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Abstract

The legume pod-borer, Maruca vitrata Fabricius (Lepidoptera: Crambidae) (LPB), is an
important insect pest of pigeon pea. Chemical pesticides are generally employed to manage
this pest, but because of the soil residue issues and other environmental hazards associated
with their use, biopesticides are also in demand. Another benign alternative is to use entomo-
pathogenic nematodes (EPNs) to manage this vital pest. In the present study, the infectivity of
ten native EPNs was evaluated against LPB by assessing their penetration and production in
the LPB. The effectiveness of the promising EPNs against second-, third- and fourth-instar
LPB larvae was also studied. Heterorhabditis sp. (Indian Agricultural Research Institute-
Entomopathogenic Nematodes Rashid Pervez (IARI-EPN RP) 06) and Oscheius sp. (IARI-
EPN RP 08) were found to be most pathogenic to LPB, resulting in about 100% mortality
within 72 h, followed by Steinernema sp. (IARI-EPN RP 03 and 09). Oscheius sp. (IARI-
EPN RP 04) was found to be the least pathogenic to LPB larva with 67% mortality.
Maximum penetration was exhibited by Heterorhabditis sp. (IARI-EPN RP 06) followed by
Oscheius sp. (IARI-EPN RP 08), whereas the lowest rate of penetration was exhibited by
Oscheius sp. (IARI-EPN RP 01). The highest rate of production was observed with
Oscheius sp. (IARI-EPN RP 08), followed by Oscheius sp. (IARI-EPN RP 04 and 10).
Among the tested instars of the LPB larvae, second-instar larvae were more susceptible to
EPNs, followed by third- and fourth-instar larvae. The results indicate that Heterorhabditis
sp. (IARI-EPN RP 06) and Oscheius sp. (IARI-EPN RP 08) have a good potential to the man-
age LPB.

Introduction

Pigeon pea (Cajanus cajan (L.) Millsp.) is one of the most important grain legumes in India
and is cultivated on 3.9 million hectares with a production of 2.4 million tons (FAOSTAT,
2018). This constitutes 63% of the overall world production. Pigeon pea provides nutritious
food, feed and fodder, and is an integral component of the subsistence farming system of
the country. It is vital for human health as it contains high levels of protein (important
amino acids – methionine, lysine and tryptophan), carbohydrate, fat, vitamins (vitamins B1,
B2, B3, B5, B6, B9, C, E, K) and minerals (calcium, iron, potassium, magnesium, phosphorus,
sodium, manganese, zinc).

Pigeon pea cultivation is affected by several biotic constraints and, of these, infestation and
damage caused by the legume pod-borer, Maruca vitrata, is of utmost significance. It feeds on
flower buds, flowers and young pods, and has several alternate hosts, which serve as the pri-
mary source of the infestation. Maruca vitrata has been estimated to cause a loss of 26–28% to
the pigeon pea crop (Randhawa & Verma, 2011). Chemical insecticides have been employed to
manage this pest, but they often prove to be ineffective, and, as a result, their indiscriminate
use by farmers has led to serious health and environmental problems. Therefore, there is an
urgent need to identify suitable eco-friendly alternatives for the management of the legume
pod-borer M. vitrata (LPB). As entomopathogenic nematodes (EPNs) have been reported as
potential candidates for use as biopesticides against lepidopteran insect pests (Ali et al.,
2008; Pervez & Rao, 2018). Hence, investigations were conducted to test the efficacy of ten
native EPNs for managing LPB. Studies were conducted to record infectivity, penetration
and production of these EPNs on LPB. In addition, infectivity of promising EPNs against
second-, third- and fourth-instar LPB larvae was also evaluated.

