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Introduction

The fall armyworm, Spodoptera frugiperda ( J.E. 
Smith) (Lepidoptera: Noctuidae), is a destructive 

pest of maize and has become a major problem in 
maize-producing regions worldwide (Panigrahi et 

al., 2025). In many fields, farmers still depend on 
synthetic insecticides for control. However, repeated 
insecticide application may increase resistance risk, 
disturb natural enemies, and create demand for safer 
control methods (Abbas et al., 2022). For this reason, 
entomopathogenic fungi have received attention 
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as biological control agents against S. frugiperda.

Entomopathogenic fungi infect insects mainly 
through contact with the cuticle. Fungal conidia 
attach to the host surface, germinate, penetrate 
the integument, and then develop inside the insect 
body (Baek et al., 2022; Hong et al., 2024). Previous 
studies have shown that entomopathogenic fungi can 
infect different developmental stages of S. frugiperda, 
including eggs, larvae, and adults (Akutse et al., 2020; 
Idrees et al., 2021). Infection may also reduce feeding, 
delay development, or affect reproduction before host 
death occurs (Idrees et al., 2021; Altaf et al., 2023).

Among entomopathogenic fungi, Beauveria bassiana 
is one of the most frequently studied species for 
insect pest control. Several studies have reported its 
pathogenicity against lepidopteran larvae, including 
S. frugiperda, under laboratory conditions (Karthi et 
al., 2024). However, the performance of B. bassiana 
is strongly isolate-dependent. Previous screening 
studies have also shown substantial variation in 
mortality and lethal-time estimates among Beauveria 
isolates tested under comparable conditions (Medo et 
al., 2021). Such variation may reflect differences in 
isolate origin and infection-related traits, including 
enzyme activity, metabolite production, and host 
penetration efficiency (Nithya et al., 2019; Seyed-
talebi et al., 2020; Medo et al., 2021).

Local isolates are important because they may 
represent fungal populations already associated with 
the crop environment where the target pest occurs. 
West Java is one of the maize-producing regions 
where S. frugiperda occurs, but local Beauveria isolates 
from maize rhizosphere soils in this region still require 
laboratory screening before further development. 
Rhizosphere soil is a relevant source for such isolates. 
B. bassiana can be detected in the rhizosphere of maize, 
and its retention there increased when the plants were 
wounded (McKinnon et al., 2018). Tolerance to local 
abiotic stress is also isolate-dependent and may be 
partly related to the environment of origin. Among 
Beauveria isolates originating from 0° to 22° latitude, 
those from lower latitudes were more tolerant to 
UV-B radiation (Fernandes et al., 2007), and in a 
screening of isolates from warm regions most of the 
best-performing thermotolerant isolates came from 
the warmest collection sites, although origin and 
virulence were not consistently related (Alali et al., 
2019).

In Indonesia, screening of soil-derived 
entomopathogenic fungi against S. frugiperda has 
been reported mainly from South Sumatra (Herlinda 
et al., 2020) and East Java (Afandhi et al., 2022). 
Beauveria from maize rhizosphere soils in West Java, 
which spans highland (Lembang) and mid-elevation 
( Jatinangor, Majalengka) maize systems, has not 
been screened to our knowledge. A second gap is 
methodological. Most screening studies rank isolates 
on mortality at a single concentration and time point, 
which cannot separate an isolate that requires a high 
dose from one that kills slowly. Because viability 
and virulence of Indonesian B. bassiana isolates vary 
with origin and assay conditions (Sumikarsih et al., 
2019), inoculum quality should be combined with 
concentration- and time-based endpoints before 
candidates are selected.

The present study screened 25 local Beauveria 
isolates from maize rhizosphere soils in West Java, 
Indonesia, against third-instar S. frugiperda larvae 
under laboratory conditions. Isolate performance 
was assessed using conidial viability, day-7 corrected 
mortality, LC₅₀, LC₇₅, LT₅₀, and LT₇₅. The most 
promising isolates were selected based on their 
combined LC–LT profiles and were then identified 
molecularly using the ITS region. This study aimed 
to identify local B. bassiana candidates for further 
evaluation against S. frugiperda in maize.

