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Abstract

Predatory nematodes are important as they fed upon several prey nematode species. The diplogasterid predators
are characterized by distinguished alterations in feeding apparatus. The diplogasterid predator, Fictor composticola,
feeds on different categories of nematodes like microbivorous, mycophagous, and plant-parasitic nematodes. This
study was undertaken under in-vitro conditions, in 1% water-agar plates, and in pots under screen house. In lab.
study, 250, 500, 1000, 2000 freshly hatched juveniles of Meloidogyne incognita, and 2 females and 2 males of F.
composticola were released in each plate. Observations on prey consumed were recorded after 24 and 48 hrs. of
deliverance. Prey consumption of F. composticola boosted as the number of prey increased from 250 to 2000 per
plate. At prey density of 500 per plate, maximum per cent consumption was observed and minimum at prey
density 2000 per plate. Maximum predation found at a prey population density of 2000 individuals and minimum
in 250 individuals per plate. This finding led to the conclusion of increased contacts between prey and predator at
higher densities. In the pot experiment, plant height and shoot weight were reduced significantly over untreated
control at 500 J2 and above. Root weight increased at 500 and 1000 levels, though it was similar to the control at
2000 level due to poor root development at this level. The number of galls and egg masses of M. incognita and
final population of predator increased with increasing inoculum level of M. incognita.
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Background
Biocontrol of nematodes has been pondering as a prom-
ising management approach in recent years. This man-
agement option in an integrated nematode management
system taken as an important component because it
least disturbs the ecosystem and may fetch economic
and effective control measures (Sikora 1992). Predaceous
nematodes can turn out to be important among all
biocontrol agents in nematode management, if they get
equal opportunity and importance. The advocacy of

predatory nematodes for biocontrol potential was known
since Cobb (1917) who discovered their capacity in con-
trolling plant-parasitic nematodes. Christei (1960) specu-
lated on predaceous nematodes for their role in the
management of plant-parasitic nematodes. Further stud-
ies on them were done by Cohn and Mordechai (1974)
and Small (1979).
Predatory nematodes are also important because of

their presence as plant, fungal, and bacterial feeders
in the soil ecosystem process though they are present
in a little amount of the available soil biomass. The
four major taxonomic groups of predatory nematodes
are Mononchida, Dorylaimida, Diplogasterida, and
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Aphelenchida. These groups have been dissimilar in
their respective feeding apparatus, feeding mecha-
nisms, and food preferences. The majority of studies
on predaceous nematodes are based on agar plate
experiments on their feeding mechanism and prey
catching. To achieve success in biocontrol, prey (nem-
atodes) should be susceptible to predation. Prey speci-
ficity in biocontrol is an important factor, and
diplogasterids are known to be highly prey specific
(Chitambar and Noffsinger 1989). Achieving success-
ful biological control programs are based on prey
range, knowledge of the predator-prey relationship,
and proper utilization of different species of
predators.
The diplogasterid predators are needed to explore

by nematologists for their potential as biocontrol
agents (Steel et al. 2010). These predators gained
prominence after Yeates (1969) assessed the predatory
abilities of Mononchus potohikus. Decomposing or-
ganic manures are home to a large number of diplo-
gasterids. Prospects of using diplogasterid predatory
nematodes seem promising because they are easily
cultured in the in vitro conditions, bi-phasic feeding,
high rate of predation, high fecundity, short life cycle,
ability to perceive and respond to prey secretions
(Bilgrami et al. 2005), thereby, act as promising bio-
control agents. Diplogasterid predators have been
found effective for controlling root-knot nematode
(Fauzia et al. 1998; Bajaj and Kanwar 2015).
Fictor composticola, a diplogasterid predator, is a

voracious feeder and found mostly in compost or
high organic matter. It predates upon different groups
of nematodes (Bajaj and Kanwar 2015; Keshari 2016).
It was found commonly in compost used for cultivat-
ing button mushroom (Agaricus bisporus (Lange)
Singer) in Haryana and Bihar states of India, which
has the potential to control the population of mush-
room feeding nematodes in vitro (Kanwar et al. 2009).
Keshari (2016) studied the predation efficiency of F.
composticola with different prey density levels of
mushroom nematodes viz. Aphelenchus avenae, Aphe-
lenchoides swarupi, Ditylenchus myceliophagous, and
Panagrolaimus sp. Nevertheless, the knowledge of
predation efficiency of predacious nematodes in bio-
control study is still limited.
The aim of the present work was to evaluate the pre-

dation efficiency of F. composticola, using different levels
of J2 of root-knot nematode, M. incognita as prey, under
laboratory and greenhouse conditions.

