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INFLUENCIA DE SEMIOQUIMICOS DE Grapholita molesta (BUSCK)
(LEPIDOPTERA: TORTRICIDAE) NA QUIMIOTAXIA, NO
PARASITISMO E APRENDIZADO DE Trichogramma pretiosum (RILEY)
(HYMENOPTERA: TRICHOGRAMMATIDAE)1
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Coorientador: Josué Sant’ Ana

RESUMO

Trichogramma pretiosum (Riley) € um parasitoide de ovos de lepidopteros,
amplamente utilizado no controle biol6gico e que se orienta principalmente por
pistas quimicas. Esta espécie ja foi constatada parasitando ovos de Grapholita
molesta (Busck), importante praga de rosaceas e, para qual, o feroménio sexual é
empregado no monitoramento e controle. Este trabalho avaliou a influéncia de
semioquimicos sexuais de G. molesta nas respostas quimiotaxicas e no parasitismo
por T. pretiosum bem como a aprendizagem aos volateis de ovos deste herbivoro. A
resposta quimiotéxica de machos e fémeas copulados de T. pretiosum com 24, 48,
72 e 96 horas de idade foi registrada em olfatdmetro, contrastando-se 10 uL da
mistura feromonal sintética de G. molesta (0.001%) com o mesmo volume do
solvente hexano (controle), também se avaliou a quimiotaxia de fémeas de T.
pretiosum nas mesmas idades, aos volateis dos ovos, com e sem experiéncia nos
mesmos. A preferéncia de parasitismo foi registrada em fémeas das quatro idades
expondo-as individualmente a duas cartelas de ovos de G. molesta, lavados ou ndo
lavados, sendo que em uma foi adicionado 10 pL da solucdo feromonal (0.001%) e
na outra hexano. Também se avaliou o parasitismo, em ovos lavados ou ndo, em
fémeas de todas as idades, com e sem experiéncia. Fémeas de T. pretiosum com até
72 h de idade foram mais atraidas pelo feromoénio de G. molesta enquanto os
machos, independentemente da idade, ndo responderam a este. O percentual de
fémeas inexperientes que se direcionou para ovos lavados ou ndo, foi semelhante
em todas as idades, porém quando experientes todas preferiram os ndo lavados. A
presenca do feromonio incrementou o parasitismo em fémeas de 72 h. Quando sem
experiéncia em ovos, o parasitismo s6 nao diferiu nas de 24 h, as demais preferiram
os ovos lavados. Este comportamento foi alterado apds a experiéncia em ovos,
sendo o parasitismo superior em ovos ndo lavados, em fémeas de todas idades. O
estudo mostrou que fémeas de T. pretiosum reconhecem de forma inata o
feromdnio de G. molesta e que a idade influencia na quimiotaxia e no parasitismo.
Além disso, T. pretiosum mostrou capacidade de aprendizagem a volateis de ovos
deste herbivoro.

Dissertacdo de mestrado em Fitotecnia, Faculdade de Agronomia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (71f.) Fevereiro, 2019.
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INFLUENCE OF SEMIOCHEMICALS OF Grapholita molesta (BUSCK)
(LEPIDOPTERA: TORTRICIDAE) ON CHEMOTAXIS, PARASITISM
AND LEARNING OF Trichogramma pretiosum (RILEY) (HYMENOPTERA:
TRICHOGRAMMATIDAE) !
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Adviser: Luiza Rodrigues Redaelli
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ABSTRACT

Trichogramma pretiosum (Riley) is a parasitoid of lepidopteran eggs,
widely used in biological control and guided mainly by chemical clues. This
species has already been observed parasitizing eggs of Grapholita molesta (Busck),
a major pest of Rosaceae, for which the sexual pheromone is used for monitoring
and control. This study evaluated the influence of sexual semiochemicals of G.
molesta on chemotactic responses and parasitism by T. pretiosum, as well as the
egg volatile in learning. The chemotactic response of 24-, 48-, 72- and 96-h-old T.
pretiosum mated males and females was recorded on an olfactometer, contrasting
10 pL of the synthetic pheromone blend of G. molesta (0.001%) with the same
volume of a hexane solvente (control). The chemotaxis of females at the same ages
and volatiles of the eggs, with and without experience on them, was evaluated. The
parasitism preference was recorded in females of the four ages by exposing them
individually to two conteiner pieces of G. molesta eggs, rinsed or unrinsed, in one
of which 10 pL of the pheromonal solution (0.001%) was added, while hexane was
added to the other. The parasitism rate was evaluated in rinsed and unrinsed eggs in
females of all ages, both with and without experience. Females of T. pretiosum up
to 72-h-old were more attracted to the G. molesta pheromone while males,
regardless of age, did not respond to it. The percentage of inexperienced females
that were directed to rinsed or unrinsed eggs was similar at all ages, but when
experienced, all preferred the unrinsed ones. The presence of the pheromone
increased parasitism in females at 72 h. Without egg experience, parasitism did not
differ only in those of 24 h, while others preferred the rinsed eggs. This behavior
was altered after the experience on eggs, with superior parasitism being noted in
unrinsed eggs, in females of all ages. The study showed that females of T.
pretiosum innately recognize the pheromone of G. molesta and that age influences
chemotaxis and parasitism. Additionally T. pretiosum evidenced to be able to learn
the egg volatiles of this herbivore.

'Master Dissertation in Plant Science, Faculdade de Agronomia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. (71p.) February, 2019.
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ARTIGO 1

1.

Percentages of chemotactic responses of Trichogramma pretiosum mated
males, at different ages, tested in the dual-choice olfactometer, with the
synthetic pheromone blend of Grapholita molesta and hexane (control).
Numbers in the bars represent the number of responsive insects. NR =
nonresponsive. ns = not significant statistically (¥ P > 0.05).

. Percentages of chemotactic responses of Trichogramma pretiosum mated

females, at different ages, tested in the dual-choice olfactometer, with the
synthetic pheromone blend of Grapholita molesta and hexane (control).
Numbers in the bars represent the number of responsive insects. Values
followed by an asterisk are significantly different (% * P < 0.05; ** P <
0.01). NR = nonresponsive.

. Percentages of chemotactic responses of Trichogramma pretiosum mated

females without experience in Grapholita molesta eggs at different ages,
tested in the dual-choice olfactometer on rinsed and unrinsed eggs of this
species. Numbers in the bars represent the number of responsive insects.
Values followed by an asterisk are significantly different (y% * P < 0.05).
NR = nonresponsive. ns = not significant statistically.

. Percentages of chemotactic responses of Trichogramma pretiosum mated

females with experience in Grapholita molesta eggs, at different ages,
tested in the dual-choice olfactometer on rinsed and unrinsed eggs of this
species. Numbers in the bars represent the number of responsive insects.
Values followed by an asterisk are significantly different (y%; * P < 0.05).
NR = nonresponsive. ns = not significant statistically.

. Mean number of rinsed and unrinsed eggs of Grapholita molesta (= SE)

parasitized by Trichogramma pretiosum mated females, at different ages,
exposed with pheromone and hexane (control). Values followed by an
asterisk are significantly different compared within treatments for each
age by Mann-Whitney test at 5% significance level (* P < 0.05).
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Trichogramma pretiosum mated females, at different ages, with and
without experience on eggs of this host, exposed to rinsed and unrinsed
eggs of G. molesta. Values followed by an asterisk are significantly
diferente compared within treatments for each age by Mann-Whitney test
at 5% significance level (* P < 0.05; ** P < 0.01). W/OE = without
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1 INTRODUCAO

Com o crescimento do comércio e do transito internacional de frutos
brasileiros, ha uma maior pressdo do mercado por produtos de qualidade e
produzidos de forma menos prejudicial ao ambiente e aos consumidores. Nesse
contexto, o controle biolégico se mostra uma alternativa eficiente de supressdo de
pragas, garantindo a produtividade e qualidade dos frutos, além de poder ser
realizado em conjunto a outras técnicas de controle.

Dentre os organismos utilizados no controle biol6gico se destacam o0s
parasitoides do género Trichogramma Westwood (Hymenoptera:
Trichogrammatidae), os quais sdo utilizados mundialmente por apresentarem
facilidade de criacdo, serem aptos a liberacdes em diferentes sistemas de cultivo e
apresentarem grande variedade de hospedeiros, principalmente da ordem
Lepidoptera. Além disso, por serem exclusivamente parasitoides de ovos,
interrompem o desenvolvimento da praga antes que esta atinja a fase na qual pode
causar dano as culturas.

O sucesso desses parasitoides esta diretamente ligado ao eficiente
comportamento de busca e reconhecimento de hospedeiros, mediados,
principalmente, pelas pistas quimicas. Estas podem ser volateis produzidos por
plantas sob ataque de herbivoros, feromonios do préprio hospedeiro ou odores

liberados por ovos, que atuam como cairomonios.



