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APRESENTACAO

A agropecuaria é uma atividade essencial para a sustentabilidade e o bem-estar da
humanidade, pois consiste em uma atividade econdmica primaria responsavel diretamente
pela producdo de alimentos de qualidade, e em quantidades suficientes para atender a
demanda alimenticia do mundo, bem como fornecer matérias primas de base para muitas
industrias importantes para o homem, como os setores: energético, farmacéutico e téxtil.

O sistema de producéo, isto €, os métodos de manejo e processos utilizados na
producdo agropecudria, encontra-se em um cenario de constante discussdo no meio
cientifico e, consequentemente, um intenso aperfeicoamento das técnicas utilizadas no
campo. Esse cenario é reflexo do consenso mundial para uma producédo em alta escala
ainda mais sustentavel, especialmente amigavel ao meio ambiente em face dos impactos
do aquecimento global e poluigéo.

O livro “Sistema de Produgdo em Ciéncias Agrarias” € uma obra que atende as
expectativas de leitores que buscam mais informagdes sobre a sustentabilidade nos
sistemas de produgdo agropecuaria. Nesta obra sdo discutidas desde as interagbes entre
os técnicos de campo, agricultores familiares e produtores rurais na assisténcia técnica
aos métodos de beneficiamento de produtos agricolas, com investigagbes que estudaram
o perfil de sistemas produtivos usando desde questionarios até o sensoriamento remoto e

geoestatistica, ou comparando-os com técnicas ou insumos alternativos.
Desejamos uma excelente leitura.
Raissa Rachel Salustriano da Silva-Matos

Nitalo André Farias Machado
Kleber Veras Cordeiro
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ABSTRACT: Damage by radiation at the cellular
level in the midgut of insects can cause adverse
effects on the gonads by inhibiting nutrition. When
associated with the Sterile Insect Technique (SIT),
it alters the biological cycle of the developing
pest, promoting its population control in the field.
However, despite its safety, there are few studies
on the effects of this treatment on Anthonomus
grandis Boheman (Coleoptera: Curculionidae),
one of the main cotton pests, responsible for
losses of up to 75% of production. The present
study aimed to evaluate the midgut and the
reproductive system of A. grandis adults submitted
to a low frequency magnetic field, aiming, in the
future, its application in the field through the SIT.
Males and females were placed under a platform
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associated with a pair of Helmholtz coils, capable of generating a low frequency magnetic
field (60 Hz), for 2 and 4 hours for 5 days, at the frequency of 1.15 mT. After this period, the
midgut and gonads were collected, dehydrated and included for making histological slides.
In the histological analysis of the midgut it was possible to observe the disorganization and
detachment of the epithelium. The gonads showed no morphological changes, although the
morphometric analysis of the area and diameter of the testicular follicles, oocyte and oocyte
nucleus has decreased in all parameters. Escape behavior from the exposure area and higher
mortality rate for men were also observed. These results demonstrate that the low frequency
magnetic field can be a viable and effective method for the control of A. grandis in cotton fields.
KEYWORDS: Cotton weevil, histology, morphometry, radiation, sterile insect technique.

EFEITO DO CAMPO MAGNETICO SOB O INTESTINO MEDIO E SISTEMA
REPRODUTIVO DE ANTHONOMUS GRANDIS BOHEMAN (COLEOPTERA:
CURCULIONIDAE)

RESUMO: Danos por radiagéo a nivel celular no intestino médio dos insetos podem causar
efeitos adversos nas génadas ao inibir a nutricdo. Quando associada a Técnica do Inseto
Estéril (TIE), altera o ciclo biolégico da praga em desenvolvimento, promovendo seu controle
populacional em campo. No entanto, apesar da sua seguranga, poucos sao os estudos sobre
os efeitos desse tratamento em Anthonomus grandis Boheman (Coleoptera: Curculionidae),
uma das principais pragas do algodoeiro, responsavel por perdas de até 75% da produgéo.
O presente trabalho teve como objetivo avaliar o intestino médio e o sistema reprodutivo
de adultos de A. grandis submetidos a um campo magnético de baixa frequéncia, visando,
futuramente, a sua aplicagdo em campo por meio da TIE. Machos e fémeas foram colocados
sob uma plataforma associada a um par de bobinas de Helmholtz, capaz de gerar um campo
magnético de baixa frequéncia (60 Hz), por 2 e 4 horas durante 5 dias, na frequéncia de
1,15 mT. ApOs esse periodo, o intestino médio e as gbnadas foram coletados, desidratados
e incluidos para confecg@o de laminas histolégicas. Na andlise histologica do intestino
médio foi possivel observar a desorganizagéo e descolamento do epitélio. As gbnadas nao
apresentaram alterac6es morfolégicas, embora a analise morfométrica da area e do didmetro
dos foliculos testiculares, o6cito e nucleo do oécito tenham diminuido em todos os parametros.
Um comportamento de fuga da area de exposi¢céo e uma maior taxa de mortalidade para os
homens também foram observados. Esses resultados demonstram que o campo magnético
de baixa frequéncia pode ser um método viavel e eficaz no controle de A. grandis em campos
de algodéo.

