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Abstract

A laboratory experiment was conducted in the Department of Entomology, College of Agriculture,
OUAT, Bhubaneswar, during 2021-22 to evaluate the efficacy of various entomopathogens against
different life stages of Spodoptera frugiperda (J.E. Smith, 1797) (Noctuidae: Lepidoptera), including
eggs and second to sixth instar larvae. Topical application of Metarhizium anisopliae on eggs resulted
in the highest reduction in hatchability (15%), followed by Beauveria bassiana and Metarhizium rileyi
(12.5% each), while Bacillus thuringiensis showed no effect. In the leaf dip bioassay for larval instars,
the efficacy of entomopathogens decreased with increasing larval age. Among second instars, B.
thuringiensis exhibited the highest mortality (27.78%) at 120 hours after treatment (HAT), followed by
M. rileyi (17.5%) and B. bassiana (15.56%). Third instar larvae were most affected by B. thuringiensis
(25% mortality) and B. bassiana (15%), while fourth instar larvae showed maximum cumulative
mortality with B. bassiana (15%) and moderate effectiveness of B. thuringiensis, M. rileyi, and M.
anisopliae (12.5% each). Fifth and sixth instars demonstrated reduced susceptibility, with B.
thuringiensis, M. rileyi, and M. anisopliae achieving only 10% mortality in the fifth instar and B.
bassiana showing 5% mortality in the sixth instar.
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1. Introduction

The fall armyworm (FAW), Spodoptera frugiperda (J. E. Smith, 1797) (Lepidoptera:
Noctuidae), is a highly destructive and globally significant polyphagous pest. It has been
reported to infest 353 plant species across 76 families (Montezano et al., 2018) 7],
Controlling FAW s seriously challenging due to its trans boundary movement, broad host
range, short life cycle, quick reproduction, and absence of a diapause phase, all of which
contribute to sizable crop damage. Chemical insecticides are commonly employed to manage
FAW populations (Tambo et al., 2019) %, However, their excessive and indiscriminate use
has led to the emergence of resistant FAW populations, reducing the long-term efficacy and
sustainability of chemical control measures (Day et al., 2017) 1. Moreover, frequent or high-
dose applications of chemical insecticides negatively impact beneficial insects, disrupt
natural enemy populations, pose risks to human health, and contribute to environmental
pollution (Kebede and Shimalis, 2019) (14,

To address these challenges, adopting an Integrated Pest Management (IPM) approach is
critical. Bio-intensive alternatives, particularly microbial-based pesticides, have become a
cornerstone of sustainable pest management strategies (Souza et al., 2019) [9, These
microbial agents include entomopathogenic fungi, nematodes, bacteria, and viruses, all of
which have potential in managing FAW. Entomopathogenic fungi (EPFs) such as Beauveria
bassiana (Balsamo) Vuillemin, Metarhizium rileyi (Farlow) Kepler, S.A. Rehner and
Humber (formerly classified under Botrytis, Spicaria, or Nomuraea), and Metarhizium
anisopliae (Metschn.) have demonstrated efficacy against FAW in field conditions,
highlighting their potential as biocontrol agents (Faria et al., 2015; Wraight et al., 2010) [
22]
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However, the success of these fungi is often influenced by
environmental factors (Hoverman et al., 2012; Khan and
Ahmad, 2015) [ 2. Entomopathogenic nematodes from the
families Steinernematidae and Heterorhabditidae are also
effective against FAW, with the genera Steinernema and
Heterorhabditis being particularly noteworthy. These
nematodes form symbiotic relationships with Xenorhabdus
and Photorhabdus bacteria, respectively, which are essential
for killing the insect host (Boemare et al., 1993; Hominick
et al, 1996) ™ 8. Among entomopathogenic bacteria,
Bacillus thuringiensis Berliner (Bt) plays a pivotal role. This
gram-positive bacterium produces crystal proteins (§-
endotoxins) during sporulation, which are highly toxic to
FAW. Studies have identified varying susceptibilities of
FAW strains to different Bt endotoxins, such as CrylAc,
CrylAb, CrylCa, and CrylEa, with the rice strain of FAW
being more susceptible to CrylAb than the corn strain
(Monnerat et al., 2006) 151,

Considering the need for sustainable pest control, microbial-
based biopesticides offer an environmentally friendly and
effective alternative for managing FAW populations as part
of an integrated pest management strategy.

