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RESUMO

ISOLAMENTO E SELECAO DE FUNGOS PARA O CONTROLE DO PERCEVEJO-MARROM

AUTOR: Daiane Dalla Nora
ORIENTADOR: Rodrigo Josemar Seminoti Jacques

O percevejo da espécie Euschistus heros pode ser controlado por fungos entomopatogénicos.
Porém, poucas pesquisas foram realizadas sobre o controle bioldgico desta espécie e ha
somente um bioinseticida disponivel no mercado. Por isto, o objetivo deste trabalho foi isolar
e selecionar fungos entomopatogénicos e determinar a concentragao de conidios necessaria
para o controle do percevejo E. heros em condi¢des de laboratorio. Foram isolados fungos de
amostras de solo e de insetos doentes, o que correspondeu a 36 fungos isolados. A selecao foi
realizada pela inoculagio de SuL de uma suspensio de 1x10® conidios mL' no dorso dos
percevejos adultos e avaliada a mortalidade por 15 dias. Os trés fungos selecionados foram
identificados por técnicas de biologia molecular e pertencem a espécie Beauveria bassiana.
Dos 36 fungos isolados, foram selecionados o UFSM-1, UFSM-2 e UFSM-26 por causar
100% de mortalidade em adultos do percevejo-marrom, no qual foram testados em bioensaios
para determina¢do da CLsoe CLoo e da mortalidade acumulada. Os fungos UFSM-1 e UFSM-
2 destacaram-se pela alta viruléncia e rapida letalidade em E. heros, pois em 9 dias, 90% dos
percevejos foram mortos com a aplicagio de 5x10° conidios mL™! (CLg). Para o fungo
UFSM-26, a CLo foi de 8x10'° conidios mL™!. Com a aplicagdo de 1x10® conidios mL™!, os
isolados UFSM-1 e UFSM-2 mataram 70% dos percevejos em 9 dias, enquanto o UFSM-26
matou 12%. Os isolados UFSM-1 e UFSM-2 sdo promissores agentes de controle bioldgico
do Euschistus heros e por isto serdao avaliados em futuros estudos.

Palavras-chave: fungos entomopatogénicos, Beauveria bassiana, controle
biologico, Euschistus heros.



ABSTRACT

ISOLATION AND SELECTION OF FUNGI FOR THE CONTROL OF THE BROWN STINK BUG

AUTHOR: Daiane Dalla Nora
ADVISOR: Rodrigo Josemar Seminoti Jacques

The stink bug species Euschistus heros can be controlled by entomopathogenic fungi.
However, few researches have been done on the biological control of this species and there is
only bio-insecticide available in the market. Therefore, the objective of this work was to
isolate and select entomopathogenic fungi and determine the concentration of conidia
necessary to control E. heros bug in laboratory conditions. Fungi were isolated from soil
samples and from diseased insects. The selection was done by inoculating Sul. of a
suspension of 1x10% conidia mL™! on the back of adult stink bugs and evaluating mortality for
15 days. The three fungi selected were identified by molecular biology techniques and belong
to the Beauveria bassiana species. UFSM-1, UFSM-2 and UFSM-26 were selected from 36
isolates for causing 100% mortality in adults of the brown bug, which were tested in
bioassays for determination of LCso and CLgo and accumulated mortality. The fungi UFSM-1
and UFSM-2 got distinguished by the high virulence and rapid lethality in E. heros, because
in 9 days, 90% of the stink bugs were killed with the application of 5x10° conidia mL™
(CLogo). For the fungus UFSM-26, the CLgo was 8x10'° conidia mL™!. With the application of
1x10® conidia mL™!, UFSM-1 and UFSM-2 isolates killed 70% of the stink bugs in 9 days,
while UFSM-26 killed 12%. The isolates UFSM-1 and UFSM-2 are promising biological
control agents of Euschistus heros and therefore will be evaluated in future studies.

Key words: entomopathogenic fungi, Beauveria bassiana, biological control, Euschistus
heros.
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1 INTRODUCAO GERAL

A soja (Glycine max (L.) Merrill) ocupa a maior area de cultivo no Brasil, com 35,8
milhdes de hectares e producao de 114,3 milhdes de toneladas na safra 2018/2019 (CONAB,
2019). Por ser um cultivo rentavel, as areas monocultoras tém aumentado no pais nos ultimos
anos. A baixa diversidade biolégica nos monoclutivos compromete as relagdes ecoldgicas e
entre elas, estd a regulacdao natural das espécies (CAMPOS, 2011). O cultivo da soja sem
rotagdo de culturas durante muitos anos causa perda deste servigo ecossistémico. Este ndo ¢
um fato isolado, estima-se entre US$ 4,3 e 20,2 trilhdes ano! foram perdidos em servigos
ecossistémicos diretos e indiretos nos cultivos agricolas do mundo, de 1997 até 2011, os
autores ainda destacam que estes calculos podem estar subestimados (COSTANZA et al.,
2014). Neste cenario, algumas espécies tém sido beneficiadas, em especial as populagdes de
insetos-pragas de dificil controle.

O percevejo-marrom da espécie Euschistus heros (Fabricius, 1798) (Hemiptera:
Pentatomidae) ¢ amplamente distribuida no Brasil (GODOY et al., 2010). Este inseto tem
recebido grande destaque devido ao elevado potencial de dano na cultura da soja (CORREA-
FERREIRA e PANIZZI, 1999), pois se alimenta diretamente do grdo, o que diminui sua
qualidade e massa (DEPIERI e PANIZZI, 2011; PANIZZI et al., 2012). O controle deste
inseto ¢ realizado principalmente com o uso de inseticidas quimicos, o que favorece a selecao
de populacdes resistentes e dificulta ainda mais o seu manejo (SOSA-GOMEZ e SILVA,
2010; PANIZZI et al., 2012; TUELHER et al., 2018).