Grapholita molesta (Busck) (Lepidoptera: Tortricidae) € uma importante
praga de rosaceas, com destaque para as culturas do pessegueiro e da macieira. O
controle deste inseto, sem o uso de inseticidas quimicos, pode ocorrer tanto pela a¢éo
de inimigos naturais, tais como Trichogramma pretiosum (Riley) (Hymenoptera:
Trichogrammatidae), como pelo controle comportamental (disrup¢do sexual) através
do uso do feromdnio sexual sintético da mariposa-oriental. Contudo, ndo existem
estudos que tenham avaliado se o feromdnio liberado nestes pomares poderia ou néo
influenciar o comportamento de busca de T. pretiosum, tampouco, qual a capacidade
de aprendizagem deste inseto em relacdo aos ovos de G. molesta, ou seja, se é
possivel manipular seu comportamento de busca através da aprendizagem. Conhecer
e compreender o comportamento deste parasitoide em relacdo a G. molesta é o
primeiro passo para possibilitar o uso racional de diferentes métodos no combate a
esta praga.

Desta forma, o objetivo deste trabalho foi: a) avaliar, em laboratério, a
influéncia do feromonio sexual sintético de G. molesta nas respostas quimiotaxicas e
parasitismo de T. pretiosum; b) verificar a influéncia dos fatores enddgenos (idade e
sexo) do parasitoide na resposta ao feromdnio; c) averiguar os efeitos da

aprendizagem de T. pretiosum aos volateis de ovos deste herbivoro.



2 REVISAO BIBLIOGRAFICA

2.1 Grapholita molesta — origem, distribuicdo, hospedeiros e aspectos
biol6gicos

Grapholita molesta (Busck) (Lepidoptera; Tortricidae), cujos adultos sdo
popularmente conhecidos como mariposa-oriental e a fase larval, como broca-dos-
ponteiros, € originaria do extremo Oriente, sendo o0 seu centro de origem discutivel
entre 0 Japdo e o Norte da China onde foi descrita como praga de rosaceas
(Gonzalez, 1986). Em 1913, foi registrada nos Estados Unidos da América (EUA)
(Rice et al., 1982) e, em 1925, foi constatada no Canada (Phillips & Proctaor, 1969).
No continente europeu foi introduzida pela regido do Mediterraneo, onde foi
constatada pela primeira vez em 1920 (Besson & Joly, 1976). Segundo Kirk et al.
(2013), G. molesta é distribuida por todas as regides temperadas da Asia, Europa,
Américas, Africa e Australia.

O primeiro relato da América do Sul foi no Brasil em 1929, no Rio Grande do
Sul, a partir de onde se disseminou para 0s outros estados e também para o Uruguai,
Chile e Argentina (Silva et al., 1962; Gonzalez, 1989). No Brasil, a praga ocorre nas
regibes Sul e Sudeste, nos estados de Minas Gerais, Sdo Paulo, Parana, Santa
Catarina e Rio Grande do Sul (Salles, 1998).

O pessegueiro, Prunus persica (L.) Batschvar (Rosaceae), é considerado seu
principal hospedeiro (Molinari, Mazzoni & Cravedi, 2004; Arioli et al., 2005),

entretanto, ataca também outras espécies desta familia como, cerejeira, Prunus avium



L., marmeleiro, Cydonia vulgaris Pers., damasqueiro, Prunus armeniaca, pereira,
Pyrus communis L. (Ii’Ichev & Flett, 1999), ameixeira, Prunus salicina Lindl.
(Andreev & Kutinkova, 2004; Dickler, Theinert & Roulder,2004) e macieira, Malus
domestica L. (Waldstein & Gut, 2004; Myers, Hull & Krawczyk, 2007; Wei et al.,
2015).

Os adultos de G. molesta tém habitos crepusculares, concentrando o
acasalamento, migracdo e alimentacdo entre 17 e 22 horas (Salles, 1984). A
longevidade depende da alimentacdo no estagio larval, variando entre 15 e 23 dias,
durante os quais as fémeas podem ovipositar de 30 a 230 ovos (Enukidze, 1981;
Salles, 1984; Silva et al., 2010).

As mariposas medem de 12 a 15 mm de envergadura e as asas tém de 6 a 7
mm de largura, em geral, as fémeas sdo maiores do que os machos (Salles, 1991), sdo
de coloracdo pardo-escuro-acinzentada, com estrias de cor branca (Hickel, Ribeiro &
Santos, 2007). A liberacdo do feromonio sexual pelas fémeas de G. molesta
desencadeia o comportamento de corte e acasalamento (Baker & Cardé, 1979a) e
pode ser afetada por fatores enddgenos, fotoperiodo e temperatura (Baker & Cardé,
1979b). Os machos respondem ao feromdnio vibrando as asas, curvando o abdome
para cima e para baixo e dando curtos saltos ou voos (Dustan, 1964). Segundo este
autor, a maioria das copulas ocorrem entre a metade da tarde e o inicio da escotofase.
Em laboratério, Morais, Redaelli & Sant’Ana(2012) observaram que a primeira
copula foi a de menor duracgdo (34,8 + 2,6 min) e nesta é que foi transferido o maior
espermatoforo.

Os ovos apresentam formato de discos, ligeiramente convexos e

esbranquigcados postos isoladamente na face inferior de folhas novas, brotagoes e



frutos (Hickel et al., 2007), possuem aproximadamente 0,7 mm de didmetro (Botton
et al., 2011), sendo de dificil visualizacdo nas folhas (Nava, Botton & Arioli,2015).
O periodo de incubacéo varia de 2 a 6 dias, ao longo do qual adquirem coloracdo
escura, devido a formacéo da capsula cefélica das lagartas (Nava et al., 2015).

As lagartas logo apds a eclosdo tém coloracdo branco acinzentada com
capsula cefalica preta, quando completamente desenvolvidas, apresentam coloragéo
branco-rosada com capsula cefalica marrom e atingem de 12 a 14 mm de
comprimento (Hickel et al., 2007). Essa fase dura de 11 a 21 dias (Grellmann et al.,
1991).

As pupas ficam envoltas em casulos de seda e, geralmente, permanecem em
pequenos espacos como fendas das cascas, dos troncos e ramos, no pedinculo dos
frutos ou em detritos do solo, sob a copa da planta, apresentam coloragdo amarelo-
acastanhada e medem aproximadamente 6 mm de comprimento (Salles, 2001; Hickel
et al., 2007). A fase pupal dura de 7 a 12 dias (Grellmann et al., 1991).

Dickson (1949) observou que larvas completamente desenvolvidas de G.
molesta entraram em diapausa quando haviam sido expostas no inicio desta fase a
fotofases curtas e baixas temperaturas. Sausen et al. (2011) observaram que ovos e
larvas neonatas expostas a fotofases entre 10 e 14 horas entraram em diapausa na
fase de pré-pupa.

As temperaturas basais inferiores estabelecidas por Grellmann et al. (1992)
para as fases de ovo, larva e pupa foram, respectivamente, de 6,47 °C, 9,04 °C e 6,61
°C. Para o ciclo bioldgico, os autores calcularam 8,99 °C e, com base nas
temperaturas médias registradas para o0 municipio de Pelotas, apontaram a

possibilidade de ocorrerem seis geracdes durante a safra de pessegueiro. J& em Bento



Gongcalves, Rio Grande do Sul (RS), Arioli et al. (2005) verificaram quatro geracdes
de G. molesta nesta mesma cultura.

Além da temperatura, o hospedeiro pode afetar o tempo de desenvolvimento,
Myers, Hull & Krawzyk (2006) observaram que as lagartas de G. molesta se
desenvolveram mais rapido em péssegos do que em macas. Este fato também foi
constatado por Silva et al. (2010) alimentando lagartas com ramos e frutos de
pessegueiro da cultivar Vanguarda em comparagcdo com as que receberam frutos de

macieira variedade Gala ou Fuiji.

2.2 Grapholita molesta — danos, manejo e controle

A mariposa-oriental é considerada importante praga de macieiras,
pessegueiros e outras rosaceas de caro¢o em diferentes continentes como, América
do Sul e do Norte, Europa, Australia e Africa (Kirk , Dorn & Mozzi, 2013).

Os danos sdo causados exclusivamente pelas lagartas que broqueiam brotos e
ramos ndo lignificados procurando novos a medida que os consomem (Salles, 2001;
Botton, Arioli & Colleta, 2011; Barros-Parada et al., 2018). As galerias nos brotos
sdo construidas no sentido descendente e podem variar de 1,5 a 10 cm de
comprimento (Salles, 2001). Em viveiros e pomares em periodo de formacao, o
ataque na fase vegetativa da cultura é mais importante, pois pode comprometer a boa
formagéo da copa e influenciar em mais de um ciclo de cultivo (Botton et al., 2001,
Barros-Parada et al., 2018).

