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Abstract: The addition of organic material to the soil can be an effective alternative to the environmentally unsafe chemical treat-
ments that are used to control plant parasitic nematodes. We evaluated the effects of vermicompost alone, and aqueous solutions of 
vermicompost (vermicompost tea) either alone or mixed with urea, on the development and survival of two potato-cyst nematodes: 
Globodera rostochiensis (pathotype Ro1) and G. pallida (pathotype Pa2) and on the growth parameters of the host potato plants. Soil 
amendments with these materials significantly decreased the number of cysts · 400 g–1 of both species in the soil, the number of eggs 
and juveniles · cyst–1 of both species, and the number of eggs and juveniles · g–1 of both species in the soil, relative to the untreated 
controls. The suppressive effect was significantly higher at the highest dose than the lowest treatment dose, for all tested materials. 
Globodera rostochiensis was more sensitive to all the tested materials than G. pallida. The aqueous solutions of vermicompost alone or in 
combination with urea were more effective than the solid vermicompost used alone, for controlling both species. Vermicompost and 
the vermicompost teas had positive effects on plant fresh stem weight and stem height. The application of vermicompost tea instead 
of the solid vermicompost, substantially decreased the amount of material needed. These amendments are thus promising for the 
control of potato-cyst nematodes in sustainable agricultural systems.
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Introduction
The potato-cyst nematodes, Globodera rostochiensis and 
G. pallida, are economically important plant pathogens. 
The European and Mediterranean Plant Protection Or-
ganisation recommends that they be regulated as quar-
antine pests (EPPO 2014). These two species can reduce 
potato yields by 20–70% (Greco 1988), lower the quality 
and marketable condition of the tubers, and facilitate in-
fections by other diseases (Vasyukova et al. 2006). An esti-
mated 2 t · ha–1 of potatoes are lost for every 20 eggs and 
juveniles per gram of soil (Brown 1969). The loss of yield, 
however, varies depending on nematode species, geno-
type (pathotype), and population density at sowing, and 
also on the potato cultivar, climatic conditions, soil type 
(Evans and Haydock 1990; Oijen et al. 1995), and manage-
ment (the control) methods were used (Sharma 1998).

The management of plant parasitic nematodes is 
more difficult than for other pests because plant parasitic 
nematodes mostly inhabit the soil and usually attack the 
underground parts of plants (Akhtar 1997). Moreover, the 
management of cyst nematodes faces a unique problem; 
gravid females form cysts with hardened protective walls. 
Prevention (avoiding the spread to non-infested regions) 

is the best and most economical control method, because 
once a plant is parasitised, the worms cannot be killed 
without also destroying the host. Chemical nematicides 
are very effective in controlling plant parasitic nematodes 
in the soil (Adegbite et al. 2008; Karajeh 2008; Haydock 
et al. 2013). Chemical treatment is frequently used but is 
generally considered dangerous to the environment, soil 
organisms as well as human and animal health. Recent 
European legislation (CE 396/2005, 1095/2007, 33 and 
299/2008, and 1107/2009) has severely restricted and re-
vised the use of pesticides on agricultural crops. 

Alternatives with lower environmental impacts and 
a wider range of options have received much attention. 
The alternatives must be as effective as synthetic nemati-
cides, readily available, affordable, and safer for farmers, 
consumers, and the environment. Biofumigation (Avato 
et al. 2013), mycorrhisation (Sasanelli et al. 2009), plant ex-
tracts, essential oils or secondary plant metabolites (Renčo 
et al. 2014), and organic-waste amendments (Renčo et al. 
2011; Renčo 2013) have been successfully used to control 
plant parasitic nematodes. 

