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RESUMO

Na cultura do meldo (Cucumis melo L.) existem alguns insetos que podem ser
considerados pragas chaves, como Bemisia tabaci bidtipo B (Gennadius, 1889). Este inseto
causa danos diretos pela suc¢do da seiva e danos indiretos com a transmissao de virus pelo
processo de alimentagcdo. A principal forma de controle desse inseto € o quimico, porém
alternativas de controle como o uso de volateis envolvidos nas interagdes tritroficas deste inseto
tem sido estudada. Uma dessas interacfes envolve a busca do parasitoide pelo seu hospedeiro,
podem usar volateis emitidos pela propria planta e também pelo hospedeiro. O objetivo desse
estudo foi investigar e identificar compostos volateis liberados pela planta de meldo quanto
atacada por B. tabaci e verificar sua resposta e do parasitoide Encarsia desantisi aos volateis
da planta. A atratividade de B. tabaci para plantas de meldo sadias, infestadas (pela propria B.
tabaci) e controle (ar limpo) foi testada em olfatdbmetro de 4 vias. O tempo de permanéncia de
B. tabaci foi maior para os volateis de plantas sadias do que no controle (ar limpo).
Adicionalmente, B. tabaci apresentou maior nimero de entradas e maior tempo de permanéncia
no controle (ar limpo) em relacdo a plantas infestadas. Com a chance de escolha entre odores
das plantas sadias, plantas infestadas e controle, os adultos de B. tabaci gastaram mais tempo
no controle, seguido de plantas infestadas e plantas sadias. A resposta comportamental de E.
desantisi foi avaliado os volateis de plantas de meldo sadias vs controle; plantas infestadas vs
controle e plantas sadias vs infestadas vs controle. Fémeas de E. desantisi permaneceram mais
tempo em plantas infestadas por B. tabaci do que no controle (ar limpo). Nao houve diferencas
no tempo gasto pelas fémeas do parasitoide entre odores de plantas sadias e controle (ar limpo).
Quando comparada a resposta do parasitoide para plantas infestadas, sadias e ar limpo, houve
um maior investimento de tempo nos odores de planta infestada por B. tabaci em relacdo ao
controle (ar limpo). A coleta dos volateis de plantas de meldo sadias e infestadas foi realizada
por 24 horas, identificados 12 compostos, Salicilato de Metila e Tetradecano foram encontrados
somente em plantas infestadas. Atratividade de E. desantisi aos compostos sintéticos (a-Pineno;
B-Pineno; B-Myrceno; Ocimeno; Salicilato Metila e Tetradecano) indicou que ndo houve
diferenca no tempo gasto pelas fémeas do parasitoide em relacdo ao controle (ar limpo). A
lavagem de ninfas de B.tabaci foram testada para a atratividade E. desantisi, mostrou-se
biologicamente ativo, sendo a fracdo 50% éter ativa para os parasitoides. A fracdo 50% éter,
foi refracionada e nos bioensaios a fracdo 10% éter apresentou atividade bioldgica. Os
resultados analisados em GC-FID e GC/MS caracterizaram 0s compostos sendo duas classes
de compostos: 0s ésteres e cetonas.

Palavras-chaves: Bemisia tabaci, semioquimicos, volateis de plantas, Cucumis melo,
cairomonios, Encarsia desantisi, controle biologico, parasitoides, mosca-branca.



ABSTRACT

In melon crop there are some insects that can be considered key pests, as Bemisia tabaci
biotype B (Gennadius, 1889). This insect causes direct damage by sap suction and indirect
damage by virus transmission through the feeding activity. The main control method is
chemical, but alternatives such as the use of volatiles involved in the tritrophic interactions of
this insect have been studied. One of these interactions involves the search of the parasitoid by
its host, using volatiles emitted by the plant and also by the host. The objective of this study
was to investigate and identify volatile compounds released by the melon plant when attacked
by B. tabaci and to verify the response of this insect and the parasitoid Encarsia desantisi to
the volatiles of the plant. The attractiveness of B. tabaci to healthy melon plants, infested melon
plants (by B. tabaci) and control (clean air) was tested in a 4-way olfactometer. The retention
time of B. tabaci was higher for the volatiles of healthy plants than in the control (clean air). In
addition, B. tabaci showed higher number of entries and longer retention times in the control
(clean air) in relation to infested plants. With the chance of choosing between odors from
healthy plants, infested plants and control, B. tabaci adults spent more time in control, followed
by infested plants and healthy plants. For the behavioral response of E. desantisi, were
evaluated: the volatiles of healthy melon plants vs control; infested plants vs control and healthy
plants vs. infested plants vs control. Females of E. desantisi remained longer in plants infested
by B. tabaci than in control (clean air). There were no differences in time spent by parasitoid
females in healthy plant odors and in control (clean air). When comparing the response of the
parasitoid to infested plants, healthy plants and clean air, there was a greater time spent in plants
infested by B. tabaci odors in relation to the control (clean air). The volatiles of healthy and
infested melon plants were collected for 24 hours, and 12 compounds were identified. Methyl
Salicylate and Tetradecane were found only in infested plants. The attractiveness of E. desantisi
to synthetic compounds (a-Pinene, B-Pinene, B-Myrcene, Ocimene, Salicylate Methyl and
Tetradecane) indicated that there was no difference in the time spent by the parasitoid females
in relation to the control (clean air). B. tabaci nymphs wash was tested for E. desantisi
attractiveness and showed to be biologically active, with the 50% ether fraction being active
for the parasitoids. The 50% ether fraction was refracted, and in the bioassays the 10% ether
fraction showed biological activity. The results analyzed in GC-FID and GC/MS characterized
the compounds as belonging to two classes: esters and ketones.

Keywords: Bemisia tabaci, semiochemicals, plant volatiles, Cucumis melo, kairomones,
Encarsia desantisi, biological control, parasitoids, whitefly.



LISTA DE FIGURAS
Figura 1 - As variedades de meldo mais comercializadas no Brasil ..............ccccccevvennenn 18

Figura 2 - a) Adultos de Bemisia tabaci em folhas de meloeiro (Cucumis melo L.) e b) detalhe

de adUITO COM OVOS (B5X) ..vveveeieiiieiieeieeiesie et st e ste e e e et e e e ste e e raesbeaneesneesreenee e 19

Figura 3 - Ciclo de vida de Bemisia tabaci biotipo B...........ccccoooiiiiiiiiiiiiccee 20

Figura 4 - a) Sintomas em meloeiro (Cucumis melo L.) pelo “amareldao”, Melon yellowing -
associated virus (MYaV), infeccdo natural em campo, Juazeiro, BA. b) Sintomas do mosaico

em meloeiro causados POr MY AV ......ccccoiiiiiieieeee ettt 22
Figura 5- Ciclo de vida de Encarsia deSantiSi..........cccceoerererininieieieiese e 25
Figura 6 - Funcdes fisioldgicas dos volateis no ambiente............cccovvveiieieiicie e 27
CAPITULO |

Figura 1 - Olfatomentro de 4 vias utilizado nos bioensaios de Bemisia tabaci. Setas vermelhas
indicam a entrada do fluxo de ar até o ponto central do olfatdmetro com um “x”. O losango
central ¢ a 4rea do olfatomentro considerada como “nao resposta”.........ccceevveeeveereeeneennen. 34

Figura 2- (a) Primeira escolha de Bemisia tabaci entre Controle vs Planta Infestada e primeira
escolha de B. tabaci entre Controle vs Planta Sadia ...........c.ccooeviiiniiiiiine e, 35

Figura 3 —(b) Numero de entradas de B. tabaci em cada bracos do olfatbmetro entre Controle
vs Planta Infestada e ndmero de entradas de B. tabaci entre Controle vs Planta
RS0 | T USRS 36

Figura 4 — (c)Tempo médio em que Bemisia tabaci permaneceu em cada braca do olfatdmetro
entre Controle vs Planta Infestada e tempo médio de B. tabaci entre Controle vs Planta Sadia
.............................................................................................................................................. 36

Figura 5 — (a) Primeira escolha de Bemisia tabaci entre Planta Infestada vs Planta Sadia vs
Controle, (b) Numero de entradas de B. tabaci em cada bracos do olfatdmetro, (c) Tempo médio

que 0 inseto permaneceu em cada braco do
(0] 72100144 T=1 1 (o TSRS 37
CAPITULO Il

Fig 1 Preference of the parasitic wasp Encarsia desantisi for blank and flowering-melon
volatiles in the four-arm olfactometry assay. Parasitoids’ first choice (a), entering arm
frequency (b) and time spent (mean + SE) (c) in olfactometer quadrants with blank (white bars),
volatiles from and undamaged melon (gray bars) or from hostinfested melon plants (black bars).
*Designates significant difference at 5% according to binomial test (a, b) or according to
Friedman’s two-way test followed by Wilcoxon’s test with Bonferroni’s correction for multiple



10

comparisons (©); ns no significant
(0N T =] oo TSR SUS TS 49

Fig. 2 Preference of the parasitic wasp Encarsia desantisi for diferente flowering-melon
volatiles in the four-arm olfactometry assay. Parasitoids’ first choice (a), entering arm
frequency (b) and time spent (mean £ SE) (c) in olfactometer quadrants with blank (white bars),
volatiles from undamaged melon plants (gray bars) or from host-infested melon plants (black
bars). *Designates significant difference at 5% according to multinomial test; ns no significant
difference; same letters do not differ according to Friedman two-way test followed by
Wilcoxon’s test with Bonferroni’s correction for multiple comparisons.............cc........... 50

Fig. 3 Composition of melon volatiles released by undamaged and host-infested melon plants.
Total amount of volatiles emitted (mean = SE) (a) and compounds released according to volatile
chemical classes (mean + SE) (b). *Designates significant difference at 5% according to
Wilcoxon signedrank test; ns no significant difference...........cccccoveviiieiicii e, 51

Fig. 4 Loading plots for principal components analysis (PCA) with plant-volatile chemical
classes as variables. PCA of composition of volatiles emitted by undamaged and host-infested
melon plants according to compound chemical ClasSes...........ccccvevveviereciesieese e 52

Fig. 5 Preference of the parasitic wasp Encarsia desantisi for blends of synthetic volatiles and
hexane in four-arm olfactometry assay. Parasitoids’ first choice () and time spent (mean + SE)
(b) in olfactometer quadrants with hexane or synthetic volatiles mimicking hostinfested plant.
*Designates significant difference at 5% according to binomial test for first choice or Friedman
two-way test followed by Wilcoxon’s test with Bonferroni’s correction for multiple
(010100 0= L 10 S FO O TR PR PO R PP PR PRPRPPRIN 52

CAPITULO IlI

Fig 1. Response of Encarsia desantisi females in "Y' olfactometer for fractions vs control and
extract wash vs control. Asterisks indicate significant differences between treatments according
to the chi-square test of the likelihood ratio (*** P <0.001; ** P <0.01; ns = No Significant)
........................................................................................................................................... 69

Fig 2. Response of Encarsia desantisi females in "Y" olfactometer for fractions vs control.
Asterisks indicate significant differences between treatments according to the chi-square test
of the likelihood ratio (* P <0.01; ns = No Significant) ..................coooiiiiiinan. 69

Fig 3. Chromatograms indicating the relevant peaks in the fraction 50% ether (biologically
011 1Y) SRRSO 70

Fig 4. Chromatograms of fractions 10% ether and 20% ether from the 50% ether fraction
=] (ot T o T USRS 70



LISTA DE TABELAS

Tabela 1- Inseticidas registrados para uso de controle de Bemisia tabaci, utilizados na cultura
do meldo, com seus respectivos periodos de caréncia e limites maximos de residuos
(LIVIR) .ottt ettt e e et e e et e e r et e et e et n e 22

CAPITULO II

Table 1 Volatiles compounds emitted by undamaged and host infested flowering
113 [0TSR PR 51



SUMARIO

1. INTRODUGAO . ......coioieeeieeeeeeeeeee e ee e 14

2. REVISAO DE LITERATURA . ......ooiietieeeeeeeeeeeer st 17
2.1 Cultura e producdo do meldo no Brasil............cccccoveveiieiievesicceece e 17
2.2 Bemisia tabaci DIOtIPO B........ccoveouiiieiice e 19
2.3 Controle de Bemisia tabaci biOtipo B ..........cccoocevviiiiiniinineeeee, 22
2.3.1 CoNtrole QUIMICO .....cveuiiiiiiiiieiece e 22
2.3.2 CoNntrole BIOIOGICO ......ccovviieiieciece et 23
2.4 GENEIO ENCAISIA SPP...veveeieeieiieiteesie et steese et stee et ae e 24
2.4.1 A importancia de Encarsia spp. no controle bioldgico............c.ccccevnnne. 26
2.5 SEMIOQUIMICOS ..ottt 27
2.6 Interacdo tritréfica (planta — herbivoro- parasitoide) .........cccccccveieiveiieenen, 27
2.6.1 A importancia da interacao tritréfica para o MIP..........c.ccccoevieiveicinnnn, 29

CAPITULO I. Respostas olfativas de Bemisia tabaci, bitipo B (Hemiptera: Aleyrodidade)

aos volateis de meldo Cucumuis melo (Cucurbitaceae).........cccoovvverercviciennns 31
LAINTRODUGAO. ..ottt 32
2.MATERIAL E METODO.......coiiiiiiieee e 33
2.1 PIANTAS. ... 33
2.2 INSELOS ...ttt 33
2.3 Bioensaios em OIfatOmetro...........ccoveiiiieieie e 33
3. ANAliSe EStAtiSTICA. .....cuiiveeeiiitiiieieie e 34
4, RESUITATOS. ...t 34
5. DISCUSSAO. ...ttt sttt sttt b bbbttt bbb 38
B. CONCIUSAO ... 40

T RETEIENCIAS ..ottt e ettt e e e e e e e e e eeeeeeeaaaas 41



CAPITULO II. Phloem-feeding herbivory on flowering melon plants enhances attraction of
parasitoids by shifting floral to defensive volatiles.............cccooovveiieiiiic i 45

CAPITULO III. Attractiveness of Encarsia desantisi (Hymenoptera: Aphelinidae) to the
cuticular nymph compounds of Bemisia tabaci biotype B (Hemiptera:Aleyrodidae)

3. CONSIDERAGCOES FINAIS .....oooviieieieietetseeee et 71

4, REFERENCIAS .......ooitieeeeee ettt 72



14

1. INTRODUGCAO

O Brasil é o terceiro maior produtor mundial de frutas ficando atrés apenas da China e
da India. Com uma producéo agricola que gera milhares de empregos diretos e indiretos, em
2017 o pais exportou 784 mil t. de frutas, representando 2,5% da producéo nacional, ocupando
a 232 posicdo no ranking mundial de maiores exportadores de frutas com faturamento de US$
852 milhdes (SECEX, 2018). Entre as frutas mais exportadas encontram-se o meldo, liméo,
manga, mamao, melancia e uva. (HF BRASIL,2018).

O meldo, Cucumis melo L. é uma das culturas de maior importancia econémica para a
regido nordeste, com uma producéo de 164 mil t. de dezembro 2017(SECEX, 2018). Um dos
fatores que favorecem a concentracdo da producao no nordeste, as condigdes ambientais mais
favoraveis que permitem o cultivo o ano todo (FAVERET et al., 1999). Apesar da cultura do
meldo estar bem adaptada na regido e ter alta produtividade, alguns fatores limitam sua

produtividade, como os danos causados pelas pragas (ALENCAR, 2000).

Bemisia tabaci (Genn.) biotipo B (Hemiptera: Aleyrodidae) é um dos insetos
considerado pragas chave da cultura do meldo em todas as regifes produtoras do Brasil
(FERNANDES et al., 2000), causando danos diretos pela suc¢do da seiva sendo o veiculo para
transmissdo do virus causador do “amareldao-do-meloeiro”, assim como danos indiretos
ocasionados pela excrecdo continua de “honeydew”, favorecendo o crescimento do fungo
causador da fumagina o qual reduz a incidéncia de luz nas folhas e consequentemente, a
atividade fotossintética da planta (BYRNE; BELLOWS, 1991; BELLOWS et al., 1994).

Na cultura do meldo, o principal método de controle de B. tabaci biotipo b, é por
aplicacdo inseticidas foliares, algumas vezes pouco eficientes, devido a localiza¢do das ninfas
na face abaxial das folhas e das plantas de meloeiro serem de crescimento rasteiro, o que
dificulta a pulverizagdo (SIMMONS; MCCREIGHT, 1996). Aléem disso, 0 uso sucessivo de
determinados inseticidas para o controle acaba favorecendo a selec¢do de populagdes resistentes
de B. tabaci bidtipo B, reduzindo também a populagéo de inimigos naturais (DENHOLM et al.,
1996; HOROWITZ; ISHAAYA, 1996; NAVAS-CASTILHO, 2011).

Alternativas de controle a B. tabaci devem ser estimuladas para evitar a resisténcia a
pesticidas (VILLAS BOAS et al., 2004; LARA, 1991), sendo o controle biolégico um dos
métodos de controle que pode ser empregado.

