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Abstract  Three experiments were conducted to find out 
the feeding type and age structure of nematodes in different 
soil habitats; to know the efficiency of different extraction 
techniques of nematodes and to observe the hatching 
behavior of Meloidogyne juvenile in a Baermann device. 
Bacterivore, Omnivore, Predator, Fungivore and Plant 
Parasitic nematodes were recorded in the soil of flower, 
vegetable, moss, grass, and corn and compost habitats. 
Bacterivore was the highest feeder (67.5%) in the soil 
habitats. In comparison of nematode extraction methods, 
Seinhorst method extracted more cysts (188), but less 
juvenile (34) and eggs (18) from cysts than stirring (145, 87 
and 50, respectively) while AZC was found superior (936) 
over Cobb method (204) in extracting nematodes. The AZC 
method also extracted huge juvenile number from roots 
which was higher than Baermann funnel method. In 
Baermann funnel, juvenile hatched more in favorable 
condition than unfavorable condition which led to an 
increasing and decreasing pattern of hatching. 

Keywords  Nematode Trophic Groups, Extraction 
Methods, Soil, Plant Root, Hatching 

1. Introduction
Accurate assessment of all members of the nematode 

community is essential for obtaining a clear impression of 
community composition. Nematodes can be free-living or 
parasitic to plant and animal. Substrates such as litter, moss, 
or compost often contain high numbers of non-parasitic 
(Saprophagous) nematodes of plant. For estimation of 
nematode feeding types and calculation of their contribution 
to energy and nutrient uses in soil ecosystems, it is necessary 
to obtain a reliable quantification of nematode numbers in 
soil. This also holds for population studies that need reliable 
estimates of age-structure and sex-ratio [12, 26]. 

Plant parasitic nematodes cause significant economic 

reduction to crops. Annually, about 54% of the soybean yield 
reduction was caused by soybean cyst nematode in the US 
which is equivalent to167 x 107 $ [29]. Before giving 
appropriate recommendations, the specific types and 
numbers of nematodes present in the field must be 
determined [20, 28]. 

While a wide variety of methods for extracting 
nematodes from soil are available, all are imperfect and 
have various degrees of inefficiency [2, 17, 22]. As a result, 
many laboratories choose a method that gives the most 
efficient and consistent results for local conditions and 
nematodes of particular concern (often common plant 
parasites) or interest [21]. Most methods use a combination 
of different principles [26]. There are major differences in 
terms of extraction efficiency, size of the sample that can be 
handled, and costs [2, 21].  

It is necessary to know the different types of nematode in 
certain habitats to grow better crops. Considering the above 
fact, an experiment was conducted to identify different 
feeding types and age structures of nematodes in different 
soil habitats. A secondary objective was to determine 
hatching behavior of Meloidogyne juvenile in a Baermann 
device. At the same time another experiment for maize crop 
field was conducted with a goal to determine which class of 
extraction method is more effective in assessing nematode 
community composition. 

2. Materials and Methods
Three experiments were conducted at University Gent, 

Belgium to meet the objectives. Those were: i) feeding type 
and age structure of nematodes in different soil habitats; ii) 
study on the efficiency of different extraction techniques of 
nematodes and iii) hatching behavior of Meloidogyne 
juvenile in a Baermann device. 

2.1. Collection of Soil and Plant Sample 

Soil from six different habitats namely vegetables, moss, 
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grass, flowers, corn and compost were collected from and 
near the Botanical garden, University of Gent, Belgium to 
find out different feeding types and age structures of 
nematodes (in the experiment 1). Soil and plant root were 
collected from maize field to study efficiency of different 
extraction techniques of nematodes (in the experiment 2). 
Knotted-root of Tomato was collected to know the hatching 
behavior of Meloidogyne juvenile (in the experiment 3). 