Quando os ramos se tornam lignificados, as lagartas procuram os frutos
recém-formados, onde penetram, preferencialmente, junto ao peddnculo e

alimentam-se da polpa proxima a regido carpelar ou do carogo, podendo-se observar



no local de penetracdo, a presenca de goma exsudada junto a excrementos do tipo
serragem (Botton et al., 2001; Barros-Parada et al., 2018). As galerias formadas,
conforme os autores, tornam os frutos improprios para comercializacdo. O maior
ataque ocorre no periodo entre o endurecimento do caro¢o e a pré-maturagédo, ou
seja, de cinco a seis semanas apos a plena floracéo, até 15 a 20 dias antes da colheita,
podendo ocorrer queda prematura de frutos se o ataque se da no inicio do
desenvolvimento, principalmente em ameixeira (Hickel & Ducroquet, 1998).

Em Pelotas, Rio Grande do Sul (RS), Afonso et al. (2002) registraram na
safra 1999/2000, um ataque nos ramos de 60%, em plantas conduzidas no sistema de
producdo convencional e de 55% naquelas de sistema integrado. Entretanto, na safra
seguinte (2000/2001), os autores, verificaram valores inferiores, 14,9% de ataque no
convencional e 9,7% no sistema integrado. Esta variacdo entre as safras, segundo 0s
autores, foi atribuida as baixas temperaturas, na primavera de 2000, que afetou
atividade de voo dos adultos. Na regido da Depressdo Central, RS, Guerra et al.
(2007) encontraram 27,2% e 18,3% de danos em frutos de pessegueiro, cultivar
Marli, no sistema de producéo integrada e no convencional, respectivamente.

No Brasil, para o monitoramento de adultos de G. molesta no campo é
recomendado o uso de armadilha iscada com feromonio sexual sintético, composto
de acetato de Z-8-dodecenila (Roelofs, Comeau & Selle, 1969), acetato de E-8-
dodecenila (Beroza et al., 1973) e Z-8-dodecenol (Cardé, Baker & Roelofs, 1975)
disposta a uma altura de 1,7 m do solo, do inicio da brotacdo até a colheita, sendo
que em pomares de até 3 ha € indicada a instalagdo de duas armadilhas por pomar e
nos maiores, uma armadilha a cada 3-5 ha (Botton et al., 2011). O nivel de controle é

de 20 mariposas/armadilha/semana ou quando, cumulativamente, sdo capturadas 30



mariposas entre duas leituras consecutivas (Arioli et al., 2017). Para o controle
quimico, hoje sd@o registrados no Ministério da Agricultura, Pecuaria e
Abastecimento 17 produtos comerciais provenientes de oito ingredientes ativos para
a cultura do pessegueiro e, para a da macieira, 46 produtos comerciais e 12
ingredientes ativos (Brasil, 2019).

Outro método de controle é através da disrupcdo sexual que consiste na
liberacdo de uma grande quantidade de feromdnio sexual sintético (entre 130 e 250
g/ha), distribuido em quatro a onze mil pontos por hectare (Arioli et al., 2013). Isto
gera uma saturacdo do ar, dificultando os machos de encontrarem a trilha do
feromonio emitido pelas fémeas, evitando que ocorra a copula e consequentemente,
diminuindo a populacdo das geracdes futuras (Pastori et al., 2008; Arioli et al.,
2013).

Além da utilizacdo do feromdnio sexual sintético de G. molesta para
confusdo, na cultura da macieira, ele pode ser empregado através da técnica atrai-
mata e, neste caso, é utilizada uma formulacéo que além do feromonio sexual contém
um inseticida piretroide registrado para a cultura (Nava et al., 2015).

Dentre as espécies que realizam o controle bioldgico da mariposa-oriental,
Nava et al. (2015) destacaram o parasitoide de lagarta, Macrocentrus ancylivorus
(Rohwer) (Hymenoptera: Braconidae), introduzido no Brasil em 1944, o qual
frequentemente é encontrado nos meses de abril e maio com indices de parasitismo
superiores a 80%. Vespas do género Trichogramma que parasitam ovos, também sdo
citadas como inimigos naturais, ndo havendo, entretanto, registros do indice de ovos

parasitados (Afonso, 2001; Melo, 2010).



2.3 Parasitoides do género Trichogramma

O género Trichogramma é o maior da familia Trichogrammatidae, com
aproximadamente 210 espécies descritas (Pinto, 2006). Sdo exclusivamente
parasitoides de ovos, com ampla distribuicdo geografica e iniUmeros hospedeiros,
principalmente de Lepidoptera (Pinto, 1998), entretanto, podem parasitar ovos de
insetos de outras ordens (Zucchi & Monteiro, 1997). Parasitoides desse grupo sao
importantes inimigos naturais com potencial para o controle bioldgico, ja que
eliminam a praga antes que qualquer dano seja causado a cultura (Bleicher & Parra,
1989; Botelho et al., 1995; Witting et al., 2007).

As espécies de Trichogramma tém tamanho de aproximadamente 0,6 mm
(Nagarkatti & Nagaraja 1977; Smith & Hubbes 1986) e apresentam desenvolvimento
holometabdlico (De la Torre, 1993). Sdo endoparasitoides primarios de ovos de
insetos, nos quais a prole se alimenta da massa vitelina ou do préprio embrido
hospedeiro (Parra & Zucchi, 1986). Entre os adultos ha dimorfismo sexual, as
antenas das fémeas sdo clavadas e as dos machos plumosas (Pinto, 1997). A
taxonomia das espécies de Trichogramma ¢é feita com base na descricdo da genitalia
masculina, carater efetivo para o reconhecimento especifico (Querino & Zucchi,
2012).

Parasitoides deste género colocam um numero variavel de ovos em cada
postura, em fungdo do volume do ovo do hospedeiro, informagdo esta que fornece
uma medida aproximada da quantidade de nutrientes disponivel (Vinson, 1997;
Colazza et al., 2010). O tamanho do ovo hospedeiro é assim um fator importante na

selecdo hospedeira (Gomes, 1997).
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O modo de reproducdo mais comum em tricogramatideos € a arrenotoquia, ou
seja, ovos fertilizados produzem fémeas diploides e ovos néo fertilizados produzem
machos haploides, assim o acasalamento nao € obrigatdrio (Stouthamer et al.,1990).
Ainda segundo os autores, em espécies deste género pode ocorrer duas formas de
telitoquia: a reversivel (associada a infecdes microbianas) e a ndo reversivel. Em
varias especies de Trichogramma, a telitoquia é causada por bactérias do género
Wolbachia (a-proteobactéria, Rickettsia) (Stouthamer, Luck & Hemilton, 1993). O
ginandromorfismo, iste é, a presenca de genitalia de fémea e antenas caracteristicas
de macho, foi registrado em um exemplar de Trichogramma pretiosum (Riley)
coletado em ovos de Spodoptera frugiperda (J. F. Smith) (Lepidoptera: Noctuidae)
em lavoura de milho, em Piracicaba, SP (Beserra, Querino & Parra, 2003).

Em relacdo a fase larval, Goodenough, Hartstack & King (1983) observaram
que T. pretiosum passa por trés instares. Proximo da emergéncia, 0s ovos do
hospedeiro se tornam escurecidos e o ciclo biolégico se completa em cerca de 10
dias, a temperatura de 25 °C (Parra & Zucchi, 1986). A longevidade média é de 7 a
10 dias, no entanto esses valores podem mudar em funcdo da temperatura, espécie e
qualidade do hospedeiro (Vinson, 1997), a temperatura também influencia a taxa de
parasitismo da espécie, sendo a ideal entre 18 e 32 °C.

A aplicacdo e criacdo de espécies de Trichogramma foram iniciadas quando a
viabilidade da utilizagdo de ovos de Sitotroga cerealella (Olivier) (Lepidoptera:
Gelechiidae), como hospedeiro alternativo para multiplicacdo do parasitoide, foi
demonstrada facilitando a sua producdo em larga escala (Flanders, 1930).
Posteriormente, a superioridade de Ephestia kuehniella (Zeller) (Lepidoptera:

Pyralidae) como hospedeiro de criagdo foi observada (Lewis et al., 1976).
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Segundo Querino & Zucchi (2012) no Brasil sdo registradas as seguintes
especies do género Trichogramma, T. acacioi (Brun, Moraes e Soares), T.
acuminatum (Querino & Zucchi), T. alloeovirilia (Querino & Zucchi), T. atopovirila
(Oatman & Platner), T. atropos (Pinto), T. bertii (Zuchi), T. bruni (Nagaraja), T.
demoraesi (Nagaraja), T. dissimilis (Zucchi), T. Distinctum (Zucchi), T. esalqueanum
(Querino e Zucchi), T. exiguum (Pinto & Platner), T. galloi (Zucchi), T. iracildae
(Querino & Zucchi), T. jalmirezi (Zucchi), T. lasallei (Pinto), T. manicobai (Brun,
Moraes e Soares), T. marandobai (Brun, Moraes e Soares), T. maxacalii (Voegelé &
Pointel), T. parrai (Querino & Zucchi), T. pratissolii (Querino & Zucchi), T.
pretiosum, T. pusillus (Querino & Zucchi), T. tupiense (Querino & Zucchi) e T.
zucchii (Querino).

