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Abstract

The objective of this study was to evaluate the pathogenicity of the entomopathogenic fungus Beauveria bassiana
(Bals.-Criv.) Vuill. on Chrysodeixis includens larvae in soybean cultivation. The biological insecticide Boveril® (B. bassiana
isolate PL63, 50 g kg™') was tested against Chrysodeixis includens larvae, with applications at 9, 6, and 3 days before
fungicide application (BA) and at 3, 6, and 9 days after fungicide application (AA). The fungicides used were Fox Xpro®,
Sphere Max®, Orkestra®, and Vessarya®. A randomized block design was used, with 13 treatments and three replications:
untreated control without application (T1); Turbo® pyrethroid insecticide (T2); Boveril® (positive BA control) (T3);
Boveril® + Fox Xpro® BA (T4); Boveril®+ Sphere Max® BA (T5); Boveril® + Orkestra® BA (T6); Boveril® + Vessarya® BA (T7);
Turbo® AA (T8); Boveril® (positive AA control) (T9); Boveril® + Fox Xpro® AA (T10); Boveril® + Sphere Max® AA (T11);
Boveril®+ Orkestra® AA (T12); and Boveril® + Vessarya® AA (T13). The number of live C. includens larvae per treatment was
recorded every 7 days. The data were subjected to analysis of variance and means were compared using the Scott-Knott
test at p < 0.05. No negative effects of the fungicides or application intervals on the pathogenicity of B. bassiana against
C. includens were detected, as the mean numbers of live larvae were not higher than those in the untreated control.

Keywords: soybean, integrated pest management, Chrysodeixis includens, Beauveria bassiana, disease
management, fungicides.

Resumo

0 objetivo deste estudo foi avaliar a patogenicidade do fungo entomopatogénico Beauveria bassiana (Bals.-Criv.) Vuill.
sobre lagartas de Chrysodeixis includens no cultivo da soja. O inseticida bioldgico Boveril® (B. bassiana isolado PL63,
50gkg™) foi testado contra lagartas de C. includens, com aplicagdes aos 9, 6 e 3 dias antes da aplica¢do de fungicidas (BA)
eaos 3,6 e 9dias apos aplicacdo de fungicidas (AA). Os fungicidas utilizados foram Fox Xpro®, Sphere Max®, Orkestra® e
Vessarya®. Foi utilizado o delineamento experimental de blocos ao acaso, com 13 tratamentos e trés repeti¢des: controle
sem aplicacdo (T1); inseticida piretroide Turbo® (T2); Boveril® (controle positivo BA) (T3); Boveril® + Fox Xpro® BA (T4);
Boveril® + Sphere Max® BA (T5); Boveril® + Orkestra® BA (T6); Boveril® + Vessarya® BA (T7); Turbo® AA (T8); Boveril®
(controle positivo AA) (T9); Boveril® + Fox Xpro® AA (T10); Boveril® + Sphere Max® AA (T11); Boveril® + Orkestra® AA
(T12); e Boveril® + Vessarya® AA (T13). O ntimero de lagartas vivas de C. includens por tratamento foi registrado a cada 7
dias. Os dados foram submetidos a andlise de variancia e as médias comparadas pelo teste de Scott-Knott (p < 0,05). Ndo
foram detectados efeitos negativos dos fungicidas ou dos intervalos de aplicacao sobre a patogenicidade de B. bassiana
contra C. includens, uma vez que os nimeros médios de lagartas vivas ndo foram superiores aos do controle sem aplicagdo.

Palavras-chave: soja, manejo integrado de pragas, Chrysodeixis includens, Beauveria bassiana, manejo de
doengas, fungicidas.

1. Introduction

The lepidopteran pest complex is among the primary  of Chrysodeixis includens (Walker, 1858) (Lepidoptera:
groups of soybean pests, with associated damage ranging  Noctuidae) feed on leaves in the middle and lower canopy
from partial defoliation of the leaf lamina and veins to  layers, and population peaks usually occur at soybean
complete plant destruction (Bueno et al., 2023). Larvae  canopy closure, which increases control complexity because
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the larvae exhibit highly aggressive feeding habits that
significantly reduce the photosynthetic area of the plants
(Borgesetal., 2021). These population peaks occur because
the larvae inhabit the lower canopy layer, where insecticides
have limited penetration (Gongalves et al., 2024).

