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ABSTRACT

Pest behavior studies are important to inform the periods when the pest is more exposed to pesticide. This study aimed to
evaluate the movement and feeding of Helicoverpa armigera larvae in the first three instars during the reproductive phase of
cotton. First, larval behavior was evaluated with a completely randomized designina 3 x 5 factorial design with eight replications.
The treatments were the instars versus behaviors (crawling, resting, waving, eating and dropping-off). In addition, another
3 x 6 factorial design with eight replications was performed to evaluate the plant region most preferred by the caterpillars.
The treatments were the instars versus six parts of the plant (abaxial surface, adaxial surface, on floral bud, internal surface of
bract, petiole, and terminal growth). Then, the period of the day when caterpillars are more active was also evaluated by a 3 x 2
factorial essay. The treatments were the instars versus periods of the day. Eating and resting are the most frequent behaviors
for all instars. The plant regions preferred by the caterpillars for crawling are on the floral bud and the adaxial face of the leaf.
There is no preferred period of the day for eating, resting, waving or dropping-off. Caterpillars (until the third instar) prefer to walk
in the morning and other behaviors can occur at any period. Therefore, sprays should preferably occur in the morning, and the
insecticide drops/spray should reach the flower buds and the adaxial surface of the leaves to contaminate the larvae.
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INTRODUCTION

The cotton crop is attacked by pests in all its phenological stages (SANTOS, 2015), and a significant reduction in
production can occur when control is not carried out at the right time and in the correct way. Helicoverpa armigera
(Lepidoptera: Noctuidae) is a pest of global economic importance (BEHERE et al., 2013; TAY et al., 2013), with high
biotic potential (SILVA et al., 2018) and was detected in Brazil in 2013 in soybean and cotton crops (CZEPAK et al., 2013).

Heliothinae moths prefer to feed and lay eggs on plants that are flowering and have nectar (CUNNINGHAM,;
ZALUCKI, 2014). Their attack in cotton can occur in the vegetative (PASCUA; PASCUA, 2002; RODRIGUES et al.,
2019) and reproductive (LUONG et al., 2016; GOMES et al., 2017) phases. The movement of H. armigera caterpillars
on the plant is influenced by several factors such as microclimate, odors, wax, trichomes and the presence of flowers
(CRIBB et al., 2010; PERKINS et al., 2010).

It is known that the efficiency of applying phytosanitary products during the reproductive phase of a crop is affected
by factors such as droplet size, spray volume, uniformity in spraying distribution, weather conditions, or even the failure
to reach the biological target (CAVALIERI et al., 2015; COSTA et al., 2019). Thus, knowing the habits of a pest is essential
so that control strategies are designed and achieve satisfactory results. Caterpillars in the first instars are more vulnerable
to natural enemies and insecticides, and therefore knowing the locations of the plant which they prefer to feed on and
what time of day they are most active will provide information to assist in the decision of the appropriate time to perform
control methods through either biological or chemical agents. In this context, the objective of this study was to analyze
the behavior of caterpillars in 1, 2* and 3 instars of H. armigera in the cotton crop reproductive phase.
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MATERIAL AND METHODS

The experiments were conducted at the Entomology Laboratory of Embrapa Agrosilvipastoril, Sinop, Mato Grosso,
Brazil. The caterpillars used were obtained from existing breeding maintained in the laboratory and fed with an artificial diet
proposed by PARRA (2005). BRS 369 RF (non-Bt) cotton cultivar seeds were sown in 5 L pots and kept in a greenhouse; the
cotton plant received the necessary cultural treatments for its development. Plants that were between B2 and B3 according to
the MARUR scale (MARUR; RUANO, 2001) were used to evaluate the behavior in the reproductive phase. The experiment
was conducted following the methodology of RODRIGUES et al. (2019) who studied the behavior of H. armigera in the
cotton vegetative phase.

