
290         J. Trop. Plant Pests Dis.                                                                                                                     Vol. 26, No. 2 2026: 290–303J. Trop. Plant Pests Dis. 					                                           
Vol. 26, No. 2, September 2026
Pages: 290–303

ISSN: 1411-7525
E-ISSN: 2461-0399

DOI : 10.23960/j.hptt.226290-303

RESEARCH PAPER

Effectiveness of entomopathogenic fungal combinations on eggs and larval 
development of Spodoptera frugiperda J.E. Smith (Lepidoptera: Noctuidae) in corn 
plants

Indri Yanil Vajri1, Trizelia2, Haliatur Rahma2, & Yusniwati3

Manuscript received: 30 July 2025. Revision accepted: 25 November 2025. Available online: 23 April 2026.

ABSTRACT

Spodoptera frugiperda J.E. Smith is an invasive pest of corn, requiring effective and environmentally friendly control 
strategies. This study aimed to evaluate the effectiveness of three entomopathogenic fungal (EPF) isolates, namely Beauveria 
bassiana WS, Metarhizium anisopliae B22C, and Trichoderma asperellum A116, tested as single isolates or in combination 
against S. frugiperda eggs and larvae. The experiment used a Completely Randomized Design (CRD) with eight treatments 
(three single treatments, four combinations, and a control) and four replications. Conidial suspensions were applied by 
spraying onto eggs and second-instar larvae. Parameters observed included the percentage of unhatched eggs, larval 
mortality, and pupal and adult development. Chitinase, protease, and lipase activities were qualitatively tested to support the 
identification of pathogenicity mechanisms. Data were analyzed using analysis of variance (ANOVA), followed by the LSD 
test at a 5% significance level. The results showed that EPF combinations increased mortality and inhibited the development 
of S. frugiperda. The combination of B. bassiana WS + T. asperellum A116 was the most effective treatment, inhibiting 
egg hatching by 85% and reducing pupal and adult formation to 25.95% and 12.96%, respectively. The highest mortality of 
first-instar larvae was observed in the single treatment of B. bassiana WS and the tertiary combination of B. bassiana WS 
+ M. anisopliae B22C + T. asperellum A116, at 24.18% and 22.91%, respectively. Consistent enzymatic activity indicated 
potential biocontrol synergy through the production of cuticle-degrading enzymes. This combination is recommended for 
field-scale testing as an environmentally friendly alternative to reduce dependence on chemical insecticides.
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INTRODUCTION 

Corn (Zea mays) is a major food commodity as a 
source of carbohydrates after rice, playing a crucial role 
in agricultural and economic development programs 
in Indonesia. National corn demand is reported to 
continue to increase in line with population growth 
(BPS-Statistics Indonesia, 2021). In Indonesia, food 
availability is a crucial determinant of food security 
and national stability (Sandy et al., 2019). Increased 

demand that is not matched by increased production 
will impact food availability and market prices. One 
of the main obstacles in corn farming is pest attack 
by the armyworm Spodoptera frugiperda J.E. Smith 
(Lepidoptera: Noctuidae). This invasive pest has 
recently been reported to spread rapidly and cause 
significant damage to maize production in several 
regions of Indonesia (Trisyono et al., 2019; Lestari et 
al., 2024; Ginting et al., 2024).

S. frugiperda larval infestation on plants is 
characterized by burrow marks in the form of coarse 
powder resembling sawdust found on the surface or 
tips of leaves (Nonci et al., 2019). Heavy infestations 
can cause yield losses of 20–94% (Directorate of Food 
Crop Protection, 2020; Meilin et al., 2020), and even 
up to 100% in young corn plants (Trisyono et al., 2019). 
S. frugiperda adults are able to travel long distances 
and spread rapidly in Indonesia (Nonci et al., 2019). 
Conventionally, farmers rely on pesticides to control 
S. frugiperda (Kumela et al., 2018), but their use has 
negative impacts such as health problems (Harrison 
et al., 2019), death of non-target insects, pollution, 
pest resistance (Zhang et al., 2021), secondary 
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pest outbreaks, resurgence, and ecosystem damage 
(Adriyani, 2006). Therefore, environmentally friendly 
control alternatives are needed.

The use of biological agents in the form of 
entomopathogenic fungi (EPF) is an alternative 
solution that can reduce the use of synthetic pesticides 
(Sari et al., 2022). The mechanism of EPF in killing 
host insects involves the production of metabolites, 
including cell wall–degrading enzymes and toxins 
(Peng et al., 2021), proteases, lipases, aminopeptidases 
(Clarkson & Charnley, 1996), and chitinases (Giridhar 
et al., 2012), which degrade the endocuticle of pest 
insects, causing death. Several fungi reported to be 
effective as entomopathogens include Beauveria 
bassiana (Flawerina et al., 2021; Trizelia et al., 2019), 
Metarhizium anisopliae (Akutse et al., 2019), and 
Trichoderma asperellum (Islam et al., 2022). Previous 
studies reported that B. bassiana and M. anisopliae 
exhibit high pathogenicity against various insect pests 
and are effective biological control agents (Herlinda 
et al., 2006; Prayogo, 2013; Effendy et al., 2010). B. 
bassiana and M. anisopliae control insect pests through 
direct infection, where fungal conidia attach to the 
insect cuticle and penetrate it using chitinase, protease, 
and lipase enzymes. The conidia then develop in the 
insect’s hemolymph and produce toxins that cause 
insect death (Vajri et al., 2024). T. asperellum, better 
known as a plant pathogen control agent, affects pests 
through enzymes that damage eggs or young larvae 
and is also able to stimulate plant defenses (Bamisile et 
al., 2014). The combination of these three fungi has the 
potential to provide a synergistic effect by combining 
direct infection and indirect mechanisms to increase 
the effectiveness of biological control of insect pests.

One advantage of using EPF for biological 
control is that they can target various stages of insect 
development, including eggs, larvae, pupae, and adults 
(Akutse et al., 2019). Idrees et al. (2021) reported that 
B. bassiana was effective in causing mortality of up 
to 85.6% in S. frugiperda eggs. Idrees et al. (2023) 
reported that M. anisopliae caused mortality of up 
to 86% and 57% in S. frugiperda eggs and neonates, 
respectively. The use of Trichoderma spp. was also 
reported by Alfasiri et al. (2025) to cause mortality of 
up to 78.54% and 60.22% in S. frugiperda eggs and 
neonates, respectively. Similar findings indicated that 
entomopathogenic fungi are capable of infecting early 
developmental stages of insect pests due to enzymatic 
degradation of the insect cuticle and toxin production 
(Rizkie et al., 2017; Prayogo, 2013).

Recent research interest in microbial 
development has shifted toward the use of microbial 

consortia consisting of various entomopathogenic 
strains to improve stability and efficiency in biocontrol 
activities under diverse environmental conditions 
(Sarma et al., 2015). Some studies have shown that 
combinations of EPF can produce synergistic or 
additive effects, increasing pest mortality compared 
to single treatments (Půža & Tarasco, 2023). Batool et 
al. (2020) reported that the combination of B. bassiana 
and T. asperellum effectively caused mortality of 
Ostrinia furnacalis up to 98.3%. Nazir et al. (2018) 
also reported that the binary combination of B. 
bassiana (BB-252) and Lecanicillium lecanii (V-4), as 
well as the tertiary combination of B. bassiana (BB-
252, BB-253) and V-4, caused mortality of aphids 
(Myzus persicae) of 80% and 78%, respectively. 
However, interactions between fungi are not always 
positive. Competition for space, nutrient sources, 
or secondary metabolites can trigger antagonism 
and reduce effectiveness (Pauli et al., 2018; Correa-
Cuadros et al., 2016). Furthermore, studies specifically 
investigating the combined treatment of three fungal 
entomopathogens (B. bassiana, M. anisopliae, and T. 
asperellum) on S. frugiperda eggs are still very limited 
or have not been reported in the literature over the 
past five years, even though this phase is vulnerable 
and crucial in the pest’s life cycle. Therefore, a direct 
evaluation of the effectiveness of the combination of 
B. bassiana, M. anisopliae, and T. asperellum on S. 
frugiperda eggs is necessary to explore the potential 
benefits of the biocontrol combination and to test the 
hypothesis of increased efficacy without laboratory 
analysis of synergistic or antagonistic interactions.

