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Abstract

Insects’ ethology is an important factor when it is desired to carry out pest management. This knowledge makes
it possible to manipulate behavioral activities, repel, or attract insects according to needs and interests. The maize
weevil Sitophilus zeamais (Mots., 1855) (Coleoptera: Curculionidae), one of the main stored grain pests, has been
the target of studies of behavioral changes studies through natural substances due to its resistance to different
insecticidal classes. Thus, this study aimed to evaluate the effect of sublethal concentrations of neem extract
and copaiba oil on the locomotor behavior of S. zeamais. The behavioral characteristic considered were walking
activity, the frequency of contact of insects with the treated grain mass, and the time spent for this behavior. The
walking activity of the S. zeamais increased with exposure to Neem extract and Copaiba oil. In general, the Neem
extract and Copaiba oil-induced more contact with grain mass than the control, suggesting an attractive effect
on the insect, however more significant for the Neem oil. The insect’s behavior was altered, presenting a specific
path due to Copaiba oil and Neem extract stimuli. These results indicate that Copaiba oil and Neem extract can
be a potential alternative for controlling S. zeamais on stored products since changes in this pests’ behavior can
reduce qualitative and quantitative grain damage. Thus, the development of products based on Copaiba oil and
Neem extract may be helpful for storage pest management.
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Resumo

Aetologia dos insetos é um fator importante quando se deseja relizar manejo de pragas. Através deste conhecimento,
é possivel manipular atividades comportamentais, repelir, ou atrair os insetos de acordo com as necessidades e
interesses. O gorgulho do milho Sitophilus zeamais (Mots., 1855) (Coleoptera: Curculionidae), uma das principais
pragas de graos armazenados tem sido alvo de estudos de alteragdes comportamentais através de substancias
naturais devido a sua resisténcia a diferentes classes de insecticidas. Assim, este estudo teve como objetivo avaliar o
efeito de concentragdes subletais de extrato de neem e do 6leo de copaiba sobre o comportamento de movimentacao
de S. zeamais. As caracteristicas comportamentais consideradas foram: a atividade de caminhamento, a frequéncia
do contato dos insetos com a massa de graos tratada, e o tempo gasto para realizacdo destes comportamentos. A
atividade de caminhamento do S. zeamais aumentou quando os insetos foram expostos ao extrato de Neem e ao
6leo de copaiba. Em geral, o extrato de Neem e o 6leo de Copaiba induziram mais contato com a massa de graos
do que o controle, sugerindo um efeito atrativo sobre o inseto, contudo este efeito foi mais significativo para o
6leo de Neem. O comportamento do inseto foi alterado, apresentando um caminhamento especifico devido aos
estimulos do 6leo de copaiba e do extrato de Neem. Estes resultados indicam que o 6leo de copaiba e o extrato de
Neem podem ser alternativas potenciais para o controle do S. zeamais em produtos armazenados, uma vez que
alteracdes no comportamento desta praga podem reduzir os danos qualitativos e quantitativos nos graos. Assim,
o desenvolvimento de produtos baseados no 6leo de copaiba e no extrato de Neem pode ser {til para o manejo
de pragas de armazenamento.
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1. Introduction

The success of insects stems from their ability to
interpret stimuli in their surroundings (Gullan and Cranston,
2017). Through this knowledge, it is possible to strategize
to manipulate behavioral activities, repellency, or attract
insects. However, this sensitive capacity can also be linked
to their failure in pest management since artificial stimuli
can modify their behaviors aiming at agronomic interests.
In this context, sublethal doses have satisfactory effects;
Lee (2000) states that most insect pests show reduced
fertility and longevity and interruption in activity-centered
behavior when in contact with sublethal insecticide doses.
Therefore, studies are needed on the behavioral reactions
of insects to sublethal doses of insecticides since the
effectiveness of pesticides may be reduced by the pesticide
avoidance behavior of insects.

The maize weevil, Sitophilus zeamais (Mots., 1855)
(Coleoptera: Curculionidae), stands out as one of the most
important pests of stored grains in Brazil, mainly maize,
rice, and wheat grains (Guedes, 1991). S. zeamais as a
pest is because of its high biotic potential, high capacity
to penetrate the grain mass, and resistance to different
synthetic insecticides (Guedes et al., 1995). However, its
infestation process can begin in the field, before the grain
is harvested, and then facilitate cross-infestation in storage
units (Ajibola Taylor, 1971; Likhayo and Hodges, 2000).

Plants with insecticidal actions have been used as an
alternative method of controlling S. zeamais in products
stored through powder formulations, oils, and extracts.
Nwachukwu and Asawalam (2014) highlighted the
potential of garlic juice in controlling S. zeamais. The
Ruta graveolens leaves also proved to manage this species
(Perera et al., 2017).

