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Entomopathogenic nematodes (EPNs) are considered as very effective biological agents against 
several soil dwelling pests. The following research demonstrates the reproductive potential of EPN 
specie Steinernema kraussei against last instar larvae of four lepidopteran insects, wax moth (Galleria 
mellonella), pink bollworm (Pectinophora gossypiella), eggplant fruit borer (Leucinodes orbonalis) and 
armyworm (Spodoptera litura) at 27±2°C under laboratory conditions. The results indicated that the 
larvae of G. mellonella and S. litura were better host as compared to P. gossypiella and L. orbonalis for 
multiplication of infective juveniles (IJs) of the S. kraussei. Four different concentrations (50, 100, 200 
and 500 IJs) of tested EPN specie were used against insect’s larvae. Reproduction rate of S. kraussei was 
highest at concentration of 500 IJs as compared to 50, 100 and 200 IJs. Similarly, the effect of different 
temperatures was also studied to evaluate the efficacy of S. kraussei on insect larvae. At 25°C, S. kraussei 
showed significantly higher larval mortality of insect larvae followed by 15°C and 10°C. Effect of storage 
time of EPN culture was studied on insect’s larvae and results showed that 2-week-old culture was more 
efficient as compared to 4- and 6-week-old cultures in reproduction. The larvae weight of 0.5 g was best 
option in comparison to 0.25 g for the reproduction of S. kraussei. The results conclude that S. kraussei 
is a potential biological control candidate to suppress the larval populations of a number of Lepidopteran 
insects in the soil.

INTRODUCTION

Insects are most important and wide group with diversity 
prevailing in the world. Insects are classified in different 

groups. Among these groups, lepidopteran insects are one 
of the most widely distributed insect pests in the world. In 
this order, about 180,000 species are described with 126 
families and 46 superfamilies (Heppner, 2008; Jim, 2011). 
Several lepidopteran species are major destructive pests in 
agriculture. The larvae of the Noctuidae genus Spodoptera 
(armyworms), Gelechiidae genus Pectinophora (pink 
bollworms) and Crambidae genus Leucinodes (eggplant 
fruit borers) can cause extensive damage to a variety 
of crop plants (Scoble and Donahue, 1995). Similarly, 
the greater wax moth (Galleria mellonella L.) is a most 
important pest of beekeeping industry (Anwar et al., 2014)
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but valued mainly for its leading role as an invented host 
due to the susceptibility to several biological control agents 
(Hendrichs et al., 2009) and for reproduction of various 
bio-control agents (Kulkarni et al., 2012) including EPNs 
(Hussaini et al., 2010). In many lepidopteran species, the 
female may produce eggs from 200 to 600, while in some 
species, it may go as high as 30,000 eggs per day and create 
substantial problems for agricultural crops (Denlinger, 
2009). This necessitates the development of management 
strategies to control these insect pests through biological 
means as chemical way of control is costly and hazardous 
to health and environment.

Entomopathogenic nematodes, mainly from genera 
Steinernema and Heterorhabditis, are obligate parasite of 
different insect pests (Poinar, 1979). EPNs frequently have 
an obvious ability to find and kill their insect hosts rapidly. 
EPNs show some specific characteristics including high 
reproductive potential, virulence and protection for non-
target organisms (Kaya, 1985; Ehlers and Peters, 1995). 
The potential of EPNs as biocontrol agents and their biology 
and behavior has been studied extensively (Kaya, 1985; 
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Ehlers and Shapiro-Ilan, 2005; Chaudhary et al., 2017; 
Rahoo et al., 2018). Steinernematids and Heterorhabditids 
have been described to infect many species of insect 
pests from several orders (Poinar, 1975). In soil, infective 
juveniles (IJs) can find larval hosts with variable degrees of 
efficacy. The pathogenicity of EPNs depends on the toxins 
produced by specific bacterial species (Xenorhabdus and 
Photorhabdus) (Boemare et al., 1993). Once the nematodes 
have entered into the host, they release bacteria, and 
multiplication of bacteria inside the host body produces 
proteolytic enzymes that kill the insect host within 24-
48 h (Akhurst, 1980). Host insect provides shelter and 
nematodes inhabit there for 2 or 3 generations until food 
is completely depleted, then nematodes move into the soil 
in search of a new insect host (Grewal and Georgis, 1999).