A dependéncia e os problemas resultantes do uso destes inseticidas estimulam a busca
por alternativas mais sustentaveis para controle das pragas agricolas, como o controle
bioldgico (LANCEY et al., 2015; KALVNADI et al., 2018). Este ¢ caracterizado por ser um
fendmeno natural e na agricultura, em larga escala ¢ realizado pelo uso massivo de
organismos que tenham efeitos deletérios em outros organismos (PARRA, 2014). E como
pratica associada, se faz necessario preservar os agentes do controle bioldgico no ambiente de
cultivo, para que a regulagdo das espécies aconteca e se prolongue ao longo dos cultivos
(JARONSKI, 2010; PELL et al., 2010). Quando comparado ao controle quimico, o controle
biologico tem agdo mais lenta e por isto necessita ser utilizado no inicio da infestacdo da
praga, o que acarreta em restricdes de uso por produtores rurais (VAN LENTEREN et al.,
2012).

Os fungos entomopatogénicos estdo entre os agentes de controle bioldgico mais

utilizados. Eles compdem grande parte dos inseticidas microbianos comercializados no
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mundo e no Brasil s3o o principio ativo de cerca de 60% dos bioinseticidas (LANCEY et al.,
2015; MASCARIN et al., 2018). Os fungos entomopatogénicos t€ém a capacidade de
regulagao de diversas espécies de artropodes-praga pela habilidade de infectar os hospedeiros
através da cuticula e causar sua morte (VEGA et al.,, 2012; LANCEY et al., 2015). Na
agricultura sua utilizagdo ¢ feita pela liberacdo de um grande niimero de propagulos, a fim de
potencializar o equilibrio ecologico entre o agente de controle e a praga alvo.

Dentre os diversos fungos entomopatogénicos estudados, Beauveria bassiana
(Balsamo) Vuillemin 1912, ¢ o mais utilizado no mundo no controle de diversos artrépodes
(ARTHURS e DARA, 2018). E um fungo deuteromiceto, capaz de colonizar plantas, insetos e
o solo, com ampla distribuicdo natural no mundo, entretanto sua ocorréncia natural em
ambientes agricolas ¢ influenciada pelas praticas de controle utilizadas na drea (BOOMSMA
et al., 2014). Os estudos com o uso de fungos entomopatogénicos para o controle do E. heros
ainda sdo restritos. Evidéncias mostram que estes fungos podem ser usados no controle
bioldgico do percevejo-marrom. Para o fungo Metarhizium anisopliae (Metschnikoff) Sorokin
1833, resultados promissores foram encontrados por Groth et al. (2017) no controle de Nezara
viridula (Linnaeus, 1758) e Dichelops melacanthus (Dallas, 1851) na cultura do trigo. Diante
da caréncia de informagdes sobre o controle bioldgico do E. heros, se faz necessario isolar e
selecionar fungos entomopatogénicos e avaliar além de avaliar as concentragdes de conidios

que devem ser utilizadas para que o controle seja eficiente.

1.1 REVISAO DE LITERATURA

1.1.1 Percevejo-marrom

A espécie E. heros tem ocorréncia em toda América do Sul, em especial nas regides
com temperaturas mais elevadas, entre 22°C e 28°C (PANIZZI, 2008). No Brasil, ¢
amplamente distribuido, com maior ocorréncia na regido Centro-Oeste e no norte do Parana, e
se expandindo para regides onde sua incidéncia ndo era comum, como o Rio Grande do Sul
(HOFFMANN-CAMPO et al., 2000; CORREA-FERREIRA et al., 2010). Devido a todas
estas caracteristicas, a espécie € considerada a principal praga da cultura da soja na América
do Sul (SOSA-GOME-Z et al., 2010; PANIZZI et al., 2012; SOUZA et al., 2017; PAZINI et
al., 2019).

Os percevejos fitofagos sdo as pragas mais importantes da cultura da soja. Estes

insetos afetam diretamente a qualidade do produto final, por provocarem murcha ¢ ma



13

formagao de graos e vagens, além de comprometerem a qualidade fisiologica das sementes
(CORREA-FERREIRA e PANIZZI, 1999). As perdas causadas pelo ataque severo destes
insetos podem comprometer a produtividade da cultura em até 30% (DEGRANDE e VIVAN,
2006).

A espécie E. heros, (Hemiptera, Pentadomidade) ¢ conhecida como percevejo-marrom.
Em média, desenvolve-se do ovo a fase adulta em 25 dias e tem cerca de 116 dias de
longevidade, entretanto pode sobreviver por mais de 300 dias na lavoura (PANIZZI et al.,
2012). Somente apos o terceiro instar de desenvolvimento, comeca a causar danos a cultura.
Em um cultivo pode completar trés geracdes, dependendo da disponibilidade de alimentos e
das condi¢des ambientais (CORREA-FERREIRA e PANIZZI, 1999; PANIZZI et al., 2012).