Materials and methods

EPNs and insect sources

Ten native EPNs, viz. Oscheius sp. (Indian Agricultural Research Institute-Entomopathogenic
Nematodes Rashid Pervez (IARI-EPN RP) 01), Oscheius sp. (IARI-EPN RP 02), Steinernema
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sp. (IARI-EPN RP 03), Oscheius sp. (IARI-EPN RP 04),
Steinernema sp. (IARI-EPN RP 05), Heterorhabditis sp.
(IARI-EPN RP 06), Oscheius sp. (IARI-EPN RP 07), Oscheius
sp. (IARI-EPN RP 08), Steinernema sp. (IARI-EPN RP 09) and
Oscheius sp. (IARI-EPN RP 10), were obtained from the EPN
repository of the Division of Nematology, Indian Council of
Agricultural Research (ICAR) – Indian Agricultural Research
Institute (IARI), New Delhi. All these EPNs were cultured as
per the procedure described by Kaya & Stock (1997). Fresh har-
vested Infective juveniles (IJ) were surface sterilized with 0.1%
Hyamine solution and stored in sterilized distilled water in tissue
culture flasks.

LPB was collected from the pigeon pea fields of the ICAR-IARI
experimental farm (28°07′N, 77°13′E) during October 2019. No
experimental site was treated with either pesticide or biopesticides
during the cultivation. The fifth-instar larvae were used for the
infectivity, penetration and multiplication assays. The greater
wax moth, Galleria mellonella L. (GWML), was reared on an arti-
ficial diet as per the procedure described by David & Kurup
(1988).

Bioassay

Infectivity of EPNs
The infectivity of EPNs, viz. Oscheius sp. (IARI-EPN RP 01),
Oscheius sp. (IARI-EPN RP 02), Steinernema sp. (IARI-EPN RP
03), Oscheius sp. (IARI-EPN RP 04), Steinernema sp.
(IARI-EPN RP 05), Heterorhabditis sp. (IARI-EPN RP 06),
Oscheius sp. (IARI-EPN RP 07), Oscheius sp. (IARI-EPN RP
08), Steinernema sp. (IARI-EPN RP 09) and Oscheius sp.
(IARI-EPN RP 10), were tested against LPB larvae in a Petri
dish (9 cm diameter) lined with a moistened filter paper at the
base of the dish. Sterilized distilled water was used to moisten
the filter paper used in Petri dish in all the studies mentioned
in this research paper. One hundred IJs of each EPN were sus-
pended in 0.5 ml of water and evenly distributed on the Petri
dish. A single fifth-instar LPB larva was kept in each dish,
along with a pigeon pea flower as larva feed. The dishes were
then sealed with parafilm to avoid moisture loss and incubated
at 28 ± 2°C in a biochemical oxygen demand (BOD) incubator.
Twelve replicates for each treatment along with the control were
evaluated in the study. LPB mortality was recorded 72 h after IJ
inoculation. The mortality data were converted into percentages
and the mean values were calculated.

Penetration of EPNs
The penetration of EPNs into LPB larva was tested in a Petri dish
(9 cm diameter) lined with filter paper at the base of the dish pre-
viously moistened with sterilized distilled water. Ten fifth-stage
instar LPB larvae were released in the Petri dish along with the
three pigeon pea flowers as larvae feed. One hundred IJs of
each EPN were suspended in 0.5 ml of water and spread evenly
on the Petri dish. To assess the IJ penetration, upon larval
death, LPB cadavers were transferred to a separate Petri dish
(9 cm diameter) containing dry filter paper, and maintained in
darkness for 24 h. After 24 h the cadavers were rinsed with dis-
tilled water to remove the nematodes from the surface of their
bodies and then dissected in Ringer’s solution under a stereo-
microscope to count the number of IJs penetrated inside each
cadaver. Each larva was considered as a replicate. The penetration
rate was then determined as per Pervez & Ali (2011).

Production of EPNs
For the production of EPNs, dead larvae infected by EPNs were
removed from the Petri dish and rinsed with sterilized distilled
water to remove any EPNs adhering to the body surface. Then
the LPB larvae were transferred individually onto the modified
White trap (White, 1927) and incubated at 28 ± 2°C in a BOD
incubator. Each larva was considered as a replicate. The total
number of IJs that emerged from each larva was counted three
times under a stereo microscope, with the help of a Syracuse
counting dish, and the mean values were determined.