The enduring effect of EPNs treatment was described 
to be higher than that of typical chemical pesticide (Bari and 
Kaya, 1984). Control of destructive insect pests through 
biocontrol is an alternate strategy that helps to provide 
pesticide free foodstuffs without any environmental risk. 
Among the different biological control agents, EPNs 
have significant importance, because they have many 
positive characteristics of an efficacious bio-control agent. 
Moreover, EPNs often have broad spectrum effectiveness 
with short life cycles, easy mass production, salvaging 
ability and persistence etc. (Gaugler et al., 1980; Kaya 
and Gaugler, 1993). By keeping these facts in mind, the 
present study was designed with the objective   to evaluate 
the reproductive potential of EPN (Steinernema kraussei) 
on different insect larvae using different concentrations, 
temperature and storage time.

 
MATERIALS AND METHODS

Nematode culture
The stock culture of S. kraussei Steiner, species was 

reared on chicken offal solid culture 80 g by using substrate 
of porous foam, which provides maximum surface volume 
ratio and enough interstitial space in 500 ml conical flask 
(Tabassum and Shahina, 2004) in the laboratory of Plant 
Nematology, Department of Plant Pathology, University 
of Agriculture, Faisalabad, Pakistan. After 2 weeks of 
incubation, around 5-7 million IJs were produced in a 
single flask and stored in distilled water at 20-25°C for 3 
to 4 months.

Collection of insect larvae
Last instar larvae of four lepidopteran insects, wax 

moth (Galleria mellonella Linnaeus), pink bollworm 
(Pectinophora gossypiella   Saunders), eggplant fruit 
borer (Leucinodes orbonalis Guenée) and armyworm 
(Spodoptera litura Fabricius) were collected from infested 

field of host crop. Armyworm collected from fodder crop 
berseem and brinjal borer from infected brinjal crop in 
the month of February, March, and April, 2015 for lab 
experiment. Pink bollworm larvae were collected from 
cotton crop in the month of August and September, 2015. 
Wax moth were collected from infected honey cobs. 
Larvae were separated according to their size and weight. 

Efficacy of S. kraussei against different insect larvae
EPN suspension was used to evaluate their efficacy 

against insect larvae of different species. Fresh 500 IJs 
were inoculated on larvae to check their reproduction 
potential by using insect baiting technique (Xuejuan and 
Hominick, 1991). Each treatment was replicated ten times. 
The experiment was repeated three times on different 
dates.

Efficacy of S. kraussei at different population levels 
EPN infective juveniles were inoculated on brinjal 

borer, pink bollworm, wax moth, and armyworms at 
different concentrations like T1: 50, T2: 100, T3: 200, and 
T4: 500 infective juveniles. The treatments were replicated 
10 times for accuracy of results and after death larvae were 
transfesrred on white trap to test out the progeny. The 
emergence of juveniles started after seven days and data 
were collected after 2, 4, 6, 8 and 10 d after emergence of 
juveniles by using nematode counting dish method. The 
experiment was repeated three times on different dates. 

Effect of temperature on larval mortality
Larval mortality was evaluated on different 

temperature by using 500 IJs concentration. Plastic cups 
(6.5 cm in diameter and 6 cm in depth) were used for this 
experiment. Approximately 145 g autoclaved and air-
dried sandy soil (pH 6) was placed into each cup. Six last 
instar larvae were placed at the bottom of each cup and 
soil moisture level was adjusted to 10% (w/w) by adding 
distilled water. Control cups were prepared, and water 
only was added to these cups. Five hundred of IJs were 
applied to the cups, which were then placed in incubator 
at 10, 15, and 25°C. The soil in each cup was poured out 
after 10 d of nematode treatment and larval mortality was 
assessed. Each treatment repeated ten times with three 
biological replicates.

Efficacy of S. kraussei at larval weight
The weight of larvae was taken after collection of 

larvae and those larvae having 0.5 g and 0.25 g weight were 
separated for assessment. Fresh 500 IJs were inoculated 
to check their reproduction potential on larval weight by 
using insect baiting technique with ten technical and three 
biological replicates. 
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Table I. Reproductive potential of S. kraussei on different larvae. 