 
MATERIALS AND METHODS

Research Site. This research was conducted at the 
Biological Control Laboratory, Faculty of Agriculture, 
Andalas University, from April to June 2024.

Research Design. This study used a Completely 
Randomized Design (CRD) with eight treatments 
and four replications. Fungal isolates were obtained 
from the Biological Control Laboratory, Department 
of Plant Protection, Faculty of Agriculture, Andalas 
University. The fungal isolates used were B. bassiana 
WS, M. anisopliae B22C, and T. asperellum A116. The 
treatment combinations used are presented in Table 1.

Fungal Rejuvenation on SDA Medium. All fungal 
isolates used in this study were rejuvenated by 
cutting colonies using a cork borer and transferring 
them with a spatula onto Sabouraud Dextrose Agar 
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(SDA; Merck, Germany) medium in Petri dishes. The 
isolates were incubated at room temperature (±25 
ºC) for approximately 15 days for further use. The 

characteristics of the fungi are shown in Table 2 and 
Figure 1.

Treatment Treatment code Treatment description

Single isolate (1)
BbWS Beauveria bassiana WS
MaB22C Metarhizium anisopliae B22C
TaA116 Trichoderma asperellum A116

Binary combination (1:1)
BbWS + MaB22C B. bassiana WS + M. anisopliae B22C
BbWS + TaA116 B. bassiana WS + T. asperellum A116
MaB22C + TaA116 M. anisopliae B22C + T. asperellum A116

Tertiary combination (1:1:1) BbWS + MaB22C + TaA116 B. bassiana WS + M. anisopliae B22C +   T. 
asperellum A116

Control K Control (Sterile distilled water)

Table 1. Combination treatments of fungal isolates used in the experiment

C.1
D.1

C.2

D.2

D.3

C.3

B.3

B.2A.2

A.1 B.1

A.3

Figure 1. Macroscopic and microscopic characteristics (at 100× magnification) of entomopathogenic fungi on 
SDAY medium at 15 days after incubation. A. Macroscopic top view; B. Macroscopic bottom view; C. 
Microscopic hyphal morphology; D. Microscopic conidia morphology; 1. Beauveria bassiana WS; 2. 
Metarhizium anisopliae B22C; 3. Trichoderma asperellum A116.

Treatment code Origin of isolate Place of origin Colony surface color Hyphae Conidia

BbWS Infected stink 
bugs

Padang City, 
West Sumatra White Cotton Partitioned Round

MaB22C Oil palm 
rhizosphere

Pasaman 
Regency, West 

Sumatra
Light green Branching cylinder

TaA116 Chili root 
endophytes

Agam Regency, 
West Sumatra Dark green Partitioned Round

Table 2. Morphology of entomopathogenic fungi on SDA media
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Propagation of S. frugiperda. S. frugiperda larvae 
were obtained from corn cultivation centers in Kuranji 
District, Padang City, West Sumatra. The larvae 
collected were in instar 3 and 4 stages. Each larva was 
kept individually in a 5 cm × 5 cm × 5 cm plastic box 
and fed cut corn leaves, which were replaced every 24 
hours with fresh leaves. Larvae that entered the pupal 
phase were transferred into plastic jars lined with filter 
paper and placed in insect cages measuring 45 cm × 
45 cm × 45 cm with cut leaves inside as oviposition 
substrates. Adults emerging from pupae were fed 10% 
honey solution soaked in cotton and hung above the 
cage. Eggs produced by the adults were used as test 
material in this study.

Preparation of Fungal Suspension. Fifteen-day-old 
fungal colonies were harvested by adding 10 mL of 
sterile distilled water and Tween 80 (0.01%) (SmartLab 
Indonesia) as a surfactant into the Petri dish. The mixture 
was gently brushed to release conidia, then transferred 
to a test tube and homogenized using a vortex (Gemmy 
VM-300, Taiwan). Dilution was performed to obtain 
a concentration of 107 conidia/mL. Conidial density 
was calculated using a haemocytometer (Improved 
Neubauer) (Minitub, Germany) (Dhawan & Joshi, 
2017).

Application of Fungal Conidia Combination to 
S. frugiperda Eggs. The virulence test of fungal 
combinations was conducted to determine whether 
the combinations were able to cause mortality in 
S. frugiperda eggs. The test followed the method 
of Trizelia (2005). The conidial concentration of 
each fungal combination used was 107 conidia/mL. 
Treatment application was carried out by spraying 3 
mL of fungal conidial suspension onto groups of one-
day-old eggs in Petri dishes lined with moist filter 
paper. The control treatment was sprayed with sterile 
distilled water at the same volume. The comparison 
of fungal suspension volumes in each combination is 
shown in Table 3. Observations were conducted daily 
until the eggs hatched. The percentage of hatched eggs 
was calculated using the following formula:

T = Percentage of egg hatching;
X = Number of eggs hatched;
Y = Total number of eggs.

Mortality increase wass calculated using the formula:

E
P

P K
100%#=

-

E = Effectiveness or increased mortality;
P = Mortality in treatment;
K = Mortality in control.

Larvae that emerged from hatched eggs were 
counted and fed with fresh corn leaves to observe their 
development until the adult stage. First-instar larvae 
obtained from egg development after fungal application 
were counted and observed daily until they reached the 
second instar. Observations were also conducted on 
larvae showing symptoms of entomopathogenic fungal 
infection. The percentage of first-instar larval mortality 
was calculated using the following formula:

T
Y

X
100%#=

T = Percentage of mortality of first-instar larvae;
X = Number of first instar larvae that died;
Y = Total number of first-instar larvae.

The percentage of pupae formed was determined 
by calculating the number of pupae formed from all 
eggs that hatched into first-instar larvae. The percentage 
of pupae formed was calculated using the formula of 
Saputra et al. (2016):

Pp
N

P
100%#=

Pp = Percentage of pupae formed;
p  = Number of pupae formed;
N = Number of eggs that hatched into first-instar larvae.

The percentage of adult (imago) formation was 
determined by counting the number of adults formed 
from all eggs that hatched in each treatment. The 
percentage of adult formation was calculated using the 

Treatment Ratio of fungal suspension volumes Total volume
Single isolate 1 3 mL
Binary combination (2 isolates) 1 : 1 3 mL
Tertiary combination (3 isolates) 1 : 1 : 1 3 mL
Control (sterile distilled water) 0 3 mL

Table 3. Comparison of volumes of combined fungal suspensions used in the virulence test against S. frugiperda 
eggs at a concentration of 107 conidia/mL

T
Y

X
100%#=
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formula from Saputra et al. (2016):

Pi
N

i
100%#=

Pi = Percentage of adult formed;
i   = Number of adult formed;
N = Number of eggs that hatched into first-instar larvae.