2. Materials and Methods

2.1 Experimental Site and Methodology

The experiment was conducted under optimal laboratory
conditions (controlled laboratory conditions (temperature:
25+2 °C, % relative humidity: 70+5%) to evaluate the bio
potency of different entomopathogens at their recommended
dosages and to assess their efficacy against critical life
stages of Spodoptera frugiperda. The study followed a
Completely Randomized Design (CRD) with four
replications, including an untreated control.

2.2 Bioassay studies on FAW eggs

To evaluate the efficacy of entomopathogens against FAW
eggs, bioassays were conducted using glass petri plates lined
with filter paper. Fresh maize leaves obtained from 30 to 45
days old plants, cut into small pieces, were placed in each
plate. Ten numbers of two-day-old eggs were introduced per
plate. Biopesticides suspensions were prepared at
recommended dosages, and eggs were immersed in the
suspensions for one minute. After immersion, the eggs were
sieved, placed on blotting paper to remove excess moisture,
and then transferred onto the maize leaves. Observations on
hatching were recorded, and each treatment was replicated
four times.

2.3 Bioassay studies on Bacillus thuringiensis against
FAW larvae

The leaf dip method was employed to test the efficacy of
Bacillus thuringiensis against FAW larvae. Maize leaf strips
(8 cm x 2 cm) were dipped in the suspension for two
minutes, shade-dried, rolled, and placed in multi-cavity trays
lined with filter paper. Laboratory-reared larvae (second to
sixth instar) were introduced to the trays, with ten larvae per
replication. Untreated control trays contained maize leaves
treated with distilled water. Larvae were allowed to feed on
treated leaves for 48 hours, after which untreated leaves
were provided. Observations on larval mortality were
recorded every 24 hours.

2.4 Bioassay studies on entomopathogenic fungi against
FAW larvae: The efficacy of entomopathogenic fungi
(Beauveria bassiana, Metarhizium rileyi, and Metarhizium
anisopliae) was tested against all instars of FAW larvae.
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Larvae were immersed in biopesticide suspensions for 20
seconds and transferred to multi-cavity trays lined with filter
paper. Fresh maize leaves were provided as food every 24
hours. Untreated control larvae were treated with distilled
water. Observations on mortality due to fungal infection
were recorded at every 24 hours.

2.5 Bioassay studies on Heterorhabditis indica against
FAW larvae

To assess the biopotency of Heterorhabditis indica, FAW
larvae were placed in multi-cavity trays lined with filter
paper. A 1 mL suspension of the entomopathogenic
nematode, prepared at the recommended dose, was added to
each tray cell. Fresh maize leaves were provided every 24
hours, and observations on larval mortality were recorded
daily.

2.6 Statistical analysis

Data on egg and larval mortality were subjected to statistical
analysis using a Completely Randomized Design (CRD).
Non-normally distributed data were transformed using
square root (Vx + 0.5) transformation before analysis.
Corrected mortality rates were calculated using Abbott’s
formula (Abbott, 1925) M, and ANOVA was performed for
each FAW life stage.

number of larvae dead

Percentage of mortality =
erce ge ty number of larvae introduced

n T after treatment.

Corrected percentage of mortality = (1 — ) % 100 .....(2)

n C after treatment:

3. Results and Discussion

3.1 Effect of entomopathogens on FAW eggs

The impact of entomopathogens on the hatchability of two-
day-old Spodoptera frugiperda (FAW) eggs was evaluated.
Eggs that failed to hatch by the third or fourth day were
considered infected or dead. The results of the topical
application of biopesticides (Table 2) demonstrated that all
entomopathogens except Bacillus thuringiensis exhibited an
effect on egg mortality.

Among the tested treatments, Metarhizium anisopliae
resulted in the highest reduction in egg hatchability, causing
15.0% mortality, followed by Metarhizium rileyi and
Beauveria bassiana, which each caused 12.5% mortality.
The treatment with Heterorhabditis indica caused 5.0%
mortality, while no effect on egg hatchability was observed
in the case of Bacillus thuringiensis (0.0%).

The superior efficacy of M. anisopliae in reducing egg
hatchability aligns with the findings of Akutse et al. (2019)
Bl which reported that M. anisopliae strains performed
better than B. bassiana in similar studies. However, the
observed effectiveness of M. rileyi in the present
investigation contrasts with the findings of Lezama-
Gutierrez et al. (1996) 31, who reported no impact of M.
rileyi on FAW eggs.

Remarkably, no significant effect was recorded for B.
thuringiensis on egg hatchability, which corroborates the
results of Liu and Zhang (1997) 4. They observed that B.
thuringiensis did not affect the eclosion of eggs in pests
such as Plutella xylostella (diamondback moth), Spodoptera
litura, and Pieris brassicae, but caused substantial mortality
in the larvae hatched from treated eggs.