Material and methods
An experiment was carried out in the laboratories and
screen house of the Department of Nematology,

Chaudhary Charan Singh Haryana Agricultural Univer-
sity (CCS HAU), Hisar, Haryana during 2018-19.

Nematode culture
Culture of M. incognita was maintained on brinjal plants
(cv. BR 112) in pots. The roots were washed gently in
water to remove the adhering soil. Nematode egg masses
collected from roots were hatched by the modified
Baermann-funnel technique to get juveniles. Freshly
hatched juveniles were used for inoculation. The juve-
niles were counted under a stereo-zoom binocular
microscope by dilution method, and the required num-
ber was inoculated.
The culture of F. composticola was maintained on 1 %

water agar medium in Petri plates. M. incognita J2 were
added in plates as prey from time to time. These preda-
tors in agar plates were incubated for multiplication in a
BOD incubator at 25±2 °C, and this culture was used for
experimentation.

Extraction and inoculation of nematodes
The predatory nematodes were placed in each agar
plate from culture plates of F. composticola by picking
needle. The inoculated agar plates were maintained at
room temperature. For inoculation in pots, the preda-
tory nematodes from culture plates were extracted in
sterile water and inoculated. For extracting predatory
nematodes from agar plates, they were filled with
sterile water and kept for five minutes. After shaking
well, the suspension of nematodes was collected in a
beaker. This process should be repeated thrice. The
predatory nematodes in the beaker were counted and
used for the inoculation as per the requirement of
the experiments. Freshly hatched M. incognita J2 were
inoculated in pots around the roots by the pencil hole
method.

In vitro study
Two males and 2 females of F. composticola were re-
leased in each plate, with different prey density levels
i.e. 250, 500, 1000 or 2000 of M. incognita J2. After
24 and 48 hrs. of release, left over populations of
prey were recorded under stereo-microscope. There
were 4 replicates for each level. Nematode counting
in agar plates was done by directly placing the plate
under the microscope. For convenience in counting,
Petri-plates were divided into small squares (about 6
-7 mm) by marking with a marker pen on the lower
side of the bottom.

Pot study
This experiment was carried out under screen house
conditions in pots containing sterilized soil. Seeds of cu-
cumber (cv. CCH-1) were sown in 1 kg earthen pot, and
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after emergence, one healthy seedling was maintained
per pot. Pots were inoculated by 4 inoculum levels (250,
500, 1000, or 2000 J2 per pot) of freshly hatched J2 of
root-knot nematode and 400 F. composticola per pot,
simultaneously. One un-inoculated control was kept for
comparison. Observations were recorded on plant
height, fresh shoot, and root weight, number of galls per
plant, number of egg masses per plant, and final soil
nematode population 45 days post inoculation. The
treatments were replicated 4 times in a completely ran-
domized design (CRD).
Fertilizers were applied as per recommendations of

CCS HAU, Hisar (Anonymous 2018). Hand hoeing
was done at weekly intervals for proper aeration.
Yellow trap cards were installed to manage the white-
fly population, and 3 sprays of Nimbicidin @ 0.2%
were applied to protect the crop from insects.
Temperature data during the experimental period
were collected from the Department of Agricultural
Meteorology, CCS HAU, Hisar.

Final nematode population estimation in soil
Soil at each pot was mixed properly, labelled, and
brought to the laboratory. 200 cc soil was drawn from
these samples, and extraction of nematodes was done by
Cobb’s sieving and decanting method (Cobb 1918)
followed by modified Bearmann’s funnel technique
(Schindler 1961). Nematode population was counted at
40x magnifications, using a stereoscopic binocular
microscope.

Statistical analysis
The data were analysed by Completely Randomised
Design (CRD), using OPSTAT software available on-
line at CCS HAU, Hisar University website (www.hau.
ac.in). Treatment means were compared with the crit-
ical difference (CD) at 5 per cent level of significance.
Nematode data were transformed using arcsine and
square root transformation, where required.