Treatment Day 2 Day 4 Day 6 Day 8 Day 10 Mean
G. mellonella 36844.33g 70983a 50055.67d 32058.33i 19933.33n 41974.93A

P. gossypiella  24840l 50725.67c 34047.33h 18066.33o 7929r 27121.67C

L. orbonalis 21011.33m 45624e 26842.33k 13875.67p 6110s 22692.67D

S. litura 29006.33j 58968b 39742f 24262l 11695.67q 32734.80B

Mean 27925.50C 56575.17A 37671.83B 22065.58D 11417E

Day 2: 1st counting after emergence, Day 4: 2nd counting after emergence, Day 6: 3rd counting after emergence, Day 8: 4th counting after emergence and 
Day 10: 5th counting of nematodes after emergence of nematodes. Different superscript letters indicate significant differences within treatments and 
references.

Table II. Reproduction of S. kruassei at different concentrations. 

Treatment G. mellonella P. gossypiella L. orbonalis S. litura Mean
50 IJs 94831.32f 44162.7i 37389.33i 84896gh 2474.92D

100 IJs 122183.66d 66552.33h 57262.33i 108118.66e 4117C

200 IJs 168784.33c 92010fg 79495.03h 158525d 5273.42B

500 IJs 279241.03a 163154.66c 139445.67e 254447.37b 11059.17A

Mean 9066.92A 3952.83C 2787.17D 7117.58B

Different superscript letters indicate significant differences within treatments and references.

Effect of storage time on reproductive potential of S. 
kraussei

Juvenile’s suspension was stored for 2, 4, and 6 weeks 
in incubator at 9°C to evaluate the effect of storage time on 
reproduction rate of S. kraussei. The juveniles of 2, 4 and 
6-week-old were inoculated on different larvae to evaluate 
their reproduction potential. The whole procedure was 
replicated ten times with three experiments on different 
dates.

Statistical analysis
The results were analyzed by using completely 

randomized design under factorial arrangement for 
lab experiments (Steel et al., 1997). Least significance 
difference test (LSD) at 95% level of confidence (P ≤ 0.05) 
was applied for mean comparison.

RESULTS

Potential of S. kraussei against larvae of different insect 
species

The virulence of EPN specie against last instar 
larvae of different insect species was evaluated in plate 
assay. The results revealed that all larvae of insects were 
susceptible to EPN, but wax moth and armyworm were 
highly susceptible. The highest reproductive potential of S. 
kraussei was recorded on G. mellonella (wax moth) and S. 
litura (armyworm) while lowest rate of EPN was observed 

on P. gossipyilla (pink bollworm) and L. orbinalis (brinjal 
borer) (Table Ӏ). However, statistical differences were 
detected among the time intervals (2, 4, 6, 8, and 10 d) after 
the emergence of nematodes (P ≤ 0.05). It was observed 
that the maximum progeny of EPN was harvested at 4th and 
6th days as compared to 3rd and 8th and 10th days. Results 
indicated that wax moth and armyworm are favorable 
hosts for EPN reproduction.

Population levels of IJs influenced reproduction rate of 
EPNs on insect larvae

The maximum reproduction rate of EPN was 
recorded at 500 IJs host−1 while minimum was shown at 50 
IJs (Table ӀӀ). Test revealed significant differences among 
the IJs concentrations used against different host larvae (P 
≤ 0.05). EPN population decreased as concentration of IJs 
decreased and vice versa. The maximum juveniles were 
counted in wax moth and armyworm larvae while lowest 
amount of nematodes was detected in pink bollworm and 
brinjal borer larvae at different concentrations 50, 100, 
200 and 500 IJs/host after emergence of nematodes.

 
Effect of different temperatures on larval mortality

Temperature had a significant effect on the larval 
mortality of different insects. Virulence of S. kraussei was 
correlated with rising temperature (Table ӀӀӀ). At 25°C, 
S. kraussei showed significantly higher larval mortality 
followed by 15°C and 10°C. However, no significant 
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difference was observed between G. mellonella and S. 
litura larvae. Significant difference was observed between 
(G. mellonella, S. litura) and (P. gossipyilla, L. orbinalis) 
larvae (P ≤ 0.05). Moreover, maximum larval mortality 
was observed in G. mellonella and S. litura as compared to 
P. gossipyilla and L. orbinalis larvae.

