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ABSTRACT

In order to manage the invasive pest the fall armyworm, Spodoptera frugiperda in north India, the survey
was carried out for the presence of NPV infected Spodoptera frugiperdalarvae. The NPV infected larvae were
collected from different locations, the virus was confirmed by phase contrast microscopy and pathogenicity
studies. Healthy larvae fed with polyhedral suspension confirmed the pathogenicity of extracted virus.
The NPV isolates exhibited significantly different degree of pathogenicity against the host population,
where Jammu isolate caused highest mortality (92%) with the LD_ value of 1.01x10° POBs/larva against 2"
instar larvae. while only 31.33 and 19.33% mortality was inflicted by Rajouri and Akhnoor isolates,
respectively. The concentration needed to induce a lethal infection by Rajouri and Akhnoor was exceptionally
high, making it challenging to pinpoint a specific concentration that would be lethal for half of the population.
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Introduction

The fall armyworm, Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae) is an important and
widely distributed pest in tropical and sub-tropical
areas of the Americas. Recent studies have demon-
strated the continuous spreading of FAW (Goergen
et al., 2016). The fall armyworm invaded India, re-
ported in Andhra Pradesh, Gujarat, Karnataka,
Maharashtra, Tamil Nadu in 2018 (Shylesha et al.,
2018; Sisodiya et al., 2018) and was found in a severe
form in maize fields of North East (NE) India after
March 2019 (Firake et al., 2019). It is a notorious pes-
tiferous insect with high dispersal ability, wide host
range and high fecundity that make it one of the
most severe economic pests.

Growing concerns about the environmental and
human health impacts, coupled with the develop-
ment of insecticide resistance, have spurred in-
creased efforts to explore economically and ecologi-
cally viable alternatives for managing invasive pests
like FAW. Therefore, natural biocontrol agents, par-
ticularly native strains or populations, have
emerged as promising alternatives. Since
baculoviruses exhibit high insecticidal activity and a
narrow spectrum of hosts. Entomopathogenic vi-
ruses, primarily from the Baculoviridae family or
baculovirus (BV), present a viable option for FAW
control. The initial stage of infection occurs when oc-
clusion bodies (OBs) are orally ingested by suscep-
tible lepidopteran larvae. The gastrointestinal tract
serves as the focal point for baculovirus infection.
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Following ingestion, the extreme alkaline pH of the
midgut triggers the degradation of the OB, leading
to the release of ocular-derived virions (ODVs).
These ODVs play a crucial role in the primary infec-
tion of midgut epithelial cells. They traverse the
peritrophic membrane (PM) and disseminate to
other body tissues, releasing nucleocapsids. The cell
nucleus then becomes the epicentre for replication.
In cases of infection, an afflicted larva can succumb
within a relatively short period, typically ranging
from 4 to 7 days (Barrera et al.,, 2011).
Nucleopolyhedro viruses (NPV) are frequently iso-
lated from infected insects gathered from fields, and
their visibility under light microscopy facilitates
easy detection.

During the course of the present study in maize
fields, the survey was carried out for the presence of
NPV infected Spodoptera frugiperda larvae. The NPV
infected larvae were collected from different loca-
tions and the association of the NPV with Spodoptera
frugiperda was confirmed by phase contrast micros-
copy and pathogenicity studies. Also, a novel viru-
lent isolate of NPV associated with S. frugiperda has
been characterized.