Six replicate cores, each consisting of six combined cores 
(2.52 cm x 20 cm deep) were taken from within a 5 x 5 m 
area of each sampled vegetative site. Sampling depth was 6 
inches. Collected samples were placed in separate labeled 
bags. Roots of plants were also kept in separate bags. All 
bags containing nematode samples were stored at 100C for 
overnight. 

2.2. Extraction of Nematode 

The modified Baermann Funnel extraction method [1] 
was used to observe different feeding types and age 
structures of nematodes in different soil habitats. About 50 
nematodes were picked up randomly, mounted on slides and 
observed under microscope. Age structures were classified 
based on gender and as juveniles if genital structures were 
not visible (in the experiment 1).  

Cobb’s decanting and sieving [9] method (300ml soil used) 
and Automatic Zonal Centrifugal (AZC) floatation [16] 
method (with 200ml soil) were used to extract free-living 
nematodes from soil. Cysts were extracted from soil by 
stirring [23] (300g dry soil used) and Seinhorst [27] method 
(with 500g wet soil). Amount of soil samples were converted 
by using following formulae to homogenize the data for 
comparing different extraction methods [28].  

Where, n1 = number of nematodes in v1 
v1 = volume (ml) of the counted suspension obtained from 
v2 
v2 = volume (ml) of the extracted sample total suspension 
v3 = volume (ml) of the sample 
W = weight (g) of the sample 

ww = Wet weight and vol = Volume 

The AZC floatation method (with 5g maize root) was used 
for extraction of nematodes from maize roots (in the 
experiment 2). Six locations (samples) were selected from 
the field, and one plant in each location was dug out. Seminal 
roots from vegetative stage of plants were collected. Dried 
maize roots (5 g) were macerated and the nematodes were 
extracted through centrifugation.  

In hatching pattern (experiment 3), Baermann method was 
used to extract motile juveniles from roots of tomato plants 
that had been inoculated with Meloidogyne species. The 

plant roots were chopped in 1-2 cm pieces and 5g were taken 
and placed in filter papers on Baermann funnel under 
laboratory condition. Fresh tap water was added to increase 
favorable condition in the system. Hatching behavior of 
Meloidogyne juvenile was observed. Data on number of 
Meloidogyne juveniles were recorded in every two days 
interval and continued up to 12 counts. 

2.3. Data Analysis 

Based on literature on feeding habits [30], nematodes 
were assigned to five trophic groups: Bacterivore, 
Fungivore, Omnivore, Predator and Plant Parasitic. Percent 
composition by trophic group was calculated for each 
sample. Comparisons between extraction methods were 
made by analysis of variance (ANOVA) using MSTAT-C 
software [13]. Unless otherwise stated, all differences 
referred to in the text were significant, P = 0.05. Nematode 
data on the number of juveniles of Meloidogyne sp. in 
hatching pattern was taken at every 2-day interval. 

3. Results
Feeding type and age structure of nematodes in different soil 
habitats 

Analysis of the feeding groups was completed for all six of 
the cores taken from each of the vegetation types and the 
mean % compositions calculated (table 1). Five feeding 
types viz. Bacterivore, Omnivore, Predator, Fungivore and 
Plant Parasitic nematode were recorded in the soil of flower, 
vegetable, moss, grass, corn and compost. In the flower 
garden, higher number of nematodes was recorded as 
Bacterivore (67.5%) followed by omnivore (13.8%), 
predator (12.2%), and plant parasitic (4.9%) whereas lower 
number of feeding type of nematodes was Fungivore (1.6%) 
(Table1). Similar trend was observed in the corn and Moss 
fields except that Fungivore was higher than Plant Parasitic 
nematodes in the Moss habitat. In the vegetable garden, 
higher number of nematodes was Bacterivore (49.4%) which 
was followed by Plant Parasitic (25.5%), Omnivore (13.3%), 
Fungivore (8.1%) and predator (3.3%). Lower number of 
nematodes was recorded as Predator (4.8%) in the grass 
habitat which was precedingly followed by Omnivore 
(8.8%), Fungivore (14.3%), and Plant Parasitic (34.8%) 
whereas Bacterivore was the highest (37.4%) feeder in the 
nematode community. The compost which has a large 
amount of organic matter consisted of large number (50.2%) 
of Bacterivore. Second highest number of nematodes in 
compost was predator (25.3%) and it was followed by 
Fungivore (13.1%), omnivore (8.7%) and plant parasitic 
(2.8%) (Table1). Figure1 indicated that presence of 
Bacterivore was dominant (48%) in the observed soil 
habitats over Omnivore (17), Predator (15), Plant Parasitic 
(13) and Fungivore (8).  
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Table 1.  Summary table (%) of feeding types in six different soil types 

