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Abstract

Entomopathogenic fungi (EPF) are important biological control agents for sustainable pest management.
Among them, Beauveria bassiana has shown promising potential against major insect pests. This
study focuses on evaluating its pathogenicity against fall armyworm and yellow stem borer, two
significant pests of paddy crops, and aims to identify an effective fungal strain for development as a
mycoinsecticide. The pathogenic potential of B. bassiana was assessed using different concentrations
of conidiospore suspensions against populations of fall armyworm and yellow stem borer. Mortality
rates were recorded across increasing doses. Aspergillus niger was also evaluated for comparison as
a naturally associated microflora. The results confirmed the strong entomopathogenic activity of B.
bassiana. Mortality increased with increasing spore concentrations. At a concentration of 10° spores/
ml, mortality reached 96% in fall armyworm and 92% in yellow stem borer. Probit analysis indicated
LD, values of 1.86 x 10° spores/ml for yellow stem borer and 7.21 x 10° spores/ml for fall armyworm.
The LT, values were 5.3 days and 6.4 days for yellow stem borer and fall armyworm, respectively. In
contrast, A. niger showed minimal pathogenicity and produced very low mortality, confirming its role
as a normal microflora rather than an effective entomopathogen. B. bassiana demonstrates significant
pathogenic potential against major paddy insect pests and can be considered a promising candidate
for development as a biopesticide. Its high efficacy, dose-dependent mortality, and favorable LD_  and
LT, values highlight its suitability for sustainable pest management, whereas A. niger lacks significant
entomopathogenic effects.
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INTRODUCTION

The primary source of food and a
significant contribution to the world economy is
agriculture.! Rice (Oryza sativa L.) is one of the
most important staple food crops in the world and
provides primary nutrition for more than half of
the global population.? In many Asian countries,
particularly India, rice cultivation plays a crucial
role in food security, rural employment, and
economic stability.>* However, rice production
is severely constrained by a wide range of insect
pests that attack the crop at different growth
stages, leading to substantial yield losses. Major
insect pests of paddy such as stem borers, leaf
folders, plant hoppers, and gall midges cause
significant economic damage and reduce both
grain quality and productivity.® Although chemical
pesticides have contributed to an increase in
agricultural output, they have a number of
drawbacks.® The soil, non-target animals, and
humans who come into touch with them have
all suffered as a result of the past over-reliance
on synthetic chemicals.” In order to create more
complex and successful pest control strategies,
scientists have undertaken a number of studies
in response to a variety of problems, including
pest resurgence, pesticide resistance, and damage
to biodiversity. Environmental pollution, risks to
non-target creatures, and the quick emergence
of pesticide resistance in insect populations are
all consequences of the increasing use of synthetic
chemical pesticides.

Biological control using microbial agents
has emerged as a promising alternative to chemical
insecticides.®° Among microbial biocontrol
agents, entomopathogenic fungi (EPF) play an
important role in regulating insect populations
in natural ecosystems.'®! Entomopathogenic
Fungi (EPF) was one of the first species used for
pest biocontrol. Because these entomopathogens
are biodegradable and environmentally friendly,
they are preferred for killing insects at various
stages of their life cycles. Insects are infected by
a wide range of fungal species.’ These insect
pathogenic species include a variety of adaptations
and infectious abilities, including obligatory and
facultative pathogens.'®* EPF which naturally infect
and kill insects, present a promising ecologically
acceptable alternative. EPF are soil-dwelling fungi

that cause infection via the cuticle of insects,
including as species from the genera Beauveria,
Metarhizium and Isaria.

Although entomopathogenic fungi (EPF)
are found in soil naturally, they are mostly isolated
from insect corpses.* These microorganisms are
useful in controlling insect pests and are essential
in controlling insect populations. There are over
750 species of fungus that may infect insects and
mites, and fungal infections can affect a wide
range of insects.’® Fungi are interesting bio-control
agents because of their rapid rate of reproduction,
ability to target certain settings, short generation
durations, and ability to form saprobic phases or
resting stages. From larvae to adult hosts, a variety
of insect stages are known to be infected by EPFs.