Materials and Methods

Laboratory site and experimental conditions
The study was conducted at the Pesticides and 
Environmental Toxicology Laboratory, Department 
of Plant Pests and Diseases, Faculty of Agriculture, 
Universitas Padjadjaran, Jatinangor, West Java, 
Indonesia. Fungal culture, insect rearing, and bioassays 
were carried out at 25 ± 2 °C, 70 ± 5% relative humidity, 
and a 12:12 h light–dark photoperiod.

Insect colony and test larvae
Larvae of Spodoptera frugiperda were collected from 
maize fields in Jatinangor, West Java, Indonesia, and 
maintained as a laboratory colony. Rearing followed 
Hafeez et al. (2025), with minor adjustment to local 
laboratory conditions. Larvae were fed fresh baby corn. 
To reduce cannibalism, larvae were kept at low density 
during early development and separated individually 
from the third instar. Pupae were transferred to mesh 
cages for adult emergence. Adults were supplied 
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with 10% honey solution and fresh maize plants as 
oviposition substrates. Egg masses were collected to 
maintain the colony. Uniform and active third-instar 
larvae were used for the bioassay.

Fungal isolates and culture preparation
Twenty-five local Beauveria isolates were evaluated 
in this study. The isolates were obtained from the 
Microbial Pesticide Subdivision, Pesticides and 
Environmental Toxicology Laboratory, Universitas 
Padjadjaran. They originated from maize rhizosphere 
soils collected from three maize-growing areas in 
West Java, Indonesia: Lembang, Jatinangor, and 
Majalengka. In each area, three maize fields were 
sampled, with five sampling points from each field. 
The isolate codes and sampling origins are provided 
in Supplementary Data 1.

Before the bioassay, all isolates were subcultured under 
the same conditions to standardize sporulation. Each 
isolate was grown on potato dextrose agar (PDA) at 
25 ± 2 °C for 30 days.

Conidial suspension and viability assessment
Conidia were harvested from 30-day-old PDA 
cultures by adding 10 mL of sterile distilled water 
containing 0.05% Tween 80 to the colony surface. 
The colony was gently scraped with a sterile loop, 
and the suspension was filtered through sterile gauze 
to remove hyphal fragments. Conidial density was 
counted using a hemocytometer and adjusted to 1 
× 10⁹ conidia mL-¹ as the stock suspension. Serial 
tenfold dilutions were prepared to obtain 1 × 10⁸, 
1 × 10⁷, and 1 × 10⁶ conidia mL-¹. All suspensions 
were prepared freshly and used for the bioassay on 
the same day.

Conidial viability was assessed before the bioassay 
using a germination test. A 150 µL aliquot of conidial 
suspension was spread on water agar and incubated at 
25 °C for 24 h. At least 300 conidia were examined 
microscopically for each isolate. A conidium was 
considered germinated when the germ tube length 
was equal to or greater than the conidial diameter, 
following Oliveira et al. (2015). Viability was expressed 
as percentage germination.

Leaf-dip bioassay
Virulence was evaluated against third-instar S. 
frugiperda larvae using a leaf-dip bioassay modified 
from Louw et al. (2025). Fresh maize leaves were 

cut into 4 × 4 cm sections and immersed for 30 s in 
conidial suspensions of 1 × 10⁹, 1 × 10⁸, 1 × 10⁷, and 
1 × 10⁶ conidia mL-¹. Treated leaves were air-dried 
under sterile conditions before being offered to the 
larvae. Control leaves were dipped in sterile distilled 
water containing 0.05% Tween 80.

