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INFLUENCIA DO TABACO NA BIOLOGIA E COMPORTAMENTO DOS
PARASITOIDES Habrobracon hebetor (SAY) (HYM.: BRACONIDAE) E
Trichogramma pretiosum RILEY (HYM.: TRICHOGRAMMATIDAE) E DE
Ephestia spp. GUENEE (LEP.: PYRALIDAE)?!

Autor: Cleder Pezzini
Orientadora: Prof2. Simone Mundstock Jahnke
Coorientador: Prof. Andreas Kdhler

RESUMO

Os parasitoides Habrobracon hebetor (Say, 1836) (Hymenoptera: Braconidae) e
Trichogramma pretiosum Riley, 1879 (Hymenoptera: Trichogrammatidae) sdo agentes
de controle bioldgico de Ephestia spp. Guenée, 1845 (Lepidoptera: Pyralidae) que
causam danos ao tabaco seco e outros produtos armazenados. E conhecido que o sucesso
do parasitismo esta ligado a estratégias de busca, como pistas provenientes do hospedeiro
ou substrato onde esta inserido. Portanto, este estudo objetivou verificar a influéncia do
tabaco sobre aspectos da biologia e comportamento dos parasitoides e das tragas. Em
laboratorio, estudou-se a adicao de classes e porcentagens de tabaco na dieta de criacdo
de Ephestia kuehniella (Zeller, 1879) (Lepidoptera: Pyralidae) e seu reflexo no
comportamento e parasitismo de H. hebetor. Em olfatometria avaliou-se as respostas
quimiotaxicas de H. hebetor e T. pretiosum. No campo, o experimento foi conduzido em
armazens de produtores e industria do tabaco, com liberacdo de H. hebetor. Classes de
tabaco testadas, adicionados a dieta, em diferentes porcentagens, influenciaram no tempo
de desenvolvimento e viabilidade de E. kuehniella. No entanto, hospedeiro criado em
dieta com tabaco ndo afetou H. hebetor. Fémeas de H. hebetor foram mais atraidas pelos
odores dos substratos alimentares do seu hospedeiro do que ao controle (ar).
Independentemente do tipo de dieta utilizada para a criagdo de E. kuehniella, as fémeas
foram responsivas as larvas, sem preferéncia. Também, fémeas de H. hebetor com
experiéncia de parasitismo, apresentaram maior atratividade as larvas hospedeiras,
quando comparado aos substratos. Fémeas de T. pretiosum ndo foram responsivas para
tabacos secos com alta concentracdo de nicotina, quando contrastados com o controle
(ar). Apenas mudas de tabaco, com e sem ovos do hospedeiro, atrairam o parasitoide.
Fémeas de T. pretiosum responderam positivamente aos volateis do hospedeiro, mesmo
com a presenca do tabaco seco, entretanto, ao entrar em contato direto com alguns tipos
e classes de tabacos ndo houve parasitismo e ocorreu alta mortalidade dos parasitoides. O
numero médio de adultos de Ephestia spp. capturados nas armadilhas de feromoénio nos
ambientes com liberacdo de H. hebetor em nivel de produtor e inddstria foram
significativamente menores nos locais sem liberacéo, a partir da terceira e quinta semana.
Os resultados indicam que o tabaco pode afetar a biologia de insetos herbivoros e o
comportamento de busca e as taxas de parasitismo nos parasitoides.

! Tese de Doutorado em Fitotecnia, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brasil. (169f.) Abril, 2021.



INFLUENCE OF TOBACCO ON THE BIOLOGY AND BEHAVIOR OF THE
PARASITOIDS Habrobracon hebetor (SAY) (HYM.: BRACONIDAE) AND
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Ephestia spp. GUENEE (LEP.: PYRALIDAE)!
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ABSTRACT

The parasitoids Habrobracon hebetor (Say, 1836) (Hymenoptera: Braconidae)
and Trichogramma pretiosum Riley, 1879 (Hymenoptera: Trichogrammatidae) are agents
of biological control of Ephestia spp. Guenée, 1845 (Lepidoptera: Pyralidae) species that
cause damage to dry tobacco and other stored products. It is known that the success of
parasitism is associated with search strategies, such as clues from the host or substrate
where it is inserted. Therefore, this study aimed to investigate the influence of tobacco on
aspects of the biology and behavior of parasitoids and moths. In laboratory, the addition
of tobacco classes and percentages to the rearing diet of Ephestia kuehniella (Zeller,
1879) (Lepidoptera: Pyralidae) and its reflex on the behavior and parasitism of H. hebetor
were studied. Olfactometry evaluated the chemotaxic responses of H. hebetor and T.
pretiosum. In field, the experiment were performed in tobacco farmers warehouses and
the tobacco factory, with the release of H. hebetor. Tobacco classes, added to the diet, in
different percentages, influenced the development time and viability of E. kuehniella.
However, a host reared on tobacco diet did not affect the parasitoid. Habrobracon hebetor
females were more attracted to the odors of their hosts food substrates than the control
(air). Regardless of the type of diet used for the rearing of E. kuehniella, the females were
responsive to the larvae, without preference. Also, H. hebetor females with parasitism
experience, showed greater attractiveness to host larvae when compared to substrates.
Trichogramma pretiosum females were not responsive to dry tobacco with a high
concentration of nicotine, when contrasted with the control (air). Only tobacco seedlings,
with and without host eggs, attracted the parasitoid. T. pretiosum females responded
positively to the hosts volatiles, even with the presence of dry tobacco, however, when
coming into direct contact with some types and classes of tobacco, there was no parasitism
and a high parasitoid mortality. The average number of adults of Ephestia spp. captured
in the pheromone traps in environments with the release of H. hebetor at the tobacco
farmers warehouses and the tobacco factory level, were significantly lower than in places
without release after the third and fifth week. The results indicate that tobacco can affect
the biology of herbivorous insects and the search behavior and rates of parasitism in the
parasitoids.

! Doctoral Thesis in Plant Science, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brazil. (169p.) April, 2021.
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1 INTRODUCAO

Desde a producdo das mudas até a pds-colheita do tabaco, ha um conjunto de
patdgenos e insetos que atacam a cultura, causando perdas na producédo, no rendimento e
na qualidade. Durante a armazenagem, entre 0s insetos que acometem o tabaco seco,
destacam-se Ephestia spp. Guenée, 1845 (Lepidoptera: Pyralidae).

Os métodos utilizados no controle destes insetos praga sdo restritos, baseando-se,
de forma geral, na utilizacdo de inseticidas, como a fosfina, que é altamente tdxica ao ser
humano e ao ambiente. Com isso, eleva-se a necessidade de desenvolver novas
tecnologias para serem adotadas como estratégias de manejo. O controle bioldgico é um
exemplo, no qual utilizam-se inimigos naturais para diminuir populacfes de organismos
que sdo considerados pragas em sistemas agricolas, como no caso de parasitoides, que
precisam de um hospedeiro especifico para completar o ciclo de desenvolvimento,
causando a morte da praga e assim controlando sua proliferagdo. Porém, a aplicagédo
desses agentes biologicos na pos-colheita e armazenamento, como sistema de manejo,
ainda é incipiente, havendo uma grande necessidade de pesquisas nesta area.

Na fumicultura, apesar de existirem alguns registros da ocorréncia de parasitoides
em armazéns com tabaco seco, h4 uma caréncia de informagfes sobre aspectos da
biologia, parasitismo e comportamento destes agentes biologicos, que podem ser

influenciados por diversos fatores, entre eles, dieta do hospedeiro, sua origem, ou ainda,



respostas aos volateis do tabaco. Esse conhecimento pode fornecer dados importantes
para a criacdo desses parasitoides e implantacdo de programas de controle biologico.

Sendo assim, este trabalho teve como objetivo conhecer aspectos da biologia e
comportamento dos parasitoides Habrobracon hebetor (Say, 1836) (Hymenoptera:
Braconidae) e Trichogramma pretiosum Riley, 1879 (Hymenoptera: Trichogrammatidae)
parasitando Ephestia spp., enfatizando os seguintes aspectos: a) influéncia de diferentes
proporcdes e classes de tabaco adicionados a dieta artificial de criacdo, sobre parametros
bioldgicos do hospedeiro Ephestia kuehniella (Zeller, 1879) (Lepidoptera: Pyralidae) e
do parasitoide H. hebetor, assim como a preferéncia de parasitismo pelo hospedeiro de
acordo com a dieta de origem; b) resposta quimiotaxica de fémeas de H. hebetor com e
sem experiéncia de parasitismo a sinais olfativos associados a produtos armazenados e a
presenca do hospedeiro E. kuehniella criado em diferentes dietas; c) resposta
quimiotéaxica, capacidade de parasitismo e mortalidade de fémeas de T. pretiosum
parasitando ovos de E. kuehniella na presenca de diferentes tipos e classes de tabaco; d)
efeito da liberacdo de H. hebetor no controle de Ephestia spp. em ambientes de
armazenamento de tabaco em nivel de produtor e industria.

Os resultados da tese estdo apresentados na forma de quatro artigos: 1) Influence
of a diet containing tobacco on the biology of Ephestia kuehniella (Lepidoptera:
Pyralidae) and its parasitoid Habrobracon hebetor (Hymenoptera: Braconidae); 2)
Chemotaxis of Habrobracon hebetor (Say) (Hymenoptera: Braconidae) in response to
larvae of Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae) and host food substrate
with tobacco; 3) Influence of tobacco on the behavior and biology of Trichogramma
pretiosum Riley (Hymenoptera: Trichogrammatidae); e, 4) Liberacdo de Habrobracon
hebetor (Say) (Hymenoptera: Braconidae) para controle de Ephestia spp. Guenée

(Lepidoptera: Pyralidae) em ambientes de armazenamento de tabaco.



2 REVISAO BIBLIOGRAFICA

2.1 Fumicultura

O Brasil representa 0 segundo maior mercado produtor de tabaco (Nicotiana
tabacum L., Solanaceae), atrds apenas da China e mantém, ha duas décadas ininterruptas,
a lideranca global quando o assunto é exportacdo (Santos et al., 2017; Kist et al., 2020).
Em média, 83% da safra nacional é embarcada para mais de uma centena de paises de
todos os continentes (Beling, 2014; Mendes et al., 2015). Apesar das exportacOes de
tabaco em folha ndo apresentarem uma participagdo expressiva na balanca comercial
brasileira (Beling, 2014), esta cultura tem grande relevancia na producao agricola familiar
e na renda gerada, particularmente na regido Sul do Brasil, que respondeu por mais de
92% da producéo nacional de tabaco em folha em 2019/20 (Kist et al., 2020).

O tamanho médio das propriedades produtoras de tabaco no sul do Brasil é de
13,7 hectares, sendo que a cultura ocupa em média 20,8% da area (Neves, 2010; Mendes
et al., 2015). A renda do cultivo, porém, representa expressivos 53,1% da receita anual
do produtor (Carvalho et al., 2014). Essa proporc¢do de retorno econdémico explica por
que 146 mil familias de produtores se mantém fiéis a atividade (Kist et al., 2016; Kist et
al., 2018).

O Rio Grande do Sul é o maior polo de producao e beneficiamento de tabaco no
Brasil, respondendo sozinho por cerca da metade da forca nacional do setor e ocupando

uma area de 127 mil hectares. Segundo a Associa¢do dos Fumicultores do Brasil, séo 73



mil familias espalhadas por 219 municipios, de norte a sul do estado (AFUBRA, 2020).
Na safra 2019/20, foram colhidas 243 mil toneladas de tabaco, volume que gerou aos
agricultores uma receita de R$ 2,1 bilhdes (Kist et al., 2020). Na regido do Vale do Rio
Pardo estdo inseridas as principais empresas do setor fumageiro e 0s municipios com
maior area de producdo (Beling, 2014).

No Brasil sdo produzidos basicamente trés tipos de tabaco, o Virginia, conhecido
como fumo de estufa, pois o processo de cura é feito em estufas e fornos com uso de lenha
como fonte de energia e as variedades Burley e Comum, que sé&o secos em galpdes
naturalmente (Silveira, 2013; Kist et al., 2019). A variedade Virginia é responsavel por
aproximadamente 89,3% da producéo nacional, enquanto Burley representa 9,3% e 0s
restantes 1,4% correspondem ao dito “tabaco comum” que ¢ utilizado para producédo do
fumo de corda (Kist et al., 2020).

A producdo de tabaco é dividida em algumas etapas-chave: producdo de mudas
(semeadura), transplante, crescimento em campo e colheita, além dos processos de cura,
armazenamento e posterior comercializagdo (Oliveira & Costa, 2012). As folhas do
tabaco séo classificadas de acordo com a posicéo da planta, sendo as folhas localizadas
na parte inferior chamadas de “baixeiras”, as intermedidrias de “semimeeiras” e
“meeiras” e as superiores de “ponteiras” (Collins & Hawks, 2011). Ainda de acordo com
0s mesmos autores, conforme a posicdo das folhas, a concentracdo de nicotina varia,
sendo a parte inferior da planta com menor teor de nicotina e a parte superior, com maior.
Diferentemente da nicotina, a concentracao de agucar € menor nas extremidades e maior

nas folhas centrais da planta (Figura 1).
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FIGURA 1. Niveis de nicotina e acUcar nas folhas de tabaco e forma de classificacdo do
tabaco, estagio de maturacdo e qualidade. Adaptado de SINDITABACO
(2017).

A nicotina e o principal alcaloide que se acumula nas folhas do tabaco (N6lke et
al., 2018). Em cultivares comerciais, a nicotina representa 90% a 95% de todos 0s
alcaloides ou 2-5% do peso seco total da folha (Saitoh et al.,1985). Esta é sintetizada nas
raizes e transportada pelo xilema para as partes aéreas da planta onde se acumula e é
armazenada no vacuolo das células da folha, podendo ser exsudada pelos tricomas
(Hildreth et al., 2011).

O acumulo de nicotina na planta de tabaco aumenta na fase final do crescimento,
especialmente ap6s a remocdo do apice caulinar (Leffingwell, 2001). Além disso, ao
iniciar a colheita das folhas inferiores também ocorre 0 aumento na concentracdo de
nicotina nas folhas intermediarias e superiores da planta, indicando que a sintese de
nicotina pode ser afetada por uma resposta a ferimentos mecanicos (Rodgman & Perfetti,
2013). O ferimento mecanico, atraves de uma mudanga no fluxo de auxina, é responsavel

pelo aumento da concentracao de nicotina nas folhas do tabaco (Shi et al., 2006).



2.1.2 Interagdes da nicotina com herbivoros e inimigos naturais

As interacOes inseto-planta destacam a importancia evolutiva e ecoldgica das
defesas quimicas das plantas sobre herbivoros (Gajger & Dar, 2021). As plantas
produzem um grande nimero de compostos que parecem nao ter uma funcao aparente no
desenvolvimento, crescimento ou reproducdo. Esses compostos tém sido referidos como
metabdlitos secundarios, com efeitos toxicos para inumeras espécies de insetos (Dicke,
2009). Os aleloquimicos vegetais sdo considerados parte do arsenal quimico defensivo
que as plantas desenvolveram para se proteger, podendo estar presentes ou serem ativados
somente apds o ataque de herbivoros (Mumm & Dicke, 2010).

Os aleloquimicos vegetais podem ser absorvidos pelo intestino ou tegumento do
inseto e sua distribuicdo, disposicdo e taxa de eliminagdo depende do grau de associa¢ao
com os compartimentos internos e da eliminacgdo pré-sistémica pela absor¢édo de tecidos
como o intestino e a epiderme (Snyder et al., 1994). Uma vez absorvidos, um possivel
destino destes compostos € serem metabolizados e levados a excregdo, nas fezes
(Farnham et al., 2007).

Existem varios aleloquimicos vegetais como cafeina, morfina, colchicina,
ergolinas, estricnina, escopolamina, quinina e nicotina, que podem afetar a transmissédo
nervosa em insetos, perturbar a membrana celular ou a estrutura do citoesqueleto,
causando o colapso e vazamento das células (Gajger & Dar, 2021). Em plantas de tabaco
a nicotina, como ja mencionado, € um metabolito de defesa secundéria da planta e seu
aumento é uma das respostas tipicas das plantas para evitar ataques de insetos herbivoros
(Leffingwell, 2001; Kessler & Baldwin, 2002). Essa substancia, assim como 0s
inseticidas do grupo dos neonicotinoides atuam como moduladores competitivos de

receptores nicotinicos da acetilcolina e com efeito rapido levando a hiperexcitacdo do



sistema nervoso, podendo ser fatal para muitos insetos (Kessler & Baldwin, 2002; Reigart
& Roberts 2013; Silva et al., 2017).

A nicotina como sendo o principal alcaloide presente nas folhas do tabaco, pode
ter efeitos, ja registrados, sobre a biologia de herbivoros. As dietas a base de tabaco ou
com adicdo de nicotina podem, por exemplo, prolongar o desenvolvimento e reduzir a
viabilidade e sobrevivéncia de alguns lepidopteros praga como Heliothis virescens
(Fabricius, 1781) (Lepidoptera: Noctuidae) (Gunasena et al., 1990), Spodoptera
frugiperda (JE Smith, 1797) (Lepidoptera: Noctuidae) (El-Heneidy et al., 1988), E.
kuehniella (Pezzini et al., 2020) e Ephestia elutella (Hibner, 1796) (Lepidoptera:
Pyralidae) (Wang et al., 2021).

Apesar da sua toxicidade para a maioria dos insetos, algumas espécies conseguem
ultrapassar essa barreira, tornando-se pragas na cultura, como é o caso do pulgdo Myzus
persicae (Sulzer, 1776) (Hemiptera: Aphididae), que evita a nicotina em plantas de tabaco
ao se alimentar apenas do floema. Também a lagarta do tabaco Manduca sexta paphus
(Cramer, 1779) (Lepidoptera: Sphingidae), consegue excretar a nicotina e outros
alcaloides ingeridos antes que uma dose toxica possa se acumular no organismo (Parr &
Thurston, 1972; Morris, 1983; Snyder et al., 1994). Os mecanismos que 0sS insetos
utilizam para controlar toxinas, como a nicotina, incluem penetracdo limitada, local de
destino resistente e conversdo bioquimica (Self et al., 1964). A excregéo rapida é outro
mecanismo utilizado por alguns insetos, como Lasioderma serricorne (Fabricius, 1792)
(Coleoptera: Ptinidae), para se livrar rapidamente de possiveis toxinas (Farnham et al.,
2007).

Os compostos que atuam como defesas das plantas contra herbivoros também
podem ter impactos significativos em espécies do terceiro e quarto nivel tréfico (Harvey,

2007). Isso ocorre porque predadores e parasitoides, obtém sua nutricdo indiretamente



das plantas, atraves do consumo de suas presas ou hospedeiros. Consequentemente a
presenca de aleloquimicos na dieta de herbivoros pode afetar negativamente na
morfologia, desenvolvimento, tamanho e sobrevivéncia dos inimigos naturais (Gunasena
et al., 1990; Barbosa et al., 1986). Esses efeitos sobre parasitoides e predadores, por sua
vez, podem alterar a ecologia das interacdes inimigo natural-herbivoro-planta (Barbosa
etal., 1991).

Os efeitos da nicotina no desenvolvimento de parasitoides foi estudada por
Thurston e Fox (1972) e Barbosa et al. (1986) que incorporaram a nicotina em meio a
dieta artificial do hospedeiro e por Thorpe e Barbosa (1986) que utilizou folhas de tabaco
com alto teor de nicotina. Em cada uma dessas pesquisas, 0 consumo de nicotina pelo
hopsdeiro M. sexta afetou negativamente o desenvolvimento do parasitoide Cotesia
congregata (Say, 1836) (Hymenoptera: Braconidae) (Thurston & Fox, 1972). Além disso,
vestigios de nicotina foram recuperados de parasitoides adultos, indicando que ela é
armazenada nos tecidos das larvas e pré-pupas do parasitoide antes da eliminagdo do
meconio (Barbosa et al., 1986; Harvey, 2007).

O efeito negativo da nicotina também foi observado em outros parasitoides, como
Campoletis sonorensis (Cameron, 1886) (Hymenoptera: Ichneumonidae) criados sobre
H. virescens alimentado com tabaco, no qual o parasitoide prolongou o desenvolvimento
larval e baixou a emergéncia de adultos devido a mortalidade do hospedeiro parasitado
(Gunasena et al., 1990). A medida que a concentragio de nicotina aumentou na dieta de
criacdo de S. frugiperda, a mortalidade do parasitoide Hyposoter annulipes (Cresson
1864) (Hymenoptera: Ichneumonidae) e o tempo de desenvolvimento também
aumentaram e o peso do adulto diminuiu, sugerindo o efeito da nicotina sobre o

parasitoide (EI-Heneidy et al., 1988).



Em geral, embora alguns aleloquimicos vegetais como a nicotina, possam ter
efeitos significativos sobre os parasitoides e, portanto, na ecologia das intera¢Ges inimigo
natural-herbivoro-planta, outros aleloquimicos vegetais como a hordenina e rutina,
podem ter pouca ou nenhuma consequéncia (Barbosa et al., 1991). Portanto, sugere-se
que estratégias de controle bioldgico, envolvendo a liberacdo de parasitoides suscetiveis
a estes compostos, podem ser incompativeis em culturas que contenham altos niveis de
aleloquimicos toxicos (Thurston & Fox, 1972; Barbosa et al., 1986; Thorpe & Barbosa,

1986), devendo ser avaliadas previamente.

2.2 Principais pragas do tabaco armazenamento

Depois de feita a cura, o tabaco é armazenado dentro de galpdes ou paidis nas
propriedades rurais, em filas duplas, com as pontas das folhas sempre para dentro da pilha
e cobertas por lona ou aniagem, para evitar o reumedecimento das folhas. Desta forma
fica estocado até 0 momento da venda, periodo que pode alcangar até seis meses (Collins
& Hawks, 2011). Nesse periodo surgem insetos que causam perdas expressivas na
qualidade do produto (Guedes & Costa, 2006; Guedes & Sulzbach, 2006).

