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Abstract
Entomopathogenic nematodes mainly symbiotic association with gram positive bacteria Xenorhabdus
spp. and Photorhabdus spp. Entomopathogenic nematodes (EPNs) are beneficial nematodes parasiting
insect pests and are being effectively used as a bio pesticide against a wide variety of insect pests. The
present study was investigated the effect of using filter paper and leaf disc bioassay on the activity of the
entomopathogenic nematodes, Heterorhabditis indica and Steinernema glaseri under laboratory
conditions. The result showed that virulence of H. indica followed by S. glaseri was found to be more
virulent to Spodoptera litura and Helicoverpa armigera. S. glaseri followed by H. indica were found to
be more virulent to Agrotis ipsilon and Anomala communis based on LC50 and LD50 values in the filter
paper method. In the leaf disc bioassay method found that S. litura larvae were found to be susceptible to
H. indica and S. glaseri. The LC50 and LT50 of H. indica were significantly lower than that of S. glaseri.
Compared to filter paper method, leaf disc bioassay requires lower LC50 of 7.01 IJ/larva and least LT50 of
21.22 h/larva to cause mortality to S. litura. The results concluded that mortality of insects recorded on
leaf disc assay method was also lower when compared to filter paper exposure.
Keywords: Entomopathogenic nematodes, Heterorhabditis indica, Steinernema glaseri, Corcyra
cephalonica, virulence, leaf disc bioassay

Correspondence
R Sharmila
Department of Nematology,
Tamil Nadu Agricultural
University, Coimbatore, Tamil
nadu, India

Introduction
Entomopathogenic nematodes (EPNs) of the families Steinernematidae and Heterorhabdidae
with their associated symbiotic bacteria (Xenorhabdus and Photorhabdus, respectively) are
widely distributed in soils throughout the world. These nematode parasites of insects, killing
them within 48h with the aid of their associated bacterial symbionts, and have great
importance as biological control agents of many insect pests.
The virulence of entomopathogenic nematodes depend on the species and strain of the
nematodes, variation in the species of symbiotic bacteria, bacterial inoculum carried by the
nematodes and their activity. The behavioural, morphological and physiological defence
strategies of insects affect the ability of the nematodes to infest the host which in turn
influence the virulence of the nematodes (Kaya, 1990) [7].
The application of entomopathogenic nematodes in biological control was traditionally used to
control soil pests until a few years ago. But the research from the last two decades indicates
their marked potential against foliar pests under unique conditions. Earlier attempts have
demonstrated that entomopathogenic nematodes at high concentrations, together with
favourable abiotic components (high humidity and optimal temperature) can be highly
effective biological control agents of insects in commercial agriculture (Laznik et al., 2012) [10].
Selection of an entomopathogenic nematode species for the control of a particular insect pest is
based on several factors that include the nematode host range, host finding or foraging
strategy, tolerance of environmental factors and their effects on survival and efficacy
(temperature, moisture, soil type, ultraviolet light, salinity and organic content of soil). The
critical factors are moisture, temperature, pathogenicity for the targeted insects and foraging
strategy (Grewal et al., 2004) [5]. The objective of this study is to compare the virulence of
using filter paper and leaf disc bioassay for entomopathogenic nematodes viz., Heterorhabditis
indica and Steinernema glaseri.
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Materials and Methods
Virulence of entomopathogenic nematode
Heterorhabditis indica and S. glaseri were selected for testing
virulence against Helicoverpa armigera. Dose – mortality
relationship and time mortality tests were conducted in 9 cm
diameter Petri dishes lined at the bottom with a Whatman No.
1 filter paper and moistened with 1ml sterile distilled water.
Infective juveniles were evenly applied over the filter paper.
The dosages used were 0, 5, 10, 20, 40, 80 and 100 infective
juveniles per larva, with 10 larvae per insect per replicate and
four replicates for each level. The treatments were given as
follows. The insect mortality data were recorded from 12
hours after inoculation, at an interval of 12 h up to 72 h and
LC50 and LT50 values were arrived by Probit analysis (Finney,
1962) [3].
Leaf disc bioassay for entomopathogenic nematodes
against Helicoverpa armigera
Insect mortality bioassays were conducted with two species of
entomopathogenic nematodes viz., H. indica and S. glaseri.
Castor leaves were washed using sterile distilled water and
cut into 9 cm diameter discs. The discs were placed inside the
petri dishes which act as a source of nourishment for the
developing H. armigera larvae and placed in 9 cm diameter
petri dishes. Addition of 2 ml of nematode suspension
containing 200 IJ/ml was inoculated on the leaf disc. The petri
dishes were incubated at room temperature for 72 hours.
Treatments are arranged in a Completely Randomized Design
with 5 replicates. Control experiments were maintained by
providing as 0.5 ml distilled water to wet the filter papers
before placing the H. armigera larvae of castor leaf discs in
the petri dishes. Data on mortality were collected after 24, 48,
and 72 hours from the initial of the experiment.
LC50 and LT50 values were arrived by Probit analysis.
Results
Virulence of H. indica and S. glaseri
Heterorhabditis indica was found to be highly virulent to H.
armigera with the LC50 value of 5.92 IJ/larva. The LC50 value
of the insect pests was not significantly different from each
other as the fiducial limits were overlapping. The LT 50 of H.
indica caused 50 per cent larval mortality of H. armigera in a
minimum period of 13.42 h/larva at 72h interval.
Steinernema glaseri was virulent to larvae of H. armigera
with the LC50 value of 9.01 IJ/larva. However, significant
difference was not observed among the LC50 values of the
insect because of overlapping fiducial limits. The
median
lethal time of LT50 value of 17.06 h/larva for S. glaseri tested
on H. armigera (Table 1 and 2).
Leaf disc bioassay for H. indica and S. glaseri against H.
armigera
The leaf disc bioassay found that H. armigera larvae were
found to be susceptible to H. indica and S. glaseri. The degree
of susceptibility to nematode infection varied from species to
species and also on the exposure time. Also, a positive
correlation was found between the concentration of infective
juveniles and time taken for larval mortality for
H. indica and S. glaseri. The effect of time on the mortality of
H. armigera larvae as caused by H. indica and S. glaseri was
significant. The LC50 of H. indica was significantly lower
than that of S. glaseri. The LC50 values of H. indica and S.
glaseri were 7.01 IJ/larva and 8.39 IJ/larva respectively. The
LT50 of H. indica was significantly lower when compared to