PALAVRAS — CHAVE: Bicudo — do — algodoeiro, histologia, morfometria, radiagéo, técnica
do inseto estéril.

11 INTRODUCTION

The use of radiation for agricultural purposes aims to support the commercialization
of products and minimize the environmental and economic impacts caused by the use of
pesticides (Loro et al. 2018). When associated with the Sterile Insect Technique (SIT) it
allows the population control of pest insects, without generating biological imbalance
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(Floréncio 2017), by inhibiting their development and / or sterilization when cellular damage
occurs in the midgut and gonads of the species (Silva et al. 2007).

The decrease in reproductive potential may be closely associated with eating
disorders and nutritional deficiency, since the quantity and quality of nutrients obtained
during feeding and absorbed by the mesentery can cause changes in the processes of
vitelogenesis, spermyogenesis, development of reproductive structures, maturation and
egg production (Cruz et al. 2016; Costa et al. 2017). In addition, lesions in the reproductive
system of insects treated by SIT are a reflection of the increased sensitivity of their germ
cells to radiation (Silva et al. 2007). Rocha (2011), after using the SIT to control Ceratitis
capitata (Diptera: Tephritidae), observed that gamma radiation caused sterility in females,
while in males it reduced the size of the testicles by 25% and caused a reduction in the
number of sperm.

Although several reports in the literature have successfully associated the techniques
mentioned above, few studies in Brazil have investigated the effects of this method on
cotton pests, specifically on Anthonomus grandis Boheman (Coleoptera: Curculionidae).
This holometabolic beetle is the main threat to fiber cultivation due to losses of up to 75%
of production (Abreu et al. 2013). Its reproductive capacity combined with endophytic
development, makes it difficult for products used in the field to penetrate (Agro 2019). For
its control, broad-spectrum synthetic insecticides, such as neonicotinoids, pyrethroids and
organophosphates, are administered, which considerably increase production costs and
pose a threat to the ecosystem due to their low volatility and selectivity in the environment
(Costa et al. 2017). In addition, they can favor the occurrence of resistance in populations
(Finkler 2013).

Given the above, this research aimed to evaluate the effect of the low frequency
magnetic field (60 Hz), at different times, in the midgut and in the adult reproductive system
of this weevil, planning its possible application in the field through the SIT.

21 MATERIAL AND METHODS

For the experiments, 15 males and 15 females were individualized plastic containers
and were placed under a platform associated with a pair of Helmholtz coils. The emission
was controlled and the exposure to the MF was at the intensity of 1.15 mT, for 2 and 4
hours daily for 5 days each. After the period, the midgut and gonads of the insects were
collected and fixed in 10% formaldehyde for 24 hours. Subsequently, they were dehydrated
and included in historesin and cut using a Leica® 2035 semiautomatic microtome and the
sections stained with Toluidine Blue. Histological analysis was performed usingan OLYMPUS
BX49 optical microscope and photographed using an OLYMPUS BX51 photomicroscope.
For morphometric studies, the area and diameter of the testicular follicles and the area, the
diameter of the oocyte and the nucleus of the ovarioles were evaluated. The histological
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analysis images were digitized by the LAS Leica Image software. The morphometric analysis
was performed in the Imaged software and the unit of measurement of length was calibrated
according to the scale of the image captured in the photomicroscope. Each testicular follicle
and ovary was considered one repetition and each treatment consisted of 10 repetitions.
Morphometric data were analyzed using the Wilcoxon-Mann-Whitney test (P <0.05).

31 RESULTS

Histological analysis of the midgut of non-irradiated insects showed an organ covered
externally by circular and longitudinal muscles, with organized epithelium (Figures 1A and
B). In the irradiated insects (2h / 5 days and 4h / 5 days) there was detachment of the
intestinal epithelium with desquamation of the columnar cells and the nuclei were expelled
(Figures 1C, D, E and F).
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Figure 1. Microscopy of light of the midgut of adults of Anthonomus grandis exposed or not to
the low-frequency magnetic field. Coloration with Toluidine Blue. A and B — non-irreadiated
— observe the presence of columnar cells (Cc); C and D — 2 h of daily exposion to magnetic

field at a frequency of 1,15 mT for 5 days; E and F — 4 h of daily exposion to magnetic field at

a frequency of 1,15 mT for 5 days. Observe the disorganized epithelium (Epd), detachment of
columnar cells, expelled nuclei (red asterisk), regenerative cells (black arrow) and intestinal

lumen (L).

In testicular histology, treatment and control, a covering of connective tissue, or

peritoneal sheath, was observed in all its extension, with invaginations forming septa,

dividing the testis into several follicles, with several sperm (Figure 2).
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Figure 2. Microscopy of light of the testicles of adults of Anthonomus grandis exposed or not to
the low-frequency magnetic field. Coloration with Toluidine Blue. A and B — non-irreadiated; C
and D — 2 h of daily exposion to magnetic field at a frequency of 1,15 mT for 5 days; E and F - 4
h of daily exposion to magnetic field at a frequency of 1,15 mT for 5 days. Sperm (Es); Cysts
(C); Connective tissue (long arrows).