Apesar dos danos causados por insetos durante o armazenamento serem elevados,
é dificil quantifica-los, sendo que em grandes culturas como soja, milho e arroz essas
perdas podem variar de 2 a 12% (Zucchi & Silveira Neto, 2012; Nayak & Daglish, 2018).
Entretanto, devido a falta de dados detalhados na cultura do tabaco estima-se que
aproximadamente 3% da producdo é perdida devido a presenca destes insetos na
armazenagem (Li & Yu, 1993; Carvalho et al., 2003), valor que representou 25 milhdes
de dolares na safra 2019/20 (Kist et al., 2020). Conforme Krsteska e Stojanoski (2013) e
Krsteska (2014), durante o periodo de armazenamento do tabaco existem dois grupos de

insetos que causam danos expressivos, o besouro L. serricorne, popularmente chamado
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de bicho-do-fumo ou besouro-do-fumo, encontrado em regides tropicais, subtropicais e
temperadas (Edde, 2018) e mariposas.

Dentre as espécies de mariposa estao E. elutella chamada popularmente de “traga-
do-fumo”, E. kuehniella, Ephestia cautella (Walker, 1863) e Plodia interpunctella
(Hubner, 1813) (Lepidoptera: Pyralidae) conhecidas como traca-das-farinhas, traga-do-
cacau e traga-indiana-da-farinha, respectivamente (Guedes & Costa, 2006; Edde, 2018).
Todas essas espécies de mariposas ocorrem em conjunto, em diferentes proporcdes,
porém sua identificacdo é complexa. As tracas sdo consideradas pragas secundarias, pois
as larvas se desenvolvem sobre residuos de gréos e outros produtos armazenados deixados
pela acdo de outras pragas (Athié & Paula, 2002; Ou et al., 2019). No entanto, no tabaco
sdo praga primarias, alimentando-se diretamente das folhas secas. Seu ataque também
prejudica a qualidade dos produtos por causa da formagdo de uma teia na superficie dos
mesmos, que serve de reflgio para outros insetos e pode causar problemas operacionais

em equipamentos durante o beneficiamento (Loeck, 2002; Krsteska, 2014).

2.2.1 Ephestia spp.

As mariposas Ephestia spp. sdo largamente distribuidas em todas as regides do
mundo, sendo que no Brasil, estdo presentes em todas as regides produtoras de gréos
ocorrendo durante o ano todo, desde que exista disponibilidade de alimento para se
desenvolverem (Lorini, 2012). Ha inumeros registros destas tragcas causando danos em
varios produtos e gréos estocados como: trigo (farinha), soja, milho (quirela), sorgo,
aveia, arroz, cevada, tabaco, cacau, frutas secas, até produtos ja processados como
biscoito, bolachas, barras de cereais e chocolate (Lorini et al., 2015).

As fémeas ovipositam de 200 a 300 ovos. O periodo de ovo a adulto estende-se

por aproximadamente 40 dias, com longevidade em torno de 10 dias, apresentando cerca
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de sete geracdes ao ano (Lorini et al., 2010; Deng et al., 2018). As espécies de Ephestia
sdo muito semelhantes, sendo a genitalia a Unica caracteristica morfologica que as

diferencia com clareza uma das outras (Figura 2) (Heinrich, 1956).

FIGURA 2. Adulto e genitalia de fémea e macho de: A- Ephestia elﬁtella; B- Ephestia
kuehniella; C- Ephestia cautella. Adaptado de Heinrich (1956) e Lorini et
al. (2010).

Os ovos de Ephestia spp. sdo colocados isoladamente ou em pequenos grupos,
sobre o substrato, onde, posteriormente, as larvas irdo se alimentar. Possuem formato
eliptico, com menos de um milimetro de didmetro, coloracdo branca e cobertos por
escamadas da propria mariposa (Navarro & Navarro, 2018).

As larvas deste género sdo eucefalicas, com aparelho bucal bem desenvolvido,
adaptado para mastigar. Depois de eclodir, sdo de coloracdo branca e com a troca dos
cinco instares, ficam com uma cor bege e cabeca marrom (Lorini et al., 2015). O corpo
da larva € coberto de cerdas esparsas. S&o polipodes, com trés pares de pernas torécicas
(verdadeiras) e cinco abdominais (falsas pernas). O Gltimo estagio larval mede cerca de

8-14 mm (Athié & Paula, 2002). Antes da larva se transformar em pupa, ela tece um

casulo esbranquigado e sedoso. A pupa de coloragcdo marrom claro no inicio do estagio
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pupal, mais tarde, antes de emergir, fica mais escura, com cerca de 9-10 mm de
comprimento (Krsteska, 2014; Navarro & Navarro, 2018).

Os adultos sdo mariposas pequenas, asas anteriores com coloracédo entre pardo
para cinza e bandas transversais geralmente distintas. Alguns individuos possuem listras
mais notaveis do que outros. As asas anteriores sdo ligeiramente mais escuras e estreitas
que as asas posteriores, que sao triangulares. As asas posteriores sd0 monocromaticas,
cinza claro, com franjas marrons escuras nas margens (Athié & Paula, 2002; Lorini etal.,
2015). O corpo inteiro e as asas estdo cobertos de escamas, comprimento varia de 6-9
mm, com envergadura de 15-20 mm (Navarro & Navarro, 2018).

Com relacéo a traca-da-farinha, existe uma discussdo taxonémica em relacéo ao
género valido. Os europeus a denominam E. kuehniella, enquanto os americanos
denominam como Anagasta kuehniella (Pereira & Salvadori, 2007; Parra et al., 2014),
ressaltando que o nome disponivel ndo é necessariamente um nome valido. O mesmo
acontece com a traca-do-cacau E. cautella também conhecida como Cadra cautella
(Husain et al., 2019).

Em funcéo do elevado potencial bioldgico das trés espécies de Ephestia presentes
em ambientes de tabaco armazenado e das condi¢Ges ambientais favoraveis para o seu
desenvolvimento, medidas preventivas e curativas Sdo essenciais para suprimir as
populacbes, sendo necessario conhecer a biologia e o comportamento para a melhor
tomada de decisdo (Lorini, 2003). A solucdo para essa situacdo de perdas exige a
execucdo de um Manejo Integrado de Pragas (MIP), utilizando um consorcio de taticas
visando a diminuicdo desses insetos nesses ambientes (Cruz, 2002; Ou et al., 2019;

Sabbour, 2020).
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2.3 Controle bioldgico de pragas de produtos armazenados

Os produtos quimicos sintéticos sdo os mais utilizados para o controle de insetos
em ambientes de armazenamento, devido a facilidade na aplicacéo, rapidez de acéo e
economia (Soares et al., 2009; Lorini et al., 2015; Sabbour, 2020). Entretanto, esse
método apresenta uma série de desvantagens, como alta periculosidade aos aplicadores e
trabalhadores, permanéncia de residuos quimicos no produto e contaminacdo do meio
ambiente (Altieri et al., 2003; Kumar, 2017). Outro fator que contribui para o
agravamento do problema, é a pouca disponibilidade de inseticidas registrados para
controle de pragas de produtos armazenados. Para Ephestia spp., no Brasil, na cultura do
tabaco, somente é indicado o uso de fosfina (fosfeto de aluminio ou magnésio)
(AGROFIT, 2021). Isso impede a alternancia de produtos com diferentes modos de acao,
recomendaveis para evitar a selecdo de insetos resistentes (Lorini, 2008). Esses fatores
tém contribuido para o desencadeamento do interesse de pesquisadores em buscar novas
alternativas para o controle de insetos nestas condices.

Nestas circunstancias, o controle biologico possui papel fundamental para a
diminuicdo do uso de agrotoxicos sintéticos, embora seu uso contra pragas de produtos
armazenados ainda seja incipiente (Zdarkova et al., 2003; Lorini et al., 2015; Scholler et
al., 2018). Essa ferramenta de manejo consiste na regulacdo do numero de plantas e
animais por inimigos naturais, 0S quais constituem-se como agentes de mortalidade
bidtica (Gullan & Cranston, 2012; Fontes & Valadares-Inglis, 2020).

O controle biolégico é um dos pilares dos programas de MIP que visam a adocao
de diferentes taticas para reduzir o impacto dos insetos e outros organismos considerados
como pragas, minimizando o uso e os efeitos negativos de inseticidas quimicos para seu

controle (Parra, 2002; Schéller et al., 2018). Do ponto de vista do MIP, o inimigo natural
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ideal é aquele que mantém a populagédo da praga abaixo do nivel de agdo (Cruz, 2002;
Fontes & Valadares-Inglis, 2020).

A utilizacdo do controle biologico em produtos armazenados pode apresenta
algumas vantagens em relacdo ao uso em campo, como a protecao dos inimigos naturais
das algumas condi¢cfes adversas do ambiente externo como a chuva (Simberloff &
Stiling, 1996). Além disso, os predadores e parasitoides sdo capazes de localizar e
combater pragas em espacos da unidade armazenadora de dificil acesso (Hagstrum &
Athanassiou, 2019). Assim, este pode ser viavel e efetivo, principalmente se for utilizado
como uma ferramenta de prevencao de pragas nas unidades de armazenamento e, no caso
de remediacdo, sendo integrado com outras estratégias de manejo disponiveis (Soares et
al., 2009). Contudo, ha certa preocupacdo com a presenca desses insetos inimigos naturais
e seus fragmentos como contaminantes nos produtos e subprodutos armazenados. Para
Cox & Wilkin (1996) a remocdo desses fragmentos pode ser feita em procedimentos
normais de limpeza ou através de peneiras que retém os mesmaos.

O sucesso do controle biolégico depende do conhecimento e da selecdo das
especies com maior potencial para serem liberadas no ambiente de armazenamento, bem
como das interacOes entre estas e seus hospedeiros (Cox & Wilkin, 1996; Hagstrum &
Athanassiou, 2019). A combinacao de mais parasitoides e predadores, por exemplo, pode
resultar em um controle mais efetivo de pragas (Grieshop et al., 2006).

Varios inimigos naturais de pragas de produtos armazenados ja sdo conhecidos,
embora muitas vezes as citagdes limitem-se apenas a identificacdo do agente (Lorini et
al., 2015). Parasitoides pertencentes as familias: Pteromalidae, Bethylidae,
Ichneumonidae, Braconidae e Trichogrammatidae sdo as mais frequentemente
encontradas (Athié & Paula, 2002; Sabbour, 2020). Porém, os autores ressaltam que ainda

existe uma grande necessidade de pesquisas para se conhecer mais sobre a biologia das



15

especies de parasitoides destas familias, a fim, de serem utilizadas com sucesso em
programas de controle bioldgico aumentativo. Mesmo assim, devido a sua capacidade de
regular populagdes de insetos considerados pragas agricolas, algumas espécies de
himendpteros parasitoides ja sdo utilizados na Europa em programas de controle
biolégico e/ou MIP na pds-colheita (Schéller et al., 2018).

Para se tornar uma ferramenta concreta do MIP, a utilizacdo de parasitoides de
pragas de produtos armazenados depende da criacdo desses inimigos naturais em
biofabricas e sua multiplicacdo em larga escala, a fim de disponibilizar insetos

competitivos e de qualidade (Drozda & Bondarenko, 2018).

2.4 Criacgao de parasitoides

O aumento da utilizacdo de parasitoides como agentes reguladores de insetos
pragas em programas de MIP tem originado uma necessidade de se produzir 0s inimigos
naturais em escala massal em biofabricas (Silva & Brito, 2015). Neste sentido, o
desenvolvimento e aprimoramento da metodologia de criacdo de seus hospedeiros, como
fonte continua para multiplicacdo dos parasitoides, sdo pontos imprescindiveis para uma
producdo massal de qualidade, para entdo serem liberados em ambientes de producao
(Parra, 2002; Kurtulus et al., 2020).

A criagéo de parasitoides sobre um hospedeiro natural é a forma mais utilizada
mundialmente, o que traz a necessidade de manutencdo simultdnea de duas criacfes
(Parra, 2009; Parra et al., 2021). Dessa forma, necessita-se da disponibilidade de um
hospedeiro, que pode ser facilitada pela utilizacao de dietas artificiais para essas especies.
Contudo, essas dietas devem ser testadas para a verificacdo da qualidade dos insetos

produzidos (Vacari et al., 2012; Mohammadi & Mehrkhou, 2020), sendo que as dietas



16

sdo consideradas um dos componentes mais importantes em uma criacdo (Parker, 2005;
Faal-Mohammad-Ali & Shishehbor, 2013).

A alimentacdo dos hospedeiros é um dos principais fatores que podem influenciar
na qualidade dos inimigos naturais produzidos em laboratdrio. A dieta deve conter todos
0s nutrientes essenciais para o bom desenvolvimento do hospedeiro garantido que os
parasitoides criados sobre este, também possuam qualidade satisfatéria (Vacari et al.,
2012; Amadou et al., 2019). Conforme Vasconcelos (2017) existem diferencas
significativas entre a qualidade de parasitoides criados sobre hospedeiros previamente
alimentados com diferentes dietas. Além disso, ndo € possivel realizar uma criagdo massal
sem antes esta ter sido feito em pequena escala de laboratorio, para conhecer a biologia,
ecologia, comportamento, fisiologia, nutricdo, tanto do hospedeiro, como do inimigo
natural (Parra, 2009; Elbehery et al., 2020; Masry et al., 2020). Ap6s obter o dominio da
criacdo massal, pode-se iniciar as liberagcdes inundativas para suprir programas de
controle biolégico sem correr o risco que haja uma descrenca dessa técnica quando
aplicada em campo (Parra & Cdnsoli, 2009).

No Brasil, a comercializacdo de inimigos naturais ainda é pequena havendo
poucas e localizadas biofabricas que multiplicam em larga escala e disponibilizam aos
agricultores os biodefensivos para o controle de pragas (Parra, 2019; Togni et al., 2019).
No entanto, em funcdo do crescente aumento da demanda por esse tipo de produto, nos
ultimos anos tem surgido novas empresas no mercado brasileiro, motivadas pela
possibilidade de expansdo (Sampaio, 2018). Com a chegada de novas empresas
especializadas na producdo desses biodefensivos, existe a necessidade de haver o
acompanhamento da qualidade dos agentes produzidos nas criacGes comerciais (Togni et
al., 2019). Desta forma, é fundamental que haja uma acdo conjunta entre pesquisadores

de instituicOes de pesquisa, do governo e das proprias biofabricas para se ter o controle
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da qualidade dos organismos produzidos (Parra, 2002; Bueno et al., 2020). Entre os
parasitoides que ja sdo criados em larga escala e que podem ser utilizados em programas

de controle bioldgico na pos-colheita, destaca-se H. hebetor e T. pretiosum.

2.5 Braconidae — Habrobracon hebetor

Segundo Melo et al. (2012) sdo reconhecidas 15 superfamilias e 62 familias de
himendpteros parasitoides no mundo, com destaque para a Braconidae que é a segunda
maior familia em nimero de espécies descritas (18.000) (Quicke, 2015). Braconinae é
uma das maiores subfamilias de Braconidae, com 2.800 espécies conhecidas em mais de
185 géneros (Yu et al., 2012). Em Braconinae, o género Habrobracon Ashmead, 1895
apresenta espécies com potencial para atuarem como agentes de controle bioldgico de
larvas de Lepidoptera e Coleoptera. Do ponto de vista taxondmico, entretanto, esse
género tem sido referido de varias maneiras por diferentes autores, alguns o consideram
como subgénero de Bracon Fabricius (Yu et al., 2012) outros o julgam como um género
distinto, com base na relacdo entre o comprimento das veias r e 3Rsa das asas (Figura 3)
(Quicke, 1997).

Habrobracon spp. contém mais de 30 espécies descritas, sendo a maioria de
origem nas regides Neartica e Paleartica (Yu et al., 2012). Habrobracon hebetor, uma
das mais conhecidas, foi introduzida em varios paises, através de programas de controle
bioldgico de espécies de lepidopteros ou, provavelmente, dispersa juntamente com seus
hospedeiros, tendo se tornado cosmopolita (Martinez et al., 2009).

A nomenclatura da espécie ainda € bem confusa, sendo relatados 15 sinénimos,
de forma que H. hebetor e Bracon hebetor, séo considerados sindnimos (Yu et al., 2012).

Segundo os autores, no entanto, a mais aceita € H. hebetor, que é a forma que consta nos
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bancos de dados Home of Ichneumonoidea e no Catalogo Taxonémico da Fauna do Brasil
(Gadelha et al., 2021).

Conforme Fischer (1968) e Martinez et al. (2009) H. hebetor (Figura 3) distingue-
se das outras especies do género pela seguinte combinacao de caracteristicas: olhos de
tamanho normal, separados das mandibulas por um espago mais longo do que a largura
basal da mandibula; base do tridngulo ocelar menor que a distancia entre o ocelo e olho;
torax na maior parte liso e brilhante, sem ornamentacdes proeminentes. Antenas das
fémeas com 12-15 segmentos e dos machos com 18-22. Asas na parte basal esfumacada

e apical hialina. Coloragéo do corpo vai do marrom escuro ao marrom-alaranjado.

FIGURA 3. A- Fémea de Habrobracon hebetor; B- Detalhe das veias da asa anterior e
posterior. Adaptado de Martinez et al. (2009).

Habrobracon hebetor € conhecido por ser um ectoparasitoide que comumente
ataca muitas espécies de lagartas de lepiddpteros-praga de produtos armazenados (Athié
& Paula, 2002; Cantori, 2019). Atualmente esta presente em todos 0s continentes
(Eliopoulos & Stathas, 2008; Mbata & Warsi, 2019), sendo o primeiro registro para o
Brasil em 1947 na Bahia, parasitando larvas da traca-do-cacau (Silva, 1947). Foi
considerado um potencial agente de controle bioldgico, mostrando melhores resultados

no controle das tracas em altas temperaturas, sendo atraido pelo frass das larvas de

Pyralidae (Magro & Parra, 2001).
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O ciclo deste parasitoide inicia com a paralisagdo do hospedeiro, ferroando-o
varias vezes e injetando uma espécie de veneno (Athié & Paula, 2002). Apos, deposita
varios ovos na larva paralisada, dos quais eclodem pequenas larvas vermiformes que se
alimentam da hemolinfa do hospedeiro, afastando-se da larva ja seca para empupar
(Koohpayma et al., 2020). Os ovos sdo himenopteriformes, com superficie lisa, havendo
quatro instares larvais muito semelhantes entre si, diferindo, entretanto, no tamanho e
forma dos segmentos, apresentando gradual perda de transparéncia e tornando-se mais
opacas a cada instar sucessivo (Pezzini et al., 2017).

A temperatura mais adequada para a criacdo do parasitoide é de 28 °C, sendo
constatado que H. hebetor promove a paralisacdo do hospedeiro em temperaturas
superiores a 8 °C e oviposita quando a temperatura do ambiente esta acima de 14 °C
(Badran et al., 2020). O tempo de desenvolvimento varia de acordo com a temperatura
média do ambiente e com o hospedeiro. Parasitando E. cautela, apresentou de 13 a 14
geracdes por ano, com ciclo de vida de 8 a 12 dias em temperaturas entre 25-32 °C
(Huang, 1986, Serra, 1992, Magro et al., 2006 e Alam et al., 2014). Utilizando E.
kuehniella como hospedeiro, o ciclo total variou de 9 a 14 dias, na mesma faixa de
temperatura, em 18 °C, entretanto, o desenvolvimento completo levou aproximadamente
41 dias (Serra, 1992).

Habrobracon hebetor paralisa larvas de quarto e quinto instar, mas o parasitismo
é significativamente maior naquelas de dltimo instar (Ou et al., 2021). Quanto a
capacidade de parasitismo e ritmo de postura, H. hebetor deposita em média 231 ovos,
oscilando entre 6 e 631 ovos por fémea sendo que a média de ovos colocados por dia

tambem é variavel (Serra, 1992; Warsi & Mbata, 2018).
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2.6 Trichogrammatidae — Trichogramma pretiosum

As espécies de Trichogrammatidae apresentam individuos com menos de um
milimetro de comprimento, na sua maioria (Querino et al., 2017). Trichogramma
Westwood, 1833 é um dos cerca de 80 géneros de Trichogrammatidae, com mais de 230
especies descritas, das quais 29 sao registradas no Brasil (Pinto, 2006; Querino & Zucchi
2019).

Os tricogrammatideos estdo entre 0s mais conhecidos agentes de mortalidade
bidtica, parasitando principalmente ovos de lepiddpteros (Takahashi et al., 2021). Uma
das espécies mais conhecidas é T. pretiosum, sendo amplamente estudada e utilizada em
programas de controle biolégico aumentativo devido a sua eficiéncia, ampla distribuicdo
geogréfica e facilidade de criacdo em larga escala (Mills, 2010). A multiplicacdo de T.
pretiosum em laboratérios e biofabricas é feita em hospedeiros alternativos,
principalmente em ovos de tragas que atacam produtos armazenados, como E. kuehniella
e Sitotroga cerealella (Olivier, 1819) (Lepidoptera: Gelechiidae) (Pratissoli et al., 2004;
Wang et al., 2014).

Conforme Querino e Zucchi (2011) T. pretiosum (Figura 4) distingue-se das outras
especies do género pela seguinte combinacdo de caracteristicas: cerdas flageliformes
longas, com o apice afilado uniformemente; 1damina dorsal longa, alcancando o apice das
volselas; carena ventral curta, ndo alcancando a metade da céapsula genital; processos
ventrais proximos da base do processo intervolselar; processo intervolselar pontiagudo e
longo, ndo alcangando o apice das volselas. A espécie apresenta dimorfismo sexual nas

antenas, machos do tipo plumosa e fémeas clavada.
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Pezzini, 2020 )

FIGURA 4. Fémea de Trichogramma pretiosum, ovipositando.

Trichogramma pretiosum possui uma grande gama de hospedeiros, sendo
considerado um parasitoide generalista (Pizzol et al., 2012). No Brasil, é comumente
encontrado parasitando ovos de diversas espécies de lepiddpteros praga de importancia
agricola, com destaque para Anticarsia gemmatalis Hubner, 1818 (Lepidoptera:
Eribidae), S. frugiperda e Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae),
sendo utilizado especialmente em programas de controle biol6gico nas culturas da soja,
milho e tomate (Medeiros et al., 2009; Vianna et al., 2011; Balestrin & Bordin, 2016). A
espécie apresenta ampla distribuicdo geografica em todo territorio nacional (Querino &
Zucchi, 2011).

