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RESUMO: Chrysodeixis includens é uma importante praga da 
cultura da soja que tem ganhado maior visibilidade na região do 
Cerrado brasileiro em razão do dano causado. Consumo foliar, 
período de alimentação e mortalidade de lagartas falsa-medideira 
foram avaliados em laboratório, assim como seu controle em con-
dições de campo, após a aplicação do vírus ChinNPV em plantas 
de soja. Em laboratório, foram testadas seis concentrações do iso-
lado Chin-IA (I-A) (1 × 1011, 2 × 1011, 4 × 1011, 6 × 1011, 8 × 1011 
e 10 × 1011 CIP ha-1), uma dose do inseticida químico metomil 
(172 g i.a ha-1) e água destilada (controle). O ensaio de campo 
foi realizado na safra 2016/2017 utilizando o mesmo cultivar e 
tratamentos do ensaio em laboratório, exceto para a menor con-
centração do vírus. A densidade populacional de lagartas peque-
nas e grandes foi avaliada antes (pré-contagem) e 5, 8 e 12 dias 
após a aplicação dos tratamentos nas plantas de soja. Todas as 
concentrações do isolado Chin-IA (I-A) reduziram o consumo e 
o período de alimentação das lagartas falsa-medideira, mostrando 
100% de mortalidade entre 3 – 4 dias, sem diferir do tratamento 
com o inseticida químico. Depois de oito dias após a aplicação 
do vírus no campo, a densidade populacional de lagartas peque-
nas e grandes foi reduzida, promovendo um controle satisfatório. 
Esses resultados mostram o evidente potencial de ChinNPV na 
redução do poder de desfolha, mantendo a população das lagar-
tas falsa-medideira abaixo do nível de controle, e indicam o seu 
uso como um método complementar no manejo integrado dessa 
praga em culturas de soja.

PALAVRAS-CHAVE: nucleopoliedrovírus; lagartas falsa-medi-
deira; consumo foliar; densidade populacional; controle biológico.

ABSTRACT: Chrysodeixis includens is an important pest of 
soybean crop who has gained more visibility in the Brazilian 
Cerrado due to damage caused in this region. Foliar consumption, 
feeding period and mortality level of soybean loopers in 
laboratory, as well as their control in the field conditions, were 
evaluated after application of the ChinNPV virus in soybean 
plants. In the laboratory, were tested six concentrations of 
isolate Chin-IA (I-A) (1 × 1011, 2 × 1011, 4  ×  1011, 6 ×  1011, 
8  ×  1011 and 10  ×  1011 PIB ha-1), one dose of methomyl 
chemical insecticide (172 g ai ha-1) and distilled water (control). 
The field experiment was carried out in the 2016/2017 season 
using the same cultivar and laboratory treatments, except for 
the lowest virus concentration. The population density of small 
and large larvae was evaluated before and at 5, 8 and 12 days 
after application (DAA) of the treatments in soybean plants. 
All concentrations of the isolate Chin-IA (I-A) have reduced 
the soybean loopers consumption and their feeding period, 
showing 100% of mortality after 3 – 4 days without differing 
from treatment with the chemical insecticide. After eight DAA 
of virus in the field, the population density of small and large 
larvae was reduced, providing satisfactory levels of control. 
These results showed the evident potential of ChinNPV in the 
reduction of defoliation power and maintenance the soybean 
loopers population under of control level, and thus may be used 
as complementary method in the integrated management of this 
pest in soybean crops.

KEYWORDS: nucleopolyhedrovirus; soybean looper; foliar 
consumption; population density; biological control.
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INTRODUCTION

The species Chrysodeixis includens (Walker, 1857) (Lepidoptera: 
Noctuidae), known as soybean looper, is a polyphagous insect 
of a large variety leguminous plants (SPECHT et al., 2015). 
In Brazil, it became an important pest of soybean crop in the 
2002/2003 season (SOSA-GÓMEZ et al., 2014; MOSCARDI 
et al., 2012), and is mainly controlled by broad spectrum 
chemical insecticides. The larval stage has a behavior of feed-
ing on the leaves of the medial to lower soybean plants can-
opy, becoming difficult their control by insecticides which 
need to be applied to the bottom and inside of the plants, 
resulting in the necessity of higher doses of these products 
(DEGRANDE; VIVAN, 2008; SOSA-GÓMEZ et al., 2014). 
In addition, this species has been shown to be less suscepti-
ble to the active ingredients available in the market (ÁVILA 
et al., 2008; BERNARDI et al., 2012). Thus, the search for 
alternative methods to control this pest in the soybean agro-
ecosystem is a reality.