Feeding Types Flowers Vegetable Moss Grass Corn Compost 

Bacterivore 67.5 49.8 32.2 37.4 48.2 50.2 

Omnivore 13.8 13.3 31.9 8.8 23.8 8.7 

Predator 12.2 3.3 27.3 4.8 17.0 25.3 

Fungivore 1.6 8.1 7.6 14.3 4.6 13.1 

Plant Parasitic  4.9 25.5 1.0 34.8 6.4 2.8 

SE 4.6 3.2 2.5 2.6 3.0 3.2 

 
There were four age structures namely juvenile, non 

gravid female (-egg), gravid female (+egg) and male in 
nematode trophic group under six soil habitats (Figure2).  
The presence of juveniles was dominant over the other age 
structures. About 61.3% of the nematode was juvenile 
whereas non gravid females (-egg), gravid females (+egg) 
and males were 21.0%, 9.0% and 8.7%, respectively.  

 
Figure 1.  Comparison of tropic level (feeding type) irrespective of soil 
type 

 

Figure 2.  Comparison of age structure irrespective of feeding and soil 
type 

3.1. Comparison of Different Extraction Method of 
Nematode 

3.1.1. Comparison of stirring and Seinhorst method in 
extraction of cysts from soil 

Two methods were employed to extract cysts form the soil. 
These methods were Seinhorst and stirring method. Both 
methods use the principle that nematodes cysts float on water. 
Dry cysts contain air bubble. Significantly higher number of 
cysts was recorded in Seinhorst method (188) compare to 
stirring method (145). Juveniles and eggs from selected 10 

cysts were counted. Eggs were broken using fine needle. 
Number of Juveniles (J2) in 10 cysts in stirring method was 
87 which was about two and half times higher than that of 
Seinhorst method (34).  Eggs in those cysts were also 
significantly higher in stirring method (50) than that of 
Seinhorst method (18) (Figure 3).  

 

Figure 3.  Number of cysts and its contents in Cobb and Seinhorst method 

3.1.2. Comparison of Cobb’s and AZC methods in extraction 
of vermiform nematodes from soil 

These two methods use the principle of differential sizes 
and weight of the nematodes. Nematodes larger than the 
sieve sizes are retained while all particles smaller than the 
sieve size pass through.  

 

Figure 4.  Extraction of nematodes by Cobb and Seinhorst method 

The results were presented in Figure 4 (also Appendix 
1).Four types of nematode viz. Pratylenchus sp., 
Tylenchorhynchus sp., Rotylenchus sp. and Meloidogyne sp. 
were recorded from the tested soil sample. Significantly 
higher number of those nematodes was observed in AZC 
floatation method compare to Cobb’s decanting and sieving 
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method. In Cobb’s method, the number of Pratylenchus sp., 
Tylenchorhynchus sp., Rotylenchus sp. and Meloidogyne sp 
were 160, 12, 17 and 14 respectively whereas in AZC 
floatation method the number of those nematodes were 754, 
51, 49 and 82, respectively. Irrespective of nematode genus 
number of juvenile was significantly higher in AZC (936) 
over Cobb’s method (204) (Figure 4). 