Embora seja pouco utilizado em ambientes de armazenamento de gréos e produtos
alimenticios, o controle biolégico com T. pretiosum também pode ser uma alternativa
atraente para minimizar o uso de inseticidas quimicos aplicados nestes locais (Parra &
Zucchi, 2004). Existem alguns registros do seu uso na pos-colheita no controle da traca
S. cerealella em milho armazenado, tanto a granel quanto na espiga (Inoue, 1997) e das
tragas P. interpunctella e E. cautella, em amendoim armazenado em casca (Brower &
Press, 1990).

Ociclo de vida de T. pretiosum € em torno de 10 dias em 25 °C, sendo seu periodo

de desenvolvimento influenciado diretamente pelo hospedeiro e condi¢bes de
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temperatura e umidade (Pereira et al., 2004). As fémeas colocam em média 70 a 120 ovos,
numero que é proporcional ao tamanho do hospedeiro, podendo desenvolver de um a dois
parasitoides por ovo (Parra et al., 2014; Parra et al., 2021). A prole se alimenta da massa
vitelina ou do embrido do hospedeiro. A fase larval apresenta trés instares, perto da
emergéncia do parasitoide, 0s ovos do hospedeiro se tornam escurecidos. A longevidade

media é de 7 a 10 dias (Boivin, 2010; Mills, 2010).

2.7 Comunicacdo quimica em parasitoides

As estratégias de busca e 0 sucesso do parasitismo envolvem uma série de etapas
como a localizacdo do habitat e do hospedeiro, o reconhecimento, o aceite e a oviposicéo,
dependendo de estimulos que podem ser de natureza quimica, fisica e/ou morfoldgica
(Afsheen et al., 2008; Conti & Colazza, 2012). Os parasitoides utilizam, principalmente,
substancias quimicas para localizar seus hospedeiros e, dessa forma, desenvolveram
estratégias que possibilitaram maior eficiéncia de encontros e, consequentemente, maior
viabilidade de sobrevivéncia da prole (Fatouros et al., 2008; Brezolin et al., 2018).

Esse tipo de comunicacdo entre organismos da-se por meio da emissdo e
reconhecimento de sustancias quimicas denominadas semioquimicos, que, quando
liberadas por certo organismo no ambiente, provocam uma mudanga fisioldgica e/ou
comportamental em outro (Nordlund & Lewis, 1976; Godfray, 1994). Nos insetos, a
comunicacdo quimica é responsavel pelo comportamento reprodutivo, de localizacao e
selecdo do hospedeiro, do habitat e, no caso de insetos sociais, da organizacdo da colonia.
Estas substancias podem ter acdo intraespecifica (feromonio) ou interespecifica
(aleloguimico) (Vinson, 1984; Corréa & Sant’ Ana, 2007; Wajnberg & Colazza, 2012).

Em parasitoides, esses estimulos modificam a movimentacdo das fémeas em

busca do hospedeiro, provocando uma alteracdo do padrdo do movimento em orientacao
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a fonte do estimulo (Eiras & Gerk, 2001; Brezolin et al., 2018). De forma geral os
parasitoides utilizam pistas de longa e curta distancia para localizarem seus hospedeiros.
As de longa distancia tendem a ser as primeiras pistas usadas pelos parasitoides em sua
orientacdo em relacdo ao sitio de seu hospedeiro e geralmente sdo emitidas pelo alimento
ou planta hospedeira (Goubert et al., 2013). No caso de parasitoides de insetos que estdo
presentes em ambientes de armazenagem, estes sdo atraidos por apneuménios liberados
por produtos armazenados, como farinha, milho ou arroz (Belda & Riudavets, 2010). As
pistas de curta distancia geralmente vém do préprio hospedeiro, como cairomonios e
todos os seus residuos metabdlicos (Goubert et al., 2013).

A atratividade de H. hebetor ao habitat do hospedeiro, mesmo sem a sua presenca,
ja foi registrada por Darwish et al. (2003), mostrando que os volateis emitidos pelo
alimento do hospedeiro sdo as primeiras pistas quimicas seguidas. Comportamento
semelhante também relatado por Belda e Riudavets (2010), Suma et al. (2014) para outros
parasitoides de pragas de produtos armazenados. Os autores constataram que as espécies
eram atraidas pelos volateis emanados pela farinha de aveia, arroz, farinha de trigo. Isso
demostra que mediadores quimicos sdo capazes de desencadear respostas
comportamentais, guiando o parasitoitde a seu hospedeiro ou a localizacdo de uma
potencial comunidade hospedeira (Goubert et al., 2013).

Em campo, os volateis liberados por plantas sob ataque de herbivoros séo pistas
quimicas importantes para parasitoides com T. pretiosum para localizar seu hospedeiro.
A deposicdo de ovos de insetos também pode induzir a producéo de volateis ou alterar a
quimica da folha de forma que as plantas atraiam parasitoides (Turlings et al., 1992).

Em experimentos de laboratorio sobre a percepcdo quimica, Darwish et al. (2003)
observaram que o parasitoide H. hebetor, ao encontrar o sitio do hospedeiro, exibe um

comportamento de movimentar as antenas, até mesmo inserindo-as nos orificios de telas
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que impedem o contato direto com o hospedeiro em cria¢des. Os autores ainda notaram
que, em resposta ao hospedeiro, os parasitoides curvavam o abdémen, um movimento
tipico de parasitismo. Segundo Parra et al. (1996), em curta distancia, ha varios estimulos
relacionados ao comportamento de busca do parasitoide H. hebetor pelo seu hospedeiro,
destacando-se as secrecdes da glandula mandibular das larvas liberadas durante a sua
alimentacdo e os cairomonios liberados pelas larvas de seu hospedeiro. Além disso, 0s
volateis emitidos pelas fezes das larvas de E. kuehniella sdéo um importante atrativo para
fémeas de H. hebetor a curta distancia (Favaris, 2016).

Além dos volateis de plantas induzidos pela oviposicdo, a orientacdo dos
parasitoides do ovo em direcdo aos odores derivados do ovo pode ser uma estratégia
alternativa eficaz para a localizacdo do hospedeiro (Vinson, 1984). Fémeas de T.
pretiosum sdo responsivas aos volateis dos ovos de E. kuehniella, que séo utilizados
usualmente para sua multiplicacdo como hospedeiro alternativo (Vargas et al., 2017). No
entanto, os ovos do hospedeiro geralmente emitem apenas pequenas quantidades de
volateis e, portanto, sdo Uteis como pistas de curta distancia. Por este motivo, 0s
parasitoides de ovo normalmente exploram primeiramente pistas quimicas de outras

fontes para localizacdo do hospedeiro (Pefiaflor et al., 2011).

2.7.1 Influéncia da aprendizagem no comportamento de busca

A busca dos parasitoides pelo seu hospedeiro comega com o comportamento inato
ou instintivo, ndo sendo correspondente a estimulos prévios, no entanto, este pode ser
modificado por meio do contato sucessivo com determinado hospedeiro, podendo resultar

em uma aprendizagem (Tognon et al., 2013).
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Aprendizagem, que é a mudanca de comportamento apds a experiéncia, é presente
em quase todos os animais. Em geral, a enorme variedade de processos de aprendizagem
pode ser categorizada em ndo associativa e associativa (Little et al., 2019).

Na aprendizagem ndo associativa, o individuo é exposto a apenas um estimulo,
que pode ser repetitivo (constante) e resultar em habituacdo (quando um inseto é
constantemente submetido a um mesmo estimulo e este ndo responde mais) ou pode ser
unico e suficiente para induzir a sensibilizacdo, pressupGe que a aprendizagem
desencadeie novos padrées de comportamento frente a um estimulo especifico, sendo
que, na natureza, esta mudanca traria alguma vantagem adaptativa para o organismo
(Squire & Kandel, 1999).

A aprendizagem associativa ocorre através da associagdo de dois estimulos (um
condicionado e outro incondicionado) anteriormente ndo relacionados e inclui reforgo.
Os eventos ligados podem ser a propria acdo do animal e um reforgo resultante no caso
de aprendizagem operante (selecdo natural) (associa apneumonios a presenca de
hospedeiros), ou um estimulo neutro (estimulo condicionado) e um estimulo
biologicamente relevante, seja positivo (recompensas) (cor de uma flor a presenca de
alimento) ou negativo (punicdes) (presa que € atraida por um volatil emitido por seu
predador) (estimulo ndo condicionado) no caso da aprendizagem pavloviana (Pavlov,
1927; Little et al., 2019).

Fémeas de parasitoides experientes, que ja tiveram contato com o hospedeiro, séo
mais atraidas ao odor deste do que as inexperientes, evidenciando que estas podem
apresentar uma resposta adaptativa, ajustando o comportamento de busca a sitios de
hospedeiros, de acordo com experiéncias adquirida (Little et al., 2019). As espécies de
parasitoides que dependem de uma maior diversidade de hospedeiros (generalistas)

podem se beneficiar mais de dicas de aprendizagem associadas a descoberta de
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hospedeiros, enquanto as espécies especializadas contam principalmente com as
preferéncias inatas (Segura et al., 2007).

A experiéncia dos parasitoides com o0s volateis associados aos seus hospedeiros
pode ocorrer durante a fase imatura e adulta, resultando em aprendizagem (Vet &
Groenewold, 1990; Akinkurolere et al., 2009). Existem evidéncias de que isso ocorre
tanto em H. hebetor quanto em T. pretiosum (Darwish et al., 2003; Parra et al., 1996;
Vargas et al., 2017). Conforme destacado por diversos trabalhos como de Parra et al.
(1996), Shonuda e Nasr (1998), Darwish et al. (2003) e Favaris (2016), os autores
apontam que fémeas de H. hebetor com experiéncia de parasitismo tendem a
desenvolverem uma resposta muito mais eficiente e rapida aos semioquimicos do seu
hospedeiro e as pistas associadas a este do que quando ndao possuem contato prévio com
0 hospedeiro.

Fémeas de T. pretiosum em contato prévio de 5 a 24 horas com extratos de seu
hospedeiro adquiriram experiéncia e aprendizado frente a busca deste, apresentando uma
resposta exploratoria superior do que fémeas inexperientes ou em contato menor com o
seu hospedeiro (Vargas et al., 2017). Essa mudanca se deve ao fato da aquisicdo de
experiéncia, ja citada acima e que pode ser desencadeada inclusive na fase adulta, apds o
contato com o hospedeiro (Barron & Corbet, 1999), possivelmente associada com as
alteragGes no sistema nervoso (Vinson, 1984).

Medir ou quantificar a aprendizagem € desafiador porque pode ser dificil
determinar se a mudanca comportamental € devido ao aprendizado, ou a outros fatores,
como mudanca do estimulo, fadiga, alteracdes fisiologicas ou lesdes (Barron et al. 2015).
Além disso, as diferengas nos métodos de condicionamento, delineamento experimental
e técnicas de medicdo podem influenciar significativamente os resultados e sua

interpretacdo (Frost et al. 2012).
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Embora ainda haja davidas em relagdo a manipulagédo de parasitoide por meio do
aprendizado para aprimorar programas de controle bioldgico de pragas agricolas (Meiners
& Peri, 2013), novas pesquisas sobre a compreensdo destas interagcdes tém sido cada vez
mais frequentes (Brezolin et al., 2018; EI-Ghany, 2019; Mbata & Warsi, 2019;
Anukiruthika et al., 2021). O crescimento continuo do conhecimento em aprendizagem
de insetos contribuird para sua melhor compreensdo, pois aprender € uma jornada, ndo

um destino, mesmo em insetos (Little et al., 2019).
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Abstract. Host diet often influences its biological parameters and the success of their
parasitoids, both in mass rearing, field research and parasitism in applied biological
control programs. Habrobracon hebetor (Say, 1836) (Hymenoptera: Braconidae) is an
important biological control agent of the flour moth Ephestia kuehniella (Zeller, 1879)
(Lepidoptera: Pyralidae), which infests tobacco, grain and other products in storage. This
study aimed to evaluate the effect of different proportions of tobacco in artificial diets on
the biological parameters of the host E. kuehniella and its parasitoid H. hebetor. Four

classes of Virginia tobacco with different sugar and nicotine concentrations were added
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to flour diets for moths in different percentages (5, 10 and 15%).The experimental design
was completely randomized in a 3 x 4 factorial scheme (percentage of dietary tobacco x
class of tobacco). In the parasitoid bioassays, hosts fed only with 5% tobacco were used.
For E. kuehniella, the development time (egg-adult), viability of immature stages, sex
ratio, fecundity, egg viability and longevity were measured. For H. hebetor, percentage
parasitism, offspring sex ratio, number of paralyzed and parasitized larvae, egg-adult
viability and parasitism preference were measured. Tobacco classes and percentages
added to the diet influenced the development time and viability of E. kuehniella. The 5%
host diet did not influence the different biological parameters and behaviour of H.
hebetor. For mass rearing of H. hebetor, it is unnecessary to add tobacco to the artificial

diet in order to improve parasitoid performance.

INTRODUCTION

Integrated pest management programs using parasitoid wasps are becoming
increasingly widespread because they are very effective at suppressing populations of
agricultural insect pests (Heimpel & Mills, 2017; Sampaio, 2018).

The rearing of parasitoids on a natural host is widely used and therefore, it is
necessary to simultaneously improve the methods of rearing of their hosts and the mass
production of high quality parasitoids (Parra, 2002, 2009). The food of the hosts is one of
the main factors that can influence the quality of natural enemies produced in the
laboratory. The diet must contain all the essential nutrients for the good development of
the host and of high quality parasitoids (Vacari et al., 2012). Thus, these diets must be
tested to verify the quality of both the hosts and natural enemies produced (Urrutia et al.,

2007; Kishani Farahani et al., 2016).
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Host quality is an essential factor in determining the fitness of the parasitoids. For
the immature parasitoid the host is the sole source of nutrients (Urrutia et al., 2007). As a
result, evaluation of host quality by the parental female parasitoid is critical to her
reproductive success and offspring fitness, which results in a host selection trade-off
between maximizing fecundity and selecting the most suitable hosts for the development
of her offspring (Kishani Farahani et al., 2016). Studies indicate that host quality affects
the adult size and reproductive performance (Harvey, 2005), female egg load at
emergence, as well as sex allocation, percentage parasitism and immature developmental
time of parasitoids (Kishani Farahani et al., 2016).

Quality of the food of the host affects not only the development or survival of
parasitoids, but also their searching behaviour (Kazumu et al., 2019). The few studies on
the foraging behaviour of parasitoids in a tritrophic context indicate that females prefer
the odour of the food on which their host developed (Liu & Jiang, 2003).

Habrobracon hebetor (Say, 1836) (Hymenoptera: Braconidae) is a larval
ectoparasitoid, which parasitizes different species of moth such as Ephestia kuehniella
(Zeller, 1879), Ephestia elutella (Hibner, 1796) and Plodia interpunctella (Hubner,
1813) (Lepidoptera: Pyralidae) (Ghimire & Phillips, 2010, 2014; Farag et al., 2015; Lucas
et al., 2015). These moths damage various stored products such as tobacco, flour and
grain (Lorini et al., 2015; Athanassiou & Arthur, 2018).

To use this parasitoid in biological control programs, mass rearing is necessary in
order to obtain the large number of individuals required (Kehrli et al., 2005; Parra, 2009;
Silva & Brito, 2015; Sola et al., 2018). There are some reports of rearing H. hebetor on
artificial diets in vitro (Magro & Parra, 2002; Magro et al., 2006), however, mass rearing
of this parasitoid on natural hosts is the most widely used (Aamer et al., 2015; Eslampour

& Aramideh, 2016). Therefore, the host is often raised on artificial diets that best support
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their development in the laboratory (Kurtulus et al., 2020; Mohammadi & Mehrkhou,
2020).

Although E. kuehniella attacks stored tabacco, it is usually reared on artificial diets
mainly consisting of white or whole wheat flour and corn flour, with different percentages
of yeast (Magrini et al., 1995; Solis et al., 2006; Ayvaz & Karaborkli, 2008; Bhavanam,
2016; Vasconcelos, 2017). In general, based on the best development, nutritional quality,
cost of production and ease of acquisition, the aforementioned authors recommend using
a diet composed of whole wheat flour (97%) and yeast (3%) to E. kuehniella.
Furthermore, the processes by which parasitoids find and recognize their hosts in the field
can be influenced by the food used for rearing the host, which can adversely affect their
effectiveness as biocontrol agents (McAuslane et al., 1990).

In Brazil, H. hebetor has already been evaluated for the control of Ephestia spp.
(Parra, 2014) and according to this author (pers. commun.) this parasitoid is produced for
controlling of E. elutella in stored tabacco. The tobacco plant provides a special challenge
to parasitoids because of the presence of natural toxins and repellents (Ujvary, 1999),
even so, H. hebetor has been found in surveys of tobacco warehouses. However, these
parasitoids are adapted to the toxins in their environment (Brower et al., 1995). According
to these authors, parasitoids from other cultures and those produced commercially are
probably extremely sensitive to tobacco and must be selected for resistance over many
generations in order for them to acquire tolerance. Therefore, commodities such as
tobacco or hosts feeding on it may be toxic for strains of parasitoids that are not adapted
to tobacco.

Although dry tobacco has an average of 0 to 20% sugar and 1 to 5% nicotine,
these concentrations vary according to the variety, class, leaf position on the plant and its

curing process, and is categorized into classes (Collins & Hawks, 2011). The moths do
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not infest air-cured (Burley) and cigar types of tobacco or attack manufactured tobacco
products. It prefers tobacco leaves with a high sugar and low nicotine content (Ashworth,
1993). However, the effect of a diet containing tobacco on the wasp has not been well
studied. The hypothesis raised in this work is that, if tobacco is added to the diet when
producing parasitoids for the biological control of E. kuehniella that infest stored tobacco,
this may help females to recognize the host when released where the tobacco is stored.
On the other hand, the addition of tobacco can compromise the development of hosts and
parasitoids.

Thus, this study aimed to evaluate the effect of adding different percentages and
classes of tobacco to the artificial diet used for rearing E. kuehniella on its biological
parameters, such as the total development time, adult emergence, viability, sex ratio,
number of oocytes per female, viability of the first eggs laid and adult longevity. In
addition, the number of larvae paralyzed and parasitized, viability of egg to adult and sex
ratio of its parasitoid, H. hebetor, as well as its preference for parasitizing hosts reared on

different diets, were recorded.

MATERIAL AND METHODS
Laboratory rearing

Habrobracon hebetor and E. kuehniella were reared in the Entomology
Laboratory at the Universidade de Santa Cruz do Sul (UNISC), in acclimatized rooms at
a temperature of 28 £ 2°C, relative humidity (RH) of 50 + 20% and 14-h photoperiod.
The bioassays were conducted under the same environmental conditions. E. kuehniella
was reared on an artificial diet consisting of wheat flour (97%) and yeast (3%) (Parra et

al., 2014). The parasitoid was supplied with E. kuehniella larvae of last instar to parasitize.
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Bioassays with E. kuehniella

Diets containing tobacco (Nicotiana tabacum var. Virginia) of four different
classes with varying sugar and nicotine concentrations (Table 1) were tested. Each class
of tobacco was added in percentages of 5, 10 and 15% to the basic artificial diet (wheat
flour + yeast).

Previously ground tobacco (in 3 mm) was supplied by the JTI Company (Japan
Tobacco International) and nicotine and sugar concentrations (glucose, maltose, sucrose,
inositol, fructose) were measured using Near Infrared Ray equipment with
electromagnetic waves from 80 nm to 2500 nm.

Table 1

The diets were prepared and stored in plastic containers (12.2 cm tall x 14.6 cm
wide x 16.2 cm long) and covered with fi ne mesh fabric, which held 200 g of the food
and 0.08 g of eggs (approximately 2,880 eggs). To evaluate the effect of the treatment on
the biological parameters of E. kuehniella 20 replicates (containers) of each treatment
were used. The experimental design was completely randomized in a 3 x 4 factorial
scheme (percentage of tobacco in diet X class of tobacco). The artificial diet without
tobacco was used as a control.

The development time (egg-adult), the viability of immature stage and the sex
ratio of adults were measured from the moment the first adults emerged. Then, the number
of individuals that emerged was recorded every 48 h, until no more emerged for two
weeks. The classification of the sexes was done by observing the external reproductive
organs under a stereomicroscope.

After emergence, 20 couples of 24-h old E. kuehniella were separated, which
consisted of the first individuals that emerged in each treatment. Each couple was placed

in a plastic bottle (5.0 cm diameter and 6.5 cm height) with no food and the longevity of
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the males and females recorded. The fecundity of E. kuehniella was obtained by counting
the number of oocytes in 20 < 24-h old paired females, which again consisted of the first
to emerge in each treatment. Females were Kkilled using ethyl acetate vapour and dissected
in ethanol (70%) under a stereomicroscope.

Adults of E. kuehniella from each treatment were placed in oviposition cages for
24 h to record the viability of the first eggs laid. Afterwards, 1,000 eggs were separated
and observed for 48 h to determine the percentage that hatched. The sex ratio of the next
generation (F2) was obtained by placing the eggs from each treatment in a container with
the same diet as that used to rear the adult E. kuehniella. There were twenty replicates of
each treatment (0.08 g of eggs in 200 g of diet) in which the sex of all the adults that
emerged were recorded.

Bioassays of H. hebetor

Last instar larvae of E. kuehniella reared on diets each containing 5% of one of
the four classes of tobacco used in the previous bioassays (Table 1) were used to test
parasitism by H. hebetor, which emerged from hosts raised on an artificial diet without
tobacco. This percentage was chosen, since in previous bioassays it was recorded that E.
kuehniella did not develop on diets with a higher percentage of tobacco.

To evaluate the numbers of larvae paralyzed and parasitized, viability and sex
ratio of H. hebetor, females from different original hosts (these hosts reared on different
diets) received offered hosts also reared on the four types of diets or in the control (Table
2).