The use of entomopathogenic virus constitutes a sus-
tainable alternative to conventional chemical insecticides in 
Integrated Pest Management (IPM) programs (MOSCARDI 
et al., 2011; HAASE et al., 2015). The viruses of genus nuc-
leopolyhedrovirus (NPVs) from Baculoviridae family infects 
different species of insects, especially those belonging to the 
Lepidoptera Order (THEILMANN et al., 2005; HERNIOU 
et al., 2012), reducing its foliar consumption and increasing 
the larval stage’s mortality (MOSCARDI et al., 2011). Brazil 
presents one of the world’s successful programs in the use of 
Baculovirus anticarsia (Anticarsia gemmatalis multiple nuc-
leopolyhedrovirus - AgMNPV) for the control of Anticarsia 
gemmatalis velvetbean caterpillar (Lepidoptera: Noctuidae), 
which has already provided several benefits, including eco-
nomic and environmental benefits to soybean crop (SOSA-
GÓMEZ et al., 2008).

The Chrysodeixis includens nucleopolyhedrovirus 
(ChinNPV: Baculoviridae) is an Alphabaculovirus pathogenic 
and specific to this species, previously known by the genus 
Pseudoplusia (CRAVEIRO et al., 2016). Due to their high 
specificity and natural occurrence, these viruses are good 
candidates for use in management programs because they 
are harmless to other microorganisms, natural enemies, pol-
linating bees, vertebrates and plants (MOSCARDI, 1990). 
Moreover, they are protected in protein crystals, which allows 
formulations with easy application technology and, hence, 
represents economy and biosafety in relation to the chem-
icals (CASTRO et al., 1999). Several aspects of ChinNPV 
have already been studied, including the morphology and 
molecular characterization of several isolates, as well as 
their biological activity in tests of virulence and suscepti-
bility to different larval instars of C. includens (BEACH 
et al., 1987; LIVINGSTON et al., 1980; ALEXANDRE 
et al., 2010; CRAVEIRO et al., 2016).

The soybean crop had been a leading role in increas-
ing the area and in the grains production in Brazil, accord-
ing the latest survey performed by CONAB (2018), with 
an estimated current area of 35 million of hectare and pro-
duction of around 114 million tons of grains. The possi-
bility of developing the biological control of the soybean 
looper in this crop, using the ChinNPV virus, will provide 
several benefits especially for the Brazilian Cerrado region 
where this pest has been a serious problem. The main goal 
with the present study was to evaluate the effect of concen-
trations of an isolate [Chin-IA (IA)] from ChinNPV virus 
on leaf consumption, feeding period and mortality of lar-
val stage of C. includens in the laboratory, and its control 
under field conditions.

MATERIAL AND METHODS

Laboratory bioassay

Soybean plants (Glycine max (L.), BRS 255 RR cultivar) were 
maintained in greenhouse at “Embrapa Agropecuária Oeste” 
(22º16’30”S, 54º49’00”W, 408m) located in Dourados city, 
Mato Grosso do Sul state, Brazil. Leaves in the flowering 
period were obtained from the middle third of the plants, 
sterilized in sodium hypochlorite solution (0.1%) and washed 
three times in distilled water. Soybean leaf discs were pre-
pared (area of 12.56 cm2) and then submerged in six sus-
pensions containing the Chin-IA (I-A) virus (1 × 1011, 2 × 
1011, 4 × 1011, 6 × 1011, 8 × 1011 and 10 × 1011 PIB ha-1). A 
dose of the chemical insecticide methomyl (172 g a.i ha-1), 
recommended for the control of C. includens, and distilled 
water (control) were also used as treatments. Two discs were 
offered for third larval instar of C. includens (approximately 
1.5 cm) (SOSA-GÓMEZ et al., 2014) individualized in 
Petri dishes (6.0 cm diameter × 1.3 cm height) containing 
filter paper moistened with sterile distilled water. The bioas-
say was conducted in a completely randomized design with 
eight replicates for each treatment. 

The soybean leaf area consumed was determined with a 
LICOR® model LI-3000 integrator (LICOR, Inc., Lincoln, 
NE, USA), based on the difference between the leaf area disc 
initially provided and the leaf area remained after 24 hours. 
The mortality data in each treatment were transformed into 
a sine arc x /100, submitted to variance analysis, and the 
average of the treatments compared by the Tukey’s test at 
5% probability.