Azadirachtaindica A. Juss (Meliaceae), popularly known
as Neem, has also stood out to control S. zeamais and other
insect species. Rodriguez (1999) reports the use of leaves,
seeds, and seed oil of Neem A. indica for the control of
Rhyzopertha dominica (Fabr., 1792), S. oryzae (L., 1763),
Tribolium castaneum (Herbst., 1797), T. Confusum (Jacquelin
du Val, 1868), Callosobruchus chinensis (L. 1758), C. maculatus
(Fabr,, 1775) and Oryzaephilus surinamensis (L., 1758), using
powder at 1% concentration, and oil, between 0.2 and 0.5%.
Diseases-carrying insects are also targets for plant extracts
(Mituiassu et al., 2022; Cansian et al., 2023). Nwachukwu
and Asawalam (2014) obtained significant results in the
mortality rate of S. zeamais and the reduction of progeny
and population, and an increase in the germination rate of
corn grains treated using neem seed oil and commercial
product based on A. indica (NeemAzal).

Copaifera langsdorffii Desf. (Fabaceae) is toxic
against Aedes aegypti (L., 1762) (Diptera: Culicidae) and
has an efficiency of 100% after two days of exposure
(Mendonga et al., 2005). In the management of agricultural
pests, the aqueous extract of the leaves and bark of
C. langsdorffii harmed the larvae of Spodoptera frugiperda
(J. E. Smith, 1797), causing a reduced food intake, decreased
larval and pupal weight, increased larval stage, and reduced
fertility (Samia et al., 2016).

Natural products in pest control have advantages
such as low persistence in the environment, rapid pest
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control, and low toxicity to natural enemies (Cloyd, 2012).
However, it should be noted that biological activity may
not be associated with its mortality. Sublethal effects
can also be significant as lethal effects. The impact of
natural products on insects is variable and can be toxic,
repellent, attractiveness, cause sterility, modify behavior,
development, or reduce food (Arnason et al., 1988;
Formentini et al., 2016; Santana et al., 2021; Ilahi et al.,
2021). Thus, this study’s objective was to verify the effect
of the sublethal dose on the behavior of S. zeamais for the
extract of A. indica and oil of Copaifera sp.

2. Material and Methods

2.1. Study location and insect collection

The behavioral bioassays were carried out at the
Integrated Pest Management Laboratory of the Universidade
Federal de Vicosa (UFV), Minas Gerais, Brazil. The insects
came from this laboratory’s rearing under the following
conditions: Glass containers (1.5 L) containing insecticide-
free whole maize grains (13% moisture content) as a
food source and controlled relative humidity (75 + 5%),
temperature (25 = 5 °C), and 12-hour photophase. The
insects were replicated and maintained in large numbers
(<500 individuals per container). The glass jars were
perforated in the lid and sealed with an organza cloth.
The grains used to raise the insects were washed and
kept in a freezer (-10 °C) for thirty days to eliminate
eventual organisms and avoid reinfestation. The grains
in the jars were renewed whenever necessary, usually
when insect infestation was very high, and the grains
already deteriorated.

2.2. Obtaining extracts

Fresh fruits of A. indica (approximately 3.2 kg) were
collected at the field in Vigosa, Minas Gerais, Brazil, to
extract. The raw material was chopped into 1 to 2 cm
fragments and packed in Erlenmeyer for extraction using
hexane as solvent according to the methodology used by
(Moreira et al., 2007). Sufficient hexane was added for the
complete immersion of plant material. The solvent was
changed into intervals of two days, during 20 days. The
extraction was concluded when the solvent stayed colorless,
indicating that the transfer of the plant components into
the solvent was no longer occurring. The extract obtained
was concentrated on a rotary evaporator at low pressure
(0.08 MPa) and temperature (<50 ¢C). The extraction was
concluded when the solvent stayed colorless. After the
extraction and concentration, the resulting extract was
stored under ultra-low temperature refrigeration for later
use in biological tests.

Copaiba oil was obtained on the local market in Rio
Branco, Acre, Brazil.

