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RESUMO

Combining integrated pest management and biological control
has been an effective, economical, and sustainable strategy for
controlling agricultural pests. The larvae of Spodoptera frugiperda, a
pest of several crops, cause financial losses to the agribusiness sector,
and entomopathogens have been widely used for the biological
control of this species. Therefore, the objective of this study was
to evaluate the pathogenicity of bacteria and viruses for the control
of S. frugiperda under laboratory conditions. Two bioassays were
conducted in a completely randomized design, one using second-
instar and other using third-instar larvae, with six treatments and five
replications. The entomopathogens used were S. frugiperda Multiple
nucleopolyhedrovirus (SFMINPV), Autographa californica multiple
nucleopolyhedrovirus (AcMNPV), Bacillus subtilis, B. thuringiensis subsp.
thoworthy, and B. thuringiensis subsp. kurstaki. Mortality was assessed
daily until the end of the larval cycle. Analysis of variance (F-test) was
applied, followed by mean comparison through the Scott-Knott test
at a 5% significance level. The efficacy of the entomopathogens as
bioinsecticides was evaluated using Abbott’s formula. Overall, the most
effective entomopathogens for controlling second-instar S. frugiperda
larvae were SfMNPV and B. subtilis, resulting in 100% control, whereas
AcMNPV was the most effective against third-instar larvae, showing
maximum lethality in 76.67% of samples.

Keywords: fall armyworm; integrated pest management; sustainable
agriculture.

A utilizagdo do manejo integrado de pragas, associado ao controle
biolégico, tem sido uma estratégia eficiente, econémica e mais
sustentavel no controle de agentes danosos a agricultura. A fase larval
de Spodoptera frugiperda, uma praga agricola presente em diversas
culturas, é causadora de prejuizos financeiros para o agronegdcio, e
os entomopatdgenos tém sido amplamente utilizados no controle
biolégico dessa espécie. Assim, o objetivo do trabalho foi avaliar
a patogenicidade de bactérias e virus no manejo de S. frugiperda,
em condi¢des de laboratdrio. Para os bioensaios, utilizamos seis
tratamentos por cinco repeti¢es contendo seis lagartas (com segundo
e terceiro instares) em cada. Os entomopatdgenos utilizados foram
S. frugiperda Multiple nucleopolyhedrovirus (SfMNPV), Autographa
californica multiple nucleopolyhedrovirus (ACMNPV), Bacillus subtilis,
B. thuringiensis subsp. thoworthy, e B. thuringiensis subsp. kurstaki.
A avaliagdo da mortalidade ocorreu diariamente até a finalizagdo do
ciclo larval. Para a avaliagdo da mortalidade, utilizou-se a andlise de
variancia (teste F), comparada posteriormente ao teste Scott-Knott a
5% de probabilidade e a eficiéncia dos bioinseticidas através da formula
de Abbott. De modo geral, os entomopatdgenos mais eficientes foram
SfMNPV e B. subtilis, obtendo 100% de mortalidade nas lagartas de
segundo instar, enquanto para as de terceiro instar, o AcCMNPV mostrou
letalidade maxima em 76,67% das amostras.

Palavras-chave: lagarta-do-cartucho; manejo integrado de pragas;
agricultura sustentavel.
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Introduction

The presence of pests in monoculture areas in Brazil, mainly fa-
vored by regional microclimates and abundant food sources, has been
among the main factors causing economic losses to the agribusiness
sector (Freire et al., 2024). Spodoptera frugiperda ]. E. Smith (Lepidop-
tera: Noctuidae), commonly known as the fall armyworm, is an agri-
cultural pest and is one of the most damaging to maize, soybean, and
rice crops (Nascimento et al.,, 2022). It is a polyphagous species native
to the Americas but it has recently invaded several countries in Africa,
Asia, and Europe (Hussain et al., 2021). The larval stage of this spe-
cies lasts approximately 15 days, which can vary with environmental
temperature, reaching the adult stage in approximately 30 days, with a
rapid reproduction (Sosa-Gémez et al., 2020).

The excessive and inappropriate use of synthetic insecticides in ag-
ricultural pest control has been a critical issue, as it has resulted in the
resurgence of previously controlled pests, selection of resistant indi-
viduals, reduction in natural predator populations, proliferation of sec-
ondary pests, and environmental damage (Arakere et al., 2022; De Je-
sus et al., 2022). Therefore, the integrated pest management emerged
as a more sustainable strategy (Paiva et al., 2024), contributing to min-
imizing the impacts of conventional chemical pesticides (Araujo et al.,
2019; Staback et al. 2020). Biological control is one of the practices used
in integrated pest management for managing S. frugiperda, involving
the use of entomopathogenic bacteria and viruses, which act through
ingestion, and entomopathogenic fungi, which act through contact
(Rao and Jurat-Fuentes, 2020; Arakere et al., 2022).