Phytosanitary management of the crop incurs significant
production costs. Integrated pest management (IPM)
integrates multiple control strategies and promotes
biological balance in the agroecosystem (Padilha et al., 2025).
This approach is not limited to a single tool but instead
relies on the integration of multiple available strategies,
including natural biological control by agents present in
the agroecosystem (Seni, 2023; Wang et al., 2026).

Among these important natural regulatory agents
are microorganisms such as entomopathogenic fungi,
which exhibit a broad spectrum of activity against
arthropods and can cause epizootics and enzootics
(Loureiro et al., 2024). Fungi belonging to the genera
Beauveria (Ascomycota: Cordycipitaceae), Metarhizium
(Ascomycota: Clavicipitaceae), and Cordyceps (=Isaria)
(Ascomycota: Clavicipitaceae), are the most commonly
used in applied biological control of various arthropod
pests (Velozo et al., 2025).

Modern agricultural cropping systems have adopted
integrated pest and disease management as a successful
model because the incorrect and excessive use of pesticides,
without consideration of compatibility with natural
enemies, has reduced populations of these control agents
and selected for resistant pest populations (Padilha et al.,
2025). Phytosanitary products that are incompatible with
entomopathogenic fungi can interfere with fungal spore
germination and vegetative growth and may promote genetic
mutations that affect fungal virulence (Loureiro et al., 2025).

Prioritizing the use of selective products compatible with
entomopathogenic fungi is important for maintaining the
biological balance of the agroecosystem and ensuring the
effective performance of the applied phytosanitary products
(Mascarin et al., 2025). This strategy offers greater safety,
efficacy, and feasibility for pest and disease management
(Loureiro et al., 2025), while optimizing costs associated
with inputs and applications through the conservation of
natural enemies in the field and adherence to the use of

appropriate application intervals between fungicides and
entomopathogenic fungi (Loureiro et al., 2002; Faria et al.,
2023; Filgueiras et al., 2025). Studies on the toxicity of
phytosanitary products to the entomopathogenic fungus
B. bassiana support the development of new management
strategies (Zambolim, 2022; Oliveira et al., 2025).

The present study evaluated a strategy to mitigate the
effects of fungitoxic products on entomopathogenic fungi
by interspersing applications of the fungus and fungicides at
intervals that do not compromise the pathogenic performance
of the fungus. The guiding question of this study concerned
the optimal interval for fungicide application that would not
interfere with the pathogenic activity of the entomopathogenic
fungus against the target pest. The objective of this study
was to evaluate the pathogenic activity of the biological
insecticide Boveril® (B. bassiana isolate PL63,50 g kg™') against
C. includens larvae in soybean crops at different application
intervals before and after fungicide application.

2. Material and Methods

2.1. Experimental area and management practices

The experiment was conducted in the experimental area
of the Federal University of Mato Grosso do Sul (UFMS), in
Chapaddo do Sul, MS, Brazil (18°46'19.97"S, 52°37'05.74"W).
Seeds of the soybean cultivar P98Y90 RR were sown on
2 December 2024 under a no-tillage system, with a row
spacing of 50 cm and a density of 280,000 plants ha™'.

Phytosanitary management was performed according
to technical recommendations for soybean cultivation in
the state of Mato Grosso do Sul (Embrapa, 2000). Weed
control consisted of a foliar application of 2.0 kg ha™ of
glyphosate (Roundup® WG) plus 1.0 L ha™ of manganese
(Starter Manganese®) at 15 days after emergence. Soil
fertilizers applied at sowing included 350 kg ha™ of
the 02-20-20 N-P-K formulation. The microbiological
insecticide, chemical insecticide, and fungicides used in
the experiment are described in Table 1. All insecticidal
and fungicidal products used were applied at the medium
rates recommended by the manufacturers.

Table 1. Details of the microbiological insecticide, chemical insecticide, and fungicides used in the experiment (MAPA/AGROFIT, 2025).