Fungal Combination Enzymatic Activity Test. 
Various fungal extracellular enzymes are capable 
of degrading the cuticle and tissues of host insects. 
Enzymatic activity tests were conducted using the 
method of Stuart et al. (2020). The enzymatic activities 
tested were chitinase, protease, and lipase. A total 
of 10 μL of conidial suspension containing a fungal 
combination at a concentration of 107 conidia/mL was 
placed in each Petri dish containing specific enzyme 
media, namely chitinase medium (colloidal chitin, 1%; 
MgSO4 7H2O, 0.5 g; K2HPO4, 0.7 g; KH2PO4, 0.3 g; 
FeSO4.7H2O, 0.01 g; ZnSO4, 0.001 g; MnCl2, 0.001 
g in 1000 mL of distilled water), protease medium 
(yeast extract, 2.5 g; dextrose, 1 g; NaCl, 2.5 g; agar, 
15 g; peptone, 5 g; skim milk, 100 mL in 1000 mL of 
distilled water), or lipase medium (Tween 80, 10 mL; 

peptone, 10 g; NaCl, 5 g; CaCl2-2H2O, 0.1 g; agar, 20 
g in 1000 mL distilled water), and then incubated for 3 
days. The presence of a halo or clear zone around the 
colony indicates enzymatic activity.

RESULTS AND DISCUSSION

Egg Hatchability and First-Instar Larval Mortality 
of S. frugiperda. The results showed that fungal 
combinations applied to the eggs significantly 
affected the development of S. frugiperda eggs. The 
binary combination treatment of BbWS+TaA116 
showed the highest effectiveness in inhibiting egg 
hatching, up to 85%, followed by the single treatment 
of BbWS at 82.53% and the binary combination of 
BbWS+MaB22C at 78%. In contrast, the tertiary 
combination treatment of BbWS+MaB22C+TaA116 
showed the lowest effectiveness among the fungal 
treatments, namely 43%, although this value was still 
higher than the control (8.94%). Data on S. frugiperda 
egg development are presented in Table 4 and Figure 2.

In addition, observations of first-instar 
larval mortality showed that the application of 

Treatment code Number of eggs 
(eggs)

Egg hatching (%) 
± LSD

Eggs not hatching 
(%) ± LSD

Effectiveness of non-
hatching eggs (%)

BbWS + TaA116 116.50 15.00 ± 3.2 e 85.00 ± 3.5 e 83.54
BbWS 130.25 17.47 ± 3.3 e 82.53 ± 3.5 e 80.81
BbWS + MaB22C 113.75 22.00 ± 3.4 e 78.00 ± 3.5 e 75.84
TaA116 142.75 32.57 ± 3.7 d 67.43 ± 3.5 d 64.23
MaB22C 116,.00 33.41 ± 3.7 d 66.59 ± 3.5 d 63.31
MaB22C + TaA116 124.25 46.00 ± 3.6 c 54.00 ± 3.5 c 49.48
BbWS + MaB22C + TaA116 134.00 57.00 ± 3.5 b 43.00 ± 3.5 b 37.40
Control 117.50 91.06 ± 2.8 a 8.94 ± 3.5 a -

Table 4. Development of S. frugiperda eggs after application of entomopathogenic fungal combinations at the egg 
stage

Values followed by the same letter in the same column are not significantly different at the 5% level according to 
the LSD test.

CBA Eggs not hatching

Eggs hatching
Fungal mycelium

Figure 2. S. frugiperda eggs after application of entomopathogenic fungal combination. A. Normal eggs after 
spraying; B. Hatched and unhatched eggs (MaB22C+TaA116); C. Mycelial growth after application of 
the fungal isolate.



Vajri et al.                	                                                                   Effectiveness of entomopathogenic fungal combinations on eggs        295 	

entomopathogenic fungi to eggs significantly affected 
the mortality of newly hatched larvae, ranging from 
17% to 24.18%. The single treatment of BbWS resulted 
in the highest mortality (24.18%), followed by the 
tertiary combination of BbWS+MaB22C+TaA116 and 
the binary combination of BbWS+TaA116, at 22.91% 
and 22.86%, respectively. Larvae emerging from the 
eggshells were observed consuming the remaining 
shells contaminated with the fungal combination after 
treatment. Larval mortality was observed on the second 
day after hatching, with symptoms including stiffening 
and blackening of the larval body. In contrast, the 
binary combination treatment of BbWS+MaB22C 
showed the lowest effectiveness (17%), although still 
higher than the control (8.4%). Data on first-instar 
larval mortality and death symptoms of S. frugiperda 
are presented in Table 5 and Figure 3.

The binary combination treatment of B. 
bassiana and T. asperellum (BbWS+TaA116), as 
well as the single treatment of B. bassiana (BbWS), 
showed the best results in suppressing S. frugiperda 
egg hatching by more than 80%. This is consistent 
with the characteristics of B. bassiana as a virulent 
entomopathogenic fungus against various insect 

pests (Vajri et al., 2024). Entomopathogenic fungi 
are ovicidal, infecting eggs directly or disrupting 
embryonic development. Prayogo (2010) reported that 
insect eggs consist of an exochorion layer containing 
carbohydrates and endocrine components, and a 
crystalline layer containing protein. The high virulence 
of the BbWS+TaA116 combination is supported by the 
ability of B. bassiana to produce embryotoxic toxins 
(such as beauvericin and bassianolide) as well as 
protease and chitinase enzymes (Wang et al., 2021). 
T. asperellum is also known to produce glucanase and 
chitinase, which enhance the penetration ability of B. 
bassiana, thus exhibiting a synergistic effect (Batool 
et al., 2020). Furthermore, the activity of hydrolytic 
enzymes (chitinase, protease, and lipase) also plays an 
important role in pathogenicity (Deb & Dutta, 2021). 
Qualitative confirmation through biochemical assays 
of hydrolytic enzyme production in this study showed 
that the BbWS+TaA116 combination actively produced 
all three enzymes compared to other combinations 
(Table 6; Figure 4), which is suspected to be the main 
contributing to the high inhibition of S. frugiperda egg 
development.

The tertiary combination of 

Table 5. First-instar larval mortality of S. frugiperda following application of entomopathogenic fungal 
combinations at the egg stage
Treatment code First-instar larval mortality (%) ± LSD Mortality effectiveness (%)

BbWS 24.18 ± 2.0 d 17.23
BbWS + MaB22C + TaA116 22.91 ± 2.0 c 15.84
BbWS + TaA116 22.86 ± 2.0 c 15.79
TaA116 20.97 ± 2.0 c 13.72
MaB22C 18.06 ± 2.0 b 10.55
MaB22C + TaA116 17.90 ± 2.0 b 10.37
BbWS + MaB22C 17.00 ± 2.0 b 09.39
Control   8.40 ± 2.0 a -

Values followed by the same letter in the same column are not significantly different at the 5% level according to 
the LSD test.

A B

Figure 3. First-instar S. frugiperda larvae after application of entomopathogenic fungal combinations. A. Normal 
larvae; B. Died larvae showing mycosis after application.
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BbWS+MaB22C+TaA116 showed the lowest 
suppression of S. frugiperda egg hatching compared 
to single or binary treatments. This may be due to 
competitive interactions occurring during the initial 
colonization phase among fungi (Quesada-Moraga 
et al., 2022). Gómez-Valderrama et al. (2022) stated 
that combinations of three or more entomopathogens 
often result in non-additive or antagonistic interactions 
depending on spatial relationships, inoculum ratios, 
and metabolites produced. Meanwhile, the control 
showed the highest hatching rate (91.51%), indicating 
that fungal treatments contributed substantially to 
inhibiting embryo development or egg penetration.

