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RESUMO: O objetivo deste trabalho foi avaliar o comportamento 
de oviposição de Helicoverpa armigera confinadas em diferentes 
densidades de casais e estádios fenológicos de plantas de soja, e a 
resistência de genótipos de soja na categoria não preferência para 
oviposição para H. armigera. Para o comportamento de oviposição de 
H. armigera, foram avaliadas as densidades de um, dois e quatro casais 
por planta, e os estádios fenológicos vegetativo, de florescimento e 
reprodutivo de plantas de soja do cultivar BR 16. Para o teste de não 
preferência para oviposição, oito genótipos de soja foram utilizados e 
um índice de preferência para oviposição foi calculado. A densidade 
de tricomas nos folíolos foi quantificada para ser correlacionada com 
a oviposição de H. armigera. A densidade de um casal e plantas de 
soja em estádio reprodutivo proporcionaram os melhores resultados 
quanto à preferência para oviposição de H. armigera em soja. 
Os genótipos M8230 RR e W711 RR apresentaram características 
de resistência, enquanto o PI 227687 foi o mais preferido para 
oviposição. A quantidade de tricomas influenciou positivamente 
no comportamento de oviposição das fêmeas.

PALAVRAS-CHAVE: seleção hospedeira; Glycine max (L.); 
não preferência para oviposição; resistência de plantas a insetos.

ABSTRACT: The objective of this study was to evaluate the 
oviposition behavior of Helicoverpa armigera confined in different 
adult pair density and growth stages of soybean plants, and the 
resistance of soybean genotypes to H. armigera in the category 
nonpreference for oviposition. The oviposition behavior of 
H. armigera was assessed using one, two, and four adult pairs per 
soybean plant of the cultivar BR-16 at the growth stages: vegetative 
V8 (eighth unrolled trifoliate leaf ), reproductive R2 (full bloom) 
and reproductive R5.2 (beginning seed). The nonpreference for 
oviposition was evaluated using eight soybean genotypes and 
an oviposition preference index was calculated. The number 
of trichomes in leaflets was quantified for being correlated to 
H. armigera oviposition. One adult pair and soybean plants 
stage at pod-set affected and showed the best results oviposition 
preference on soybean plants. The genotypes M8230-RR and 
W711-RR presented resistance characteristics, and PI-227687 
was preferred for oviposition. The trichome density positively 
affects the female oviposition behavior.

KEYWORDS: host plant selection; Glycine max (L.); 
nonpreference for oviposition; plant resistance to insects.
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INTRODUCTION

Host plant selection is one of the main functions of females 
of many species of phytophagous insects, mainly lepidopter-
ous, which usually do not migrate to long distances during 
their immature stage (SRINIVASAN et al., 2006), causing 
dependence on the choice of hosts by their progenitors. 
Host plant selection is constantly affected by specific stimuli, 
mainly by secondary metabolism compounds of plants and 
plant morphological characteristics (AFZAL et al., 2012), which 
are identified by specialized chemoreceptors in the insects.

BOIÇA JÚNIOR et al. (2015) reported that the insect 
oviposition behavior may be affected by age and structure of 
the plant and the age and population density of the insects. 
According to LARA (1991), some changes in the host plant 
negatively affect the insect oviposition behavior during the host 
selection, denoting the resistance of these plants in the category 
nonpreference or antixenosis. Morphological attributes such 
as trichomes, epicuticular wax, and hardness of the plant 
structure are among the genetic characteristics of soybean 
plants that can affect the female host selection for oviposition 
(WAR et al., 2012). Trichomes are morphological adaptations of 
plants that have several functions and may affect the oviposition 
of insects due to the release of substances that repel them or 
hinder their locomotion and oviposition on the leaf surface 
(RODRIGUES et al., 2012).