2.3. Behavioral bioassays

The bioassays were carried out in Petri dishes (15 cm
in diameter), the bottom of which was covered with
paper to facilitate the insect’s movement and allow it to
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deviate if necessary. The Petri dishes’ edges were covered
with talc to prevent the insect from leaving and restrict
its movement only at the bottom of the dish. The pre-
assessment insects were agitated when removed from the
rearing containers and transferred to the experimental Petri
dishes. This observation verified in the pre-experiment
was important because we could identify the need for
a period of adaptation of the insects outside the rearing
pot and the experimental arena and, therefore, avoid the
behavior exhibited by the insects that were different from
the behavior stimulated by the treatments. Thus, insects
used in the bioassays were separated from the rearing
at the end of the previous day (6 pm) for pre-adaptation
to the experimental conditions and therefore only used
the next day. About 10 grains of corn were used in each
repetition, the same used in the rearing, treated, and
positioned in the Petri dish’s central region. The bioassays
were established following a completely randomized design
with three treatments and ten replicates. The extract and
oil were pasty to measure in mL, so the mass was weighed
and solubilized in hexane. Thus, the treatments were pure
hexane (control), hexane plus Copaifera sp., and hexane
plus extract Azadirachta indica, using 3.33 mg of extract
or oil / 10 grains / 2 mL of hexane. Our concentration
approximates the concentration of 0.15 mL/50 g of corn
(equivalent to 3 mL/kg of grain) (Tofel et al., 2017). The tests
were carried out under constant light at room temperature
under laboratory conditions. For each treatment, two
insects/repetitions were used.

In the behavioral evaluation, the insects were observed
for about 30 minutes for each repetition, where the
recorded was done by registering the behavior, how many
times they were performed, and the time spent on them
in seconds. Specifically, the latency period (i.e., the time
it took for the insect to reach the grain mass in the center
of the Petri dish for the first time), the number of visits to
the grain mass (the number of times the insect reached,
left, and returned to the grain mass), and the walking
frequency (how many times the insect was left walking
around the Petri dish without being in contact with the
treated grains during the 30-minute monitoring period)
were determined.

One of the insects was marked with green water-based
paint so that there was a distinction between them. The
walking behavior was only registered when the insect left
the edge of the Petri dish. Through behavioral observations,
an ethogram was constructed based on the treatment
that most differed from the control. The data obtained
were transformed according to equation (vx+0.5), to
homogenize the variances. After being changed, the data
were subjected to analysis of variance and the means
separated by the Tukey test at 5% probability, using the
SAEG-5.0 program (Gomes, 1992).

4. Results

In the evaluation of the sublethal effects of Neem extract
and Copaiba oil to S. zeamais, significant differences were
detected in the insect’s behavior as a function of the latency
period (F, ., = 3.59; P < 0.05), number of visits the grain
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mass (F,.., = 3.64; P < 0.05) and the walking frequency
(F,5,=6.91; P<0.05). There was no significant difference in
permanence time in the grain mass (F,., = 1.40; P> 0.200).

The neem extract showed the shortest latency period
concerning the control, although it was not statistically
different from Copaiba oil. Control and Copaiba oil were
statistically similar (Figure 1). The longest average time
for S. zeamais to first contact grains was recorded for the
control. Not all insects had contact with the grain mass
treated as the extract of A. indica.

Regarding the number of times that the insect reached
the grain mass, those treated with the Neem extract were
the ones that most often had S. zeamais contact, although
it is not, however, statistically different from Copaiba oil.
Visits to grains treated with Copaiba oil did not differ from
the control (Figure 2).

S. zeamais in the treatments with the extract of Neem
and the oil of Copaiba was superior to the control for walk
frequency (Figure 3). In evaluating the residence time in
the grain mass in decreasing order, the longest time was
for treatment with neem extract and followed by Copaiba
oil. However, there was no statistical difference between
treatments and control (Figure 4).
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Figure 1. Time (mean # standard error) in minutes spent by the
insect to reach the grain mass for the first time in the different
treatments. The bars followed by the same capital letter do not
differ by Tukey’s test (p<0.05).
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Figure 2. Number of times (mean + standard error) that the insect
reached the grain mass in the different treatments. The bars followed
by the same capital letter do not differ by Tukey’s test (p <0.05).
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When moving in the direction of the mass, the insects
present a different path from that shown around the edge
or when they left the group of grains. The movement given
by the insects is a meandering path, leaving the border
towards the mass of grains. This movement is accompanied

Walking frequency
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Figure 3. Frequency (mean * standard error) of times the insect
walked in 30 minutes. The bars followed by the same capital letter
do not differ by Tukey’s test (p <0.05).
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Figure 4. Time (mean * standard error) of permanence in the grain
mass in minutes in the different treatments. The bars followed
by the same capital letter do not differ by Tukey’s test (p <0.05).
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Figure 5. Ethogram of the behavior of Sitophilus zeamais in the
presence of the extract of the plant Azadirachta indica.
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by extended antennas, with the head’s movement up and
down to the right and left until they reach the grain mass,
where they then rise in the mass and remain or leave it.
When leaving the mass, the insects can go to the edge,
but they can return to the mass in some cases (8 times).
In the test, only two insects went directly to the edge,
and five insects remained walking on the plate without,
however, having contact with the grain mass (Figure 5).
Insect feeding was not observed in any of the treatments.
None of the treatments did the insects remain in the grain
mass after the first contact.