 
Table III. Effect of temperature on larval mortality. 

Treatments 10 °C 15 °C 25 °C Mean
G. mellonella 50.67ef 72.21c 100a 74.29A

P. gossypiella 38.33g 55.67e 88.42b 60.80C

L. orbonalis 27.77h 50ef 77.69c 51.82D

S. litura 44.47f 67.37d 100a 70.61B

Control 0i 0i 0i 0.00E

Mean 32.24C 49.05B 73.22A

Different superscript letters indicate significant differences within treat-
ments.

Reproduction rate of EPN on insect larvae with different 
weights

The highest progeny of EPN was recorded at 0.5 g 
host−1 larvae weight and lower progeny was at 0.25 g host−1 

larvae weight (Fig. 1). However, statistically significant 
difference was observed between the two values (0.25 
g and 0.5 g) used for larval weight (P ≤ 0.05). EPN 
population was decreased as larval weight decreased from 
0.5 to 0.25 g and vice versa. 

Fig. 1. Impact of larvae weight on S. kraussei reproduction. 
0.25 gm and 0.5 gm = two different larvae weight in grams.

Efficacy of EPN cultures with different storage times on 
insect larvae

The result of EPN culture age test indicated that there 
were significant differences among the culture age (2, 4, 
and 6 weeks) used against insect larvae (P ≤ 0.05). The 
highest progeny of EPN was recorded for 2-week-old 
culture as compared to 4- and 6-week old culture (Fig. 2). 
It means that 2-week old culture is more active and viable 

and reproduced maximum population of S. kraussei when 
fed on different insect hosts. The rate of reproduction of 
nematodes decreased as culture storage time increased.

 

Fig. 2. Effect of storage time on reproductive potential of 
S. kraussei. 2 week: two-week old culture of nematode, 4 
week: four-week old culture of nematode and 6 week: six-
week old culture of nematode.

DISCUSSION

Our findings provide an insight into efficacy of EPN 
specie against larvae of G. mellonella, P. gossipyilla, L. 
orbinalis, and S. litura. The laboratory investigation 
showed the highest virulence of S. kraussei against G. 
mellonella and S. litura larvae. However, both larvae 
were highly susceptible and the best hosts for S. kraussei 
that reproduced maximum number of IJs as compared to 
P. gossipyilla and L. orbinalis. The virulence of EPN is 
closely related to several factors, such as choice of host, 
penetration and multiplication (Kaya and Gaugler, 1993). 
In the current plate assay, EPN and insect larvae were 
very close to each other and the S. kraussei did not need 
to cover a great distance. Differences in reproduction 
potentials of EPN specie might be described by differences 
in their capability to penetrate the insect’s larvae. Greater 
efficacy of S. kraussei against G. mellonella and S. litura 
could be correlated to the most preferred host finding 
behavior of this EPN specie. This output supports the 
statement of Lewis et al. (1992, 1993) that some EPN 
species respond less toward some insect larvae due to 
some volatile compounds produced by insects. Several 
studies have shown differences in CO2 production by 
various insects which is used as chemical indicator for 
chemotaxis of nematodes towards their host (Gaugler et 
al., 1991; Ramos-Rodríguez et al., 2007; Ali et al., 2017). 

To be effective as an insect pathogen, the EPN 
species must have to penetrate and reproduce inside their 
host. Caroli et al. (1996) reported that penetration rates 
are different among different EPN species and primarily 
influenced by host specie. In the present work, S. kraussei 
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entered and reproduced in the last instar of all tested host 
larvae and IJs emerged from the host bodies. However, 
reproductive potential of S. kraussei was significantly 
greater for G. mellonella and S. litura insect’s larvae and 
both could be considered as the most suitable hosts for 
reproduction of tested EPN. Similarly, two EPN species 
(S. carpocapsae and H. downesi) reproduced successfully 
in Rhagium bifasciatum (longhorn beetles) larvae, but 
the reproduction potential of S. carpocapsae was 50% 
more than that of H. bacteriophora (Harvey et al., 2012). 
The potential of insect larvae to help reproduction of 
EPNs progenies is an essential criterion for a promising 
biocontrol agent. 