Considering the economic importance
of rice and the need for environmentally friendly
pest management strategies, the evaluation of
entomopathogenic fungi against major insect
pests of paddy is of great significance. Therefore,
the present study aims to assess the pathogenicity
of selected entomopathogenic fungal isolates
against important insect pests associated with
paddy ecosystems and to identify effective fungal
strains that may be utilized in sustainable pest
management programs.

MATERIALS AND METHODS

Fungal isolates and culture maintenance
Fungal isolates

Fungal species were isolated and then
selected in a two step method from the insect
pest cadavers, Yellow Stem Borer (Scirpophaga
incertulas) and Fall Armyworm (Spodoptera
frugiperda) of paddy crop field of Madhepura,
Bihar, cultivated during September to November
2024 period. The cadavers of Yellow Stem Borer
(YSB) and Fall Armyworm (FAW) were brought to
the laboratory under sealed sterilised polythene
zipper bags. Swab technique was used to isolate
the fungi associated with body surface without
surface sterilization in order to intentionally
capture the surface associated fungi and then
test for pathogenic strain. Fungi were isolated
upon a PDA plates incubated at 27 + 2 °C for 72
hours as per the modified method of Sharma et
al.*® Isolated fungal colonies were purified upon
PDA slants and then after characterised upon

Journal of Pure and Applied Microbiology

2667

www.microbiologyjournal.org



Kumari et al | J Pure Appl Microbiol. 2026;20(3):2666-2675. https://doi.org/10.22207/JPAM.20.3.60

Czapak DOX media in order to identify them. Keys
of different fungal isolates were matched with
Gilman? and Barnett and Hunter® manual for
their identification. Identified fungal isolates were
then used to produce spores for the infestation
of healthy batch of yellow stem borer and fall
armyworm captured from the paddy fields.

Conidial suspension preparation for infestation
Conidia from each selected fungal isolate
were harvested by gently scraping the surface
of the fungal cultures using a sterile spatula and
suspended in a sterile solution of 0.05%-0.1%
Tween 80 in distilled water. Tween 80 behaves
as a non-ionic surfactant that helps homogenize
the hydrophobic conidia. The suspension gets
homogenized by using a vortex mixer and then
the conidial concentration is determined using
a Neubauer hemocytometer under a compound
microscope by the method of Goettel and Inglish.*
Gradients of spore suspension were prepared by
dilution ranging from 107, 104, 10°and times 10®
conidia per ml for further infestation of healthy
insect pests. Conidial viability was assessed by
plating a sample of the suspension on culture
media and counting the percentage of germinated
spores after 24 hours. Only suspensions with a
viability of 90% should be used for the bioassay.

Insect rearing and selection

Yellow Stem Borer (S. incertulas) and Fall
Armyworm (S. frugiperda) were captured during
the dusk period from paddy field and brought to
laboratory, maintained under quarantine for one
week to observe the sign and symptoms to ensure
they were free from fungal infections and being
healthy colony.

Pathogenicity bioassay
Treatment application

The healthy Yellow Stem Borer and Fall
Armyworm insects were separated into twenty
(20) experimental groups including 04 groups
as control and others (08) as for treatment with
conidiospores of two different fungal pathogens
(8 x 2 = 16 experimental groups) selected as
potential pathogen responsible for more than 50%
mortality (LD,,) within group population. Different
experimental groups (Yellow Stem Borer and Fall
Armyworm) excluding control were immersed in

04 different conidial gradients (10%, 10, 10° and
108spores/ml) respectively for a fixed period of 20
seconds each with gentle agitation, then removed
and air-dried.

Treated insects (100 per replicate) were
placed into individual or group containers with
their appropriate food source. Maintained under
controlled environmental conditions, 30 + 2 °C
and 80% RH with a 12:12 hours of light:dark
photoperiod. The experiment was repeated
four times (n = 4) per concentration in all cases.
Mortality of insects of different experimental
groups was recorded daily over a period up to 14
days.

Confirmation of mycosis (Koch’s Postulates)

Dead insects of each group were surface-
sterilized (e.g., dipped in 70% ethanol, then 0.5%
NaOCl, followed by rinsing in sterile water) to
eliminate any surface contaminants.