Table 2

Mortality of the developmental stages of H. hebetor in each of the treatments was

determined as described above by evaluating the responses of 10 E. kuehniella larvae

exposed to a parasitoid couple for 24 h in Petri dishes (9 cm diameter by 2 cm height).
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Afterwards, the parasitoids were removed from the plates and the number of larvae
paralyzed and parasitized, and the number of eggs on the larvae were recorded. Paralyzed
larvae were those that did not move when stimulated and parasitized larvae were those
that had parasitoid eggs on their body. To record the number of living individuals at each
stage of development, the reproductive success and sex ratio, the progeny were kept under
the same conditions. After three days, the host larvae were inspected and the number of
last instar larvae of the parasitoid recorded, after nine days the number of pupae and after
12 days the number of adults. There were twenty replicates of each treatment, with a
completely randomized design.

Host preference of H. hebetor

The preference of H. hebetor females for different hosts was evaluated by
comparing the origin of the parasitoid in which hosts that were fed the basic artificial diet
(white wheat flour + yeast) and those fed a diet containing 5% of tobacco 2. The E.
kuehniella larvae offered for parasitism were reared on the same two diets.

A double-choice parasitism arena was built with a 7 cm x 5 cm container in the
centre to which at opposite ends equal sized containers were connected by means of a 1
cm x 5 cm pipe (Fig. 1). The containers at each end of the arena contained 10 larvae of
E. kuehniella with no food. A previously paired H. hebetor female (< 24 h old), without
experience of parasitism, was released in the central container of the arena.

The first choice of each parasitoid for one of the outer containers was recorded
and after 24 h of exposure the number of larvae paralyzed and parasitized in each
container and the number of eggs on them were counted. There were 40 replicates of each
treatment.

Fig. 1
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Data analysis

The data were averaged and analysed for normality using the Shapiro-Wilk test,
homoscedasticity using the Hartley test and independence of residues using graphic
analysis. For the different biological parameters evaluated for E. kuehniella and H.
hebetor, ANOVA assumptions were met, therefore, the parametric student t-test was used
for two samples and Tukey for more than two samples (p < 0.05). The sex ratio, viability
and percentage preference for parasitism were compared using the 2 heterogeneity test

(p < 0.05) (Ayres et al., 2007).

RESULTS
Biological aspects of E. kuehniella

Within one generation, the total development time of E. kuehniella was influenced
by the class and percentage of tobacco added to the diet (Table 3). The duration of egg-
adult period on diets containing tobacco 1 and 3 was significantly longer than on those
containing the same percentages of tobacco 2 and 4. In addition, there was a significant
increase in development time with increase in the percentage of tobacco 1 and 3 in the
diet (Table 3). Ephestia kuehniella did not develop when the diet contained 15% of
tobacco 1 and 3. The average development time of insects reared on diets containing 5%
of tobacco 2 and 4 did not differ from that of the control (wheat flour only). For other
percentages, the development time was longer for these classes of tobacco, however,
development was also recorded on diets containing 15% (Table 3).

The average numbers of adults of E. kuehniella that emerged from the control and
5% tobacco 2 and 4 treatments was similar, with significantly lower averages for the other
treatments (Table 3). Viability (%) of E. kuehniella decreased as more tobacco was added

to the diet, regardless of the class of tobacco tested (Table 3). In the first generation the
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sex ratio did not differ significantly between any of the treatments (Table 3). Similarly,
no change in the sex ratio of the F2 generation was recorded for any treatment, which
ranged from 0.59 to 0.43 (x2 =4.518; gl = 10; p < 0.05).

The number of oocytes per female did not differ between females reared on the
different diets, which ranged from 182.7 £+ 37.05 to 208.4 + 41.40 (Table 4). Despite the
emergence of adults from treatments with class 1 and 3 tobacco (10%), it was not possible
to evaluate the number of oocytes per female, viability of first oviposition eggs or
longevity of adults due to the low number of individuals due to the viability being below
1.2% (Table 3, 4). The viability of the eggs from individuals that were reared on artificial
diets with different classes and percentages of tobacco was above 97% for all treatments
(Table 4). Similarly, the average longevity of females and males did not differ
significantly from the control in any of the treatments. On average, males lived longer
than females, regardless of treatment (Table 4).

Table 3
Table 4

The average daily emergency curves showed that for E. kuehniella more than 95%
of the individuals on the control diet and tobacco classes 2 and 4 to 5% have already
emerged after one month (Fig. 2). However, from treatments with the same percentage of
class 1 and 3 tobacco less than 58% emerged (Fig. 2). In the same period, the cumulative
emergence from the treatments with 10% of class 2 and 4 tobacco was 54% and 75%,
respectively, and for class 1 and 3 tobacco, 9% and 3% (Fig. 2). Only 12% and 24% had
emerged within four-weeks from the treatments with 15% class 2 and 4 tobacco (Fig. 2).

Fig 2
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Biological aspects and behaviour of H. hebetor

The diets of the original host of the parasitoid females and of those larvae that
they parasitized, did not influence the ability of H. hebetor to paralyze and parasite (Table
5). Within each treatment, the average number of larvae paralyzed per female was always
higher than that parasitized, with no difference between treatments for both parameters
(Table 5).

Table 5

In terms of fecundity, the average number of eggs laid by H. hebetor in 24 h was
also not affected by the diet of their original hosts or of the larvae they parasitized (Table
6). The overall viability of the immature stages of H. hebetor did not vary between
treatments and was between 34.92% and 45.03%. Comparison of the effect of the diet of
their original hosts and that of the larvae they parasitized revealed no significant
differences in the sex ratio, which on average was 0.69 (32 = 0.368; gl = 8; p > 0.05)
(Table 6).

Table 6

Parasitism preference

Females of H. hebetor that emerged from hosts fed only on wheat flour or this diet
with 5% tobacco showed no preference for larvae reared on either of these diets (Fig. 3).
When offered a choice between the two parasitism units the parasitoid did not change its
response and remained in a unit for up to 24 h.

The average numbers of larvae paralyzed and parasitized, and eggs laid in each
unit by the parasitoid did not differ between treatments (Table 7). All the larvae of E.
kuehniella in the unit not visited by the parasitoid survived.

Fig. 3

Table 7
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DISCUSSION

The increased developmental time of E. kuehniella reared on diets containing
tobacco with high levels of nicotine (Table 3) could indicate a lower nutritional quality
or the presence of unsuitable substances in these diets. According to Parra et al. (2014)
the average egg-adult time on a diet consisting of wheat flour (97%) and yeast (3%), at a
temperature of 28°C, is 41 days, which corresponds to that recorded on the control diet
in the present study. On some of the diets used in this study the average development
times were 77 days, nearly twice the normal developmental period. In addition, E.
kuehniella did not complete its development on diets with high percentages of some
classes of tobacco. This may be due to the presence of toxic substances such as pyrimidine
alkaloids like nicotine and anabasine, as well as the steroids, coumarins and terpenes that
are in tobacco and are used as insecticides in agriculture and a vermifuge in livestock
because of the high concentrations of these compounds, especially nicotine, in class 1 and
3 tobacco (Moratore et al., 2009; Jacomini et al., 2016).

In the present study the diets with more than 5% of tobacco adversely affected the
immature stages of E. kuehniella, resulting in fewer adults emerging, especially from
treatments with the classes of tobacco with high concentrations of nicotine. This result
can be expected, since tobacco contains substances that are toxic for insects, especially
nicotine (Ujvary, 1999). Even so, this species is cited as a pest of stored Virginia tobacco
(Galloetal., 2002; Guedes & Costa, 2006) although farmers report that the Burley variety
is attacked less (Krsteska, 2014).

On the other hand, the viability of E. kuehniella was low in all the treatments and
similar results are reported for different artificial diets (Magrini et al., 1995; Solis et al.,
2006; Vasconcelos, 2017). Reasons for the wide variation in viability during the egg-

adult period may be the genotype or origin of the products used to formulate the artificial
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diets, since the methodology used in the different studies are similar. As reported for other
insects, another factor that could be important is adaptation that occurs due to the
accumulation of characteristics in a population reared over several generations in the
laboratory, which can lead to speciation (Souza, 2016).

Diets on which individuals developed did not affect the sex ratio of the offspring.
The desirable sex ratio for rearing E. kuehniella is close to 0.5 (Bhavanam, 2016;
Vasconcelos, 2017) and the values recorded in our study are similar to this. This is
important as it indicates good insect breeding as there are a relatively high number of
females, when the sex ratio is close to or higher than 0.5 (Magrini et al., 1993; Ayvaz &
Karaborkl, 2008), which ensures a large number of eggs for maintenance of their rearing
and of parasitoids’ rearing.

Another biological parameter evaluated was the number of oocytes per newly
emerged female, which did not differ between treatments. It is important to remember
that no other studies were found evaluating this parameter for E. kuehniella, however, as
the number of oocytes reflects oviposition, it is possible to compare our results with those
of Vasconcelos (2017), which evaluate different rearing diets and report no variation in
the number of eggs, which possibly indicates that there is also no variation in the number
of oocytes in females. The classes and percentages of tobacco added to the diets did not
affect egg viability, which is also reported by Coelho Filho (2010), Coelho Filho & Parra
(2013), Bhavanam (2016) and Vasconcelos (2017), who registered an egg viability of
over 90% for this species.

No differences were recorded in the longevity of females of E. kuehniella between
the treatments, which indicates that tobacco in the diets does not affect this parameter.
Longevity records for females are 6 to 8 days (Stein & Parra, 1987; Ayvaz & Karaborklu,

2008; Vasconcelos, 2017) and are more dependent on temperature, being longer at low
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than at high temperatures (Coelho Filho, 2010), than on the composition of the diet. The
males of E. kuehniella lived longer than the females in all treatments, as they died as soon
as they stopped ovipositing, which is also reported by Ayvaz & Karaborklu (2008),
Coelho Filho (2010) and Vasconcelos (2017).

The daily percentage emergence of E. kuehniella was highest in the control up to
the fourth week, during which more than 95% of the adults emerged. Similar results are
reported by Magrini et al. (1995), who report that more than 97% of the adults emerged
until the fourth week when reared on a diet of white and yellow corn. The same was
recorded here for diets with a 5% content of class 1 and 2 tobacco. In the other treatments,
time to emergence was longer and the number of adults that emerged was lower.

Our results indicate that host diets containing 5% of the different classes of
tobacco had no significant effect on a wide range of characteristics related to the rearing
of H. hebetor, including paralyzing ability, parasitism, fertility, fecundity, viability and
sex ratio. These variables have important implications for the population dynamics of the
parasitoid. Although the study of Vacari et al. (2012) indicates that host diet may
influence the performance of parasitoids, such as Cotesia flavipes (Cameron, 1891)
(Hymenoptera: Braconidae), the same was not recorded in the present study. Other studies
on the same aspects, such as those of Urrutia et al. (2007) and Faal-Mohammad-Ali &
Shishehbor (2013), also did not record clear differences in parasitoid fitness associated
with differences in the diet of the host.

Higher numbers of larvae were paralyzed than parasitized in all treatments, which
indicates that females tend to paralyze many more hosts than they parasitize. Ghimire &
Phillips (2014) report that H. hebetor females try to paralyze all nearby hosts before

ovipositing. According to Soliman (1940) and Hagstrum (1983), the number of larvae
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that a female of H. hebetor can paralyze within 24 h depends mainly on the age of the
parasitoid and the density of hosts.

As mentioned in other studies, paralyzed larvae are used by females as a source
of food as they feed on the haemolymph, which exudes from the body of the host where
the parasitoid inserted its ovipositor in order to paralyse it (Hagstrum, 1983; Serra, 1992).
As no differences in this behaviour was recorded in the present study, it seems reasonable
to assume that diet did not influence the nutritional quality of the host larvae.

In our study, the sex ratio of H. hebetor parasitizing E. kuehniella was not altered
by the different treatments. In contrast, when H. hebetor parasitized Corcyra cephalonica
(Stainton, 1865) (Lepidoptera: Pyralidae) the host diet influenced the production of more
females, with the wheat diet being the most suitable (Singh et al., 2006). Our study
corroborates the results of Faal-Mohammad-Ali & Shishehbor (2013), who report that the
proportion of H. hebetor that are females and their fecundity is not affected by whether
the diet of their host is wheat flour or corn, rice and barley. The above indicates that host
species could possibly have a greater influence on these biological parameters than the
diets of the larvae they parasitized. Although no differences were recorded in the progeny
and sex ratio of H. hebetor, it is important to remember that qualitative and quantitative
differences in the chemical composition and physical characteristics of the diets of the
host may affect the biological parameters that influence population growth (Singh et al.,
2006).

As the overall viability of the immature stages of H. hebetor was not altered by
the diet of the original host or by the diet of the larvae offered to parasitism, it is inferred
that the 5% of the different classes of tobacco added to diet did not affect its biology.

However, the diet of hosts could affect the searching behaviour and parasitism by the
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parasitoid in the field as is reported by McAuslane et al. (1990), who report changes in
the interaction between parasitoids and their hosts.

The females of H. hebetor used in this study showed no preference for parasitizing
larvae of E. kuehniella depending on whether they were reared on diets with or without
5% tobacco and their preference was also not dependent on the diet of their original host.
These results accord from those of Souza et al. (2014) who report that larvae of Diatraea
saccharalis (Fabricius, 1794) (Lepidoptera: Crambidae) fed on different varieties of their
host plant were equally preferred by female C. flavipes. Parasitism preference seems to
be more associated with the original host species than its diet (Tognon et al., 2014). This
is demonstrated by Goulart et al. (2011), who report that the parasitoid Trichogramma
pretiosum Riley, 1879 (Hymenoptera: Trichogrammatidae) parasitizes eggs of different
species, but prefers those of E. kuehniella. There is little evidence that parasitoids prefer
to parasitize hosts that have fed on a particular food (Vacari et al., 2012).

According to Darwish et al. (2003) and Akinkurolere et al. (2009), several host
stimuli affect the searching behaviour of the parasitoid H. hebetor, in particular, the
mandibular gland secretions produced by larvae when feeding, as well as their faeces and
secretions. The odours released by the host stimulate the parasitoid to start probing.
Furthermore, Darwish et al. (2013) highlight that H. hebetor females respond to
kairomone released by host larvae, which intensifies their searching and oviposition
behaviour. Furthermore, based on olfactometry tests, the volatiles emitted by the faeces
of E. kuehniella larvae, known as frass, help attract H. hebetor females (Favaris, 2016).
However, host larvae fed diets with or without tobacco do not change this behaviour in

the parasitoid, which is attracted to the host in the same way.
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As there were no changes in the biological parameters studied and no increase in
preference for parasitizing particular hosts, adding tobacco to host diet is unnecessary

when introducing H. hebetor into environments where tobacco is stored.
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574 Table 1. Sugar and nicotine concentrations in each class of Virginia tobacco.
Class Leaf position on Indoor Concentration (%)
the plant class* Sugar Nicotine
Tobacco 1 B (leaf) B2LF 20.37 3.51
Tobacco 2 C (cutters) Cc2Ls 17.60 1.58
Tobacco 3 B (leaf) B2MF 6.39 3.97
Tobacco 4 C (cutters) C4BS 4,57 1.07

575 * Classification followed by JTI Company (leaf position on the plant, quality, color, style)
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E. kuehniella diet

Original host

Offered host

Wheat flour

Wheat flour with tobacco 1
Wheat flour with tobacco 2
Wheat flour with tobacco 3
Wheat flour with tobacco 4

Wheat flour
Wheat flour with tobacco 1
Wheat flour with tobacco 2
Wheat flour with tobacco 3
Wheat flour with tobacco 4

Wheat flour with tobacco 1
Wheat flour with tobacco 2
Wheat flour with tobacco 3
Wheat flour with tobacco 4

66

Table 2. Treatments evaluated according to the larvae diet (Ephestia kuehniella) of the
original host of Habrobracon hebetor females and the larvae offered to parasitism.

Tobacco diets contained 5% of tobacco in addition to the other constituents. Tobacco 1: sugar 20.37%,
nicotine 3.51%. Tobacco 2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%, nicotine 3.97%.
Tobacco 4: sugar 4.57%, nicotine 1.07%.
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Table 3. Biological data (mean + standard deviation) of Ephestia kuehniella reared in the
different treatments and tobacco percentage at 28 + 2°C, 50 = 20% RH and 14-h
photoperiod: Control: wheat flour diet. Tobacco 1: sugar 20.37%, nicotine 3.51%.
Tobacco 2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%, nicotine 3.97%.
Tobacco 4: sugar 4.57%, nicotine 1.07%.

Treatment/ Percentage of Developmental Number of adults L .
tobacco in diet time (days) that emerged Viability (%) Sexratio ®
Control 39.8+1.10 a 939.0+91.33 a 326 0.50

5% 48.2+1.10 c 443.2459.86 d 154 0.55
Tobacco 1 10% 65.4+4.22 ¢ 33.2+16.61 f 1.2 0.57
15% - - - -
5% 42.2+1.10 ab 858.8+18.02 ab 29.8 0.51
Tobacco 2 10% 47.8+£1.10 be 783.4£52.45 b 27.2 0.52
15% 57.8+1.80 d 321.8462.15 ¢ 111 0.55
5% 49.4+1.67c 360.2+29.56 de 125 0.54
Tobacco 3 10% 77.4+8.66 f 5.445.85 f 0.2 0.56
15% - - - -
5% 42.2+1.10 ab 860.24+53.04 ab 290.8 0.49
Tobacco 4 10% 45.8+1.10 bc 811.2+32.32 b 28.1 0.50
15% 55.0+1.41d 547.0+32.21 c 18.9 0.53

— No adults emerged.
Different lower case letters in a column indicate significant differences based on a Tukey test (p < 0.05).
* No significant difference based on y2 heterogeneity test (p > 0.05).
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Table 4. Reproductive parameters and adult longevity (mean + standard deviation) of
Ephestia kuehniella under conditions of 28 + 2°C, 50 + 20% RH and 14-h photoperiod,
recorded in the different treatments. Control: wheat flour diet. Tobacco 1: sugar 20.37%,
nicotine 3.51%. Tobacco 2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%,

nicotine 3.97%. Tobacco 4: sugar 4.57%, nicotine 1.07%.

Number of o ) Adult longevity (days)
Treatment/ Percentage of Viability of first
o oocytes per ;
tobacco in diet eggs laid (%)** g Q*
female *
Control 204.2+50.71 98.1 10.8£2.93 a 7.3£1.88b
5% 192.2+ 33.38 97.7 11.1+1.17 a 7.5£1.99b
Tobacco 1 10% - - - -
15% - - - -
5% 202.8+37.31 98.6 10.9+1.07 a 7.3£1.86b
Tobacco 2
10% 208.4+41.40 98.7 10.4+1.13 a 7.2£1.52b
15% 187.3+34.88 97.5 10.3t1.37 a 7.7£151b
5% 188.8+43.61 98.1 11.3+1.26 a 8.3+2.21b
Tobacco 3
10% - - - -
15% - - - -
5% 182.7+37.05 98.8 10.5%£1.69 a 7.6£1.80b
Tobacco 4
10% 207.9+29.17 97.9 10.6+£1.60 a 6.911.87b
15% 196.2+43.46 98.9 10.8+1.47 a 7.942.04b

— No emergence of adults or insufficient for evaluation.
* No significant difference based on Tukey test (p > 0.05).

** No significant difference based on y2 heterogeneity test (p > 0.05).

Different lower case letters in a line indicate significant differences based on t test (p < 0.05).
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Table 5. Number of larvae of Ephestia kuehniella paralyzed and parasitized (mean +
standard deviation) by Habrobracon hebetor in the different treatments, under conditions
of 28 + 2°C, 50 + 20% RH and 14-h photoperiod.

E. kuehniella diet Number of Number of
Original host Offered host larvae Iarv_ae

paralyzed * parasitized *

Wheat flour 8.5£1.98 a 3.9£1.57b

Wheat flour with tobacco 1 8.0£1.20 a 42+1.19b

Wheat flour Wheat flour with tobacco 2 8.8+1.30a 3.6£1.31b

Wheat flour with tobacco 3 9.1+0.96 a 4.4+1.47b

Wheat flour with tobacco 4 8.6x1.14 a 3.6x1.14b

Wheat flour with tobacco 1 Wheat flour with tobacco 1 7.9+1.40a 47+1.11b
Wheat flour with tobacco 2 Wheat flour with tobacco 2 9.1+0.81 a 3.9£1.33b
Wheat flour with tobacco 3 Wheat flour with tobacco 3 8.4x1.19a 4.2+1.15b
Wheat flour with tobacco 4 Wheat flour with tobacco 4 9.0+141a 3.6£1.23b

Tobacco diets contained 5% of tobacco in addition to the other constituents. Tobacco 1: sugar 20.37%,
nicotine 3.51%. Tobacco 2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%, nicotine 3.97%.
Tobacco 4: sugar 4.57%, nicotine 1.07%. Different lower case letters on a line indicate a significant
difference based on t test (p < 0.05).

* No significant difference based on Tukey test (p > 0.05).
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606  Table 6. Survival of Habrobracon hebetor (mean + standard deviation) in the larvae of
607  Ephestia kuehniella in the different treatments, under conditions of 28 + 2°C, 50 + 20%
608 RH and 14-h photoperiod.

E. kuehniella diet Number Viability )
Sex ratio
o egg-adult
Original host Offered host Eggs* Larvae*  Pupae*  Adults* %)
0
Wheat flour 19.1£3.81 9.9+4.39 8.8+4.22 8.6+4.22 45.1 0.68
Wheat flour with
17.9+3.99 6.9+4.67 6.2+3.93 6.1+4.32 34.2 0.62
tobacco 1
Wheat flour with
18.1+7.92 9.7+8.84 8.4+7.48 8.1+7.21 44.6 0.69
Wheat flour tobacco 2
Wheat flour with
18.5+5.33 9.3+3.86 8.8+4.81 8.2+4.14 44.6 0.70
tobacco 3
Wheat flour with
17.9+6.06 7.4+3.67 6.6+3.79 6.2+3.30 34.9 0.72
tobacco 4
Wheat flour with Wheat flour with
18.5+3.64 9.0+5.33 8.2+459 8.1+4.17 435 0.65
tobacco 1 tobacco 1
Wheat flour with Wheat flour with
17.1+3.94 7.7+430 7.1+4.48 6.9+4.45 40.7 0.70
tobacco 2 tobacco 2
Wheat flour with Wheat flour with
18.1+2.96 8.9+3.30 8.1+3.85 7.9+3.62 43.7 0.71
tobacco 3 tobacco 3
Wheat flour with Wheat flour with
17.9+6.06 7.4+3.67 6.6+3.79 6.2+3.30 34.9 0.72

tobacco 4 tobacco 4

609  Tobacco diets contained 5% of tobacco in addition to the other constituents. Tobacco 1: sugar 20.37%,
610  nicotine 3.51%. Tobacco 2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%, nicotine 3.97%.
611  Tobacco 4: sugar 4.57%, nicotine 1.07%.