that of S. glaseri. The LT50 for H. indica and S. glaseri was at
21.22 and 22.51 h/larva respectively.
The results indicated that H. indica requires the least exposure
time (21.22 h/larva) to causing 50 per cent larval mortality of
H. armigera, whereas S. glaseri require the highest exposure
time (22.51 h/larva) to cause 50 per cent mortality of
H. armigera larvae. Both the LC50 and LT50 values of H.
indica and S. glaseri for larvae of H. armigera insect are
significantly different from each other (Table 3 and 4).
Discussion
Virulence of H. indica and S. glaseri
The virulence was determined in the present study by median
lethal concentration (LC50) and Median lethal time (LT50) of
H. indica and S. glaseri against for insect pest of
H. armigera. The present investigation indicated that H.
indica and S. glaseri were more virulent to H. armigera. The
findings showed that LC50 and LD50 of H. indica was low for
H. armigera. Heterorhabditis indica was found to be highly
virulent to H. armigera with the lowest LC50 value at 48 h
interval. Umamaheswari et al. (2004) [22] and Saravanapriya
and Subramanian (2007) [20] reported that H. indica as highly
virulent against H. armigera (LC50-3.5 and 7 IJ/larva) and
caused 50 per cent mortality in a minimum time of 13.42
h/larva which confirm the present findings. Divya et al.
(2010) [2] reported early instar larvae of H. armigera, S. litura
and G. mellonella were more susceptible to H. indica, which
confirm the present findings. In the present study S. glaseri
caused the lowest LC50 of 9.01 IJ/larva for H. armigera
followed by 9.01 IJ/larva for H. armigera and 18.03/IJ larva
for A. ipsilon. Prabowo (2012) [17]; Mahmoud et al. (2007) [12];
Prabhu and Sudheer (2008) [18] found an increase in the
concentration of Steinernema sp. increased the mortality of S.
litura. Gupta et al. (1987) [6] reported 66 per cent mortality of
cutworm, S. litura in tobacco. Vyas and Yadav (1992) [23]
recorded cent per cent larval mortality in a laboratory
bioassay of S. glaseri against A. ipsilon and S. litura. S.
glaseri was effective against sedentary pests. The dosage
mortality response against different stages of four
lepidopterans insects were reported by Saravanapriya and
Subramanian (2007) [20].
The LT50 of H. indica to cause 50 per cent mortality of H.
armigera larvae in a minimum period 23.93 h/ larva. A higher
virulence of H. indica (LT50 33.76 h) @ 300 IJ/
T. molitor was reported by Noosidum et al. (2012) [15].
Kulkarni et al. (2011) recorded susceptibility (LC50) of 34,
200 and 4.57 IJ/ larva of cutworm (A. ipsilon). In the present
study, LT50 of S. glaseri was minimum against S. litura (16.27
h/larva) followed by H. armigera (17.06 h/larva), A. ipsilon
(23.98 h/larva) and A. communis (36.93 h/larva). The
maximum LT50 was recorded in A. communis (36.93 h/larva).
Prabhu and Sudheer (2008) [18] found that LC50 values were
increasing in proportion to the age of the insect. Shahina and
Tabassum (2010) [21] reported 90 per cent mortality in S.
exigua by S. pakistanese after 24h exposure period. Nyasani
et al. (2007) [16] observed 50 per cent mortality in the least
(20.27 h) exposure time to H. indica than S. karii (38.12 h) in
diamond back moth (DBM) larvae. Virulence of
entomopathogenic nematodes was also strongly affected by
different larval stages of white grubs as reported by Ma et al.
(2013) [11]. Similarly, Kalia et al. (2014) [8] reported that the
LT50 values of S. thermophilum were 41.40 h with S. litura
and 33.6 h with G. mellonella. Lalramliana (2012) [9] reported
that virulence is considered as an important factor in
determining the time and dose of subsequent
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entomopathogenic nematodes application, which may be
useful in reducing the cost of entomopathogenic nematode
application in the field.
Leaf disc bioassay for H. indica and S. glaseri against H.
armigera
In this study, H. armigera larvae were found to be susceptible
to H. indica and S. glaseri. The effect of time taken for
mortality of H. armigera larvae as caused by H. indica and S.
glaseri were significant. The LC50 of H. indica was
significantly lower than S. glaseri. The LC50 values of H.
indica and S. glaseri were 7.01 and 8.39 IJ/larva. The LT 50 of
H. indica was significantly lower when compared to S.
glaseri. The LT50 for H. indica and S. glaseri were recorded at
21.11 h and 22.5 h/larva respectively. The present finding was
in agreement with Mahar et al. (2004) [13] and Mason and
Wright (1997) [14], who reported that the percentage mortality
of the Diamond Back Moth (DBM) larvae was lowest for
nematode isolates and highest at 72 h for all