The combination treatments applied to S. 
frugiperda eggs also affected first-instar larval 
mortality. The single treatment of BbWS, the tertiary 
combination of BbWS+MaB22C+TaA116, and the 
binary combination of BbWS+TaA116 showed the 
best results in causing first-instar larval mortality of 
more than 20%. Although relatively low, this value 
demonstrates that the combination treatment of 
entomopathogenic fungi applied to eggs successfully 
impacted the early phase of insect development 
(Ramatsitsi et al., 2025). The single treatment of B. 

bassiana showed the highest effectiveness in causing 
first-instar larval mortality. Interestingly, the tertiary 
combination of BbWS+MaB22C+TaA116 provided 
an effect almost equivalent to the single isolate and 
higher than other combinations, although it showed 
the lowest suppression of egg hatching. Idrees et al. 
(2021) stated that several entomopathogenic fungi, 
such as B. bassiana and M. anisopliae, can cause a 
“post-oviposition effect” or latent infection, resulting 
in delayed mortality after hatching. Fungal conidia 
adhere to the egg surface without immediately 
killing the embryo. After hatching, pathogenic spores 
or metabolites remain on the neonate larvae and 
subsequently infect them, causing post-hatch mortality 
(da Silva et al., 2025).

The pathogenic processes of B. bassiana and 
M. anisopliae follow the classic mechanisms of 
entomopathogenic fungi. Initially, conidia adhere 
to the host cuticle through hydrophobic interactions 
and adhesins, then germinate and form infection 
structures such as appressoria or penetration pegs 
(Harith-Fadzilah et al., 2020). During penetration, both 
fungi secrete hydrolytic enzymes such as proteases, 
chitinases, and lipases that break down the cuticle layer 

Table 6. Biochemical test of hydrolytic enzyme production by combinations of B. bassiana, M. anisopliae, and 
T. asperellum 

Treatment
Enzymatic activity (+/-)

Chitinase Protease Lipase
BbWS + - +
MaB22C + + -
TaA116 - + +
BbWS + MaB22C + - +
BbWS + TaA116 + + +
MaB22C + TaA116 - + -
BbWS + MaB22C + 
TaA116 + + -

Control - - -

Figure 4. Enzymatic activity of fungal combinations showing clear zones. A. Chitinase activity (BbWS); B. 
Protease activity (BbWS+TaA116); C. Lipase activity (BbWS+MaB22C).

Clear Zone Clear Zone

Clear Zone

A B C
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of entomopathogenic fungi significantly affected 
pupal and adult formation of S. frugiperda. The best 
treatment was the combination of BbWS+TaA116, 
which resulted in the lowest percentages of pupae 
and adults, at 38.89% and 12.96%, respectively. This 
was followed by the single treatment of BbWS, the 
tertiary combination of BbWS+MaB22C+TaA116, 
and the binary combination of MaB22C+TaA116, 
which were significantly different from the control. 
Other treatments were not significantly different from 
the control (pupae >50%, adults >30%). In the control 
treatment, pupae and adults were formed at 75.26% and 
55.10%, respectively. Data on the percentage of pupal 
and adult formation of S. frugiperda are presented in 
Tables 7 and 8.

Larvae that successfully developed into 
pupae and adults showed both normal and abnormal 
development. Abnormal pupae were identified by 
failure of the prepupal stage to transform into pupae, 
followed by death and body blackening (Figure 5). 
Abnormal adults were identified by damaged wings or 
death during emergence from the pupal case (Figure 
6).

Larval mortality affected pupal formation. High 
mortality rates and the presence of prepupae that 
failed to develop into pupae resulted in low pupal and 
adult formation. In this study, the binary combination 
treatment of BbWS+TaA116 demonstrated the best 
results in suppressing pupal and adult formation.	

Mortality of S. frugiperda pupae and adults 
caused by B. bassiana and M. anisopliae has been 
previously reported. Fungal treatment suppressed adult 
formation of S. frugiperda by 86% using B. bassiana 
(Faddilah et al., 2022) and 57.67% using M. anisopliae 
(Lestari et al., 2022). Alfasiri et al. (2025) also reported 

and allow hyphal invasion into the insect body (Golzan 
et al., 2023; Saciloto-de-Oliveira et al., 2023). After 
penetration, the fungus develops in the hemolymph as 
blastosporic bodies or branching hyphae, producing 
secondary toxins such as destruxins (in M. anisopliae) 
and other mycotoxins (in B. bassiana) that suppress 
the host immune system and accelerate death (Wang 
et al., 2023; Oberti et al., 2025). Systemic infection 
continues with colonization of tissues, including the 
fat body, trachea, and muscles, before hyphae emerge 
on the body surface for external sporulation (Sharma & 
Sharma, 2021). This pathogen–host interaction aligns 
with the results of this study, where high mortality 
and inhibition of pupal and adult development were 
observed, likely driven by a combination of cuticle-
degrading enzymes and internal toxicity.

Although strong synergism was not observed in 
the tertiary combination, the use of fungal combinations 
still showed significant potential for suppressing early 
pest populations through egg infection. Previous studies 
by Idrees et al. (2021) and Idrees et al. (2023) reported 
that B. bassiana and M. anisopliae were effective in 
infecting eggs and early larvae of S. frugiperda, causing 
mortality of 40% and 25.9% (for B. bassiana) and 40% 
and 23.3% (for M. anisopliae), respectively. Alfasiri 
et al. (2025) also reported that T. asperellum caused 
mortality of 78.54% and 60.22% in eggs and early 
larvae, respectively. However, these studies did not use 
a combination approach. This finding therefore opens 
new opportunities for developing biological control 
agents based on combinations of entomopathogenic 
fungi for early pest control from the egg stage.

Pupal and Adult Formation of S. frugiperda. 
The results showed that combination treatments 

Treatment code
Pupal formation (%) ± LSD

Normal Abnormal Total
Control 73.98 ± 3.0 a   1.28 ± 3.0 c 75.26 ± 3.5 a
BbWS + MaB22C 40.96 ± 3.0 bcd 27.71 ± 3.0 a 68.67 ± 3.5 ab
TaA116 55.78 ± 3.0 ab   7.48 ± 3.0 bc 63.27 ± 3.5 abc
MaB22C 47.24 ± 3.0 bc   8.66 ± 3.0 bc 55.91 ± 3.5 abcd
MaB22C + TaA116 40.43 ± 3.0 cde 12.77 ± 3.0 b 53.19 ± 3.5  bcd
BbWS + MaB22C + TaA116 31.49 ± 3.0 cde 13.62 ± 3.0 b 45.11 ± 3.5 cde
BbWS 28.99 ± 3.0 de 11.59 ± 3.0 bc 39.13 ± 3.5 de
BbWS + TaA116 25.93 ± 3.0 f 12.96 ± 3.0 b 38.89 ± 3.5 de

Table 7. Pupal formation of S. frugiperda following application of entomopathogenic fungal combinations at the 
egg stage

Values followed by the same letter in the same column are not significantly different at the 5% level according to 
the LSD test.
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that T. asperellum suppressed pupal and adult formation 
by 58.51% and 45.13%, respectively. Pupal and adult 
malformations were associated with decreased pupal 
weight and length, as well as abnormal wing formation 
in S. frugiperda (Sari et al., 2023).

However, these studies did not use a combination 
approach. Therefore, this study is among the first to test 
a combination of three entomopathogenic fungi on egg 
hatching, first-instar larval mortality, and inhibition of 
pupal and adult formation. This research opens new 
opportunities for developing multimicrobial-based 
biological control.