EPNs are efficient control agents of lepidopteran 
larvae and several reports in different studies confirmed 
this statement (Glazer and Navon, 1989; Navon et al., 
2002; Shahina et al., 2014). Moreover, the invading 
EPN population into the insect larvae also affects the 
entomophagous efficacy of a particular EPN specie. Our 
findings revealed that 500 IJs gave significant highest 
progeny as compared to 50, 100 and 200 IJs host−1. The 
progeny of S. kraussei depends on inoculum concentrations 
which directly affect the reproduction. The number of IJs 
used as an inoculum is the key factor of the final progeny 
of nematodes (Gouge et al., 1997). 

It was determined that the infectivity of EPN against 
different insect larvae was correlated with temperature. 
We observed that the virulence of S. kraussei increased 
with increase in temperature (25°C), whereas deceased 
with decreasing temperatures (10 and 15°C). Similarly, 
the weight of larvae significantly affects the reproductive 
potential of EPN. Reproductive potential decreased 
with decreasing larva weight. Results indicate that S. 
kraussei reproduced more on 0.5 g as compared to 0.25 
g larvae weight. The higher rate of reproduction might 
depend on the body size and weight of the larvae. Our 
results also endorse the previous reports that the weight 
of larvae provides mass for nematode reproduction and 
increase in weight means increase in progeny (Pervez 
et al., 2007; Pervez and Ali, 2009). Loya and Hower 
(2003) also proposed that host size and behavior of EPN 
species might be a cause for differences in reproduction of 
Heterorhabditis bacteriophora in different life stages of 
Sitona hispidulus.

Age of stored EPN IJs also affect the reproductive 
efficacy of EPNs. Our results confirmed that S. kraussei 
reproduction potential depends on storage time of IJs used 
for inoculation. Two-week old culture was more efficient 
than 4- and 6-week old cultures when tested against 
different insect larvae. Results confirmed that at all factors 
weight, age of culture and number of IJs applied on all 
tested insect larvae showed same effect as on wax moth and 

army worm larvae. Overall, this EPN specie has potential 
to be used against all tested insect larvae as a management 
tool but only two insect larvae (wax moth and armyworm) 
showed high susceptibility and are most appropriate host 
option for the reproduction of the tested EPN. 

CONCLUSION

Our findings confirmed that G. mellonella and S. 
litura are the appropriate option for the reproduction of S. 
kraussei. All factors, including concentration, temperature, 
larval weight and age of nematode culture clearly affect the 
reproductive potential of tested EPN specie. In future, our 
outcomes will be supportive for the researchers to choose 
an appropriate host for the reproduction of S. kraussei. 

ACKNOWLEDGMENTS

We are thankful to the Higher Education Commission 
for partially funding the study. The technical assistance at 
Department of Plant Pathology, University of Agriculture 
Faisalabad, Pakistan is also acknowledged.

Statement of conflict of interest
The authors declare there is no conflict of interest.

REFERENCES

Akhurst, R.J., 1982. Antibiotic activity of Xenorhabdus 
spp. bacteria symbiotically associated with 
insect pathogenic nematodes of the families 
Heterorhabditidae and Steinernematidae. J. 
Gen. Microbiol., 128: 3061-3065. https://doi.
org/10.1099/00221287-128-12-3061

Ali, M.A., Naveed, M., Mustafa, A. and Abbas, A., 
2017. The good, the bad and the ugly of rhizosphere 
microbiome. In: Probiotics and plant healt (eds. V. 
Kumar, M. Kumar, R. Parsad and D.K. Choudhary) 
Springer Publishers. Chapter 11, Springer Nature, 
Singapore. https://doi.org/10.1007/978-981-10-
3473-2_11

Akhurst, R.J., 1980. Morphological and functional 
dimorphism in Xenorhabdus spp., bacteria 
symbiotically associated with the insect pathogenic 
nematodes Neoaplectana and Heterorhabditis. 
Microbiology, 121: 303-309.

