researchers results. Zaspel and 
Fichtner (1985) revealed that rapeseed was the best host-
plant for H.schachtii among such Brassicaceae as radish 
and mustard, whereas of the highest reproductive rate. 
Some Brassicaceae species B.juncea, B.napus and B.rapa 
did not demonstrate any resistance to sugar-beet cyst 
nematode H.schachtii (Nielsen et al., 2003).  

In the field trials the reproductive rate of H.schachtii 
reached 5 what infers the susceptibility of rapeseed to 
nematode (Riggs, Niblank, 1993). The reproductive rate of 
H.schachtii exceeded 1 in all cases: at least 2.38 in the ex-
periment in vivo and 1-37.41 in the experiment in vitro (re-
spectively to inoculum and exposure period). In the light of 
these data the population of H.schachtii possesses a strong 
potential to increase what also demonstrates the suscepti-
bility to the pathogen of all six winter rapeseed cultivars. 

 
Conclusions 

 
The reproductive rate of H.schachtii does not differ 

significantly among cultivars in the in vivo experiment, 
though in the in vitro experiment the highest reproductive 
rate is observed in Bambin and the lowest one - in Betty at 
35 days after inoculation. The reproductive rate does not 
differ significantly in the in vitro experiment when results 
are defined at 60 days after inoculation and also when the 
entire cysts are used for inoculation.  

Six winter rapeseed hybrid cultivars Standing, Beluga, 

Hydromel, Betty, Belcanto and Bambin, tested in the in vi-

vo and in vitro experiments, are susceptible to H.schachtii. 
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Heterodera schachtii reprodukcijos greitis skirtingose žieminio rapso veislėse 
  

Santrauka 
 

Rapsas (Brassica napus) yra žolinis augalas, auginamas aliejui arba pašarui. Pastarojo dešimtmečio metu ypatingai padidėjęs susidomėjimas alter-
natyviaisiais energijos šaltiniais visame pasaulyje sąlygojo rapsų aliejaus rinkos bei auginimo plotų padidėjimą. Kadangi tiek rapsai, tiek cukriniai runke-
liai yra geri runkelinio nematodo (Heterodera schachtii) augalai šeimininkai, iškyla grėsmė, kad šis patogenas gali masiškai paplisti Lietuvos dirvose. 
Pavojingai gausios nematodo populiacijos gali būti sumažinamos auginant patogenui atsparias rapsų veisles. Reprodukcijos greitis yra vienas iš rodiklių 
vertinant augalų atsparumą/jautrumą patogenui.  

Tyrimo tikslas – įvertinti H. schachtii reprodukcijos greitį šešiose naujose hibridinėse žieminio rapso veislėse. H. schachtii reprodukcijos greitis 
buvo panašus skirtingose žieminio rapso veislėse atliekant in vivo tyrimus, tačiau in vitro didžiausias reprodukcijos greitis buvo būdingas ‘Bambin‘ ir 
mažiausias ‘Betty‘ veislių rapsuose. Kadangi reprodukcijos greitį nusakantis koeficientas Pf/Pi visais atvejais buvo didesnis už vienetą, tai parodo, kad 
visos tirtos veislės yra jautrios H.schachtii.  
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Репродуктивная скорость Heterodera schachtii на разных сортах зимнего рапса 
  

Резюме 
 

Рапс (Brassica napus) является однолетним растением, выращиваемым, главным образом, для производства масла или кормов. Возросший 
в последние десятилетие интерес к альтернативным ресурсам энергии, приводит к расширению рынка масла, производящегося из семян рапса, 
и к значительному увеличению площади его выращивания во всем мире. Несмотря на уменьшенную площадь сахарной свеклы, она все еще 
остается коммерческой культурой. Принимая во внимание, что и рапс, и сахарная свекла являются очень хорошими растениями-хозяевами для 
цистообразующей свекловичной нематоды (Heterodera schachtii), существует угроза серьезного расширения этого патогенна в почвах Литвы. 
Опасно высокое обилие популяции нематоды может быть уменьшено, выращивая стойкие сорта рапса. Цель этого исследования - оценить ре-
продуктивную скорость H.schachtii на шести новых сортах зимнего рапса, которая указывает на пригодность растения в качестве хозяина вре-
дителя. Репродуктивная скорость H.schachtii не отличалась между сортами в эксперименте in vivo, а в эксперименте in vitro самая высокая ре-
продуктивная скорость наблюдалась на сорте Бамбин, а самая низкая - Бетти. Так как коэффициент Pf/Pi во всех случаях превышает единицу 
(>1), это показывает, что все исследованные сорта зимнего рапса обладают определенной чувствительностью к H. schachtii. 

Heterodera schachtii, рапс, репродуктивная скорость.  
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