entomopathogenic nematodes, indicating that H. indica
requires the least exposure time to cause 50 per cent mortality
of H. armigera, whereas S. glaseri require the highest
exposure time to cause 50 per cent mortality in the H.
armigera larvae.
The exposure time has an implication on the efficacy of the
entomopathogenic nematode isolate to control H. armigera
larvae in the field as field effectiveness of entomopathogenic
nematodes is limited by desiccation, extreme temperature, UV
radiation and relative humidity in the microclimate (Mason
and Wright, 1997) [14]. Virulence of entomopathogenic
nematodes depend on the species and strain of the nematode,
variation in the species of symbiotic bacteria inoculum carried
by the nematodes and their activity (Wout’s, 1991; Glazer et
al., 1991) [24, 4].
The results concluded that mortality of H. armigera recorded
on leaf disc assay method was also lower when compared to
filter paper exposure. The possible reason could be that the
insects have no chance to escape from nematode attack.

Table 1: LC50 Values calculated from dosage response assays conducted with different nematodes species and last instar larvae of H. armigera
Nematode species

Incubation period (h)

LC 50

24
48
72
96
24
48
72
96

5.81
5.92
7.39
7.77
8.45
9.01
9.03
10.48

H. indica

S. glaseri

Fiducial limit (95 %)
UL
LL
4.98
9.32
5.05
9.47
12.80
20.98
22.39
39.58
6.05
11.81
6.18
11.91
12.70
25.91
15.62
29.54

Table 2: LT50 Values calculated from dosage response assays conducted with different nematodes species and last instar larvae of H. armigera.
Nematode species

Incubation period (h)

LT 50

24
48
72
96
24
48
72
96

12.42
13.42
18.69
88.66
16.27
17.06
23.98
26.93

H. indica

S. glaseri

Fiducial limit (95 %)
LL
UL
19.98
27.44
20.57
27.83
25.46
32.33
33.66
43.31
13.51
19.60
14.17
20.55
20.61
27.90
32.61
41.83

Table 3: Median lethal concentration (LC50) of H. indica and S. glaseri against larvae of H. armigera in leaf disc bioassay.
Nematode

Chi2

b

±SE

LC50 (IJ/larva)

H. indica
S. glaseri

1.59
0.37

2.05
2.01

0.31
0.27

7.01
8.39

Fiducial limits
Lower
Upper
5.26
9.35
6.36
11.08

Table 4: Median lethal time (LT50) of H. indica and S. glaseri against larvae of H. armigera in leaf disc bioassay.
Nematodes

Chi2

b

±SE

LT50 (h)

H. indica
S. glaseri

5.14
6.49

3.19
3.25

0.38
0.39

21.22
22.51
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