Anwar, M.A., Ansari, M.J., Al-Ghamdi, A., Mohamed, 
M.O. and Kaur, M., 2014. Effect of larval nutrition 
on the development and mortality of Galleria 
mellonella (Lepidoptera: Pyralidae). Rev. Colomb. 
Ent., 40: 49-54. 

Bari, M.A. and Kaya, H.K., 1984. Evaluation of 

https://doi.org/10.1099/00221287-128-12-3061
https://doi.org/10.1099/00221287-128-12-3061
https://doi.org/10.1007/978-981-10-3473-2_11
https://doi.org/10.1007/978-981-10-3473-2_11


1280                                                                                        B. Khan et al.

the entomogenous nematode Neoaplectana 
carpocapsae (Steinernema feltiae) Weiser 
(Rhabditida: Steinernematidae) and the bacterium 
Bacillus thuringiensis Berliner var. Kurstaki 
for suppression of the artichoke plume moth 
(Lepidoptera: Pterophoridae). J. econ. Ent., 77: 
225-229. https://doi.org/10.1093/jee/77.1.225

Boemare, N.E., Akhurst, R.J. and Mourant, R.G., 
1993. DNA relatedness between Xenorhabdus 
spp. (Enterobacteriaceae), symbiotic bacteria 
of entomopathogenic nematodes, and a proposal 
to transfer Xenorhabdus luminescens to a new 
genus, Photorhabdus gen. nov. Int. J. Syst. 
Evolut. Microbiol. 43: 249-255. https://doi.
org/10.1099/00207713-43-2-249

Caroli, L., Glazer, I. and Gaugler, R., 1996. 
Entomopathogenic nematode infectivity assay: 
multi variable comparison of penetration penetration 
into different hosts. Biocont. Sci. Technol. 6: 227-
233. https://doi.org/10.1080/09583159650039412

Chaudhary, M.Z., Majeed, S., Tayyib, M., Javed, N., 
Farzand, A., Moosa, A., Shehzad, M. and Mushtaq, 
F., 2017. Antagonistic potential of Steinernema 
kraussei and Heterorhabditis bacteriophora against 
dengue fever mosquito Aedes aegypti. J. Ent. Zool. 
Stud., 5: 865-869.

Denlinger, D.L., 2009. Diapause. Volume Ӏ: 
Encyclopedia of Insects: 2nd edn. pp. 267-271. 
Academic Press. https://doi.org/10.1016/B978-0-
12-374144-8.00081-3

Ehlers, R.U., Peters, A., 1995. Entomopathogenic 
nematodes in biological control: feasibility, 
perspectives and possible risks. Plant Microb. 
Biotechnol. Res. Ser., 4: 119-136.

Ehlers, R.U. and Shapiro-Ilan, D.I., 2005. Mass 
production. Nematodes as biocontrol agents. 
pp. 65-78. CABI, Wallingford, UK. https://doi.
org/10.1079/9780851990170.0065

Gaugler, R., Lebeck, L., Nakagaki, B. and Boush, M., 
1980. Orientation of the entomogenous nematodes 
Neoaplectana carpocapsaeto carbon dioxide. 
Environ. Ent., 9: 649-659. https://doi.org/10.1093/
ee/9.5.649

Gaugler, R., Campbell, J.F. and Gupta, P., 1991. 
Characterization and basis of enhanced host finding 
in a genetically improved strain of Steinernema 
carpocapsae. J. Inverteb. Pathol., 57: 234-241. 
https://doi.org/10.1016/0022-2011(91)90122-7

Glazer, I. and Navon, A., 1989. Activity and persistence 
of entomopathogenic nematodes tested against 
(Heliothisarmigera Lepidoptera: Noctuidae). J. 
econ. Ent., 83: 1795-1800. https://doi.org/10.1093/

jee/83.5.1795
Gouge, D., Lee, L., Van Berkum, J., Henneberry, 

T. and Smith, K., 1997. Suppression of plant 
parasitic nematodes in cotton using the 
entomopathogenic nematode Steinernema riobravis 
(Cabanillas, Poinar, and Raulston) (Rhabditida: 
Steinernematidae). Proceedings of University of 
Arizona Agricultural Experiment Station. 1997.