Commercial

Product Active ingredients Chemical group Formulation Rate L ha™! Class

Boveril® Beauveria bassiana - WG 0.3 MI
(Min. 1 x 108 viable conidia g™')
Turbo® Beta-cyfluthrin Pyrethroid EC 0.5 CI
Fox Xpro® Bixafem; Prothioconazole; Carboxamide, Triazolinthione SC 0.5 CF
Trifloxystrobin and Strobilurin

Sphere Max® Trifloxystrobin; Cyproconazole Strobilurin and Triazole SC 0.2 CF
Orkestra® Pyraclostrobin; Fluxapyroxad Strobilurin and Carboxamide SC 0.35 CF
Vessarya® Picoxystrobin; Benzovindiflupyr Strobilurin and Pyrazole EC 0.6 CF

Carboxamide

Rate = recommended rate by the manufacturers; MI = microbiological insecticide; CI = chemical insecticide; CF = chemical fungicide; WG = Water
Dispersible Granules; EC = Emulsifiable Concentrate; SC = Suspension Concentrate.
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2.2. Experimental design and treatments

The biological insecticide Boveril® (B. bassiana isolate PL63,
50gkg) was tested against Chrysodeixis includens larvae, with
applications at 9, 6, and 3 days before fungicide application
(BA)and at 3, 6, and 9 days after fungicide application (AA).

A randomized block design with 13 treatments and
three replications was used. The treatments consisted of an
untreated control (no applications) (T1) and applications
of the following products: Turbo® pyrethroid insecticide
(T2); Boveril® (positive control before fungicide application)
(T3); Boveril® + Fox Xpro® BA (T4); Boveril® + Sphere Max®
BA (T5); Boveril® + Orkestra® BA (T6); Boveril® + Vessarya®
BA (T7); Turbo® AA (T8); Boveril® (positive control after
fungicide application) (T9); Boveril® + Fox Xpro® AA (T10);
Boveril® + Sphere Max® AA (T11); Boveril® + Orkestra®
AA(T12); and Boveril® + Vessarya® AA (T13) (Table 2). Each
plot measured 3 x 6 m (six rows spaced 50 cm apart) and
was separated from adjacent plots by a 1 m uncultivated
buffer to avoid border effects. Four meters of the four
central rows were used for evaluations.

2.3. Applications and evaluations

Boveril® applications were performed after 4:00 p.m.
under temperatures ranging from 23 to 27 °C, using
a CO,-pressurized sprayer equipped with an XR11015
nozzle, at a spray volume of 200 L ha™ and a working
pressure of 1.5 bar.

Fungicide applications were performed at the estagio
vegetativo (V8) soybean phenological stage (45 days after
planting), V8 + 14 (59 days after planting),and V8 + 28 (73 days
after planting) to simulate standard fungicide applications
required for soybean rust management. The same equipment
described for Boveril® was used.

Monitoring of Chrysodeixis includens larvae began
after plant emergence, with samples collected every 7
days using the beat cloth method. A 1.0 x 1.0 m cloth was
placed at two points in the interrows of each plot for
larval collection. The number of live C. includens larvae
was recorded throughout the soybean cycle. Larvae were

Table 2. Description of treatments.

T1 Untreated control (free of products)
T2 Turbo® (pyrethroid) before fungicide application (BA)
T3 Boveril® (B. bassiana) (positive control BA)

T4 Boveril®, before the application of Fox Xpro® (BA)

T5 Boveril®, before applying Sphere Max® (BA)
T6 Boveril®, before the application of Orkestra® (BA)
T7 Boveril®, before the application of Vessarya® (BA)

T8 Turbo® (pyrethroid) after fungicide application (AA)

T9 Boveril® (B. bassiana) (positive control for AA)
T10 Boveril®, after application of Fox Xpro® (AA)
T11 Boveril®, after application of Sphere Max® (AA)
T12 Boveril®, after application of Orkestra® (AA)
T13 Boveril®, after the application of Vessarya® (AA)
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classified as small (neonate to 3rd instar, 1-10 mm) or
large (4th to 5th instar, 11-25 mm).

2.4. Statistical analysis

The data were subjected to analysis of variance (ANOVA),
and means were compared using the Scott-Knott test
(p £0.05) with Rbio software (Bhering, 2017).

3. Results

In the first evaluation, significant differences were
detected among treatments and application intervals for
the density and size of C. includens larvae (Table 3). At 9
days before fungicide application (BA), small larvae occurred
at statistically similar densities in the Turbo®, Boveril®
(positive control), and untreated control treatments. At
9 days after fungicide application (AA), treatments with
Boveril® did not differ significantly (Table 3).