Infectivity of EPNs against different instar larva of LPB

Based on the results obtained in the infectivity assays, two EPNs
were identified as promising. The infectivity of these promising
EPNs, Heterorhabditis sp. (IARI-EPN RP 06) and Oscheius sp.
(IARI-EPN RP 08), against second-, third- and fourth-instar
LPB larva was tested in a Petri dish (9 cm diameter) lined with
moistened filter paper at the base of the dish. A single instar
LPB larva, along with a pigeon pea flower, was placed in each
dish as larval feed and 100 IJs of the promising EPN in 0.5 ml
water were added to it. The experiment was conducted at 28 ±
2°C in a BOD incubator and replicated ten times along with the
control. The observations on their mortality were recorded at
24 h intervals up to 72 h. Each test instar LPB larva, as well as
EPN, was tested singly and on an individual basis. The mortality
data were transformed into percentages and the mean values were
calculated.

Statistical analysis

Percentage data were normalized using arcsine transformation,
and numerical data were square-root transformed before analysis.
The analysis was undertaken on the transformed data, and only
the back-transformed data are presented. Infectivity, penetration
and production data were assessed using analysis of variance
(ANOVA). Standard deviation and standard error were also
calculated.

Results

Infectivity of EPNs

The result showed that all test EPNs were pathogenic against LPB,
though the levels of mortality varied markedly among the tested
EPNs (ANOVA; F = 8.31; df = 10, 119; P = 0.001) (fig. 1).
Among the EPNs, Heterorhabditis sp. (IARI-EPN RP 06) and
Oscheius sp. (IARI-EPN RP 08) were found to be the most patho-
genic to LPB, causing 100% mortality within 72 h, followed by
Steinernema sp. (IARI-EPN RP 03 and 09), which brought
about 92% mortality. Oscheius sp. (IARI-EPN RP 04) was the
least pathogenic, recording 81% mortality.

Penetration of EPNs

Results (table 1) indicated that the rate of EPN penetration in the
LPB larva body was significant (ANOVA; F = 10.19; df = 8, 99;
P = 0.0001). Among the tested EPNs, the highest number of pene-
tration was registered by Heterorhabditis sp. (IARI-EPN RP 06;
11.16 IJs/larva), followed by Oscheius sp. (IARI-EPN RP 08;
8.23 IJs/larva). The lowest rate of penetration was registered by
Oscheius sp. (IARI-EPN RP 01; 3.64 IJs/larva).
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Production of EPNs

The results revealed that EPNs were able to grow within the
haemocoel of LPB larva (fig. 2) and production was significant
(ANOVA; F = 67.41; df = 8, 99; P = 0.0001). Among the tested
EPNs, the highest production was observed with Oscheius sp.
(IARI-EPN RP 08) with 1.3 × 105 IJs/larva, followed by Oscheius
sp. (IARI-EPN RP 05 and 10; 1.1 × 105 IJs/larva). The lowest pro-
duction was registered by Steinernema sp. (IARI-EPN RP 03;
0. 4 × 105 IJs/larva).

Infectivity of EPNs against different instar larva of LPB

Different instar larval mortality of LPB differed significantly
among Heterorhabditis sp. (IARI-EPN RP 06) (F = 3.21; df = 2,
27; P = 0.05) and Oscheius sp. (IARI-EPN RP 08) (F = 7.51; df
= 2, 27; P = 0.001). Among the two promising EPNs, Oscheius
sp. (IARI-EPN RP 08) was most pathogenic, exhibiting 100%
mortality of second-, third- and fourth-instar LPB larva within
24–48 h, whereas Heterorhabditis sp. (IARI-EPN RP 06) took
more time to kill LPB (i.e. 48–72 h). Among the different instars
of the LPB larva, the second-instar larva was more susceptible to
EPNs, followed by third- and fourth-instar larva (fig. 3).

Discussion

One of the main reasons attributed to the failure of EPNs for the
biological control of insect pests is the inaccurate choice of EPNs
(Georgis & Gaugler, 1991) since the virulence can vary greatly,
even among strains of the same species (Shapiro et al., 2002;
Pervez & Rao, 2018). Hence, in vitro screening of EPNs for infect-
ivity is an important step in developing a biological control pro-
gram for a particular pest (Ricci et al., 1996) before commencing
field studies. This study revealed that EPNs Heterorhabditis sp.
(IARI-EPN RP 06) and Oscheius sp. (IARI-EPN RP 08) were
highly virulent to the LPB larva. Variations in infectivity among
the tested EPNs could be related to several factors, including
the host insect, penetration, production ability (Kaya & Gaugler,
1993) and difference in the bacterial symbionts (Boemare, 2002;
Pervez et al., 2012).