Sterilized cadavers were placed in
separate humid chambers made within Petri
dish lined with moist filter paper and incubated
for 3-5 days to observe the outgrowth of fungal
hyphae and sporulation on the insect’s cuticle
(mycosis). The identity of the fungus growing out
of the cadaver were confirmed by comparing its
morphological characteristics such as, conidia
shape, colour with the original inoculum. This step
confirms that death was caused by the infested
fungus thus have pathogenic potential.

Data analysis

POLO Program was used for the Probit
analysis. To define all dose-response relationships,
correlation and linear regression analysis were
conducted. For the equality of the regression
coefficient, ANOVA was performed.

RESULTS

Isolation and identification of fungal isolates

A total of five fungal isolates (EF1-EF5)
were obtained and characterized based on their
colony morphology. Among these, isolates EF1,
EF3, and EF5 exhibited typical white, cottony to
powdery colonies with dense circular growth and
pale to white reverse pigmentation, consistent
with B. bassiana. In contrast, isolates EF2 and EF4
initially showed white cottony growth that rapidly
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Table 1. Colony characterization of isolated fungal isolates

Fungal  Colony Characters Identified as Ref.
isolates
EF1 Typically white, appearing cottony or powdery with a dense,  Beauveria bassiana 17,18
circular growth. The reverse side of the colony -pale yellow
EF2 White and cottony, but rapidly turn black as conidia form, Aspergillus niger
creating a dark, velvety appearance. The colour of reverse
side -pale yellow
EF3 White appearing cottony or powdery with a dense, circular Beauveria bassiana
growth. The reverse side of the colony -pale yellow
EF4 White and cottony, but rapidly turn black as conidia form, Aspergillus niger
creating a dark, velvety appearance. The colour of reverse
side -pale yellow
EF5 White colour colony, cottony dense mycelial circular growth.  Beauveria bassiana

The reverse side of the colony -white

Table 2. Dose dependent mortality response of B. bassiana and A. niger on Yellow Stem Borer (YSB) and Fall

Armyworm (FAW)

Fungal Isolated Treatment Dose

% Mortality (after 14 days)

(Spores/ml)

Yellow Fall Armyworm
Stem Borer
Beauveria bassiana Control 0.0 0.0
10? 05 02
10* 21 14
10° 54 42
108 96 92
Aspergillus niger Control 0.0 0.0
10? 0.0 0.0
10* 0.0 0.0
10° 02 01
108 05 02

turned black with conidial formation, producing a
velvety texture characteristic of A. niger (Table 1
and Figures 1-3)

Dose-dependent mortality response

The pathogenicity of B. bassiana and A.
niger was evaluated against Yellow Stem Borer
(YSB) and Fall Armyworm (FAW) under different
spore concentrations (Table 2). A clear dose-
dependent increase in mortality was observed
for B. bassiana. At the highest concentration (108
spores/ml), mortality reached 96% in YSB and
92% in FAW after 14 days. Even at intermediate
doses (10° spores/ml), substantial mortality was
recorded (54% in YSB and 42% in FAW), indicating
strong virulence.

In contrast, A. niger exhibited negligible
pathogenicity. Mortality remained extremely low
across all concentrations, with a maximum of only
5% in YSB and 2% in FAW at 10® spores/ml. No
mortality was observed at lower doses (10*-10*
spores/ml). These findings demonstrate that B.
bassiana is significantly more effective than A.
niger in controlling both insect pests.

Probit Analysis and LD, Estimation

Probit analysis revealed a strong positive
relationship between log dose and mortality for B.
bassiana in both insect species (Table 3; Figure 4).
The regression models showed high coefficients of
determination (R? = 0.985 for YSB and 0.989 for
FAW), indicating excellent model fit.
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The lower LD, value for YSB (1.86 x 10°
spores/ml) indicates that it is more susceptible
to B. bassiana than FAW (7.21 x 10° spores/ml).
Relative potency analysis further confirmed this,
with FAW showing approximately 3.86 times lower
sensitivity compared to YSB.