The occurrence of large larvae at 9 days BA did not
follow the same pattern as that of small larvae. Treatments
with Fox Xpro®, Sphere Max®, and Orkestra® resulted
in numbers of live large larvae similar to those in the
control, differing significantly from the Turbo®, Boveril®,
and Vessarya® treatments, which showed lower larval
occurrence (Table 3).

At 6 days BA and AA, treatments differed in the numbers
of small and large larvae, except for Boveril® + Vessarya®
which showed similar mean numbers of small larvae
(Table 3). At 3 days BA and AA, treatments also
differed in the numbers of small and large larvae, with
means statistically equal to the untreated control for
Boveril®* Orkestra® (large larvae; BA), Turbo® (small and
large larvae; AA), Boveril® + Orkestra® (small larvae; AA),
and Boveril® + Vessarya® (large larvae; AA) (Table 3).

In the second evaluation, the occurrence of small and
large C. includens larvae was also recorded. No significant
differences were detected among treatments or application
intervals (3, 6, and 9 days; BA and AA) for small larvae.
The number of large larvae was significantly lower in all
treatments at all intervals than in the untreated control
(Table 4).In the third and fourth evaluations, no significant
differences were detected among treatments, regardless
of application interval or larval size (Tables 5 and 6).

In the fifth evaluation, significant differences were
detected among treatments for the number of large
larvae. Significant differences were also detected for small
larvae across all application intervals, with the greatest
population reductions observed at the 9-day intervals (BA
and AA) (Table 7). At the 9-day interval BA, the Turbo® and
Boveril® + Fox Xpro® treatments resulted in mean numbers
of live small larvae of 3.00 and 4.33, respectively, which
differed significantly from the untreated control (6.33). At
the 9-day interval AA, the mean numbers of small larvae
in the Turbo® (4.00), Boveril® + Sphere Max® (1.33), and
Boveril® + Vessarya® (3.33) treatments were significantly
different from the control (6.33) (Table 7).

At the 6-day interval BA, significant differences were
detected; the Turbo®, Boveril® + Vessarya®, and Boveril® +
Orkestra® treatments showed the greatest reductions in
larval populations. At the 6-day interval AA, the Turbo®,
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Table 3. Mean number (mean + standard error) of live Chrysodeixis includens larvae observed in the first evaluation, after application
of the treatments in soybean, harvest (2024/2025), Chapadao do Sul, MS, Brazil.

Small larvae  Large larvae  Small larvae = Large larvae  Small larvae  Large larvae

Treatments
9 days 6 days 3 days
T1 - Control 333+0.88a 1.67+033a 3.33+0.88a 1.67+£033a 3.33+0.88a 1.67+0.33a
First application (BA) 3 - - - - - -
T2 - Turbo® (BA) 200+£0.58a 0.67+0.67b  0.00+0.00b 1.00 +0.58a 0.67+0.67b  0.00 £0.00b
T3 - Boveril® (BA) 133+0.67a 0.67+0.33b 1.33+0.67a 0.00 £0.00 b 0.67 +£0.67b 0.33+0.33b

T4 - Boveril® + Fox Xpro® 0.67+033b 3.00£058a 0.33£033b 0.00+000b  1.00+0.58b 0.33+0.33b
T5 - Boveril® + Sphere Max®  0.33+033b  167+120a  0.00+0.00b 0.00+0.00b  0.67+0.60b  0.00+0.00b
T6 - Boveril® + Orkestra® 1.00+0.58b  133+£0.67a  0.00+0.00b 0.67+0.33b  0.33£0.33b 1.00+0.58 a
T7 - Boveril® + Vessarya® 033+033b 0.67+0.67b  0.00+0.00b 1.00 +0.58a 0.33+033b 0.00+0.00b
Second application (AA)* - - - - - -
T8 - Turbo® 0.00+0.00b 0.33+033b 133+067a 0.00+0.00b 1.67 £ 1.20a 1.00+0.58 a
T9 - Boveril® 1.00+0.58b  1.00£0.58a  0.00+0.00b 0.00+0.00b  1.00+0.58b 0.33+£0.33b
T10 - Boveril® + Fox Xpro® 1.33+£0.88a 0.00+x0.00b 0.00+0.00b 0.00+0.00b  0.00+0.00b 0.00+0.00b
T11 - Boveril® + Sphere Max®  1.67+0.88a  0.67+033b  0.33+0.33b 0.33+033b  0.00+0.00b 0.33+0.33b
T12 - Boveril® + Orkestra® 0.67+033b  133%0.67a 1.00 +0.58b 1.00 +0.58a 2.67+1.76a  0.00+0.00b
T13 - Boveril® + Vessarya® 0.33+033b 1.00+£0.00a 2.33+0.67a 1.00+£0.00a 0.33+0.33b 1.00+£0.58 a
F (treatments) 1.89* 2.24* 1.89* 2.24* 1.89* 2.24*