Many of the organic wastes produced on farms and 
by modern industrial technology cause odour problems 
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or can pollute groundwater (Edwards et al. 2011). These 
problems could be attenuated by the biological stabilisa-
tion of the wastes. Composting and vermicomposting are 
two of the best-known methods for the biological stabi-
lisation of solid organic waste. Composting is the accel-
erated degradation of organic matter by microorganisms 
under controlled conditions. Under these conditions the 
organic material undergoes a characteristic thermophilic 
stage at 45–65°C that sanitises the waste by eliminating 
pathogenic microorganisms (Edwards et al. 2011). The 
use of earthworms, particularly Eisenia fetida, however, 
can accelerate the aerobic decomposition of the wastes, 
thereby minimising odours and pollution (Edwards et al. 
2011). This process is faster than composting because the 
material passes through the earthworm’s gut, where a sig-
nificant but not fully understood transformation occurs. 
Nevertheless, earthworm droppings (worm manure) are 
rich in microbial activity and plant-growth regulators 
and can repel pests (Edwards et al. 2011). The droppings 
can also be liquefied by the addition of water (vermicom-
post tea). Unlike solid vermicompost, teas have unique 
features. Teas can be applied directly to plant foliage or 
to the soil before and during plant growth and are effec-
tive in relatively small quantities (Edwards et al. 2011). 
Adding various types of solid vermicomposts to soil can 
decrease arthropod (Arancon et al. 2005) and nematode 
(Renčo et al. 2011) pests, but aqueous extracts (teas) have 
previously been tested more as suppressants of plant dis-
eases (Vibha 2010; Edwards et al. 2011). 

The present study analysed the suppressive effects 
of various doses of vermicomposts produced from mu-
nicipal wastes, and of vermicompost teas, either alone or 
combined with urea, on the soil populations of two spe-
cies of potato-cyst nematodes: G. rostochiensis and G. pal-
lida. We hypothesised that the aqueous extracts of solid 
vermicompost could provide faster and better nematode 
suppression due to the presence of nutrients, other ben-
eficial substances, and microorganisms in liquid form. 
We also hypothesised that these vermicompost teas could 
produce this effect at lower quantities compared to solid 
vermicompost. 

Materials and Methods
Solid vermicompost derived from municipal green 
wastes (30% leaves, 70% grass) and vermicompost teas 
derived from the same vermicompost with added wa-
ter (1 : 5, 20%) were applied to the soil at various doses 
and times. The vermicompost was mixed with sterilised 
(80°C for 1 h) sandy soil to produce doses of 10, 20, 40, 
and 60 t · ha–1. Each mixture was then added to four 4 l 
clay pots that were each sown with one potato tuber (cv. 
Désirée). Vermicompost tea alone or in combination 
with urea (285 g urea · 1 l–1 tea) was applied to the same 
sterilised soil in similar pots, at rates of 10, 20, 40, and  
60 l · ha–1 at potato sowing (single application) and at po-
tato sowing and again one month later (double applica-
tion). There were four replicates of each treatment. Potato 
plants grown in sterilised but untreated soil were used as 
the controls. 

One hundred viable cysts of G. rostochiensis [200 eggs 
and second-stage juveniles (J2s) per cyst] or G. pallida (180 
eggs and J2s per cyst) were added to each pot, including 
the control pots, at the time of sowing. The cysts were 
enclosed in 2 × 2 cm polyester bags. The mesh size of the 
bags was 300 microns.

The pots were arranged on benches in a randomised 
block design in a glasshouse at 23±2°C. The experiment 
began on 5 April 2014 and continued for five months. The 
potato plants were grown until new tubers were formed. 
At the end of the experiment, the soil from each pot was 
mixed thoroughly, and a sample (400 g) was collected 
and air dried. Cysts were extracted by a flotation method 
(Sabová and Valocká 1980). The extracted cysts were then 
crushed, and the viable eggs and J2 number were count-
ed. Data from the experiment were subjected to an analy-
sis of variance (ANOVA), and means were compared by 
a least significant difference test. The statistical analyses 
were performed using PlotIT.