Genetic resistance, or nonpreference of soybean genotypes 
to insect-pests had already been found for other Lepidoptera 
species in Brazil, including Spodoptera eridania (Cramer, 1872) 
(Lepidoptera: Noctuidae) (SOUZA et  al.,  2012) and 
Anticarsia gemmatalis (Hübner, 1818) (Lepidoptera: Erebidae) 
(FRANCO et al., 2014). However, researches on genetic 
resistance of soybean to Helicoverpa armigera (Hübner, 1805) 
(Lepidoptera: Noctuidae) have been conducted only in 
other countries, using different conditions and genotypes 
(SOLEIMANNEJAD et al., 2010; NASERI et al., 2010).

Soybean has stood out among Brazilian agricultural crops 
mainly due to the recurrent records in production of this oilseed. 
The Brazilian grain production has reached 120,9 million 
Mg in a planted area of 36,9 million hectares in the 2017/18 
agricultural year (CONAB, 2020). The H. armigera insects 
were first reported in Brazil in 2013; this species showed to be 
an important polyphagous species that stood out by hosting 
several crops of economic importance, including soybean 
(CZEPAK et al., 2013). Thus, researches on resistance of 
soybean genotypes to H. armigera in Brazil is important 
for its inclusion in integrated pest management systems. 
In this context, the objective of this study was to evaluate 
the oviposition behavior of H. armigera confined in different 
adult pair density and growth stages of soybean plants, and 
the resistance of soybean genotypes to H. armigera in the 
category nonpreference for oviposition.

MATERIAL AND METHODS

The tests were conducted in laboratory and greenhouse 
conditions from October to November 2015. The insects used 
in the tests were rearing in an artificial diet, as described by 
GREENE et al. (1976). Five-day-old adults of H. armigera 
was used, this period of five days was determined through 
observations of peak oviposition activity for adults in the 
laboratory colony. Soybean genotypes seeds used in the tests 
were sown in 5-liter pots containing soil, tanned cattle 
manure, and sand at the ratio of 3:1:1. Pots were placed in a 
greenhouse and watered as needed. No other cultural practices 
were carried out to avoid the detection of false resistances.

Oviposition behavior assay
The soybean cultivar BR 16, described by PIUBELLI et al. 
(2005) as susceptible to A. gemmatalis (Hübner, 1818) 
(Lepidoptera: Erebidae), which is an insect-pest also found 
in soybean crops, was used as a standard susceptible cultivar 
due to absence of studies on soybean genotypes susceptible 
to H. armigera in Brazil. The plant phenological stages used 
was determined according to the methodology described by 
FEHR; CAVINESS (1977).

The assay performed to assess the oviposition behavior 
of H. armigera in different adult pair densities was conducted 
in a completely randomized design, with 10 replications 
per treatment (one, two, and four adult pairs per plant). 
Soybean plants at the vegetative phenological stage (V8) 
were used. Acrylic cylindrical cages with 45 cm diameter 
and 80 cm height were covered with expanded polystyrene and 
placed on the 5-liter pots containing one soybean plant 
(replicate) and H. armigera adults were then released, using 
the respective densities.

The growth plant stage of the soybean plant preferred for 
oviposition by H. armigera was determined in free-choice and 
no-choice tests, using the number of adult pairs determined 
in a previous test (see results) with the following treatments: 
plants at vegetative (V8 – eighth unrolled trifoliate leaf ), 
reproductive (R2 – full bloom), and reproductive (R5.2 – 
beginning seed) stages, with 10 replications per treatment. 
The free-choice test was conducted using soybean plants 
arranged in acrylic cylindrical cages with 80 cm diameter and 
70 cm height covered with white expanded polystyrene 
and placed on the 5-liter pots containing the soybean plants. 
The no-choice test was conducted using cages as previously 
described for the assay for density of adult pairs, where adults 
were released into plants of the same stage of development 
used in the free choose test. The number of eggs per plant 
after 24 h from the beginning of the assays were evaluated 
in both experiments (density of pairs per plant and plant 
phenological stage).
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Oviposition preference assay of H. 
armigera on soybean genotypes