Means followed by equal letters within a column do not differ statistically by the Scott-Knott test at 5% probability. Larval classification: Small
larvae = neonate to 3rd instar, 1-10 mm; Large larvae = 4th to 5th instar, 11-25 mm; BA = applications at 9, 6, and 3 days before fungicide
application; AA = application at 3, 6, and 9 days after fungicide application (AA).

Table 4. Mean number (mean * standard error) of live Chrysodeixis includens larvae observed in the second evaluation, after application
of the treatments in soybean crop (2024/2025), Chapadao do Sul, MS, Brazil.

Small larvae  Large larvae  Small larvae  Large larvae  Small larvae  Large larvae

Treatments
9 days 6 days 3 days
T1 - Control 1.33+0.88a 533+2.96a 1.33+0.88a 533+296a 1.33+£0.88a 533+296a
First application (BA)? - - - - - -
T2 - Turbo® (BA) 0.67 £0.67 a 0.33+0.33b 133+033a 0.67+0.33b 0.67+0.33a 1.00+1.00b
T3 - Boveril® (BA) 0.00+£0.00a 0.67£0.33b 2.00x115a 2.00+1.00b 133+033a 133+0.67b

T4 - Boveril® + Fox Xpro® 033+033a 2.00+0.00b 067%033a 033%033b 1.00+1.00a 1.00£0.58b
T5 - Boveril® + Sphere Max® 1.00+0.58a 0.67+0.33b 1.67+0.33a 1.67+120b  2.00+£0.00a 1.33+0.67b
T6 - Boveril® + Orkestra® 0.67 +0.67 a 1.33+0.67b 0.67+0.33 a 1.33+0.67b 2.00+1.00a 1.00£0.58 b
T7 - Boveril® + Vessarya® 1.33+£033a 0.00+x0.00b 033+033a 267+033b 1.33+£0.88a 2.00+0.00b

Second application (AA)* - - - - - -
T8 - Turbo® (AA) 067+067a 233+133b 067+0.67a 167+0.67b 1.67+0.88a  1.00+0.58b
T9 - Boveril® (AA) 133+0.67a 0.00+0.00b 1.67+0.88a 1.33+0.33b 1.00 £0.58 a 1.67+0.67 b

T10 - Boveril® + Fox Xpro® 1.67+120a 233+120b 1.00+0.00a  0.00+0.00b 267+219a 0.67£0.33 b

T11 - Boveril® + Sphere Max®  1.67 £0.33a 0.67+033b 3.00+058a 2.67+067b 067+033a 2.00£0.58b

T12 - Boveril® + Orkestra® 1.00+0.58 a 033+033b 067+067a 0.00£0.00b 2.67%0.67a 1.33+0.67b

T13 - Boveril® + Vessarya® 033+033a 1.00£058b 033+0.33a 1.00£0.58b 1.00+0.00a 1.00 £0.00b
F (treatments) 0.99rs 1.70* 0.99s 1.70* 0.99s 1.70*

Means followed by equal letters within a column do not differ statistically by the Scott-Knott test at 5% probability. Larval classification: Small
larvae = neonate to 3rd instar, 1-10 mm; Large larvae = 4th to 5th instar, 11-25 mm; BA = applications at 9, 6, and 3 days before fungicide
application; AA = applications at 3, 6, and 9 days after fungicide application (AA).
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Table 5. Mean number (mean * standard error) of live Chrysodeixis includens larvae observed in the 3™ evaluation, after application of
the treatments in soybean, harvest (2024/2025), Chapaddo do Sul, MS, Brazil.