CONCLUSION

The results showed that the combination of the 
entomopathogenic fungi B. bassiana, M. anisopliae 
and T. asperellum was effective in suppressing the 
development of S. frugiperda eggs and first-instar 
larvae, as well as inhibiting pupal and adult formation. 
The fungal combinations also produced hydrolytic 
enzymes, namely chitinase, lipase, and protease, 
as demonstrated by qualitative assays based on the 
formation of clear zones on specific media. These clear 
zones visually indicated enzymatic activity without 

A B

Figure 5. S. frugiperda pupae after application of entomopathogenic fungal combinations. A. Normal pupae; B. 
Abnormal pupae.

A B

Figure 6. Imago of S. frugiperda after application of entomopathogenic fungal combinations. A. Normal imago; 
B. Abnormal imago.

Treatment code
Imago formation (%) ± LSD

Normal Abnormal Total
Control 54.08 ± 3.0 a 1.02 ± 3.0 e 55.10 ± 3.0 a
BbWS + MaB22C 31.33 ± 3.0 ab 9.64 ± 3.0 ab 40.96 ± 3.0 ab
TaA116 29.93 ± 3.0 abc 2.72 ± 3.0 cde 32.65 ± 3.0 ab
MaB22C 21.26 ± 3.0 bcd 11.02 ± 3.0 a 32.28 ± 3.0 abc
MaB22C + TaA116 25.53 ± 3.0 abc 4.79 ± 3.0 bcde 30.32 ± 3.0 bc
BbWS + MaB22C + TaA116 22.13 ± 3.0 bcd 5.96 ± 3.0 abcd 28.09 ± 3.0 bc
BbWS 18.84 ± 3.0 bcde 7.25 ± 3.0 abc 26.09 ± 3.0 bc
BbWS + TaA116 11.11 ± 3.0 cde 1.85 ± 3.0 de 12.96 ± 3.0 cd

Table 8. Adult formation of S. frugiperda following application of entomopathogenic fungal combinations at the 
egg stage

Values followed by the same letter in the same column are not significantly different at the 5% level according 
to the LSD test.
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providing quantitative measurements. The binary 
combination of B. bassiana WS and T. asperellum 
A116 was the most effective treatment in suppressing 
egg hatching (82.53%), increasing first-instar larval 
mortality (22.86%), and reducing pupal (25.95%) 
and adult (12.96%) formation of S. frugiperda. This 
combination also showed the clearest zone in the 
enzymatic assay, supporting its role in degrading the 
insect cuticle through chitinase, protease, and lipase 
activities. Overall, the combination of B. bassiana 
WS and T. asperellum A116 has strong potential 
as a multimicrobial biocontrol agent and offers 
opportunities for the development of more effective 
and sustainable biological control strategies.

ACKNOWLEDGMENTS

The authors sincerely thank the Biological 
Control Laboratory, Faculty of Agriculture, Andalas 
University, for providing the facilities and support 
necessary for conducting this research

FUNDING

The authors declare that no funds, grants, or 
other support were received during the preparation of 
this manuscript.

AUTHORS’ CONTRIBUTIONS

All authors contributed to the completion of this 
article. IYV, T, HR, and Y contributed to the refinement 
of the research flow, data analysis, interpretation, and 
structure of the manuscript. All authors have read and 
approved the final version of the manuscript.

COMPETING INTEREST

The authors declare no conflict of interest 
regarding the publication of this manuscript.

REFERENCES

Adriyani R. 2006. Usaha pengendalian pencemaran 
lingkungan akibat penggunaan pestisida 
pertanian [Control of environmental pollution 
caused by pesticide in agricultural process]. 
Jurnal Kesehatan Lingkungan. 3(1): 95–106.

Alfasiri A. 2025. Pengendalian Spodoptera 
frugipera J.E. Smith (Lepidoptera: Noctuidae] 
menggunakan beberapa strain cencawan endofit 

Trichoderma asperellum Samuels, Lieckf & 
Nirenberg pada tanaman jagung [Control of 
Spodoptera frugiperda J.E. Smith (Lepidoptera: 
Noctuidae) by using several strain of endophytic 
fungus Trichoderma asperellum Samuels, 
Lieckf & Nirenberg in maize. Master Thesis. 
Universitas Andalas. Padang.

Akutse KS, Kimemia JW, Ekesi S, Khamis FM, 
Ombura OL, & Subramanian S. 2019. Ovicidal 
effects of entomopathogenic fungal isolates 
on the invasive fall armyworm Spodoptera 
frugiperda (Lepidoptera: Noctuidae). J. 
Appl. Entomol. 143(6): 626–634. https://doi.
org/10.1111/jen.12634 

Bamisile BS, Adesina JM, & Ofuya TI. 2014. Relative 
Susceptibility and proximate composition 
of some imported and local rice varieties to 
infestation and damage by Sitophilus oryzae L. 
(Coleoptera: 	 Curculionidae). Mol. 
Entomol. 5(3): 18–29. 

Batool R, Umer MJ, Wang Y, He K. Zhang T, Bai S, 
Zhi Y, Chen J, & Wang Z. 2020. Synergistic 
effect of Beauveria bassiana and Trichoderma 
asperellum to induce maize (Zea mays L.) 
defense against the asian corn borer, Ostrinia 
furnacalis (Lepidoptera, Crambidae). Int. J. 
Mol. Sci. 21(21): 8215. https://doi.org/10.3390/
ijms21218215

BPS-Statistics Indonesia. 2021. Analisis Produktivitas 
Jagung dan Kedelai di Indonesia 2020 (Hasil 
Survei Ubinan) [Analysis of Corn and Soybean 
Productivity in Indonesia 2020]. https://www.
bps.go.id/id/publication/2021/07/27/16e8f-
4b2ad77dd7de2e53ef2/analisis-produktivi-
tas-jagung-dan-kedelai-di-indonesia-2020--ha-
sil-survei-ubinan-.html. Accessed on 24 June  
2025.

Directorate of Food Crop Protection. 2020. Pedoman 
Operasional: Pengamatan dan Pengendalian 
Spodoptera frugiperda pada Jagung 
[Operational Guidelines for Observation & 
Control of Spodoptera frugiperda in Corn]. 
Direktorat Perlindangan Tanaman Pangan. 
Direktorat Jenderal Tanaman Pangan. kementrian 
Pertanian. Jakarta. https://repository.pertanian.
go.id/handle/123456789/24863. Accessed on 2 
May 2025.

Clarkson JM & Charnley AK. 1996. New insights 
into the mechanisms of fungal pathogenesis 

https://doi.org/10.1111/jen.12634
https://doi.org/10.1111/jen.12634
https://doi.org/10.3390/ijms21218215
https://doi.org/10.3390/ijms21218215
https://www.bps.go.id/id/publication/2021/07/27/16e8f4b2ad77dd7de2e53ef2/analisis-produktivitas-jagung-dan-kedelai-di-indonesia-2020--hasil-survei-ubinan-.html
https://www.bps.go.id/id/publication/2021/07/27/16e8f4b2ad77dd7de2e53ef2/analisis-produktivitas-jagung-dan-kedelai-di-indonesia-2020--hasil-survei-ubinan-.html
https://www.bps.go.id/id/publication/2021/07/27/16e8f4b2ad77dd7de2e53ef2/analisis-produktivitas-jagung-dan-kedelai-di-indonesia-2020--hasil-survei-ubinan-.html
https://www.bps.go.id/id/publication/2021/07/27/16e8f4b2ad77dd7de2e53ef2/analisis-produktivitas-jagung-dan-kedelai-di-indonesia-2020--hasil-survei-ubinan-.html
https://www.bps.go.id/id/publication/2021/07/27/16e8f4b2ad77dd7de2e53ef2/analisis-produktivitas-jagung-dan-kedelai-di-indonesia-2020--hasil-survei-ubinan-.html
https://repository.pertanian.go.id/handle/123456789/24863
https://repository.pertanian.go.id/handle/123456789/24863