Results and Discussion
Various doses of vermicompost of municipal waste, and 
aqueous vermicompost tea alone or mixed with urea 
were applied to the soil. The potential nematicidal effects 
of these vermicompost and vermicompost tea applica-
tions on the reproduction of nematodes were compared 
and analysed. All the tested materials significantly de-
creased (p ≤ 0.05) the populations of both species relative 
to the untreated controls. The solid vermicompost, how-
ever, was not as effective as its aqueous extract with or 
without urea. Nevertheless, all tested doses of the solid 
vermicompost significantly decreased nematode popula-
tions relative to the untreated controls (Table 1). 

The number of cysts · 400 g–1 of soil, the number of 
eggs and J2s · g–1 of soil, and thus the reproduction, de-
creased linearly and inversely with the dose rate of solid 
vermicompost (Table 1). The suppressive effect was sig-
nificantly larger (p ≤ 0.05) for the highest dose than for 
the lowest dose. The amended soils also contained sig-
nificantly fewer eggs and J2s per cyst of both species rela-
tive to the controls, confirming the reduced reproduction 
in the compost-treated soils. Globodera rostochiensis was 
more sensitive than G. pallida to soil treatments with solid 
vermicompost. The numbers of cysts · 400 g–1 of soil, the 
numbers of eggs and J2s · g–1 of soil, and the reproduc-
tion ratio, r, were lower at all tested rates (Table 1). These 
results were consistent with the findings by Arancon et al. 
(2002), Pandey (2009), Seenivasan and Poornima (2010), 
and Renčo et al. (2011), where vermicomposts produced 
from municipal wastes, medicinal plant wastes, cattle 
manure, food, and paper-recycling wastes significantly 
reduced the populations of Meloidogyne incognita, G. ros-
tochiensis, G. pallida, and other plant parasitic nematodes. 

The application of vermicompost has also been re-
ported to significantly suppress several arthropod pests, 
such as striped cucumber beetles (Acalymma vittatum), 
spotted cucumber beetles (Diabrotica undecimpunctata), 
tobacco hornworms (Manduca quinquemaculata) (Yardim 
et al. 2006), white caterpillars (Pieris brassicae) (Arancon 
et al. 2005), spider mites (Tetranychus urticae), mealy bugs 
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(Pseudococcus sp.), and aphids (Myzus persicae) (Arancon 
et al. 2007).

Our results, though, indicated that aqueous extracts 
of vermicompost were more effective than solid vermi-
compost in the suppression of potato-cyst nematodes 
(Tables 2, 3). Suppression was increased with the addi-
tion of urea to the aqueous extracts of vermicompost. The 
number of cysts · 400 g–1 of soil, the number of eggs and 
J2s · g–1 of soil, and thus the reproduction of both nema-
tode species, decreased exponentially with an increase 

in the application dose and number of soil treatments. 
The double application (at potato sowing and one month 
later) significantly increased (p ≤ 0.05) suppression rela-
tive to the same doses applied only at sowing, mainly 
at the higher doses. The numbers of G. rostochiensis and 
G. pallida eggs and J2s per cyst did not differ significantly  
(p ≥ 0.05) between the single and double applications of 
some doses of both the vermicompost teas (with or with-
out urea). Our results agree with those previously report-
ed where vermicompost teas have suppressed plant par-

Table 1. The effect of vermicompost applied at various doses on the mean numbers (four replicates) of Globodera rostochiensis (Ro1) 
and Globodera pallida (Pa2) eggs and juveniles

Species
Application 

rate 
[t · ha–1]

Number

cysts · 400 g–1  
of soil

eggs and  
juveniles · cyst–1 

eggs and  
juveniles · g–1 of soil r = Pf/Pi

Globodera 
rostochiensis

0 217.8 a* 215.3 a 117.2 a 23.4 a

10 180.0 b 173.8 b 78.3 b 15.6 b

20 143.8 c 166.8 b 59.9 c 12.0 c

40 118.3 c 166.3 b 49.2 c 9.8 d

60 77.0 d 126.3 c 24.3 d 4.9 e

Globodera  
pallida

0 244.5 a 222.3 a 135.9 a 30.2 a

10 192.0 b 218.3 a 104.8 b 23.3 b

20 169.0 bc 219.5 a 92.7 bc 20.6 b

40 159.5 cd 184.5 b 73.6 cd 16.3 c

60 141.3 d 177.0 b 62.5 d 13.9 d

*different letters within a column and species indicate significant differences (p ≤ 0.05) 
  Pf – final population density, Pi – initial population density 