Small larvae  Large larvae  Small larvae  Large larvae  Small larvae  Large larvae

Treatments
9 days 6 days 3 days
T1 - Control 433+120a 267+0.67a 433+120a 267+067a 433+120a 2.67+067a
First application (BA)® - - - - - -
T2 - Turbo® 367+033a 167+088a 267+033a 1.00+1.00a 200+115a 0.33%033a
T3 - Boveril® 1.00+1.00a 167+033a 533+088a 100+058a 3.00+0.58a 133+0.88a

T4 - Boveril®+ Fox Xpro® 467+186a 333+0.88a 333+067a 067+067a 333+088a 200£0.58a
T5 - Boveril®+ Sphere Max® 2.00+1.00a 3.00+115a 3.00+0.58a 1.00+£0.58 a 433+233a 3.00+153a
T6 - Boveril®+ Orkestra® 267+067a 233+0.88a 3.00+x153a 2.00x0.58a 2.00+0.00a 233%120a
T7 - Boveril®+ Vessarya® 2.00+0.58a 033+033a 4.67 £0.88 a 1.00+£1.00a 3.67+186a 1.00£0.58 a
Second application (AA)* - - - - - -
T8 - Turbo® 3.00+115a 233+088a 1.00+1.00a 167+088a 1.33+0.88a 2.00+0.58a
T9 - Boveril® 1.67+0.67a 233+0.88a 333x145a 167+033a 200+115a 1.00+0.58 a
T10 - Boveril®+ Fox Xpro® 333+033a 267+145a 1.67£120a 133+£033a 400+2.08a 100+100a
T11 - Boveril®+ Sphere Max® 0.33+033a 333+£120a 233+186a 1.67 £0.67 a 133+033a 1.67+0.33a
T12 - Boveril®+ Orkestra® 1.67+0.88a 2.00+0.58a 3.67+145a 067+033a 200+153a 167+0.33a
T13 - Boveril®+ Vessarya® 3.67+176a 1.33+0.67 a 500+252a 2.00+1.00a 2.00+058a 1.33+0.67a

F. Treatments 1.00™ 0.97" 1.00™ 0.97"s 1.00™ 0.97

Means followed by equal letters within a column do not differ statistically by the Scott-Knott test at 5% probability. Larval classification: Small
larvae = neonate to 3rd instar, 1-10 mm; Large larvae = 4th to 5th instar, 11-25 mm; BA = applications at 9, 6, and 3 days before fungicide
application; AA = applications at 3, 6, and 9 days after fungicide application (AA).

Table 6. Mean number (means * standard error) of live Chrysodeixis includens larvae observed in the 4th evaluation, after application
of the treatments in soybean crop (2024/2025), Chapadao do Sul, MS, Brazil.

Small larvae  Large larvae  Smalllarvae  Large larvae = Small larvae  Large larvae

Treatments
9 days 6 days 3 days
T1 - Control 4.67 £0.33a 233+033a 467+033A 233x033a 4.67+033a 233+033a
First application (BA)?
T2 - Turbo® 2.00+1.53a 1.00+1.00a 3.67+0.88a 0.00+0.00 a 1.67+033a 0.33+033a
T3 - Boveril® 2.67 £1.20a 1.67 +0.67 a 2.33+0.88a 0.67+0.33a 1.00+£0.00a 133+0.33a

T4 - Boveril® + Fox Xpro® 4.33 + 1.86a 033+033a 3.00+x058a 033%033a 233+£067a 133£033a
T5 - Boveril® + Sphere Max® 1.00+0.58a  0.00+0.00a 433+120a 100+058a 233+0.67a 167+0.33a
T6 - Boveril® + Orkestra® 4.67 +1.20a 1.33+0.88a 200+058a 0.67+033a 533+145a 2.00+1.00a
T7 - Boveril® + Vessarya® 433 +1.20a 1.00+058a 2.00+2.00a 0.67+067a 3.00+x0.58a 133%133a

Second application (AA)*

T8 - Turbo® 3.33+0.67a 1.00£1.00a 3.00+x153a 167+033a 200+153a 0.67x033a

T9 - Boveril® 3.67 £0.88a 1.33+£0.88a 3.00+115a 1.33+£0.88a 3.00+2.08a 133%133a

T10 - Boveril® + Fox Xpro® 3.67 £0.88a 2.00+0.00a 333+145a 133+0.88a 500+153a 133+033a