O percevejo-marrom pode sobreviver em lavouras de soja mesmo sem a presenca da
cultura, pois tem a habilidade utilizar outras plantas como hospedeiras, se proteger sob a
vegetacdo, buscar refugios, até encontrar condigdes adequadas de sobrevivéncia (PANIZZI et
al, 2012). Além disso, tem a capacidade de permanecer em estado de hibernagdo parcial,
desde a colheita da soja até a nova semeadura (PANIZZI et al, 2012; CORREA-FERREIRA e
PANIZZI, 1999). Desta forma, quando ocorre a implanta¢do da cultura a praga normalmente
ja esta presente na area de cultivo (CORREA-FERREIRA; PANIZZI, 1999). Na soja, o maior
aumento populacional do inseto ocorre entre os estadios de desenvolvimento V4 e V5, das
plantas (PANIZZI et al., 2012). Os maiores danos sao causados a partir do estdgio R4, com
tendéncia de aumento populacional nos estddios R5 e R7, quando pode atingir seu pico
(CORREA-FERREIRA ¢ PANIZZI, 1999). Bueno et al. (2015) em avaliagdo dos danos
econdmicos de percevejos em soja no estado do Parand, ressaltaram que 99% dos espécimes
coletados eram de E. heros. Isto pode estar relacionado com o aumento das areas de
monocultora, que resulta em maiores chances de sobrevivéncia do percevejo e favorece as

pragas mais adaptadas ao ambiente de cultivo (CORREA-FERREIRA e MOSCARDI, 1995).

1.1.2 Controle biologico

Nos ultimos anos ha um constante aumento das populagdes de E. heros em lavouras de
soja e isso estd relacionado ao método de controle (BUENO et al., 2013; CORREA-
FERREIRA et al., 2010). O controle de percevejos na soja, assim como de outras pragas, ¢
realizado prioritariamente com inseticidas quimicos, entretanto a pequena diversidade de
principios ativos favorece a selecdo de organismos resistentes, quando as corretas

recomendacdes de uso ndo sdo seguidas, ampliando assim o potencial de danos dos
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percevejos (SOSA-GOMEZ et al., 2010; SOSA-GOMEZ e OMOTO, 2013; TUELHER et al.,
2018).

O numero de aplicagdes de inseticidas para o controle dos percevejos varia de duas a
seis durante o ciclo da cultura soja, o que vai depender da época em que a cultura foi
implantada e do nivel de infestagdo da area (BUENO et al., 2013). Este tipo de controle
preconiza o uso de produtos com amplo espectro, a fim de atingir outras pragas na mesma
aplicacdo. Isso resulta na reduc¢dao ou eliminacdo dos inimigos naturais € consequentemente
menor regulagdo natural das pragas agricolas (PARRA, 2014; SOSA-GOMEZ et al., 2010).
Além disto, as aplicagdes excessivas destes produtos geram contaminacgdo dos alimentos, do
solo, da agua, do ar e dos seres vivos (YADAV et al., 2015).

Diante dos problemas de alto custo, contaminagao ambiental e perda de eficiéncia dos
principios ativos dos inseticidas quimicos, o controle biologico ¢ a alternativa mais
sustentavel em relagdo ao controle quimico no controle das pragas agricolas (MCCOY e
FRANK, 2010; RESQUIN-ROMERO et al., 2016). O controle bioldgico é uma importante
estratégia no manejo de artropodes, plantas daninhas e microrganismos, e estd fundamentado
nos conceitos de competicdo, herbivoria, parasitismo e/ou predacdo que acontecem
naturalmente no ambiente (COSTANZA et al., 2014).

O controle bioldgico ¢ dividido em cléssico, quando o objetivo ¢ controlar uma praga
exoética invasora a longo prazo e consiste na introdu¢do de um organismo na area, adaptacao
do mesmo a fim de resolver um problema pontual; natural, quando visa proteger inimigos
naturais no ambiente de cultivo; e aplicado ou aumentativo, quando consiste na liberacao
inundativa de inimigos naturais na area de cultivo, sendo o mais aceito, considerado de mais
rapida agdo em relagdo aos demais (REDFIELD, 1958; BARRATT et al., 2018). Portanto, o
controle bioldgico deve ser fundamentado em estratégias baseadas na ecologia, ou seja, na
manutencdo do equilibrio natural das espécies, favorecendo a regulacdo natural dos
organismos no ambiente de cultivo (GONTIJO, 2018). Para isto, um ambiente de cultivo que
utiliza técnicas convencionais de controle de pragas, com o uso unico de pesticidas quimicos,
precisa se adaptar e estabelecer praticas que protejam a cadeia natural das espécies (PELL et
al., 2010). O controle biolégico aplicado ¢ fundamentado na expectativa de que o agente
utilizado ird se multiplicar e se espalhar na area de cultivo, controlando a praga alvo por um
tempo indeterminado, pois podem se multiplicar e se estabelecer na lavoura (JARONSKI,
2010).

Por isto, o controle bioldgico ndo estd apenas fundamentado na liberagdo de

organismos antagonicos. Ele deve integrar varias técnicas, como por exemplo, o uso de outros



15

pesticidas que apresentem menor acdo sobre os agentes de controle liberados na area
(SHIELDS et al., 2018). O controle biologico vem crescendo expressivamente nos ultimos
anos em todo o mundo (WYCKHUYS et al., 2019). Uma pesquisa na rede mundial de
computadores resultou em 1735 sites que falam sobre controle microbiano de insetos,
principalmente para nematoides e insetos das ordens Coleoptera, Hemiptera (WYCKHUYS et
al., 2018). Isto demonstra a elevada visibilidade publica e cientifica deste assunto. Entretanto,
o controle biologico ainda ¢ negligenciado por parte dos agricultores, pela falta de produtos
disponiveis no mercado e escassez de informacdes sobre a possibilidade de utilizagao
(WYCKHUYS et al., 2019). Além disto, outro fator de resisténcia ¢ a acdo mais lenta do
controle bioldgico quando comparados aos produtos quimicos. Porém, esta situacao tende a
mudar, tendo em vista a crescente adesdo dos agricultores, técnicos e empresas a esta

tecnologia no pais.