612 * No significant difference based on Tukey test (p > 0.05).

613 ** No significant difference based on y2 heterogeneity test (p > 0.05).
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Table 7. Mean numbers (+ standard deviation) of larvae of Ephestia kuehniella that were
reared in the different treatments that were paralyzed and parasitized and of the eggs laid
on them by females of Habrobracon hebetor, under conditions of 28 £ 2°C, 50 £ 20%
RH and 14-h photoperiod.

E. kuehniella diet Number of Number of
Number of
larvae larvae
. eggs*
Original host Offered host paralyzed *  parasitized *
Wheat flour 6.5+1.27 3.4+1.19 14.3+5.24
Wheat flour Wheat flour with
7.3+1.28 3.7+1.38 15.6+7.23
tobacco (5%)
Wheat flour 6.9+1.21 2.8+1.02 13.5+5.97
Wheat flour with
Wheat flour with
tobacco (5%) 6.3+1.51 204099  14.3+5.94

tobacco (5%)

* No significant differences based on Tukey test (p > 0.05).
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619 N~

620 Fig. 1. Schematic diagram of the double choice arena for determining parasitism
621  preferences of Habrobracon hebetor.
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Fig. 2. Average number (£ standard error) of adult Ephestia kuehniella that emerged over
time in the different treatments. A — control, B — 5% tobacco added to the diet, C — 10%,
D — 15%. Control: wheat flour diet. Tobacco 1: sugar 20.37%, nicotine 3.51%. Tobacco
2: sugar 17.60%, nicotine 1.58%. Tobacco 3: sugar 6.39%, nicotine 3.97%. Tobacco 4:

sugar 4.57%, nicotine: 1.07%.
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Offered host diet
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Fig. 3. Percentage of females of Habrobracon hebetor that emerged from larvae reared
on either a diet of wheat flour or the same diet to which 5% tobacco added, which
responded to simultaneously exposed larvae of Ephestia kuehniella fed on the above two
diets, under conditions of 28 + 2°C, 50 + 20% RH 14-h photoperiod. Values in
parentheses indicate the number of responses to each parasitism unit. (ns — no significant
difference based on the 2 heterogeneity test, p > 0.05).
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Abstract

Habrobracon hebetor (Say) (Hymenoptera: Braconidae) is one of the most studied
parasitoids for biological control of pest’s moths in postharvest environment. However,
little is known about the searching behavior and learning ability of this braconid regarding
host localization. Thus, this study aimed to evaluate the chemotaxic behavior of female
H. hebetor with and without parasitism experience to olfactory signals associated with
types of stored tobacco and white wheat flour, and the presence of the host Ephestia
kuehniella (Zeller) (Lepidoptera: Pyralidae) developed in different diets. The chemotaxic
responses of 2-4 day old H. hebetor females with and without previous experience of
parasitism were observed in a “Y” type olfactometer. The odors of Virginia and Burley
tobacco, wheat flour and E. kuehniella larvae reared with or without tobacco in their diet
were evaluated. As a control, only air was used. Females of H. hebetor with no previous
experience of parasitism were more responsive to both the host larvae and the different
food substrates contrasted with air. In relation to tobacco substrate, both Virginia and
Burley, when contrasted with larvae that developed in diet with tobacco, females were
more responsive to tobacco volatile. On the other hand, mostly H. hebetor females with
parasitism experience were more attracted to host larvae when compared to substrates.
The number of non-responsive females with parasitism experience, was significantly
lower than in the group of females without experience. Through previous experience, the
parasitoid was able to develop associative learning, which may increase the efficiency of
host search. This is the first record of tobacco attractiveness for the parasitoid H. hebetor,

an important aspect for the success of biological control programs in tobacco storage.

Keywords: biological control, larval parasitoid, parasitism experience, stored products



42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

78

1. Introduction

During postharvest, pest insects can be very harmful to stored products and their
derivatives (Lorini et al., 2015). Damage can be caused directly through food, resulting
in qualitative (nutritional) and quantitative (weight) losses, as well as indirect damage
through contamination of live or dead insects and other residues left by their presence in
the environment (Nayak and Daglish, 2018). Among the main pest insects that occur in
grain and other products in storage environments are Ephestia elutella (Hibner), Ephestia
kuehniella and Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae) (Navarro and
Navarro, 2018). In stored tobacco, these three species cause significant damage by
feeding on leaves, and infestation varies by tobacco type, variety and class (Ryan, 1999;
Gallo et al., 2002; Guedes and Costa, 2006; Collins and Hawks, 2011).

Although chemical control is still the main postharvest control strategy, biological
control using parasitoids has been expanding, associated with integrated stored pest
management techniques (Scholler et al., 2018). The expansion of biological control in
postharvest is due to the low availability of chemical active ingredients authorized for
use, in addition to the emergence of resistant insect populations (Lorini et al., 2015).
Biological control in warehouses has certain advantages, such as the protection of natural
enemies from adverse conditions in the external environment, the location and control of
pests in spaces of the storage unit that pesticides may sometimes not reach and the
reduction of chemical residues in food (Soares et al., 2009). Habrobracon hebetor is a
larval ectoparasitoid widely studied for biological control of Pyralidae, Gelechiidae,
Noctuidae, Erebidae and Crambidae caterpillars (Farag et al., 2015; Ghimire and Phillips,
2014; Cantori, 2019; Mbata and Warsi, 2019).

The search behavior of H. hebetor for hosts in storage environments can be

influenced by several factors such as environmental conditions, host density and food
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availability (Akinkurolere et al., 2009). These stimuli modify the movement pattern of
females searching for hosts (Darwish et al., 2003; Mbata and Warsi, 2019). Similarly, the
diet of the host in which the parasitoidwas rearedmay also affect the search behavior (Faal
and Shishehbor, 2013). Habrobracon hebetor uses chemical, visual, vibrational, and
tactile signals/cues to locate hosts (Darwish et al., 2003; Favaris, 2016; Castafié et al.,
2018). The parasitoid can respond to volatiles from different sources, which are classified
as long or short distance cues (Belda and Riudavets, 2010). Long distance or wide-
reaching signals are the first cues used by the parasitoid to search for their hosts and are
usually emitted by the host’s food (Suma et al., 2014). Short distance cues usually
originate from the host itself and are used to locate a specific or preferred host stage for
parasitism (Mbata et al., 2017).

It is known that H. hebetor recognizes volatiles emitted by their hosts and derived
from stored products such as grains and cereals (Fukushima et al., 1989; Strand et al.,
1989; Parra et al., 1996; Darwish et al., 2003). However, there is no information on how
the parasitoid behaves in relation to the volatiles associated with tobacco. The tobacco
plant, in general, offers a special challenge to parasitoids associated with herbivore pests,
due to the presence of toxins and natural repellents in this plant (Ujvary, 1999). Even so,
H. hebetor has already been captured in tobacco storage (Figueiredo et al., 2015) and
released in augmentation form (Parra, 2014), indicating that this species may have
adaptations to toxins present in environments with tobacco storage (Brower et al., 1995).

The processes by which parasitoids find and recognize their hosts in the field can
also be influenced by the foods used in the rearing of the host, which can adversely affect
their effectiveness as biocontrol agents (McAuslane et al., 1990). Parasitoid populations
that occur in other crops and those that are produced commercially, are probably sensitive

to tobacco and must be selected for resistance for many generations in order to acquire
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tolerance. This is because in natura, processed products or hosts that feed on it can be
toxic to strains of parasitoids that are not adapted to tobacco (Ujvary, 1999). For
parasitoids that have mass rearing on E. kuehniella larvae, in general, based on the best
development, nutritional quality, cost of production and ease of acquisition, the most
recommended diet for its rearing is composed of whole wheat flour (97%) and yeast (3%)
(Vasconcelos, 2017). Thus, when producing H. hebetor for biological control programs
in tobacco storage and its processed products the addition of tobacco to the diet used for
rearing the host could help the parasitoid to recognize the moth larvae when released in
tobacco storage places.

Search behavior may be innate, genetically inherited behavior in response to
previously experienced stimuli, or individuals may learn patterns as a result of experience
(Vet and Groenewold, 1990; Wajnberg and Colazza, 2012). Studies have shown that
certain parasitoid species are able to learn and improve responses to the stimuli that they
are subjected in adulthood or during development, thus generating learning (Darwish et
al., 2003; Vargas et al., 2017; Wajnberg and Colazza, 2012).

Determining parasitoid performance against volatiles of tobacco and their learning
capacity are important parameters for using H. hebetor in biological control programs in
tobacco storage. However, little is known about H. hebetor search behavior and learning
ability for host localization. Thus, this study aimed to evaluate the chemotaxic behavior
of female H. hebetor with and without parasitism experience to olfactory signals
associated with types of stored tobacco and white wheat flour, and the presence of the

host E. kuehniella developed on different diets.
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2. Materials and methods
2.1. Rearing of organisms

The experiments were conducted in the Entomology Laboratory at the University
of Santa Cruz do Sul (UNISC). The insects used in the bioassays came from pre-existing
laboratory rearing. The eggs used to implant the rearing of E. kuehniella came from the
Centro de Pesquisa em Florestas da Fundacdo Estadual de Pesquisa Agropecuéria
(FEPAGRO), municipality of Santa Maria - RS. The rearing of H. hebetor started after
an involuntary contamination in the rearing room (UNISC) of E. kuehniella. The insects
were kept in climate-controlled rooms with 28 + 2 °C, relative humidity (RH) of 50 +
20% and 14 hours photophase according to Faal and Shishehbor (2013).

Ephestia kuehniella was fed with two types of artificial diet. The first consisted of
type 1 white wheat flour (97%) and brewer’s yeast (3%), following the methodology
proposed by Parra et al. (2014) and the second contained the same ingredients plus 10%
ground Virginia tobacco (3 mm). Habrobracon hebetor was reared by offering E.

kuehniella fifth-instar larvae (from a non-tobacco diet); adults were not fed at all.

2.2. Olfactometry bioassays

The bioassays were conducted in a climate-controlled room during photophase,
under fluorescent light (60 W, 980 lux). A double choice “Y” type glass olfactometer (1
cm diameter, common arm of 12 cm, and each arm with 5 cm) was used. At each end of
the olfactometer arms, a treatment in a glass container with air input and outlet was added.
An air stream, which was previously filtered with activated charcoal, was conducted into
the system with a vacuum pump connected to a flowmeter and humidifier at a rate of 0.5
L/min. During the bioassay, the olfactometer was inverted horizontally (180° rotation)

every five repetitions, and every ten repetitions was washed with neutral soap and hexane,
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and then dried in a sterilization oven at 100 °C. After this procedure, the substances were
replenished.

Responses were considered positive when parasitoids reached the odor source or
went at least 3 cm into the arms and remained in this area for at least 1 min. Insects that
did notmove within the first 5 min or did not reach either arm were considered non-
responsive. For each treatment were performed 40 repetitions of responsive insects.

The chemotaxis of H. hebetor was evaluated in 2-4 day old and mated females
that emerged from E. kuehniella larvae. Before the bioassays, the females were separated
in 1.5 ml Eppendorf-type micro tubes, acclimated for 30 min in the test room, after they

were individually inserted into the arena.

2.2.1. Response of females without experience to white wheat flour and stored tobacco
The response of H. hebetor females with no previous experience of parasitism and
olfactory signals associated with stored products was contrasted between type 1 white
wheat flour (always the same brand), pure ground Virginia and Burley tobacco and the
control (only odor-free air flow) (Table 1). The same volume of each product was packed
(1 g white wheat flour and 0.5 g tobacco for both varieties) at each end of the olfactometer.
The products were sieved (Imm mesh) and frozen (-20 °C for 12 h) before starting the
bioassays to eliminate any insects that might influence the parasitoid behavior. Both types
of tobacco were supplied by Japan Tobacco International (JTI) with records of the
appropriate concentrations of nicotine and sugars (Glucose, Maltose, Sucrose, Inositol
and Fructose) measured by Near Infrared Rays equipment through electromagnetic waves
from 80 nm to 2500 nm. The Virginia tobacco used is frequently affected by pests and
had 17.6% sugar and 1.58% nicotine, while sugar-free Burley tobacco with 4.83%

nicotine is generally not attacked by pests, possibly due to the high nicotine concentration.
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Table 1. Stored products and control (air) contrasted for attraction by Habrobracon
hebetor females placed at each end of the olfactometer arms.
Extremity 1 Extremity 2
White wheat flour X Control (Air)
Virginia tobacco X Control (Air)
Burley tobacco X Control (Air)

Virginia tobacco X White wheat flour

X

X

Burley tobacco White wheat flour
Burley tobacco Virginia tobacco

2.2.2. Response of females without experience to E. kuehniella larvae reared on different
diets

The chemotaxic behavior of H. hebetor females without parasitism experience in
response to the presence of the host was measured with E. kuehniella larvae raised on
both diets explained in the item “Rearing of organisms”. In each treatment, 10 last-instar
larvae alive, without the presence of diet (clean), were confined into containers at the ends

of the olfactometer. As a control, only odorless air flow was used (Table 2).

Table 2. Larvae of Ephestia kuehniella reared on different diets contrasted regarding
attractiveness to Habrobracon hebetor females placed at each end of the olfactometer
arms.

Extremity 1 Extremity 2

E. kuehniella larvae (WF) X Control (Air)

E. kuehniella larvae (WF+VT) X Control (Air)
E. kuehniella larvae (WF) X E. kuehniella larvae (WF+VT)

(WF) E. kuehniella larvae rearing on diet with wheat flour + yeast.
(WF + VT) E. kuehniella larvae rearing on diet with wheat flour + yeast + Virginia tobacco.

2.2.3. Response of H. hebetor females with and without parasitism experience to larvae
presence or stored products

The chemotaxic responses of H. hebetor females with and without previous
parasitism experience (24 h of continuous contact with the host) were contrasted in the
treatments comparing the host and stored products (Table 3). The bioassays with

experienced females were performed immediately after 24 h of stimulation with the host
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larvae. The larvae offered for parasitism experience were raised on the wheat flour/yeast

diet. The contrasts used in this bioassay are listed below (Table 3).

Table 3. Ephestia kuehniella larvae from different diets and stored products contrasted at
each end of the olfactometer arms.
Extremity 1 Extremity 2
E. kuehniella larvae (WF) X White wheat flour
E. kuehniella larvae (WF+VT) X White wheat flour
E. kuehniella larvae (WF) X Virginia tobacco
X
X

E. kuehniella larvae (WF+VT) Virginia tobacco
E. kuehniella larvae (WF) Burley tobacco

E. kuehniella larvae (WF+VT) X Burley tobacco

(WF) E. kuehniella larvae rearing on diet with wheat flour + yeast.
(WF + VT) E. kuehniella larvae rearing on diet with wheat flour + yeast + Virginia tobacco.

2.3. Data analysis

The percentages of chemotaxic responses were compared by the nonparametric
chi-square heterogeneity test. Mean values were tested for normality by Shapiro-Wilk (p
> 0.05). Differences in the average of non-responsive parasitoids in contrast bioassays in
the response of H. hebetor females with and without parasitism experience to the presence
of larvae or stored products were submitted to One-way ANOVA and compared by Tukey
test. Analyzes were performed using the Bioestat 5.0® program (Ayres et al., 2007), with

a significance level of 5%.

3. Results

3.1. Response of females without experience to white wheat flour and stored tobacco
Habrobracon hebetor females without experience were significantly more

attracted to the odors of the evaluated stored products than to the control (air) for wheat

flour (¥2 = 10.00; df = 1; p = 0.0016), Virginia tobacco (y2 = 22.50; df = 1; p < 0.0001)

and Burley tobacco (y2 = 12.10; df = 1; p = 0.0005) (Fig. 1).
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When products were contrasted, Virginia-type tobacco was more attractive to
females than wheat flour (32 = 12.10; df = 1; p = 0.0005) and the Burley tobacco (y2 =
12.10; df = 1; p = 0.0005). Compared to other products, wheat flour was the least
attractive (Fig. 1). When comparing the two types of tobacco, H. hebetor females

preferred the Virginia tobacco (x2 = 14.40; df = 1; p = 0.0001) (Fig. 1).

NR
* Wheat Flour (30) (10) Control ( Air) 9)
* Virginia Tobacco |(35) (5) Control {Air) (3)
* Burley Tobacco (31) (9) Control (Air) (7
* Virginia Tobacco (31) (9) Wheat Flour (10)
* Burley Tobacco (31) (9) Wheat Flour (%)
Burley Tobacco |(8) (32)| Virginia Tobacco * (3)

1(4) 80 ol 40 20 0 20 40 60 80 1 (M)

Ye responses

Fig. 1. Percentage of chemotaxic responses of Habrobracon hebetor females without
experience, tested in double-choice olfactometer with Ephestia kuehniella food products.
Numbers in parentheses represent the number of responsive or non-responsive insects
(NR) in the treatments. Value followed by asterisk differs (p < 0.05) between treatments.
3.2. Response of females without experience to E. kuehniella larvae reared on different
diets

Parasitoids were significantly more responsive to host larvae, regardless of the
type of diet used in rearing of E. kuehniella (2 = 10.00; df = 1; p = 0.0016), when
contrasted to the control (air) (Fig. 2). When odors between larvae of different host diets

were compared, no preference was observed for H. hebetor females (y2 = 0.10; df = 1; p

= 0.7518) (Fig. 2).
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NR

* Larvace (WF) (30) ' {10)] Control {Air) (1)
* Larvae (WF «VT) ((30) (10) Control (Air) (1
Larvae (WF) [(19) ' (21)| Larvae (WF + VT) (1

100 80 60 40 20 0 20 4 o) hil] 106

% responscs
(WF) E. kuehniella larvae rearing on diet with wheat flour + yeast

(WF+VT) E. kuehniella larvae rearing on diet with wheat flour + yeast + Virginia tobacco
Fig. 2. Percentage of chemotaxic responses from Habrobracon hebetor females without
experience with Ephestia kuehniella larvae reared on different diets tested in a double
choice olfactometer. Numbers in parentheses represent the number of responsive and non-
responsive insects (NR) in the treatments. Value followed by asterisk differs (p < 0.05)
between treatments.

3.3. Response of H. hebetor females with and without parasitism experience to larvae
presence or stored products

Habrobracon hebetor females without parasitism experience did not distinguish
between flour substrate and larvae, regardless of host food and substrate (Fig. 3). An
exception occurred in relation to tobacco substrate, both Virginia and Burley, when
contrasted with larvae that developed on wheat flour p yeast p tobacco, with females being
more responsive to tobacco volatile (Fig. 3).

On the other hand, H. hebetor females with parasitism experience were more
attracted to host larvae, regardless of their food type, when contrasted to wheat flour or
Burley tobacco substrates (Fig. 4). However, when the Virginia-type tobacco substrate
was contrasted with the larvae of both diet types, there was no difference in choice (Fig.
4).

The average number of non-responsive H. hebetor females with parasitism

experience, (4.0 £ 0.37) was significantly lower than in the group of females without

experience (9.2 £ 1.66) (F = 9.2226; df = 5; p < 0.05).
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NR
Larvae (WF) (19) [ (21) Wheat Flour (4)
Larvae (WF +VT) (19) (21)) Wheat Flour 4)
Larvae (WF) [(19) 4 (21) Virgima Tobacco (13)
Larvae (WF = VT) [(6) (34) Virgima Tobacco *  (11)
Larvae (WF) |(25) {15) Burley Tobacco (12)
Larvae (WF = VT) (8) (32)| Burley Tobacco * (1
100 80 60 40 20 l’-) 20 40 6o 30 1040
% responses

(WF) E. kuehniella larvae rearing on diet with wheat flour + yeast
(WF+VT) E. kuehniella larvae rearing on diet with wheat flour + yeast + Virginia tobacco

Fig. 3. Percentage of chemotaxic responses of Habrobracon hebetor females, without
previous parasitism experience, to Ephestia kuehniella larvae tested in double-choice
olfactometer with stored products and their host. Numbers in parentheses represent the
number of responsive or non-responsive insects (NR) for treatments. Value followed by
asterisk differs (p < 0.05) between treatments.

NR

* Larvac (WF) [(38) :(.7) Wheat Flour (5)

* Larvae (WF = VT) [(30) : (10) Wheat Flour (3)
Larvac (WF) [(16) ' (24) Virginia Tobacco (5)

Larvae (WF + VT) (20) (20) Virginm Tobacco (4)

* Larvae (WF) [(31) (9)| Buriey Tobacco (3)

* Larvac (WF + VT) |(35) (5) Burley Tobacco (4

100 30 60 40 20 0 20 44 a0 80 100

Y responses
(WF) E. kuehniella larvae rearing on diet with wheat flour + yeast
(WF+VT) E. kuehniella larvae rearing on diet with wheat flour + yeast + Virginia tobacco

Fig. 4. Percentage of chemotaxic responses of Habrobracon hebetor females with
previous parasitism experience to Ephesita kuehniella larvae tested in double-choice
olfactometer with stored products and their host. Numbers in parentheses represent the
number of responsive or non-responsive insects (NR) for treatments. Value followed by
asterisk differs (p < 0.05) between treatments.
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4. Discussion

Stored product odors attracted H. hebetor females, demonstrating that the
parasitoid is induced by volatiles of wheat flour and tobacco, which are registered as their
hosts’ food (Guedes and Costa, 2006; Lorini et al., 2015). However, parasitoids have also
been attracted to Burley, although this type of tobacco is not suitable for the development
of the host (Ashworth, 1993; Ryan, 1999). The attractiveness of H. hebetor to its host’s
habitat, even without its presence, has already been recorded by Darwish et al. (2003) for
other stored products, showing that the volatiles emitted by the host food are the first
chemical cues followed. In this case, the parasitoids would be responding to long-distance
cues, produced by the spot where the host is found (Belda and Riudavets, 2010). Volatiles
emitted from a nonliving (inert) source such as grains and stored products are called
apneumones (Vilela and Della Lucia, 2001). These volatiles induce a behavioral or
physiological reaction that favors the recipient organism and harms another organism that
may be present in that environment (Buzzi, 2003).