300         J. Trop. Plant Pests Dis.                                                                                                                     Vol. 26, No. 2 2026: 290–303

in insects. Trends Microbiol. 4(5): 197–203. 
https://doi.org/10.1016/0966-842x  

Correa-Cuadros JP, Sáenz-Aponte A, & Rodríguez-
Bocanegra MX. 2016. In vitro interaction 
of 	 Metarhizium anisopliae Ma9236 
and Beauveria bassiana Bb9205 with 
Heterorhabditis 	 bacteriophora HNI0100 for 
the control of Plutella xylostella. SpringerPlus. 
5(1): 2068.	 ht tps : / /do i .o rg /10 .1186/
s40064-016-3745-5

Deb L & Dutta P. 2021. Antagonistic potential of 
Beauveria bassiana (Balsamo) Vuillemin 
against Pythium myriotylum causing damping of 
of tomato. Indian Phytopathol. 74(3): 715–728. 
https://doi.org/10.1007/s42360-021-00372-w 

da Silva PF, dos Santos MSN, Araújo BdA, Kerber 
BD, de Oliveira HAP, Guedes JVC, Mazutti 
MA, 	 Tres MV, & Zabot GL. 2025. Co-
cultivations of Beauveria bassiana, Metarhizium 
anisopliae, and Trichoderma harzianum to 
produce bioactive compounds for application in 	
agriculture. Fermentation. 11(1): 30. https://doi.
org/10.3390/fermentation11010030 

Dhawan M & Joshi N. 2017. Enzymatic comparison 
and mortality of Beauveria bassiana against 
cabbage caterpillar Pieris brassicae LINN. 
Braz. J. Microbiol. 48(3): 522–529. https://doi.
org/10.1016/j.bjm.2016.08.004 

Effendy TA, Septiadi R, Salim A, & Mazid A. 2010. 
Jamur entomopatogen asal tanah lebak di  
Sumatera Selatan dan potensinya sebagai 
agensia hayati walang sangit (Leptocorisa 
oratorius (F.) [Entomopathogenic fungi from 
the lowland soil of South Sumatera and their 
potential as biocontrol agents of stink bug 
(Leptocorisa oratorius (F.)]. J. Trop. Plant Pests 
Dis. 10(2): 154–161. https://doi.org/10.23960/j.
hptt.210154-161

Faddilah DR, Verawaty M, & Herlinda S. 2022. 
Growth of fall armyworm, Spodoptera 
frugiperda J.E. Smith (Lepidoptera:  Noctuidae) 
fed on young maize colonized with endophytic 
fungus Beauveria bassiana from South Sumatra, 
Indonesia. Biodiversitas. 23(12): 6652–6660.  
https://doi.org/10.13057/biodiv/d231264 

Flawerina G, Trizelia, & Nurbailis. 2021. Virulence 
of five isolates of indigenous Beauveria 
bassiana against eggs and nymphs of Bemisia 
tabaci Gennadius (Hemiptera: Aleyrodidae). 

Curr. Agric. Res. J. 9(1): 54–61. https://doi.
org/10.12944/CARJ.9.1.07  

Ginting S, Chozin M, & Sudjatmiko S. 2024. Infestation 
of Spodoptera frugiperda on corn in Bengkulu 
at different elevations. J. Trop. Plant Pests 
Dis. 24(1): 38–47. https://doi.org/10.23960/
jhptt.12438-47

Giridhar D, Ravi SN, Kirian KV, Kartheek D, 
Rajanikanth P, & Nagalakshmi DM. 2012. 
Purification, characterization and antifungal 
activity of chitinase from Trichoderma viride 
N9. J. Cell Tissue Research. 12(2): 3187–3192.

Golzan SR, Talaei-Hassanloui R, Homayoonzadeh 
M, & Safavi SA. 2023. Role of cuticle-
degrading enzymes of Beauveria bassiana and 
Metarhizium anisopliae in virulence on Plodia 
interpunctella 	 (Lepidoptera, Pyralidae) 
larvae. J. Asia-Pac. Entomol.  26(2): 102038. 
https://doi.org/10.1016/j.aspen.2023.102038

Gómez-Valderrama J, Cuartas-Otálora P, 
Espinel-Correal C, Barrera-Cubillos G, & 
Villamizar-Rivero L. 2022. Fungal and viral 
entomopathogens as a combined strategy for the 
biological control of fall armyworm larvae in 
maize. CABI Agric. Biosci. 3(1): 24. https://doi.
org/10.1186/s43170-022-00094-7 

Harith-Fadzilah N, Ghani IA, & Hassan M. 2020. 
Omics-based approach in characterising 
mechanisms of entomopathogenic fungi 
pathogenicity: A case example of Beauveria 
bassiana. J. King Saud Univ. Sci. 33(2): 101332. 
https://doi.org/10.1016/j.jksus.2020.101332 

Harrison RD, Thierfelder C, Baudron F, Chinwada 
P, Midega C, Schaffner U, & Van den Berg 
J. 2019. Agro-ecological options for fall 
armyworm (Spodoptera frugiperda JE Smith) 
management: Providing low-cost, smallholder 
friendly solutions to an invasive pest. J. Environ. 
Manag. 243: 318–330. https://doi.org/10.1016/j.
jenvman.2019.05.011 

Herlinda S, Utama MD, Pujiastuti Y, & Suwandi. 
2006. Kerapatan dan viabilitas spora Beauveria 
bassiana (Bals.) akibat subkultur dan pengayaan 
media, serta virulensinya terhadap larva Plutella 
xylostella. (Linn.) [Density and viability of 
spores of Beauveria bassiana (Bals.) Vuill. 
due to sub-cultures and media enriched, and its 
virulence against larvae of Plutella xylostella 
(Linn.)]. J. Trop. Plant Pests Dis. 6(2): 70–78. 

https://doi.org/10.1016/0966-842x
https://doi.org/10.1186/s40064-016-3745-5
https://doi.org/10.1186/s40064-016-3745-5
https://doi.org/10.1007/s42360-021-00372-w
https://doi.org/10.23960/j.hptt.210154-161
https://doi.org/10.23960/j.hptt.210154-161
https://doi.org/10.23960/jhptt.12438-47
https://doi.org/10.23960/jhptt.12438-47


Vajri et al.                	                                                                   Effectiveness of entomopathogenic fungal combinations on eggs        301 	

https://doi.org/10.23960/j.hptt.2670-78

Idrees A, Afzal A, Qadir ZA, & Li J. 2023. Virulence of 
entomopathogenic fungi against fall armyworm, 
Spodoptera frugiperda (Lepidoptera: 
Noctuidae) under laboratory conditions. Front. 
Physiol. 14: 1107434. https://doi.org/10.3389/
fphys.2023.1107434

Idrees A, Qadir ZA, Akutse KS, Afzal A, Hussain 
M, Islam W, Waqas MS, Bamisile BS, & Li J. 
2021. Effectiveness of entomopathogenic fungi 
on immature stages and feeding performance 
of fall armyworm, Spodoptera frugiperda 
(Lepidoptera: Noctuidae) larvae. Insects. 12(11): 
1044. https://doi.org/10.3390/insects12111044 

Islam MdS, Subbiah VK, & Siddiquee S. 2022. Efficacy 
of entomopathogenic Trichoderma isolates 
against sugarcane woolly aphid, Ceratovacuna 
lanigera Zehntner (Hemiptera: Aphididae). 
Horticulturae. 8(1): 2. https://doi.org/10.3390/
horticulturae8010002