Os parasitoides do género Encarsia e Eretmocerus (Aphelinidae), sdo os principais

agentes de controle biologico da B. tabaci bidtipo B, em varios lugares do mundo
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(HOROWITZETAL etal., 2011). No Brasil, destacam-se parasitoides do género Encarsia, que
tem sido introduzido e criado em laboratério com o intuito de auxiliar nos programas de
controle biolégico de B. tabaci (CASTINEIRAS, 1995; PAVIS et al., 2003). A espécie
utilizada nesse trabalho a Encarsia desantisi foi encontrada espontaneamente em plantas de
couve, em Minas Gerais (TORRES, et al., 2004). Pessoa et al. (2016) testou o parasitismo de
E. desantisi em mosca-branca criadas em algoddo Bt (planta geneticamente modificada), e
conclui que o uso destas plantas aliado ao parasitismo, podem ser uma estratégia de controle de
B. tabaci.

A interacdo planta-herbivoro-parasitoide é uma interacéo tritréfica que envolve cadeias
tréficas muito complexas, em que os componentes estdo interligados. Uma possivel tética de
controle que envolva os volateis desta interacdo tem se mostrado promissores para um controle
de pragas (PINTO-ZEVALLOSO et.al, 2013).

Sabe-se que ndo existem até o momento trabalhos que utilizam o meldo (Cucumis melo)
e seus volateis para identificagdo dos mesmos e nem qualquer relato dessa planta no sistema de
interacdo tritrofica utilizando B. tabaci e o parasitoide E. desantisi. Esses fatos tornam o nosso

trabalho de extrema relevancia para esse sistema proposto.

Visando entender melhor a importancia dos volateis da planta de meldo (Cucumis melo)
induzidas por B. tabaci no forrageamento dos parasitoides E. desantisi e sua possivel
aplicabilidade no Manejo Integrado de Pragas (MIP) pode oferecer novas estratégias para o

manejo desta praga.
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Objetivos
Objetivo geral

Entender o comportamento de busca de Bemisia tabaci, pela sua planta hospedeira e analisar
como o conjunto de volateis planta hospedeira e herbivoro atuam na atragdo do inimigo natural,
neste caso o parasitoide.

Objetivos especificos

Q) Avaliar a resposta olfativa de Bemisia tabaci biotipo B aos volateis de meléo
induzidos e ndo induzidos por seus co-especificos;

(i) Awvaliar a resposta olfativa do parasitoide Encarsia desantisi, aos volateis do
meldo induzido pela herbivoria da mosca-branca Bemisia tabaci bidtipo B e plantas sadias;
identificar os compostos quimicos volateis liberados pela planta de meldo induzidos por
Bemisia tabaci bittipo B e planta de meldo sadias;

(iii)  Analise de compostos quimicos volateis de ninfas de Bemisia tabaci biotipo B e
a avaliacdo da resposta olfativa do parasitoide Encarsia desantisi ao composto de ninfa.
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2 Revisdo de literatura geral

2.1 Cultura e producéo do meldo no Brasil

O plantio e a comercializacdo do mel&o no pais, iniciou-se na década de 1960, nos
Estados do Rio Grande do Sul e de S&o Paulo. Anterior a essa década, a fruta chegava ao Brasil
importada da Espanha e do Chile. Somente a partir da década de 1980 a fruta passou a ser
cultivada na regido nordeste do Brasil. O principal motivo dessa mudanca foram as condicdes

climéticas, sendo o nordeste uma regido mais favoravel. (ARAUJO; CAMPOS, 2011).

A cultura do meloeiro, Cucumis melo (L.) destaca-se no Brasil pela grande importancia
econbmica e social. Entre as frutas e oleraceas exportadas pelo pais, nos ultimos dois anos, o
meldo lidera em valor exportado e em quantidade. Na safra 2017 a producéo atingiu um novo
recorde nas exportacdes de 233 mil t. Um valor recebido que somou US$ 162 milhGes um
recorde na mesma comparacgdo. Esse resultado promissor se deve aos bons embarques iniciais
no ano passado e ao fim antecipado da temporada de colheita do meldo espanhola e de outros
paises da Europa (HF BRASIL, 2018; SECEX, 2018).

No Brasil a producéo de meldo concentra-se em areas irrigadas do semiérido nordestino,
sendo 95,9 % da area plantada, os estados do Rio Grande do Norte e Ceara principais estados
produtores e o submédio do Vale do Rio Séo Francisco — estados de Pernambuco e Bahia. (HF
BRASIL,2018).

De acordo com Pereira et al., (2017), os principais tipos de meldo explorados no Brasil
sdo: meldo amarelo, Galia, Pele de Sapo, Cataloupe, Charentais e Honeydew (Figura 1). Mas,
atualmente, os meldes hibridos estdo na lista dos favoritos pois esses tém maior resisténcia a

pragas, produtividade e uniformidade.
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Figura 1: As variedades de meldo mais comercializadas no Brasil.
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Adaptado de: Oliveira et al., (2017).

O meldo € rico em minerais, particularmente potassio, sodio e fésforo. Possui baixo
valor energético pode ser consumido in natura, como ingrediente de saladas de frutas ou de
hortalicas, e suco (COSTA, 2008; SENAR, 2007)

A cultura do meléo é afetada por diversos fatores incluindo o clima que influencia desde
a germinacdo das sementes até a qualidade final do produto. Em regifes de clima semiarido
onde é quente e seco, como da regido nordeste do Brasil, os frutos apresentam alto teor de
acucar (°Brix), sabor agradavel, mais aroma e maior consisténcia, caracteristicas determinantes
para sua comercializacdo, principalmente para a exportagdo e a conservacdo pos-colheita
(COSTA, 2008; OLIVEIRA et al.2017).

A intensidade luminosa é outro fator climatico importante para a cultura. A baixa
intensidade de luz ou o encurtamento do periodo de luz resulta em menor area foliar. Assim,
todos os fatores que afetam a fotossintese de substancias organicas, mediante a fixacdo do gas
carbénico do ar, pela acao da radiacédo solar, também afetam a qualidade do fruto (FAVERET;
ORMOND; DE PAULA, 1999; COSTA, 2008).
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Na regido semiarida, o meldo tem um ciclo entorno de 60 dias, podendo variar devido
as condices climaticas e as necessidades de cada cultivar (SILVA et. al, 2003).

Coelho et al. (2009), avaliou em 32 variedades de meldo ha resisténcia ao ataque de
Bemisia tabaci biotipo B. A cultivar ‘Neve’ foi e a menos atrativa para alimentacdo dos adultos
e menos preferida pelas fémeas para oviposi¢éo, enquanto a variedade ‘Nilo’ foi a mais atrativa
para os adultos e as variedades ‘Nilo’ ¢ ‘Jangada’ as mais atrativas para oviposi¢do. Estes
resultados podem ser utilizados para recomendacdes de plantio das cultivares mais resistentes

em regides com maior ocorréncia de B. tabaci.

2.2 Bemisia tabaci, biétipo B

A mosca-branca, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) possui cerca de
~Ilmm comprimento (Figura 2) de corpo amarelo e quatro asas recobertas com uma
pulveruléncia branca. As fémeas realizam a postura na face abaxial das folhas do hospedeiro.
O primeiro instar ninfal € movel até encontrar uma area na folha adequada para a alimentacéo
e a partir dai torna-se imovel e assim permanece até o quarto e dltimo instar, podendo ser
identificadas pelos olhos vermelhos caracteristicos (MCAUSLANE, 2009).

Figura 2. a) Adultos de Bemisia tabaci em folhas de meloeiro (Cucumis melo L.) e b) detalhe de
adultos com ovos (35x).

Fotos: T}ago C. da Costa-Lima

O periodo ovo-adulto (Figura 3) varia de acordo com o hospedeiro, podendo ser de 15,5
a 20 dias, para 25 e 30 °C, respectivamente. Os adultos vivem, em média, 18 dias, e as fémeas
ovipositam de 100 a 300 ovos durante todo o seu ciclo de vida (VILLAS BOAS; BRANCO,
2009). Fatores como altas temperaturas, baixa umidade relativa do ar e planta hospedeira,
favorecem o desenvolvimento da mosca-branca, sendo, por isso, observados surtos

populacionais desta praga na estacdo seca. A chuva é o fator mais adverso, causando
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mortalidade nas populagdes do inseto, principalmente quando fortes e constantes (COSTA,
2008).

Figura 3. Ciclo de vida de Bemisia tabaci biétipo B.
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Fonte: Autora, 2018

O transporte de estruturas vegetativas de plantas infestadas é um dos principais veiculos
de disseminacédo da praga. Essa dispersao também pode ser favorecida por correntes de vento.
Outros fatores de sucesso nessa dispersdo deve-se a habilidade de B. tabaci em se adaptar a
novas plantas hospedeiras e condices climaticas diversas (VILLAS BOAS et al.,1997), sua
elevada capacidade de desenvolver resisténcia a inseticidas (PRABHAKER et al., 1992;
SILVEIRA, 2000) e maior taxa de oviposi¢do em relacdo a outras espécies de B. tabaci bidtipo
B (LOURENCAO et al., 2001).

Bemisia tabaci, biotipo B é uma espécie cosmopolita que tem sua origem ainda
desconhecida, porem acreditasse que esse bi6tipo tenho sido introduzido e disseminada nos
EUA vindos de coldnias do Caribe (HAJI, et al, 2004).

Aqui no Brasil, B. tabaci bidtipo B foi detectada no nordeste brasileiro no inicio da
década de 1990 (VILLAS BOAS; BRANCO, 2009), se tornando praga-chave de diversas
culturas. Sua primeira constatacdo no Brasil, foi nos estados do Parand em 1968 feito por Costa
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et al. (1973) e em S&o Paulo no periodo 1972-1973 e rapidamente atingiu as principais regides
produtoras de outros estados do pais onde ainda ndo tinha sido detectada (COSTA et al. 1973;
MELO, 1992; LOURENCAO; NAGAI, 1994).

O bidtipo B se diferencia do biotipo original A em alguns aspectos como: maior taxa de
fecundidade, ataca maior nimero de plantas cultivadas, incluindo cruciferas, citros e maméo e
induz alteracBes fitotoxicas em cucurbiticeas, tomates e brocolis, transmitida pela toxina

presente na saliva das ninfas de B. tabaci (HILJE, 1996)

A succdo continua da seiva e inoculacdo de toxinas € o dano direto que provoca
alteracbes no desenvolvimento vegetativo e reprodutivo da planta. Além disso, a excrecdo
acucarada (honeydew) que o isento excreta durante o processo de alimentacdo favorece a
proliferacdo de fungos Capnodium sp., formadores da fumagina. Estes se desenvolvem sobre a
superficie dos diferentes 6rgaos da planta, interferindo nos seus processos de fotossintese e
respiracdo (BYRNE; BELLOWS, 1991; COSTA-LIMA, et.al., 2016).

Um dos maiores danos causado pela B. tabaci em meloeiro é a transmisséo do virus do
amareldo, Melon vyellowing-associated virus (MYaV; género Carla virus; familia
Betaflexiviridae). Essa doenca foi detectada na cultura no final da década de 1990, associado a
altos niveis populacionais de B. tabaci bidtipo B em areas de meloeiro no semiarido nordestino
(NAGATA etal., 2003; SILVA et al., 2002). O tipo de sintoma induzido pelo virus é observado
inicialmente com o amarelecimento nas folhas baixeiras da rama (mais velhas) (Figura 4). Com
o desenvolvimento da doenca, todas as folhas se apresentam cloréticas, o que interfere na
atividade fotossintética da planta e causa reducdo na quantidade e na qualidade dos frutos
(COSTA-LIMA et al., 2016).
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Figura 4. a) Sintomas do “amarelao”, Melon yellowing -associated virus (MYaV) em meloeiro
(Cucumis melo L.) em Juazeiro, BA. b) Sintomas do mosaico em meloeiro causados por MYaV.

Foto: Jon E. Yur:
Foto: Mirtes F. Lima

2.3 Controle de Bemisia tabaci biotipo B

2.3.1 Controle quimico

O uso de inseticidas € o principal método utilizados pelos produtores para controlar a B.
tabaci. O Ministério da Agricultura, Pecuaria e Abastecimento disponibiliza uma lista de 48
inseticidas registrados para cultura do meldo, dos quais 37 sdo para o controle de B. tabaci em
meloeiro. Desses 0s neonicotinoides (Tabela 1) representam o grupo quimico com maior
numero de inseticidas utilizados (COSTA-LIMA et al., 2016; BRASIL, 2018).

Tabela 1. Inseticidas registrados para uso de controle de B. tabaci, utilizados na cultura do meldo, com
seus respectivos periodos de caréncia e limites maximos de residuos (LMR).

Grupo quimico/ Subgrupo Ingrediente ativo Intervalos de LMR*
seguranca (dias) (mg/kg)
Piretroide Bifentrina 7 0,5
Neonicotinoides Imidacloprido 40 0,5
Acetamiprido 3 0,2
Tiametoxam 7 0,02
Tiacloprido 14 0,2
Clotianidina 10 0,1
Piriproxifen (= Eter Piriproxifeno 14 0,05
piridiloxipropilico)
Pimetrozina 3 0,05
Piridina azometina
Diafentiuron (= Diafentiuron 7 0,2
Feniltioureia)
Buprofezina (= Buprofezina 7 0,3

Tiadiazinona)

Cetoenol Espiromesifeno 1 0,2
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Diamedas Ciantraniliprole 1 0,07
Tetranortriterpenoide Azadiractina ND* ND*
Piretroide + Bifentrina ou beta-ciflutrina 7 0,05
Neonicotinoides + Imidacloprido

Fonte: Guia sobre Mosca-branca em Meloeiro (COSTA-LIMA, et al., 2016). Anvisa: www.anvisa.com.br, acesso em
10/04/2018 * LMR: limite maximo de residuos. ND: néo definido

Outras medidas de controle, sdo de extrema importancia, como o controle legislativo,
baseado em dispositivos legais que obrigam o cumprimento de normas de plantio, como
destruicdo de restos culturais e a regulamentacdo do uso e manejo de agrotdxicos (HAJI et al.,
2004).

O controle cultural, € uma estratégia adequada sendo uma tatica que se baseia em
praticas agricolas com o propdsito de prevenir o ataque de B. tabaci, tornando o ambiente
menos favoravel ao seu desenvolvimento implementando o plantio de mudas sadias, barreiras
vivas, armadilhas e manejo de plantas daninhas hospedeiras que possam impedir ou retardar o
aparecimento da praga na cultura. Entretanto, o cultivo sucessivo de varias culturas hospedeiras
dificulta a reducdo de populagdes de mosca-branca a niveis baixos que ndo cause danos
econdmicos (ALENCAR, 2000; HAJI, 2004).

2.3.2 Controle Biologico

O controle bioldgico consiste na regulacdo de insetos pragas devido a acdo de seus
inimigos naturais, podendo ser parasitoides, predadores e entomopatdgenos (PARRA et al,
2002; HAJI et al, 2004).

Apesar da cultura do meldo abrigar naturalmente uma grande diversidade de inimigos
naturais, como parasitoides e predadores (crisopideos, joaninhas, aranhas, formigas e
percevejos), esse tipo de controle € pouco explorado pelos produtores devido ao uso excessivo
do controle quimico (GUIMARAES et al, 2008).

No Brasil, a Unica opgdo de controle biologico disponivel para controle de B.tabaci em
meloeiros, é o fungo entomopatogénico, Beauveria bassiana. Em outros paises, € comum a
comercializacdo de predadores e parasitoides de B. tabaci para cultivos protegidos,
principalmente, acaro predador Amblyseius swirskii Athias-Henriot e os parasitoides, Encarsia
formosa Gahan e Eretmocerus eremicus Rose & Zolnerowich (GERLING et al., 2001; CALVO
etal., 2011).



24

No Brasil, existem poucos estudos sobre os parasitoides de B. tabaci presente no
ambiente e sua eficacia no controle. Esse tipo de controle, é muitas vezes negligenciado pelos
produtores de meldo, consequentemente poucos estudos sdo realizados sobre a acdo desses
inimigos naturais (FERNANDES, 1998).

Estudos realizados por Oliveira et al. (1999), registrou a presenca de dez espécies
pertencentes ao género Encarsia parasitando ninfas de B. tabaci em condi¢fes de semicampo

sobre diferentes culturas (tomate, mel&o e soja), localizadas no Distrito Federal.

Fernandes (2006) realizou um levantamento de inimigos naturais na cultura do meloeiro
em Mossord, RN, encontrando nove familias de parasitoides visitando a cultura do mel&o.
Torres et al. (2014) fez um levantamento em Lavras, MG dos inimigos naturais de Bemisia
tabaci, em plantacGes de couve no campo e em casas de vegetacdo. Em casas de vegetacdo
foram encontrados, 6.495 predadores pertencentes a trés familias e 16.628 parasitoides da
familia Aphelinidae. No campo, 267 predadores e 344 parasitoides pertencentes a cinco familias

foram encontrados.

Quintela et al., (1992), observou B. tabaci sendo parasitada por Encarsia sp. em na soja
e no feijdo mantidos em casa de vegetacdo variando de 48,3 a 85,4%, e no campo, de 45,7%

em Sida sp., de 7,9 a 16,9% em feijoeiro e de 9,5% em soja.