3.1.3. Extraction of nematodes from root 

Four types of nematodes viz. Pratylenchus sp., 
Tylenchorhynchus, Rotylenchus and Meloidogyne were 
recorded form maize root (Table 2; Appendix 2). An average 
number of 1005 Pratylenchus sp. was extracted from per 5g 
maize root under AZC floatation method. A few numbers of 
Tylenchorhynchus, Rotylenchus and Meloidogyne were also 
observed. This was not statistically compared with 
Baermann funnel because of different types of root. 

3.2. Hatching Behavior of Meloidogyne Juvenile 

The Baermann method was used to extract motile 
juveniles from roots of tomato plants that had been 
inoculated with Meloidogyne species. Figure 5 represented 
the hatching pattern of Meloidogyne juvenile. Out of 12 
counting, in the first counting, juvenile of Meloidogyne sp. 
was lower (498) but in the second counting it was increased 
(1083). Number of juvenile was decreased in the 3rd counting 
(822) and reached at the highest in the 4th counting (1825). 
An alternate increasing and decreasing trends of number of 

juvenile was observed up to the seventh counting. After that 
the number of juveniles was decreased gradually and reached 
at minimum (315) in the 10th counting. There was no juvenile 
recorded in the 11th and 12th counting. 

4. Discussion 
The result of experiment 1 indicated that the tested soils 

were mostly infected by free-living nematodes. Few plant 
parasitic nematodes were recorded from those soils (Table 1 
and Figure 1).The soil of botanical garden and also compost 
was rich of organic matter which might be responsible for 
having decomposing bacteria in the soil and ultimately led to 
the highly presence of Bacterivore nematodes. Other 
organisms like fungi also grow in organic matter riched soil. 
These might be the cause of higher presence of Omnivore, 
Predator and Fungivore. Grass, vegetable and corn were 
good host for plant parasitic nematodes. The composition of 
soil, season, soil moisture, type of crop, cropping pattern etc. 
might be responsible for low presence of plant parasitic 
nematodes. McSorley and Frederick [22] described five 
trophic group of nematode in soil habitat such as 
Bacterivore, Omnivore, Predator, Fungivore and herbivore. 
They recorded Bacterivore as the highest number of 
nematode in the community. They extracted a large number 
of these nematodes by Baermann method. Similar results 
were presented by others [17, 24, 30]. Ferris [12] observed 
higher number of juvenile among different age structures in 
nematode. Their results supported the present findings. 

Table 2.  Number of nematodes from roots using AZC and Baermann funnel methods 

Extraction 
Method 

Pratylenchus sp. Tylenchorhynchus sp. Rotylenchus sp. Meloidogyne sp. 

AZC 1005 7 7 18 

Baermann funnel 0 0 0 1825 

 

Figure 5.  Hatching behavior of juvenile of Meloidogyne sp. under Baermann funnel 
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Stirring and Seinhorst methods were designed on the 
principle of floatation of cysts on water. Air dried soil was 
used in stirring method where old cysts were also dried and 
having air bubble, dried cysts floated on water. But in that 
case, younger cysts those were not properly dried might not 
be floated on water hence they might not be recovered. This 
might be the reason of getting lower number of cysts in 
stirring method compared to Seinhorst method (Figure 3). 
But this method was easy and quick. On the other hand, soil 
didn’t need to be dried in Seinhorst method. This method 
recovered young cysts which normally didn’t float on water. 
The principles of Seinhorst method allowed maximum 
extraction of cysts from soil hence the efficiency was found 
higher than stirring method. Number of eggs and juveniles in 
cysts were not higher in Seinhorst method over stirring 
method. Only the old cysts were collected by stirring method 
while Seinhorst method recovered younger and older cysts, 
even empty cysts which might affect the number of juveniles 
and eggs in cysts. Been et. al. [4] used a scaled-up Seinhorst 
elutriator for extraction of cyst nematodes from soil and 
found more efficient in extracting cysts compare to stirring 
method. Van Bezooijen [28] also described the similar 
observation. The present data were supported by their results. 
Though Seinhorst method required more water, spent more 
time and costly compare to stirring method, it could be fit for 
huge amount (up to 1 kg) of soil sample. Seinhorst apparatus 
could be bought by group of farmers to minimize cost.  