Field experiment
The field experiment was performed at the full flowering stage 
(R2) (RITCHIE et al., 1982) in a soybean crop containing 
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the same soybean cultivar used in the laboratory bioassay 
described above. The area was located at the Cristalina dis-
trict (22º38’04”S, 54º49’24”W), Caarapó municipality in 
Mato Grosso do Sul state, Brazil, during the 2016/2017 sea-
son. Seven treatments were considered in this experiment 
including five concentrations of isolate Chin-IA (I-A) (2 × 
1011, 4 × 1011, 6 × 1011, 8 × 1011 and 10 × 1011 PIB ha-1), one 
dose of the chemical insecticide methomyl (172g a.i ha-1) 
and control (without application of products). The exper-
iment was conducted in a randomized block design with 
three replicates. Each replicate consisted of plots with 12 
rows of soybean plants, spaced 0.45 m by 10.0 m in length 
(54 m2), having as useful area the 10 central rows in the 
plot. All virus treatment and the chemical were applied into 
soybean plants using a constant pressure bar (CO2) sprayer 
equipped with empty cone nozzles and water volume equiv-
alent to 115 L ha-1.

The number of small (≤ 1.5 cm) and large (> 1.5 cm) 
soybean loopers were evaluated before and at 5, 8 and 12 days 
after application (DAA) of treatments in soybean plants. 
For the variance analysis, the average values of soybean looper 
(x) sampled in each plot were transformed to +x 0,5  and 
the means of treatments compared by the Tukey’s test at 5% 
of probability. The control percentage of small and large lar-
vae in each treatment was determined using the ABBOTT 
formula (1925).

RESULTS AND DISCUSSION

Laboratory bioassay

In this bioassay, all six concentrations of the isolate Chin-IA 
(IA) tested and the methomyl had reduced significantly the 
soybean leaf consumption of C. includens in third instar, 
without differing from each other, when compared to lar-
vae’s consumption in the control treatment (Fig. 1). In the 
control, where the soybean loopers ingested soybean discs 
submerged only in distilled water, the average total con-
sumption was 62.8 cm2 while the larvae from both virus and 
chemical insecticide treatments had a foliar consumption 
ranging from 11.6 and 21.5 cm2, that means a reduction of 
81.5 and 65.7%, respectively. The average total consump-
tion of C. includens is often quite expressive in areas where 
no control method is employed, reaching up to 200 cm2 of 
soybean foliar area (TRICHILO; MACK, 1989; BUENO 
et al., 2012). The defoliation occurring in the reproductive 
period of soybean plants, in which the attack of this pest is 
most prominent, may reduce the grains production leading 
to economic damages. 

The reduction in foliar area consumption found in the 
present study using soybean loopers in third instar was superior 

to that reported by ZONTA-DE-CARVALHO et al. (1991). 
The authors found a reduction of about 63% in the total con-
sumption of A. gemmatalis after had ingested soybean leaves 
containing the Anticarsia gemmatalis multiple nucleopolyhedro-
virus (AgMNPV) virus. In another study, larvae of Spodoptera 
frugiperda also from Noctuidae family had their foliar consump-
tion reduced in 93.1% after feeding with leaves with polyhedral 
inclusion bodies from Spodoptera frugiperda multiple nucleo-
polyhedrovirus (SfNPV) (CRUZ et al., 2002). The control of 
defoliation insects with virus brings great advantages within 
the integrated management, since the population growth of 
these pests has been a recurring concern for soy producers in 
the main Brazilian states (Fig. 1). 

In addition to the reduction of foliar area consumed by 
C. includens larvae, the feeding period was also significantly 
reduced in about 3 to 4 days due to mortality caused by the 
virus or chemical insecticide used in this experiment (Fig. 2). 
The mortality of C. includens was significantly higher in treat-
ments in which soybean leaf discs were treated with the virus 
or with the chemical insecticide and offered for feeding the lar-
vae, when compared to the control treatment, without statisti-
cally differing between them (Fig. 3). It is noteworthy that the 
infection progression and the multiplication of the viral par-
ticles lead to a series of behavioral and morphological changes 
in the insect, such as the reduction in their feeding, retardation 
of their growth, discoloration and rupture of the integument, 
culminating in their death (KATSUMA, 2015).