Oviposition preference assay of H. armigera on soybean 
genotypes was conducted using plants at the R2 stage, with 
five replications per treatment in free-choice tests under 
randomized block design. Eight soybean genotypes were used: 
PI 227682, PI 227687, CD 208, IAC 100, BRS Valiosa RR, 
M7908 RR, M8230 RR, and W711 RR. The plants were placed 
equidistantly from the center of steel cages (100 cm height, 
150 cm width, and 150 cm depth) covered with a voile cloth, 
where one adult pair of 5-day-old H. armigera was released per 
plant. The number of eggs per plant was evaluated after 24 h.

The number of eggs recorded per plant was used to calculate 
the oviposition preference index (OPI) through the adaptation 
of the formula described by FENEMORE (1980) (Eq. 1):

 OPI = [(T – M)/(T + M)] × 100 (1)

Where T is the number of eggs in the test treatment, and 
M is the mean number of eggs in the tested genotypes. The OPI 
varies from +100 (highly stimulant) to -100 (high deterrent). 
The OPI was classified considering the mean standard error of 
the assay to differentiate the genotypes. The original formula 
compares a test genotype to a standard genotype previously 
defined as susceptible; however, considering that information 
on susceptible genotypes are scarce in the literature for this 
species, the mean number of eggs was used instead of the 
standard susceptible genotype.

The mean number of trichomes was quantified following 
methodology described by LIMA; LARA (2004). A stereoscopic 
microscope (40×) was used to count the number of trichomes 
in two circular areas of 3.14 mm², one at left and one at the 
right from the main rib, centered between the main rib and 
the leaflet margin, in abaxial and adaxial parts of two totally 

expanded leaflets per plant, in five different plants, representing 
five replications consisted of two leaflets. The number of 
trichomes in the circular areas of 3.14 mm² was extrapolated 
to number of trichomes per square centimeter.

Statistical analysis
The data were subjected to normality (Kolmogorov–Smirnov) 
and homoscedasticity (Bartlett) tests, using the Assistat program 
(SILVA; AZEVEDO, 2016). When the data presented no 
normal distribution or homogeneity of variances, they were 
transformed according to Box-Cox test, using the SAS 9.4 
program (SAS, 2011) and then subjected to analysis of variance 
by the F-test. When the means were significant by the F-test, 
they were compared by the Tukey’s test at 5% probability, 
using the AgroEstat program (BARBOSA; MALDONADO 
JUNIOR, 2015).

RESULTS AND DISCUSSION

The mean number of eggs was significantly higher in the 
density of four adult pairs of H. armigera per plant; however, 
the number of eggs per female did not increase when a 
higher number of pairs was confined per plant (Fig. 1). 
Thus, considering that the mean number of eggs per female 
was similar in all densities used, the use of many pairs of insects 
was not needed, since the number of eggs is proportional to 
the number of adult pairs used. Moreover, the effect of the 
plant was eliminated in this test because of the use of plants 
in the same nutritional condition and phenological stage. 
Thus, one adult pair per plant can be used as the best density 
of H. armigera, since it showed to be enough and interesting 
to conduct resistance assays for soybean plants.

(a) (b)