Each isolate–concentration treatment consisted 
of three biological replicates, with 20 larvae per 
replicate. Larvae were placed individually in sterile 
Petri dishes lined with moist filter paper. Treated 
leaves were provided for the first 48 h after exposure, 
and untreated fresh maize leaves were supplied 
daily thereafter. Mortality was recorded every 24 h 
for seven days. Larvae were recorded as dead when 
they failed to respond to gentle stimulation. To 
confirm that mortality was fungus-associated, dead 
larvae were removed daily, incubated individually in 
moist chambers at 25 ± 2 °C for up to seven days, 
and examined under a stereomicroscope for white 
mycelium and conidiation characteristic of Beauveria. 
Such outgrowth occurred on treated cadavers but not 
on control larvae. Mycosis was scored only as present 
or absent, not per replicate, and was excluded from 
the statistical analysis.

Virulence parameters and isolate selection
Isolate performance was assessed based on 
conidial viability, day-7 corrected mortality, lethal 
concentration, and lethal time. Day-7 Abbott-
corrected mortality was used to describe final 
pathogenicity at each concentration.

Isolates were prioritized when they combined 
acceptable conidial viability, high corrected mortality 
at 1 × 10⁹ conidia mL-¹, low LC values, and short 
LT values. An LC–LT selection map was prepared to 
compare the relative performance of all isolates.

Molecular identification of selected isolates
High-performing isolates selected from the laboratory 
screening were identified molecularly based on the 
internal transcribed spacer (ITS) region. Fungal 
mycelia were used for genomic DNA extraction. 
The ITS region was amplified using ITS1 and ITS4 
primers. PCR products were sequenced, and the 
resulting sequences were compared with reference 
sequences in GenBank. Species-level identification 
was assigned based on ITS sequence similarity.

Statistical analysis
Conidial viability was analyzed using one-way analysis 
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of variance (ANOVA), with isolate as the fixed factor. 
Residual normality and homogeneity of variance 
were assessed using the Shapiro–Wilk and Levene’s 
tests. When the isolate effect was significant, means 
were separated using Tukey’s honestly significant 
difference test.

Mortality data were corrected using Abbott’s formula 
based on mortality in the Tween 80 control. Day-7 
corrected mortality was analyzed using a generalized 
linear model with a quasibinomial error distribution 
and logit link, with isolate, conidial concentration, 
and their interaction as fixed factors. Estimated 
marginal means were calculated on the response scale, 
and pairwise comparisons among isolates within each 
concentration were adjusted using Tukey’s method. 
Compact letter displays were used to summarize 
multiple-comparison results.

LC₅₀ and LC₇₅ values were estimated from day-
7 corrected mortality using probit regression with 
log₁₀-transformed conidial concentration as the 
independent variable. LT₅₀ and LT₇₅ values were 
estimated from cumulative Abbott-corrected 
mortality recorded from day 1 to day 7 using probit 
regression with observation day as the independent 
variable. Estimates were obtained separately for each 
biological replicate and summarized across replicates. 
LT estimates exceeding the seven-day observation 
period were treated as model-based extrapolations 
rather than directly observed endpoints.

All statistical analyses were performed in R version

Results and Discussion

Conidial viability and larval mortality
The 25 local Beauveria isolates showed significant 
variation in conidial viability before the pathogenicity 
bioassay (one-way ANOVA, F₂₄,₅₀ = 59.18, P < 
0.001). Germination generally remained high, 
indicating that the conidial suspensions were suitable 
for larval exposure. The highest viability values were 
observed in BCKHRLT 2, BCKHRLS 1, BHGRJS 
5, and BSDKMS 1, whereas BCLSJS 5 and BCLSJS 
1 showed lower germination than most other isolates 
(Figure 1A).

Conidial viability is important because germination 
is required before fungal penetration and infection 
can proceed. In this study, however, viability did not 

always follow the same pattern as larval mortality. 
Some isolates with high viability were not the most 
pathogenic, whereas several isolates with moderate 
viability still caused high mortality. BCLSJT 5, for 
instance, had lower viability than BHGRJS 5, but 
it produced higher day-7 mortality and shorter LT 
estimates. This pattern indicates that germination 
percentage was useful as an inoculum-quality check, 
but it was not enough to describe virulence.