Similar behavior was reported by Suma et al. (2014) for another parasitoid of
stored product pests, Venturia canescens (Gravenhorst) (Hymenoptera, Ichneumonidae).
The authors found that the species was attracted to the volatiles emanating from oatmeal
and wheat flour, even if they were not infested with pest insects. Another parasitoid of
stored product pests, Anisopteromalus calandrae (Howard) (Hymenoptera:
Pteromalidae), also responded positively to chemical signals from products that their
hosts feed on (Belda and Riudavets, 2010). Such results indicate that these parasitoids,
are able to perceive volatiles emitted by inert substrates. Thus, in response to chemical
mediators, parasitoids can respond to both their host and the substrate where their hosts

may be (Belda and Riudavets, 2010; Suma et al., 2014).



297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

89

The present study showed that H. hebetor females have a preference for tobacco
volatiles, especially for the Virginia variety. The chemical composition of tobacco is
already well known (Leffingwell, 2001; Rodgman and Perfetti, 2013), and according to
Collins and Hawks (2011), dry tobacco has on average 0-20% sugar and 1-5% nicotine,
and these concentrations vary depending on the tobacco variety, type, leaf position and
curing process. Although nicotine in tobacco often repels some insect species (Jacomini
et al., 2016; Moratore et al., 2009), this action was not observed for this parasitoid.

The positive response of the parasitoid in our studies indicate a specialization
associated with the substrate. Corroborating our results, this repelling action is not always
evident for parasitoids, as shown by Charleston et al. (2001) and Dequech et al. (2010),
who evaluated aqueous extracts of nicotine from tobacco on parasitoids Cotesia plutellae
(Kurdjumov) (Hymenoptera: Braconidae) and Diadromus collaris (Gravenhorst)
(Hymenoptera: Ichneumonidae) that were parasitizing larvae of Plutella xylostella
(Linnaeus) (Lepidoptera: Plutellidae). The authors also did not record any repelling effect
for these natural enemies, and even suggested using biological control and this botanical
extracts together to control the pest in question.

Comparing the results of the two varieties of tobacco tested, the Virginia type,
which was preferred by females of H. hebetor, has a sweet aroma due to the high sugar
concentration of its leaves, associated with the position of the leaf in the plant and the
process of curing (drying) (Sumner and Cundiff, 1983). According to Krsteska (2014),
this type of tobacco is also the most affected by the action of pests during storage, causing
significant lose and quantitative damage. The reason why H. hebetor females are attracted
to tobacco volatile is unknown. It is assumed that greater attraction of H. hebetor to the
volatiles of Virginia tobacco is because the parasitoid is more likely to find its host in this

product. Another hypothesis is that the different types of carbohydrates present in
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tobacco, such as fructose, glucose and sucrose, are capable of promoting chemotaxic
responses of attraction to parasitoid. This can be explained by the fact that the
transformation of starch into simple sugars makes parasitoids more attracted to samples
with higher concentrations of these components (Meirelles et al., 2009).

Recognizing and responding to a mixture of chemicals can be particularly
adaptive in environments (Hilker and McNeil, 2008) such as storage. In an applied
context, the positive responses of H. hebetor females to stored products show that the
search behavior of this species towards stored products may result in a greater possibility
of host localization in a storage environment, as host larvae are found in these places.

Habrobracon hebetor females with no previous host experience were more
responsive to E. kuehniella larvae regardless of the type of diet used for rearing when
contrasted with air. This is explained by the fact that the parasitoid, after locating the
substrate, initiates the process of localization of the host, using short-distance cues that
usually come from the host itself (Belda and Riudavets, 2010). This relationship is
directly related to endocrine, physiological and behavioral factors of the organisms
(Vinson, 1984).

During the bioassays, H. hebetor females presented an exploratory behavior,
roaming the arena by moving their antennae on the olfactometerwalls, aswas previously
observed by Favaris (2016) for this species. This behavior is associated with the sensory
structures located on the insect antennas, which are responsible for perceiving chemical
volatiles (Dweck and Gadallah, 2008). There are odors that are released by the host, such
as the secretions of the mandibular gland of larvae released during feeding, as well as
their feces and secretions. These stimuli are related to search behavior of H. hebetor
parasitoid for its host and result in probing actions, responding to the kairomone released,

which intensifies their search and oviposition behavior (Darwish et al., 2003).
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The E. kuehniella larvae frass is an attractive volatile for H. hebetor females at
close range, according to olfactometry tests. (Favaris, 2016). In our work, it was observed
that the larvae fed a diet with or without tobacco did not change the behavior of the
parasitoid, was attracted to the host in the same way. Even without parasitism experience,
females were significantly more attracted to the host larvae in this study, when contrasted
to the control (air), possibly due to the different volatiles emitted by the host. The acid
9,10-dehidroxi-cis-12-octadecenoic was found in the E. kuehniela mandibular structures,
isolated and described as being responsible for attracting the parasitoid H. hebetor
(Favaris, 2016; Parra et al., 1996), corroborating the results found herein.

When we compare the response of females with and without experience of
parasitism in the choice between the larvae and the substrates, we observe that the
inexperienced ones respond in the same proportion to the two contrasts. On the other
hand, registered that the females with experience, prefer in general the larvae. These
results demonstrate that learning from previous contact with the host seems to play an
important role in the subsequent recognition of this host (Darwish et al., 2003).

As highlighted in several studies, H. hebetor females experienced with parasitism
tend to develop a much more efficient and rapid response to their host semiochemicals
and associated cues than when they have no prior contact with the host (Darwish et al.,
2003; Favaris, 2016; Parra et al., 1996; Shonuda and Nasr, 1998). This change is due to
the fact that experience acquisition can be triggered even in adulthood after contact with
the host (Barron and Corbet, 1999), possibly associated with changes in the nervous
system (Vinson, 1984).

In our results, there was an exception, when the larvae were developed on flour
plus tobacco, females without experience preferred the substrate (Burley and Virginia)

instead of the larvae. In experienced females, there was no distinction in the choice
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between larvae and the substrate Virginia. This unexpected aspect, however, is
interesting, since this is the first record of tobacco attractiveness for the parasitoid H.
hebetor. The choice of substrate instead or in the same proportion as the larvae indicates,
probably, a recognition of long distance chemical clues, related to the environment (Belda
and Riudavets, 2010). This interesting aspect may be related to the environment in which
the species is found. The laboratory rearing of H. hebetor of this work started from
parasitoids that were naturally attracted by the frass of the last instar larvae E. kuehniella,
contaminating the host populations. Considering that the region in which the laboratory
is located is known for tobacco production (Silveira, 2013), it is possible that the
parasitoids, even if currently in artificial creations, recognize tobacco volatiles as host
locations. Gas chromatography studies isolating tobacco volatiles and subsequently
testing them on electroantenograms with female parasitoids may provide a better
understanding of which substances are involved in the recognition of the substrate and
host by H. hebetor.

The importance of experience in parasitoid performance is made explicit at work
when comparing the average number of responsive or non responsive females to those
with and without parasitism experience. It was found that previous contact with the host
significantly affected the incidence of probing. This is clear by the average number of
unresponsive individuals, which was 50% smaller in the group of experienced females
than in the other. Host search efficiency is achieved through associative learning,
allowing the female parasitoid to recognize the host and the volatiles associated with it
(Aquino, 2011; Vet and Groenewold, 1990). This may indicate that releasing parasitoids
into the environment after previous experience with their hosts may increase their control

action.
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Habrobracon hebetor females were attracted by volatile of the host food
substrates being virginia type tobacco the most attractive. Regardless of the feeding diet
of E. kuehniella larvae, females were attracted to the odors emitted by the host. In general,
H. hebetor females without parasitism experience did not distinguish between substrate
and host larvae. On the other hand, females with parasitism experience were more
attracted to E. kuehniella larvae. This is the first record of tobacco attractiveness for the
parasitoid H. hebetor, an important aspect for the success of biological control programs

in tobacco storage.
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Abstract

Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae), is widely used in
augmentative biological control programs. However, there is no information on the
behavior and biology of this parasitoid in stored tobacco. Thus, this study aims to evaluate
the chemotactic response, parasitism, and mortality of females of T. pretiosum
parasitizing eggs of Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae) in the presence
of different tobacco types. The chemotactic responses of T. pretiosum females were
observed with a double and multiple choice olfactometer. The odors of dry Burley and
Virginia tobacco and of Virginia tobacco seedlings were evaluated. Treatments with or
without the presence of E. kuehniella eggs were compared. To evaluate parasitism with
and without choice, eggs of E. kuehniella adhered to the same tobacco used in the
olfactometer. The eggs of E. kuehniella were offered to a female of T. pretiosum for two
hours, with adult parasitoid mortality recorded. In double-choice olfactometer there was
no attraction of T. pretiosum females to the odors of the different types and classes of dry
tobacco evaluated when compared to the control (air). Only tobacco seedlings and E.
kuehniella eggs attracted the parasitoid. Females of T. pretiosum preferred tobacco
infested with host eggs regardless of the type and class of tobacco. In multiple-choice
olfactometer T. pretiosum females spent the same time in the area of the arms containing
tobacco as in the area of arm containing control (air). The percentage of apparent
parasitism of T. pretiosum varied according to the surface on which the host's eggs
adhered. Although females of T. pretiosum responded positively to the host's volatiles,
even with the presence of dry tobacco, when they came into direct contact with some
types and classes of tobacco there was no parasitism.

Keywords: Chemotaxis, Biological control, Stored products, Nicotine
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1. Introduction

The egg endoparasitoid Trichogramma pretiosum Riley (Hymenoptera:
Trichogrammatidae), has been widely studied. Its wide use in biological control programs
is due to its efficiency, wide geographical distribution, and ease of rearing on a large scale
(Mills, 2010). The multiplication of T. pretiosum in laboratories and bio-factories is done
in factitious hosts, mainly in moth eggs that attack stored products, such as Ephestia
kuehniella (Zeller) (Lepidoptera: Pyralidae) and Sitotroga cerealella (Olivier)
(Lepidoptera: Gelechiidae) (Pratissoli et al., 2004; Wang et al., 2014).

Trichogramma pretiosum has a wide range of hosts. It is considered a generalist
parasitoid (Pizzol et al., 2012). In Brazil, it is commonly found parasitizing eggs of
various species of Lepidoptera that are pests of agricultural importance, especially
Anticarsia gemmatalis Hubner (Lepidoptera: Eribidae), Spodoptera frugiperda (J.E.
Smith) (Lepidoptera: Noctuidae), and Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae). It is used especially in biological control programs for soybean, corn, and
tomato (Medeiros et al., 2009; Vianna et al., 2011; Balestrin and Bordin, 2016).

Although not widely used in grain and food storage environments, biological
control with T. pretiosum can also be a promising alternative to chemical insecticides
applied in these environments (Parra and Zucchi, 2004). There are some records of its use
during postharvest to control the moth S. cerealella in stored corn, both in bulk and on
the ear (Inoue, 1997), and to the moths Plodia interpunctella (Hiibner) and Ephestia
cautella (Walker) (Lepidoptera: Pyralidae) in peanuts stored with shells (Brower and
Press, 1990). In addition, other species of Trichogramma spp. have been investigated in
order to select new candidate for use in mass rearing and biological control against moths

in storages (Nasir et al., 2017; Hegazi et al., 2019).
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The success in using T. pretiosum as a bio-control agent depends on the
knowledge of its bioecological characteristics related to the interaction with the host, such
as its ability to locate and parasitize the target pest (Monje et al., 1999; Wajnberg and
Colazza, 2012). The host's location is related to the presence of allelochemicals, such as
kairomones, which may attract the pest long and short distances or even by contact
(Norlund et al., 1987; Vet and Groenewold, 1990). Several factors may influence the
search behavior of T. pretiosum for hosts, such as environmental conditions, host density,
and food availability (Gross Jr. et al., 1984). These stimuli modify the movement pattern
of females in search for hosts (Vinson, 1984).

In tobacco crops, there are pest insects that could be controlled using T. pretiosum,
such as Manduca sexta paphus (Cramer) (Lepidoptera: Sphingidae), Agrotis ipsilon
(Hufnagel) (Lepidoptera, Noctuidae), and Heliothis virescens (Fabricius) (Lepidoptera,
Noctuidae), which cause damage to crops (Slone and Burrack, 2016; Edde, 2018). During
post-harvest conditions the parasitoid can be developed in eggs of Ephestia elutella
(Hibner) (Lepidoptera: Pyralidae), E. kuehniella, and P. interpunctella (Guedes and
Costa, 2006; Guedes and Sulzbach, 2006). Meantime, the use of T. pretiosum in tobacco
crops, whether in the field or in products stored in a warehouse, may face challenges
related to some characteristics of this plant, such as the presence of toxins and natural
repellents (Ujvary, 1999).

There are different types of tobacco grown around the world, in Brazil, the most
produced are Virginia and Burley (Kist et al., 2020). Each type of tobacco requires
particularities for the cultivation and curing processes. In the processing of tobacco, the
leaves already harvested and cured are divided into class, according to the leaf position
on the plant, quality, color, style and sugar and nicotine concentration (Collins and

Hawks, 2011).
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Nicotine is the main alkaloid that accumulates in tobacco leaves (Noélke et al.,
2018). In commercial cultivars, this compound represents 90% to 95% of all alkaloids, or
2-5% of the total leaf dry weight (Saitoh et al., 1985). Nicotine is synthesized in the roots
and transported by the xylem to plant shoots, where it accumulates and is stored in the
vacuole of leaf cells and may be exudated by trichomes in response to insect herbivory
(Hildreth et al., 2011). It is known that T. pretiosum recognizes the volatile compounds
emitted by plants where its host is located (Pefiaflor et al., 2011; Xavier et al., 2011).
However, there is no information on how the parasitoid behaves due to volatiles
associated with tobacco.

The physical characteristics of the host plant may also affect the foraging of
parasitoids and the parasitism (Romeis et al., 2005). It is known that the parasitsm of T.
pretiosum varies in relation to its leaf area, structures present in the abaxial and adaxial
part of leaves (such as trichomes), thorns, and its density, which may affect the walking
speed, propensity to fly, parasitism rate, and parasitoid survival (Olson and Andow,
2006).

Little is known about how the behaviour and the biology of this parasitoid are
affected under tobacco conditions and how this may affect its efficiency as a biocontrol
agent. Our hypothesis is that tobacco, especially types and classes with high levels of
nicotine, can negatively affect the performance of the parasitoid T. pretiosum in the
control of stored product pests. Thus, this study aims to evaluate the chemotactic
response, the parasitism, and the mortality of females of T. pretiosum parasitizing eggs

of E. kuehniella in the presence of different types and classes of tobacco.
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2. Material and methods
2.1 Insect rearing

The experiments were conducted in the Entomology Laboratory at the University
of Santa Cruz do Sul (UNISC). The insects used in the bioassays came from pre-existing
laboratory rearing. The eggs used to implant the rearing of E. kuehniella came from the
Centro de Pesquisa em Florestas da Fundacdo Estadual de Pesquisa Agropecuéria
(FEPAGRO), Santa Maria, Rio Grande do Sul, Brasil. The moths were reared on an
artificial diet consisting of whole-wheat flour (97%) and yeast (3%), in a climate room at
28 + 2°C temperature, 50 + 20% relative humidity (RH) under a 14:10h (L: D)
photoperiod.

A colony of T. pretiosum was established from parasitized egg-masses collected
from maize fields. The parasitoids were reared on E. kuehniella eggs that were previously
sterilized by ultraviolet irradiation. The 0-24-h-old sterilized eggs of E. kuehniella were
glued on white sheet of paper (10 x 10 cm) with 10% arabic gum, placed in plastic
container (15 x 15 x 15 cm) and exposed to the adults of T. pretiosum. To maintain the
colony, parasitized eggs of E. kuehniella were transferred into new plastic container after
8 days and kept at the same conditions until emergence of the parasitoids (Parra et al.,

2014).

2.2 Bioassays

Trichogramma pretiosum females < 48 hours old that emerged from eggs of E.
kuehniella, paired (assume that the females had been mated) and without previous
experience of parasitism (they had not yet received eggs) were evaluated. Before the

beginning of the bioassays, the females were individualized in 0.5-ml Eppendorf
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microtubes, arranged in the room for acclimatization under the same conditions as

described of rearing during the photophase.

2.2.1 Double-choice olfactometry

The attractiveness of T. pretiosum females by different types and classes of
tobacco, with or without the host, was evaluated using a double-choice olfactometer. A
glass, “Y” tube with 1 cm in diameter, 10 cm in initial arena, and 5 cm in each arm was
used. At each end of the olfactometer's arms, a treatment in a glass container with air inlet
and outlet was added. An airflow, previously filtered with active carbon, was injected into
the system using a vacuum pump connected to a flow meter and a humidifier at a rate of
0.3 L/min. The olfactometer was inverted horizontally (180° rotation) every five
replications and, every ten replications, it was washed with neutral soap and hexane and
then dried in a sterilization oven at 100 °C for two hours. After this procedure, the
substances were renewed.

To compare the treatments, the response of T. pretiosum females was recorded,
contrasting (A): dry Burley tobacco vs air (control); (B): dry Virginia tobacco with more
nicotine vs air (control); (C): dry Virginia tobacco with less nicotine vs air (control); (D):
Virginia tobacco seedling vs air (control); (E): eggs of E. kuehniella vs air (control); (F,
G, H): different types of dry tobacco infested with host eggs vs different types of dry
tobacco (without eggs); and (I): Virginia tobacco infested with host eggs vs Virginia
tobacco seedling (without eggs).

The dry tobacco was supplied by Japan Tobacco International (JT1). The records of
the appropriate concentrations of nicotine were measured using a Near Infrared Rays
equipment by measurements of electromagnetic waves from 80 nm to 2500 nm. Three

types of dry tobacco were evaluated. Two of the Virginia type, one with a high
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concentration of nicotine (3.97%), another with a low concentration of nicotine (1.58%),
and one of the Burley type, with 4.83% of nicotine. Before starting the bioassays, they
were sieved and frozen to eliminate any insects. At the end of each arm of the olfactometer
tube, 0.5 g of the product was placed.

To obtain seedlings, seeds of Virginia variety was sown in trays in the float system
using Carolina Soil® as substrate, without applying any type of chemical pesticide and
fertilization. The tobacco seedlings used in the bioassay had around 40 days of
development, with five leaves and 10 cm in height. They did not show any herbivory
process. In addition, they were inspected to eliminate the presence of any insects that
could affect the behavior of the parasitoid. In the olfactometer, the substrate was covered
with aluminum foil.

A white sheet of paper (75g/m?) with 2 x 2 cm, containing 20 glued eggs of E.
kuehniella, was added to the different types of dry tobacco and live seedlings and placed
at the end of one of the olfactometer’s arms. At the other end, only the paper with the
tobacco was placed.

The responses were considered positive when the parasitoids reached the odor
source or traveled at least three centimeters inside the arms and remained in this area for
at least one minute. Insects that did not move in the first five minutes or that did not reach
either arm were considered nonresponsive. For each treatment, 40 responsive parasitoids
were evaluated. In cases where there was a very large number of nonresponsive insects,
a greater number of parasitoids was assessed, up to a maximum of 40 nonresponsive

insects.
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2.2.2 Multiple-choice olfactometry

To assess our hypothesis that the types of dry tobacco, Burley and Virginia with
more nicotine and are repellent to females of T. pretiosum, they were evaluated by
multiple-choice olfactometry. These two types of tobacco were contrasted with air.

The multiple-choice olfactometer consisted of a central arena (5 x 5 cm) and four
arms (5 cm long x 1 cm wide). Three arms of the olfactometer received one type of
tobacco (0.5 g) and one arm received only air (control), following the methodology used
to test repellency, proposed by Hassemer et al. (2015). The airflow for each arm and the
total vacuum were adjusted to 0.3 L / min. The conditioning of treatments at the
extremities of the arms, replacement of odor sources, and cleaning of the olfactometer
followed the same procedures as described for the “Y” type olfactometer (2.2.1).

The females were released at the center of the olfactometer. The residence time in
one of the odor sources was considered when the insect moved 2.0 cm into the arm. In a
five-minute interval, the total time spent in each arm was computed as a response variable
(Hassemer et al., 2015). For each treatment, 40 responsive parasitoids were evaluated.
Insects that remained only in the central area for five minutes (1 cm circle) were

considered nonresponsive.

2.2.3 Apparent parasitism of T. pretiosum

The purpose of the experiment was to observe whether T. pretiosum females
parasitized eggs adhered to tobacco. To assess parasitism with no chance of choice, 40
eggs of E. kuehniella were offered in a Petri dish (6 cm in diameter) for each female of
T. pretiosum for two hours. Different surfaces were used in each container to glue eggs
with arabic gum (2 x 2 cm), being (A and B) Virginia dry tobacco leaves with high and

low nicotine concentration, (C) Burley dry tobacco leaves, and (D) fresh leaves of
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Virginia tobacco seedlings, (E) white sheet of paper (control). The assay comprised five
treatments. After two hours, the females were removed, and the eggs were stored under
the same rearing conditions until the emergence of parasitoids.

To evaluate parasitism in a double-choice test, each substrate described above
(types of tobacco) containing 20 eggs of E. kuehniella was placed inside a Petri dish (6
cm in diameter) at one end of a white sheet of paper (5 x 2 cm). At the other end, the 20
eggs adhered directly to a piece of paper. The two groups of eggs were approximately 1
cm apart. After two hours, the females were removed, and the eggs of each treatment
were stored until the emergence of parasitoids, following the methodology proposed by
Vargas et al. (2017).