2.4 Género Encarsia spp.

Os parasitoides do género Encarsia (Hymenoptera: Aphelinidae) compreende
aproximadamente 200 espécies, grande parte das quais parasitam de mosca-branca e
cochonilhas de carapaca (POLASZEK et al., 1992).

A espeécie E. formosa (G.), é a mais utilizada no mundo para o controle de B. tabaci em
cultivo protegido, sendo descrita em 1924 por Gahan, de espécimes coletadas no USA (lIdaho)
(HODDLE et al., 1998). Nao se sabe o centro de origem desses parasitoides, mas deve ser

proximo de seu hospedeiro, em regides tropicais ou subtropicais (VET et al., 1980).

Encarsia spp. sdo endoparasitoides solitarios e telitocos, sendo que cada geracao
contém apenas fémeas. Medem em torno de 0,6 mm, de coloragdo varidvel e ou completamente
amarelo claro, algumas com manchas marrons e outras completamente marrons. Os machos,
normalmente sdo maiores e mais escuros que as fémeas, apresentando coloracdo marrom (VET
et al., 1980; SCHMIDT et al., 2001).
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A reproducdo de Encarsia spp., pode ser por partenogénese telitoca (ZCHORI-FEIN et
al., 2001). Machos desenvolvem-se como hiperparasitoides das fémeas da sua propria espécie
(VIGGIANI, 1987). Em algumas espécies como E. formosa, a reproducéo esta diretamente
associada a bactéria Wolbachia, desde que as fémeas com esses simbiontes se reproduzam por

partenogénese telitoca, dando origem a somente a fémeas. (ZCHORI-FEIN et al. 2001).

O ciclo reprodutivo de Encarsia spp. (Figura 5), inicia com a deposi¢éo de seus ovos no
terceiro e quarto instares em ninfas de B. tabaci. A oviposi¢do e maturacdo dos ovos diminuem
com a idade do parasitoide. O ovo de Encarsia spp. € de forma ovalada e séssil, o parasitoide
passando pelas fases de ovo, larva, pupa e adultos (SUAREZ et al.2010; ANTONY et al. 2004).
O ciclo de vida dura cerca de 16 a 23 dias, estando diretamente relacionada com a temperatura,
tamanho e estadio de desenvolvimento do hospedeiro (NIKOLSKAYA; YASNOSH, 1966;
NECHOLS; TAUBER, 1977).

Figura 5: Ciclo de vida de Encarsia desantisi
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Fonte: Autora, 2018

Os parasitoides tém habito diurno, sendo seu pico de atividade no inicio da tarde, onde

sofrem influéncia direta da luz e da temperatura sobre a capacidade de dispersdo. Para obter
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energia, esses parasitoides consomem o “honeydew” ou a hemolinfa do seu hospedeiro.

(GERLING, 1966; HODDLE; VAN DRIESCHE; SANDERSON, 1998).

O forrageamento de Encarsia spp. depende da velocidade de caminhamento do
parasitoide, da quantidade e do tamanho do seu hospedeiro. O comportamento de
caminhamento do parasitoide na folha se divide em periodos em que esta4 andando, parado ou
fazendo voos curtos. Algumas variaveis influenciam na velocidade do caminhamento, como o
tipo de venacdo da folha, quantidade e presenca de tricomas, excesso de “honeydew”, etc
(SUTTERLIN; VAN LERTEREN, 1997). Aliados a isso, fatores como temperatura e hora do
dia afetam diretamente a sua atividade de forrageamento (SIMMONS; MCCUTCHEON, 2001,
SIMMONS et al., 2002)

2.4.1 A importancia de Encarsia spp. no controle biologico

No Brasil, existem poucos estudos sobre 0 uso de parasitoides no controle de mosca-
branca. Alguns levantamentos realizados em diversas culturas relatam a presenca de
parasitoides do género Encarsia spp. no Distrito Federal (Oliveira et al. 1999). Outros
levantamentos realizados na Bahia (Juazeiro) e Pernambuco (Petrolina) em culturas de tomate
e uva (Moreira et al. 1999) e na cultura do meldo no Rio Grande do Norte (Mossor0) e Cearé
(Baixa Jaguaribe) (Fernandes, 2000).

O uso do parasitoide E. formosa, para B. tabaci em casa de vegetacéo teve inicio 1920
na Europa e se espalhou ao redor do mundo. Porém, em 1945 houve uma queda em seu uso
devido ao desenvolvimento de inseticidas sintéticos e pouca informacéo sobre o uso correto do
parasitoide (HUSSEY, et al., 1965; SPEYER, 1930; WARDLOW et al., 1976; VAN
LENTERN; WOETS, 1988; VAN LENTEREN et al., 1996). Com relatos de resisténcia de
mosca-branca aos inseticidas, apos 1970 reiniciou-se a utilizacdo deste parasitoide (VAN
LENTEREN; HULPAS-JORDAAN,1987; VAN LENTEREN; WOETS, 1988; VAN
LENTEREN 1995).

Alguns paises, utilizam E. formosa como uma das formas de controle de mosca-branca
em cultivos protegidos principalmente na Europa, América do Norte e Asia (VAN
LENTEREN, 1995). Nesses paises, alguns fatores como a temperatura local no momento da
liberacdo e o espagamento das culturas tem afetado a eficiéncia do parasitoide na busca pelo
hospedeiro. Outros fatores ligados a planta, como a espécie, variedade, nutricdo e quantidade

de tricomas podem também afetar a eficiéncia do parasitismo (HODDLE et al., 1998).
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Para eficiéncia do uso do controle biol6gico com parasitoides do género Encarsia, na
cultura do mel&o, por exemplo, é necessaria uma combinacgdo de outras técnicas de controle,
como o controle cultural, aplicacdo de inseticidas seletivos e 0 uso de outros agentes, levando
em conta os preceitos do Manejo Integrado de Pragas (MIP) (HODDLE et al., 1998; HAJI, et
al., 2004).

2.5 Semioquimicos

Sabe-se que 0s insetos sdo 0s seres vivos que mais utilizam fontes de odores para realizar
suas atividades durante a vida. Um dos comportamentos fundamentais para a sobrevivéncia
desses insetos é a comunicacdo. (VILELA; DELLA LUCIA, 2001). A comunicagdo pode ser
definida como a transmisséo ou recepcao de informacdo por meio de sinais proveniente de um
outro organismo (LEWIS; GOWER, 1980).

Semioquimicos sdo definidos como substancias quimicas envolvidas na comunicagéo
entre os organismos. (NORDLUND; LEWIS, 1976; VILELA; DELLA LUCIA, 2001).Como a
terminologia de semioquimicos é muito ampla, alguns autores como Dicke e Sabelis (1988),
passou a utilizar o termo “infoquimicos” que eles definiram como uma substancia quimica que
naturalmente fornece informacgdes, em uma interacdo de dois individuos, provocando no

receptor, um comportamento ou resposta fisioldgica.

Existem vérias classes de infoquimicos, uma delas sdo os aleloquimicos, que sao
mediadores de interacdo de dois individuos de espécies diferentes (interespecifica), podendo
ser considerado um alomdnio, cairomdnio ou sinomdnio. Essas substancias quimicas exercem
papel fundamental em todas as comunidades, estendendo-se além de duas categorias troficas,
mediando interagcbes de trés ou mais niveis (PRICE et al., 1980; VILELA; DELLA
LUCIA,2001).

2.6 Interacdo tritrofica (planta- herbivoro - parasitoide)

Entender a interagdo quimica dos individuos de uma determinada cadeia ecologica, onde
todos fazem parte de sistema complexo e interligado com outros organismos, afetando todos
mutuamente, é uma tarefa extremamente complexa (PUTMAN, 1994). Quando falamos de
interacdo tritrofica onde temos a planta como produtor, o inseto herbivoro como consumidor
primario e a influéncia dessa interacdo no predador ou parasitoide (consumidor secundario) a
compreensdo do papel de cada organismo na cadeia, favorece a tomada de decisdo nas

estratégias de manejo para controle de determinadas pragas (SILVA, et al., 2012).
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Nesse sistema, 0s volateis tém muitas funcbes no ambiente (Figura 6). O estado
fisiologico natural das plantas ou quando elas sdo submetidas a estresse, podem ser descritos
pela composicao quimica dos volateis difundidos por elas (RIFFEL; GOMES, 2015). Existem
muitas funcdes no ambiente mediadas pela emissdo dos volateis, como a atracdo de
polinizadores e dispersores de sementes, defesa da planta contra herbivoros ou patégenos e a
comunicagdo entre plantas vizinhas sobre o ataque de algum inseto herbivoro ou patdgeno.
PINTO-ZEVALLOS et al., (2013)

Figura 6. Funcdes fisiologicas dos volateis no ambiente
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O papel dos volateis nas interacdes tritroficas, tem sido muito estudado juntamente com
as adaptacOes constantes dos insetos herbivoros para ndo serem detectados por seus inimigos
naturais. Porém, assim como 0s herbivoros, os inimigos naturais também se adaptam aos
volateis induzidos, beneficiando a planta e os predadores (RAGUSO, 2004; BRUCE, et al,
2005; CLAVIJO et al, 2012)

Cada via de inducéo de volateis tem sua particularidade, que depende da espécie de
planta, do estagio de desenvolvimento do inseto herbivoro, tempo de inducdo, habito do inseto

e estado fisioldgico da planta. Com especificidade da inducdo, os inimigos naturais respondem
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de forma precisa quanto a localizacdo da presa, mediada por compostos das plantas danificadas
pela herbivoria. (DE MORAES et al, 1998; YONEYA et al. 2009; GOUINQUENE;
TURLINGS, 2002).

2.6.1 A importéancia da interacdo tritréfica para o MIP

Sabe-se da importancia de utilizar taticas e estratégias de controle de pragas de forma
coerente, sendo a base fundamental para 0 manejo integrado de pragas (MIP), onde todos os

métodos, devam estar interligados sem interferir ou prejudicar o outro (SILVA et al., 2012).

Na Ultima década muitos estudos foram realizados envolvendo o uso de volateis de
plantas no controle de pragas na agricultura, porém, poucos trabalhos tém apresentado
resultados satisfatorios, devido ao pouco conhecimento do papel que cada individuo

desempenha no sistema extremamente complexo (THULER et al. 2008).

Uma das formas de disponibilizar, o uso dos volateis de plantas para controle, é por
meio de iscas. De acordo com Arruda- Gatti et al., (2003), por exemplo, o controle de
Diabrotica ssp. pode ser realizado por meio de substancias volateis de Cucurbitaceae, as

cucurbitacinas associadas aos inseticidas para o controle deste inseto no campo.

Birkett et al. (2003), testou a atratividade do parasitoide E. formosa a uma mistura de
volateis de plantas de feijdo atacadas por mosca-branca. Essa mistura provocou um aumento

significativo nos voos direcionados do parasitoide para seu hospedeiro.

Alguns compostos volateis como o acido jasmonico (JA) e o salicilato de metila (MeSA)
tém sido estudados ha alguns anos e atuam ap6s o dano na planta por herbivoria ou dano
mecanico, demonstram atratividade aos inimigos naturais. Trabalhos como os de James et al.
(2003) testaram a eficiéncia do MeSA em armadilhas adesivas para a atratividade de predadores

como os crisopideos.

Entretanto, muitos estudos ainda questionam a real aplicabilidade desses compostos no
controle biolégico no desempenho para atrair os inimigos naturais (KAPLAN, 2012; KELLY;
HAGLER; KAPLAN, 2014), demonstrando a necessidade de mais estudos para Seu uso no

manejo de pragas.
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CAPITULO I. Respostas olfativas de Bemisia tabaci, biétipo B (Hemiptera: Aleyrodidade)
aos volateis de meldao Cucumuis melo (Cucurbitaceae).

Resumo

Devido ao grande problema que a mosca-branca Bemisia tabaci, biotipo B (Hemiptera:
Aleyrodidae) tem trazido para diversas culturas agricolas, entre elas 0 meldo (Cucumis melo)
ndo so pelos danos ocasionados pela alimentagcdo, mas por ser um importante vetor de doencas,
impulsiona a busca de alternativas para 0 manejo dessa praga utilizando além dos inimigos
naturais, os volateis da propria planta. Sendo assim, estudou-se o comportamento da prépria
mosca-branca em olfatbmetro de 4 vias, aos volateis do meldo em diferentes condicdes: de
plantas sadia, plantas infestadas (pela propria mosca-branca) e ar limpo (controle), para as
diferentes combinagdes de tratamento. O herbivoro mosca-branca, respondeu ao controle,
guando testado planta infestada vs ar limpo, quando testados planta sadia vs ar limpo os insetos
permaneceram mais tempo no braco que continha as plantas e quando possibilitado a chance de
escolha entre odores da Planta Sadias, Planta Infestadas e Controle, os adultos de B. tabaci
gastaram mais tempo nos quadrantes do controle. Tais resultados nos leva a crer que o estimulo
quimico ndo € o Unico envolvido na localizacdo hospedeira de B. tabaci, visto que 0s
mecanismos da selecdo hospedeira de insetos que se alimentam de floema é varidvel.
Adicionalmente, para este inseto estimulos visuais também sdo de grande importancia no
direcionamento até a planta hospedeira, podendo assim, a exclusdo deste estimulo ter afetado
sua escolha.

Palavras-chave: olfatbmetro 4 vias; mosca-branca; semioquimicos; meldo.
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1. Introdugéo

Bemisia tabaci, bidtipo B (Gennadius) (Hemiptera: Aleyrodidae), € um inseto herbivoro
praga chave de muitas culturas. O dano econémico que esse inseto causa nas culturas tem
relagdo com seu habito alimentar, causando danos diretos pela sucg¢ao da seiva assim como pela
transmissdo de doencas, ou indiretos ocasionados pela eliminagdo continua de “honeydew”
BROWN et al. 2002; JONES, 2003; HAJI, 2004; HEQUET et al. 2007).

A selecdo do hospedeiro em insetos herbivoros envolve uma cadeia de respostas,
comecando com a orientacdo a distancia para a planta através de estimulos olfativos ou visuais
(THORSTEINSON, 1960). Uma vez que o hospedeiro foi encontrado através dos estimulos
tateis e gustativos onde esses estimulos sdo quem irdo determinar a aceitacdo ou nao desta
planta, podendo esta ser entdo utilizada para alimentacao e ou/oviposi¢do (BECK, 1965).

Trialeurodes vaporariorum espécie de mosca-branca comumente encontrada em plantas
de fumo, batata-doce, tomate assim como em meldo (MOUND, et al 1978), usa pistas visuais
como a cor emitida pelas plantas para encontro de seu hospedeiro (VAISHAMPAYAN et al.
1975a, b; VERSCHOOR-VAN DER POEL e VAN LENTERN, 1978), respondendo
inicialmente durante o processo de migracdo a comprimentos de onda de luz de
aproximadamente 400 nm o qual corresponde a cor proxima ao azul do céu, mas efetivamente
a comprimentos de onda de aproximadamente 550 nm o qual correspondem ao verde
caracteristico das plantas hospedeiras (COOMBE, 1982). Resultado semelhante sdo observados
para outras espécies de mosca-branca, as quais respondem a cor como sugestao para selecionar
locais de pouso para alimentagéo e oviposi¢do (BUTLFR, 1967; DOWELL, 1979).

O meldo (Cucumis melo), uma das culturas de maior importancia econémica para a
regido Nordeste do Brasil, sendo responsavel por 95% da producdo de todo o pais (COSTA-
LIMA et.al., 2016), é uma das principais culturas com problemas relacionados a ataques de
Bemisia tabaci, biétipo B.

A necessidade de métodos alternativos e complementares para o controle de mosca-
branca, tem sido objeto de varios estudos nos ultimos anos (BIRKETT et al. 2003; LI et al.
2014). O uso de compostos volateis liberados usualmente pelos hospedeiros vem sendo
amplamente estudados como atrativos a fim de, ndo apenas usar em programas de
monitoramento de insetos praga (BAKTHAVATSALAM; TANDON, 2006), mas também em
técnicas de manejo de pragas como atrai -e- mata (ZARBIN et al. 2009).

Em funcg&o da representatividade da cultura do meloeiro no cenario fruticola brasileiro,
0 objetivo deste capitulo foi compreender a importancia dos volateis de plantas de melédo
(Cucumis melo) para a localizacdo hospedeira de B. tabaci, assim como avaliar se 0s volateis
induzidos pela herbivoria de co-especificos podem afetar o comportamento de B. tabaci,
avaliando a atratividade de inseto em plantas com herbivoria e plantas sadias (sem herbivoria).



33

2. Material e Métodos
2.1 Plantas

Plantas de mel&o (Cucumis melo, tipo amarelo, variedade Mandacaru) foram cultivadas
em vasos (2L) preenchidos com substrato orginico Basaplant® e suplementadas
nutricionalmente pela aplicagdo de Osmocoat. As plantas foram utilizadas para os bioensaios
apos atingirem 45 dias de idade. Os experimentos foram realizados nos meses de julho a
novembro de 2016, no Departamento de Entomologia e Acarologia da ESALQ/USP,
Laboratdrio de Ecologia Quimica e Comportamento de Insetos em Piracicaba - S&o Paulo,
quando a temperatura média calculada para o periodo foi de 25°C e a 65 %UR. Apesar dos
ensaios terem sido realizados em condicBes controladas, as mesmas condicGes de temperatura
externa foram mantidas.