Four types of vermiform nematodes were identified 
(Figure 4). Though Pratylenchus is essentially parasite of 
root cortex, it could be found in soil also. Rotylenchus and 
Tylenchorhynchus are ectoparasites and found in soil. 
Meloidogyne also endoparasitic but males come out in the 
soil from roots. This might be the reason of getting those 
nematodes in soil. But presence of Pratylenchus was the 
maximum in number. Sample was collected from maize field. 
Maize might not be good host for Tylenchorhynchus, 
Rotylenchus and Meloidogyne but good host for 
Pratylenchus which might be the cause of having more 
Pratylenchus in sample. The results of the present study are 
in accordance with the results of some other researchers [10, 
11, 7, 15]. Total number of nematodes was higher in AZC 
method. In AZC method, organic portion (root) of the soil 
sample was blended and mixed with mineral portion (soil) 
which was not done in Cobb’s method. So Pratylenchus 
from roots and soil mixed together. This might be the cause 
of getting more Pratylenchus in the sample which ultimately 
increased the total number of juveniles in AZC method. This 
method also extracted immotile nematodes. Similar result 
was also recorded by Sarah and Boisseau [25] where the 
centrifugal-flotation technique allowed all nematode species 
and life stages to be separated from root debris and residual 
soil particles. Similar results were observed by other 
scientists [19, 8]. Another researcher [6] also found 
centrifugation to be seven times as efficient as a modified 
sieving and decanting technique for recovering large 
nematode species, species with a special way of movement, 
and species with a rough cuticle. The present study was 

supported by their studies. 
Cobb’s method was designed on the principle of 

differences in shape, size and weight of nematodes and their 
motility. It is easy to use and can avoid sophisticated 
apparatus. But it is laborious and can’t provide accurate 
result in quantitative measurement. On the other hand, the 
AZC method was designed on the principle of differences in 
density of suspension and nematodes. Moens and Viaene [23] 
observed that alive or preserved nematode and even cysts 
could be extracted by this method. This method is relatively 
faster and can obtain clear nematode suspension. But this 
method alter the shape and influence the vitality of 
nematodes hence it limits the pathogenicity test or 
identification. From our results, it is clearly observed that the 
efficiency of AZC method in extracting vermiform 
nematodes is superior compare to Cobb’s method.  
McSorley and Frederick [22] also reported the superiority 
of centrifugation method in extracting vermiform 
nematodes which was similar with our results. The huge 
cost of AZC apparatus could be minimized by community 
based farming where this method could be used by many 
farmers. This apparatus also could be organized 
institutionally where soil samples could be sent and analyzed 
by simple cost. 

Nematodes are host-specific. Pratylenchus are parasitic 
nematodes for maize plants. They are endoparasitic and are 
mostly embedded in the plant roots. They make tunnel in the 
roots cortex. Presence of huge number of Pratylenchus sp. in 
root indicates the maize as its host (Table 2). A little 
presence of Tylenchorhynchu sp., Rootlenchus sp. and 
Meloidogyne sp. is attributed by the fact that maize is not the 
specific hosts for these nematodes. A similar result was also 
described by other researcher [18]. Also Tylenchorhynchus 
and Rotylenchus are large worms that move slowly. The 
short time allowed for experiment could not give the 
nematode time to move outside the roots. Again these two 
nematodes could have been destroyed through maceration. 
Batista da Silva [3] observed that Baermann funnel was not 
efficient for extraction of Pratylenchus from root in their 
experiment. Meloidogyne are specific in tomato plants hence 
a large number of that nematode ware recorded from tomato 
root. Results of the critical comparisons between Baermann 
and centrifugation methods were not so consistent. 
Baermann incubation was clearly superior for some genus 
while centrifugation was the better method for others (Table 
2). Present data and results from previous work [14, 2] 
confirm the advantage of centrifugation over Baermann 
incubation in the recovery of sluggish plant-parasitic. 