1.1.3 Fungos entomopatogénicos na agricultura

Os fungos representam a maior parcela de organismos utilizados no controle
microbiano de insetos, devido a capacidade de causar epizootias. As epizootias podem ser
definidas como doengas que afetam os insetos em varios locais e €pocas, e que podem acabar
com populagdes inteiras (ALVES, 1998). Estes fungos ocorrem naturalmente nos ambientes e
tém um papel fundamental na regulagdo natural das populacdes de insetos (ALVES, 1998;
WANG et al., 2011).

As pesquisas com o objetivo de selecionar fungos entomopatogénicos para o controle
microbiano de insetos existem hd mais de 100 anos (MORA, 2017). No Brasil, os estudos que
relacionam a doengas de insetos e seu uso para o controle de pragas iniciaram em 1964, com a
utilizacdo da espécie M. anisopliae no controle de Mahanarva fimbriolata (Stal, 1854),
importante praga na cultura da cana-de-agucar (ALVES, 1998).

Os fungos entomopatogénicos podem ser encontrados nos cinco filos fungicos,
Oomycota, Chytridiomycota, Zygomycota, Ascomycota, Deuteromycota. Estes organismos
tém a capacidade de infectar uma ampla gama de insetos hospedeiros, e atuam em todos os
estadios de desenvolvimento dos insetos: ovos, larvas, pupas, ninfas e adultos (ARAUJO e
HUGHES, 2016). Cada inseto tem especificidades na quantidade de propagulos e de como o
indculo deve chegar até o inseto. Os percevejos sdo moveis no dossel das plantas e seu
tamanho na fase adulta favorece a contaminagdo. Eles podem se contaminar através do

contato direto com fungo pulverizado ou contato com a planta pulverizada (JARONSKI,
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2010). A contaminag¢do do inseto pode acontecer via tegumento, oral ou via sistema
respiratério, de 12 a 18 horas apds o contato com o fungo e em aproximadamente 72 horas o
inseto pode estar totalmente colonizado (ALVES, 1998; JARONSKI, 2010). Desta forma,
necessita-se de profundo conhecimento da acao do fungo na praga a ser controlada para que o
controle bioldgico seja eficiente (WANG e WANG, 2017).

Quando a contaminag¢do do inseto ocorre via tegumento, inicialmente os fungos
entomopatogénicos aderem seus conidios na cuticula dos hospedeiros (VEGA et al., 2012).
Os conidios germinam e formam apressorios (WANG e WANG, 2017). Apds a germinagao,
degradam parte da cuticula até chegar a hemocele, onde o fungo ird crescer na forma de
blastosporos ou hifas unicelulares, ¢ se adapta a este ambiente no hospedeiro, se nutre e
produz toxinas, além de privar hospedeiro de se nutrir. Desta forma o fungo consegue causar a
morte do hospedeiro, esporulando na superficie do cadaver, permitindo sua dispersdo (QU e
WANG, 2018). A infec¢do pode acontecer também através da cuticula das partes bucais e
dobras intersegmentares, que sdo regioes onde ha maior umidade. Entretanto ¢ importante
destacar que a dependéncia da temperatura ou umidade ainda ndo ¢ uma unanimidade entre os
pesquisadores (JARONSKI, 2010). A habilidade de germinar na cuticula do hospedeiro
permite que fungos entomopatogénicos resistam melhor as condi¢des adversas do ambiente
apés a germinacdo e infeccdo, e dependa assim das condi¢des que o inseto ira oferecer
(ORTIZ-URQUIZA et al., 2015). A infec¢do via tegumento ¢ a principal forma de infec¢do de
fungos entomopatogénicos em insetos (WANG e WANG, 2017).

A grande maioria dos estudos com estes organismos buscam potencializar o controle
biologico aplicado (inundativo), j4 que raramente os fungos entomopatogénicos ocorrem
naturalmente em densidades capazes de controlar insetos em areas cultivadas (SKINNER et
al., 2014). A ocorréncia espontanea destes fungos em areas de cultivo de soja tem diminuido
ao longo dos anos, pois sdo sensiveis aos fungicidas que pertencem aos grupos quimicos dos
triazdis e das estrobilurinas, amplamente utilizados no controle de doengas fungicas (SOSA-
GOMEZ, 2017).

O uso de fungos entomopatogénicos em cultivos agricolas exige atencdo com diversas
variaveis, como a temperatura, radiacdo ultravioleta e umidade (JARONSKI, 2010). Dentre
estes fatores, a radiag@o ultravioleta ¢ considerada a principal causa da baixa persisténcia dos
micoinseticidas no campo (FERNANDES et al., 2015). Para alguns fungos, como B.
bassiana, a temperatura ¢ um fator determinante para a infeccdo. As temperaturas ideais
situam no intervalo de 23 °C a 28 °C e fora deste intervalo pode ocorrer a paralisacdo do

crescimento fungico (JARONSKI, 2010). A humidade ¢ um fator importante para germinagao
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dos esporos, mas isto ndo ¢ verdade absoluta, pois nem todos os fungos precisam de umidade
alta para germinar (BUTT et al., 2016). Assim, a aplicagdo deste controle deve seguir uma
série de preceitos, para que o fungo possa expressar sua maxima eficiéncia e o resultado
desejado seja obtido (SINHA et al., 2016).