Grewal, P., Georgis, R., 1999. Entomopathogenic 
nematodes. Volume ӀV: Bio-pesticides use and 
delivery. pp. 271-299. Humana Press. https://doi.
org/10.1385/0-89603-515-8:271

Harvey, C.D., Alameen, K.M. and Griffin, C.T., 2012. The 
impact of entomopathogenic nematodes on a non-
target, service providing longhorn beetle is limited 
by targeted application when controlling forestry 
pest Hylobius abietis. Biol. Cont., 62: 173-182. 
https://doi.org/10.1016/j.biocontrol.2012.04.002

Hendrichs, J., Bloem, K., Hoch, G., Carpenter, J.E., 
Greany, P. and Robinson, A.S., 2009. Improving 
the cost-effectiveness, trade and safety of biological 
control for agricultural insect pests using nuclear 
techniques. Biocont. Sci. Technol., 19: 3-22. https://
doi.org/10.1080/09583150902985620

Heppner, J.B., 2008. Butterflies and moths (Lepidoptera). 
In:  Encyclopedia of entomology (ed. J.L. Capinera). 
2nd edn. Springer Netherlands. pp. 626-672.

Hussaini, S.S., Nagesh, M., Walia, R.K., Vyas, R.V., 
Kamra, A. and Mohan, S., 2010. Beneficial role of 
nematodes in soil and plant health. Ind. J. Nematol., 
40: 12-22.

Jim, M., 2011. Taxonomy of Lepidoptera: the scale of 
the problem. The Lepidoptera Taxome Project. 
University College, London. Retrieved, 8.

Kaya, H.K., 1985. Susceptibility of early larval stages 
of Pseudaletia unipuncta and Spodoptera exigua 
(Lepidoptera: Noctuidae) to the entomogenous 
nematode Steinernema feltiae (Rhabditida: 
Steinernematidae). J. Inverteb. Pathol. 46: 58-62. 
https://doi.org/10.1016/0022-2011(85)90129-6

Kaya, H.K. and Gaugler, R., 1993. Entomopathogenic 
nematodes. Annu. Rev. Ent., 38: 181-206. https://
doi.org/10.1146/annurev.en.38.010193.001145

Kulkarni, N., Kushwaha, D.K., Mishra, V.K. and 
Paunikar, S., 2012. Effect of economical 
modification in artificial diet of greater wax moth 
Galleria mellonella (Lepidoptera: Pyralidae). Ind. 
J. Ent., 74: 369-374.

Lewis, E.E., Gaugler, R. and Harrison, R., 1992. 
Entomopathogenic nematode host finding response 
to host contact cues by cruise and ambush 
foragers. Parasitology, 105: 103-107. https://doi.

https://doi.org/10.1093/jee/77.1.225
https://doi.org/10.1099/00207713-43-2-249
https://doi.org/10.1099/00207713-43-2-249
https://doi.org/10.1080/09583159650039412
https://doi.org/10.1016/B978-0-12-374144-8.00081-3
https://doi.org/10.1016/B978-0-12-374144-8.00081-3
https://doi.org/10.1079/9780851990170.0065
https://doi.org/10.1079/9780851990170.0065
https://doi.org/10.1093/ee/9.5.649
https://doi.org/10.1093/ee/9.5.649
https://doi.org/10.1016/0022-2011(91)90122-7
https://doi.org/10.1093/jee/83.5.1795
https://doi.org/10.1093/jee/83.5.1795
https://doi.org/10.1385/0-89603-515-8:271
https://doi.org/10.1385/0-89603-515-8:271
https://doi.org/10.1016/j.biocontrol.2012.04.002
https://doi.org/10.1080/09583150902985620
https://doi.org/10.1080/09583150902985620
https://doi.org/10.1016/0022-2011(85)90129-6
https://doi.org/10.1146/annurev.en.38.010193.001145
https://doi.org/10.1146/annurev.en.38.010193.001145
https://doi.org/10.1017/S0031182000074230