5. Discussion

The effect of plant compounds affecting insects,
especially Coleoptera, has been the objective of some
studies (Silva and Martinez, 2004; Hori, 2004; Santana et al.,
2021). Neem extract influences insects’ behavior and
physiology, including the effects on reproduction,
reduced feeding, increased mortality, and the occurrence
of abnormal and late ecdysis (Barbosa et al., 2002;
Franga et al., 2017). However, there are no reports of
the effect of attractiveness on insects. The compound
alpha-copaene present in Copaiba oil has already been
reported as attractive to Ceratitis capitata (Wiedemann,
1824) (Diptera: Tephritidae) (Jacobson et al., 1987). The
attractiveness of plant origin compounds to S. zeamais was
shown by Tavares and Vendramim (2005). These authors
found the attractiveness of adults of S. zeamais in plots
of grains treated with a death powder from Santa Maria
Herb Chenopodium ambrosioides L. (Chenopodiaceae).

In this work, the neem extract and Copaiba oil had a
pleasing effect on S. zeamais. This result was evidenced by
the change in the insect’s behavior when stimulated by the
odor from the treated grain mass, and the time for the first
contact in absolute terms was shorter than the control.

The trends in Neem extract and Copaiba oil’s
attractiveness can be justified by the sum of the odor of
corn and volatiles from these tested compounds, forming a
more attractive blend than corn alone. In his work, Dickens
(2006) found that males and females of Leptinotarsa
decemlineata (Say, 1824) (Coleoptera: Chrysomelidae)
had a more significant response when the aggregation
pheromone produced by the male together with attractive
substances from his host plant.

Some insects respond differently to the same substance
when varying their dose. By reducing this dosage, a
substance with a repellent characteristic can become an
attraction for the insect (Hori, 2003, 2004). Oliveira and
Vendramim (1999) verified with the dose reduction from
5 to 0.5 mL of Neem oil / Kg of beans, and there was an
increase in the number of Zabrotes subfasciatus (Boh, 1833)
(Coleoptera: Bruchidae) attracted. This fact would explain
the more significant number of visits and walk, without
having the highest permanence in the grain mass due to
the concentration (may) not being the ideal one to have
a more attractive stimulus to S. zeamais.

The repellent effect of plant chemical compounds may
affect the choice of insects to their host plants. But it is
also necessary to evaluate the insect’s acceptance of food
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containing such chemical compounds. Feeding behavior
in insects is dependent on nervous stimuli received
by chemical sensors, present in taste receptors in the
mouth apparatus and tarsals (Chaudhary et al., 2017).
The blocking of insect feeding by azadirachtin occurs
through deterrent stimuli in chemoreceptor cells and
by inhibiting the cells responsible for perceiving sugars
(Jennifer Mordue Luntz et al., 1998). In addition to blocking
feeding, azadirachtin ingestion also leads to physiological
effects in the insect midgut, which causes a reduction in
post-ingestion digestive efficiency (Schmutterer, 1985).

Considering that the latency period is the time the
insect spent to reach the grain mass for the first time, the
number of visits to the grain mass is the number of times
the insect reached, left, and returned to the grain mass,
and the walking frequency is the number of times the
insect kept walking through the Petri dish without being
in contact with the treated grains, during 30 minutes.
The fact that the latency period of the plant treatments
(Neem extract and Copaiba oil) was shorter compared to
the control treatment shows that there was no adverse
effect on the attractiveness of food on the insect when
treated with these plant extracts. However, the number
of visits in the Neem treatment was higher than the other
treatments, showing a search for food resources, but not
feeding adequately due to the presence of the treatment
in the grain mass. This condition causes a more significant
agitation in the insects, leading them to walk longer
through the Petri dish, searching for a suitable resource
source (i.e., grains without the treatments).

The permanence time of the insects in the mass of
treated grains, statistically not different from the control,
which shows the ability of the insect to locate the food
resource even in the presence of the treatments. However,
the fact that the insects did not remain in the treated grain
masses indicates that the presence of the plant extracts
contributes to the inadequacy of the food resource for
the insects.

Thus, the latency time contributes to a faster contact
of the insects with the chemical compounds present in
the plant extracts, leading them to a greater search and
displacement by the grain raisin without adequate feeding.
Thus, there is a more significant expenditure of energy and
no replacement of it; consequently, a lower survival and
reproduction rate is expected, contributing to a reduction
of the pest population.

We conclude that the sublethal effects of plant
compounds with an insecticidal effect can be used in pest
control programs, in the sense of monitoring and as an
insect repellent. Studies are still needed to clarify these
sublethal effects on S. zeamais due to a dose-response
curve and the implication of these sublethal doses in the
insect resistance process.
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