a

a
a

a

b

a

140

120

100

80

60

40

20

0

40

35

30

25

20

15
One OneTwo TwoFour Four

N
um

be
r 

of
 e

gg
s

N
um

be
r 

of
 e

gg
s

Number of Couples Number of Couples

Temperature: 25 ± 1 °C; RH: 70 ± 10%; photophase: 12 h. Columns followed by different letters in each column are significantly different by the 
Tukey’s test (p < 0.05). For analysis, the data were transformed into (X + 1)1/2. Number of eggs: F = 16.49**, p = < 0.0001, Eggs per female: 
F = 0.54 ns, p = 0.5883.
Figure 1. Number of eggs (a) and eggs per female (b) of H. armigera (mean ± SE) on the genotype BR 16 genotype under different 
adult pair density: one, two, and four. Jaboticabal, SP, 2015.
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According to BOIÇA JÚNIOR et al. (2010), studies 
on insect density for resistance tests are important, since a 
genotype can show resistance to a pest up to a specific pest 
density, showing similar damages to those found in susceptible 
genotypes subjected to higher pest densities. Contrastingly, low 
pest populations can cause lower damages to crops, leading to 
detection of false understandings and false resistances, or even 
hindering the differentiation of genotypes regarding resistance 
levels (LARA, 1991).

Helicoverpa armigera showed preference for oviposition 
on soybean plants at reproductive stages in the free-choice 
test, differently the number of eggs on soybean plants were 
similar in all plant growth stages in the no-choice test (Fig. 2). 
Thus, the H. armigera oviposition behavior is affected by the 
growth stages of soybean plants, since females preferred to 
lay their eggs on plants at the pod-set stages (R2 and R5.2) 
when they have a choice.

This result confirms those of JALLOW et al. (2001), 
who found that maize, tomato, okra, eggplant, and chili 

plants at the reproductive stage were the most preferred for 
oviposition by H. armigera. Therefore, plants at the pod-set 
stage could be used for oviposition tests, since H. armigera 
females had already expressed preference for these plants. 
The pod-set stage used R2 (full bloom) and R5.2 (beginning 
seed) showed no significant differences between them. 
The use of plants at later growth stages may make studies of 
resistance of soybean to this insect-pest longer, which is not 
interesting. The H. armigera females selected soybean plants 
that presented desirable conditions and characteristics for 
their offspring, which may be related to the food nutritional 
aspects or quantity, plant genetics, presence of trichomes, 
and secondary chemical compounds.

The number of eggs on the genotypes M8230 RR, 
W711 RR, and CD 208 was significantly lower compared 
to the genotype PI 227687. The number of eggs found for 
PI 227687 was 8.1, 7.5 and 4.2 times higher than the mean 
number of eggs of M8230 RR, W711 RR and CD 208 
respectively (Table 1).

(a) (b)

a

a
b

a

b

a

140

120

100

80

60

40

20

0

50

46

42

38

34

30
V8 V8R2 R2R5.2 R5.2

N
um

be
r 

of
 e

gg
s

N
um

be
r 

of
 e

gg
s

Development stages Number of Couples

Temperature: 25 ± 1 °C; RH: 70 ± 10%; photophase: 12 h. Columns followed by different letters in each column are significantly different by Tukey’s 
test (p < 0.05). 1For analysis, the data were transformed into (X + 1)1/2. Free choice: F = 7.10**, p = 0,0032; no-choice: F = 0.20 ns, p = 0.8460.
Figure 2. Number of eggs (mean ± SE) of H. armigera per plant of the genotype BR 16 under development stages: vegetative (V8), 
flowering (R2) and pod-set (R5.2) on free choice (A) and no-choice (B) tests. Jaboticabal, SP, 2015.

Table 1. Number of eggs (mean ± SE) of H. armigera in soybean genotypes and trichome density per cm². Jaboticabal, SP, 2015