First, a completely randomized design was implemented with eight replications to study the behavior of the caterpillar
in the cotton reproductive phase. The treatments were assumed in a 3 x 5 factorial scheme with the ages (1%, 2" and 3"
instars) combined with five behaviors (crawling, resting, waving, eating and dropping-off). Then, another 3 x 6 factorial
treatment was implemented to identify the plant region preferred by the caterpillars, in which the treatments were the three
ages combined with six parts of the plant (adaxial leaf surface, abaxial leaf surface, on the floral bud, inner surface of bract,
petiole and pointer). Next, further treatments in a 3 x 2 factorial design were applied combining the three instars with two
periods of the day (morning and night) in order to assess the period of the day when the caterpillars are most active. The
data were transformed using +/x + 0.5 to correct the heterogeneity of variances and submitted to analysis of variance by
applying the Fischer (F)-test. As the F-test rejected the hypothesis of equality, the Scott-Knott multiple comparison test
was chosen to be applied as it presents greater control of error rates. The analyzes were performed with the Sisvar version
5.7 program (FERREIRA, 2019).

RESULTS AND DISCUSSION

Helicoverpa armigera larvae showed no difference in behavior between instars, however, the instar versus behavior
interaction was significant (F = 2.417; p < 0.0195; CV = 24.69%). First and second instar caterpillars were seen more
frequently feeding and this behavior differed from the others (Fig. 1).
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Figure 1. Helicoverpa armigera caterpillar behavior on cotton per instar. Average frequency followed by the same letter within each
instar does not differ by the Scott-Knott test (p < 0.05). The bar above each column is the standard error of the respective mean.

The resting and waving (head moving) behaviors were similar to each other for first-instar caterpillars, but
differed from crawling and dropping-off. The resting frequency presented by the second-instar caterpillars differed
from the other behaviors, but they crawled and waved in the same way. Third instar caterpillars fed and rested in
a similar way, differing from crawling, waving and dropping-off, and these last three behaviors were similar to
each other.

During data collection, it was found that the caterpillars in the first instar had the habit of eating and resting or eating
and waving; while the second and third instar caterpillars had the habit of only eating and then resting. Resting is probably
related to the digestive process of caterpillars. It appears that the two most frequent behaviors in all instars were eating and
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resting, followed by crawling. JOHNSON; ZALUCKI (2005; 2007) and RODRIGUES et al. (2019) obtained similar results
when they studied the behavior of H. armigera in the vegetative stage of mung bean (Vigna radiata L.) and cotton in the
vegetative period (Gossypium hirsutum L.), respectively.

The analyzes carried out to identify the preferred region by H. armigera caterpillars within the crawling, resting and eating
behaviors did not show significance between instars or in the interaction instar versus plant region. However, differences
were detected between regions for these three behaviors (Fig. 2).
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Figure 2. Preferred regions by Helicoverpa armigera caterpillars for crawling, resting and eating on cotton plants in the reproductive
stage. Average frequency followed by the same lowercase letter within each behavior does not differ by the Scott-Knott test
(p < 0.05). The bar above each column is the standard error of the respective mean.

The plant regions most preferred by the caterpillars for crawling were on the flower bud and on the adaxial face of the
leaf (F = 3.01; p < 0.03; CV = 38.05%) (Fig. 2). Therefore, it can be inferred that the caterpillars are more exposed to the
action of natural enemies and this exposure can be used for insecticides to reach them. These results coincide with those of
RODRIGUES et al. (2019) who observed caterpillars of the first three instars crawling more frequently on the adaxial face
of cotton leaves in the vegetative phase.