Kumela T, Simiyu J, Sisay B, Likhayo P, Mendesil E, 
Gohole L, & Tefera T. 2018. Farmers knowledge, 
perceptions, and management practices of the 
new invasive pest, fall armyworm (Spodoptera 
frugiperda) in 	 Ethiopia and Kenya. Int. J. 
Pest Manag. 65(1): 1–9. https://doi.org/10.108
0/09670874.2017.1423129 

Lestari YA, Verawaty M, & Herlinda S. 2022.  
Development  of Spodoptera frugiperda fed  on  
young  maize  plant’s  fresh  leaves  inoculated  
with endophytic  fungi  from  South  Sumatra,  
Indonesia.  Biodiversitas.  23(10): 5056–5063. 
https://doi.org/10.13057/biodiv/d231012

Lestari P, Swibawa IG, Fitriana Y, Suharjo R, Utomo 
SD, & Hartaman M. 2024. The population 
dynamics of Spodoptera frugiperda after its 
invasion in Lampung Province, Indonesia. J. 
Trop. Plant Pests Dis. 24(1): 98–108. https://doi.
org/10.23960/jhptt.12498-108

Meilin A, Rubiana R, Jumakir, Suheiti K, Murni WS, 
Rustam, & Bobihoe J. 2020. Study of pest 
attacks on maize plantation in the oil palm 
replanting land of Jambi Province. IOP Conf. 
Ser.: Earth Environ. Sci. 752: 012008. https://
doi.org/10.1088/1755-1315/752/1/012008

Nazir T, Basit A, Hanan A, Majeed MZ, & Qiu 
D. 2018. In vitro pathogenicity of some 
entomopathogenic fungal strains against green 

peach aphid Myzus persicae (Homoptera: 
Aphididae). Agronomy. 9(1): 7. https://doi.
org/10.3390/agronomy9010007

Nonci N, Kalqutny SH, Mirsam H, Muis A, Azrai M, 
& Aqil M. 2019. Pengenalan Fall Armyworm 
(Spodoptera frugiperda J.E. Smith) Hama 
Bary pada Tanaman Jagung di Indonesia 
[Introduction of fall armyworm (Spodoptera 
frugiperda J.E. Smith), a new pest on corn crops 
in Indonesia [in Indonesian]. Balai Penelitian 
Tanaman Serealia Maros. https://share.google/
V1v3JcVQ3Z01qMLQx. Accessed on 30 June 
2025.

Oberti H, Sessa L, van Roosmalen E, de Bekker C, 
Seidl MF, Sanches-Vallet A, & Abreo E. 2025. 
From omics to enhanced fungal virulence: 
Overexpression of a putative secreted protein 
improves Beauveria bassiana biocontrol 
potential against the insect pests Piezodorus 
guildinii. Pest Manag Sci, 82: 3205-3215. 
https://doi.org/10.1002/ps.70442 

Pauli G, Mascarin GM, Eilenberg J, & Júnior ID. 
2018. Within-host competition between two 
entomopathogenic fungi and a granulovirus in 
Diatraea saccharalis (Lepidoptera: Crambidae). 
Insects. 9(2): 64. https://doi.org/10.3390/
insects9020064

Peng Y, Li SJ, Yan J, Tang Y, Cheng JP, Gao AJ, Yao 
X, Ruan JJ, & Xu BL. 2021. Research progress 
on phytopathogenic fungi and their role as 
biocontrol agents. Front. Microbiol. 12: 670135. 
https://doi.org/10.3389/fmicb.2021.670135

Prayogo Y. 2010. Lecanicillium lecanii sebagai 
bioinsektisida untuk pengendalian telur hama 
kepik coklat pada kedelai [Lecanicillium 
lecanii as a bioinsecticide for controlling brown 
planthopper eggs on soybeans]. Iptek Tanaman 
Pangan. 5(2): 169–182.

Prayogo. 2013. Patogenisitas cendawan entomopatogen 
Beauveria bassiana (Deuteromycotina: 
Hyphomycetes) pada berbagai stadia kepik 
hijau (Nezara viridula L.) [Pathogenicity 
of Beauveria bassiana Bals. Vuill. 
(Deuteromycotina:Hyphomycetes) on various 
stages of eggs and nymphs of the green stink 
bug (Nezara viridula L.)]. J. Trop. Plant Pests 
Dis. 13(1): 75–86. https://doi.org/10.23960/j.
hptt.11375-86

Půža V & Tarasco E. 2023. Interactions between 

https://doi.org/10.23960/j.hptt.2670-78
https://doi.org/10.23960/jhptt.12498-108
https://doi.org/10.23960/jhptt.12498-108
https://doi.org/10.3390/agronomy9010007
https://doi.org/10.3390/agronomy9010007
https://share.google/V1v3JcVQ3Z01qMLQx
https://share.google/V1v3JcVQ3Z01qMLQx
https://doi.org/10.1002/ps.70442
https://doi.org/10.3390/insects9020064
https://doi.org/10.3390/insects9020064
https://doi.org/10.3389/fmicb.2021.670135
https://doi.org/10.23960/j.hptt.11375-86
https://doi.org/10.23960/j.hptt.11375-86


302         J. Trop. Plant Pests Dis.                                                                                                                     Vol. 26, No. 2 2026: 290–303

entomopathogenic fungi and entomopathogenic 	
nematodes. Microorganisms. 11(1): 163. https://
doi.org/10.3390/microorganisms11010163

Quesada Moraga E, Garrido Jurado I, Yousef-Yousef 
M, & González-Mas N. 2022. Multitrophic 
interactions of entomopathogenic fungi in 
BioControl. BioControl. 67(5): 457–472. https://
doi.org/10.1007/s10526-022-10163-5 

Ramatsitsi N, Dube ZP, Ramachela K, & Motloba T. 
2025. Bio-control efficacy of selected indigenous 
nematophagous fungi against Meloidogyne 
enterolobii in vitro and on dry bean (Phaseolus 
vulgaris L.). Int. Microbiol. 28(1): 151–160. 
https://doi.org/10.1007/s10123-024-00571-1 

Rizkie L, Herlinda S, Suwandi, Irsan C, Susilawati, 
Lakitan B. 2017. Kerapatan dan viabilitas 
konidia Beauveria bassiana dan Metarhizium 
anisopliae pada media in vitro pH rendah 
[Conidial density and viability of Beauveria 
bassiana and Metarhizium anisopliae grown on 
the low-pH in vitro medium]. J. Trop. Plant Pests 
Dis. 17(2): 119–127. https://doi.org/10.23960/j.
hptt.217119-127

Saciloto-de-Oliveira LR, Broetto L, Alves CI, da Rosa 
RL, Alves YPC, da Silva RC, Berger M, Macedo 
AJ, Dalberto PF, Bizarro CV, Guimarães JA, 
Yates JR, Santi L, & Beys-da-Silva WO. 2023. 
Metarhizium anisopliae E6 secretome reveals 
molecular players in host specificity and toxicity 
linked to cattle tick infection. Fungal Biol. 
127(7–8): 1136–1145. https://doi.org/10.1016/j.
funbio.2023.06.006

Sandy G, Ratih S, Suharjo R, & Akin HM. 2019. 
Pengaruh Trichoderma sp. sebagai agen 
peningkatan ketahanan tanaman padi terhadap 
penyakit hawar daun [The effect of Trichoderma 
sp. as an agent for increasing rice plant resistance 
to leaf blight disease]. J. Agrotek Tropika. 7(3): 
423–432. https://doi.org/10.23960/jat.v7i3.3546