Baculoviruses (Baculoviridae) are the most studied viruses for
the biological control of insects, particularly lepidopterans, due to
their high pathogenicity to this group; the species Spodoptera fru-
giperda multiple nucleopolyhedrovirus (SFMNPYV) is the most used be-
cause of its high pathogenicity to S. frugiperda (Hussain et al., 2021).
Baculoviruses act through ingestion; once ingested, the polyhedral
reach the host’s midgut, where they dissolve, releasing viral particles
that penetrate the intestinal cells and replicate within their nuclei
(Maciel et al., 2024).

Pathogenic bacteria species such as Bacillus thuringiensis (Berlin-
er, 1911) (Eubacteriales: Bacillaceae) (Araujo et al., 2019) and B. sub-
tilis (Karshanal and Kalia, 2023) are among the most commonly used
for biological control of lepidopterans. The virulence of B. thuring-
iensis is mainly due to its high production of Cry and Vip3 proteins
and spores, which have insecticidal activity (Crickmore, 2021; Nasci-
mento et al., 2022).

Combining biological control agents has been a strategy to extend
the scope of action in terms of time, space, and the number of tar-
get pathogens (Arakere et al., 2022). However, effective pest control
requires integrative approaches to agricultural management, as various
species, including plant pathogens, plant-parasitic nematodes, and in-

sect pests, should be managed simultaneously, requiring the integra-
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tion of different biocontrol agents (Parra, 2023). These integrated man-
agement systems are more economically and ecologically sustainable
(Liordos, 2024) when combined with other management practices.
Thus, focusing on contributing to the resilience and sustainability
of production systems, the objective of this study was to evaluate the
pathogenicity of entomopathogenic bacteria and viruses in controlling

second- and third-instar larvae of S. frugiperda.
Material and methods

Study location and sample acquisition and rearing

The study was conducted at the Laboratory of Entomology of the
Federal University of Mato Grosso do Sul (UFMS), Chapadéio do Sul
campus (CPCS), MS, Brazil. Bioassays were based on second-gener-
ation larval stages of S. frugiperda from a laboratory-reared colony
established at the UFMS/CPCS Entomology Laboratory. Spodoptera
frugiperda larvae at all stages were maintained in a climate-controlled
chamber at 25°C, standard deviation (£) 1°C, 70£10% relative humidi-
ty (RH), and a 12-hour photoperiod. Parents were kept in 100200 mm
polyvinyl chloride (PVC) cages lined with sulfite paper; the top open-
ing was covered with a voile fabric secured with an elastic band, and
the bottom end was sealed with a Styrofoam plate lined with a paper
towel. The larvae were fed a paste made of equal parts (v v!) of hon-
ey and brewer’s yeast, and placed on absorbent cotton wool in a glass
container attached to the top. The paste was replaced every two days.
The eggs obtained were used for bioassays and colony maintenance
(Figure 1A). Newly hatched larvae were kept in 145-mL cylindrical
plastic containers with 5 cm diameter (Figures 1B and 1C). The colony
was maintained on an artificial diet adapted from Greene et al. (1976).

B

Figure 1 - Egg mass of Spodoptera frugiperda (A); plastic container with
larvae feeding on the diet (B); and newly hatched larvae (C).
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Bioassays and evaluation of results

Two bioassays were conducted in a completely randomized exper-
imental design with five replications, consisting of six treatments (in-
cluding a control without entomopathogen). Second-instar larvae were
used in the first experiment, whereas third-instar larvae were used in
the second experiment. Each plot consisted of six larvae (Table 1). Each
larva from the mass-rearing colony was placed individually in a Petri
dish of 9 cm diameter for the bioassays. The commercial entomopatho-
gens and their respective rates used in each treatment are shown in
Table 1. Entomopathogens at the full recommended rate were sprayed
onto the larvae and a 2 cm? diet using a Potter tower with a pressure of
15 psi. This diet was replaced with fresh, untreated food after 48 hours
(Loureiro et al., 2024). The Petri dishes were sealed with plastic wrap
and then incubated in a climate-controlled room (26£1°C, 70+10%
RH, and 12-hour photoperiod). Mortality was assessed daily until the
completion of the larval stage. Confirmation of pathogen-induced
mortality was based on the methodology of Loureiro and Moino Ju-
nior (2007). Confirmed cumulative mortality represents the pathogen’s
ability to colonize and surpass all competing agents within the insect
body. The data obtained for confirmed cumulative mortality were sub-
jected to analysis of variance (F-test), the means were grouped using
the Scott-Knott test at a 5% significance level, and the efficacy of the
entomopathogens as bioinsecticides was evaluated ten days after appli-
cation of the treatments using Abbott’s formula (Abbott, 1925).