Os fungos entomopatogénicos podem ser considerados uma ferramenta eficaz no
Manejo Integrado de Pragas (SKINNER et al., 2014). Os produtos bioldgicos apresentam
algumas vantagens importantes no controle de pragas, como o tempo de atuacdao prolongado
na area de cultivo (JARONSKI, 2010). A chave de todo este processo ¢ criar um ambiente de
cultivo infeccioso, buscando a atuagdo dos fungos entomopatogénicos nos primeiros insetos
que podem se estabelecer na lavoura, o que previne o aumento descontrolado de pragas

(JARONSKI, 2010).

1.1.4 Controle biologico de percevejos

O controle bioldgico de percevejos com parasitoides € bastante conhecido. Neste tipo
de controle sdao utilizados microhimenopteros capazes de colonizar os ovos com diferengas
nas densidades populacionais, que variam de acordo com a estagdo e as condicdes climaticas
(CORREA-FERREIRA ¢ MOSCARDO, 1995). Existem muitas espécies de
microhimenopteros ja conhecidas com este potencial. Laumann et al. (2008) em estudo para a
avaliacdo do efeito de quatro espécies de Trissolcus sp. em E. heros na regido central do
Brasil, destacaram que o aumento populacional do parasitoide depois da liberacdo na cultura
da soja foi maior que do percevejo, se mostrando eficaz como inimigo natural.

Outros estudos tém mostrado o efeito positivo da utilizacdo de fungos
entomopatogénicos no controle de diferentes espécies de percevejos fitofagos. Groth et al.
(2017) encontraram resultados promissores do fungo M. anisopliae no controle de Nezara
viridula (Linnaeus, 1758) e Dichelops melacanthus (Dallas, 1851) na cultura do trigo. Os trés
isolados do fungo M. anisopliae causaram 100% de mortalidade entre 8 e 10 dias apds a
aplica¢do do fungo. Sosa-Gomez e Moscardi (1998), em testes como fungos M. anisopliae e
B. bassiana como agentes de controle de Piezodorus guildinii (Westwood, 1837), N. viridula
e obtiveram controle de 33 % em duas safras para a espécie E. heros. Os géneros Beauveria e
Metarhizium ja utilizados no controle em escala comercial de diversos artropodes causadores
de danos as plantas e sdo fungos promissores para a obtencao de bioinseticidas para o controle

de E. heros.
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No entanto, a utilizagdo dos fungos entomopatogénicos no controle biologico dos
percevejos a nivel de campo ainda é pouco estudado, e os poucos resultados obtidos até o
momento. Esta dificuldade ¢ justificada pela defesa natural que estes insetos apresentam a
infecgdo dos fungos entomopatogénicos (CORREA-FERREIRA e PANIZZI, 1999), devido a
presenca de compostos cuticulares, principalmente na epicuticula, como hifrocarbonetos
insaturados de cadeia longa (LECUONA et al., 1997; ORTIZ-URQUIZA et al., 2015). Ja foi
relatado a resisténcia da espécie Tibraca limbativentris (Stal, 1860) a duas cepas de M.
anisopliae, com percentagem de controle inferior a 50% apds 11 dias da aplicagdo
(QUINTELA et al.,, 2013). No Brasil ha aproximadamente 150 produtos registrados no
Ministério da Agricultura, Pecudria e Abastecimento a base de fungos entomopatogénicos
(mais de 75% desses formulados sdo de M. anisopliae, B. bassiana, Beauveria brongniartii
(Sacc.) Petch e Isaria fumosorosea (Wise) Browm (= Paecilomyces fumosoroseus)
(MASCARIN et al., 2018).

Devido a grande dificuldade no controle de percevejos na cultura da soja, ¢ de suma
importancia que se desenvolvam novos estudos para a obten¢do de bioinseticidas fungicos
eficientes no controle deste inseto. Por este motivo ha uma constante necessidade da busca e
selecdo de isolados fungicos com ampla viruléncia, a fim da obtencdo de um controle cada
vez mais eficaz (JOOP e VILCINSKAS, 2016). Para isto se faz necessario isolar fungos
entomopatogénicos, testar sua capacidade de controle, selecionar e otimizar as condi¢des de
cultivo do fungo, testar doses, formular o bioinseticida, e realizar testes em casa de vegetagao

€ no campo.

1.2 HIPOTESE

Os fungos entomopatogénicos isolados do solo e de insetos doentes sdo capazes de
controlar o percevejo Euschistus heros e ter diferentes respostas dependentes da concentragao

de conidios.

1.3 OBJETIVO GERAL
Isolar e selecionar fungos entomopatogénicos e determinar a concentracdo de conidios

para o controle do percevejo Euschistus heros.

1.3.1 Objetivos especificos
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1. Isolar fungos entomopatogénicos a partir de amostras de solo e de insetos doentes.

2. Selecionar fungos entomopatogénicos eficientes no controle do percevejo Euschistus heros
em condi¢des de laboratoério.