Table 2. The effect of vermicompost tea applied at various doses and times on the mean numbers (four replicates) of Globodera rosto-
chiensis (Ro1) and Globodera pallida (Pa2) eggs and juveniles

Species
Application 

rate 
[l · ha–1]

Number

cysts · 400 g–1  
of soil

eggs and  
juveniles · cyst–1 

eggs and  
juveniles · g–1 of soil r = Pf/Pi

Globodera 
rostochiensis

0 217.8 a* 215.3 a 117.2 a 23.4 a
10 155.5 b 171.0 b 66.5 b 13.3 b

10+10 153.8 b 185.8 b 71.4 b 14.3 b
20 139.0 bc 163.0 c 56.6 c 11.3 c

20+20 124.0 c 164.8 c 51.1 c 10.2 c
40 104.0 d 169.5 c 44.8 cd 9.0 cd

40+40 101.8 d 158.5 c 40.3 d 8.1 d
60 78.5 e 147.3 d 28.9 e 5.8 e

60+60 58.0 f 150.5 d 21.8 f 4.4 f

Globodera  
pallida

0 244.5 a 222.3 a 135.9 a 30.2 a
10 179.5 b 191.3 b 85.7 b 19.0 b

10+10 180.0 b 198.0 b 89.1 b 19.8 b
20 169.0 c 188.0 b 79.4 c 17.7 c

20+20 152.5 d 155.3 c 59.2 d 13.2 d
40 150.0 de 157.3 c 59.0 d 13.1 d

40+40 138.5 e 159.0 c 55.1 d 12.2 d
60 135.8 e 130.0 d 44.1 e 9.8 e

60+60 99.5 f 138.0 d 34.3 f 7.6 f

*different letters within a column and species indicate significant differences (p ≤ 0.05) 
  Pf – final population density, Pi – initial population density  
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asitic nematodes, such as M. hapla (Edwards et al. 2011) 
and Pratylenchus sp. on tomatoes (Nath and Singh 2011), 
and arthropod pests, such as green peach aphids (My-
zus persicae), citrus mealy bugs (Planococcus citri), spider 
mites (Tetranychus urticae), cucumber beetles (Acalymma 
vittatum), and tobacco hornworms (M. sexta) (Edwards et 
al. 2009a, b).

The mechanisms by which vermicomposts and their 
aqueous extracts suppress plant parasitic nematodes after 
application to soil, are speculative (Edwards et al. 2011). 
Larger predator-prey populations can also contribute to 
lower densities of plant parasitic nematodes in vermi-
compost-treated soils (Renčo et al. 2010). Vermicomposts 
can increase the numbers of predatory or omnivorous 
nematodes or arthropods such as mites that selectively 
prey on plant parasitic nematodes (Bilgrami 1996; Renčo 
et al. 2010). Vermicomposts can promote the growth of 
nematode-trapping fungi and fungi that attack nema-
tode cysts and may thereby influence the populations of 
plant parasitic nematodes (Kerry 1998). Moreover, some 
rhizobacteria from vermicompost substrates can colonise 
roots and kill parasitic nematodes by producing harm-
ful enzymes and toxins (Siddiqui and Mahmood 1998). 
Nematodes can also be killed by toxic substances such as 
hydrogen sulfide, ammonia, and nitrites released during 
vermicompost degradation in the soil (Rodriguez-Kába-
na 1986). A higher availability of nitrogen enhances the 
nematicidal activity of manures against plant parasitic 
nematodes (Mian and Rodriguez-Kábana 1982). So, ma-
terials with lower C : N ratios are more nematicidal than 
those with higher ratios (Kirmani et al. 1975; Ismail et al. 