Saputra RD, Hadiastono T, Afandhi A, & Bedjo B. 
2016. Sinergisme Spodoptera litura Nuclear 
Polyhedrosis Virus JTM 97C (SlNPV-JTM 97C) 
dengan ekstrak biji sirsak (Annona muricata 
L.) dalam pengendalian Helicoverpa armigera 
Hubner (Lepidoptera: Noctuidae) pada tanaman 
kedelai (Glycine max L.) di laboratorium 
[Synergism of Spodoptera litura Nuclear 
Polyhedrosis Virus JTM 97C (SlNPV-JTM 97C) 
with soursop seed extract (Annona muricata L.) 

in controlling Helicoverpa armigera Hubner 
(Lepidoptera: Noctuidae) on soybean plants 
(Glycine max L.) in the laboratory]. Jurnal 
HPT (Hama Penyakit Tumbuhan). 3(3): 26–33. 
https://jurnalhpt.ub.ac.id/index.php/jhpt/article/
view/197

Sari JMP, Herlinda S, & Suwandi. 2022. Endophytic 
fungi from South Sumatra (Indonesia) in seed-
treated corn seedlings affecting development 
of the fall armyworm, Spodoptera frugiperda 
J.E. Smith (Lepidoptera: Noctuidae). Egypt 
J. Biol. Pest Control. 32(1): 1–11. https://doi.
org/10.1186/s41938-022-00605-8 

Sari JMP, Herlinda S, Suwandi, & Elfita. 2023. Effect of 
Beauveria bassiana and Metarhizium anisopliae 
on the growth of Spodoptera frugiperda by seed 
inoculation. Biodiversitas. 24(4): 2350–2357. 
https://doi.org/10.13057/biodiv/d240449 

Sarma BK, Yadav SK, Singh S, & Singh HB. 2015. 
Microbial consortium-mediated plant defense 
against 	 phytopathogens: Readdressing for 
enhancing e cacy. Soil Biol. Biochem. 87: 25–33. 
https://doi.org/10.1016/j.soilbio.2015.04.001

Sharma R & Sharma P. 2021. Fungal entomopathogens: 
A systematic review. Egypt J. Biol. Pest 
Control. 	 31(1): 57. https://doi.org/10.1186/
s41938-021-00404-7

Stuart AKdC, Furuie JL, Zawadneak MAC, & Pimentel 
IC. 2020. Increased mortality of the european 
pepper moth Duponchelia fovealis (Lepidoptera: 
Crambidae) using entomopathogenic fungal 
consortia. J. Invertebr. Pathol. 177: 107503. 
https://doi.org/10.1016/j.jip.2020.107503

Trisyono YA, Suputa, Aryuwandari VEF, Hartaman M, 
& Jumari. 2019. Occurrence of heavy infestation 
by the fall armyworm Spodoptera frugiperda, 
a new alien invasive pest, in corn in Lampung 
Indonesia.  J. Plant Prot. 23(1): 156–160. https://
doi.org/10.22146/jpti.46455

Trizelia. 2005. Cendawan Entomopatogen Beauveria 
bassiana (Bals.) Vuill. (Deuteromycotina: 
Hyphomycetes): Keragaman Genetik, 
Karakterisasi Fisiologi dan Virulensinya 
terhadap Crocidolomia pavonana (F.) 
(Lepidoptera: Pyralidae [The entomopathogenic 
fungus Beauveria bassiana (Bals.) Vuill. 
(Deuteromycotina: Hyphomycetes): Genetic 
diversity, physiological characterization, and 
virulence against 	Crocidolomia pavonana (F.) 

https://doi.org/10.3390/microorganisms11010163
https://doi.org/10.3390/microorganisms11010163
https://doi.org/10.1007/s10526-022-10163-5
https://doi.org/10.1007/s10526-022-10163-5
https://doi.org/10.1007/s10123-024-00571-1
https://doi.org/10.23960/j.hptt.217119-127
https://doi.org/10.23960/j.hptt.217119-127
https://doi.org/10.1016/j.funbio.2023.06.006
https://doi.org/10.1016/j.funbio.2023.06.006
https://doi.org/10.23960/jat.v7i3.3546
https://jurnalhpt.ub.ac.id/index.php/jhpt/article/view/197
https://jurnalhpt.ub.ac.id/index.php/jhpt/article/view/197
https://doi.org/10.1186/s41938-022-00605-8
https://doi.org/10.1186/s41938-022-00605-8
https://doi.org/10.13057/biodiv/d240449
https://doi.org/10.1016/j.soilbio.2015.04.001
https://doi.org/10.1186/s41938-021-00404-7
https://doi.org/10.1186/s41938-021-00404-7
https://doi.org/10.1016/j.jip.2020.107503
https://doi.org/10.22146/jpti.46455
https://doi.org/10.22146/jpti.46455


Vajri et al.                	                                                                   Effectiveness of entomopathogenic fungal combinations on eggs        303 	

(Lepidoptera: Pyralidae). Dissertation. Institut 
Pertanian Bogor. Bogor. 

Trizelia, Yanti Y, & Suhriani. 2019. Potensi jamur 
entomopatogen Beauveria bassiana (Bals.) untuk 
mengendalikan kutu kubis Eurydema  pulchrum 
Westw. (Hemiptera: Pentatomidae) [Potential of 
entomopathogenic fungus Beauveria bassiana 
(bals.) for controlling cabbage bug Eurydema 
pulchrum Westw. (Hemiptera: Pentatomidae). 
Prosiding National Seminar. pp. 346–352. 
Sunan Gunung Jati State Islamic University. 
Bandung.

Vajri IY, Trizelia, Kuswardani RA, & Saragih M. 2024. 
Cendawan entomopatogen sebagai penginduksi 
ketahanan tanaman: Sebuah tinjauan sistematis 
[Entomopathogenic fungi as plant resistance 
inducer: A systematic review]. Jurnal 
Entomologi Indonesia. 21(1): 76–91. https://doi.
org/10.5994/jei.21.1.75 

Wang H, Peng H, Li W, Cheng P, & Gong M. 2021. The 

toxins of Beauveria bassiana and the strategies 
to improve their virulence to insects. Front. 
Microbiol. 12: 705343. https://doi.org/10.3389/
fmicb.2021.705343 

Wang X, Ding X, Yuan Z, Jia Z, Fu K, Zhan F, 
Guo W, Zhou L, Li H, Dai J, Wang Z, Xie Y, 
& Yang X. 2023. Analysis of the virulence, 
infection process, and extracellular enzyme 
activities 	of Aspergillus nomius against the 
asian corn borer, Ostrinia furnacalis guenée 
(Lepidoptera: Crambidae). Virulence. 14(1): 
2265108. https://doi.org/10.1080/21505594.202
3.2265108

Zhang D, Xiao Y, Xu P, Yang X, Wu Q, & Wu K. 
2021. Insecticide resistance monitoring for 
the invasive populations of fall armyworm, 
Spodoptera frugiperda in China. J. Integr. Agric. 
20(3): 783–791. https://doi.org/10.1016/S2095-
3119(20)63392-5 

https://doi.org/10.5994/jei.21.1.75
https://doi.org/10.5994/jei.21.1.75
https://doi.org/10.3389/fmicb.2021.705343
https://doi.org/10.3389/fmicb.2021.705343
https://doi.org/10.1080/21505594.2023.2265108
https://doi.org/10.1080/21505594.2023.2265108
https://doi.org/10.1016/S2095-3119%2820%2963392-5
https://doi.org/10.1016/S2095-3119%2820%2963392-5