A espécie mais abundante (Cdnsoli, Parra & Zucchi, 2010) e amplamente
distribuida no Brasil é T. pretiosum, com registros em todas as regiées (Querino,
2012). No Pais, T. pretiosum esta associado a diversos hospedeiros e destaca-se
como a espécie de maior frequéncia (Almeida, Lenteren & Stouthamer, 2010), ja
tendo sido encontrada parasitando ovos dos noctuideos, Heliothis virescens (Fabr.)
(Zucchi et al.,1989), Alabama argillacea (Hubner) em algodoeiro (Almeida, 2000),
S. frugiperda (Beserra & Parra, 2003; Dequech et al., 2013, Vargas, Morais &
Redaelli , 2017) e Helicoverpa zea (Boddie) em milho [Zea mays (L.)] (Vargas,
Morais & Redaelli., 2017a). Foi também registrado em ovos de Plutella xylostella
(L.) (Lepidoptera: Plutellidae) em repolho [Brassica oleracea (L.)] (Pereira, Barros
& Pratissoli, 2004) e Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) em

tomateiro [Solanum lycopersicum (L.)] (Pratissoli et al., 2005).
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Dentre exemplos de aplicacdo eficiente de tricogramatideos no Brasil,
destacam-se o controle com a utilizacdo de T. pretiosum da traca-do-tomateiro, T.
absoluta na regido do semiarido nordestino, municipio de Petrolina, PE (Haji, 2002)
e dos noctuideos, Helicoverpa armigera (Hubner) e Chrysodeixis includens (Walker)
em mais de 250.000 ha de lavoura de soja [Glycine max (L. Merrill)] ao longo do
territorio nacional (Parra et al., 2015) e de Trichogramma galloi (Zucchi)
(Hymenoptera: Trichogrammatidae) para o controle de Diatraea saccharalis
(Fabricius) (Lepidoptera: Crambidae) (Parra, 2010). Recentemente Figueiredo et al.
(2015) avaliaram o impacto de liberagdes de T. pretiosum em lavouras de milho
organico e observaram uma taxa de parasitismo de 79,2 %, essa eficiéncia resultou
em um ganho de produtividade de 19,4% por hectare em relacdo ao controle,
demonstrando a eficacia da espécie no controle de pragas. Dentre 0s insetos
registrados no Ministério da Agricultura, Pecuaria e Abastecimento para aplicacdo no
controle biolégico se encontram dois triccogramatideos, o T. galloi, para D.
saccharalis e o T. pretiosum para 0s noctuideos H. zea, Anticarsia gemmatalis
(Hubner), Pseudoplusia includens (Walker) e T. absoluta (Brasil, 2019), ambos ja

sendo comercializados (Koppert Biological Systems, 2019).

2.3.1 Comunicacdo quimica interespecifica

A comunicagdo entre insetos & mediada por compostos quimicos,
denominados semioquimicos, que quando liberados por um determinado organismo
no ambiente, provocam uma resposta fisioldgica e/ou comportamental em outro

individuo (Nordlund & Lewis, 1976; Vet & Dicke, 1992; Vilella & Della-Lucia,
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2001). Estes podem mediar as interacGes intraespecificas (feromonios) ou
interespecificas (aleloquimicos) (Vilella & Della-Lucia, 2001).

Parasitoides sdo conhecidos por seu comportamento de busca que inclui
varias etapas desde a localizacdo do habitat do hospedeiro, do proprio hospedeiro e a
aceitacdo do mesmo, culminando com a oviposicao (Vinson, 1976). As estratégias
empregadas na busca e o sucesso do parasitismo sdo modulados por diversos
estimulos, dentre os quais, 0s quimicos desempenham papel principal (Vinson,
1998).

Nos parasitoides o0 sucesso reprodutivo é diretamente influenciado pelo habito
de forrageamento, deste modo estes organismos sdo forcados a otimizar seu
comportamento de selecdo (Alphen & Vet, 1986; Vet et al., 1991; Hatano et al.,
2008; Fatouros et al., 2008), utilizando pistas ndo necessariamente originadas pelos
hospedeiros na fase em que estes sdo vulneraveis (Vinson, 1991; 1998; Godfray,
1994). Para parasitoides de ovos estes sinais podem ser oriundos de plantas
infestadas (sinomdnios) (Vet & Dicke 1992, Schweiger et al., 2014) ou do proprio
herbivoro (cairoménios) (Xu et al., 2014).

Através dos sinais dos hospedeiros, parasitoides de ovos rastreiam e se
aproximam de sitios de oviposicdo (Noldus & Lenteren, 1985) e copula (Bruni et al.,
2000, Fatouros et al., 2007). Devido ao pequeno tamanho (£ 1 mm) e pouca
capacidade de dispersdo podem se aproximar de adultos do hospedeiro para também
se utilizar do comportamento forético para localizagdo dos ovos (Southwood, 1962;
Clausen, 1976; Fatouros et al., 2007, Huigens et al., 2010). A foresia é um
fendmeno no qual um individuo é transportado passivamente por outro maior de

outra espécie, estabelecendo uma relagdo que beneficia o “carregado” e ndo afeta
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diretamente o “carregador”, embora a progénie possa ser desfavorevida (Clausen,
1976; Gullan & Cranston, 2012).

Em Guayaquil, no Equador, Malo (1961) observou até 250 fémeas de
Xenufens sp. (Hymenoptera: Trichogrammatidae) aderidas a uma fémea de Caligo
eurilochus (Cramer) (Lepidoptera: Nymphalidae). Huigens et al. (2010) registraram
a ocorréncia de comportamento forético inato em Trichogramma brassicae
(Bezdenko) (Hymenoptera: Trichogrammatidae) nas fémeas copuladas do hospedeiro
Pieris rapae (L.) (Lepidoptera: Pieridae). A localizacdo dos organismos que atuam
no transporte passivo, normalmente, é através de pistas feromonais emitidas pelos
hospedeiros (Arakaki, Nakamura & Yassuda., 1996; Bruni et al., 2000). Os sinais
recebidos pelo inseto durante a busca pelo hospedeiro modificam seus padrdes de
movimentacdo gerando respostas de orientacdo e/ou deslocamento (Vinson 1985).
Lewis et al. (1982) em estudos com T. pretiosum foram os primeiros a constatar que
volateis abdominais de fémeas de H. zea, assim como as substancias sintéticas
identificadas em seu feroménio sexual, aumentaram as taxas de parasitismo nesta
espécie. Bioensaios posteriores verificaram que o parasitoide respondia ao chamado
das fémeas de H. zea (Noldus, 1988).

A atratividade por feromoénios de hospedeiros por fémeas de diferentes
espéecies de Trichogramma ja foi relatada por Boo & Young (2000), os quais
observaram a atratividade de Trichogramma chilonis (Ishii) (Hymenoptera:
Trichogrammatidae) pelo composto Z11- acetato de hexadecenila e ao E12- acetato
de tetradecenila, componentes dos feromdnios sexuais dos hospedeiros Helicoverpa
assulta (Guenée) (Lepidoptera: Noctuidae) e Ostrinia furnacalis (Guenée)

(Lepidoptera: Crambidae), respectivamente. Resposta similar ja foi constatada para
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Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae) e T.
pretiosum em relacdo ao feromdnio dos noctuideos, H. zea e Mamestra brassicae
(L.) (Noldus, Lenteren & Lewis., 1991). O mesmo foi verificado para T. chilonis em
relacdo ao feromonio de P. xylostella (Reddy, Holopainen & Guerrero, 2002) e para
T. pretiosum em Heliothis virescens (Fabricius) (Lepidoptera, Noctuidae) (Xu et al.,
2014).

Fatouros et al. (2008) sugeriram que além da préatica da foresia, as respostas
ao feromdnio de hospedeiros se devem a um sinergismo entre plantas hospedeiras e
este cairomonio atuando como uma “ponte no tempo” para a espionagem quimica.
Noldus, Potting & Barendregt (1991) demonstraram que o feromonio sexual de M.
brassicae é adsorvido na superficie de folhas de couve-de-bruxelas (Brassica
oleracea L.) elicitando respostas tanto do macho coespecifico quanto de fémeas de T.
evanescens, podendo gerar atratividade até 24 h apds a ocorréncia do chamamento.
Segundo Fatouros et al. (2008) este pode ser um fenbmeno comum, uma vez que
existem varios parasitoides diurnos que demonstram atratividade pelo feroménio
sexual de hospedeiros de habito noturno e que a estrutura quimica dos componentes
de feromdnios sdo derivadas de &cidos-graxos de cadeia longa com propriedades
quimicas similares que poderiam facilmente ser adsorvidos a superficie das plantas.