EPNs can be produced in vivo, wherein the insect serves as a
small biological reactor. Among the insects, GWML has been
widely used for in vivo production of EPNs. In previous studies,
the production ability of different EPNs was assessed in several
insect larvae. Among them, Helicoverpa virescens Fabricius,
Chilo sacchariphagus indicus K, Spodoptera exigua Hübner,
Spodoptera litura Fabricius, Corcyra cephalonica S., Trichopulsia
ni Hübner and Athalia proxima K. were reported to produce a
large number of EPNs and were thus considered as good hosts
for producing EPNs (Karunakar et al., 1999; Elawad et al.,
2001; Pervez et al., 2007; Pervez & Ali, 2009; Khan et al., 2020).
These insects have been utilized for the multiplication of various
species of Steinernema, Heterorhabditis and Oscheius with varying
yields of IJs depending upon the size of the larva of the test
insects. The multiplication capability of any biological control
agent is an important feature for their extended persistence and
pathogenicity to the targeted insect pests (Blanco-Pérez et al.,
2017; Patil & Rangasamy, 2018). It not only results in the mortal-
ity of insect pests but also determines the recycling ability of the
EPNs to tackle the succeeding generations of the targeted insect
pests (Patil et al., 2019). The higher production rate of EPNs
noticed in this study may help in tackling the succeeding genera-
tions in the field. While there are reports on the susceptibility of
M. vitrata larva to EPNs, but the data on their production in LPB
larva is not available, as a result, this is the first record of the pro-
duction of any EPN on LPB larva.

The rate of penetration could be utilized as a real measure of
host susceptibility. Dunphy & Webster (1991) reported that the

Fig. 1. Mortality of LPB larvae (mean ± standard error)
through EPNs (n = 12). Abbreviations: EPN 01, Oscheius
sp. (IARI-EPN RP 01); EPN 02, Oscheius sp. (IARI-EPN RP
02); EPN 03, Steinernema sp. (IARI-EPN RP 03); EPN 04,
Oscheius sp. (IARI-EPN RP 04); EPN 05, Steinernema sp.
(IARI-EPN RP 05); EPN 06, Heterorhabditis sp. (IARI-EPN
RP 06); EPN 07, Oscheius sp. (IARI-EPN RP 07); EPN 08,
Oscheius sp. (IARI-EPN RP 08); EPN 09, Steinernema sp.
(IARI-EPN RP 09); EPN 10, Oscheius sp. (IARI-EPN
RP 10).

Table 1. Rate of EPN penetration into LPB.

EPN
No. of IJs/larva
Mean ± SD (SE)

Oscheius sp. (IARI-EPN RP 01) 3.6 ± 1.51 (0.47)

Oscheius sp. (IARI-EPN RP 02) 4.3 ± 2.11 (0.66)

Steinernema sp. (IARI-EPN RP 03) 5.0 ± 1.63 (0.52)

Oscheius sp. (IARI-EPN RP 04) 6.7 ± 2.75 (0.87)

Steinernema sp. (IARI-EPN RP 05) 4.3 ± 2.26 (0.71)

Heterorhabditis sp. (IARI-EPN RP 06) 11.2 ± 2.61 (0.83)

Oscheius sp. (IARI-EPN RP 07) 7.9 ± 3.03 (0.96)

Oscheius sp. (IARI-EPN RP 08) 8.2 ± 2.70 (0.85)

Steinernema sp. (IARI-EPN RP 09) 6.6 ± 2.27 (0.71)

Oscheius sp. (IARI-EPN RP 10) 4.9 ± 1.79 (0.56)

SD, standard deviation; SE, standard error.
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difference in the toxicity of bacterial symbionts is related to the
difference in their cell wall substances, which may have led to
the relative destruction of host haemocytes and, finally, to the
death of the host. In the present study, Heterorhabditis sp.
(IARI-EPN RP 06) and Oscheius sp. (IARI-EPN RP 08) were
able to penetrate the insect body in more numbers and, hence,
can be considered as promising biocontrol agents for the manage-
ment of LPB.