Results and Discussion
In vitro study
After 24 hours, the maximum per cent consumption
(64.5 %) was recorded at 500 density level and the mini-
mum (29 %) was at 2000 J2 per plate. Considering the
number of J2 of M. incognita consumed by F. composti-
cola, the consumption was maximum at 2000 prey
density level. The per cent consumption of prey at dif-
ferent prey density levels after 24 hrs. was non-
significantly different from each other. After 48 hours
of release, the per cent consumption was maximum
(85%) at 500 prey density level and minimum (48.7%) at
2000 prey density level, but the consumption of prey
was higher at this level. The per cent consumption of

prey at 250 and 500 density levels were similar. M.
incognita J2 consumed by F. composticola increased as
the prey density increased from 250 to 2000 per plate.
The per cent consumption of the prey was maximum
(74.8 %) when the prey density was 500 and the mini-
mum (38.9%) at prey density 2000 per plate (Table 1).
Thus the result showed that increasing the prey density
led to an increased number of prey consumed but not
the per cent consumption. These observations are
similar to the findings of Keshari (2016), indicating that
an increasing population of prey increased predation
efficiency of F. composticola, and the predation
depended on the prey number. This increased preda-
tion may be attributed to increased chances of contact
between predator and prey at higher densities. More
prey were killed by F. composticola, when the prey
population was increased from 100 to 1600 individuals.
Maximum predation occurred in the population of
1600 prey individuals and the minimum was in 100
individuals per plate.
The data showed that irrespective of time, the per

cent consumption (M. incognita as prey) differed at
all 4 prey density levels, and it was the maximum
(74.8) at 500 J2 per plate and the minimum (38.9) at
2000 J2 per plate. Considering the number of J2 of M.
incognita consumed by F. composticola, it increased
with increasing the prey density level. The predators,
Enoploides longispiculosus and Adoncholaimus fuscus
showed strong prey density-dependent predation rates
(Moens et al. 2000). E. longispiculosus had a maximal
predation rate on the 4 monhysterid prey nematodes
at a prey density of 200 individuals per Petri dish or
higher. The higher predation rate may be because at
higher densities, there were more predator-prey
encounters, resulting in reduced search duration, in-
creased predation, and increased feeding duration.
Chance encounters are opportunities over which

Table 1 Juveniles of Meloidogyne incognita consumed by Fictor
composticola

Prey density
(J2/plate)

% population consumed after

24 hours 48 hours Mean

250 52.0 (46.36) 80.8 (64.43) 66.4 (55.40)

500 64.5 (54.72) 85.0 (65.67) 74.8 (60.20)

1000 47.6 (42.78) 65.3 (52.74) 56.4 (47.78)

2000 29.0 (33.69) 48.7 (45.56) 38.9 (39.62)

Mean 48.3 (44.39) 69.9 (57.10)

CD at 5% for:

Density = (3.13) Time = (2.21) Density x Time = (NS)

Data are mean of 4 replications
Value in parentheses indicate arc sine transformations
Predators released per plate: 2 males and 2 females
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predation rate depends and thus density-dependent
(Yeates 1969; Osman 1988; Bilgrami 1993). Bilgrami
et al. (2005) also reported that the predation of Lai-
mydorus baldus and Discolaimus major was density-
dependent.
In the present study, irrespective of prey density

levels, the mean percentage of prey consumption of
M. incognita were significantly higher at 48 hrs than
at 24 hrs. Contrary to the present study, Bilgrami
et al. (1984) did not observe any effect of prey density
on its rate of predation, while working with Mono-
nchus aquaticus, as they used lower prey densities i.e.
25, 50, 100 and 150 specimens of Chiloplacus symme-
tricus and Cephalobus sp.

Pot study
Cucumber plants inoculated with 250 J2 of root-knot
nematode showed better plant height than other
treatments. But, as the inoculum level of root-knot
nematode increased, there was a decrease in plant
height from 250 to 2000 J2/kg soil, although at 250,
it was statistically at par with a non-inoculated
check. A significant reduction in plant height was
observed at the inoculum level of 500 J2 per kg soil
and above. Minimum fresh shoot weight was
observed in the inoculum level of 2000 J2 and

maximum in non-inoculated check, which was ob-
served statistically at par with 250 J2 but significantly
different from other inoculum levels. There was a
significant decrease in fresh shoot weight from 500
to 2000 J2/kg soil, as the inoculum level increased.
The maximum and significantly highest fresh root
weight was recorded at 1000 J2. Fresh root weight
was at par in non-inoculated check, 250 and 2000
J2/kg soil (Table 2).
With an increase in the inoculum level from 250 to