Figure 1. Average of total foliar consumption (± SE) of 
Chrysodeixis includens larvae (3rd instar) after ingestion of 
soybean leaf discs either submerged or not (control) into six 
concentrations of isolate Chin-IA (I-A) (ChinNPV) and one dose 
of the chemical insecticide (methomyl).
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The results presented here confirm that the use of the 
nucleopolyhedrovirus (NPVs) in soybean plantations consti-
tutes an effective tool for the control of soybean looper and 
other lepidoptera considered as key pests in several crops. As 
an example of this control, we may include velvetbean cater-
pillar (A. gemmatalis) (MOSCARDI, 2007; SOSA-GOMÉZ 
et al., 2008), bollworm (Helicoverpa zea and H. armigera) 
(Lepidoptera: Noctuidae) (SUN; PENG, 2007; SRINIVASA 
et al., 2008), fall armyworm (S. frugiperda) (CRUZ et al., 
2002; VALICENTE; TUELHER, 2009), the codling moth 
(Cydia pomonella) (Lepidoptera: Tortricidae) (LACEY; 
UNRUH, 2005; VINCENT et al., 2007), the gypsy moth 
(Lymantria dispar) (Lepidoptera: Erebidae) (COOK et al., 
2003), the cassava defoliator (Erinnyis ello) (Lepidoptera: 
Sphingidae) (BELLOTTI et al., 1999) and the poplar cat-
erpillar (Condylorrhiza vestigialis) (Lepidoptera: Crambidae) 
(CASTRO et al., 2017). 

Field experiment
No significative difference was observed in the initial evalua-
tion (before application) for the average of number of small 
(SL) and large (LL) larvae, with an average population density 
of 13.8 and 18.1 per beat cloth, respectively (Tables 1 and 2). 

Regarding the small C. includens larvae density, it was 
significantly lower at 5 DAA in the treatment with virus con-
centrations of 6 × 1011 and 8 × 1011 PIB ha-1, methomyl chem-
ical insecticide and control plots, without differing among 
each other (Table 1). At 8 DAA, the plots in which the two 
highest concentrations of the virus were applied had shown 
the lowest average number of SL and control levels above 
61%, differing only from the control treatment. It was to be 
expected since during the infection process of intestinal epi-
thelium cells and viral multiplication, they had taken up to 
6 days to cause death in C. includens larvae in previous stud-
ies (COX et al., 1972; BUENO et al., 2012). In small boll-
worm, H. armigera, was observed a mortality of 75% caused 
by HzSNPV (H. zea Single Nucleopolyhedrovirus) (KUSS 
et al., 2016). However, when the isolate HearNPV-MT5 
(Nucleopolyhedrovirus from H. armigera) was used, the mor-
tality rate was higher, being superior than 90% (SANTOS 
et al., 2006). Although the plots with the highest concen-
tration of the virus provided a control level of 58.6% for SL 
at 12 DAA (Table 1), there was no significative difference 
among treatments at this evaluation date.

The average of large C. includens larvae number, at 5 DAA, 
was significantly lower in plots treated with methomyl insec-
ticide, providing a population reduction of 54.3% (Table 2). 
At 8 DAA, the plots who received application of chemical 
insecticide and two highest concentrations of the virus had 
shown a significative population reduction of large larvae 
in the soybean plants when compared to the plots without 
application (control treatment), ranging from 46.7 to 59.8%. 
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Figure 2. Average feeding time (± SE) of Chrysodeixis includens 
larvae (3rd instar) after ingestion of soybean leaf discs 
either submerged or not (control) into six concentrations of 
isolate Chin-IA (I-A) (ChinNPV) and one dose of the chemical 
insecticide (methomyl).
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Figure 3. Mortality percentage of Chrysodeixis includens 
larvae (3rd instar) after ingestion of soybean leaf discs 
either submerged or not (control) into six concentrations of 
isolate Chin-IA (I-A) (ChinNPV) and one dose of the chemical 
insecticide (methomyl).
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In the last evaluation date, the four highest concentrations 
of the virus (4 × 1011, 6 × 1011, 8 × 1011 and 10 × 1011 PIB 
ha-1) have statistically reduced the average number of large 
larvae in soybean plants without differing from the lowest 
concentration (2 × 1011 PIB ha-1), achieving a control level 
up to 80.3%. The increment of polyhedral bodies, provided 
by dead soybean loopers present in the soybean leaves, may 
have contribute with increasing control percentage found 
here caused by new infection cycles (PRAÇA et al., 2006; 
KUSS et al., 2016). It is also important mention here that 
soybean plants support a defoliation level of up to 15% from 
the flowering period until the development of the pods, and, 
during the period of this experiment, the defoliation level 
was not reached in any plot that received both the concen-
trations of virus and the methomyl (data not shown).