3.2 Effect of entomopathogens on mortality of second
instar larvae of FAW
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The results on the mortality of second instar larvae treated
with entomopathogens are presented in Table 3. There were
no significant differences in mortality among treatments
after 120 hours of treatment (HAT). Initial mortality was
observed within 24 hours, with Bacillus thuringiensis and
Metarhizium rileyi causing 5.0% and 2.5% mortality,
respectively.

By 120 HAT, B. thuringiensis exhibited the highest
mortality rate (27.78%), followed by M. rileyi (17.50%) and
Beauveria bassiana (15.56%). Mortality due to
Heterorhabditis indica was 15.28%. These findings align
partially with previous studies, though variations in
effectiveness were observed, likely due to differences in
fungal strains, concentrations, or geographical origin of the
pest population (Espine and Cotes, 2008; Wandee et al.,
2021) 16:211,

3.3 Effect of entomopathogens on third instar larvae of
FAW

Mortality caused by entomopathogens in third instar larvae
showed significant differences among treatments, beginning
at 72 HAT and continuing up to 120 HAT (Table 4). The
highest mortality was recorded for B. thuringiensis (25.0%),
followed by B. bassiana (15.0%). Both Metarhizium
anisopliae and H. indica caused 12.50% mortality each at
120 HAT. These results align with those of Idrees et al.
(2021) 1M, who reported 10% mortality in third instar larvae
treated with B. bassiana.

3.4 Effect of entomopathogens on fourth instar larvae of
FAW

The results for fourth instar larvae (Table 5) indicated no
significant differences in mortality among treatments up to
120 HAT. Mortality began at 24 HAT, with B. bassiana
causing the highest cumulative mortality (15.0%), followed
by B. thuringiensis, M. rileyi, and M. anisopliae (12.50%
each). H. indica resulted in the lowest mortality (10.0%).
These findings align partially with those of Montecalvo and
Navasero (2021) [*61, who observed increased mortality at 4—
5 days post-treatment depending on larval age.

https://www.biochemjournal.com

3.5 Effect of entomopathogens on fifth instar larvae of
FAW

The mortality of fifth instar larvae showed reduced
effectiveness compared to earlier instars (Table 6). At 120
HAT, maximum cumulative mortality of 10.0% was
observed for B. thuringiensis, M. rileyi, and M. anisopliae.
Mortality initiated at 72 HAT with B. bassiana causing
7.50% and B. thuringiensis and M. rileyi each causing 5.0%.
No mortality was recorded for H. indica. Similar findings
were reported by Idrees et al. (2021) 19, who recorded 7.8%
mortality in fifth instar larvae treated with B. bassiana.

3.6 Effect of entomopathogens on sixth instar larvae of
FAW

The efficacy of entomopathogens against sixth instar larvae
(Table 7) was minimal, with no significant differences
observed among treatments up to 120 HAT. Mortality began
at 96 HAT, with B. bassiana causing 5.0% and B.
thuringiensis 2.50%. No mortality was recorded for other
treatments. These findings support the view that younger
larvae are more susceptible to pathogens than older instars
(Montecalvo and Navasero, 2021) 161,

3.7 General effect of entomopathogens on all larval
instars of FAW

The bioassay results (Fig. 1) revealed that early instars of
FAW are more susceptible to entomopathogens, with
maximum mortality recorded at 120 HAT. Mortality
declined significantly in fifth and sixth instar larvae. Among
the treatments, B. thuringiensis applied through the leaf dip
method caused the highest overall mortality (15.56%),
followed by B. bassiana (11.61%) and M. anisopliae
(10.0%).

The effectiveness of B. thuringiensis was most pronounced
in second and third instars, causing 27.78% and 25.0%
mortality, respectively. B. bassiana caused consistent
mortality (15.0%) across second, third, and fourth instars
(Fig. 2). These findings align with studies by Patil et al.
(2014) 181 and Montecalvo and Navasero (2021) 1281, who
reported higher susceptibility in early larval stages.