2000 J2, there was an increase in the number of galls per
plant. Minimum numbers of galls (12.50) were found at
250 J2 per plant. The maximum number of galls (87.25
per plant) were observed at 1000 J2 inoculum level, al-
though it was similar to the galls at the 2000 level. The
root galling at the 2000 level was more severe than at
1000 (Fig. 1). As the inoculum level increased from 250
to 2000 J2, the number of egg masses and the final
nematode population also increased. The maximum and
significantly highest final nematode population was
observed at 2000 J2 (Table 3). There was a significant
difference in the nematode population at 2000, 1000 and
500 J2 inoculum level. The final nematode population
was at par at 250 and 500 levels. The minimum popula-
tion of M. incognita was observed at 250 J2, which was
similar to 500 level but less than at 1000 and 2000 levels.

Table 2 Effect of different levels of Meloidogyne incognita in presence of Fictor composticola on growth parameters of cucumber

Inoculum density of M. incognita Plant height (cm) Fresh shoot weight (g) Fresh root weight (g)

0 33.70 18.60 0.73

250 31.60 18.15 0.62

500 21.70 17.10 1.01

1000 17.90 11.30 1.27

2000 13.30 8.58 0.79

CD at 5% 2.55 1.19 0.21

Each observation is mean of 4 replications
Pot size – 1 kg capacity
F. composticola : 400 individuals per kg soil

Fig. 1 Effect of different levels of Meloidogyne incognita in presence of Fictor composticola on gall formation of Meloidogyne incognita in
cucumber (T1= Uninoculated check, T2= 250 J2, T3= 500 J2, T4= 1000 J2 and T5= 2000 J2 per pot)
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F. composticola might have lowered the root-knot nema-
tode numbers. Fauzia et al. (1998) when studying the
biocontrol potential of predatory nematode, Mono-
nchoides longicaudatus on M. incognita on tomato
plants, also found that the population of M. incognita
was significantly decreased in all inoculum levels (100,
200 and 400 per pot) of predatory nematode after 45
days.
Partial control of M. incognita was achieved as the

numbers of galls caused on tomato roots were re-
duced in the treatments, where the predator, Prionch-
ulus sp., was added (Small 1979). Osman (1988), in a
pot experiment, found that by adding predatory
nematode, Diplogaster sp., the parasitic population of
Tylenchulus semipenetrans or M. javanica in the
roots of sour orange and tomato, respectively, were
significantly reduced. Diplogasterid predator, Koer-
neria sudhausi cultured on bacteria, resulted in a re-
duced tomato root galling index when the predator
was introduced into the M. javanica-infested soil in
pots (Bar-Eyal et al. 2008).

The population of predator recovered was a max-
imum at 2000 density level and minimum at 250
level. The population of the predator increased with
an increase in prey density level (Fig. 2). The final
population of the predator was small; the reason for
this may be high temperature (27.8 to 42.6 0C) during
the experimental period, which might have affected
its multiplication adversely. Another reason for the
low population could be the unavailability of prey
after the penetration of root-knot larvae, endo-
parasitic nematode, in the roots.

Conclusion
In the present study, F. composticola proved to be a very ef-
ficient predator under lab conditions, where the prey are
easily, abundant and available to the predator, while under
natural conditions, several environmental factors, as the
temperature is a crucial factor that affects the predation ef-
ficiency. Further studies at different temperatures/ crop sea-
sons are needed to exploit the predatory potential of F.
composticola for the management of root-knot nematode.

Table 3 Effect of different levels of Meloidogyne incognita in presence of Fictor composticola on infection and reproduction of
Meloidogyne incognita in cucumber

Inoculum density of M. incognita Number of galls/plant Number of egg masses/plant Final nematode population/200 cc soil

250 12.50 (3.54) 1.75 (1.59) 127.50 (11.29)

500 40.75 (6.43) 23.75 (4.83) 196.25 (14.00)

1000 87.25 (9.25) 58.25 (7.61) 463.75 (21.53)

2000 50.00* (7.00) 98.25 (9.95) 627.50 (25.04)

CD at 5% (2.24) (1.57) (4.19)

Each observation is mean of 4 replications, value in parentheses indicate square root transformations
Pot size – 1 kg capacity, * indiscrete big compound galls
F. composticola: 400 individuals per kg soil

Fig. 2 Final population of Fictor composticola at different inoculum levels of Meloidogyne incognita
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