T11 - Boveril® + Sphere Max®  2.33+0.88a  2.33+0.33a 3.00+x173a 2.00+0.58a 133+088a 100+0.58a

T12 - Boveril® + Orkestra® 4.00+ 1.53a 0.67+0.67a 233x033a 067+033a 433+088a 167+0.88a

T13 - Boveril® + Vessarya® 467+0.67a 067+0.33a 200£0.00a 167+167a 400+3.06a 0.33+033a
F. Treatments 0.88" 0.79" 0.88m 0.79m 0.88™ 0.79m

Means followed by equal letters within a column do not differ statistically by the Scott-Knott test at 5% probability. Larval classification: Small
larvae = neonate to 3rd instar, 1-10 mm; Large larvae = 4th to 5th instar, 11-25 mm; BA = applications at 9, 6, and 3 days before fungicide
application; AA = applications at 3, 6, and 9 days after fungicide application (AA).

Braz. J. Biol., 2026, vol. 86, 306792 5/8



Loureiro, E.S. et al.

Table 7. Mean numbers (means * standard error) of live Chrysodeixis includens larvae observed in the 5th evaluation, after application
of the treatments in soybean crop (2024/2025), Chapaddo do Sul, MS, Brazil.

Small larvae  Large larvae  Small larvae = Large larvae  Small larvae  Large larvae
Treatments
9 days 6 days 3 days
T1 - Control 6.33+145a 2.00+100a 6.33+145a 2.00+1.00a 6.33+145a 2.00+1.00a
First application (BA)*
T2 - Turbo® 3.00+£1.00b 2.00+0.58a 3.67+033b 0.33+033a 3.00£0.58b 233+120a
T3 - Boveril® 7.67£0.88a 0.00+0.00 a 10.00 + 1.33+0.88a 3.00£1.73b 3.00+153a
3.06a
T4 - Boveril® + Fox Xpro® 433+1.76b 1.67+1.20a 567+145a 1.33+0.67 a 400+£115b 1.00+1.00a
T5 - Boveril® + Sphere Max® 700+115a 1.67+0.33a 8.00+2.08 a 1.00+0.00a 767+2.73a 0.33+033a
T6 - Boveril® + Orkestra® 6.67+145a 1.67 £0.88 a 467+145b 0.00+0.00 a 6.33+120a 233+033a
T7 - Boveril® + Vessarya® 5.67+0.33a 0.67+0.67a 433+233b 200+115a 5.00+0.58b 033+033a
Second application (AA)*

T8 - Turbo® 400+115b 1.00+£0.58 a 3.33+0.67b 0.33+033a 6.33+120a 1.33+0.88a
T9 - Boveril® 6.33+033a 1.67 £0.67 a 3.67+0.67b 1.00+0.58 a 433+133b 0.33+033a
T10 - Boveril® + Fox Xpro® 767 £0.88 a 033+0.33a 333+120b 1.00+£1.00a 533+176b 0.33+033a
T11 - Boveril® + Sphere Max®  1.33+0.33b  133+£088a 533+273b 033%033a 433x067b 0.67+033a
T12 - Boveril® + Orkestra® 700+173a 1.00+£0.58 a 767 £0.88 a 2.33+088a 767+2.73a 0.67+0.33a
T13 - Boveril® + Vessarya® 3.33+0.67b 0.67+£0.33a 7.00+0.58 a 0.00+0.00a 4.67+1.86b 0.67 £0.67 a

F. Treatments 1.61* 1.220s 1.61* 1.22m 1.61* 1.220s

Means followed by equal letters within a column do not differ statistically by the Scott-Knott test at 5% probability. Larval classification: Small
larvae = neonate to 3rd instar, 1-10 mm; Large larvae = 4th to 5th instar, 11-25 mm; BA = applications at 9, 6, and 3 days before fungicide
application; AA = applications at 3, 6, and 9 days after fungicide application (AA).

Boveril® (positive control), Boveril® + Fox Xpro®, and
Boveril® + Sphere Max® treatments showed significantly lower
mean numbers of larvae than the other treatments (Table 7).