Results and discussion

The results denoted the viability of sustainably managing S. fru-
giperda using the tested biological agents (entomopathogens). Over-
all, the mortality of second- and third-instar larvae subjected to the
entomopathogens significantly differed from the control (Table 2).
The mortality rate for second-instar larvae was 100% in treatments
with SfMNPV (Figure 2A) and B. subtilis, but did not differ signifi-
cantly from treatments with AcMNPV (Figure 2B) and B. thuringien-
sis subsp. thoworthy (Figure 2C). However, the treatment containing
B. thuringiensis subsp. kurstaki resulted in considerably lower larval
mortality as compared to the other treatments (Table 2).

S. frugiperda is susceptible to viral infection only during its larval

stage, with this susceptibility decreasing as the larva develops. Viral in-

fection occurs orally when larvae feed on parts of the plant contami-
nated with the virus. Host death typically occurs within 6-8 days af-
ter ingestion (Pinto et al., 2020). Thus, the results of the present study
confirmed the susceptibility of young larvae (second instar) (Table 2).

Table 2 - Confirmed cumulative mortality (meantstandard deviation) of
second- and third-instar larvae of Spodoptera frugiperda.

Third-instar

Second-instar

Treatments larvae mortality larvae
(%) mortality (%)

T1- Control (without entomopathogen) 0.020.00 ¢ 0.0£0.00 b
T2- SMNPV 100.0£0.00 a 70.0+0.14 a
T3- AcMNPV 96.710.07 a 90.0£0.15a
T4- Bacillus subtilis 100.0+0.10 a 80.0£0.18 a
T5- B. thuringiensis subsp. thoworthy 83.31£0.23 a 70.0£0.24 a
T6- B. thuringiensis subsp. kurstaki 60.0+0.19 b 60.0£0.36 a
CV% 17.36 14.36

SfMNPV: Spodoptera frugiperda multiple nucleopolyhedrovirus; AcMNPV: Au-
tographa californica multiple nucleopolyhedrovirus; CV: coefficient of variation.
Means followed by the same letter in the column are not significantly different
from each other by the Scott-Knott test at a 5% significance level.

C D

Figure 2 - Confirmation of mortality under a stereoscopic microscope at

40x magnification. (A) Spodoptera frugiperda larva killed by Spodoptera
frugiperda multiple nucleopolyhedrovirus (SEMNPV); (B) S. frugiperda larva
killed by Autographa californica multiple nucleopolyhedrovirus (AcMNPV);
(C) S. frugiperda larva killed by Bacillus thuringiensis subsp. thoworthy; D,
Healthy S. frugiperda larva in the control (without entomopathogen).

Table 1 - Treatments and their respective entomopathogen rates used for controlling second- and third-instar larvae of Spodoptera frugiperda.

- Commercial product Entomopathogen

Control Without entomopathogen
T2 Cartugen® Spodoptera frugiperda multiple nucleopolyhedrovirus - S(MNPV 200 mL ha'
T3 Lepigen® Autographa californica multiple nucleopolyhedrovirus - AcMNPV 150 ml ha™!
T4 Bio-Immune® Bacillus subtilis strain BV-02 8 Lha'!
T5 Crystal® Bacillus thuringiensis subsp. thoworthy isolate 344 1Lha'
T6 BT-Turbo Max® Bacillus thuringiensis subsp. kurstaki strain HD-1 1Lha!