1281                                                                                        Potential of Entomopathogenic Nematode against Lepidopteran Larvae 1281

org/10.1017/S0031182000074230
Lewis, E.E., Gaugler, R. and Harrison, R., 

1993. Response of cruiser and ambusher 
entomopathogenic nematodes (Steinernematidae) 
to host volatile cues. Can. J. Zool., 71: 765-769. 
https://doi.org/10.1139/z93-101

Loya, L.J. and Hower, J.A.A., 2003. Infectivity and 
reproduction potential of the Oswego strain of 
Heterorhabditis bacteriophora associated with 
life stages of the clover root curculio, Sitona 
hispidulus. J. Inverteb. Pathol., 72: 63-72. https://
doi.org/10.1016/S0022-2011(03)00044-2

Navon, A., Nagalakshmi, V.K., Levski, S., Salame, 
L. and Glazer, I., 2002. Effectiveness of 
entomopathogenic nematodes in an alginate 
gel formulation against Lepidopterous pests. 
Biocont. Sci. Technol., 12: 737-746. https://doi.
org/10.1080/0958315021000039914

Pervez, R., Ali, S.S. and Ahmed, R., 2007. Efficacy 
of some entomopathogenic nematodes against 
mustard saw fly and in vivo production of these 
nematodes. Int. J. Nematol., 17: 55-58.

Pervez, R. and Ali, S.S., 2009. Infectivity of Spodoptera 
litura (F.) (Lepidoptera: Noctuidae) by certain 
native entomopathogenic nematodes and their 
penetration in test insect and in vivo production. 
Trends Biosci., 2: 70-73.

Poinar, G.O., 1975. Description and biology of a 
new insect parasitic rhabditoid, Heterorhabditis 
bacteriophora n. gen., n. sp. (Rhabditida; 
Heterorhabditidae n. fam.). Nematology, 21: 463-
470. https://doi.org/10.1163/187529275X00239

Poinar, G.O., 1979. Nematodes for biological control of 
insects. pp. 277. Boca Raton, FL, CRC Press.

Rahoo, A.M., Mukhtar, T., Abro, S.I., Bughio, B.A. and 
Rahoo, R.K., 2018. Comparing the productivity 
of five entomopathogenic nematodes in Galleria 
mellonella. Pakistan J. Zool., 50: 679-684.

Ramos-Rodríguez, O., Campbell, J.F., Lewis, E.E., 
Shapiro-Ilan, D.I. and Ramaswami, S.B., 2007. 
Dynamics of carbon dioxide release from insects 
infected with entomopathogenic nematodes. 
J. Inverteb. Pathol., 94: 64-69. https://doi.
org/10.1016/j.jip.2006.09.003

Scoble, M.J. and Donahue, J.P., 1995. The Lepidoptera: 
Form, function and diversity. Ann. ent. Soc. Americ., 
88: 590-590. https://doi.org/10.1093/aesa/88.4.590

Shahina, F., Tabassum, K.A. and Habib, M.A., 2014. 
Potential of EPN in management of cotton 
bollworms in Pakistan. Pak. J. Nematol., 32: 85-90.

Steel, R.D.D., Torrie, J.H., Dicky, D., 1997. Principles 
and procedures of statistics: A biometrical 
approach. 3rd edn. Mc. Graw Hill Book Co. Inc. 
New York, USA.

Tabassum, K.A. and Shahina, F., 2004. In vitro mass 
rearing of different species of entomopathogenic 
nematodes in monoxenic solid culture. Pak. J. 
Nematol., 22: 167.

Xuejuan, F. and Hominick, W.M., 1991. Efficiency 
of the Galleria (wax moth) baiting technique for 
recovering infective stages of entomopathogenic 
(Steinernematidae and Heterorhabditidae) from 
sand and soil. Rev. Nematol., 14: 381-387

https://doi.org/10.1017/S0031182000074230
https://doi.org/10.1139/z93-101
https://doi.org/10.1016/S0022-2011(03)00044-2
https://doi.org/10.1016/S0022-2011(03)00044-2
https://doi.org/10.1080/0958315021000039914
https://doi.org/10.1080/0958315021000039914
https://doi.org/10.1163/187529275X00239
https://doi.org/10.1016/j.jip.2006.09.003
https://doi.org/10.1016/j.jip.2006.09.003
https://doi.org/10.1093/aesa/88.4.590