Mortality of third-instar S. frugiperda larvae increased 
as conidial concentration increased. The isolate × 
concentration interaction was not significant in the 
quasibinomial GLM (F₇₂,₂₀₀ = 0.94, P = 0.616). 
However, both isolate and concentration were 
significant in the additive model (isolate: F₂₄,₂₇₂ = 
24.80, P < 0.001; concentration: F₃,₂₇₂ = 1062.52, P 
< 0.001). Corrected mortality was generally low at 
1 × 10⁶ conidia mL-¹, increased at 1 × 10⁷ and 1 × 
10⁸ conidia mL-¹, and separated most clearly among 
isolates at 1 × 10⁹ conidia mL-¹ (Figure 1B). Mortality 
in the Tween 80 control was low and reached only 
1.67% on day 7; therefore, treatment mortality values 
were corrected using Abbott’s formula. This result 
agrees with Zalte et al. (2024), who also reported 
higher S. frugiperda mortality at higher B. bassiana 
conidial concentrations.

At 1 × 10⁹ conidia mL-¹, BCLSJT 5 and BSDKMS 
1 produced the highest corrected mortality, both 
reaching 88.1% by day 7. BHGRJS 5 and BCKDLS 
1 also showed high mortality, reaching 84.7% 
and 83.1%, respectively. These four isolates were 
prioritized because they combined high day-7 
mortality, lower LC values, and shorter LT estimates 
relative to the remaining isolates. Several other 
isolates produced moderate to high mortality, but 
their lethal concentration or lethal time values were 
less favorable.

The pathogenicity of the selected isolates is consistent 
with previous reports showing that entomopathogenic 
fungi, including B. bassiana, can affect immature stages 
and feeding performance of S. frugiperda (Idrees et 
al., 2021). Similar isolate-level variation has also been 
reported among soil-derived Beauveria isolates, where 
mortality and lethal-time values differed substantially 
among isolates tested under the same conditions 
(Medo et al., 2021). The underlying infection-related 
mechanisms were not measured directly in the present 
study, so the results should be interpreted as laboratory 
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Figure 1: Conidial viability and day-7 corrected mortality of 25 local Beauveria isolates against third-instar Spo-
doptera frugiperda larvae. (A) Conidial viability before bioassay. (B) Abbott-corrected mortality across four conidial 
concentrations. Values in heatmap cells indicate mean mortality (%), and letters indicate significant differences among 
isolates within each concentration.

Table 1: Integrated laboratory performance of selected high-performing Beauveria bassiana isolates against third-in-
star Spodoptera frugiperda larvae.
Parameter BCKDLS 1 BCLSJT 5 BHGRJS 5 BSDKMS 1
Viability (%) 87.33 ± 1.57 90.72 ± 2.78 93.84 ± 3.51 92.73 ± 3.74
Mortality at 1 × 10⁹ (%) 83.1 ± 19.3 88.1 ± 7.3 84.7 ± 12.7 88.1 ± 14.6
LC₅₀ (conidia mL-¹) 1.6 × 10⁶ (7.7 × 

10⁵–3.4 × 10⁶)
1.7 × 10⁶ (1.1 × 
10⁶–2.6 × 10⁶)

2.2 × 10⁶ (1.9 × 
10⁶–2.6 × 10⁶)

1.5 × 10⁶ (8.3 × 
10⁵–2.7 × 10⁶)

LC₇₅ (conidia mL-¹) 8.7 × 10⁷ (2.5 × 
10⁷–3.0 × 10⁸)

4.1 × 10⁷ (3.9 × 
10⁷–4.5 × 10⁷)

6.9 × 10⁷ (3.9 × 
10⁷–1.2 × 10⁸)

3.6 × 10⁷ (2.4 × 
10⁷–5.5 × 10⁷)

LT₅₀ at 1 × 10⁹ (days) 4.74 ± 0.72 4.22 ± 0.30 4.82 ± 0.38 4.24 ± 0.47
LT₇₅ at 1 × 10⁹ (days) 6.23 ± 0.86 5.74 ± 0.32 6.33 ± 0.44 5.80 ± 0.61
Molecular identification Beauveria bassiana Beauveria bassiana Beauveria bassiana Beauveria bassiana
GenBank accession number PZ287918 PZ287919 PZ287920 PZ287921

virulence under leaf-dip exposure conditions rather 
than as mechanistic evidence.