Source: Agrofit (2023).
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Considering the treatments with bacteria of the genus Bacillus,
those with B. subtilis resulted in higher larval mortality (100 and 80%
for second- and third-instar larvae, respectively) and control efficacy
(Table 2 and Figure 3). Treatment with B. thuringiensis subsp. thoworthy
resulted in mortality rates of 83.3 and 70%, respectively (Table 2), with
an efficacy of 66.67% control for both larval instars (Figure 3). Treat-
ments with B. thuringiensis subsp. kurstaki resulted in 60% mortality
for both larval instars, with better efficacy in controlling second-instar
larvae (Figure 3). Recent studies have shown that mutations in spe-
cific genes (mainly in ABC transporters) are significantly involved in
the resistance of S. frugiperda to B. thuringiensis (Jurat-Fuentes et al.,
2021). This may explain the lower efficacy and mortality in treatments
with B. thuringiensis compared to those with B. subtilis. According to
Heckel (2020), the genes involved in resistance to B. thuringiensis can
have different combinations, resulting in varying susceptibility to the
biological agent. The use of microorganisms emerged as an import-
ant strategy in agricultural production, particularly for sustainable and
environmentally sound pest control, as these microorganisms offer a
natural and effective solution for this purpose (Parra, 2023).

The mortality rates of second-instar larvae did not differ signifi-
cantly between treatments with entomopathogenic viruses: 96.7%
AcMNPV and 100% SfMNPV. Regarding third-instar larvae, AcMNPV
resulted in higher mortality (90%) than SfMNPV (70%) (Table 2). Both
viruses showed control efficacy consistent with the mortality results.
SfMINPV had 100 and 60% efficacy in controlling second- and third-in-
star larvae, respectively, whereas AcMNPV was more effective in con-
trolling second-instar larvae (76.7%) (Figure 3).

Baculoviruses are commonly used in the biological control of S.
frugiperda (Hussain et al., 2021). The application of bioinsecticides
containing SfMNPV has yielded high mortality rates of fall army-
worms, mainly during the early larval stages, and can increase the le-
thal and sublethal effects on neonates and surviving adults when ap-

Figure 3 - Efficacy of entomopathogens as bioinsecticides for the
control of second- and third-instar larvae of Spodoptera frugiperda,
ten days after application. Spodoptera frugiperda multiple
nucleopolyhedrovirus - SSMNPV (Cartugen®); Autographa californica
multiple nucleopolyhedrovirus - AcMNPV (Lepigen®); Bacillus subtilis
(Bio-Immune®); B. thuringiensis subsp. thoworthy (Crystal®); and B.
thuringiensis subsp. kurstaki (BT-Turbo Max®).

plied to transgenic crops containing the CrylAc gene (Zakseski et al.,
2021). AcMNPV has pathogenic potential against a wider variety of
insect species, resulting in a broader host range compared to SfMNPV,
which specifically infects S. frugiperda (Hussain et al., 2021). This may
explain the lower mortality found when using AcMNPV compared to
SfMNPYV in this study.

According to Tomquelski and Martins (2007), a pesticide is effec-
tive when it achieves more than 80% control. Therefore, treatments us-
ing Sf/MNPV, AcMNPV, and B. subtilis as bioinsecticides were effective
in controlling second-instar larvae. However, none of the treatments
were effective against third-instar larvae; only the treatment with
AcMNPYV almost reached the efficacy of control (76.67%) (Figure 3).
The lower efficacy of bioinsecticides on more developed larvae is a
common limiting factor for biological pest control due to anatomical
changes in body structure and chemical changes in the midgut of these
insects (Farder-Gomes et al., 2022), which hinder contamination by
entomopathogens used as biological control agents.

Sustainability is achieved when the goals of its three core compo-
nents — society, environment, and economy — are respected (Lior-
dos, 2024). Thus, bioproducts are an innovation in the agribusiness
sector, providing sustainable solutions that balance crop yields and
environmental respect. They are ecologically sustainable methods
with lower environmental costs than conventional chemical products
(Parra, 2023).

Conclusions

All treatments with entomopathogenic bacteria and viruses re-
sulted in at least 60% mortality of second- and third-instar larvae of
Spodoptera frugiperda. Considering the bioinsecticides containing
entomopathogenic viruses, the application of Spodoptera frugiperda
multiple nucleopolyhedrovirus (SfMNPYV) resulted in higher mortality
of second-instar larvae, whereas Autographa californica multiple nuc-
leopolyhedrovirus (AcMNPYV) resulted in higher mortality of third-in-
star larvae. SfMNPYV and Bacillus subtilis yielded 100% control efficacy
against second-instar larvae.

Thus, using these microorganisms for controlling S. frugiperda re-
sults in less environmental damage, maintaining agricultural sustain-
ability for future crops by conserving natural resources and increasing

biodiversity in various production systems.
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