Table 1: List of entomopathogens used in bioassay studies on FAW larvae

Treatment Concentration Dose Trade Name | Source of Supply
Ta-Bacillus thuringiensis subsp. kurstaki 5% WP 16000 IU/mg |2 g/L water| Minchu Multiplex
T2-Beauveria bassiana 1.15% WP 1x108 cfu/lg |2 g/L water BABA Multiplex
Ts-Metarhizium rileyi 1% WP 2x108 cfu/g |5 g/L water - UAS, Raichur
Ts-Metarhizium anisopliae 1.15% WP 2x10% cfu/g |5 g/L water | Raita Mitra UAS, Raichur
Ts-Heterorhabditis indicaWP 1x10% 1Js/ g |5 g/L water Soldier Multiplex
Te-Untreated Control - - - -

Table 2: Effect of topical application of entomopathogens on egg hatching of FAW

Treatment Concentration | Dose/ Litre Water Corrected Egg (%) Failed To Hatch
Ta-Bacillus thuringiensis 16000 iu/mg 29 0.00 (0.71) ©
T2-Beauveria bassiana 1x108 cfulg 29 12.50(3.56)
Ts-Metarhizium rileyi 2x108 cfulg 59 12.50(3.25)
T4-Metarhizium anisopliae 2x108 cfulg 59 15.00(3.88) @
Ts-Heterorhabditis indica 1x108 1Js/ g 59 5.00(1.97)
S.E(m)+ 0.563
CD (0.05%) 1.698

Figures in parentheses are transformed (square root Vx+0.5) values
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Table 3: Effect of entomopathogens on mortality of second instar larvae of FAW

Treatments  ConcentrationDose/ litre WaterCorrected Cumulative Mortality (%) After Different Hours of treatment]
24 HAT 48 HAT 72 HAT 96 HAT 120 HAT
Lo . 5.00 15.28 20.28 22.78 27.78
T1-B. thuringiensis 16000 iu/mg 29 (1.97) (3.54) (4.48) (4.73) (5.12)
. 0.00 10.56 13.06 15.56 15.56
- 8
T2-B.bassiana | 1x10°cfu/ g 29 (0.71) (2.99) (3.62) (3.94) (3.94)
. 2.50 10.00 15.00 17.50 17.50
- 8
To-M.rileyi | 2x10° cfu/ g 59 (1.34) (2.93) (3.81) (4.13) (4.13)
L 0.00 7.50 15.00 15.00 15.00
T4-M. anisopliae | 2x 108 cfu/ g 59 (0.71) (2.61) (3.89) (3.88) (3.88)
R 8 0.00 7.78 15.28 15.28 15.28
Ts-H.indica | 1 x 107 s/ g 59 (0.71) (2.65) (3.92) (3.91) (3.91)
S.E(m)+ 0.433 0.806 0.443 0.463 0.540
CD (0.05%) NS NS NS NS NS

Figures in parentheses are transformed (square root Vx+0.5) values, HAT-Hours after treatment

Table 4: Effect of entomopathogens on third instar larvae of FAW

Corrected Cumulative Mortality (%) After Different Hours of treatment

Treatments  [ConcentrationDose/ litre water| 24 HAT 48 HAT 72 HAT 96 HAT 120 HAT

L . 0.00 15.00 22.502 25.002 25.00?
T1-B. thuringiensis| 16000 iu/mg 29 (0.71) (3.89) (4.78) (5.03) (5.03)
. 7.50 12.50 15.00% 15.00% 15.00%

- 8
T2-B.bassiana | 1x10%cfu/g 29 (2.30) (3.25) (3.88) (3.88) (3.88)
S 0.00 2.50 7.50¢ 7.50°¢ 7.50°¢

- 8
Ts-M. rileyi 2x 108 cfu/ g 59 (0.71) (1.34) (2.61) (2.61) (2.61)
N 2.50 10.00 12.500¢ 12.500¢ 12.500¢
T4-M. anisopliae | 2x 108 cfu/ g 59 (1.34) (3.24) (3.56) (3.56) (3.56)
i 3 0.00 7.50 12.50% 12.50%¢ 12.50%¢
Ts-H. indica |1 x10° IJs/ g 59 (0.71) (2.61) (3.26) (3.56) (3.56)
S.E(m)+ 0.512 0.592 0.402 0.407 0.407
CD (0.05%) NS NS 1.212 1.227 1.227

Figures in parentheses are transformed (square root Vx+0.5) values, HAT-Hours after treatment