The ovarioles of the same treatments had a developed vitellar region, the oocytes
were covered by an epithelium consisting of follicular cells and the ovarioles by a connective
tissue sheath. (Figure 3). From the morphological evaluation of these structures, no visible
changes were observed in the gonads of insects when compared to the control.
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Figure 3. Microscopy of light of the ovarioles of adults of Anthonomus grandis exposed or not
to the low-frequency magnetic field. Coloration with Toluidine Blue. A and B — non-irreadiated;
C and D - 2 h of daily exposion to magnetic field at a frequency of 1,15 mT for 5 days; E and
F — 4 h of daily exposion to magnetic field at a frequency of 1,15 mT for 5 days. Vitellarium (Vi);
Follicular cells (Cf); sheath of connective tissue (long arrow).

The morphometric studies of these structures showed changes in all parameters
studied, after evaluation by the Wilcoxon-Mann-Whitney test (P <0.05). In males, there
was a reduction in the area and diameter of the testicular follicles in the treatments of 2
hours and 4 hours in relation to the control (Figure 4). In females, the oocyte area (um2)
decreased in 2 hours and 4 hours, compared to the control. The same pattern was observed

for the oocyte diameter, area of the oocyte nucleus and diameter of the oocyte nucleus (um)
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2 hours, 4 hours and control (Figure 4).
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Figure 4: Averages and standard deviation of area (um?) and diameter (um) of the follicles in the
testis of Anthonomus grandis (Coleoptera: Curculionidae). Averages and standard deviation of

the oocyte area (um?), oocyte diameter (um), area of the oocyte nucleus (um?) and diameter of
the oocyte nucleus (um) in the ovarioles of Anthonomus grandis (Coleoptera: Curculionidae).

In addition, insect flight behavior was observed in the MF exposure area, tending to
remain at the ends of the container. It was also noticeable the high mortality rate of men in

relation to women in both groups.

4| DISCUSSION

Histological damage in the A. grandis midgut is reflected in decreased sperm
production in the testes after exposure to gamma radiation (Riemann & Flint 1967). This is
because this organ is the main region responsible for the absorption of nutrients, synthesis
and secretion of enzymes and hormones (Chapman 2013). Therefore, cellular lesions in the
midgut can prevent and / or delay the absorption and transformation of these molecules,
negatively influencing the functions in the body (Costa et al. 2017).

Although no direct damage to the morphology of the boll weevil was observed in
this research, germ cells were more sensitive than somatic cells. Damage to these cells
can trigger sterility, aspermia or inactivation of sperm in males, inability to mate and
lethal mutation dominant in males or females (Silva et al. 2007). Aradjo (2017) observed
disorganization of the testicular tissue and the presence of gaps between the germ cells
of males of Diabrotica speciosa (Germar) (Coleoptera: Chrysomelidae) after exposure to
100 Gy gamma irradiation. Younes et al. (2009) reported histopathological effects on the
ovarioles of Bactrocera zonata (Saund.), such as degeneration and atrophy when exposed
to gamma radiation.

On the other hand, the reduction in all morphometric parameters evaluated can be
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an indicator of epithelial reorganization due to the acceleration of the cell renewal process
in response to possible damage (Nogarol & Fontanetti 2010). Costa et al. (2020) when
analyzing radiosterilization in pupae of Anastrepha obliqua (Macquart) (Diptera: Tephritidae)
verified ovarian atrophy and inhibition of egg production in females, while in males there
was inhibition of testicular development at doses above 40 Gy. Mastrangelo et al. (2017)
observed a reduction in the length, width and area of the ovarioles of Anastrepha fraterculus
(Wied.) Treated with different doses of gamma radiation.

The lower female mortality rate may be associated with greater nutritional intake,
since they need more energy for egg production (Cruz et al. 2016). Therefore, responses
to radiation can be influenced by parameters such as species, age, sex. In addition, the
escape behavior observed in insects is based on the Faraday Law of magnetic induction
and on the ferromagnetic hypothesis, which is based on the presence of magnetic particles
in the organism that act as field sensors (Acosta-Avalos & Linhares 2000). The results
described by Giovanella et al. (2014) after the exposure of the termite Cryptotermes brevis
(Walker) (Blattaria: Kalotermitidae) to a low frequency electromagnetic field, corroborate the
results obtained in this research.

51 CONCLUSION

The low-frequency magnetic field (60 Hz) can be an instrument to control A.
grandis populations, as it has caused damage in the midgut, repellency of the exposure
area, mortality, and morphometric changes in the gonads of the insect, indicating a tissue
degenerative process. Furthermore, it proves to be a safer method, due to the non-
persistence of substances in the environment and can be associated with other control
methods, such as SIT, and consequently adapting to Integrated Pest Management, IPM.
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