At the 3-day interval BA, the Turbo®, Boveril® (positive
control), Boveril® + Fox Xpro®, and Boveril® + Vessarya®
treatments showed significant reductions in small larvae.
The Boveril® (positive control), Boveril® + Fox Xpro®,
Boveril® + Sphere Max®, and Boveril® + Vessarya® treatments
exhibited significantly lower means than the other
treatments (Table 7).

4. Discussions

The untreated control exhibited higher mean numbers of
both large and small larvae than most treatments across all
evaluations and application intervals. However, the evaluated
treatments (chemical insecticide, biological insecticide, and
chemical fungicides) did not show a consistent pattern of
interference with the efficacy of B. bassiana, as results varied
across periods and larval sizes. During the first evaluation,
no negative effects of fungicides applied in combination
with Boveril® were identified, as all treatments showed
variation in C. includens population density.

In the second evaluation, the mean number of large
larvae in the untreated control differed significantly from
that of the other treatments. The results of this evaluation
indicate that combining Boveril® with fungicides reduced
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larval populations to levels similar to those of the positive
controls (Boveril® alone; BA and AA). Larger larvae consume
more leaf tissue and are, therefore, more exposed on the
plant surface (Bueno et al., 2023; Padilha et al., 2025).

The lack of significant differences among treatments
in the third and fourth evaluations may be related to the
population reduction observed in the second evaluation.
Entomopathogenic fungi can survive and disseminate
conidia following parasitism of insects when temperature
and humidity conditions are favorable (Mantzoukas et al.,
2022; Souza et al., 2024; Martina et al., 2026).

The fourth evaluation preceded the 3- and 6-day interval
applications of the pyrethroid insecticide and B. bassiana.
These applications likely contributed to the observed
reduction in pest population because pyrethroids exert a
rapid contact effect that quickly decreases pest numbers
(Ndakidemi et al., 2016; Rahman et al., 2024). In contrast,
entomopathogenic fungi act more slowly, typically requiring
approximately 3 days for colonization of the insect and 5 to
8 days for host death and sporulation (Loureiro et al., 2026).

In the fifth evaluation, no consistent pattern of fungicide
interference with Boveril® efficacy was detected, and
variation occurred in mean larval numbers depending on
the interval (BA or AA). In this evaluation, higher numbers
of small larvae, which are more susceptible than large
larvae, were recorded. Balanced management during this
period may have contributed to population reductions in
subsequent pest generations.
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Research on the compatibility of phytosanitary products
with entomopathogenic fungi has produced variable
results between in vitro and field conditions, because
incompatibility observed in culture medium assays is not
always replicated under field conditions (Loureiro et al.,
2025). In studies evaluating the effects of pesticides on
B. bassiana, incompatibility observed in culture medium
assays between fungicides, insecticides, and B. bassiana
was reduced by the soil microbiota when the products
were applied together to the soil (Loureiro et al., 2002;
Paiva-Guimardes et al., 2020).

Previous tests with the fungicides Fox Xpro®,
Sphere Max®, Orkestra®, Vessarya®, and Elatus®, as well as
the adjuvant Aureo®, demonstrated compatibility only of
Elatus® and Aureo® with the fungus M. rileyi (Ascomycota:
Clavicipitaceae), whereas Vessarya® completely inhibited
colony growth (Loureiro et al., 2025). In the present study,
the Vessarya® product applied in combination with Boveril®
(BA and AA) resulted in population reductions similar to
those observed in the other treatments. These results suggest
that the fungicide did not interfere with the performance
of the entomopathogen at the tested application intervals
(Lacey et al., 2015; Zambolim, 2022; Faria et al., 2023).

The data from the present study showed that the
products did not produce a consistent pattern of results,
with variation across application intervals and soybean
growth stages in relation to C. includens occurrence during
the vegetative phase. Population reduction also varied
depending on whether the products were applied before
or after Boveril®.

The results of this study indicate that the evaluated
fungicides did not exert negative effects on the pathogenic
activity of B. bassiana against C. includens populations,
because mean numbers of live larvae in all treatments
and evaluation periods were not higher than those in the
untreated control. Further studies are needed to expand
knowledge on compatibility between entomopathogenic
fungi and chemical products and to support the
development of efficient and sustainable phytosanitary
management strategies.

5. Conclusion

The fungicides tested at different application timings
did not interfere with the efficacy of B. bassiana (Boveril®)
in reducing populations of C. includens larvae.
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