O conhecimento acerca do comportamento de busca de um parasitoide pode
ser importante para o aumento da eficiéncia do seu uso em programas de controle

biolégico (Fatouros & Huigens, 2012).
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2.3.2 Aprendizagem

A busca por hospedeiros dos parasitoides € um comportamento inato (Papaj
& Lewis, 1993), porém este pode ser modificado através de experiéncias, podendo
resultar numa aprendizagem, associada a informacdes e estimulos vantajosos para
seu desenvolvimento (Meiners & Peri, 2013). Esse aprendizado pode ser adquirido
durante o desenvolvimento e/ou durante a fase adulta (Vet & Groennewold, 1990).
As informagdes adquiridas na fase imatura podem ser transmitidas ao adulto porque
segundo 0 mesmo autor, 0S compostos quimicos presentes no ambiente de
desenvolvimento larval estariam presentes na hemolinfa dos insetos ou na camada
externa do hospedeiro e influenciariam na resposta quimiosensorial do adulto, o que
é descrito na Hipotese do Legado Quimico de Corbet (1985).

Segundo Colazza et al. (2010), as respostas dos adultos de parasitoides de
ovos podem ser incrementadas através de experiéncias positivas, como por exemplo,
a de oviposicdo. Nurindah,Cribb & Gorgh(1999) observaram que a perfuracdo de
prova no cérion dos ovos de H. armigera por Trichogramma australicum (Girult)
(Hymenoptera: Trichogrammatidae) ja foi suficiente para gerar um incremento da
atividade de oviposicao deste parasitoide. Em T. evanescens (Westwood) Schéller &
Prozell (2002) constataram que ap0s uma experiéncia de oviposi¢do bem-sucedida na
presenca de (Z,E)-9,12-acetato de tetradecenila, componente do feromonio sexual
dos piralideos hospedeiros, como Ephestia spp. e Plodia interpunctella (Hibner), as
fémeas passavam a ser atraidas a esse feromdnio. Segundo 0s mesmos autores, 1SS0
demonstrou que os parasitoides aprenderam a associar o feroménio liberado pelos
adultos as posturas destes. Para Trichogramma maidis (Pintureau & Voegele)

(Hymenoptera: Trichogrammatidae), a oviposi¢cdo na presenca de um complexo de
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odores associados ao hospedeiro Ostrinia nubilalis (Hibner)
(Lepidoptera: Pyralidae) (odor dos ovos, o feromonio sexual sintético do hospedeiro
e volateis de extrato de milho) gerou o aprendizado, mas quando 0s componentes
eram isolados ndo havia resposta (Kaiser et al., 1989). A aprendizagem na fase
adulta também foi avaliada em Trichogramma atopovirilia (Oatman &
Platner) (Hymenoptera: Trichogrammatidae), apos exposi¢des sucessivas do mesmo
individuo a ovos de S. frugiperda (Beserra & Parra, 2003). Os autores observaram
uma reducdo no tempo de reconhecimento e aceite do hospedeiro em relacdo as
primeiras vezes que este tinha o contato e, ap0s a terceira experiéncia de oviposi¢ao,
houve uma estabiliza¢do do tempo de reconhecimento.

A aprendizagem também pode ser obtida a partir do hospedeiro de origem
através do legado quimico, Rodrigues et al. (2011) verificaram que apds passar
sucessivas geracdes em ovos de G. molesta, T. pretiosum incrementou, ao longo
destas, 0 parasitismo neste hospedeiro. Para esta mesma espécie o contato com 0s
ovos de hospedeiros, durante a fase adulta, gerou um aumento de parasitismo em
ovos dos noctuideos, A. gemmatalis, P. includens, S. frugiperda e em D. saccharalis
(Siqueira et al., 2012). Quando oriundo de Ephestia kuehniella (Zeller) (Lepidoptera:
Pyralidae), T. pretiosum preferiu 0 hospedeiro de origem a posturas de S. frugiperda,
porém, apds contato com 0s ovos e extratos desta, deixava de diferenciar entre as
espécies (Vargas et al., 2017).

Segundo Colazza et al. (2010), o aprendizado é o mecanismo através do qual
as fémeas de parasitoides de ovos podem ajustar sua resposta a gama de pistas
disponiveis. Portanto, a experiéncia pode maximizar a resposta comportamental da

fémea e a sua eficiéncia no controle da praga, sendo de fundamental importéancia a
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utilizacdo desses conhecimentos em programas de controle biolégico (Beserra &

Parra, 2003).
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ABSTRACT - This study evaluated the influence of semiochemicals of
Grapholita molesta (Busck) on chemotactic responses and parasitism by
Trichogramma pretiosum (Riley), as well as the learning ability to egg volatiles.
Chemotaxis of 24, 48, 72 and 96-hour-old T. pretiosum coupled males and females
was recorded using an olfactometer, contrasting the synthetic sex pheromone blend
(Z-8-dodecenyl acetate, E-8-dodecenyl acetate and Z-8-dodecenol acetate) of G.
molesta (10 uL at 0.001%) with the solvent hexane, and also the egg volatiles with
females with or without experience. The preference for parasitism was recorded by
offering conteiner pieces containing G. molesta eggs, rinsed or unrinsed, one with 10
pL of the pheromonal solution and other with hexane. The parasitism preference in
rinsed and unrinsed eggs was evaluated in females with and without experience.
Females up to 72-h-old were more attracted to the pheromone while males,
regardless of age, did not respond. Inexperienced females did not differentiate rinsed
or unrinsed eggs, but when experienced, preferred unrinsed eggs. The presence of the
G. molesta sex pheromone pheromone increased T. pretiosum parasitism in up to 72
h-old. With no experience in eggs, parasitism was not different only at 24-hour-old ,
while the others preferred the rinsed eggs. This behavior changed after the
experience in eggs. The study showed that females of T. pretiosum innately
recognize G. molesta pheromone and that age has influence on chemotaxis and
parasitism. Additionally T. pretiosum evidenced to be able to learn the egg volatiles
of this herbivore.

Keywords: pheromone, oriental moth, kairomone, olfactometry, egg parasitoid
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Introduction

Oophagous parasitoids use a variety of strategies in the hosts search (Huigens
et al 2010) and for trichogrammatids, the chemical trails are the most important
(Nordlund 1994, Schmidt 1994). These cues, for species of this family, may be
volatile organic compounds (VOC) emitted by plants (synomones) (Vet & Dicke
1992, Schweiger et al 2014) or from the herbivore itself (kairomones) (Xu et al
2014). The host sexual pheromone, usually, provides long-range cues (Fatouros et al
2008, Colazza et al 2010). Trichogramma chilonis (lIshii) (Hymenoptera:
Trichogrammatidae) showed innate attractiveness to sex pheromone of Helicoverpa
assulta (Guenée) (Lepidoptera: Noctuidae) and Ostrinia furnacalis (Guenée)
(Lepidoptera: Crambidae), its hosts (Boo & Young 2000). Similar behaviour was
observed in Trichogramma pretiosum (Riley) (Hymenoptera: Trichogrammatidae)
for the sex pheromone of Noctuidae species Heliothis zea (Boddie) and M. brassicae
(Noldus et al 1992).

The host signals interception permits these parasitoids to find copula (Bruni et
al 2000, Fatouros et al (2006) and oviposition sites (Noldus & Lenteren 1985), in
addition it make phoresy behaviour possible (Fatouros et al 2008, Huigens et al
2010). This phenomenon allows the egg parasitoid to overcome long distances in
spite of its low flying capacity, achieving fresh egg masses in the short time window
for parasitism, since the wasp follow the female to oviposition sites using her body as
transportation (Huigens et al 2010). Another strategy was showed by Noldus et al
(1991) whose observed that the sex pheromone of the female moth Mamestra

brassicae (L.) (Lepidoptera, Noctuidae) adsorbed onto the leaf surface of Brussels
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sprouts plants attracts conspecific male moths and arresting Trichogramma
evanescens (Westwood) (Hymenoptera: Trichogrammatidae) females.

Host egg masses can act as a short-range cues detectable at small distances or
by contact (Kaiser 1989, Colazza et al 2010). Response to volatiles of lepidopteran
egg masses was already reported to the trichogrammatids T. pretiosum females
(Gross et al 1981, Vet et al 1995, Nordlund et al 1987) and Trichogramma brassicae
(Bezdenko) (Renou et al 1992).