Genotypes Number of eggs1 Trichome density2

M8230 RR 30.6 ± 9.6a 3809.0 ± 543.9d

CD 208 57.6 ± 31.7a 1274.0 ± 56.9a

IAC 100 63.4 ± 32.7ab 2401.4 ± 172.5bcd

PI 227687 246.8 ± 101.8b 6471.4 ± 1156.4e

W711 RR 32.6 ± 11.9a 2108.2 ± 368.1bcd

BRS Valiosa RR 118.6 ± 18.4ab 1668.6 ± 180.8ab

PI 227682 90.4 ± 30.5ab 2783.2 ± 273.3cd

M7908 RR 123.2 ± 16.5ab 1891.6 ± 64.1abc

F 3.87** 25.56**

P 0.0039 < 0,.001

Temperature: 25 ± 1 °C; RH: 70 ± 10%; photophase: 12 h. Means followed by different letters in each column are significantly different by Tukey’s test 
(p < 0.05). 1For analysis, the data were transformed into (x)^0,25. 2For analysis, the data were transformed into Log (X). ** significant at 1% probability.
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Figure 3. Oviposition preference index (OPI) and soybean genotype classification regarding the oviposition of H. armigera in free-
choice test. Jaboticabal, SP, 2015.

The results of preference for oviposition of H. armigera 
in the free-choice test showed that the soybean genotypes 
M8230 RR, W711 RR, and CD 208 present characteristics 
that differentiated them from the other genotypes in relation to 
preference for oviposition. According to PIUBELLI et al. (2005) 
and WAR et al. (2012), the insect preference for oviposition 
can be related to the presence of chemical compounds or 
morphological characteristics of the plant, which have stimulant 
or suppressive effect on oviposition.

PI 227687 presented larger mean number of trichome 
differing significantly from W711 RR, IAC 100, PI 227682 and 
M8230 RR, which differed from the genotype that presented 
the smallest mean number (CD 208) (Table 1). Thus, the 
oviposition of H. armigera was, in general, affected by this 
morphological characteristic in soybean plants, with lower 
oviposition on genotypes with lower number of trichomes 
(M8230 RR, W711 RR, and CD 208) and higher oviposition 
on genotypes with higher trichome number (PI 227687).

Therefore, a small number of trichomes is not a favorable 
morphological attribute of soybean plants to H. armigera 
oviposition, since genotypes with many trichomes were the 
most preferred by females. The results showed that H. armigera 
females prefer to oviposit on soybean plants with large number 
of trichomes; similar results were reported by JALLOW et al. 
(1999), who found that H. armigera females prefer to oviposit 
on parts of cotton plants containing larger number of trichomes. 
Contrastingly, GIRIJA et al. (2008) found that the presence 
of trichomes negatively affected H. armigera oviposition on 
chickpea plants. However, KUMARI et al. (2006) found that 
the larger the number of trichomes, the lower the damages 
caused by H. armigera larvae in pigeon pea plants. WAR et al. 
(2012) pointed out that trichomes in plants can differently 
affect insects, positively or negatively. Studies on effects of 

trichomes on the oviposition behavior of H. armigera for 
soybean crops are still scarce in the literature, thus, further 
studies are required to understand this correlation, mainly 
regarding the importance of type, number, and size of trichomes 
for the oviposition of H. armigera.

The OPI (Fig. 3) of the soybean genotypes M8230 RR, 
W711 RR, and CD 208 were deterrents. Different from 
previous genotypes, IAC 100, PI 227682, BRS Valiosa RR, 
and M7908 RR were neutral according to OPI. Contrastingly, 
PI 227687 showed stimulant OPI, which was probably due 
to the presence of large number of trichomes.

The results of the present study denote that the adult pair 
density of H. armigera and the growth stages of soybean plants 
may affect the oviposition behavior of H. armigera. In addition, 
some soybean genotypes presented resistance characteristics in 
the category nonpreference for oviposition, and this resistance 
was probably due to a morphological characteristic: number 
of trichomes.

CONCLUSIONS

The adult pair density of H. armigera and the growth stages 
of soybean plants affect the H. armigera oviposition behavior, 
since the use of one pair of H. armigera and soybean plants at 
the R2 reproductive stage showed the best results on preference 
for oviposition on soybean plants.

The genotypes M8230-RR and W711-RR present 
characteristics of resistance to H. armigera, and PI-227687 
is preferred soybean genotype for oviposition.

Soybean genotypes with higher trichome density are 
preferred for H. armigera oviposition.

SE = 24.5
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