2.2 Insetos

Adultos de B. tabaci bi6tipo B, obtidos a partir de criacdo mantidas no Instituo
Agrondmico de Campinas (IAC)- (Campinas, S&o Paulo) foram mantidos em plantas de mel&o
(C. melo L.) oferecidas inicialmente a B. tabaci em casa de vegetagdo. Os insetos destinados
aos bioensaios foram mantidos isolados em gaiolas sob temperatura e umidade controladas (26
°C e a 65% UR), para controle de emergéncia das ninfas com idade entre 2 a 5 dias de vida.

2.3 Bioensaios em olfatdbmetro

A resposta dos insetos aos volateis liberados pelas plantas, foi avaliada em olfatdmetro
de quatro vias, segundo metodologia proposta por VET et al., 1983. Para tanto, em uma via do
olfatbmetro foi conectada a camara de vidro, contendo plantas sadias de meléo, e a outra via
ligada a camaras com plantas previamente induzidas por B. tabaci (15 dias de infestacdo).
Camaras vazias foram utilizadas como tratamento controle (ar limpo). As plantas induzidas
foram removidas do contato com os adultos 24 horas antes do inicio dos testes. Os ensaios
foram conduzidos em sala climatizada a 25°+2°C; 60+10%UR durante a fotofase.

Para 0s ensaios com B. tabaci, as camaras de vidro (43 cm alt x 18 cm diam) acopladas
nas vias do olfatdmetro de quatro via (14 x 14 x 2 cm) e uma barreira visual foi instalada, a fim
de evitar os estimulos visuais ao inseto; cada um dos bragos recebeu uma vazao de 0,5 L.min™*
de ar purificado. A vazéo de ar foi obtida utilizando uma bomba de vacuo a qual foi conectada
na saida central do olfatbmetro, assim o ar que entrava em cada um dos bragos convergia no
ponto central do olfatbmetro por onde era retirado do sistema.

Os insetos utilizados nos testes ja haviam copulado e possuiam experiéncia de
oviposicdo. Cada repeticdo correspondeu a um inseto totalizandol180 insetos, sendo 60
repeticdes para cada combinacéo: i) Planta Sadia vs. Controle; ii) Planta Infestada vs. Controle;
iii) Controle vs. Planta Sadia vs. Planta Infestada. Os tratamentos foram distribuidos de forma
aleatoria entre as vias do olfatbmetro na seguinte proporcéo de odor entre os tratamentos 2:2
(e.g. 2 bragos com controle e 2 com tratamento); 2:2 e 2:1:1 respectivamente.
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Para os bioensaios, os insetos foram liberados no quadrante central do olfatdbmetro. O
comportamento foi observado durante 10 minutos registrando o tempo de permanéncia do
inseto em cada via, 0 nUmero de entradas do inseto em cada via do olfatbmetro e a primeira
escolha do inseto. A &rea central do olfatdmetro foi considerado como “néo-resposta”. A cada
repeticdo, o olfatdbmetro foi rotacionado em 90° e o tratamento e controle substituidos para evitar
algum efeito de posicdo na resposta dos insetos, os quais foram descartados apds cada teste.
Para controlar os registados do bioensaio foi utilizado no computador o software Olfa (F.
Menazzi, Udine, Italia).

Figura 1. Olfatomentro de 4 vias utilizado nos bioensaios de Bemisia tabaci. Setas vermelhas indicam a
entrada do fluxo de ar até o ponto central do olfatdmetro marcado com um “x”. O quadrado central é a
area do olfatomentro considerada como “ndo resposta”.

3. Analise Estatistica

Para andlise dos bioensaio de olfatbmetro, os bragos contendo 0 mesmo tratamento
foram agrupados e suas probabilidades hipotéticas de ocorréncia foram combinadas. A primeira
escolha de B. tabaci e a proporcéo de entrada nos bragos com odores testados foram analisados
por teste binomial quando comparados dois tratamentos (controle versus plantas sadias ou em
controle vs. infestadas) e por teste multinomial seguido por contrastes binomiais quando
comparados trés tratamentos (controle vs plantas sadias vs plantas infestadas), todos os testes
considerando a hipdtese nula Ho ser igual probabilidade de escolher o braco. O tempo de
permanéncia de B. tabaci nos quatros bracos do olfatdmetro foi avaliado por ANOVA two-way
de Friedman, seguido pelo teste de Wilcoxon com correcdo de Bonferroni para comparacoes
multiplas. Os dados do bioensaio de insetos foram avaliados no programa estatistico 'R' 'versao
3.1.2 (www.r-project.org). Testamos os niveis de significancia de 5% em todas as analises
estatisticas.
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4. Resultados

N&o houve diferenca na primeira escolha de B. tabaci quando contrastado odores de
plantas infestadas versus controle (Fig. 2 a teste binomial, N = 60, P = 0,15). Entretanto, as
mosca-brancas apresentaram maior nimero de entradas (Fig. 3 b, teste binomial, N = 60, P =
0,04) e maior tempo de residéncia (Fig. 4 ¢, Friedman ANOVA 2= 4,41, df = 1, P= 0,03) em
quadrantes do olfatbmetro contendo odores do controle em relagéo a plantas infestadas.

Adicionalmente, ndo houve diferenca na primeira escolha (Fig. 2 a teste binomial, N =
60, P = 0,51) e nimero de entradas (Fig. 3 b, teste binomial, N = 60, P = 0,49) de adultos de
Bemisia tabaci nos quadrantes do olfatdmetro contendo odores de plantas sadias e controle.
Porém, o tempo de permanéncia dos insetos nas regides contendo volateis de plantas sadias foi
maior do que nas regides contendo o odor do tratamento (Fig. 4 ¢, Friedman ANOVA »*=6,11,
df =1, P=0,01).

Subsequentemente, quando possibilitado a chance de escolha entre odores da Planta
Sadias, Planta Infestadas e Controle (1:1:2 bracos respectivamente) ndo houve diferenca na
primeira escolha dos insetos (Fig. 5 a, teste multinomial, N = 60, P = 0,44). Entretanto, o nUmero
de entrada nos quadrantes do olfatdmetro diferiu entre os tratamentos (Fig. 5 b, teste
multinomial, N = 60, P =0,05), apresentando numero de entradas menor nas regides contendo
volateis de plantas sadias ( teste multinomial, N = 60, P < 0,01), mas ndo diferindo entre
controle e plantas infestadas (teste multinomial, N = 60, P = 0,81). Complementarmente, 0s
adultos de B. tabaci gastaram mais tempo nos quadrantes do controle, um tempo intermediério
em plantas infestadas e menor tempo em plantas sadias (Fig.5 ¢, Friedman ANOVA »? = 48,89,
df =2, P <0,001).

Figura 2 Primeira escolha de Bemisia tabaci entre Controle vs Planta Infestada e primeira escolha de B.
tabaci entre Controle vs Planta Sadia.

Controle Planta Sadia ns

Controle Planta Infestada 1

60% 40% 20% % 20% 40% 60%

Primeira Escolha (%)
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Figura 3 Numero de entradas de B. tabaci em cada bracos do olfatbmetro entre Controle vs Planta
Infestada e nimero de entradas de B. tabaci entre Controle vs Planta Sadia.

ns Controle Planta Sadia

Planta Infestada

* Controle

60% 40% 20% % 20% 40% 60%

Numero de entradas (%)

Figura 4 Tempo médio em que Bemisia tabaci permaneceu em cada braca do olfatdmetro entre
Controle vs Planta Infestada e tempo médio de B. tabaci entre Controle vs Planta Sadia.

—— Controle PlantaSadia +—1— «
« —— Controle PlantaInfestada
300 200 100 0 100 200 300 400

Tempo de permanéncia (s)

Figura 5 (a) Primeira escolha de Bemisia tabaci entre Planta Infestada vs Planta Sadia vs Controle, (b)
Numero de entradas de B. tabaci em cada bracos do olfatbmetro (c) Tempo médio que o inseto
permaneceu em cada braco do olfatémetro.
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5. Discussao

Nossos experimentos demostraram um maior investimento de tempo por adultos de B.
tabaci nas vias contendo ar limpo em relagdo as que continham odores da planta hospedeira
induzida/ndo induzida, assim como maior numero médio de entradas e primeira escolha. Tais
resultados nos leva a crer que o estimulo quimico ndo é o unico envolvido na localizacéo
hospedeira de B. tabaci, visto que os mecanismos da selecdo hospedeira de insetos que se
alimentam de floema é variavel (BIRKETT etal., 2003) (DU etal.1998; BIRKETT et al. 2003;
GIRLING et al. 2006; BLANDE, PICKETT, POPPY 2007). Adicionalmente, para este inseto
estimulos visuais também sdo de grande importancia no direcionamento até a planta hospedeira
(GERLING 1990; POWELL et. al., 2006), podendo assim, a exclusao deste estimulo ter afetado
sua escolha.

A utilizacdo somente dos odores da planta como fonte exclusiva de estimulo pode
determinar maior tempo de exploracédo do olfatdmetro pelo inseto, visto que pistas visuais dao
a ideia de volume da planta, podendo ser determinantes para o encontro de um hospedeiro (LI,
etal., 2012) para alimentacdo e/ou oviposi¢do (BLEEKER, et al., 2009), o encontro de um bom
hospedeiro é tarefa crucial para individuos como B. tabaci, uma vez que sua prole ndo possui

movimentacdo na maior parte do periodo ninfal.

Estudos anteriores, demonstraram como B. tabaci faz a escolha de seu hospedeiro, ja
gue é um inseto praga de mais de 700 espécies de plantas, Bird e Kriiger (2006), constataram
gue quando B. tabaci foi exposta a varios potenciais hospedeiros, escolhe o melhor hospedeiro,
mas ndo deixam de visitar e ovipositar em todos os hospedeiros. Se pensarmos de acordo com
0 modelo hierarquico-limiar de escolha do hospedeiro (COURTNEY et al., 1989), um inseto
toma a decisdo sobre a aceitacdo ou rejei¢do de uma planta hospedeira quando a encontra, para
essa tomada de decisdo uma combinacdo de fatores desempenha um papel, que juntos criam

um limiar de aceitacéo.

As condicOes da planta que a mosca-branca prioriza quando encontra um hospedeiro
para colonizar, foram relatados no trabalho de Chu et al. (2001) onde encontraram em plantas
de algodao uma relacao positiva entre densidade de tricomas foliares de cultivares e quantidade
de insetos, porém a relacao foi afetada pela idade das folhas ao longo dos nds ao longo do caule
do cultivar; os autores citam ainda que estudos prévios demonstraram que outros fatores podem
afetar a taxa de oviposicao do B. tabaci bi6tipo B, incluindo a morfologia e a idade da folha

relacionada com glandulas e a propria coloracdo da folha. Estes estimulos estdo diretamente
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associados a sentidos tateis e gustativos do inseto, que quando negligenciado pode influenciar
diretamente na escolha do seu hospedeiro.

Outro ponto a ser discutido, € que algumas espécies de insetos, as fémeas procuram o
melhor local para oviposicéo e desenvolvimento da prole. Rothschild et al. 1977, apresentou
dados onde fémeas de Pieris brassicae foram muito seletivas na escolha da planta hospedeira,
onde preferiu plantas sem ovos e sem outros insetos para realizar sua postura, essa escolha evita

a concorréncia inter-especifica e a atracdo dos inimigos naturais.

Normalmente os insetos procuram hospedeiros de qualidade para depositar toda a sua
carga de ovos, mas a na falta de um bom hospdeiro eles dividem essa carga de ovos em varios
hospedeiros. (MINKENBERG et al., 1992).

B. tabaci tende a selecionar o melhor hospedeiro o mais rapido possivel e deposita toda
ou a maior parte de sua carga de ovos naquela planta hospedeira, geralmente agrupados, durante
a alimentacdo. Mas se econtram um hospedeiro de menor qualidade, elas fazem a postura inicial
nessa planta para reduzir a carga de ovos antes procurando por um melhor hospedeiro. Bird e
Kriiger (2006) testando a preferéncia e a fecundidade de B. tabaci mostrou que oviposicdo em
plantas hospedeiras de baixa qualidae, como o tomate, ocorre de forma mais dispersa, e a
fecundidade é geralmente menor, devido ao fato de a fémea morrer antes depositar todos 0s
seus ovos. Existem outros estudos que também podem comprovar que a taxa de fecundidade de
B. tabaci € influenciada por espécies de plantas hospedeiras (LIU, et al, 1994) e cultivares
(NAVON et al., 1991).
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6.CONCLUSAO

Bemisia tabaci ndo apresentaram diferenca estatistica em todos os testes de escolha,
quando testado os volateis de plantas meldo sadia e plantas mel&o infestadas pela propria
inseto.

Apesar de ter permanecido mais tempo nos quadrantes contendo a planta sadia, para
insetos que se alimentam de floema, os volateis ndo sdo as Unicas fontes de atracdo que
eles utilizam para encontrar o hospedeiro, usam de outros sentidos como visuais e
gustatorios.

Compreender o comportamento de buscca do inseto pelo hospedeiro € de fundamental
importancia para resultados promissores para seu controle, podendo sugerir tecnicas
mais eficazes de adequadas para cada cultura.
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of parasitoids by shifting floral to defensive volatiles
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Abstract

Emission of herbivore- induced plant volatiles (HIFY ) can differ according to the type of herbivory and the plant development
siape, ultimately affecting recruitment of the natoral enemy. Little is known about plant defenses indoced at the flowering
stape by phloem-feeding insects. We imestigated the olfactory preference of Encarsia desarnrisi parasitoids and the che mical
profile of flowering melon plants indwced or mot by the phloem-feeding of B emisia rabacl whiteflles. In addition, we tested
whether the parasitoids were attracted to synthetic defensive HIPY s, which mimicked white fty-infested flowering melons.
The parasitoids recognized volatilke s from undamaged melons but prefemed the scent of host-infested melons in olfactom-
elry ss=ays. Amounts of most individual volatiles did not differ between plant trestments; however, only whitefl y-induced
me lons meleased methyl salicylate and etradecane . compounds known o atiract parasitoids. Interestingly, grouping volatiles
by chemical classes mevwealed that whitefly-infested melon released larper amounts of monoterpenes and smaller amounis
of benzenoids than undsmaged melons, which might underlying the parasitoid stiraction and indicate a possible trade-off
between defensive and meprodoctive defenses at the melon flowering stage. Additionally, E desarris preferred the mix of
synthetic and defensive HIFY's over hexane {control), opening a new avenoe for further imvestigations in using olfactory
lures for B. rabaei biological control. This sindy is the first report of indoced defenses in melon planis and their mediation
in a tritrophic interaction, as well as the first ecord of E. desannizi behavioral preference for HIPY s

Keywords Binlogical controd - Tritrophic ineraction - Bemisia rebaci - Herbivome-induced plant volatiles - Erearsis
parasitoid
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Herbivore- induced plant volatiles (HIPY 5) are chemical cues
that attract the herbivores” natural enemies, thus indirectly
aiding in plant defense (Torlings and Wickers 2004; Kessler
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and Heil 2011). These plant emissions differ with fieeding
maode of herbivomres, which affects the HIFY cues for naiu-
ral enemies (Heil 200% Bonaventure X 14). Extensive plant
tissue damape triggers the octadecanoid pathway, which is
orchestrated primarily by the piyytohormone asmonic acid
{(JA)} (Koo and Howe 200% Erbet al. 2012; Wasternack and
Hause 2113} J& plays a ceniral role in signal transdwction
of the HIPY emissions (Erb et al. 2012}, thereby increas-
ing the mecruitment of natural enemies (Thaler et al. 200Z;
Bruinsma et al. 2009} Phloem-feeding insects, in contrast o
chewing herbivores, do not injure plant tissues severely and
consequently penerally do not elicit 1A defensive patioways.
Rather, phloem sap-sucking insects activate salicy lic-acid
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(SA) signaling, in the shikimate pathway, and suppress JA-
repulated defenses (Zarate et al. 2007; Zhang et al. 2013a),
thus reducing emissions of JA-dependent volatiles (Zhang
et al. H13b). Therfomr, parasitoids of phloem-feeding
pests muost use smaller amounts of HIPY s emitted in order
to locaie their host (Rodrigpez-Saona et al. 2003; Walling
2008

HIPY s might also differ among plant development stapes
of intact and herbivore-damaged plants (Lucas-B arboss et al_
201 1) Inducible indirect defenses are pronounced in plants
at early stages, since their small leaves ame especially sus-
ceptible to herbivory (Ohnmeiss and Baldwin J000; MoCall
and Fordyce 20 10 In contrast, mature and flowering plants
must redirect energy from producing defensive compounds
to producing reproductive tissoes (Boege and Manguis 2005;
Boege et al. 2T}, in order to provide for pollinator recrit-
ment and seed production (Kessler and Halitschke 2009;
Luces-B arbosa et al. 201 1) As plants mature, this defense-
meproduction trade-off reduces the emission of defensive
HIPY s and thus the plant’s atiractiveness to herbivones
natural enemies (Pamjaet al. 2012; Schiest] et al. X014; Des-
urmont et al. 2015). Since floral wolatiles are bemrenoids
derived from the shikimate pathway (Dudareva and Picher
sky 2006; Yogt 2010), attack by a phloem-feeding insect at
the plant flowering stage would likely impact the HIPY cues
available to natural enemies (Parejaet al. A012).