Thirty replications were performed for each treatment and each type of test. The
number of emerged parasitoids and the apparent parasitism (number of emerged/eggs

offered/*100) were evaluated.

2.2.4 Mortality of T. pretiosum

To evaluate the tobacco effect on mortality of adult females of T. pretiosum, the
same substrates of the parasitism bioassay with no chance of choice, were used. Mortality
was recorded every five minutes after the female came into contact with the treatments
for the two-hour interval. The evaluation was made using a stereoscopic microscope
(40x). Females that did not move with the touch of a brush were considered dead. Thirty

replications (females) were made for each treatment.

2.3 Data analysis
Insects considered nonresponsive were not used in the statistical analysis. A

binomial generalized linear model was fit to the parasitoid response with a linear predictor
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(treatment). The goodness-of-fit was evaluated using half-normal plots with a simulated
envelope using hnp package (Moral et al., 2017) in R (R Core Team, 2020). An analysis
of deviance was performed to assess the significance of the treatment (p <0.05).

Mean values of residence time in each arm of the multiple-choice olfactometry
were assessed by the Friedman test. Apparent parasitism means data were analyzed for
normality by D'Agostino test and homoscedasticity by Hartley's test. The assumptions of
ANOVA were met and therefore we decided to use the Tukey test. The survival curves
were compared with each other using the log rank test. The analyses were performed

using the software SPSS 22 (IBM Corp, 2013).

3. Results
3.1 Double-choice olfactometry

There were a large number of nonresponsive insects when comparing dry Burley
tobacco (A) and Virginia with more nicotine (B) to the control (ar), 80 and 71%,
respectively. These insects responded neither to tobacco nor to air. It was not possible to
reach a number of 40 responsive individuals in these treatments. Thus, they were excluded
from the statistical analyzes.

There was no difference in the percentage of responses of T. pretiosum females to
the odor of the dry Virginia tobacco with less nicotine when compared to the control (air)
(deviance residual = 1.806, p = 0.1789) (Fig. 1 C). When contrasting air with Virginia
tobacco seedlings, females were more responsive to fresh tobacco volatiles (deviance
residual = 30.839, p < 0.001) (Fig. 1 D).

When evaluating the substrates with the presence of eggs from the host E.
kuehniella or only from the eggs, the females of T. pretiosum were significantly more

responsive to the host's volatiles than to the control (air) (deviance residual = 10.011, p <



260

261

262

263

264

265
266
267
268
269
270
271

272
273

274
275
276
277
278

113

0,001) (Fig. 2 E). When comparing the different types of tobacco with or without the
presence of the host, females of T. pretiosum always preferred substrates infested with

eggs of E. kuehniella regardless of the type and class of tobacco (Fig. 2 F, G, H, I).

NR
Dry Virgima tobacco | ¢
’ ¢ 17 ]
(C) less nicotine n ()
Control (Awr)

Virginia tobacco

100 80 ol 40 20

) 20 40 (] 80 100

Y responses

Fig 1. Percentage of chemotactic responses of females of Trichogramma pretiosum
without parasitism experience evaluated for different types of tobacco in a double-choice
olfactometer (n = 40). The numbers in parentheses are the number of responsive or
nonresponsive (NR) insects to treatments. * indicate difference between treatments
according to chi-square test (p < 0.001) from deviance analysis with binomial generalized
linear model (GLM).
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Fig. 2. Percentage of chemotactic responses of females of Trichogramma pretiosum
without parasitism experience evaluated for different types of tobacco infested or not with
eggs of Ephestia kuehniella in a double-choice olfactometer (n = 40). The numbers in
parentheses are the number of responsive or nonresponsive (NR) insects to treatments. *
indicate difference between treatments according to chi-square test (p < 0.001) from
deviance analysis with binomial generalized linear model (GLM).
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3.2 Multiple-choice olfactometry

In the multiple-choice test, females of T. pretiosum spent the same time in the area
of the arm containing air (control) as in the areas of arms containing dry Burley tobacco
(Fn =0.2; DF = 3; p=0.9) and dry Virginia tobacco with more nicotine (Fn =4.3 ; DF =

3; p =0.2) (Fig. 3). There was no choice preference between treatments.

NR

Control (Air) 24.84 Drv Burley s
tobacco

Dry Virginia
28.83 tobacco (h
more nicotine

Control (A1)

0% 20% 40%% 6% 80% 100%%

Mean % time spend m odour fields

0 Control m Tobacco ®m Tobacco ® Tobacco

Fig. 3. Residence time (%) of females of Trichogramma pretiosum in the four arms of
the olfactometer (n = 40). The numbers in parentheses are the number of nonresponsive
(NR) insects. There was no significant difference (p > 0.05) according to the Friedman
test.
3.3 Apparent parasitism of T. pretiosum

In the assay with no choice, the average percentage of apparent parasitism of T.
pretiosum varied according to the surface on which the host's eggs adhered. There was no
difference in the mean number of parasitized eggs in the control and in green leaves of
Virginia tobacco (Fig. 4). Parasitism in eggs adhered to Virginia dry tobacco leaves with

less nicotine was significantly lower, with only one parasitoid emerging in both Burley

and Virginia dry tobacco with more nicotine (Fig. 4).
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30

20 [ ']

10
b

Average % of apparent parasitisin

* . I i |
0
Control Dry Burley tobacco  Dry Voguma Dry Virginia Green Virginm
tobacco - more tobacco - less tobacco leaf
nicoting nicotme

Fig. 4. Average percentage (+SE) of apparent parasitism of Trichogramma pretiosum
exposed to eggs of Ephestia kuehniella adhered to different surfaces. Control (white sheet
of paper) (n = 30). Different lower case letters differ between treatments (p < 0.05) by
Tukey test. * treatments excluded from the analysis since there was no variability, because
of adult female mortality.

In the double-choice tests, there was no significant difference in the number of
parasitized eggs between the host adhered to the green Virginia tobacco leaves versus the
paper (control) (Fig. 5). However, females showed a preference for parasitizing eggs
adhered to the paper (control) when exposed simultaneously to dry Virginia tobacco with
less nicotine concentration (Fig. 5). There was no parasitism in the eggs of E. kuehniella
adhered to dry leaves of Virginia tobacco with more nicotine, it parasitized the eggs only

in the control. For Burley tobacco there was no parasitism on any of the surfaces due to

the death of parasitoids (Fig. 5).
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Fig. 5. Average percentage (+SE) of apparent parasitism of Trichogramma pretiosum
exposed simultaneously to eggs of Ephestia kuehniella adhered to two different surfaces.
Control (white sheet of paper) (n = 30). Different lower case letters differ between
treatments (p < 0.05) by Tukey test. * treatments excluded from the analysis since there
was no variability, because of adult female mortality.
3.4 Mortality of T. pretiosum

Within two hours, there was no mortality of T. pretiosum in the control, which did
not differ from the green Virginia tobacco (Fig. 6). For dry tobacco types, there was an
increase in mortality over time. For Virginia with low and high concentrations of nicotine,
at the end of 120 minutes, only 40 and 20% of the parasitoids remained alive, respectively

(Fig. 6). The Burley tobacco caused the mortality of 100% of females of T. pretiosum in

just 15 minutes of exposure (Fig. 6).
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Fig. 6. Survival over time for adults of Trichogramma pretiosum exposed to eggs of
Ephestia kuehniella fixed on different surfaces. Control (white sheet of paper) (n = 30).
Different letters differ between treatments (p < 0.05) by Log rank test.
4. Discussion

The lack of attractiveness to dry Burley and Virginia tobacco with a high nicotine
content, recorded in the double-choice bioassay by females of T. pretiosum may be an
indication that nicotine can inhibit the response to other volatiles present in tobacco that
attract the parasitoid, despite being food for its hosts (Guedes and Costa, 2006; Lorini et
al., 2015). This may indicate that T. pretiosum is not adapted to the nicotine. Although
T. pretiosum parasitism has been reported on P. interpunctella, E. cautella and S.
cerealella eggs, it occurs in stored peanuts and corn (Brower and Press, 1990; Inoue,
1997), but not associated with tobacco.

The large number of nonresponsive insects recorded in tobacco treatments with a

high concentration of nicotine could also indicate a inhibition in behavior of T. pretiosum.
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On the other hand, in the multiple-choice arena the parasitoids had the same residence
time in the areas of the arms with dry tobacco, even in those with a higher concentration
of nicotine, as in air, showing that in this system, there was no repellent or attractive effect
of dry tobacco on females of T. pretiosum. It is possible that the odor of tobacco has
spread throughout the arena, making it difficult to distinguish sources of odor for females.
Perhaps the arena size was insufficient to assess the behavior, however, as we follow the
methodology proposed by Hassemer et al. (2015), we assume that the test is sufficient to
infer that, although there was no attractiveness in the double-choice olfactometer, the odor
does not repel the female from the parasitoid.

Unlike what we observed in the double-choice bioassays with dry tobacco in the
present study, the larval ectoparasitoid Habrobracon hebetor (Say) (Hymenoptera:
Braconidae), which also has E. kuehniella as a host, responded positively to chemical
signals from dry tobacco regardless of the amount of nicotine in leaves (Pezzini et al.,
2020), evidencing a greater adaptation to the stored tobacco/moth system, with a greater
success in parasitism by this species.

The attraction or not of females of T. pretiosum to the different types and classes
of dry or green tobacco may be associated with nicotine concentration in leaves. It is
known, as previously mentioned, that nicotine represents most of the alkaloids present in
tobacco leaves (Nolke et al., 2018) and that it is accumulated in leaf cell vacuoles and can
be exudated by trichomas in response to herbivory (Hildreth et al., 2011). This mechanism
is part of the plant's direct defense against herbivores and is known to be a type of
secondary defense metabolite (Leffingwell, 2001; Kessler and Baldwin, 2002). However,
the indirect defense, by attracting natural enemies, is known only to a few insects
associated with the system, such as the larval parasitoid H. hebetor that parasites moths

with E. kuehniella in stored tobacco (Pezzini et al, 2020).
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Unlike that observed in bioassays with dry tobacco, females of T. pretiosum were
responsive to green tobacco seedlings, possibly by the present substances, such as
terpenes and almost absence of nicotine. Plants can respond to feeding or egg deposition
by herbivorous by changing the volatile blend that they emit. These volatiles can attract
parasitoids, a phenomenon that is called indirect plant defense (Mumm and Dicke, 2010).
Elevated CO:2 levels can also result in higher or lower concentrations of defensive
secondary metabolites (Valkama et al., 2007). Furthermore, the accumulation of nicotine
in the tobacco plant increases at the final stage of growth, especially after the removal of
the stem apex (Shi et al., 2006; Wang et al., 2008). In addition, when starting to harvest
lower leaves, there is also an increase in the concentration of this alkaloid in the
intermediate and upper leaves of the plant, indicating that nicotine synthesis may be
affected by a response to mechanical injuries (Rodgman and Perfetti, 2013). This may
explain why T. pretiosum females were attracted to tobacco seedlings and not to dry
tobacco.

Since nicotine is toxic to most herbivores, natural enemies, especially generalists,
should not respond to the plant's volatiles precisely because they recognize that in this
plant, there may be no prey or hosts. The examples of the action of natural enemies in the
tobacco system are restricted to certain groups such as the Reduviidae Cosmoclopius spp.,
which feed on tobacco bugs, aphids, and fleas, with a strict population relationship with
plants (Jahnke et al., 2002). Trichogramma pretiosum, on the other hand, is a generalist
parasitoid of lepidopteran eggs (Pizzol et al., 2012); therefore, one should expect that it
does not respond as well to plants with a higher concentration of nicotine.

On the other hand, in addition to the volatiles of plants or substrates of the host,
the orientation of the parasitoids can occur towards chemical clues derived from the host's

eggs (Vinson, 1998). As expected, the females of T. pretiosum were responsive to eggs
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of E. kuehniella even with the presence of different types and classes of dry or green
tobacco. This relationship is directly associated with organisms' endocrine, physiological,
and behavioral factors (Vinson, 1984). However, host eggs generally emit only small
amounts of volatiles and are therefore useful as short-distance clues. For this reason, egg
parasitoids usually first explore chemical clues from other sources to locate the host
(Pefiaflor et al., 2011).

Females parasitized the host's eggs that adhered to the paper (control) and to
tobacco seedlings. This happens despite the presence of trichomes on leaves, which may
affect walking speed, propensity to fly, parasitism rate, and parasitoid survival (Olson and
Andow, 2006). Plant structural complexity and leaf surface features may also affect
parasitoid attack efficiency and host egg handling time (Reay-Jones et al., 2006), thus egg
parasitoids may spend more time and experience more difficulty foraging on tobacco
plants. The percentages of Helicoverpa assulta Guenée (Lepidoptera: Noctuidae) eggs
parasitized by Trichogramma dendrolimi Matsumura and Trichogramma chilonis Ishii
(Hymenoptera: Trichogrammatidae) on tobacco plants was 10 and 1%, respectively (Hou
et al., 2006).

On the other hand, the parasitism was significantly lower or absent in E.
kuehniella eggs attached to dry tobacco, regardless of bioassays with or without a choice.
A low level of parasitism occurred due to the mortality of parasitoids a few minutes after
coming into direct contact with dry tobacco, especially in types and classes with more
nicotine. Although T. pretiosum females responded positively to the host's egg volatiles,
even with the presence of dry tobacco, when it came into direct contact with the substrate,
there was no parasitism, which was possibly due to the toxic action of nicotine.

The increase in the parasitism index in the double-choice experiment, in relation

to the simple-choice, may be related to the distribution and eggs’ density. In the simple-
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choice, there was a mass of 40 eggs, while in the double-choice the eggs were distributed
in two masses. It is known that parasitoids respond to the different densities of their hosts,
as verified by Li and Henderson (1993) for Trichogramma sp. in which there was an
increase in the functional response up to 20 eggs, then stabilizing up to 30 eggs. It is also
known that for some parasitoids the rates of parasitism are inversely dependent on high
densities (Vargas and Nishida, 1982). So, it is possible that, with a larger number of eggs
in the same mass, the time for inspection and recognition of the eggs has increased, since
the time for each of these behaviors is related to the increase in the number of parasitized
eggs (Zuimet al., 2017).

The nicotine in tobacco is described as an insect repellent and is often used as an
insecticide (Moratore et al., 2009; Jacomini et al., 2016). This substance, as well as the
insecticides of the neonicotinoid group, act as competitive modulators of acetylcholine
nicotinic receptors and have a rapid effect, leading to hyperexcitation of the nervous
system, and this can be fatal for many insects (Kessler and Baldwin, 2002; Reigart and
Roberts 2013; Silva et al., 2017), which explains the mortality that occurred in our study.
From the results obtained, T. pretiosum should not be considered a choice as a biological
pest control agent in warehouses with stored tobacco, principally by the action of nicotine
in the mortality of parasitoids. On the other hand, in open field conditions, during plant
growth, its use may be feasible, since the accumulation of nicotine in the plant occurs
only at the end of its development. However, further field studies are needed to prove this

hypothesis.
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Resumo

Durante o periodo de armazenagem do tabaco seco e seus derivados, existem
insetos praga que causam danos ao produto, como espéecies de Ephestia Guenée
(Lepidoptera: Pyralidae), conhecidas popularmente como tracas e que tem sido
controlada principalmente com préticas fisicas e produtos quimicos sintéticos, entretanto
com limitagdes no uso e resultados. Alguns agentes de controle bioldgico, como o
parasitoide Habrobracon hebetor (Say) (Hymenoptera: Braconidae), apresentam
potencial para controle destas pragas. Este estudo objetivou avaliar o efeito da liberagédo
de H. hebetor infestacdo de Ephestia spp. em ambientes de armazenamento de tabaco.
Foram realizadas liberacGes de parasitoides em paidis/galpdes em produtores de tabaco e
armazens na industria (CL), entre 2016-2018, compreendendo dois anos/safras. Cada
liberacdo foi constituida de aproximadamente 1.000 parasitoides em galpGes de
produtores (70 m?) e 30.000 nos armazéns da industria (8.000 m?). Foram utilizadas
armadilhas adesivas com feromonio sexual para monitorar semanalmente o numero
médio de adultos de Ephestia spp. nos ambientes com e sem liberagdo do parasitoide
(SL). O numero médio de adultos de Ephestia spp. capturados nas armadilhas nos
ambientes CL em nivel de produtor e industria, foram significativamente menores do que
naqueles SL a partir da terceira e quinta semanas. Nas semanas seguintes, as médias de
Ephestia spp. foram sempre significativamente menores nos locais CL até o final do
monitoramento. Portanto, o uso de H. hebetor para controle de tracas deve ser considerada
como parte de um programa de manejo integrado de pragas em ambientes com tabaco

estocado.

PALAVRAS-CHAVE: Manejo integrado de pragas; pos-colheita; parasitoide, traga-do-

tabaco
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1. Introducgéo

O Brasil € o maior exportador de tabaco (Nicotiana tabacum L.) em folha na
atualidade e o segundo maior pais produtor, atras apenas da China (Kist et al., 2019; Kist
et al., 2020). A cultura apresenta grande importancia econdémica, devido ao elevado valor
comercial e a capacidade de empregar um grande nimero de pessoas, tanto no cultivo,
como na industrializacdo (Kist et al., 2014; Mendes et al., 2015). No Brasil, é plantado
principalmente na Regido Sul e o estado do Rio Grande do Sul possui as maiores areas
de cultivo com 127 mil hectares (Kist et al., 2020).

Desde a producdo das mudas até a pds-colheita do tabaco, ha um conjunto de
patdgenos e insetos que atacam a cultura, causando perdas na producdo, no rendimento e
na qualidade (Edde, 2018). Durante o periodo de armazenamento do tabaco existem dois
grupos de insetos que causam danos expressivos, 0 besouro-do-fumo Lasioderma
serricorne Fabricius (Coleoptera: Ptinidae) e as tracas Ephestia elutella (Hubner) (traca-
do-tabaco), Ephestia kuehniella (Zeller) (traca-das-farinhas), Ephestia cautella (Walker)
(traca-do-cacau) e Plodia interpunctella (Hubner) (traca-indiana-da-farinha)
(Lepidoptera: Pyralidae) (Krsteska and Stojanoski, 2013; Krsteska, 2014). As especies de
tracas ocorrem em conjunto, porém, em diferentes proporcdes, conforme a regido e sua
identificacdo é complexa, pois s@o espeécies cripticas (Slone and Burrack, 2016).

Apesar dos danos causados por insetos durante o armazenamento serem elevados,
é dificil quantifica-los, sendo que na cultura do tabaco, estima-se que aproximadamente
3% da producéo € perdida devido a presenca destes na armazenagem (Li and Yu, 1993;
Carvalho et al., 2003). Os métodos atualmente utilizados no controle desses insetos praga
sdo restritos, baseando-se, de forma geral, na utilizacdo de inseticidas quimicos, que séo
altamente tdxicos ao ser humano e ao meio ambiente (Daglish et al., 2018; Sabbour,

2020). No Brasil, somente a fosfina (fosfeto de aluminio ou magnésio) esta autorizada
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para ser utilizada como produto fitossanitario no controle destas pragas em armazens com
tabaco estocado (AGROFIT, 2021).

Com isso, eleva-se a necessidade de desenvolver novas tecnologias para serem
adotadas como estratégias de manejo. O controle bioldgico aumentativo é um exemplo,
no qual utilizam-se inimigos naturais como parasitoides para diminuir populacdes de
organismos que sao considerados pragas em sistemas agricolas (Scholler et al., 2018). Os
inimigos naturais de produtos armazenados podem oferecer vantagens em relagdo aos
tratamentos quimicos tradicionais. Os parasitoides, por exemplo, continuam se
reproduzindo enquanto seus hospedeiros estdo disponiveis e podem ser liberados em
pontos especificos e se espalhar ativamente para encontrar o alvo em locais escondidos
(Soares et al., 2009). Isso porque, muitas vezes, as tracas podem se desenvolver na poeira
acumulada nos cantos e fendas de instalagcbes de armazenamento ou processamento de
alimentos de dificil acesso para limpeza (Castafié et al., 2018).

Dentre as espécies que tém potencial como agentes de biocontrole destaca-se o
ectoparasitoide larval Habrobracon hebetor (Say) (Hymenoptera: Braconidae) (Mbata
and Warsi, 2019). Esta espécie tem se mostrado promissora em experimentos de
laboratdrio no controle de varias tracas praga presentes em diferentes ambientes com
produtos armazenados (Ghimire and Phillips, 2014; Farag et al., 2015; Ou et al., 2020).

A eficiéncia no controle desta espécie ja foi avaliada sobre varias tracas em
diferentes produtos e ambientes de armazenamento, de forma isolada ou em combinagéo
com outros parasitoides, considerando o parasitismo, insetos praga adultos capturados em
armadilhas, forma de liberacdo e capacidade de busca (Belda and Riudavets, 2013;
Castarié et al., 2018). Existem estudos da utilizacdo da espécie em trigo a granel (Press et

al., 1982; Adarkwah and Schéller, 2012), amendoim a granel (Brower and Press, 1990),
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fuba e arroz embalados (Cline et al., 1984; Adarkwah et al., 2014), padarias e moinhos
(Prozel and Schéller 2003) e fabricas de chocolate (Trematerra et al., 2016).

No tabaco armazenado ha o registro do parasitoide H. hebetor, parasitando larvas
de Ephestia spp. (Parra, 2014). Em laboratdrio, sabe-se que, H hebetor parasita larvas de
quinto instar de E. kuehniela alimentadas em dieta com tabaco (Pezzini et al., 2020a) e
que é traido pelos odores de diferentes tipos de tabaco (Pezzini et al., 2020b). No entanto,
existe uma caréncia de informacdes sobre a capacidade de controle das pragas alvo nos
ambientes em que o tabaco fica armazenado. Assim este estudo objetivou avaliar o efeito
da liberacdo de H. hebetor na infestacdo de Ephestia spp. Guenée (Lepidoptera:

Pyralidae) em ambientes de armazenamento de tabaco em nivel de produtor e industria.