2006; Renčo et al. 2011). Similarly, the suppressive effect of 
organic amendments against nematodes has often been 
attributed to the toxicity of ammonia (Conn and Lazarov-
its 1999; Oka and Yermiyahu 2002; Renčo et al. 2011). 

The treatments with vermicompost and vermicom-
post tea also substantially affected plant growth (Figs. 
1, 2). Stem fresh weight and height were significantly 
higher (p ≤ 0.05) in the vermicompost, and vermicom-
post-tea treatments (with and without urea) relative to 
the controls. The addition of urea to the aqueous extract 
significantly improved plant growth, compared to when 
no urea and only the solid vermicompost were used. Our 
data are in accordance with those from previous studies 
where a vermicompost addition increased plant growth 
in radishes (Buckerfield et al. 1999), tomatoes (Subler et 
al. 1998) or marigolds (Atiyeh et al. 2000). Vermicom-
posts have been reported to increase microbial activity in 
soils. The production of plant growth regulators such as 
gibberellins, cytokinins, auxins, and humates by micro-
organisms may promote plant growth, independent of 
the nutrient supply (Tomati et al. 1990). The use of ver-
micompost aqueous extracts to improve plant growth 
and yields, however, has received little attention. The 
chemistry and microbiology of extracts are complex. But 
soluble mineral plant nutrients, plant growth hormones 
and regulators, and microorganisms and their enzymes, 
likely have favourable effects on plant growth and yields 
(Edwards et al. 2011).  

In conclusion, cyst-forming nematodes belong to 
a specific group of plant parasites and invade plant roots 
as infective J2s that hatch from eggs retained in protec-

Table 3. The effect of vermicompost tea with urea applied at various doses and times on the mean numbers (four replicates) of Glo-
bodera rostochiensis (Ro1) and Globodera pallida (Pa2) eggs and juveniles

Species
Application 

rate 
[l · ha–1]

Number

cysts · 400 g–1  
of soil

eggs and 
juveniles · cyst–1  

eggs and  
juveniles · g–1 of soil r = Pf/Pi

Globodera 
rostochiensis

0 217.8 a* 215.3 a 117.2 a 23.4 a

10 139.8 bc 188.3 cd 65.8 b 13.2 b

10+10 135.3 c 189.8 bc 64.1 b 12.8 b

20 136.0 c 170.0 cdef 57.8 bc 11.6 c

20+20 121.8 c 179.0 cdef 54.5 c 10.9 c

40 98.5 d 181.3 cde 44.6 d 8.9 d

40+40 80.0 de 164.5 def 32.9 e 6.6 e

60 69.8 e 169.3 ef 29.5 e 5.9 e

60+60 46.8 f 154.5 f 17.9 f 3.6 f

Globodera  
pallida

0 244.5 a 222.3 a 135.9 a 30.2 a

10 166.5 b 190.0 b 79.1 b 17.6 b

10+10 149.3 c 194.5 b 72.5 bc 16.1 b

20 141.3 c 190.3 b 67.2 c 14.9 c

20+20 128.5 d 183.3 bc 58.9 cd 13.1 d

40 119.8 e 175.5 c 52.6 d 11.7 e

40+40 84.3 f 182.4 bc 38.4 e 8.5 f

60 68.8 g 158.5 d 27.3 f 6.1 g

60+60 35.0 h 157.8 d 13.8 g 3.1 h

*different letters within a column and species indicate significant differences (p ≤ 0.05) 
  Pf – final population density, Pi – initial population density  
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tive cysts (dead females of cyst nematodes) throughout 
plant growth. Treatment with solid vermicompost is only 
possible prior to potato planting. Liquid solutions such 
as vermicompost tea, though, can be applied throughout 
the crop season to suppress nematodes that hatch from 
cysts later in the season. The application of vermicompost 
tea in aqueous formulations, considerably decreases the 
amount of materials needed. Thus, there is a decreased 
cost of nematode management when using vermicom-
post tea in aqueous formulations.
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