Regardless of the instar, the caterpillars prefer to rest (F = 16.38; d.f. = 126; p < 0.0001; CV = 57.9%) and eat
(F =47.25; d.f. = 84; p < 0.001; CV = 51.44%) more on the floral bud than on the other regions of the plant (Fig. 2).
Flower buds were probably chosen for feeding because they are more nutritious, soft and do not have trichomes.
PASCUA; PASCUA (2002) observed that small cotton flower buds were preferred by H. armigera, and YANG et al.
(2008) found that first instar caterpillars present in flower buds on transgenic cotton were heavier than those located
on leaflets. PERKINS et al. (2010) report that first-instar caterpillars were more frequently found in reproductive
structures of pea plants.

The choice of flower bud in these behaviors may also be associated with the absence of trichomes. It is known that the
presence of trichomes affects the feeding and movement of H. armigera caterpillars, since the caterpillars will spend more
time and energy removing them and then start biting; a fact confirmed by SHELOMI et al. (2010) in neonate larvae of
H. armigera which cut trichomes when feeding on tobacco and tomato plants.

Significant differences regarding waving behavior were detected in the instar versus region interaction for the first and
second instars (F = 2.08; d.f. = 105; p < 0.04; CV = 39.01%) (Fig. 3).

The region preferred by first-instar caterpillars for waving was over the floral bud (F = 9.20; d.f. = 105; p < 0.0001).
Meanwhile, the second instar caterpillars chose the adaxial face of the leaf and on the floral bud (F = 2.98; d.f. = 105;
p < 0.02) (Fig. 3). The waving movement refers to searching and locating a suitable place for feeding, and the place where
the caterpillars preferred to wave coincided with those chosen to eat. This corroborates what JONHSON; ZALUCKI (2007)
reported for caterpillars first waving and looking for signs that indicate a nutritionally adequate place, and then starting to feed.

No difference was detected between the periods when analyzing the time of day preferred by H. armigera caterpillars
to perform the five behaviors, except for the crawling behavior (F = 6.14; d.f. = 42; p < 0.01; CV = 41.58%), in which the
caterpillars moved more in the morning (Fig. 4).
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Figure 3. Plant regions chosen by Helicoverpa armigera caterpillars for waving on cotton plants in the reproductive stage. Average
frequency followed by the same lowercase letter within the behavior does not differ by the Scott—Knott test (p < 0.05). The bar
above each column is the standard error of the respective mean.
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Figure 4. Time of day that Helicoverpa armigera caterpillars prefer to crawl, rest, wave, eat and drop-off on/from cotton plants in the
reproductive phase. Average frequency followed by the same lowercase letter within the behavior does not differ by the Scott—Knott
test (p < 0.05). The bar above each column is the standard error of the respective mean.

When a caterpillar moves, the possibility of finding food with higher nutritional quality, encountering natural enemies
(JOHNSON; ZALUCKI, 2005), or being hit by insecticide drops increases. According to CAVALIERI et al. (2015) and
COSTA etal. (2019), failure to reach the biological target is one of the factors which influences the efficiency of the insecticide
applied in the reproductive phase of a crop. Therefore, identifying the time of day preferred by caterpillars to perform these
behaviors is important when thinking about the ideal time to reach the target (caterpillar) via spraying. As they crawl
more in the morning, this is a good indication that a good time to spray to reduce their population is in the morning. A
similar result was obtained by RODRIGUES et al. (2019) when they studied the behavior of up to third instar H. armigera

on cotton in the vegetative phase. Therefore, spraying to control H. armigera in the vegetative and reproductive phases of
cotton should be done in the morning.

CONCLUSIONS

With the results obtained, it appears that first, second and third instar H. armigera caterpillars have eating and resting
as the most frequent habits during the reproductive phase of cotton.

The cotton plant regions preferred by caterpillars for crawling are the adaxial face of the leaf and above the flower bud.
There is no preferred time of day for H. armigera caterpillars to eat, rest, wave or drop-off.
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Also, it is observed that H. armigera caterpillars up until the third instar prefer to crawl in the morning and the other
behaviors can occur at any time. Thus, cotton producers will be able to manage these caterpillars with more precision using
the information about the preferred regions and the period of the day in which they move.
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