2. Material e métodos
2. 1 Multiplicacéao do parasitoide

A multiplicagéo de H. hebetor foi feita em recipientes plasticos, contendo larvas
de dltimo instar de E. kuehniella em meio a dieta de criagdo do hospedeiro (97% farinha
de trigo e 3% levedo de cerveja). Utilizou-se recipientes de tamanhos diferente para as
liberagdes: 10 cm de altura x 10 cm de didmetro para liberagdes nas propriedades
produtoras de tabaco (com aproximadamente 500 parasitoides); 12 cm de altura x 16 cm
de largura e comprimento (com aproximadamente 2.000 parasitoides) para liberacGes nos
armazens da inddstria de tabaco. Isto porque o numero de parasitoides liberado nos
ambientes foi diferente, conforme o volume de tabaco estocado. A razdo sexual era 0,7.
A partir do inicio da emergéncia dos parasitoides, estes foram transportados até os locais

de liberagéo.
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2.2 Liberagdo em paiois/galpdes de produtores

Foram selecionados 22 produtores de tabaco tipo Virginia com histérico de
problema com infestacdes de Ephestia spp., associados a empresa JTI (Japan Tobacco
International) em locais de grande producdo de tabaco, nos municipios de Arroio do
Tigre, Novo Cabrais, Paraiso do Sul e Sobradinho, em um raio de 25 km, na regiéo central
do Rio Grande do Sul. O tamanho médio dos paiois/galpdes foi de 70 m? com capacidade
média de 5,3 toneladas de tabaco estocados ao final da safra. Os paiois/galpdes sdo, de
modo geral, estruturas de madeira, sem fechamento hermético, no qual transitam os
produtores para armazenar e selecionar o tabaco apds a cura, permanecendo em
temperatura ambiente e sem controle de umidade. N&o foram utilizados 0s mesmos
paidis/galpdes nas distintas safras.

Em cada paiol/galpdo foram realizadas quatro liberag6es de H. hebetor ao longo
da safra, sendo a primeira no momento em que os primeiros fardos (aproximadamente
700 kg de tabaco seco) foram armazenados no local. As demais foram feitas com intervalo
de duas a trés semanas entre elas. Cada liberacdo foi constituida de dois recipientes com
parasitoides. Dentro do paiol/galpdo os recipientes com parasitoides foram abertos e
dispostos sobre as pilhas de tabaco, a uma altura média de 1,8 metros, em dois pontos
distintos. Os recipientes permaneceram no local até a proxima liberacdo, quando eram
recolhidos.

O monitoramento de Ephestia spp. dentro dos paidis/galpdes foi feito com o uso
de armadilhas adesivas com pastilha de feromonio sexual Gachon® (Acetato de (Z,E)-
9,12-tetradecadienil). Este iniciou uma semana antes da primeira liberagéo de H. hebetor,
para verificar a infestacdo inicial de adultos de Ephestia spp. seguindo até quando o

produtor iniciou a comercializagdo do tabaco com as empresas do setor fumageiro.
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Conforme o fabricante, para 0 monitoramento é recomendado uma armadilha para
cada 300 m? (AGROFIT, 2021). Portanto, em cada paiol/galpdo foi utilizada uma
armadilha semanalmente, que era sempre instalada na segunda-feira e permanecia
exposta por 48 horas, sendo retirada na quarta-feira da mesma semana. A armadilha foi
instalada em uma parede a uma altura de dois metros, sendo que os proprios produtores
foram orientados a fazer a troca semanal, sendo preservada em embalagem fechada. Na
safra 2016/2017 o monitoramento foi de 12/12/2016 a 22/03/2017 e, na safra 2017/2018
entre 11/12/2017 e 21/03/2018, totalizando 15 semanas por safra.

O delineamento experimental foi constituido por 16 paidis/galpdes (produtores),
selecionados aleatoriamente para a liberacéo de H. hebetor (CL) e seis paiodis/galpdes nos
quais ndo foram liberados parasitoides, constituindo-se o controle (SL). Cada paiol foi

considerado uma réplica semanalmente.

2.3 Liberacdo em armazéns na industria

A empresa JTI disponibilizou dois depositos de tabaco cru tipo Virginia (produto
néo processado) localizados no municipio de Santa Cruz do Sul para fazer o experimento.
Cada ambiente possuia area de aproximadamente 8.000 m? e capacidade de armazenar
5,5 mil toneladas de tabaco. O volume de tabaco que havia estocado dentro dos armazens
durante as safras aumentou conforme realizada a compra dos produtos (Fig. 1).

A metodologia de liberacdo e monitoramento aplicado foi similar a utilizada nos
produtores de tabaco. Foram realizadas cinco liberagdes ao longo de cada safra, sendo a
primeira quando a empresa iniciou a compra do tabaco dos produtores e as demais, com
intervalo de duas a trés semanas entre elas. Cada liberacdo foi constituida de 15

recipientes com parasitoides.
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Fig. 1. Quantidade média (+ erro padrdo) de tabaco armazenado por metro quadrado
dentro dos dois armazéns ao longo das semanas durante as safras 2016-2017 e 2017-2018.

Devido a circulagao de empilhadeiras dentro do armazém, os recipientes com 0s
parasitoides adultos foram abertos e dispostos no chao, em linha, proximos a uma parede
lateral, com distancia de oito metros entre cada recipiente, permanecendo no local até a
data da proxima liberacao, quando eram recolhidos.

O monitoramento de adultos de Ephestia spp. foi feito semanalmente com 10
armadilhas, descritas no tépico anterior (2.2), em cada depdsito, a uma altura de dois
metros. No armazém onde ocorreram as liberagdes, as armadilhas foram dispostas na
mesma parede onde foi realiza a liberacdo, com distancia de dez metros entre cada
armadilha. As armadilhas ficavam expostas semanalmente por 48 horas. O
monitoramento das tracgas iniciou uma semana antes da primeira liberacdo de H. hebetor
para verificar a infestagdo inicial e seguiu até 0 momento que iniciou o processamento e
beneficiamento do tabaco. Na safra 2016/2017 o monitoramento foi entre 13/03/2017 e
05/07/2017 e na safra seguinte, 2017/2018 entre 19/03/2018 e 11/07/2018, completando

17 semanas por safra.
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O delineamento experimental contou com um armazém no qual foram feitas as
liberacdes dos parasitoide (CL) e outro, como controle, sem liberacGes (SL). Cada

armadilha foi considerada uma pseudoréplica com 10 repeti¢cdes semanais.

2.4 Andlise dos dados

Os dados médios obtidos foram avaliados quanto a normalidade pelo teste de
Shapiro-Wilk, a homocedasticidade pelo teste de Hartley e a independéncia dos residuos
por analise grafica. As médias de captura de adultos de Ephestia spp. nos ambientes com
e sem liberagdo de H. hebetor por armadilha, foram comparados pelo teste t. Para
relacionar o volume de tabaco armazenado na industria com nimero medio de insetos
capturados ao longo das semanas, foi utilizado o teste de correlacdo de Pearson seguindo
de uma regressdo de poténcia. A analise foi efetuada utilizando-se o programa Bioestat

5.0® (Ayres et al., 2007), ao nivel de significancia de 5%.

3. Resultados

O numero médio de adultos de Ephestia spp. capturados nas armadilhas nos
paidis/galpdes com liberacdo de H. hebetor em nivel de produtor, foi significativamente
menor do que os dos locais sem liberacdo, a partir da terceira semana, na primeira safra.
Na segunda safra, essa diferenga ocorreu a partir da quinta semana (Fig. 2AB). Nas
semanas subsequentes, em ambas as safras, as médias de Ephestia spp. foram sempre
significativamente maiores nos paiois/galpdes sem liberacdo do parasitoide, sendo que 0s
valores continuaram aumentando até o final do monitoramento (Fig. 2AB).

No monitoramento nos armazéns na industria, 0 nimero médio de capturas de
Ephestia spp. foi significativamente menor a partir da terceira semana, no ambiente com

liberacdo de H. hebetor, na safra 2016/2017 (Fig. 3A). No armazém testemunha, sem a
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liberacéo de parasitoides, a populagéo da traca continuou crescendo e apresentou um pico
na séetima semana (Fig. 3A). Na safra 2017/2018, a diferenca significativa na média
capturas de Ephestia spp. ocorreu a partir da quarta semana de amostragem (Fig. 3B). O
pico de insetos capturados por armadilha no armazém testemunha foi na sexta semana
(Fig. 3B).

Na safra 2016/2017, houve uma correlacdo positiva entre o volume de tabaco
armazenado na industria e o nimero médio de adultos de Ephestia spp. capturados por
armadilha a cada semana no ambiente sem liberacdo de H. hebetor (Fig. 4), sendo que
60% dessa variacao pode ser explicada pela relacéo entre o volume de tabaco e o nimero
de insetos capturados. Por outro lado, no ambiente com liberacdo dos parasitoides néo
houve correlacdo entre esses parametros (p>0,05). Na safra 2017/2018, entretanto, tanto
no armazém com liberacdo, como no sem, ndo houve correlacdo entre volume de tabaco

estocado e o nimero médio de insetos capturados por armadilha (p>0,05).
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Fig. 2. Numero médio (x erro padrdo) de adultos de Ephestia spp. por armadilha
capturados em paidis/galpdes de produtores de tabaco, com (16 paidis) e sem liberagédo
(6 paitis) de Habrobracon hebetor a cada semana (setas indicam quando ocorreu cada
liberacdo = 1.000 parasitoides) nas trés safras (A - 2016/2017 e B - 2017/2018). Barras
com asterisco diferem significativamente entre os tratamentos pelo teste t (p<0,05).



227

228
229
230
231
232

142

2001 A (2016/2017)
mm Ambiente com liberagdo
175 == Ambiente sem libera¢do
-
o
»
15 16 17
200 ,
B (2017/2018) .
- z
=175 .
b -
E 150 . T = .
Z 100 I i } hoe %
T‘_’ e
R~ =
3 75 4 {
2
3z 50 i
=
=L 1l |
0 L] L L 2 L L] A a_i.- a Ll 2
| 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17
Semanas

Fig. 3. Numero médio (x erro padrdo) de adultos de Ephestia spp. por armadilha
capturados em dois armazéns na industria, com e sem liberacdo de Habrobracon hebetor
a cada semana (setas indicam quando ocorreu cada liberagdo = 30.000 parasitoides) nas
duas safras (A - 2016/2017 e B - 2017/2018). Barras com asterisco diferem
significativamente entre os tratamentos pelo teste t (p<0,05).
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Fig. 4. Correlagdo entre o volume de tabaco armazenado e niUmero médio de adultos de
Ephestia spp. capturados por armadilha a cada semana nos armazéns com e sem liberacao
de Habrobracon hebetor na industria durante a safra 2016/2017.
4. Discusséo

O aumento no numero de individuos capturados nas armadilhas nos paiois/galpbes
dos produtores ao longo das semanas ocorreu pois, 0 volume de tabaco dentro dos
ambientes de armazenagem foi aumentando gradativamente ao longo da safra, conforme
era feita a colheita e cura do tabaco. Esse aumento da densidade das pragas € esperado
em ambientes de armazenamento, ja que o volume de produto, crescendo, disponibiliza
maiores recursos alimentares aos insetos (Jian and Jayas, 2012). Além disso, com a maior
quantidade de produto disponivel, hd& um aumento de pistas quimicas que atraem mais
insetos, somada a reproducédo que ocorre no proprio local (Anukiruthika et al., 2021).
Apesar disso, 0 aumento do numero de individuos de Ephestia spp. capturados nas
armadilhas de feromonio foi significativamente menor nos ambientes com a liberagdo de
H. hebetor, mostrando que o parasitoide pode frear o crescimento das populacdes destas

tracas, mesmo em nivel de produtor.
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Nos armazens da industria, durante a primeira safra, observou-se uma correlacéo
positiva entre o volume de tabaco estocado e insetos capturados por armadilha no local
sem liberacdo. Por outro lado, no ambiente com liberacdo de H. hebetor ndo houve essa
correlacdo, possivelmente porque a populacdo de Ephestia spp. estava sendo controlada
pelo parasitoide e ndo permitiu que houvesse um aumento na incidéncia de insetos. Na
safra seguinte, ndo foi observada uma correlagdo entre o volume e Ephestia spp.
capturados no local sem liberacdo, o que pode ter ocorrido pelo fato de que, dentro da
inddstria, havia um fluxo continuo de entrada e saida de tabaco nos armazéns, conforme
era feita a compra e beneficiando do produto, ndo sendo um estoque estatico. Além disso,
0 volume de tabaco armazenado no final da safra era menor em comparagao ao primeiro
ano.

Durante o periodo de armazenamento, varios sdo os fatores que podem influenciar
na flutuacdo populacional de insetos, como € o caso da tolerancia condigdes ambientais
de temperatura, umidade e luz, quantidade e qualidade da fonte alimentar, entre outros
(Nascimento, 2011; Jian and Jayas, 2012). Entretanto, estes aspectos ndo foram avaliados
no presente estudo. Além disso, a procedéncia do tabaco que chega a industria ndo tem a
mesma regularidade de uma safra para outra, podendo vir de distintos produtores ou
regides, com qualidade superior ou inferior, 0 que interfere na infestagdo dos insetos no
armazem.

Possivelmente o tabaco que entrava na empresa ja vinha infestado do produtor,
com Ephestia spp., visto que Collins and Hawks (2011) e Deng et al. (2018) registram a
ocorréncia das tracas em propriedades rurais. Como H. hebetor parasita a fase larval das
tracas (Mbata and Warsi, 2019), mesmo depois dos parasitoides liberados no armazém da
industria, aquelas tracas que vinham do produtor e j& estavam na fase de pupa, emergiam

e eram capturadas nas armadilhas. Por esta razao registrou-se esta oscilacdo de individuos
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conforme a quantidade de estoque de tabaco. Desse modo podemaos inferir que H. hebetor
ndo resguarda a infestacao ja presente nos produtos armazenados, no entanto, ira prevenir
0 aumento destas, reduzindo a proxima geracéo de tracas (Grieshop et al., 2006). Portanto,
para que a supressdo adequada de Ephestia spp. ocorra, as liberacGes devem ser feitas o
mais cedo possivel, para que os parasitoides tenham chance de controlar as populacbes
da traca antes que atinjam o nivel de acéo.

De forma semelhante a registrada nos paiois/galpdes de produtores, apesar da
flutuacdo, o nimero de individuos capturados foi significativamente menor no ambiente
com liberagcdo do parasitoide, a partir da terceira e quarta semanas, indicando que a
espécie consegue realizar o controle da populacdo da praga nestes ambientes. A
efetividade de H. hebetor tem sido registrada na Europa, especialmente em combinagéo
com Trichogramma evanescens Westwood (Hymenoptera: Trichogrammatidae) para
controlar E. kuehniella e P. interpunctella na Alemanha (Prozel and Scholler 2003) e
Italia (Trematerra et al. 2016).

De fato, o potencial de H. hebetor para controlar tragas ja havia sido registrada,
como no trabalho de Trematerra et al. (2016), para o controle de P. interpunctella em
liberagdes dentro de uma fabrica de chocolate durante quatro anos. Os autores observaram
que a acao de H. hebetor reduziu o nimero de adultos de P. interpunctella capturado nas
armadilhas de feromonio dentro da fabrica. Adarkwah and Schéller, 2012, avaliaram a
capacidade de parasitismo de H. hebetor em larvas de P. interpunctella em trigo
armazenado a granel e verificaram parasitismo entre 50 e 80% das larvas de acordo com
a densidade de parasitoides liberados. A supressdo da populacdo de P. interpunctellae E.
cautella por H. hebetor também foi registrada em armazéns de amendoim, sendo de 60 e

90%, respectivamente.
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No Brasil, o uso de parasitoides em instalacbes de armazenamento ou
processamento é ainda incipiente. Existe o registro da utilizacdo de H. hebetor para
controlar E. elutella em cerca de 1.500 galpdes/armazéns de tabaco no Brasil (Parra
2014). No entanto, o autor apenas relata a utilizagdo, sem informar dados referentes a
naumero, época, intervalo de liberacdo, dose ou eficiéncia de controle. Nosso estudo
detalha estas informacgdes com o registro da aplicacdo préatica do uso de H. hebetor em
liberacGes inundativas no armazenamento do tabaco, demostrando o potencial da espécie
para o controle das tragas.

A utilizacdo de parasitoides em ambientes de pds-colheita apresenta uma série de
desafios, sendo que no armazenamento do tabaco, existe mais um obstaculo. A nicotina
presente no tabaco € descrita como repelente para insetos e usada, muitas vezes, como
inseticida (Moratore et al., 2009; Jacomini et al., 2016; Ou et al., 2019). Essa substancia,
assim como os inseticidas do grupo dos neonicotindides, atuam como moduladores
competitivos de receptores nicotinicos da acetilcolina e tem efeito rapido levando a
hiperexcitacdo do sistema nervoso, podendo ser fatal para muitos insetos (Kessler and
Baldwin, 2002; Reigart and Roberts 2013). Apesar disso, neste trabalho observamos que
H. hebetor consegue se estabelecer em locais de armazenamento de tabaco e atuar no
controle das pragas associadas, sem que seja repelido, indicando uma adaptacdo ao
ambiente que, para outros organismos, mostra-se toxico. Esta adaptacdo ja foi
comprovada em estudo que mostrou que H. hebetor apresentou uma resposta
quimiotaxica positiva, respondendo a odores de diferentes tipos de tabaco, especialmente
ao Virginia (Pezzini, et al, 2020b). Também, H. hebetor é capaz de se reproduzir e se
desenvolver no hospedeiro criado em dieta contendo tabaco (Pezzini et al., 2020a), assim,

embora a prole oriunda daquelas fémeas liberadas ndo tenha sido estudada no presente
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estudo, é possivel que haja emergéncia da prole e a segunda geracdo possa reforcar o
controle das populag6es alvos nos galpdes.

Embora H. hebetor seja comercializado em alguns paises, apenas poucas empresas
vendem esta espécie de parasitoide, existindo exemplos de sucesso somente em pequena
escala (Castafié et al., 2018). Apesar do grande potencial da espécie demonstrada em
nosso estudo, um dos entraves para 0 uso de parasitoides em ambientes de
armazenamento é que 0s inimigos naturais podem ser considerados como um tipo de
contaminante presente no local (Cox and Wilkin, 1996). Porém, em alguns paises ja existe
uma legislacao especifica sobre isso, como nos Estados Unidos, que permitiu a liberagdo
aumentativa de insetos benéficos em produtos armazenados, sendo que todos os géneros
de parasitoides e predadores comumente conhecidos por controlar insetos praga de
produtos armazenados foram isentos pela Environmental Protection Agency (EPA) de
um requisito de tolerancia em gréos inteiros armazenados e alimentos embalados em
armazens, desde que os insetos ndo se tornem um componente do alimento (Flinn and
Hagstrum, 2001). Além disso, conforme os mesmos autores, foi demonstrado que 0s
fragmentos de insetos praga foram reduzidos em gréos tratados com parasitoides. Durante
0 processamento do tabaco, especificamente, o produto passa por varias peneiras e fluxos
de ar que retiram pequena particulas estranhas que possam estar presentes (Graudejus and
Briem, 1994), esta tecnica pode também retirar insetos mortos ou fragmentos do produto
que esta sendo processado.

Embora a liberacdo de parasitoides em ambientes de armazenamento, em si seja
facil e ndo exija trabalhadores qualificados, as decisdes sobre quando e onde liberar ndo
0 sdo. Como em qualquer outra técnica de controle, a situacdo do armazém deve ser
analisada e as etapas de armazenamento ou processamento previstas devem ser levadas

em consideracdo. Além disso, um sistema de manejo integrado de pragas na pds-colheita
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deve compreende diferentes estratégias, como higiene, métodos tecnoldgicos e
biotecnologicos, controle fisico, quimico e bioldgico. Essas técnicas devem ser
harmonizadas de forma a conceder a protecdo da saide humana e do meio ambiente

juntamente com um controle eficiente das pragas.

5. Concluséao

A quantidade e numero de liberacbes de H. hebetor desde o inicio do
armazenamento do tabaco em paidis/galpbes de produtores de tabaco e armazéns na
indUstria, mostrou que o parasitoide foi eficaz para controlar a populacdo de adultos de
Ephestia spp nestas condi¢des. Portanto, essa técnica deve ser considerada como parte de

um programa de manejo integrado de pragas na pés-colheita.
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7 CONSIDERACOES FINAIS

Considerando os resultados obtidos, nas condi¢fes estudadas, constatou-se que
mesmo insetos que sdo considerados praga na cultura do tabaco, como as tragas, podem
ser afetados pela nicotina, em diferentes proporcbes. Pensando na multiplicacdo de
parasitoides em larga escala sobre E. kuehniella, a dieta sem tabaco é a mais indicada
para a criagdo do hospedeiro, tanto, para H. hebetor quanto para T. pretiosum. Isso
porgue, em maiores dosagens, o tabaco influencia negativamente o desenvolvimento e
viabilidade da traca e, mesmo em doses menores, pode alterar alguns comportamento e
percentual de sucesso do parasitismo.

Neste sentido, H. hebetor parece ser mais adaptado ao tabaco seco, pois ndo foi
afetado pela nicotina na proporcdo avaliada. Diferente do parasitoide de ovos, T.
pretiosum, que teve um parasitismo eficiente somente em mudas vivas e ndo em tabaco
seco. De forma complementar, a experiéncia prévia com o odor do hospedeiro, pode
proporcionar, de forma mais rapida e eficaz, o encontro entre o parasitoide larval H.
hebetor e o hospedeiro alvo.

Os resultados parecem apontar para o uso de H. hebetor em armazenamento e
limitar o uso de T. pretiosum ao controle biol6gico somente em campo, antes da colheita.
Portanto, sugere-se que programas de controle bioldgico envolvam estudos determinando
a liberacdo de parasitoides que ndo sejam suscetiveis a compostos toxicos como a

nicotina, para se obter um melhor controle.
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O sucesso de H. hebetor no controle de Ephestia spp. em libera¢bes inundativas
no armazenamento do tabaco seco no Brasil, é registrado, pela primeira vez neste estudo
e demostra o potencial da espécie para o controle das tracas, abrindo novas ideias e

oportunidades na aplicabilidade de parasitoides nestes ambientes de producéo.