Chemical dispensers that release synthetic HIFY s may
b an alternative way to facilitate the recruitment of natural
enemies when plants are emitting only small amounts of
HIPY s (Khan et al. 2008; Gurr and Kvedaras 20 10; Kaplan
201 2). James {2003a) demonstrated that lures that released
plant defensive HIPFY compounds, such as green-leaf vols-
tiles and metiy] salicylaie, wer effective in recroiting nats-
mal enemies and helped to reduce insect-pest populations.
However, most studies that have identified and tested the
attractiveness of HIFY s to natural enemies have focused on
predators or parasitoids of chewing insects that attack plants
at the vegetative stages (James 2003b; Mallinger et al_ 2011;
Kelly et al. 2014; Jones et al. 2015). Only a few of thesa
studies have ex amined how plants atiract natural enemies
of a phloem-feeding pest (James and Grasswite 25), espe-
cially crop plants in the reproductive phase (Yo et al. 2008;
Mallinger et al. 2011).

Here, we investigated the olfactory respomse of the
parasitic wasp Ercarsia desarrizi Viggiani (Hymenop-
tera: Aphelinidse ) to berbivory by the whitefly Bemisia
fabaci (Gennadius) (Hemiptera: Aleyrodidas) in flower-
ing melon plants. We also assessed the parasitoid’s pref-
emnce for synthetic and defensive HIFY s, inm order to
evaluate the feasibility of volatile lures for recroitment
of E. desamrizsi. The whitefly B. rabaci is one of the maost
important phloem-feeding insecis and canses extensive
crop damage worldwide {Stansly and Maranjo 2010; Li
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et al. 2011 ). Wasps of the penus Ercarsia are thelytokows
solitary endoparasitoids of whitefly nymphs (Hoddle et al.
1998; Lin et al. 2015) and have been used successfully to
control B. febaci populations in greenhouses (Amb et al.
2009 Liu et al. X115). To date, only a handfol of studes
have addmessed features of E. desansisi, and the search-
ing behavior of this wasp is largely unknown in spite of
its wide distribution in Sowth American crops, specifi-
cally using B. rabaci 85 the host (Heraty et al. 2008). Wea
conducted olfactometer aszays with E. desanrisi, using
spources of natural and synthetic odors, and we collected
volatiles from undamaged and whitefly- infested melon
plants at the flowering stage, in order to answer the fol-
lowing questions: (i) is the parasitoid E. desannizi atiracted
to host-induced volatiles in flowering melons during its
host-searching behavior? (i) does B. fabaei indoce vola-
tile-melated defenses in flowering melon plants? (iii) is E.
desantizi atiracted to blends of synthetic defensive HIFYs
that are similar to the volatile blend from host-infested
plani=? This sudy is the first investigation of the search-
ing behavior of E. desanrizi. This is also the first report
of melon-plant defenses and the role of melon HIPY 5 in
tritrophic interactions, contributing to the understanding
of plant defense-meproduction trade-off strategies.

Matenals and methods
Plants and Insacts

Melon plants (Cucumis mele, type Yellow, variety Man-
dacamn) were grown in plastic pots (2 L) with the organic
subsirate Basaplant® and fertilized with Osmocoted (10
M:10 P10 K). The plants were kept in a sealed. insect-free
greenhouse under natural conditions of light, tempe ratume
and humidity {1835 “C, RH 40+ 10%) until the beginning
of flowering (45 days old) and were then used in the experi-
menis. The whitefly Bemisia rabaci was reared on 40- to
55-day-old melon plants. The parasitic wasps E. desamrizi
werne collected in melon fields in Piracicaba, 580 Paulo, Bra-
zil (227523375, 047°38"30"W ). Parasitoids were identified
by the B iological Institute of Campinas and voucher speci-
mens were deposited in the *Oscar Monte™ Insect Collection
{Campinzs, S0 Panlo). Encarsia desarrisi wene reaed on
melon plants infested with third- to fourth-instar nymphs
of B. rabaci. All insects wene reared in greenhonses undar
natoral abiotic conditions (1834 5C, RH 40+ 10%). The
experiments wene conducted from July to December 20 16,
in Piracicaba, in the laboratory under controlled conditions
(2342 5C, 50 + 10% RH) and wsing supplementzl light
for plants {Philips Green Power tobular LED, 120120,
120 pmed e 5~ 7, 400700 nm).
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Plant treatments

Plant treaiments consisted of undamaged and B. rabaci-
infested melon plants. In order to use infested plants under
conditions similar to those in the field, the plants used im
the experiments bore mixed stapes of B. rabaci (ie., eggs,
mymphs, and adults). We released 20 adult whiteflies (5-day-
old females and males in equal proportions) inio a cage
{60 30 40 cm) containing 8 45-day-old melon plant.
These plants, induced by the adulis, were used afier 15 days,
when they bome the aduolts plos approximately 300 eppgs and
650 third- to fourth-instar mymphs. The undamaged plants
wemne from the same batch as the infested ones. however
without B. rabaci. Themfom, the plants used in all experi-
ments wene 60 days old.

Olfactometer assays with melon plants

We assessad the olfactory peference of E desanrisi for
undzmaged and B. raback infested melom plants, osing &
four-arm olfactometer {14x 14x 2 cm). Newly emerped
E. desanniszi females were placed in individuoal test tbes,
fed with honey for 24 h, and then used in the olfactometer
assay. The olfactometer was attached to an ARS Yolatile
Collection System (ARS, Gainesville, FL, USA). Filtered
and humidified air was pomped through PTFE {polyetma-
fluoroethylene) tubes into sealed cylindrical glass chambers
{43 cm high and 18 cm diameter) that contained the plants
a5 odor sources, and then into the side arms of the olfac-
tometer. The air flow was adjusted to 0.1 L min~ ' arm~".
The assays were condocied during the daytime., from 0900
to 12200 h and 14:00 to 1600 h, when the parasitoids wem
maost active. The olfactometer was positioned horzontally
and was rotated W° in each replicate to prevent side bias. A
single naive female wasp was released in the center of the
olfactometer. We observed the olfactory behavior of each
parsiteid wasp for 10 min. During this period, we recorded
the first choice (the first olfactometer quadrant entered by
the was=p), the number of eniries into each quadrant, and the
wasp's mesidence time in each quadrant. The central quadrant
was considened as imsect no-choice. Each replicate consisted
of the olfactory behavior of 2 single female. In each z=say,
the treatments were armanpged randomly in the guadrants.
‘We evaluated the preference of E desannizi exposed io the
following combinations: (i) blank v=. undamapged melon
at a quadrant ratio of 3:1 {3 blanks and | quadmnt with
an undamaged melon plant); (ii) blank vs. infested melon
plant at a quadrant ratio of 3:1, espectively; and (iii) blank
v=. undamaged vs. infested melon plant at 3 quadmnt ratio
of 2:1:1, respectively. We conducted a total of 50 trials,
divided into three blocks, each block containing all treat-
ment combinations.

Plant volatile collection and analysis

Undamaged and infesied melon plants were sealed im indi-
vidual polyesier (PET) bags (8 L). The upper right end of
the bag was conmected to the ARS system described above,
pumping in fitered and humidified air at 0.2 1. min"; the
upper left end was conpled to 3 vacuum pump atiached to
filters with the adsorbent polymer Hay sep® (30 mg, 807 100
mesh, Alltech Assoc.), which pulled air through the bag
at a raie of 0.1 L min~". We collected volatiles from six
planis of each treatment for 24 h, using & photoperiod of
12120, The polymer filiers were washed with 150 pl. of
hexane and the extracts weme placed in sealed glass vials,
which were stored in a freezer at — 3 °C uniil analysis. Wa
added 5 pl. of a 30 ng pl.~ " nonyl acetzte solution as intemal
standard to each sample. Samples wemr analyzed in an Shi-
madzn M1 gas chromatograph §5C) equipped with a Azme
ionzation detector (FID) and using an HP-1MS column
{30 mx0.25 mm I, 0.25 pm film thickness; A gilent Tech-
nologies, Santa Clara, CA | USA). Two microliters of each
sample was injected into a splitless injector, with helium
a5 carrier gas. OJven temperature was maintained at 40 °C
for 5 min, then mcreased at 5° C min™ - 150 °C, held for
1 min, then increased at 107 C min~"-250 °C and hald for
20 min. Each compound was quantified based on the com-
pound peak area melative to nonyl acetate in the GC-FID. In
order o charscierize the compounds, samples were injecied
into a Shimadew QF 2010 Ulira gas chromatograph coupled
with a quadrupole mass spectromeier (GC-MS Quadrupole),
adopting the zame settings used for the C- FID. Compounds
wemne identified by calculating the Kovats index as well as
comparing their mass specira to the NIST 08 Mass Spectral
Library (Sigma-Aldrich, St Lowis, MO, USA) and, when
available, to those of the synthetic standards.

Ofactometer assays with synthetic compounds

We tested the attraction of E. desanrisl to synthetic monoier-
penes and alkane volatiles coresponding to those that wenz
predominantly meleased by B. fabaci-infested melon plants,
using a fourarm olfactometer, following the =ame method
described above. A blend of synthetic compounds (all from
Sigma-Aldrich, purity> 95%) was prepared using 1 ml of
hexane as sobvent and each compound eleased by the plants,
in the following concentrations: a-pinene (30 ng mL~ "),
P-pinene (30 ng mL~ "), f-myrcene (30 ng mL~ '), p-ocimenes
{30 ng mL~ "), methy] salicylate (10 ng mL.~"), and tetrada-
cane (20 ng ml.~ ") For each trial, 2 wad of dental cotton was
impregnated with 10 pl of the synthetic-compound blend or
with only hexane (control), keft to evaporate for 10 min, and
then in=ried imto one of the olfactometer side-arm connec-
tors. The treatments were arranpged randomly in the quarters,
at & treatme nt:quadrant ratio of 2:2. Each replicaie consisted
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of observing the olfactory pmference of a single emale, for
2 total of 3 irials divided imto bwyo blocks.

Statistical analyses

In the olfactometer as=ays, arms containing the same treat-
ment wene grouped and their hypothetical probabilities of
oocume nee were combined. The pamasitoids” first choice and
the proportion of parasitoids entering the arms with odors
ware analy red by binomizl st when comparing two treat-
ments (blank vs undamaged or blank vs. infiested plants) and
by multinomial st when comparing three trestments (blank
ws. undamaped vs. infested plants} with the null hypothesis
Hg, that each olfactometer atm has an equal probability of
eing chosen. The wasps™ residence time in the ol factometer
quearters was assessed by Friedman's bwo-way test, consid-
ering odor treatmenis as factors. A significant Friedman’s
test was followed by a Wilcoxon™s test with Bonferroni®s
cormection for multiple comparisons. Quantifications of the
individual melon compounds, volatiles grouped by chemical
class, and tofal emissions wene evalosted with the non- par
ametric Wilcoxon signed-rank test. Additionmally, the plant
wolatiles combimed by chemical class were submitted to a
Principal Components Analysis {(FCA) based on Pearson’s
cormelations, to account for melationships among compoumd
groaps. All data analyses from plant volatiles wene evale-
ated in MinitabE Release 14 (Minitab Inc_, State Collepe,
P& USAT). The insect binassay data weme evaloated in the
statistical software "R”™ version 3.1.2 (http'fwww._r-proje
crorgh We used the significance levels of 5 and 1% in all
statistical analysas.

Results
Olfactometer assays with melon plants

The wasps’ first choice (Fig. la, binomial est, &= 50,
P=10.26) and time spent (Fig_ Ic, Friedman =0, df=1,
P=1) did not differ in the odor goadranis of blank com-
pared o undamaged melon plants. However, the proportion
of wasps entering an olfactometer quarter was higher in arms
with undamaged melons than in blank arms (Fig. 1b, bino-
mizl test, ¥=T8, P =0.03).

Females of E. desanrisi prefermd wolatile compounds
from host-infiested melon plants instead of blanks, in their
first choice (Fig. 1a, binomial test, V=50, P =0002). In addi-
tion, the proportion of wasps entering (Fig. 1b, binomial test,
N=133, P=0.001) and the time spent (Fig. lc, Friedmamn
F=T1.10, df=3, P<0.001) in arms with the odor from
heoest- infiested melon plants were higher than in Blank olfac-
tometer armes.
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Fig. 1 Preference of the perasitic wasp Encarse desamdin for blank
and Aowering-melon volatiles in the fourarm olfactore iy asssy.
Parmitnids” firt choie (@) entering am frequency (b)) and time
spent {mean+5E} (c) in olfaciomeder quadrenis with blank (white
hars], volatiles from and ondamaged melon (gray has) or from host-
infiesied medon plants (black bars). *Designates significant diffesnoe
at 3% acconding bo bimomial test (@, b) or acoording o Friedmen's
toeeway best followed by Wilomon's fest with Bonfermoni's comec-
tiom for multiple comparisons §); &y no significant difference

When E. desarrizi was exposed (o blank, undamaged
and infested plants scents at the same time, the wasps" first
choice did not differ among treatments (Fig. 2a, multinomial
test, W=>50, P> 0_14). Monetheless, waspentrance (Fig. 2b,
multinomizal test, ¥=132, P<0.01) and time spent (Fig. Zc,
Friedman 3* = 10.34, df=3, P=0.01) in host-infsted-odor
olfactometer quarters wene higher than in blank and undam-
aged-melon odor gquadmnis, while the response to undam-
aged melons did not differ from blank arms (P = 0.56).

Melon plant volatiles

We identified 12 volatile compounds in samples collecied
over 24 h from undamaged and host-infested melon plants
{Table 1, Online Resource 1). There was no difference in the
total amount of volatiles released by the treatments (Fig. 3a,
Wilcomon signed-rank test, W= 12, P=10.39). Considering
individual wolatiles, the emissions of all compounds did
not differ significantly between treatments (Table 1, Wil-
coxon signed-rank test, W= B, P> 0013), except for methyl
salicylate and tetradecane, which were released only by
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. 2 Prefeene of the porasitic wasp Encarsic desanfin for dif-
ferent fiowering-melon volatiles in the four-arm olfactometry assmy.
Parmsitoids”™ fird chobe (@), entering arm fesquency b)) and time
spent (mean+SE) () in olfaciometer quadrants with blank (white
bars), valatiles from mmdareged melon planks (gray bers) or from
host-infesied melom plantx (hlack bars). *Designaes significant &if-
ference at 3% accomding o multinomial fest; Ay no significant differ
ene; same betters do not differ according o Frisdman teooway st
followed by Wiloomon's test with Bonfermoni™s comection for multiple
COTIpAr s

host-infested plants (Table 1, Wilcoxon signed-rank test,
W=13, P=0101}L

There were noticeable differences in the emission of
individuzal compounds between the treatmenis, in spite of a
wide variability in emissions. Therefore, when compounds
wene grouped in chemical classes, the wolatile emissions
by undamaged and host-infested melon planis did dif-
fer quantitatively {Fig. 3b). Host-damaged melon plants
meleased larger amounts of monoterpenes (Fig. 3b, Wilcoxon

signed-rank test, W=2, P=0103) and alkane (Fig. 3b, Wil-
coxon signed-rank test, W=73, P> 0.04), while undamaped
plants emitted larger amounts of benzenocids (Fig. 3b, Wil-
coxon signed-rank est, W=0, P <0.01).