3. Identificar os fungos mais promissores por técnicas de biologia molecular.

4. Determinar as concentracdes de conidios dos fungos entomopatogénicos eficientes no

controle do percevejo Euschistus heros.
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2  ARTIGO - Isolation and Evaluation of Entomopathogenic Fungi
for Control of Neotropical Brown Stink Bug

Keywords

biological control, Beauveria bassiana, Euschistus heros, Pentatomidae

Abstract

Although the brown stink bug, Euschistus heros (F.) is susceptible to entomopathogenic fungi,
only a single formulation is currently available on the Brazilian market for its control. The
objective of this work was to discover, isolate and evaluate novel entomopathogenic fungi
with potential to control E. heros and determine effective conidial concentrations. Thirty-six
different fungal isolates were obtained from soil samples and diseased insects and pure
cultures of each were established on potato-dextrose agar. Suspensions of 1x10® conidia mL!
were prepared from each isolate and a SuL aliquot was inoculated on the dorsum of adult
stink bugs (n = 8 replications of 5 bugs each). Three isolates caused 100% mortality of bugs
over a 15 days observation period. These were identified by molecular techniques as
belonging to the Beauveria bassiana species complex and designated UFSM-1, UFSM-2 and
UFSM-26. Further bioassays determined the LCso, LCo0 and cumulative mortality functions
caused by these three isolates. Isolates UFSM-1 and UFSM-2 stood out as highly pathogenic,
with an LCog of 5%10° conidia mL™! in 9 days, compared to an LCo of 8x10'° conidia mL"!
for strain UFSM-26. Application of 1x10® conidia mL™! of UFSM-1 and UFSM-2 isolates
killed 70% of stink bugs in nine days, whereas the same concentration of UFSM-26 killed
only 12%. Therefore, isolates UFSM-1 and UFSM-2 hold promise as novel agents for

biological control of E. heros.

Introduction

Brazil is the second largest producer and exporter of soybeans, Glycine max L., in the world
(Sosa-Gomez & da Silva 2010, Panizzi et al 2012, De Bastos Pazini et a/ 2019, CONAB
2019). The brown stink bug, Euschistus heros (F.) (Pentatomidae: Hemiptera), is considered
the main soybean pest in Brazil and causes significant losses in this crop throughout tropical
and subtropical regions of South America (Sosa-Gomez & Silva 2010, De Bastos Pazini et a/
2019). Its ability to diapause for a extended periods enables its survival even in the absence

of host plants (Panizzi ef al 2012). Due to its abundance and persistence in the field, control
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of brown stink bug infestations is difficult, and chemical insecticides are often used in large
quantities (De Bastos Pazini et a/ 2019). Organophosphates, pyrethroids and neonicotinoids
are the chemical groups most relied upon for stink bug control. All of these groups express
broad spectrum activity, environmental toxicity, and can select for the evolution of resistance
in targeted pest populations (Sosa-Gomez & da Silva 2010, Guedes 2017, Tuelher ef al 2018),
warranting a search for biological alternatives.

Entomopathogenic fungi have the capacity to produce epizootics in insect populations,
including those of the brown stink bug. These fungi produce enzymes such as chitinases,
proteases, esterases and lipases which degrade the stink bug cuticle, allowing the fungus to
colonize the insect body, eventually leading to death (Joop & Vilcinskas 2016, Qu & Wang
2018). However, the natural abundance of entomopathogenic fungi is usually insufficient to
control insect pests in agricultural crops, so artificial applications of fungal spores can be used
to raise the amount of innoculum present (Jaronski 2010). Currently, products formulated
from microorganisms are used for pest control on approximately 30 million hectares of crops
worldwide and entomopathogenic fungi represent the largest portion of these bioinsecticides
(Qu & Wang 2018). If efficacious biological control of the brown stink bug could be
accomplished with a suitable entomopathogenic fungus it could contribute to a significant
reduction of chemical insecticide use in Brazilian soybean fields.

To date, there is only one bioinsecticide registered for control of brown stink bug in
Brazil, a combination of Beauveria bassiana (Balsamo) Vuillemin and Metarhizium
anisopliae (Metschnikoff) Sorokin (MAPA 2019). Moreover, there has been little research on
pathogens for control of this species compared to other pests, probably due to its relatively
high natural resistance to entomopathogenic fungi (Sosa-Gomez & Moscardi 1998). Stink
bugs produce volatile organic substances in their exoskeleton that can suppress spore
germination and mycelial growth (Lecuona et al 1997). For this reason, few studies have
been successful in obtaining entomopathogenic fungi that effectively control the brown stink
bug. The objective of the present study was to isolate and screen entomopathogenic fungi,
obtained from soil and directly from stink bugs, for pathogenicity to E. heros, and to
determine the conidial concentrations required for the more promising isolates to induce stink

bug mortality under laboratory conditions.
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Material and Methods
Collection and isolation of soil fungi

Soil was collected from commercial soybean fields in 15 kg samples. Each soil sample was
mixed with 600 grams of ultrapure chitin and then divided into three pots, with the goal of
enriching any chitinolytic fungi present. The pots were held in a greenhouse at 28 + 2 °C for
60 days with periodic watering to maintain soil moisture. After this period, a 10 g soil sample
from each pot was diluted to 107 in sterilized distilled water and plated on glass Petri dishes
(9.0 cm diam.) containing potato dextrose agar (PDA) culture medium with 0.1 mg L"!
streptomycin (Waksman 1922). The plates were incubated at 26 + 2 °C under a 12:12
photoperiod for 7 days. In order to obtain pure colonies, we prepared subcultures by using a
sterilized platinum spatula to tranfer small aliquots of fungi into slanted glass test tubes

containing PDA medium and storing them at 4 °C.