Currently, the Brazilian market has 8 commercially 
available baculoviruses-based biological products for 
the control of A. gemmatalis, C. vestigialis, H. armigera 
and S. frugiperda (AGROFIT, 2018). In addition, these 
microorganisms are naturally found under field condi-
tions (CRAVEIRO et al., 2016) and can be horizontally 

transmitted or distributed in the environment by infected 
caterpillars, predators and abiotic factors such as precipi-
tation (YOUNG; YEARIAN, 1979; PRAÇA et al., 2006; 
KUSS et al., 2016). Natural infections of Chrysodeixis 
includens nucleopolyhedrovirus (ChinNPV) in C. includens 
larvae were verified in soybean plantations from 2006 to 
2008, in the regions of Londrina, Maringá, Iguaraçu and 
Sertanópolis (Paraná state), and Dourados (Mato Grosso 
do Sul state) (ALEXANDRE et al., 2010). In 2009 and 
2010, it was also verified in Linhares (Espírito Santo 
state) in passion fruit orchards (BENASSI et al., 2012), 
and in 2014 in soybean plants in the Cerrado region of 
Minas Gerais state (SOUZA et al., 2015), where its high 
virulence and specificity were demonstrated, confirming 
its potential as a tool to be used to control of this pest. 
The isolate from ChinNPV used here are gaining increas-
ing importance as sustainable alternative in the manage-
ment programs. This virus may be easily associated with 
other methods of control including most of the insecti-
cides, fungicides and fertilizers available in the market. 
This entomopathogenic virus is also indicated for the 

Treatments
PC 5 DAA 8 DAA 12 DAA

SL SL ± SE2 C(%) SL ± SE2 C(%) SL ± SE2 C (%)

Control 12.3 ± 1.7 ns1 13.2 ± 0.7 ab - 14.2 ± 1.9 a - 4.8 ± 1.1 ns -

Methomyl 14.0 ± 3.8  6.3 ± 2.7 b 51.9  8.2 ± 1.2 ab 42.4 9.0 ± 3.0  0.0

 2 × 1011 12.0 ± 3.8 18.7 ± 1.9 a 0.0 10.3 ± 2.6 ab 27.1 5.5 ± 1.6  0.0

 4 × 1011 15.0 ± 3.8 19.8 ± 3.4 a 0.0  8.5 ± 2.2 ab 40.0 4.5 ± 2.0  6.9

 6 × 1011 15.7 ± 1.7 13.3 ± 0.9 ab 0.0  6.8 ± 2.2 ab 51.8 2.8 ± 0.6 41.4

 8 × 1011 14.0 ± 2.6 14.3 ± 2.5 ab 0.0  5.5 ± 1.6  b 61.2 4.3 ± 1.6 10.3

10 × 1011 13.7 ± 0.9 18.5 ± 2.0 a 0.0  4.7 ± 0.9  b 67.1 2.0 ± 0.7 58.6

Table 1. Average number of small Chrysodeixis includens larvae (SL) and control percentage (C) obtained before (pre-counting – PC) 
and at 5, 8 and 12 days after application (DAA) of treatments  in soybean plants in Caarapó, MS, Brazil. 

1ns = not significant in the variance analysis by the F test, at 5% probability; 2mean followed by the same letter in the column do not differ 
statistically from each other by the Tukey’s test, at 5% probability.

Treatments
PC 5 DAA 8 DAA 12 DAA

LL LL ± SE2 C(%) LL ± SE2 C(%) LL ± SE2 C(%)

Control 18.7 ± 1.7 ns1 27.0 ± 2.3 a   - 20.3 ± 3.4 a - 11.0 ± 1.3 a -

Methomyl 19.3 ± 1.2 12.3 ± 0.6  b 54.3 10.8 ± 2.5  bc 46.7  9.7 ± 2.3 a 12.1

 2 × 1011 17.0 ± 3.5 31.7 ± 1.9 a  0.0 15.3 ± 1.6 abc 24.6  4.8 ± 1.1 ab 56.1

 4 × 1011 20.0 ± 4.6 28.0 ± 3.5 a  0.0 16.7 ± 1.3 ab 18.0  2.2 ± 0.3  b 80.3

 6 × 1011 16.0 ± 3.5 24.0 ± 3.2 a  0.0 10.7 ± 0.9 abc 47.5  3.0 ± 0.3  b 72.7

 8 × 1011 18.7 ± 7.7 30.2 ± 3.6 a  0.0  9.3 ± 1.6  bc 54.1  2.2 ± 0.7  b 80.3

10 × 1011 17.0 ± 1.7 24.2 ± 1.9 a  0.0  8.2 ± 2.9  c 59.8  2.3 ± 0.7  b 78.8

Table 2. Average number of large Chrysodeixis includens larvae (LL) and control percentage (C) obtained before (pre-counting – PC) 
and at 5, 8 and 12 days after application (DAA) of treatments  in soybean plants in Caarapó, MS, Brazil.

1ns = not significant in the variance analysis by the F test, at 5% probability; 2mean followed by the same letter in the column do not differ 
statistically from each other by the Tukey’s test, at 5% probability.
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