Analyses of the volatile composition nsimg PCA. for com-
pounds grouped in chemical classes showed that the first
component, which comprised 46% of the variance, s parmated
host-infested from undamaged melon plants (Fig. 4). This
was cormelated with the abundance of monoterpemes and
alkame, in contrast to benmenoids (Fig. 43

Olfactometer assays with synthetic compounds

The parasitoid wasps first chose odors from the blend with
synthetic compounds., compared to hexane (Fig_ 5a, multino-
mial test, N=30_ P -=0001). Furthermore, the wasps spent
maore time in olfactometer quadmnis that contaimed synthetic
wilatiles than in quadrants that contained the hexane solvent
alone (Fig. 5b, Friedman y*=4.80, df= 1, P=0.0Z)

Discussion

O data shoswed that E. desanrisd discriminates melon vola-
tiles from fAowering plants, and that the parasitoid attrac-
tion is dependent on host-derived cwes, similarly to other
species of Ercarsia (Guerrieri 1997 ; Birkett et al. 2003; Li
et al. 2014). Although the wasps did not spend mome time
im or first choose olfactometer arms containing odors from
undamzged melon plants over blank arme, the entering fre-
quency was higher in the plant-scent quarter, which suggesis
that E. desanis recognizes volatiles from intact melons.
Several other species of parasitic wasps do not display a
strong ativaction towand undamaged plants (Blassioli Morses
et al_ 2005; Tamiro et al. 2011), since reliable information
from host location at long distances is generally obtained
from wound-induced plants (Broce et al. 2005; Broce 2014
Therefore, we then tested the preference of females for
blanks over host-infested melon plants. For all parameters
evaluated, the parasitic wasps orienied toward the host- dam-
aged plants, indicating that whitefiy-relatied coes are essen-
tial to attract K. desantisd during its host-searching behavior

Parasitoids must discriminate among many sources of
odors while searching for suitable hosts (Aartsma et al.
01Ty Weevaleated E desanfiz preferences for blank srms
and for volatiles from undamaged and host-infesied flower-
ing melon plants. The females oriented equally o all scents
at first but entered olfactometer arms with whitefly-induced
plants more ofien and spent mone time there. Other Edcarsia
species, such as E. formosa, engage in random searches i
order to find their hest (Roermund and Yan Lenteren 19495a;
Wan Lenieren et al. 199%¢4; Sotterlin and Yan Lenteren 20000
Unoe an Encarsia wasp encounters host-associated cues, the
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Table1 Valatiles compounds Compound Reention  Calculmed ng 100 g~ of dry plant tissue P value®
emitied by undamagesd and bost- fimme: (rmim) Kovats Tnd
infesied Boweting melons Uind arcoged Hiost-infasted
Monoterpenes
- Pinene 12.004 03220 11191 M72+2452 0.588
Sabinens 13.956 G747 656+ 375 1472+ 554 0.240
[P imeme 14.08] ST206 5.B4+242 3602+ 2283 0.240
My roeme 14.576 Con.21 1.97 = 1.08 30094+ 3201 0.204
Dicimens 15. 528 104027 E17 =600 1416+ 631 0.132
o-Terpinend 15.000 117676 1L13 647 B63+ 328 0071
Bemrenoids
1 Ptenyl-1-propanal A2 113037 207 +1.10 1B+ 2 89 0245
Mttty | salicy kate 17.547 117438 0,00 = 0,00 455+3.12 L
1 Pteny l-propanod 159.628 134,17 3132 +2074 101 +1.01 0129
Cinnamaldednyde 20301 1237.59 3T £ 1619 031 +0.51 0.182
Cinnamyl alcohol 21111 12T7.78 46,61 = 36.24 (LES +0.85 0462
A leans
Tetrade cane 24008 142779 0.00 = 0,00 1417 + 670 0.
Relative amounds {mean = 5E ] wene estimaiked based on inbernal standard
"Highkighted P value (P 0.05) indicales significant differences hetwean treatments according o Wilooon
signed mnk test
Ag. 3 Compasition of melon
volatbkes rleasd by undam- . b + i’ﬁ' W 1 kst esled
aped and host-indested melon . e .
plants. Total amount of volatiles N0 — g 50 &' I Urddzmiaged
emited (mean -+ 5E} (o) and ki I} .
compounds releassd sconnd- - = M — =
ing i volatile chemical classes E A - E
{mean + 5E) (b). * Designates B CREERN
sigmificant difference at 5% 2 =
acoording o Wilcomon signed- = . = M
rank st mr no significant ".'m Tl —.m
differ=nce = g o *
b b —
Todal of cornpounde fonabcipces  Boreenolds BlKan:

parasitoid orents its walking and flying toward host-relaied
patches (Goemieri 1997; Sotterlin and Van Lenteren 2000;
Filzhi-Balogh et al. A19), consequently eniering ameas con-
taining these sources of odors more often (Guwerrieri 1997
Birkett et al. 20035, a5 well as spending mome time tracking
volatiles from infiested plants (Roermuond and Yan Leniern
19495b; De Vis et al. 2003; Zilahi- Balogh et al_ 2009,

‘We analyzed the volatiles emitted by undamaged and
white fiy-infested lowering melon plants in order to deler
mine the compounds that are responsible for attracting
E desanfizi. Under both treatments, the plants released
individuoal volatiles in similar amounts, except for methyl
salicylate (Me5A) and tetradecane, which wemre emit-
ted exclusively by host-indoced planis. MeSA is a vola-
tike derived from the salicylic-acid pathway (Erb et al.
2012}, and is 8 defensive hormone triggered by feeding

) Springer

of the whitefly B. rabaci (Walling 2008). MeSa is widely
employed by predators and parasitoids doring host-finding
behavior (£hu and Park 3005; Mallinger et al_ 2011, and
the use of synthetic lures containing this compound has
proved io be efficient in monitoring and recruiting natural
enemias in several fruit crops (James 23b; James and
Price 204; Rodriguez- Saona et al. 201 1) Conversely, the
alkane tetradecane found in white A y-infe sted plants might
be derived from the plant, the whiteflies, or both. In some
species, ietradecane occurs in volatile blends from both
undamaged and host-infested plants in some species (Liu
et al. 200%), although afier early wound indoction it can
be emitted at higher rates by insect-damaged plants (Louw
et al. 2005). Tetradecane may also be a kairomone coe
for natural enemies, since the feces of some insect spe-
cies contain this alkane (Steidle et al. 203} and resuli in
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Fg. 4 Loading plots fir primcipal components analysis (PCA) with
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acconding bo compound chemical classes

an intense olfactory activity of egg parasitoids (Morawo
et al. 20 16).

Similarly, to most of the mdivideal compounds, the total
yilatiles relezsed by undamaged and host- infesied Aowering
melons did not differ statistically. Unlike tisswe-damaging
herbivores, phloem-feeders stimolate the emission of smaller
quantities of volatiles compared to intact plants, and at times
no chanpes may be detectable (D et al. 1998; Turlings et al.
1998; Rodriguer-Saona et al. 2003; Silva et al. 2017}, due
to the minimal leaf injury inflicted and to salivary effec-
tors that prevent the synthesis of volatiles (Walling 2008 ).
Althoogh Desurmont et al. (2015) showed that herbivory
induces moch smaller amounts of leaf volatiles in flowering
than in vegetative plant stages, parasitic wasps are still able
to recognize nuances of plant-blend composition in order to
effectively locate their host (Bruce et al. 20057,

We them fom grouped plant volatiles in chemical classes,
im order to investigate potential gqualitative differences
between undamaged and whitefly-infested flowering-melon
volatiles that mediate the peference of E. desanrizi. The
alkame class consisted only of etradecane, which was emit-
ted only in whitefly-induced melons. Interestingly. whitefly
feeding reduced benzenoid emissions at the same time that
it increased the melease of monoterpenes. In consequence,
the high levels of terpenoids might underdie the prefernoe
of E. desanrisi parasitoids for host-infested plants, as they
do for most natural enemies (Degenhardt et al. 2003; Kap-
pers et al. A5).

Simce several benzenoids are flowering-related wola-
tiles (Dudareva et al. 2004; Yogt 2010} and molerpenes ame
mostly defense-related volatiles (Dudareya et al. 2013, we
speculaie whether the phloem- feeding of whitefies would
cause 3 rade-off between reproduction and defense im flow-
ering melon plants. Yolatile shifting may be the primary par-
adigm in plant biclogy, which is the allocation of resources,
since energy devoted to defense is unavailable for repro-
duction and vice versa (Herms and Mattsom 1992; Locas-
Barbosa et al. 301 1; Lucas Barbosa 2016). Few studies have
described defense and mproduction trade-off mechanisms
induced by phloem-feeding insects in flowering plants, their
effects om thind- trophic- level interactions (Hare 20 10; Lucas-
Barbosa et al. 200 1; Locas-Barboza 20 16). The reproduc-
tive effect of whitefly feeding on melon plants is beyond the
scope of this study, but our analyses of volatiles grouped
by chemical classes could indicated that infense feeding of
B. rabaei mymphs, which reduces the plant phloem content
{(Stansly and Naranjo 20107}, also reduced the flower com-
pounds and simul tanecusly increased the defenses that make
a plant highly attractive to parasitoids. Forther imvestigations
ame equired to clarify the defenses stmiegies of melon plants
throughout their ontogeny, which would include compari-
soms of the e mission of volatikes compounds in all vepetative
and mproductive stages, bafore and afier B. rabaci attack.

a h Soprilesdizz il s a1l
—k3nln_]

T T T T T 1 T T T T
| b1 o 1] 10 il LM 1 (. 101 i 100 @ 3

First choice

Fg.5 Prefesne of the parssitic wasp Encorsia desomtiss for blends
of synthetic volatiles 2nd hexare in four-arm olfeciometry sy
Parasitoids” first chodoe (@) and time spent (mean+3E) (b) in oifac-
ftomeder quadmnts with hexane or synthetic volatiles mimicking hosi-

Time spent [s)

infesied plant. *Designates significant difference 21 5% acconling o
hinomial test for fst choice or Friedman revo-way test followed by
Wilcowon™s st with Bonfermoni's cormection for multple compar-
SHIE
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Based on the prefernoe of E desarrisl, we selected the
most quantitatively important erpenes and alkane, in order
to mimic the defensive compounds of host-infested flowear
ing melon plants that attracted the parasitoids. We produced
amix of synthetic compounds comprised the monoterpenas
@ pinene, [f-pinene, f-mymene, and focimene, the ben-
zenoid MeSa, and the alkane tetradecane. The wasps first
chosa and spent more time in the mix of volatiles than in the
hexane-sobvent odor areas, indicating a strong preference for
the mimic scent. Previous studies have shown that hyme nop-
teran parasitoids ame attracted by a wide range of synthetic
volatiles, both in labomtory sesays (Hirkeit et al. 2003; Lou
et al. 200 5; Bruinsma et al. 2009; Lietal. 2014) and s field
lures (James M54, b: James and Grsswite 2005). Sinoea
specialist parasitoids are more discriminatory in exploiting
HIfYs than are genemlist parasitoids (McCormick et al.
2012), the adoption of synthetic lores that best mimic the
complex volatile blend of host- infested plants is more likely
to efficiently recruit parasitic wasps. Furthermone, specialist
parasitoids extensively employ plant volatiles as valuable
coes to locate hosts at a suitable stapge of development for
parasitism (Takabayashi et al. 1995; Yoneya et al. 2009,
Thuos, lumes that release volatiles closely associated with
specific host damage at the ideal stape of development for
parasitism, such as our synthetic blend tested on E. desarnisi
in flowering melon plants, would be even more effective
in recTuiting and monitoring natural enemies, helping in
hiological-control strategies (Kaplan 20 12)

In summary, we found that the whitefly B. rabaci induces
the emission of different volatile blends in infested com-
pared to undamaged Aowering melon plants. Although the
amount of volatiles and the majority of individual com-
pounds did not differ betwaen the two plant treatments, only
the host-infested melons released Me5a and tetradecana,
compounds known to attract natoral enemies. In addition,
whitefly-infested flowering melon plants displayed a trade-
off between defensive and reproductive volatiles, emitting
high amounts of monoterpenes and alkene and reducing the
mlease of bemzenoids. The parasitoid E. desamrisi recog
nized volatike s from undamaged flowering melons; howewer,
the se wasps stromgly preferred the odor of inke sied flowering
plants. Additionally, the wasps weme atiracted to the mix of
synthetic defensive volatiles that mimicked whitefly-infestad
flowering melons, opening a new avenue for further imvesti-
gations om the use of olfactory lures in the biological control
of B. fabaci. To the best of our knowledge, this is the first
meport of induced defenses in melon plants and melon vola-
tiles mediating a tritrophic interaction. This is also the first
study to evaluate the use of plant wolatiles by E desanrizi
parasitoids during their host-searching behavior.
Acmowledgements The apthors acknowledges financial suppaort
from the Mational Institate of Science and Technology (INCT)

) Springer

Semioche micals in Agriculture (Conse bho Macional de Dessmvohvi-
mento Cientifion & Tecnoligico—ChPg, Proosss 46551 172014-7,
and the Fundagio de Ampam & Pesquisa do Estado de 3i0 Paulo—
FAPESF, Process 01475087 1-0). TAS was funded by the Coondenagio
de A perfeippamenio de Pessoal de Nivel Superior fCAPES) and PAS
by FAPESF, (Process 201771 BEZRi-6).

Com pllance with ethical standards

Comfict of Interest All the anthors confirm that they beve no financial
ar oither imohwement in actvities or organirations that mipht biss the
wark reported here.

References

Aarisma Y, Bianchi FI, Werf W, Poelman EH, Diclke 8 (2017 ) Herts-
vare-induced plant volatiles snd tritrophic imeractions acme spa-
tiall scales. Mew Phyiol 216:1054-1063. hitpso¥fdoiorg/ 10,1111
nph. 14473

Arni J, Gabarm R, Lin T-X, Simmons AM, Gerling [ (2005 Matural
ememies of Beminz labari: predstors and paraxitoids. In- Stansly
PA, Mamnjo SE (eds) Bemina: bionomics and manage ment of 2
glohal pest Springer, Matherlands, pp 385471

Birkett M, Chamberlain K, Guerrier E, Pidkett J, Wadhame L., Yasoda
T (3003 Valatiles from whitefly-infesied plants elicit a bost-local-
ing e=xpons in the parasioid, Encorsa formosa. | Chem Ecol
Z9-1589- 1600, hitps=Fdoiong’ 10, 102¥ A 102421872

Blasioli Mora=s MC, Laumann R, Suji ER, Pires T, Borges M
{2003) Indoced volatiles in soybean and pigeon pea planis
artificially infesied with the neotropical brevn stink bug, Enes-
chisius keros, and their effect on the epp parasitodd, Tefemomms
podis. Entomoel Exp Appl 113:227-237. bitps=¥doi.org/10.111
15 1570-7458. 200500290 x

Boepe B, Mamuis BJ {3003) Facing herbivory as you grow up: the
oningeny of resistance in plants. Trends Ecol Bvo 20441448
hitps:fdoiorg’ 10,101 &, tree. 200 505001

Boege K, Dirzo B, Sizmens D, Brown P (2007} Ontogenatic
switches from plant resistance to tolerance: minimizing
cosis with ape? Eool Lett 10:177-187. hitps:doi.org/10.111
1514610248 0060101 2.x

Bonaventure (3 {2014} Flants recognize herhivonus inscis by com-
plex signalling networks. Annu Plants Bey 47:1-35. hitpeFdo.
arg/ 10. 1XZP9TE] 1 18B29TRI.chl

Broce T (2014} Interplay betwesn insects and plants: dynamic and
complex interactions that have coevolved over millions of years
but act in millissconds. J Exp Bot 664535465 hitps-Tdoi.
arg’ 10. 19 x herula]

Broce TI, Wadbams 1, Woodrod: T8 (2005) Insact host kocation:
a volatile sitmation. Trends Plant Sci 10:269-274. httpsidai.
arg’ 10, 101 & j.tplants. 300504003

Bruinsma M, Posthumus M&, Momm: B, Mueller MI. Van Loon JJ,
Dicke: # (2009 fasmomic acid-indweed volatiles of Brarsicg ofer-
acea sttract parssitnids: =8 cix of time and doze, and comparison
with induction by herbivonzs. J Exp Bot 60:2575- 2587, hitpsff
doiLorg/ 1013 b rpll]

De Wiz RM, Mender H, Van Lenteren JC {2003) Comparison of for-
aging behavior, interspecific host discrimination, and compe G-
tion of Eacarsiz formore and A ity fuscipeanis. J Insect Behay
16117 =152, hitpsfifdod. org10. 102534 - 1027 2B05 53554 1

Depenbardt I, Gersherron J, Baldwin IT, Kessler & (X103 Attract-
ing friends to feast on foss: enginesTing ferpene emission to
make crop plants momr attractive to herbivom snemiss. Corr



54

Phioem-fieding herbivory on fiowering medon plants enhances atiraction of pamsiolds by...