Isolation of fungi from Euschistus heros

Samples of E. heros, both healthy and with symptoms of disease (Alves 1998), were collected
from soybean fields in February and March of 2018, the period of their peak abundance in the
state of Rio Grande do Sul, Brazil. The bugs were held in glass Petri dishes (9.0 cm diam.) in
a climate-controlled chamber set to 26 + 2 °C, 60 + 5% RH, and a 14:10 (L:D) photoperiod,
and provisioned with disinfected fresh green bean pods (Phaseolus vulgaris L.) until they
died. At death, the insects were immersed in a 1% (v/v) hypochlorite solution and then rinsed
three times with sterilized water. The stink bug cadavers were then placed in glass Petri
dishes (as above) with a damp piece of filter paper on the bottom to favor sporulation of any
fungi. Small aliquots of conidia were obtained from the insect cadavers by scraping the
surface of each with a sterilized platinum spatula. The conidia so obtained were then
inoculated in Petri dishes with PDA medium (as above), and incubated at 26 + 2 °C under a 12
hours photoperiod for seven days. Fungal subcultures were again established (as described
above) to obtain pure colonies and these were stored at 4 °C in slanted glass test tubes
containing PDA medium. In addition, four reference isolates of B. bassiana were obtained
from the Agricultural Biotechnology Laboratory of the Western Parana State University,
Brazil (UNIOESTE).
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Rearing of Euschistus heros

Brown stink bug eggs were obtained from an insect rearing facility, the Brazilian Agricultural
Research Corporation, in January, 2018. The bugs were reared in a climate-controlled
chamber at 26 + 2 °C, 60 = 5% RH, and a 14:10 (L:D) photoperiod. Adult bugs were held in
screened, aluminum frame cages (42 x 30 X 14 cm) and provisioned with raw and dried
peanuts, Arachis hypogaea L., soybeans, seeds of sunflower, Helianthus annuus L., and fresh
green bean pods. Pieces of tissue paper were placed in the cages as an oviposition substrate.
Egg masses were removed every 48 h and placed in glass Petri dishes (as above), ten per dish,
with a moist ball of cotton. Upon eclosion, nymphs were transferred to ventilated polystyrene
boxes (3.5 x 11.0 x 11.0 cm), 200 nymphs ber box, where they were held under the same
physical conditions as adult bugs until they molted to the adult stage. Adults were transferred

to the larger oviposition cages (as described above), ca. 100 pairs in each.

Bioassays

Fungi were screened for pathogenicity by inoculating conidia on the dorsum of adult brown
stink bugs (ca. 72 hours post-molting). The fungal isolates were grown in Petri dishes with
PDA medium (as above), at 26 + 2 °C under a 12 h photoperiod for 7 to 21 days, until
sporulation of the fungus. Plates with sporulating fungi received 20 mL of a sterile Tween®
80 solution (0.1% v/v) and samples of the resulting conidial suspension were collected with a
Drigalski spatula and transferred to a glass test tube. Conidial concentrations were
determined in a Neubauer chamber and standardized to 1.0 x 10® conidia mL™! by dilution
with distilled water and Tween® 80 solution (0.1% v/v). The control consisted of the sterile
Tween® solution. Five uL of the suspension was applied to the dorsum of each stink bug with
a micropipette. The bugs were incubated at 26 + 2 °C and 14:10 (L:D) photoperiod in 9.0 cm
Petri dishes with moist filter paper on the bottom and provisioned with fresh green bean pods
that had been disinfected with 1% (v/v) hypochlorite solution and rinsed three times with
distilled water. Thirty-six fungi were evaluated with eight replications, each with five adult
insects, plus a control. Stink bug mortality was tallied daily for 15 days and mortalities were
adjusted using Abbott's formula (Abbott 1925). To confirm fungi as the cause of death,
Koch's Postulates were then performed.

Dead bugs were surface-disinfected with 1% (v/v) sodium hypochlorite, rinsed three

times with sterilized distilled water, and incubated in a climate-controlled chamber set to 26 +
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2 °C, 60 £ 5% RH, and a 14:10 (L:D) photoperiod to induce sporulation of the fungus.
Subsequently, conidia from the insect body were incubated on PDA medium to verify that the
re-isolated fungus was the same as the inoculated fungus. Bugs killed by fungi had a
characteristic blackened, dry appearance and external sporulation was evident before the end
of the 15-day observation period.

We performed conidia concentration tests on the three best-performing isolates
obtained in the previous test, plus the isolate Unioeste 97 as a B. bassiana reference. Using a
micropipette, five uL of conidial suspension was applied to the dorsum of individual adult
bugs (3-4 days post adult molt). Four concentrations were evaluated, ranging from 1.0 x 10° -
1.0 x 10° conidia mL™, all suspended in Tween® 80 solution (0.1% v/v). The negative control
consisted of Tween® 80 solution in sterilized distilled water (0.1% v/v). Each concentration
was tested with 10 replications, each with 12 brown stink bugs. The insects were incubated in
ventilated containers, as used for rearing immature bugs, and held under the same physical

conditions as the previous test. Mortality was evaluated during a 15-day observation period.