Our study revealed that second-instar larvae were highly sus-
ceptible, followed by third- and fourth-instar LPB larvae. These
results are consistent with the findings of Banu et al. (2007),
who reported that the first- and second-instar larvae of
Helicoverpa armigera were highly susceptible to Heterorhabditis
indica. Similarly, the second-instar larva was highly susceptible,
followed by the third-instar, fourth-instar and fully grown larva
of pod-borer to EPNs (Pervez, 2010).

Conclusions

From the present study, it can be concluded that Heterorhabditis
sp. (IARI-EPN RP 06) and Oscheius sp. (IARI-EPN RP 08) were
most virulent against LPB among the ten native EPN strains tested.
Furthermore, the fifth-instar LPB larva was more suitable for the
multiplication of Oscheius sp. (IARI-EPN RP 08), suggesting the
suitability of this insect for EPN production. Further evaluation
of these promising EPNs under field conditions will indicate
their utility in the integrated management of LPB.

Acknowledgements. The authors express their gratitude to the Director and
Joint Director (Research) at ICAR – Indian Agricultural Research Institute,
New Delhi, for providing all the facilities.

Financial support. Resources of the ICAR – Indian Agricultural Research
Institute, New Delhi, India, were utilized for this research study.

Fig. 2. Production of EPNs (mean ± standard error) on
the LPB larvae (n = 10).

Fig. 3. Mortality (mean ± standard error) of different instar larvae of the LPB (n = 10).

4 R. Pervez and U. Rao

https://doi.org/10.1017/S0022149X21000043 Published online by Cambridge University Press

https://doi.org/10.1017/S0022149X21000043


Conflicts of interest. None.

Ethical standards. The authors assert that all procedures contributing to
this work comply with the ethical standards of the relevant national and insti-
tutional guides on the care and use of laboratory animals.

References

Ali SS, Pervez R, Hussain MA and Ahmad R (2008) Susceptibility of three
lepidopteran pests to five entomopathogenic nematodes and in vivo mass
production of these nematodes. Archives of Phytopathology and Plant
Protection 41(4), 300–304.

Banu JG, Jothi BD and Narkhedkar NG (2007) Susceptibility of different stages
of cotton bollworm, Helicoverpa armigera (Lepidoptera: Noctuidae) to ento-
mopathogenic nematodes. International Journal of Nematology 17(1), 41–45.

Blanco-Pérez R, Bueno-Pallero FA, Neto L and Campos-Herrera R (2017)
Reproductive efficiency of entomopathogenic nematodes as scavengers.
Are they able to fight for insect’s cadavers? Journal of Invertebrate
Pathology 148, 1–9.

Boemare N (2002) Biology, taxonomy and systematics of Photorhabdus and
Xenorhabdus. pp. 35–56 in Gaugler R (Ed.) Entomopathogenic nematology.
Wallingford, UK, CABI Publishing, CAB International.

David H and Kurup NK (1988) Techniques for mass production of
Sturmiopsis inferens Tns. pp. 87–92 in David H and Easwaramoorthy S
(Eds) Biocontrol technology for sugarcane pest management. Coimbatore,
India, Sugarcane Breeding Institute.

Dunphy GB and Webster RB (1991) Antihaemocytic surface components of
Xenorhabdus nematophilus var. dutki and their modification by serum of
non-immune larva of Galleria mellonella. Journal of Invertebrate
Pathology 58, 40–51.

Elawad SA, Gowen SR and Hague NGM (2001) Progeny production of
Steinernema abbasi in lepidopterous larvae. International Journal of Pest
Management 47(1), 17–21.

FAOSTAT (2018) Food and Agriculture Organization of the United Nations,
2018, 02-28. Available at http://www.fao.org/faostat/en/#data/QC/visualize.

Georgis R and Gaugler R (1991) Predictability in biological control using ento-
mopathogenic nematodes. Journal of Economic Entomology 84, 713–720.