Parasitoids show innate behavior when searching for hosts (Papaj & Lewis
1993), although it can be modified through experience, which may result in a
learning process associated with the acquisition of information that are beneficial to
its development (Meiners & Peri 2013). Immature parasitoids can learn with certain
stimuli through development inside the host, it directly affects the sensitivity of the
insect to host chemicals (Corbet 1985). This pre-imaginal conditioning was evaluated
in T. pretiosum with Grapholita molesta (Busck) (Lepidoptera: Tortricidae) eggs,
showing that the parasitoid was able to learn during its development and carried over
into the adult stage (Rodrigues et al 2011).

Trichogramma adults can also learn to recognaize compounds present on or
inside the host chorion, this experience acquisition is mediated by sensilla located on
the antennas and/or ovipositor (Le Rec & Wajnberg, 1990; Vinson 1998; Nurindah et
al 1999a). It can reduce host recognition and approval time as described for
Trichogramma atopovirilia (Oatman & Platner) (Hymenoptera: Trichogrammatidae)
(Beserra & Parra 2003) or change parasitism preferences as observed by Vargas et al
(2017) in T. pretiosum females after contact with Spodoptera frugiperda (J.E. Smith)

(Lepidoptera: Noctuidae) eggs and egg extracts.
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Trichogramma pretiosum is one of the main species of Lepidoptera egg
parasitoids (Pratissoli et al 2005), widely distributed in the Americas (Pinto &
Stouthamer 1994). One of its referred hosts is the oriental fruit moth, G. molesta
(Tortosa et al 2014), considered the most important pest in Brazilian peach and apple
orchards (Botton et al 2011).

One of the main control methods for G. molesta is the mating disruption that
consists of releasing a large amount of synthetic sex pheromone into the field, which
hinders meeting between males-females, thereby decreasing the population of future
generations (Arioli et al 2013). The combination between behavioral (mating
disruption) and biological control methods has led to questions about the effect of
these semiochemicals on T. pretiosum search behavior and parasitism. Thus, this
study evaluated, in laboratory, the influence of G. molesta sex pheromone on T.
pretiosum chemotactic responses and parasitism, the effects of parasitoid endogenous

features, as well as its learning ability to G. molesta eggs volatiles.

Material and methods
Insects

The T. pretiosum straight was obtained from specimens collected from eggs
of Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae), in a corn crop, located at the
Experimental Station SEAPDR/Floresta (29°41°24™ S; 53°48’42” W), in Santa
Maria, Rio Grande do Sul, Brazil. These were multiplied and maintained (generation

62) in Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae) eggs, following the
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methodology of Parra (1997) under controlled conditions (25 = 1°C, 60 + 10% RH,
12 L: 12 D photoperiod).

The colony of G. molesta from the UFRGS laboratory was kept in a climate
room (25 + 1 °C; 60 £ 5% RH; 16 L: 8 D photoperiod). The adults were maintained
in cages made of 2-I polyethylene terephthalate (PET) bottles, which also served as
oviposition sites, and fed with a solution of honey and water (15%). Every three days
the bottles with eggs were collected, cut into irregular pieces and transferred to
recipients containing artificial diet for the larval phase, based on dried apple, beer

yeast, corn meal, and wheat germ (lvaldi-Sender 1974).

Pheromone

A commercial blend of G. molesta sintetic sexual pheromone containing the
components (Z)-8-dodecenyl acetate, (E)-8-dodecenyl acetate and (Z)-8-dodecenol
acetate in the ratio 93:6:1 (Bedoukian®) was used for the bioassays, in a solution of

0.001% with hexane.

Olfactometry

The olfactometry bioassays were conducted in a dual-choice glass Y-tube
olfactometer with a diameter of 1 cm, initial arena of 12 cm, bifurcated into two arms
of 5 cm each under fluorescent light (60 W, luminance of 290 lux). An air stream,
previously filtered with active carbon, was drawn into the system with the aid of an
air pump connected to a flow meter and a humidifier at a rate of 0.3 L/min. At each

third repetition, the olfactometer was rotated in the horizontal direction (rotation of
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180°) and at every six repetitions, replaced by another, previously washed and
sterilized.

Each insect was given 10 min to make a choice of arms in olfactometer.
Parasitoids that moved at least 3 cm into one branch arm and remained there for at
least 60 s, were considered responsive. If no choice was made in 10 min, the wasp

was considered nonresponsive, and excluded from statistical analysis.

Chemotactic response of T. pretiosum (inexperienced) to G. molesta sex pheromone
The T. pretiosum males and females response, to the G. molesta synthetic sex
pheromone, was evaluated at 24, 48, 72 and 96 h-old. At the end of one olfactometer
arm, a filter paper, (80 g/m?/1 x 3 cm), folded in the shape of a bagpipe and
containing 10 pL of the synthetic pheromone (0.001% concentration), was added and
then constrained with the same volume of solvent hexane (control) in the other arm.

At least 40 responsive replicates were made for each treatment.

Chemotactic response of T. pretiosum (inexperienced and experienced) to volatiles of
G. molesta eggs

Trichogramma pretiosum females (24, 48, 72 and 96 h-old), with and without
experience on G. molesta eggs, were evaluated. To acquire the experience, these
parasitoids (x 200) were exposed to a polyethylene terephthalate irregular bottle
piece with 300 G. molesta eggs (up to 24-h-old), for five hours. In an olfactometer
were tested a bottle piece containing 50 unrinsed eggs and 50 rinsed eggs, of the

same age. The rinsing eggs followed the methodology of Tognon et al (2018) that
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consists in immersing PET’s pieces in solvent hexane (99%) for five minutes. At

least 40 replicates were made for each treatment.

Parasitism
Parasitism of T. pretiosum (inexperienced) on G. molesta eggs in the presence of
pheromone

Two bottle’s pieces with 50 G. molesta rinsed eggs (up to 24-h-old) each
were offered for 3 hours, to one T. pretiosum female (24, 48, 72 and 96 h-old) in
glass tubes (3 x 7 cm) sealed with Parafilm® (Bemis Flexible Packaging). In one of
the pieces, 10 uL of the pheromonal solution was added at a concentration of
0.001%, while in the other, the same volume of solvent hexane. The same procedure

was performed with unrinsed eggs.

Parasitism of T. pretiosum (inexperienced and experienced) in G. molesta eggs

Trichogramma pretiosum females (24, 48, 72 and 96 h-old) were evaluated
with and without experience on G. molesta eggs. The acquisition of experience
followed an equal method to the olfactometer bioassay, with G. molesta eggs
volatiles. The parasitism was registered by offering to each female two botthe’s
pieces, containing 50 eggs (up to 24-h-old) each, one with rinsed eggs and other with
unrinsed eggs, for 3 hours. The females were individualized in glass tubes (3 x 7
cm), sealed with Parafilm® (Bemis Flexible Packaging).

On the 13" day after the eggs exposure, in all parasitism bioassays, the

numbers of parasitized eggs, hatched larvae and nonviable eggs, as well as, the
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parasitism success rate were recorded. For each combination of treatments, 20

replicates were performed.

Statistical analysis

Chemotactic responses were compared by the Chi-square test for
heterogeneity. The mean number of parasitized eggs was tested for normality by the
Shapiro-Wilk test and than compared by the Mann-Whitney U test. The analyses
were performed using the Bioestat 5.0® program (Ayres et al 2007), at 5%

significance level.

Results
Chemotactic response of T. pretiosum (inexperienced) to G. molesta sex pheromone

The percentage of T. pretiosum mated males that directed to the pheromone
blend or solvent hexane was not different in 24 h-old (3* = 1.8; df = 1; P = 0.2636),
48 h-old (y* = 0.8; df = 1; P = 0.5023), 72 h-old (x> = 3.2; df = 1; P = 0.1175), and 96
h-old (* = 3.2; df = 1; P = 0.1175) (Fig 1).

The percentage of T. pretiosum mated females attracted to the synthetic
pheromone blend of G. molesta was higher when at the ages of 24 (72%) (x> = 16.2;
df = 1; P <0.001), 48 (62.3%) (y>=5; df = 1; P = 0.0442) and 72 h-old (90%) (x* =
51.2; df = 1; P < 0.0001) than hexane. However, at 96 h-old (67.5%) (x* = 9.8; df =
1; P =0.0037), they were no longer attracted to the synthetic pheromone blend of G.

molesta (Fig 2).
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Chemotactic response of T. pretiosum (inexperienced and experienced) to volatiles of
G. molesta eggs

The percentage of inexperienced T. pretiosum females on G. molesta eggs
that was directed to the rinsed or unrinsed eggs was not statistically different in 24
(¢* = 4; df = 1; P = 0.0956), 48 (x> = 3.6; df = 1; P = 0.1138), 72 h-old (5° = 1.6; df =
1; P = 0.3428), and 96 h-old (y* = 0.095; df = 1; P = 1). A high number of
nonresponsive females was also observed in all ages (NR > 19) (Fig 3).