Materials and Methods

Isolation and purification of Polyhedral Occlusion
Bodies (POBs)

During May-August, 2021 and may- August 2022,
intensive exploratory surveys were conducted in
different regions of Jammu viz., Jammu, Kathua,
Akhnoor and Rajouri from the maize fields, for the
presence of native NPV isolates of Spodoptera
frugiperda, from naturally infected caterpillars. Both
live and dead larvae showing typical symptoms of
NPV infection were collected individually in the
sterile glass vials and capped with ventilation lids to
allow exchange of gases and prevent moisture con-
densation. These infected larvae were then stored at
-20°C until the isolation of Polyhedral Occlusion
Bodies POBs. The infected larvae were dissected
and wet smears were examined under phase con-
trast microscope to detect POBs. To fulfil Koch’s pos-
tulates for experimental investigations, the causal or-
ganisms were reisolated after passing through suscep-
tible healthy individuals. The percent infection was
calculated by using the following formula:

No of infected larvae x 100

Total no. of larvae (Healthy + infected)
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Virus killed individual larvae were kept in 1ml
micro-tube in 0.1% sodium dodecyl sulphate (SDS),
overnight at 4°C, for obtaining the crude viral occlu-
sion bodies. The purification of Polyhedral Occlu-
sion Bodies (POBs) followed the method outlined by
Gupta et al. (2007). Each larva was gently squashed
with a micro-pestle and vortexed for 10 seconds in a
vortex shaker. The homogenate was then filtered
through three layers of muslin cloth and centrifuged
at 500 rpm for 1 minute. The pellet formed by the
insect debris was discarded, and the supernatant
was carefully transferred to a clean tube, followed
by further centrifuged at 2500 rpm for 5 minutes.
After discarding the supernatant, the pellet was re-
suspended in 1ml distilled water by vortexing. This
washing process, repeated 3-4 times, continued until
a clear, white colour pellet was obtained. The virus
pellet was then resuspended in 0.75 ml of distilled
water and stored in aliquots at -20°C for further
studies.

Dose response bioassays: evaluation of the most
potent virus isolate

Considering that native isolates act as permanent
regulators of insect-pest population density, there is
a significant risk of developing resistance by the lo-
cal population against these native isolates. Hence,
evaluating the virulence of the virulent NPV strain
is crucial for the development of effective viral in-
secticides. This evaluation is of vital importance for
eco-friendly management of Spodoptera frugiperda in
various cropping systems in Jammu. In the experi-
ment, laboratory-reared host larvae were assessed
through per os bioassay. These assessments help
gauge the efficacy and potential impact of the viru-
lent NPV strain on the target insect population.
Different virus isolates were bioassayed on 2™
instar larvae with seven different doses of NPV viz.,
1x10%, 1x10%, 1x10%, 1x10°% 1x10°, 1x10” and 1x10°
POBs/ larva (Plate 5) via leaf disc cut from fresh
maize leaves each of 1.5 cm diameter (Plate 6). To
achieve the desired doses, serial dilutions with dis-
tilled water were conducted. Using a blunt end of a
glass rod, 10 pl aliquots of each viral dose from each
viral isolate were spread on individual diet plugs.
The diet plugs were air-dried and then placed indi-
vidually in a compartmentalized acrylic insect rear-
ing system designed by the National Bureau of Ag-
ricultural Insect Resources (NBAIR) in Bangalore,
India. One larva was then placed in each compart-
ment measuring 2x2 cm. Larvae that consumed the
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entire diet plug within 24 hours were transferred to
fresh uncontaminated diet and reared at 26+1°C,
16:8 (L:D) h, and 85% RH. Larvae that did not con-
sume the entire plug were discarded. Control larvae
were inoculated with distilled water. Virus induced
mortality was recorded daily from first day to the
fifteenth day after inoculation till pupation. Larval
mortality was analyzed using Probit analysis to es-
timate the median lethal dose (LD, ) values.

Results

The findings indicated that only 2-3% of larvae were
infected with the disease during the survey. In natu-
ral field conditions, most of the Spodoptera frugiperda
larval population did not exhibit signs of viral dis-
ease. However, when transferred to the laboratory
for monitoring and rearing, they succumbed to the
virus, displaying characteristic symptoms. Micro-
scopic examination using Giemsa staining of
haemolymph and tissue smears from Spodoptera
frugiperda larvae exhibiting typical symptoms re-
vealed the presence of POBs as observed under
phase contrast microscope at x 400 magnifications
(Figure 1). The natural incidence of NPV in
Spodoptera frugiperda larvae exhibited a variation
ranging from 0.78% to 6.07%. The highest incidence,
at 6.07%, was observed on maize crops in Jammu,
while the lowest incidence of 0.78% was recorded in
Akhnoor. Rajouri showed a natural infection rate of
1.98% by NPV larvae. Notably, no natural incidence
of NPV was observed in Kathua (Table 1).