The slope values were similar for both
pests (0.563 + 0.068 for YSB and 0.563 + 0.058 for
FAW), suggesting a consistent response pattern.
Chi-square (y?) values were non-significant (P
> 0.05), confirming the adequacy of the probit
model.

Model validation through residual analysis
Residual analysis was conducted to
validate the probit model predictions (Table 4).
The differences between observed and predicted
mortality values were minimal, ranging from -4%
to +2% at log dose 4.0-6.0 (Table 4). These small

residual values indicate that the model predictions
closely matched the observed data, confirming the
reliability and robustness of the regression models.

Time-mortality response and LT Estimation

The time-dependent mortality pattern of
B. bassiana showed a gradual increase in mortality
with exposure duration (Table 5). Mortality in YSB
increased from 15% at 3 days to 96% at 14 days,
while in FAW it increased from 8%-92% over the
same period (Table 5)

Regression analysis of log time versus
probit mortality yielded high R? values against YSB:
0.992 and FAW: 0.995 (Table 5) in the estimated
LT, values were of YSB: 5.30 and FAW: 6.40 days.
These results indicate that B. bassiana acts faster
in YSB compared to FAW, further supporting its
higher susceptibility.

Figure 3. Culture and Micrographs of Purified Isolates
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Confirmation of pathogen
Dead insect cadaver was tested for the ~ . =
pathogen as per the Koch’s postulate. It was - R 3
confirmed that the same fungi was isolated &Y A
for which the insect was infested earlier to
test pathogenicity. Confirmation was done by c S 3
characterizing through Gilman?” and Hunter and D
Barnett®® manual. ®  ®
2® | S o
Comparison of fungal isolates o A
Present study reveals that the B. bassiana = A 1A
has the potential to kill the health insects when e °
compared to A. niger for both Yellow Stem Borer -
(YSB) and Fall Armyworm (FAW). B. bassiana has o > £ 3
a LD, at 1.86 x 10° spores/ml for Yellow Stem é § § <
Borer and 7.21 x 10° spores/ml for Fall Armyworm RS % ?‘3’
while A. niger was not found responsible for killing S o
insects at their half population level at even their
higher spore doses. . .
ST
DISCUSSION o a3
3 0% N o0
The present investigation clearly %E% L B
demonstrates the pathogenic potential of § € > IV,
entomopathogenic fungi against major insect - S N
pests of paddy, particularly the Yellow Stem Borer > - ©
(YSB) and Fall Armyworm (FAW). Among the tested Z
fungi, B. bassiana exhibited significant virulence, 2 E s 9
causing mortality rates of up to 96% in YSB and 92% % 93 4 x o
in FAW. These findings confirm the broad-spectrum > 3 Q o
pathogenicity of B. bassiana against lepidopteran ‘§ 2 g
pests and highlight its potential as an effective S e
. . . L B N (o)} -
biocontrol agent in rice ecosystems. Similar 3|« ® Q
findings have been reported earlier, emphasizing - c o g
the effectiveness of entomopathogenic fungi as § g
eco-friendly pest control tools.?*? 3 > D £
The observed results are consistent % c & & S
with earlier studies indicating that susceptibility L 85 D %
of insect hosts to fungal pathogens varies }'j, 4 § E E &
with developmental stages and physiological E Ej g A §>
conditions.?*2* For instance, Metarhizium a o9 5
anisopliae has been documented to induce up to o > > E
100% mortality in S. frugiperda under laboratory % g
conditions,? reinforcing the high efficacy of = <
entomopathogenic fungi against lepidopteran TQU' E s
pests. Similar observations have been made in é & E E
other agroecosystems where fungal pathogens ® £ |8
significantly reduced insect populations.?? - 2 £ )
Further supporting evidence comes % " o 2 > ;‘ s
from studies on Plutella xylostella, where M. S| o I
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Table 4. Model validation through Residual analysis

Target pest Log Dose  Observed %  Predicted % Residual

Yellow Stem Borer 4.0 21% 24% -3%
6.0 54% 52% +2%

Fall armyworm 4.0 14% 15% -1%
6.0 42% 46% -4%

Table 5. Statistical parameter estimated for LT, calculation of Beauveria bassiana for YSB and FAW