Two explanations may account for this variation. The 
first is physiological. Isolates can differ in conidial 
vigor, germination speed on the cuticle, and the 
timing of cuticle-degrading enzyme and metabolite 
production, so isolates with similar germination 
percentages may still establish infection at different 
rates. Faria et al. (2015) reported that conidial vigor 
predicted virulence better than viability, and Seyed-
talebi et al. (2020) showed that the induction of 
cuticle-degrading enzymes in B. bassiana differed 

among isolates. Both observations are consistent 
with the difference between viability and mortality 
found here. The second explanation concerns isolate 
origin. All isolates came from maize rhizosphere 
soils, but from three areas that differ in altitude, 
and the four selected isolates were not restricted to 
a single area. High-performing isolates therefore 
appear to occur across the sampled areas rather than 
in one location. Medo et al. (2021) also reported that 
virulence of Beauveria soil isolates was not related to 
the habitat or site attributes of their collection sites, 
while Sumikarsih et al. (2019) reported region-related 
variation among Indonesian B. bassiana. The sampling



Selection of High-Performing Local Beauveria Isolates

December 2026 | Volume 39 | Issue 4 | Page 48	

Figure 2: LC–LT selection map of 25 local Beauveria isolates against third-instar Spodoptera frugiperda larvae. (A) 
LC₅₀–LT₅₀ relationship. (B) LC₇₅–LT₇₅ relationship. Point size indicates day-7 corrected mortality at 1 × 10⁹ conidia 
mL-¹. Highlighted points indicate the four selected isolates: BSDKMS 1, BCLSJT 5, BHGRJS 5, and BCKDLS 1.

design of the present study was not intended to test 
site effects, so this explanation remains a hypothesis 
for further work.

LC–LT profiles and selected B. bassiana isolates
LC and LT estimates were used to refine isolate 
selection after the mortality screening because they 
describe different parts of the infection process. The 
LC–LT selection map showed that the selected 
isolates were positioned in the more favorable region, 
with lower lethal concentration and shorter lethal 
time while maintaining high day-7 mortality at 1 × 
10⁹ conidia mL-¹ (Figure 2A, B). Montecalvo and 
Navasero (2021) also showed that B. bassiana isolates 
against S. frugiperda differed in both LC₅₀ values 
and mean time to mortality, supporting the use of 
concentration- and time-based indicators for isolate 
comparison. The integrated laboratory performance 
of the selected isolates is summarized in Table 1.

Note: Viability, mortality, and LT values are presented 
as mean ± 95% CI half-width based on three 
biological replicates. LC values are presented with 
95% confidence intervals in parentheses. All selected 
isolates were confirmed as Beauveria bassiana based 
on ITS sequence analysis.

BSDKMS 1 and BCLSJT 5 were the two most 
favorable isolates in this screening, but they showed 
different strengths. BSDKMS 1 was stronger in 

lethal-concentration estimates. It had high conidial 
viability, high day-7 mortality, and the lowest 
LC₅₀ and LC₇₅ values among the selected isolates, 
indicating that fewer conidia were needed to reach 
the same mortality endpoint.

BCLSJT 5 was stronger in lethal-time estimates. It 
produced the same day-7 mortality as BSDKMS 1, 
but gave the shortest LT₅₀ and LT₇₅ values among 
the selected isolates. This suggests that once infection 
was established, larval death occurred more quickly in 
this treatment.

BHGRJS 5 and BCKDLS 1 were also retained because 
both produced high day-7 mortality. BHGRJS 5 had 
the highest conidial viability among the selected 
isolates, although its LC and LT estimates were 
higher than those of BSDKMS 1 and BCLSJT 5. 
BCKDLS 1 had a low LC₅₀ and high final mortality, 
but its LC₇₅ and LT values were less favorable. These 
patterns place BSDKMS 1 and BCLSJT 5 as the 
main candidates, with BHGRJS 5 and BCKDLS 1 
as additional isolates for further evaluation.