Opin Bintechnol 14:169-1T6. hitps: ¥ doi.org 10,10 16530958
- 1S 0000255

Desurmont GiA, Laplanche [, Schiestl FP, Turdings TC (3015) Floral
volatles inferfer with plant attraction of parasitoids: omiogemy-
dependent infochemical dynamics in Bravsica rapa. BMC Ecol
15:17. hitps=Fdaiong/10.1 15671 T808.01 500477

Du Y, Poppy GM, Powell W, Pickett 14, Wadbams L], Woodeock
CM (1998 Identfication of smiochemicals released during
aphid feeding that atiract parasitoid A phidines ervi. J Chem Ecol
24:-1355-1348. hitps=Fdoiorg/ 0. 1023 A: 102 12TRE 1650

Dudareva M. Pichersky E (2004) Binlogy of flom] scent. CREC Press,
Boca Ealon

Dudareva N, Pichersky E, (ershenzon J (2004) Biochemistry of plant
wolatiles. Flant Physiol 135:1893-1%02. hitps=¥doiorgf 10. 1 104
pp- 10404 90E]

Dudareya M, Klempien &, Muhlemann JE., Kaplan [ (2113) Biosynthe-
six, function and metsholic engineeting of plant volatils crganic
compounds. New Physol 198:16-32

Erb M, Meldmn 5, Howe (A& (X112) Bole of phy iwhormones in insect-
specific plant reactions. Tends Plant Sci 17:250- 759, hitps o
arg/10. 111 1 mph. 12145

Ciuerrieri E {1997 ) Flight behay iour of Ercarsia formors in responss
i plant and host stimuli. Entomal Exp Appl 82:129- 133, httpsff
doiLorgf 10. 10465, 1 570-T458. 199700122 x

Giurr (3, Kvedarss O (3010) Synergizing hiological control: soope for
sieTile insect techmigoe, indoced plant dedenoes and cultorall tech-
migues 1o anbance natural enemy impact. Biol Control 320198
AT7. hitps:doiorg 10,101 &, biccomtrol ANEOZ 013

Hare I {3010} Ontopeny and s=ason constrain the production of
herbivore-inducible plant volatiles in the field. J Chem Ecol
3601213631374 htps:¥dod.org! 101007 /s 108EE-010-9578-=

Heil M (2009) Damaped-self recognition in plant herhivore defence.
Trends Plant Sci 14:356-363. bttps:¥ded.org 10,1016 j.iplan
5. 2009.04.007

Heraty I'M. Polasek A&, Schauff ME (2008] Sy stematics and bickogy
of Encemia. In: Goold J, Hoelmer KA, Goldhy JA (ads) Clax-
sical binlogical contrl of Bemivie fabari in the United Stages:
a review of imempency res=arch and implementstion. Sprinper,
Amsterdam, pp T1-E7

Herms DA, Mattzon W1 (1992) The dilemma of plants: o grow or
defend ) Rev Biol 67283335, hitpsfidod.org 10. 1086741 7659

Huddle M, Van Driesche B, Sandersomn J (1998} Biology and u= of
the whitefly pamsitoid Ercarsio formose. Annu Eev Entomol
430645660, hitpsyfdod.org’10. 1 146 annurey 2nto.43. 1645

James [E {20032) Synthetic herbivom-induced plant volatiles as fizld
attractanis for bemeficial ingects. Environ Entomel 32:977-981
hitps=dni org 10. 1603 0044- 235%-32.5 977

James [ (X030} Field evaluation of herbivor-indoced plant volatiles
ax aftractants for beneficial ineche methy] slicylae and the green
lacewing, Chryropa nigricormiy. | Chem Bool 2916001605,
hitps=Fdoiorg/ 10. 102¥ A 102477071 3493

James 0, Grasswite TR (2005) Synthetc hethivore-indweed plant
wilatiles increas feld captumes of parasitic wasps. Biocontrod
S0:-ET1-B&E0. hitpsyffdoi.org’10. 1007 f510526-0053-3313-3

James DG, Price TS (2004) Field-festing of methyl salicylate for
recruitment and mtenton of beneficial insects in grapes and
hops. J Chem Ecol 30:1613-162E. https:Fdoiongf10. 102
B-POEC 000004 T2.18151.68

Jones VPt al (2015) Evalusting plant volatilex for monitoring mabural
enermie s in apple, pear and walnut orcherds. Biol Coatral 102-53-
&5, https=Fdaiarg10.10 167, biocentrol 20 1503009

Kaplan | (2012} Aracting carnivorous arthropods with plant vola-
tiles: the future of biecontrol or playing with fire? Biol Controd
S0-TT- 59, https: Fdoi.ongf 1010 167j. biocontrol. 201 1. 10017

Kappers IF, Aharoni A, Wan Herpen TW, Lockeshoff LL, Dicke
M. Boorw messter HI (2005) Genetic engineeting of terpenoid

metabolism attracts bodygeards to Arabidepsis. Science
305 307 0- 207 2. hetps:Fdod.ong/ 10.11 26 science. 1116232

Eelly IL., Hagler JR, Kaplan I {3014) Seminchemical lums rduce
emigration and enbance pest controd seTvices in open-field
predator augmentation. Biol Control 71:70-77. hiipsyFdoi.
wrgf10.101 6% . kincontmal 201401010

Kessler A, Halitschie B (3009) Testing the potential for confictng
wlection on floral chemical traits by pollinaiors and herbivomrs:
predictions and case study. Funct Ecol 2390 1-912. hotps:Fdni.
argf10.11118.1365-2435. 2009.01 639 x

Kessler &, Heil M (2011) The multiple faces of indizct defenoe s and
thedir of natural s lection. Funct Ecol 23:348-357. hops
FHdoLorg/ 1011114 1365-2435. 001001581 8x

Khan ¥R, Jame:s DG, Midega CA, Pidkett 14 (2008) Chemical ecol-
ogy and consrvation biological controd. B ol Controd 45:210—
234, hitps=Ndoiongf 10. 10167, ocaontrol . 3007 .1 100

Koo A, Howe GA (2009) The wound hormone jasmonate. Phy-
tochemistry TO:1571-1580. https:Fdoi.orgf 1010165, phy to
chem X05.07 018

Li 5J et al {(2011) Host plants and natural enemies of Bemisia rabec
(Hemipiera: Aleyrodidas) in China. Insect Sci 18:101-120.
hitps=Fdei.ongf10.11117j.1744-791 7. 201001395 x

Li &F et al (2014) Efficiency of plant induced volatiles in attracting
Enceria formess and Serongium japomicies, o dominamt nai-
ural enemies of whitefly Beming febac in China. Pest Manag
3ci TO:1604- 1610, https-Fdoi.orgf 10. 1002 pe. 3745

Lim Y, Wang WL, Guo GX Ji XL (3009) Valatile emiscion in wheat
mnd parssitism by Aphidies svense after sopenous application
of salivary enzymes of Sitobion avenae. Entomaol Exp Appl
130:215-221. hitps:doiorg/10.1 11 1/5.15M0-T458. 7008 00822
X

Liw TX, Stansly PA, Gerling I (2015) W hitefty parasitoids: distriba-
tion, life history, bionomics, and otilization. Aoy Bev Entome]
G02T7 3- 292, bittps s doiorgf 110, 1 144 annumey-ento-0 1081402110
1

Loz Y03, Ma B, Cheng JA (2005) Attraction of the pamssitoid Anepros
nilaperates o rice volatiles indoced by the rice bewn planthop-
per A Inpens. J Chem Ecol 31:2357-3572 htps:¥dod.
aorgf 10,0007 s 10BBS-005-T 106

LucasBarbosa D (A016) Integrating studies on plant— pollimsior and

rhivore ineractions. Trends Plant 5o 21:125- 133, hitpes

Fidod. g 10 10165 tplants 20 15.10.013

Lucas-Barbosa [, Wam Loon IF, Dicke M (2011) The affects of herbi-
vine-induced plant volatiles on infetactions between plants and
fiower-visiting insects. Py inchemistry T2: 16471654, hitpsyfdod.
argf 10,101 &7, plry tochem. 101 1.03.1013

Mallinger RE, Hopg DE, Graton O (2011) Methyl slicylate sttmcts
natural #pemizs and reduces populations of soybean aphids
[Hemiptera: Aghididae) in soy bean agmecosysiems. J Econ Endo-
mal 104:115-124. https=¥doiorg! 10, 180 WBC 10253

MoCall AC, Fordyoe JA (23010) Can optimal defence theory be used
o predict the distribution of plant chemical defences? § Eool
Q8085992 hotps:fdod.org10.1 111513652745 2010.01 693 .x

Mol ormick AC, Unsicker 5B, Gemhenron J (2012) The specificity
of herhivore- indwced plant wolatiles in attracting herbivore ene-
mics. Tends Plant Sci 17:303-3 1. https:¥dodong10. 10167, tplan
A0 203.012

Morsws T, Burmows M, Fadamiro H (2016} El=ctroantennogram
mesponss of the parasitoid, Microplitis croceiper o host-ne lated
adars: the discrepancy betwesrn relative abundance and level of
amennal eespones o volatle compound. FIOKR:s 5:7725_ hitps
Fidod. crg10. 1 26881 000 %= search. 10104.2

Ohnmeiss TE, Baldwin IT {20000 ptimal defense theory predicis the
amnbogemy of an indoced micotine defenze. Ecology 81:1765-1783.
hitpsJffdaiorg 10. 1 BSOA00 1 2-9658{ 1000408 1 %58 1 Ta5-00TPT
ORI D2.0.00;2

£) Springer



55

T. A Slivelra et al.

Pareja M et al (3012) Hethivory by a phloem-feeding inzect inhib-
its floral volatile ion. PLoS ONE T=3197 1. hitps:fdai.
arg/10. 137 1 joumal. pone 0031971

Eodriguez-Saona O, Crafts-Brandner 51, Cafes LA (2003) Vola-
tile emissions triggered by multiple herbivore damape: et
army worm and whitefly feeding on cobon plants. J Chem Ecol
29-2539 2550, hitps=¥doi.org/10. 1023 A: 1026314 102866

Rodriguez-Saona [, Kapla I, Braasch J, Chinnasamy [, Williams L

(201 1) Fazld responses of predacesous arthropods io methy | slicy-
lake: a mets-analysis and case study in cranbermies. Biol Control
5(2)-294-303

Epermand HY, Wan Leniern J {1995a) Foraging behavioar of the
whitefly pamsitnid Erncerds formors on tomatn kaflets. Entomaol
Exp A ppl Téc313-324. hitpsfdoi.orgf 10,111 17,1 370-T455. 1995,
thl 197 5.x

Erermund HY, Van Lenteren J (1995h) Residence Gmes of the white-
fly parasitnid Encarsiz formora Gahan (Hyme, Aphefimidae)
an tomato leaflets. J Appl Entomol 119:465-4T1. httpsdoi
arg/ 0L 11115, 1430004 1B 1995 1001 319

Schiest] FP, Kirk H, Bigler L, Cozzolino 5, Desurmont GA (2014
Hesbivory and Soml signaling: phenoty pic plasticity and made offs
hetween repmduction and indizct defense. Mew Phyiol 203257 -
266, hitps:Fdoiorgf 10,1111/ ph. 12783

Silva DB, Welde pergis BT, Van Loon IJ, Boeno VH (201 7) () malitative
and quantitative differenoes i herhivore-induced plant wolatile
blends from tomato plants infesed by sither Tida shrolute or
Bemivia fobaci. ] Chem Ecnl 43:53-65. hitpse¥doiorg’ 10. 10077
5108860 16-0807-7

Stamsly PA , Naranjo SE (2010) Bemixiaz: bionomics and management
of a global pest. Springet, Metheriands

Steddle J1., Steppuhn A, Ruther J {3003} Specific foraging kairomones
meed by 2 parasiinid. J Chem Eool 29:131-143. hitps=ff
doLorgf 1010234 1021932731 350

Sottesfin 8, Van Lenter=n J {2000) Pre-and post-landing response of
the parasiinid Ercarsia formose to whitefly bosts on (Ferbera
Jjoemesonii. Emtomal Exp Appl S6: 206307, hitpsdaiarg/10.1
0461, 1500- 7458 000.00M5 x

Takahayashi J, Takshashi 5, Dicke M, Posthumus M (1995) Develop-
menial stape of herbivore Preudeleia seperata affects prodoc-
tiom of herbivore-indwee d synomone by com plants. J Chem Ecol
21273287 hetpsidod.orgf 10. 1007 BFOX 36717

Tamiru & et al (3011} Maire landraces recrit egg and larval pars-
sitnids in response to egg deposition by a herbivor. Ecol Lett
14:1073- 1083, bettpec:¥doi.ong10.111155.1461-0248 201 1.01674.x

Thaler IS, Farag MA, Paré PW, Dicke M (23002} ] ssmonate-defi-
cient plants have redoced direct and indirect defences against
herbivores. Ecol Lett 5:764-T74. hitps=doi.org/ 10.104
6. 14610248 2002 00388 x

Turdings TC, Wadkers F (X104} Becruitment of and parasi-
tnids by herhivore-injured plants. In: Cardé BT, Miller MG f=ds)

Aubvances in insect chemical ecology, Ind edn. Cambridpe Und-
versity Press, Cambridge, pp 21-75

Turings TC, Bernaxconi M, Bertossa B, Bigler F, Calier (G, Dom &
(1998} The induction af volatile emissions in maime by thnee
herbivor species with different feeding babits: possible conse-
quences for their natoral enemies. Biol Contold 11:122-120. hitps
Fidod. org 0. 1006 boom. 1597 0591

Van Lenern JC, Van Eoermund HJ, Satterdin 5 (15996) B ological
oomtr of Grenhouse Whitefty (Trialerodes vaporarionmm) with
the Pamsiingd Emnersiz Hiry dives it work T Binl Control
i 1-10. hitpe¥ doi.org! 10. 1006 beon. 1 996,000 1

Vogt T (2010} Phemylpropenaid hicsynthesis. Mol Plant 3:2-20. bttps
Fided. org 10, 1095 mpfzsp 106

Walling L. L {2008 Avoiding effective defenses: cmtegies employed by
phlvem-feeding insacts. Plant Physiol 146:850-Bas. hitps=Fdoi
arg/ 10,1 1047 pp. 107113142

Wasternack C, Haus= B (3013) Jasmonates: hiosynthesis, pemeption,
signal tramsduction and action in plant stress eesponse, prowth and

L. An wpdate to the 2007 review in Ammals of Botamy.

Ann Bot 111:1021-1038. bttps: fdod. oog 10 109 3 ach/motl&T

Yoneva K, Kngimiya 5, Takahayachi 1 (2009 Can berbivore-indooed
plant volatiles inform predatory imsect about the most suitable
stage af its prey 7 Physiol Entomaol 34:379- 3586, hitps:fdoiorg’1
0111 ¥ 1365-3032. 2009 0070 1.x

Yo H, Zhang Y. Wu K, Gao X'W, Guo YY (2008) Field-texting af
synthetic herbivore-indoced plant volatiles as attractants for
beneficial insects. Emviron Eniomal 37:1410-1415. hotps:Fdoi
argf 10, 160 00446- 225K -37.6.1410

Farate 51, Kempema LA, Walling LL (2007) Silverleaf whitefly
induores salicylic acid defenzes and suppresses effectual jmomic
acid defenses. Plant Physial 143:B66- 575, htpscfdoiorg 10,1104
pp 106 (K003

Zhang P-J, Li W.ID, Huang F, Zhang I-M, Xo F.C, Lu Y-B {2013a)
Feeding by whikefies suppresses downsieam jsmonic acid sign-
aling by eficiting slicylic acid signaling. J Chem Eonl 392612
619 hetps/fidod.org 10. 1007 51088601 302832

Zhang Pl et al {2013k) Phloem-feeding whiteflies can fool their host
plants, but not their parasitnids. Funct Ecol 27:1304-1312. hitps
Fidoi.org10.111171365- 243312132

Zhm 1, Park KT (2005) Methy] salicylate, a soybean aphid-indwoed
plant volatile attractive o the predador Coccinedls seplempunc-
izt J Chem Ecnl 31:1733-17446. hitps:fdod. cog/10. 100 = 1088
600559738

Zilahi-Balogh (3. Shipp J, Clowtier , Brodear I (2009) C oompari son
of sarching behaviour of two aphelinid parasitoids of the (zen-
homse Whitefty, Trizlewrodes vaponoriormes under summer vs.
winter conditions in a climaie. J Insct Behay 22:134—
147 hitpsffded orgf 10, 1007 5= 1 K0 5-008-9160-1



CAPITULO I1I. Attractiveness of Encarsia desantisi (Hymenoptera: Aphelinidae) to the
cuticular nymph compounds of Bemisia tabaci biotype B (Hemiptera: Aleyrodidae).

Artigo submetido a revista Journal of Pest Sicense, ISSN:1612-4766, Qualis A2 na area
Biotecnologia.

56



Attractiveness of Encarsia desantisi (Hymenoptera: Aphelinidae) to the cuticular nymph

Journal of Pest Science

compounds of Bemisia tabaci biotype B (Hemiptera: Aleyrodidae).

Manuscript Number:
Full Title:

Article Type:

Corresponding Author:

Corresponding Author Secondary
Information:

Corresponding Author’s Institution:

Corresponding Author's Secondary
Institution:

First Author:
First Author Secondary Information:
Order of Authors:

Order of Authors Secondary Information:
Funding Information:

-—-Manuscript Draft--

'PEST-D-18-00457

Attractiveness of Encarsia desantisi (Hymenoptera: Aphelinidae) to the cuticular nymph
compounds of Bemisia tabaci biotype B (Hemiptera: Aleyrodidae).