Table 1. Natural incidence of NPV in Spodoptera
frugiperda larvae collected from different zones

of J&K

Location No. of NPV Percent

Larvae infected NPV
collected larvae infection

Jammu 379 23 6.07

Akhnoor 257 3 0.78

Rajouri 352 7 1.98

Kathua 367 0 0

The virus isolates obtained from different loca-
tions when tested under laboratory conditions
caused significantly different mortalities in the host
larvae. The larvae died with symptoms of NPV dis-
ease, including flaccidity and rupturing of the cu-
ticle, larval pupal intermediates and deformed pu-
pae which then degraded gradually were observed
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Polyhedral
occlusion  bodies
(POBs)

Fig. 1. Polyhedral occlusion bodies (POBs) under phase
contrast microscope at 400X

(Figure 2). The infected larvae climbed to the top of
the vials in which they were kept prior to death.

The variation in mortality caused by different iso-
lates was taken as a measure for the strain selection.
The mortality of Spodoptera frugiperda larvae caused
by different isolates with seven different doses of
1x10%, 1x10%, 1x10%, 1x10°% 1x10°, 1x10” and 1x10°
POBs/ larva via leaf disc method ranged from 92-
19%, with significant differences between the doses
(Jammu, F=14.17; df=7,16; P= 0.00; Akhnoor,
F=133.61; df=7,16; P= 0.00; Rajouri, F=82.91; df=7,16;
P=0.00). No mortality was observed in controls and
Jammu virus isolate inflicted highest mortality of
92% at a dose of 1x10% POBs/ larva, however, only
31.33 and 19.33% mortality was inflicted by Rajouri
and Akhnoor isolates at the same dose, respectively.
It was evident that the percent mortality was high-
est in larva inoculated with Jammu virus isolate fol-
lowed by Rajouri and Akhnoor, the difference being
significant between the different isolates (+*= 9.85,
df= 2, p=0.007). (Table 2)

Probit analysis of mortality data of Spodoptera
frugiperda larvae showed median lethal dose (LD,
estimate of 1.01x10° POBs/larva against Jammu iso-
late (Table 3). The effect of dose on the mortality of
Spodoptera frugiperda larvae varied upto the magni-
tude of 39%. The concentration required to elicit a
lethal infection by Rajouri and Akhnoor isolates was
so high that a reliable estimate of LD, could not be
obtained.

Discussion

The presence of variants exhibiting diverse biologi-
cal activities could have significant implications for
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Fig. 2. NPV infected larva

the advancement of biopesticides, offering the po-
tential to selectively choose more effective naturally
occurring strains. The documentation of Spodoptera
frugiperda nucleopolyhedrovirus (SpfrNPV) is exten-
sive, with the virus being previously identified in
Gujarat, northeast India, and south India
(Raghunandan et al., 2019; Gunda et al., 2020; and
Sivakumar et al., 2021). Several workers have docu-
mented similar observations on NPV infected S.
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frugiperda infesting maize (Velasco et al., 2012; Vieir,
et al., 2012). Nonetheless, this study has unequivo-
cally established, for the first time, the presence of
NPVs in natural populations of Spodoptera frugiperda
in Jammu. Despite this, the natural incidence was
found to be relatively low, ranging from 0.78% to
6.07%. The variation in natural NPV incidence sug-
gests that diverse agro-climatic conditions may have
played a crucial role in the occurrence of NPV in
nature. The recorded NPV epizootics in natural con-
ditions have been linked to stress factors such as
high population density, aligning with the findings
of Gupta et al. (2016), which highlighted the density-
dependent nature of baculovirus prevalence. Fluc-
tuations in population density are attributed to tem-
perature variations, with the warm and humid sum-
mers in Jammu possibly contributing to the out-
break of Spodoptera frugiperda, consistent with the
conclusions of Nivetha ef al. (2022) and Anandhi et
al. (2020), who suggested that weather influences
population density fluctuations.