Females experienced on G. molesta eggs, these were more attracted to the
unrinsed eggs in all ages, 24 (x* = 6.914; df = 1; P = 0.0168), 48 (3° = 20.629; df = 1;
P < 0.0001), 72 (% = 4.909; df = 1; P = 0.0489), and 96 h-old (x* = 6.25; df = 1; P =

0.0244). The experience also reduced the number of nonresponsive females (Fig 4).

Parasitism of T. pretiosum (inexperienced) on G. molesta eggs in the presence of
pheromone

In bioassays with rinsed and unrinsed eggs, females up to 48-h-old
preference, was not different between both treatments (P > 0.05). It was observed
that when at 72 h-old, the wasps showed a positive response to eggs with pheromone,
rinsed (77.3%) (U = 98; df = 1; P = 0.005) and unrinsed (66.5%) (U = 127.5; df =1,
P =0.0049). After reaching 96 h-old, the females parasitized more rinsed (67%) (U =
126; df = 1; P = 0.0453) and unrinsed eggs (67.9%) (U = 123; df = 1; P = 0.0373)

with hexane (control) (Fig 5).
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Parasitism of T. pretiosum (inexperienced and experienced) in G. molesta eggs

The parasitism of inexperienced T. pretiosum at 24-h-old was not
singnificantly different between treatments (P > 0.05). At 48 (66%) (U = 118.50; df
=1; P = 0.0275), 72 (80.5%) (U = 59.50; df = 1; P = 0.0001) and 96 h-old (74.7%)
(U = 107.00; df = 1; P = 0.0119), still without experience, parasitism was higher in
rinsed eggs. Nevertheless, after the egg experience, parasitism at 24 (70.9%) (U =
97.00; df = 1; P = 0.0053); 48 (65.5%) (U = 116.00; df = 1; P = 0.0231), 72 (70.9%)
(U = 97.00; df = 1; P = 0.0053), and 96 h-old (72.1%) (U = 115.50; df = 1; P =

0.0223) was higher in unrinsed eggs (Fig 6).

Discussion

The attractiveness of T. pretiosum males to G. molesta pheromone was not
observed. This perception lack may be related to the fact that they normally emerge
before females and remain on egg masses while awaiting their emergence
(Pompanon et al 1997, Knutson 1998), guaranteeing copulation before field dispersal
(Waage & Ming 1984). Thus, there is no necessity to use host pheromone as a
chemical tray to locate copulation sites. Similar behaviour have been reported by
Zaki et al (1998) in Bracon brevicornis Wesmael (Hymenoptera: Braconidae), whose
males did not respond to Ostrinia nubilalis (Hubner) (Lepidoptera: Crambidae) and
Sesamia cretatica (Lederer) (Lepidoptera: Noctuidae) hosts kairomones, since they
are generalists. It might be occurred with T. pretiosum males in our study, which do
not associate these pheromones with the search for partners for copulation.

Conversely, T. pretiosum females, up to 72 h-old, were attracted by G.

molesta sexual pheromone. According to Zhao et al (2016), the perception of males
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and females wasps of the same species may differ because they show a distinct
genetic pattern of antennal chemoreceptors. The attractiveness to host pheromones
by females of different species of genus Trichogramma has been reported by other
authors. Boo & Young (2000) observed that Trichogramma chilonis (Ishii)
(Hymenoptera: Trichogrammatidae) was attracted to (Z)-11-hexadecenyl acetate and
(E)12-tetradecenyl acetate, which are components of Helicoverpa assulta (Guenée)
(Lepidoptera: Noctuidae) and Ostrinia furnacalis (Guenée) (Lepidoptera:
Crambidae), sexual pheromones, respectively. A similar behaviour was observed for
Trichogramma evanescens (Westwood) (Hymenoptera: Trichogrammatidae) and T.
pretiosum to pheromone of Noctuidae species Heliothis zea (Boddie) and Mamestra
brassicae (L.) (Noldus et al 1992), for T. chilonis on Plutella xylostella (Lepidoptera:
Yponomeutidae) (Reddy et al 2002) and for T. pretiosum on Heliothis virescens
(Fabricius) (Lepidoptera, Noctuidae) (Xu et al 2014).

Tricogramatids are generalist and they are able to recognize odors associated
with several hosts. It should be noted that compounds that constitute the pheromone
blend of G. molesta have already been identified in several species of Lepidoptera
(Pherobase 2019) which, in an evolutionary process, would increase the these
parasitoids recognition and perception chances of their hosts semiochemicals
(Hekmat-Scafe et al 2002).

Trichogramma pretiosum females at 96-h-old were no longer responsive to
the G. molesta pheromone. The absence of perception in older females is possibly
related to a decrease in the biosynthesis of the proteins responsible for the volatiles
perception. According to Chang (2016), the expression of genes responsible for these

compounds presence in the hemolymph of the antenna is directly related to the
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insects age. This semiochemical perception decrease over ages was also observed for
Cotesia marginiventris (Cresson) (Hymenoptera: Braconidae), which was more
responsive to synomones from corn damaged by S. frugiperda (J. F. Smith)
(Lepidoptera: Noctuidae), between two and four days old, followed by a drop after
the fifth day (Loke & Ashley 1984). A perception decrease was also observed in
Cotesia glomerata (L.) (Hymenoptera: Braconidae) females, which were more
attracted to cabbage with Pieris brassicae (L.) (Lepidoptera: Pieridae) between 4 and
5 days old (Steinberg et al 1992).

It was observed in this study that the presence of the G. molesta pheromone
on the egg mass increased the parasitism by T. pretiosum. Similar behaviour was
recorded for T. chilonis on H. assulta eggs with its scales extracts (Boo & Young
2000) in a laboratory environment, also on Planococcus ficus (Signoret) (Hemiptera,
Pseudococcidae) eggs near pheromone impregnated dispensers by Anagyrus
pseudococci (Girault) (Hymenoptera: Encyrtidae) in field tests (Franco et al 2011).

One of the advantages of using pheromones as kairomones consists of
bringing the females near oviposition sites in which their hosts are found, thereby
increasing the chance of finding egg masses (Fatouros et al 2008). Another aspect to
be considered is related to phoresy, i.e., the detection of the pheromone would allow
the parasitoid to meet directly with the host females, being transported by the
herbivore before oviposition, thus not only compensating the low displacement
capacity observed in Trichogramma species, but also assisting in the encounter with
newly oviposited eggs, as observed by Fatouros et al (2006) for T. evanescens and by
Huigens et al (2010) for Trichogramma brassicae (Bezdenko) (Hymenoptera:

Trichogrammatidae).
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Another important factor observed in this study was that the parasitism of
rinsed and unrinsed eggs with pheromone was only significantly higher when the
females were 72-h-old, while at 96 h-old, they changed their behaviour, i.e., they
preferred eggs without semiochemicals. In olfactometry bioassays, it was observed
that females at 24, 48 and 72 h-old are responsive to G. molesta sex pheromone,
although this preception did not result in greater parasitism at first two ages, perhaps
because they were less selective when younger. Changes in the selectivity of females
during adulthood have already been observed. Unlike the results for T. pretiosum, Jia
& Liu (2018) found that Aphelinus asychis (Walker) (Hymenoptera: Aphelinidae)
females showed lower selectivity for the host Myzus persicae (Sulzer) (Hemiptera:
Aphididae) with their aging.

The parasitism results recorded with 96-h-old females are consistent with
those observed in the chemotaxic tests, which are more responsive to control
treatment than to pheromone. The parasitism preference of 96 h-old females of eggs
with hexane over the ones with G. molesta pheromone, may be associated to a
reproductive system shutdown, due to its deterioration, which reflects on host search
behavior and recognition.

The chemotactic responses of T. pretiosum females were similar for rinsed
and unrinsed G. molesta eggs at all ages, showing that, when they are inexperienced
(from E. kuehniella), they do not recognize the odors of the oriental fruit moth eggs.
The lack of attractiveness to Sitotroga cerealella (Olivier) (Lepidoptera:
Gelechiidae) egg volatiles by T. evanescens had also been reported, Laing (1937)
observed that even been raised in S. cerealella egg these wasps do not recognize its

volatiles.
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Nevertheless, in T. pretiosum females (Gross et al 1981, Vet et al 1995,
Nordlund et al 1987), the response to volatiles of lepidopteran egg masses was
already reported, even when the parasitoids were reared on eggs of other host. This
was recorded in T. brassicae reared on O. nubilalis and M. brassicae (Renou et al
1992), in  Trichogramma closterae (Pang and Chen) (Hymenoptera:
Trichogrammatidae) and T. chilonis for Corcyra cephalonica (Stainton)
(Lepidoptera: Pyralidae), in T. brassicae for P. brassicae (Fatouros et al 2006), and
in T. ostriniae for O. furnacalis (Bai et al 2004) and for O. nubilalis (Yong et al
2007).