The two criteria did not separate the candidates to 
the same degree. LC₇₅ differed by 2.4-fold among the 
selected isolates (3.6 × 10⁷ to 8.7 × 10⁷ conidia mL-

¹), whereas LT₅₀ differed by only 0.6 days (4.22 to 
4.82 days). Potency therefore discriminated among 
the candidates more clearly than speed of kill. Part of 
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this difference is methodological, because the seven-
day observation window limits how far LT values can 
diverge, and LT₇₅ already approached this limit (5.74 
to 6.33 days). LT values in this study should therefore 
be treated as a relative ranking within the assay rather 
than as absolute killing speeds.

These results have three implications for local 
biological control of S. frugiperda in West Java. 
Retaining more than one candidate is useful, because 
an isolate with a lower LC value suits situations where 
production cost or application rate is limiting, while 
an isolate with a shorter LT value suits situations 
where whorl feeding damage develops quickly. The 
LC₇₅ values of the selected isolates (3.6 × 10⁷ to 8.7 
× 10⁷ conidia mL-¹) also indicate the concentration 
range that formulation and field trials should target, 
which is lower than the 1 × 10⁹ conidia mL-¹ needed 
to separate isolates during screening. Laboratory 
potency, however, is only the first selection step. The 
candidates still need to be characterized for conidial 
yield, UV-B and thermal tolerance, and persistence 
on leaf surfaces, because these traits vary among B. 
bassiana isolates (Fernandes et al., 2007; Alali et al., 
2019).

The selected isolates were confirmed as B. bassiana 
based on ITS sequence analysis. However, molecular 
confirmation was focused only on the selected 
isolates. The remaining isolates were evaluated as local 
Beauveria isolates based on the laboratory collection 
and initial identification.

This study was conducted under controlled laboratory 
conditions using treated maize leaf sections. The 
results therefore should not be interpreted as evidence 
of field efficacy. Although the leaf-dip bioassay 
provided standardized exposure, performance in 
the field may be influenced by ultraviolet radiation, 
rainfall, humidity, plant architecture, larval behavior, 
and conidial persistence on leaf surfaces. The study 
also used only third-instar larvae, so the responses of 
eggs, early instars, and later instars were not evaluated. 
Mycosis was recorded only as present or absent, so the 
proportion of deaths caused by confirmed infection 
could not be estimated. The fungal outgrowth 
observed on treated cadavers and the low control 
mortality (1.67%) nevertheless indicate that death 
was fungus-associated. In addition, the mechanisms 
behind isolate-level differences, such as enzyme 
activity, metabolite production, and penetration 

efficiency, were not examined. Thus, BSDKMS 1, 
BCLSJT 5, BHGRJS 5, and BCKDLS 1 should be 
regarded as laboratory-selected isolates, not field-
ready control agents.

Conclusions and Recommendations

Laboratory screening of 25 local Beauveria isolates 
from West Java showed clear isolate-level variation 
in conidial viability, corrected mortality, lethal 
concentration, and lethal time against third-instar 
Spodoptera frugiperda larvae. Mortality increased with 
conidial concentration, with the clearest separation 
among isolates observed at 1 × 10⁹ conidia mL-

¹. Based on the combined performance of day-7 
mortality, LC₅₀, LC₇₅, LT₅₀, and LT₇₅, four isolates 
were prioritized as high-performing candidates: 
BSDKMS 1, BCLSJT 5, BHGRJS 5, and BCKDLS 
1. Among them, BSDKMS 1 showed the strongest 
overall potency profile, while BCLSJT 5 showed the 
shortest lethal-time estimates. ITS-based molecular 
identification confirmed the selected candidates as B. 
bassiana. These isolates should be further evaluated 
under greenhouse and field conditions to assess their 
potential for biological control of S. frugiperda in 
maize.
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