Table 2. Mortality of Spodoptera frugiperda larva with different virus isolates of Spfr NPV in dose response bioassay,

inoculated via leaf disc method

Isolate Dose No. of larva Larval mortality due Percent larval
(POBs/larva) per replicate to NPV(Mean +SE) mortality
Jammu control 50 0.00° 0.00*
1x10? 50 4.00+0.58° 8.00+1.15°
1x10° 50 9.33+0.33¢ 18.67+0.67¢
1x10* 50 16.67+0.33¢ 33.33+0.67¢
1x10° 50 24.33+0.67¢ 48.67+1.33¢
1x10° 50 33.67+0.33f 67.33+0.67"*
1x10” 50 40.33+0.678 80.67+1.33"
1x108 50 46.33+0.33" 92.67+0.67"
Rajouri control 50 0.00° 0.00°
1x10? 50 0.00° 0.00
1x10° 50 1.00+0.58* 2.00+1.15%®
1x10* 50 2.33+0.33% 4.67+0.67%
1x10° 50 3.33+0.67° 6.67+1.33
1x10° 50 10.33+0.67¢ 13.33+0.67¢
1x10” 50 15.67+0.67¢ 20.67+1.334
1x108 50 6.67+0.67¢ 31.33+£1.33¢
Akhnoor control 50 0.00° 0.00°
1x10? 50 0.00° 0.00
1x10° 50 0.33+0.33° 0.67+0.67°
1x10* 50 1.00+0.58 2.00+1.15%®
1x10° 50 2.33+0.0.33" 4.67+0.67"
1x10° 50 3.00+0.58¢ 6.00£1.15¢
1x107 50 5.67+0.334 11.33+0.67¢
1x108 50 9.67+0.0.33¢ 19.33+0.67¢

Mean +SE followed by different letters with the same column within the same larval instar are significant at p<0.05;

SE= Standard error of mean; Control= Distilled water



5332

Eco. Env. & Cons. 30 (July Suppl. Issue) : 2024

Table 3. Median lethal dose (LD, ) with 95 per cent confident limits, regression equation and correlation determina-
tion of different virus isolates of SpfrNPV in dose response bioassay, inoculated via leaf disc method

Isolate LD, 95% Confidence x2/df Regression equation R?
(POBs/larvae) interval y=bx +a
Jammu 1.01x10° 65233.07-157441.99 2.85/22 3.09x+1.54 0.39

Regression equation; Y= mortality percentage and X= dose

R?is a correlation determination between the dose and mortality value

Conclusion

The exploratory survey conducted for the isolation
of local strain of Spodoptera frugiperda led to the dis-
covery of only three virus strains from the four dif-
ferent locations of Jammu. Three baculovirus iso-
lates from wild Spodoptera frugiperda larvae exhibit-
ing virus symptoms, which showed typical refrac-
tile, spherical occlusion bodies of variable sizes un-
der phase contrast microscope were recovered in the
present study. Healthy larvae fed with polyhedral
suspension confirmed the pathogenicity of extracted
virus. The NPV isolates exhibited significantly dif-
ferent degree of pathogenicity against the host
population, where Jammu isolate caused highest
mortality (92%) while only 31.33 and 19.33% mortal-
ity was inflicted by Rajouri and Akhnoor isolates,
respectively. Thus NPV can serve as a safe biopes-
ticide and it could be an ideal component for integ-
rated management of fall armyworm which is a new
invasive pest and major threat to food security.
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