Table 5: Effect of entomopathogens on fourth instar larvae of FAW

Corrected Cumulative Mortality (%) After Different Hours of treatment

Treatments |ConcentrationDose/ litre water 24 HAT 18 HAT 72 HAT 96 HAT 120 HAT
Lo . 2.50 2.50 7.50 10.00 12.50
T1-B. thuringiensis| 16000 iu/mg 29 (1.34) (1.34) (2.61) (3.24) (3.56)
. 2.50 7.50 12.50 12.50 15.00
- 8
T2-B.bassiana | 1x10°%cfu/ g 29 (1.34) (2.61) (3.56) (3.56) (3.88)
Lo 0.00 0.00 0.00 7.50 12.50
- 8
TorM.rileyi | 2x10% cfu/ g 59 (0.71) (0.71) (0.71) (2.61) (3.56)
. . 0.00 2.50 10.00 12.50 12.50
- 8
T4-M. anisopliae | 2x10° cfu/ g 5g (0.71) (1.34) (2.93) (3.56) (3.56)
i 8 0.00 0.00 7.50 10.00 10.00
Ts-H. indica 1x10° s/ g 59 (0.71) (0.71) (2.30) (2.93) (2.93)
S.E(m)x 0.401 0.491 0.641 0.500 0.467
CD (0.05%) NS NS NS NS NS

Figures in parentheses are transformed (square root Vx+0.5) values, HAT-Hours after treatment

Table 6: Effect of application of entomopathogens on fifth instar larvae of FAW

Corrected Cumulative Mortality (%) After Different Hours of treatment

Treatments (Concentration|Dose/ litre water >4 HAT 48 HAT 72 HAT 96 HAT 120 HAT
Lo . 0.00 0.00 5.00 10.00 10.00
T1-B. thuringiensis| 16000 iu/mg 29 (0.71) (0.71) (1.97) (2.93) (2.93)
. 0.00 0.00 7.50 7.50 7.50
- 8
T2-B.bassiana | 1x10%cfu/ g 29 (0.71) (0.71) (2.30) (2.30) (2.30)
S 0.00 0.00 5.00 10.00 10.00
- 8
TerM.rileyi | 2x10%cfu/ g 59 (0.7) (0.7) (1.97) (3.24) (3.24)
- 0.00 0.00 0.00 7.50 10.00
T4-M. anisopliae | 2x108 cfu/ g 59 (0.71) (0.71) (0.71) (2.30) (2.93)
e 3 0.00 0.00 0.00 0.00 0.00
Ts-H. indica 1x10°% s/ g 5¢ (0.71) (0.71) (0.71) (0.71) (0.71)
S.E(m)+ 0.00 0.00 0.629 0.702 0.662
CD (0.05%) NS NS NS NS NS

Figures in parentheses are transformed (square root Vx+0.5) values, HAT-Hours after treatment
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Table 7: Effect of application of entomopathogens on sixth instar larvae of FAW

Treatments  ConcentrationDose/ litre WaterCorrected Cumulative Mortality (%) After Different Hours of treatment]
24 HAT 48 HAT 72 HAT 96 HAT 120 HAT
Lo . 0.00 0.00 0.00 2.50 2.50
T1-B. thuringiensis| 16000 iu/mg 29 (0.71) (0.71) (0.71) (1.34) (1.34)
. 0.00 0.00 0.00 2.50 5.00
- 8
T2-B.bassiana | 1x10°cfu/ g 29 (0.71) (0.71) (0.71) (1.34) (1.97)
. 0.00 0.00 0.00 0.00 0.00
- 8
To-M.rileyi | 2x10° cfu/ g 50 (0.71) (0.71) (0.71) (0.71) (0.71)
L 0.00 0.00 0.00 0.00 0.00
- 8
T4-M. anisopliae | 2x10° cfu/ g 59 (0.71) (0.71) (0.71) (0.71) (0.71)
R 8 0.00 0.00 0.00 0.00 0.00
Ts-H.indica | 1x107 s/ g 59 (0.71) (0.71) (0.71) (0.71) (0.71)
S.E(m)+ 0.00 0.00 0.00 0.401 0.427
CD (0.05%) NS NS NS NS NS
Figures in parentheses are transformed (square root Vx+0.5) values, HAT-Hours after treatment
3.8 Variation of results entomopathogenic ~ fungi. J  Invertebr  Pathol.

The observed variations in the effectiveness of
entomopathogens could be attributed to differences in
fungal strains, product formulations, or geographical
variations in FAW populations. Where, Acharya et al.
(2020) 2 reported 100% mortality of sixth instar larvae
treated with H. indica at higher concentrations (50
1J’s/larva), while our study recorded no mortality for this
pathogen. Such discrepancies emphasize the need for
localized testing of biopesticides to optimize pest
management strategies.

4. Conclusion

The findings concluded that the entomopathogens,
particularly B. thuringiensis and B. bassiana, are efficient in
managing early instar larvae of FAW. However, reduced
efficacy against older instars suggested the importance of
timely application for effective pest control
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