Karunakar G, Easwaramoorthy S and David H (1999) Susceptibility of nine
lepidopteran insects to Steinernema glaseri, S. feltiae and Heterorhabditis
indicus infection. International Journal of Nematology 9, 68–71.

Kaya H and Gaugler R (1993) Entomopathogenic nematodes. Annual Review
of Entomology 38, 181–206.

Kaya HK and Stock SP (1997) Techniques in insect nematology. pp. 281–324
in Lacey LA (Ed.) Manual of techniques in insect pathology. San Diego, CA,
Academic Press.

Khan B, Javed N, Khan SA, Rajput NA, Atiq M, Jabbar A, Rehman A,
Moosa A and Ali MA (2020) Potential of Entomopathogenic Nematode
(Steinernema kraussei) against last instar larvae of different lepidopteran
insect pests. Pakistan Journal of Zoology 52(4), 1275–1281.

Patil J and Rangasamy V (2018) Field evaluation of the entomopathogenic
nematodes against the white grub, Leucopholis lepidophora Blanchard
(Coleoptera: Scarabaeidae). Egyptian Journal of Biological Pest Control 28
(1), 1–6.

Patil J, Rangasamy V, Nagesh M and Holajjer P (2019) Biocontrol potential
of entomopathogenic against Phyllognathus dionysius Fabricius (Coleoptera:
Scarabaeidae). Biological Control 104, 98–103.

Pervez R (2010) Biocontrol potential of entomopathogenic nematodes against
different instar larvae of gram pod borer, Helicoverpa armigera infesting
chickpea. Current Nematology 21(2), 17–21.

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

Pervez R and Ali SS (2011) Efficacy, penetration and in vivo production
of entomopathogenic nematodes against legume pod borer, Maruca
vitrata Fabricius (Lepidoptera: Pyrilidae). Trends in Biosciences 4(1),
103–105.

Pervez R and Rao U (2018) Eco-friendly management of lepidopteran insect
pests through entomopathogenic nematodes. Journal of Biological Control
32(3), 172–178.

Pervez R, Ali SS and Ahmad R (2007) Efficacy of some entomopathogenic
nematodes against mustard saw fly and in vivo production of these nema-
todes. International Journal of Nematology 17(1), 55–58.

Pervez R, Eapen SJ, Devasahayam S and Jacob TK (2012) Efficacy of some
entomopathogenic nematodes against insect pests of ginger and their multi-
plication. Nematologia Mediterranea 40(1), 39–44.

Randhawa HS and Verma AK (2011). Evaluation of pigeon pea genotypes for
their resistance against pod borer,Maruca testulatis Geyer under natural con-
ditions. Paper presented in Third Insect Science Congress, organized by Indian
Society for the Advancement of Insect Science, organized by Indian Society
for the Advancement of Insect Science, PAU, Ludhiana, 18–20 April 2011.

Ricci M, Glazer I and Gaugler R (1996) Entomopathogenic nematodes infect-
ivity assay: comparison of laboratory bioassay. Biocontrol Sciences and
Technology 6, 235–245.

Shapiro DI, Mizell RF III and Cambell JF (2002) Susceptibility of the plum
curculio, Conotrachelus nenuphar, to entomopathogenic nematodes.
Journal of Nematology 34(3), 246–249.

White GF (1927) A method for obtaining infective nematode larvae from cul-
tures. Science 66, 302–303.

Journal of Helminthology 5

https://doi.org/10.1017/S0022149X21000043 Published online by Cambridge University Press

http://www.fao.org/faostat/en/#data/QC/visualize
https://doi.org/10.1017/S0022149X21000043

	Infectivity of entomopathogenic nematodes against the legume pod-borer, Maruca vitrata Fabricius, infesting pigeon pea
	Introduction
	Materials and methods
	EPNs and insect sources
	Bioassay
	Infectivity of EPNs
	Penetration of EPNs
	Production of EPNs

	Infectivity of EPNs against different instar larva of LPB
	Statistical analysis

	Results
	Infectivity of EPNs
	Penetration of EPNs
	Production of EPNs
	Infectivity of EPNs against different instar larva of LPB

	Discussion
	Conclusions
	Acknowledgements
	References