Collected tomato roots were heavily knotted and there 
were a lot of matured egg masses. Juvenile from those 
matured egg masses were hatched in presence of water in 
Baermann funnel which might be the cause to attribute a high 
number of juvenile in 2nd counting (Figure 5). Baermann 
funnel method has a disadvantage of poor oxygenation. 
Carbon dioxide also increased due to respiration of 
nematodes which produced mild carbonic acid. These might 
affect hatching of juvenile hence reduced number of juvenile 
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was attributed in third counting. Bearmann method recovers 
only the active motile nematodes. Later fresh tap water was 
added which increased oxygen and decreased carbonic acid 
in the system. This might increase juvenile in 4th counting 
allowing favorable condition for hatching. Similar trends 
were recorded up to later counting. Batista da Silva [3] 
reported that poor oxygenation in Bearmann method 
hampered nematode hatching. They also observed an 
alternate increasing and decreasing of nematode counting in 
this method. Behn [5] also recorded the similar results. Their 
results were in accordance with the present study.  

5. Conclusions 
1. Bacterivore, Omnivore, Predator, Fungivore and Plant 

Parasitic nematode were recorded in the soil of flower, 
vegetable, moss, grass, and corn and compost field. 
Bacterivore was the highest feeder in the soil habitats. 

2. Efficiency in estimating population density of 
nematodes in a certain area is affected by sampling, 
handling of sample, extracting and counting nematodes 

of the technician. All the extraction techniques have 
their disadvantages with their advantages. None of 
them can be used as efficiently as 100 percent. 
Depending on the purpose or type of the study, method 
can be selected for extraction.  However, selection of a 
technique depends on their availability and cost.  

3. In Baermann funnel, juvenile hatched more in 
favorable condition than unfavorable condition. An 
increasing and decreasing pattern of hatching of 
nematode was recorded.  
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Appendices 

Appendix 1.  Homogenize data on nematodes from soil (by using formula 1) 

Extraction 
Method 

Volume 
(ml) of 

Sample =v3 

Volume (ml) of 
extracted 

sample total 
suspension 

= v2 

Volume (ml) of 
counted 

suspension 
obtained from v2 

= v1 

Number of nematodes in v1 
= n1 

Number of nematodes per 
100ml sample 

Pra Rot Tyl Mel Pra Rot Tyl Mel 

AZC 200 500 10 30.2 2.0 2.0 3.3 754 51 49 82 

COBBS 300 80 10 60.0 4.5 6.4 5.3 160 12 17 14 

Pra=Pratylenchus; Rot=Rotylenchus;Tyl= Tylenchorhynchus; Mel=Meloidogyne 

Appendix 2.  Homogenize data on nematodes from roots (by using formula 2) 

Extraction 
Method 

Weight 
(g) of 

Sample =W 

Volume (ml) of 
extracted 

sample total 
suspension = v2 

Volume (ml) of 
counted 

suspension obtained 
from v2 = v1 

Average number of nematodes 
in v1 = n1 

Number of nematodes per 
100g sample 

Pra Rot Tyl Mel Pra Rot Tyl Mel 

AZC 5 80 10 6.28 0.04 0.04 0.11 1005 7 7 18 

Bearmann 5 100 10 0.00 0.00 0.00 9.13 0 0 0 1825 

Pra=Pratylenchus; Rot=Rotylenchus;Tyl= Tylenchorhynchus; Mel=Meloidogyne 
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