Exposure Log YSB FAW YSB FAW LT, Regression Eq. R?
Time (Time)  Mortality Mortality ~ Probit  Probit Value [Y = slope x
(Days) % % (Days) log (time) +
Intercept)]
Day 3 0.477 15% 8% -1.04 -1.41 5.30(YSB) Y=4.19x-3.03 0.992 (YSB)
Day 5 0.699 45% 32% -0.13 -0.47
Day 7 0.845 70% 58% 0.52 0.20 6.40 (FAW) Y =4.23x-3.41 0.995 (FAW)
Day 10 1.000 88% 80% 1.17 0.84
Day 14 1.146 96% 92% 1.75 141
Probit Regression for Beauveria bassiana
24 Yellow Stem Borer H

= Fall Army Worm
=== LD5O (Probit=0)

Probit Value

1 2 3 4 5 6
logio(Dose)

Figure 4. Probit analysis for LD, of Beauveria bassiana for Yellow Stem Borer and Fall Armyworm

anisopliae caused significant larval mortality.?®
The effectiveness of such fungi is strongly
influenced by spore concentration, with higher
concentrations resulting in increased mortality
rates.” This dose-dependent response observed
in the present study aligns with earlier findings on
fungal biopesticides.?%3!

In the present study, the highest mortality
was recorded at a concentration of 1 x 108 spores/
ml. However, probit analysis revealed lower
median lethal dose LD, estimated at 1.86 x 10°
spores/ml for YSB and 7.21 x 10° spores/ml for

FAW in the case of B. bas siana. These results
indicate that effective pest suppression can be
achieved even at relatively lower concentrations,
making field application economically viable. In
contrast, A. niger failed to induce 50% mortality in
either pest species, even at higher concentrations,
suggesting its limited entomopathogenic potential.
Similar variability in fungal virulence has been
reported in previous studies.’?**

Comparable findings have been reported
by Han et al.,* who observed 100% mortality
in second instar larvae of S. exigua treated
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with M. anisopliae. Likewise, Paecilomyces
fumosoroseus achieved complete mortality at
lower concentrations after a longer exposure
period. Behavioral symptoms such as reduced
mobility, cessation of feeding, and eventual death
observed in FAW larvae in the present study
are characteristic of fungal infection.*>3 These
symptoms further validate the pathogenic action
of the tested fungi.

The probit analysis conducted in this
study showed low residual values, suggesting a
good fit of the model. According to Finney,* non-
significant chi-square values indicate the validity
of the probit model. Therefore, the observed
linear relationship between log-dose and probit
mortality confirms the reliability of toxicity
estimates for both YSB and FAW.

The pathogenicity of entomopathogenic
fungi can be explained through their infection
mechanism. Initially, fungal conidia adhere to
the insect cuticle, followed by germination and
penetration facilitated by cuticle-degrading
enzymes such as chitinases, proteases, and
lipases.®®%

The ecological compatibility and safety of
these fungi make them promising candidates for
integration into pest management programs.®4!
Additionally, combining fungal agents with
other biological control strategies can enhance
their effectiveness.**** Their role in sustainable
agriculture has been widely recognized, particularly
in reducing chemical pesticide dependence.*

Overall, the present findings highlight
the significant potential of B. bassiana as eco-
friendly alternative to chemical insecticides for
managing major paddy pests. Their high efficacy,
dose-dependent response, and well-established
infection mechanisms make them suitable for
incorporation into integrated pest management
(IPM) strategies. However, further field-level
evaluations, formulation improvements, and
studies on environmental interactions are
necessary to enhance their persistence, stability,
and large-scale applicability under diverse agro-
climatic conditions.

CONCLUSION

most virulent isolate(s) identified in this study
warrant further investigation. The ultimate goal of
entemopathogenicity testing against insect pests
is the production of more eco-friendly, economical
and effective solution for the agricultural pets. The
selected virulentisolates must be amenable to mass
production and fermentation while maintaining
genetic stability. Furthermore, regulatory approval
hinges on rigorous non-target safety assessment
ensuring the mycoinsecticide aligns with principles
of Integrated Pest Management (IPM).
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