It is known that oophagous parasitoids use kairomones present in eggs and in
substances secreted by accessory glands in the process of host search and location
(Fatouros et al 2008, Colazza et al 2010). However, in all ages evaluated in this
study the females do not recognized the volatiles from G. molesta eggs, in addition
unrinsed eggs were less parasitized in relation to rinsed ones, which suggests the
presence of deterrents on the surface of unrinsed masses. When T. pretiosum had no
opportunity of choice, parasitism was observed, with percentages lower than 15%, as
the results of previously pilot test performed by usConversely, substances from
accessory glands present on P. brassicae eggs can also be cause repellent, as verified
for Trichogramma buesi (Voegelé) (Hymenoptera: Trichogrammatidae) (Pak & Jong
1987). Surface compounds of Halyomorpha halys (Stal) (Hemiptera: Pentatomidae)
eggs, from East Asia, prevented parasitism by Telenomus podisi (Ashmead) and
Trissolcus erugatus (Johnson) (Hymenoptera: Scelionidae), both native to North
America (Tognon et al 2017). Phylogeny and ancestral hosts were pointed out by

Taekul et al (2014) as factors that affect the host/parasitoid interaction. Grapholita
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molesta, whose origin center is also in East Asia (Gonzalez 1986) and T. pretiosum,
from the Americas (Pinto & Stouthamer 1994), which, in part, justifies the results of
this study.

Experimental T. pretiosum bioassays, which had previous contact with
oriental fruit moth eggs, evidenced a change in behavior (learning), both in relation
to chemotaxis and parasitism, at all ages. Rodrigues et al (2011) had already verified
the importance of the original host (pre-imaginal learning) of T. pretiosum by
increasing parasitism on G. molesta eggs after four generations reared in this host.
Nurindah et al (1999b) observed that, after exposure Helicoverpa armigera (Hubner)
(Lepidoptera: Noctuidae) eggs, Trichogramma australium (Girult) (Hymenoptera:
Trichogrammatidae) reduced the search time for egg masses of this host. The
recognition and parasitism of T. pretiosum grown on E. kuehniella eggs was also
increased in the noctuids, Anticarsia gemmatalis (Hubner), Pseudoplusia includens
(Walker), S. frugiperda, and Diatraea saccharalis (Fabricius) (Lepidoptera:
Crambidae) after the contact of this parasitoid, for 24 hours, with eggs of these
herbivores (Siqueira et al 2012).

Similarly, inexperienced T. pretiosum females parasitized the original host (E.
kuehniella) more than S. frugiperda eggs (Vargas et al 2017). Nevertheless, the
authors verified that, after the experience of adults with eggs and extracts of this
host, T. pretiosum did not differentiate egg masses of different host species. This
learning hability is probably a strategy used by generalist parasitoids to address the
great variability of chemical information present in the environment (Steidle & van

Loon 2002).
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This study results evidenced that T. pretiosum uses G. molesta sexual
pheromone to search their host. Thus, it is assumed that this environment with
pheromone attracts insects already present in adjacent areas to the orchards where
their hosts and partners for copulation would be located. Nevertheless, this higher
number of parasitoids may not result in an increased parasitism rate, as the females
inexperienced in G. molesta eggs do not perceive the kairomones on egg masses. In
fact, Tortosa et al (2014) had already observed the natural occurrence of T. pretiosum
in eggs of this herbivore in pear orchards in Mendoza, Argentina, although with a
low parasitism rate. Conversely, females of this parasitoid presented egg volatile
learning capacity at different ages, being able to recognize these semiochemicals
after a positive experience, increasing their chemotatic response and parasitism,
which would allow their conditioning to a target host odor, in mass breeding or in
capsules for field release, enhancing the success of its use in management programs.

Considering that the T. pretiosum artificial colonies are manteined in E.
kuehniella eggs, the experience acquisition with target pest eggs extracts could be
provided during the parasitoid development, close to emergence moment, or
immediately after it. The parasitoids behaviour manegement could result in the
liberation of wasps familiar with the target host volatiles, and consequently, make

easier to recognise it in field conditions.
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Percentages of chemotactic responses of Trichogramma pretiosum mated
males, at different ages, tested in the dual-choice olfactometer, with the
synthetic pheromone blend of Grapholita molesta and hexane (control).
Numbers in the bars represent the number of responsive insects. NR =
nonresponsive. ns = not significant statistically (¥, P > 0.05).

Percentages of chemotactic responses of Trichogramma pretiosum mated
females, at different ages, tested in the dual-choice olfactometer, with the
synthetic pheromone blend of Grapholita molesta and hexane (control).
Numbers in bars represent the number of responsive insects. Values followed
by an asterisk asterisk are significantly different (y*; * P < 0.05; ** P < 0.01).
NR = nonresponsive.

Percentages of chemotactic responses of Trichogramma pretiosum mated
females without experience in Grapholita molesta eggs at different ages,
tested in the dual-choice olfactometer on rinsed and unrinsed eggs of this
species. Numbers in the bars represent the number of responsive insects.
Values followed by an asterisk are significantly different (¥, * P < 0.05). NR
= nonresponsive. ns = not significant statistically.

Percentages of chemotactic responses of Trichogramma pretiosum mated
females with experience in Grapholita molesta eggs, at different ages, tested
in the dual-choice olfactometer on rinsed and unrinsed eggs of this species.
Numbers in the bars represent the number of responsive insects. Values
followed by an asterisk are significantly different (¥*; * P < 0.05). NR =
nonresponsive. ns = not significant statistically.

Mean number of rinsed and unrinsed eggs of Grapholita molesta (+ SE)
parasitized by Trichogramma pretiosum mated females, at different ages,
exposed with pheromone and hexane (control). Values followed by an
asterisk are significantly different, compared within treatments for each age
by Mann-Whitney test at 5% significance level (* P < 0.05).

Mean number of eggs of Grapholita molesta (+ SE) parasitized by
Trichogramma pretiosum mated females, at different ages, with and without
experience on eggs of this host, exposed to rinsed and unrinsed eggs of G.
molesta. Values followed by an asterisk are significantly different, compared
within treatments for each age by Mann-Whitney test at 5% significance level
(* P <0.05; ** P <0.01). W/OE = without experience. WE = with experience
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Fig 2
Hexane (control) Pheromone NR
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Fig 3
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Fig 6
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4 CONSIDERACOES FINAIS

Os resultados deste trabalho demonstraram que fémeas de T. pretiosum
reconhecem o feroménio sexual sintético do hospedeiro G. molesta e que este tem
influéncia no parasitismo de ovos deste herbivoro.

Tendo em vista que esse ferombnio € largamente empregado no
monitoramento e controle da mariposa-oriental em pomares, através da técnica de
disrupcdo sexual, pode-se supor que este atuaria como um atrativo, aumentando o
namero de individuos na area. Entretanto, esse efeito benéfico ndo se converteria
diretamente em um aumento da taxa de parasitismo, uma vez que foi observado que
as fémeas, quando inexperientes, ndo reconheceram os volateis oriundos dos ovos de
G. molesta e assim, ndo utilizariam as pistas de curto alcance para detectar e
reconhecer as posturas. Esse comportamento pode ser uma das razfes para as baixas
taxas de parasitismo natural encontradas para T. pretiosum em ovos de G. molesta,
como registrado por Tortosa et al. (2014).

Porém, assim como j& descrito para outras espécies de tricogramatideos,
fémeas de T. pretiosum, apOs passarem por uma experiéncia com este hospedeiro,
mostraram capacidade de aprendizagem, passando a reconhecer os odores dos ovos
de G. molesta, evidenciando uma mudanca de comportamento, tanto em relagdo a
quimiotaxia, quanto ao parasitismo. Tendo em vista que as criacbes massais de T.
pretiosum utilizam E. kuehniella como hospedeiro, a experiéncia com extratos de

ovos da praga-alvo, poderia ocorrer durante o desenvolvimento do parasitoide,



60

proximo a emergéncia, ou imediatamente apds esta. A manipulacdo do
comportamento dos parasitoides resultaria na liberacdo de individuos familiarizados
com volateis do hospedeiro-alvo e, consequentemente, com mais facilidade de busca-
los e reconhece-los em condicdes de campo.

Este resultado suscita a realizacdo de novos estudos, utilizando ao invés do
contato direto com o hospedeiro, extratos de ovos deste. Além disso, poderia ser
avaliada ndo sé a aprendizagem na fase adulta, mas especialmente, durante a imatura.
Trabalhos desta natureza ainda sdo escassos e poderiam fornecer importantes e

promissoras ferramentas as biofabricas.
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