Original Article

Bemisia tabaci; semiochemicals; kairomones; Encarsia desantisi; biological control;

| toids; whitefl

Talita Antonia Silveira, MSc
Universidade Federal de Alagoas

Maceid, Alagoas BRAZIL
Universidade Federal de Alagoas

Talita Antonia Silveira, MSc

Talita Antonia Silveira, MSc

Arodi Prado Favaris, MSc

Milton Femando Cabezas-Guerrero, Dr
Jose Mauricio Simdes Bento, Dr
Antonio Euzebio Goulart Santana, Dr

Herinque Fonseca Goulart, Dr

Conselho Nacional de Desenvolvimento  Not applicable

Cientifico e Tecnologico
(465511/2014-7)

Fundagéio de Amparo & Pesquisa do | licable

Estado de Séo Paulo Not app

(2014/50871-0) |

Coordenacéo de Aperfeicoamento de Mrs Talita Antonia Silveira
z’o;ssod de Nivel Superior

Parasitoids require some chemical cues to find their hosts, such as cuticular

compounds. They have several functions in the insect, such as avoiding desiccation,
protection against pathogens, taxonomic and communication with their host. Our
experiments were conducted in order to study the possible attractiveness of the
parasitoid Encarsia desantisi to the nymph compounds of Bemisia tabaci, biotype b.
Bioassays with "Y" olfactometers were performed with the crude extract of the nymphs
(washing with hexane) and presented attractiveness to the parasitoid females. In order
to identify which compounds were causing this attraction, fractions of this extract were
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Abstract
Parasitoids require some chemical cues to find their hosts, such as cuticular compounds. They
have several functions in the insect, such as avoiding desiccation, protection against pathogens,
taxonomic and communication with their host. Our experiments were conducted in order to
study the possible attractiveness of the parasitoid Encarsia desantisi to the nymph compounds
of Bemisia tabaci, biotype b. Bioassays with "Y" olfactometers were performed with the crude
extract of the nymphs (washing with hexane) and presented attractiveness to the parasitoid
females. In order to identify which compounds were causing this attraction, fractions of this
extract were carried out, where the 50% ether fraction showed to be active, attracting the
parasitoids. The 50% ether fraction was refracted, and in the bioassays the 10% ether fraction
showed biological activity. The results analyzed in GC and GC/MS characterized the
compounds as being of two chemical groups: esters and ketones. We believe that these results
are the first indications of a possible applicability of these volatiles to help the control of
Bemisia tabaci for various crops.
Key words: whitefly, nymph, Bemisia tabaci, Encarsia desantisi, cuticular compounds
Key message
e Bemisia tabaci is a generalist insect plague that causes trouble in thousands of cultures
around the world; the difficulty that the producers have found to contain the advance of
this insect has motivated new researches for alternative controls besides the chemical;
e Tests performed with B. tabaci nymph extract were highly attractive for the parasitoid
E. desantisi;
e The use of these volatiles in biological control may be a plausible alternative for more
sustainable control of this pest.
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Introduction

Whitefly, Bemisia tabaci biotype b, is a key plague of several crops, not only due to
direct damage, but mainly because it is an important vector of diseases, and has been causing
problems in the last decades (De Barro et al. 2011). It is responsible for losses in productivity
of up to 70% in some crops (Oliveira et al., 2013), whose control has been mainly carried out
by the massive application of insecticides (Esashika et al., 2016). However, the constant use of
these products not only increases the incidence of residues in fruits and in the environment, but
also increases the insecticide-resistant populations to practically all the molecules used in their
control (Alon et al., 2008; Silva et al., 2009; Ma et al., 2010; Shadmany et al., 2014).

Alternative control has been studied over the years (Turlings; Erb, 2018) and biological
control is one of the most promising ones (Stefanelo, 2002). The use of natural enemies such
as predators (Naranjo, 2001) or parasitoids has been gaining attention due to its great potential
in the control of Bemisia tabaci (Oliveira et al., 2001). Several species of parasitoids are
associated with the control of Bemisia tabaci biotype B, being the species of the genera
Encarsia and Eretmocerus the most relevant (Gerling, et al, 2001, Pessoa, 2009).

Among the studies carried out, studies involving species of the genus Encarsia
presented the most promising results for several crops such as soybean, tomato, melon and
beans. The efficiency of the parasitoid has also been demonstrated in greenhouses with different
crops (Pessoa, 2009, Oliveira et al., 1999, Quintela et al., 1992). (Pessoa, 2009; Oliveira et al.,
1999; Quintela et al., 1992).

The attractiveness of the parasitoid to its host can be explained by the existence of
volatile chemicals released by the host as well as by the host plant. The parasitoid Encarsia
desantisi presented positive responses to the volatiles of melon plants attacked by B. tabaci
(Silveira et al., 2018). These substances, known as kairomones, act in interspecific
communication, being extremely important in the host search process (Brown et al., 1970;
Lewis et al., 1975 a; b).

Based on the above, this work aims to evaluate the attractiveness of the parasitoid
Encarsia desantisi to the volatile compounds released by nymphs of Bemisia tabaci, biotype B.
Material and methods

Insects and plants
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In order to obtain the nymphs of Bemisia tabaci, adult insects from rearing kept in the
laboratory of Chemical Ecology and Behavior of Insects were kept in cabbage (Brassica
oleracea L.) plants offered for oviposition in a greenhouse located in the Department of
Entomology and Acarology of ESALQ / USP.

For the creation and maintenance of parasitoids, 3rd and 4th instar nymphs were offered
as host every 5 days. The insects destined to the bioassays were kept at a temperature of 27 + 1
°C, 65 + 10% relative humidity, isolated in acrylic cages for 24 h before being used in the
experiment.

Extraction of compounds

Using the direct washing in organic solvent (hexane), 300 nymphs of Bemisia tabaci,
3rd and 4th instars, were removed from the cabbage leaves with a magnifying glass and brush.
After separated, nymphs were submerged in the solvent for 5 minutes. Soon after, the solvent
(extract) was filtered in a Pasteur pipette containing glass wool to retain the impurities, and
stored in vial at -30 ° C. The crude extract was isolated by fractionation and its biological
activity was tested by olfactometer bioassays.

After confirmation of biological activity, crude extract was concentrated to 200 pL by
means of sample purification by column chromatography packed with silica. For this, the
column was prepared using a glass Pasteur pipette (146 mm) containing glass wool and filled
with 2 g of 60/100 mesh silica (Sigma-Aldrich). After washing the silica column with hexane,
the crude extract was applied. The elutions were carried out with 1 mL of the hexane and diethyl
ether solvents for solutions increasing in polarity: 100% hexane; 25% ether; 50% ether; 75%
ether and 100% ether. A 1.5 mL vial was placed at the end of the column to collect each fraction.
Fractionation of 50% ether fraction

After the bioassays with the fractions, the 50% fraction was fractionated again, using
ImL of 50% ether fraction which was concentrated to 200 pL using the method of sample
purification by column chromatography packed with silica. The column was prepared from a
146 mm glass Pasteur pipette containing glass wool and filled with 2 g 60/100 mesh silica
(Sigma-Aldrich). After washing the silica column with hexane, the 50% ether fraction was
applied. The elutions were carried out with with 1 mL of the hexane and diethyl ether solvents
for solutions increasing in polarity: 100% hexane; 10% ether; 15% ether; 20% ether; 50% ether
and 100% ether. A 1.5 mL vial was placed at the end of the column to collect each fraction.
Bioassays in olfactometers

The attractiveness of the crude extract (wash) and the fractions were tested in a "Y"

olfactometer in order to evaluate the response of the parasitoids. The extracts, as well as the
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control treatment (hexane only), were soaked in cotton in a volume of 10 uL for the bioassays
and the same volume was used for the fractions.

The treatments were arranged in glass connectors connected to the olfactometer arms.
In this system the filtered air with activated and humidified charcoal was pushed through the
system at 0.6 L.min* of purified air. The air flow was obtained using a vacuum pump which
was connected to the olfactometer outlet, which removed from the system 0.2 L.min™.

For the tests, insects previously mated and with oviposition experience (1 to 5 days of
age) were individualized and kept in an air conditioned room 12 h prior to the beggining of the
bioassays. Each repetition corresponded to a female of Encarsia desantisi. A single female was
released at the base of the olfactometer, and then the behavior was observed for 10 minutes,
where the first choice was evaluated and defined as the olfactometer arm in which the parasitoid
initially entered and remained at least 40s. At each repetition, the cottons with the extract and
control were replaced and the positions of the olfactometer arms were altered to avoid a
tendency in parasitoid responses. A total of 35 replicates were performed for the wash extract
attractiveness tests and 30 replicates for their fractions. The bioassays were conducted in the
period from 2:00 p.m. to 4:30 p.m., a period previously defined due to higher parasitoid activity.
Generalized Linear Mixed Models (GLMM) with a binomial distribution and logistic link were
used to analyze the data of insects first choice with the software R 3.3.2 (R CORE TEAM,
2016). In the olfactometer bioassays, the likelihood ratio chi-square test > was used to
determine the significance (P <0.05), and the analyzes were performed with software R 3.3.2
(R CORE TEAM, 2016).

Gas Chromatography (GC)

The extracts and fractions were analyzed on a Shimadzu 2010 equipped with a flame ionization
detector (FID) and using an HP-1MS column (30m x 0.25mm ID; 0.25 pum film thickness,
Agilent technologies, CA , USA). The oven temperature was maintained at 40° C for 5 minutes,
then increased at 5° C min " at 150° C for 1 minute, then 10° C min™at 250° C and maintained
for 20 minutes. The FID was adjusted to 280° C and the injector at 250 °C. Two microliters of
each sample were injected into an undivided injector, with helium as the carrier gas.

Coupled Gas Chromatography / Mass Spectrometry (GC / MS)

The identification was carried out in a gas chromatograph with mass spectrometry (Varian
4000), equipped with an HP-5MS capillary column (30m x 0.25mm ID, 0.25um film, Agilent
technologies, CA, USA), helium being the carrier gas. The samples were injected at 250 ° C in
“splitless” mode using the same temperature program of GC-FID analyzes. Identification of

compounds was performed using the Kovats index (KI) calculated using n-alkane standards
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(C7-C30), and from comparisons of mass spectra of the compounds with those available from
the Wiley 6 library chemical class level suggested the similarity index.

Results

Bioassays in Y™ olfactometer

E. desantisi presented greater attractiveness to the crude extract (from the washing of
the nymphs of B. tabaci) than to the control treatment (Hexane) (Gl = 1; 4* = 12,08; P = 0,0005)
as well as the fraction of 50% ether (GI = 1; 4* = 94,33; P = 0,0021) (Fig.1). However, they
were not attracted by the volatiles of the 100% ether fraction (Gl = 1; 42 = 0,32; P = 0,5743).
The responses obtained in the bioassays with the fractions of 25% ether, 75% ether and 100%
hexane were not considered for analysis due to the low number of females that responded to
some of the treatments.

The 50% ether fraction, which was attractive in the bioassay, was fractionated again.
After refraction, only the 10% ether fraction (GI=1; x> =60,80; P= 0,01367) (Fig. 2) showed
biological activity. The 20% ether fraction (Gl = 1, x2 = 25.06, P = 0.1134), despite being
attractive, showed no statistical difference in relation to the control. The other fractions, 100%
hexane; 15% ether; 50% ether and 100% ether were not considered for analysis because of the
low number of response to treatment.

Analysis of the compounds by GC-MS

In the GC-MS analysis of fractions, the presence of four peaks (1,2,3 and 4) was
observed in a higher concentration in the 50% ether fraction, which was biologically active in
olfactometer bioassays and only one peak (peak 5) of this fraction (Fig. 3).

Comparing the chromatograms analyzed by GC-MS, from the fractionation of the wash
extract of the nymphs, it is observed that the 50% ether fraction presented four peaks that stand
out in quantity when compared to the other fractions, as well as a peak that appears only in this
fraction
Discussion

Our results demonstrated that compounds of the group esters and ketones are found in
nymphs of Bemisia tabaci Biotype b, and possibly may have been responsible for the chemical
communication used by the parasitoids Encarsia desantisi to meet their host. Additionally, in
the assessment to identify the compounds responsible for the attractiveness, it was found that
compounds isolated in the 50% ether fraction from the crude extract may be responsible for

such response in the parasitoid.
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The most studied chemist groups in the last years as being responsible for a possible
response of the parasitoids to their hosts are the kairomones, being mainly aldehydes, esters,
isothiocyanates, sulfides, nitriles, furanoids, terpenoids, pyridines and hydrocarbons, the latter
being the most commonly found in the process (Afsheen, et al., 2008). The study by Rani et al.
(2007) proposed that compounds that have a high number of carbon atoms can act as contact
stimulants, while those with less than 10 carbon atoms are more volatile and may attract
parasitoids to the host.

These cuticular compounds have been widely studied in several species of insects in
recent years, often acting as sex attractants (pheromones) (Snellings, et al., 2018). These
hormones within a bee colony, for example, control the activities of these insects in the
maintenance of caste (Ferreira-Caliman, et al., 2010), as well as the kairomones are used by
natural enemies predators and parasitoids to meet their hosts (Bakthavatsalam; et al., 2006).

Several studies have been developed over the years to identify such compounds in
nymphs (Neal et al., 1994; Buckner et al., 1999; Buckner et al., 2000). However, none of them
have shown the biological function of such compounds. The attraction of Encarsia desantisi to
the cuticular compounds of B. tabaci nymphs can be exploited in an applied way for the control
of whitefly, as demonstrated in several studies that tested the kairomones with the objective of
using them as attractive for the parasitoids, collaborating in the control of the insect pest. Rani
et al. 2007 studied the response of Trichogramma japonicum to cuticle extracts of yellow stem
borer and adult adult of rice stem borer. The response of the parasitoid was stronger for the host
adult with cuticle extracts compared to larval fractions or larval body extracts, indicating that
this response is specific for the adult host.

In B. tabaci nymphs, wax coating on cuticular surfaces also has the function of
protecting from honeydew, which is excreted at the time of adult feeding. These insects possess
the mechanism of avoiding their own honeydew, but not the honeydew produced by their
neighbors (Byrne, et al., 1991). It is known that during growth and development, whitefly
nymphs remain immobile and continually feed on phloem, except during molt activity between
instars (Mound, 1963).

In other insects, these cuticular lipids may have distinct roles, acting as sex pheromone,
in the case of Glossina morsitans (tsetse) females to attract males (Carlson et al., 1978) and
courtship behavior in several species of Drosophila (Jallon and Cobb, 1990).

Parasitoids as Trichogramma chilonis presented high parasitism rate when effective
kairomones were extracted and identified from eggs of one of their hosts, with concentration

and application technique adjustment (Bakthavatsalam and Tandon, 2006).
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Studies carried out with Cotesia rubecula identified the attractiveness of this parasitoid
to feces of two species of Lepidoptera (Pieris rapae and Pieris brassicae) caterpillars in
different stages of development and that they emitted different volatiles. Therefore, it can be
inferred that there was an interaction between what the host plant emits of volatile when
attacked or not by the herbivore, together with the feces of these caterpillars, being the quality
and quantity of these volatiles of extreme importance for a positive response in the attraction
(Agelopoulos et al., 1995).

From studies such as these, we understand that not only the chemical clues of host
insects are important for the location, but also the use of clues of host plants and their stages of
development. However, the parasitoids alter their specificity, learning to identify the host or the
volatiles emitted after having contact with them, being able or not to memorize these contacts,
varying according to the species (Herard et al., 1988; Sheehan and Shelton, 1989; Turlings et
al., 1989; Vet and Groenewold, 1990; Kester and Barbosa, 1991; Eller et al., 1992; Turlings et
al. 1993; Geervliet et al., 1997).

In some cases, the source of kairomones contains a mixture of volatiles, but only one of
them is proven to mediate the parasitoid specific response (Reddy et al., 2002; Mizutani, 2006).

Some studies with pupae parasitoids have addressed how these insects may have
different forms of exploitation depending on the host. Some are known for exploiting contact
kairomones and volatiles to locate their hosts (Leonard et al., 1975; Tucker and Leonard 1977;
Sandlan 1980). For Rostas et al. (1998), the parasitoid was not attracted by volatiles of pupae
of the host, however, when in contact with the kairomones extracted from the outer layer of the
cocoon and the pupae and non-volatile components of the tegument, provoked parasitoid
antennation, indicating the recognition of the host. It has also been reported that pupae
parasitoids use signals produced by their hosts at the developmental stage preceding that in
which they parasitize (Thibout, 2005) or by-product of the previous host stage (Auger et al.,
1989) to locate their target stage.

In view of all the results presented, it is necessary the continuity of these studies to
understand the chemical communication that the host emits and how these volatiles are
interpreted by the parasitoid in its search. We consider it possible to get as close to one or a

mixture of volatile compounds, to act as attractive and to aid in biological control.
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Fig 1. Response of Encarsia desantisi females in "Y" olfactometer for fractions vs control and extract
wash vs control. Asterisks indicate significant differences between treatments according to the chi-
square test of the likelihood ratio (*** P <0.001; ** P <0.01; ns = No Significant).
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Fig 2. Response of Encarsia desantisi females in "Y' olfactometer for fractions vs control. Asterisks
indicate significant differences between treatments according to the chi-square test of the likelihood
ratio (* P <0.01; ns = No Significant).
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Fig 3. Chromatograms indicating the relevant peaks in the fraction 50% ether (biologically active).
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Fig 4. Chromatograms of fractions 10% ether and 20% ether from the 50% ether fraction refraction.
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A partir dos resultados obtidos até o0 momento, pode se concluir que existem varias formas
de manejo a serem exploradas para o controle de Bemisia tabaci, compreender o papel que 0s
volateis das plantas de mel&o sadias e das plantas infestadas pelo herbivoro na atracdo da praga e
do inimigo natural;

Entender a importancia do comportamento de busca do parasitoide pelo seu hospedeiro,
esses conhecimentos, podem ser utilizados em um controle mais eficiente para mosca-branca e o
uso do controle bioldgico atrelado ao uso dos semioquimicos € uma forma de controle limpa e
sustentavel.
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