Molecular identification of fungi

The four fungi used in the spore concentration test were incubated on solid PDA medium for
15 days and a small quantity of spores were collected for DNA extraction using the ZR
Fungal / Bacterial DNA MiniPrep® kit (Zymo Research, USA), according to the
manufacturer's instructions. A polymerase chain reaction (PCR) was performed for partial
amplification of the EF-1a elongation factor gene with the 5'-
ATGGGTAAGGARGACAAGAC-3' and 5'-GGARGTACCAGTSATCATGTT-3' primers.
Three pL of the fungal DNA were added to the final 25 pLL PCR volume, containing 10 mM
Tris HCI pH 8.3; 50 mM KCI; 1.1 mM MgClz; 10 mM of each dANTP; 25 nmoles of each
primer EF1 and EF2; 1.5 pL Taq DNA polymerase and ultrapure water to complete the
reaction volume. A negative control without DNA was included in the PCR. Amplification
reactions were performed in a thermal cycler (Applied Biosystems 2720, Thermo Fisher
Scientific, USA) under the following conditions: 94 °C for 1 min, 35 cycles of 95 °C for 3
min, 95 °C for 1 min, 72 °C for 1 min and 30 sec, and 72 °C for 10 min. At the end of the
reaction, the amplified fragments were heldt at 4 °C. To verify amplification, a 1.5% agarose
gel electrophoresis was performed in 1X TBE-stained TBE buffer (Invitrogen, Brazil). PCR
products were purified with the Gen Elute PCR clean-up Kit® (Sigma, USA) and sequenced
(ABI PRISM 3100, Thermo Fisher Scientific, USA). The sequences were analyzed using the
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Staden Package 2.0.0b program (Staden 2003) to obtain consensus. Nucleotide sequences
were aligned using the Clustal W and Clustal X programs (Thompson et al 1994), and
sequences deposited in the databases were used for comparisons. The Neighbor-joining
method, with Jukes-Cantor model, was used to estimate evolutionary distances. A
phylogenetic tree was built using the MEGA 7.0 program, the Maximum Likelihood

algorithm and bootstrap values were calculated with 1,000 replicates.

Statistical Analysis

All mortality data was adjusted using Abbott's formula (Abbott 1925). Concentrations lethal
to 50% and 90% of the population and their confidence intervals were estimated by probit
analysis (Finney 1971) using the program 'PROC PROBIT' (SAS Institute, 2002). Data were
considered significantly different from controls when conidial confidence intervals did not
overlap with control confidence intervals. To compare control mortalities between fungi at
the same conidial concentration, data were transformed to vx + 1 and the corrected mortality

means were separated using Tukey's test (o = 0.05) in the ExpDes.pt package of the program
R (R Core Team 2014).

Results

A total of nine fungi were isolated from soil samples, out of which only three caused
significant stink bug mortality, and another 27 were isolated directly from stink bugs, of
which 17 (63%) caused mortality. The fungi designated UFSM-1, UFSM-2, isolated directly
from E. heros, and UFSM-26, isolated from soil, all caused 100% adult bug mortality after the
15 days observation period, as did the reference isolate Unioeste 97. These four isolates were
selected for concentration tests.

The three selected fungi were all identified by molecular techniques as B. bassiana
(Fig 1), as well as the reference fungus, Unioeste 97(MN26876). Three fungi grouped within
the same clade UFSM-2, UFSM-26 and Unioeste 97 with similarity bootstrap 95, with
UFSM-1 belonging to another clade. DNA sequences were deposited at GenBank under
accession number MN26877 (UFSM-1), MN26878 (UFSM-2) and MN26879 (UFSM-26).

Probit analysis was used to establish lethal concentrations (LCso and LCoo values) at
nine and 15 days after application of the four B. bassiana isolates (Table 1). The reference

fungus Unioeste 97 was the most pathogenic, but the isolates UFSM-1 and UFSM-2 presented
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LC values close to Unioeste 97, indicating that they were highly pathogenic and rapidly lethal
to brown stink bugs. The UFSM-26 fungus was the least pathogenic among the isolates
tested, expressing the highest LCso and LCoo over both observation periods, indicating higher
conidial concentrations would be needed to kill the same number of insects compared to the
other isolates.

Differences in pathogenicity among isolates became evident after six days at the
highest conidial concentration, and after nine days at the lowest, mortality occurring faster at
higher concentrations (Fig 2). The UFSM-1 and UFSM-2 fungi did not differ statistically
from each other in terms of bug mortality after 15 days, but the UFSM-26 fungus caused less
cumulative mortality than the others. Aggressive colonization of the stink bugs by fungal
isolates was visually apparent at 15 days after inoculation (Fig 3). Characteristic white,
powdery masses of sporulating fruiting bodies were observed on the surface of the bug

cadavers, roughly in proportion to the pathogenicity of the fungus.

Discussion

We succeeded in identifying three strains of B. bassiana that all caused 100%
mortality of adult E. heros after the 15 days observation period in the screening test. Because
adult bugs are usually the life stage most resistant to infection, higher virulence can be
expected against nymphal stages of E. heros. Genetic differences between the fungi were
revealed by the molecular analysis, which grouped them in different clades.

The test of different conidial concentrations estimates the quantity of spores that
would be necessary for effective control over a given time interval (Jaronski 2010). Fungal
efficacy is directly linked to the number of propagules that come into contact with the host
surface (Vega et al 2000). The actual number of spores deposited on the dorsum of each stink
bug ranged from 5,000 conidia (for the concentration of 1 x 10° conidia mL™) to 5,000,000
(for the concentration of 1x10° conidia mL™). In field applications, crops are typically
innundated with large quantities of spores, but only a small fraction of these actually contact
the target (Mascarin & Jaronski 2016).

According to Wraight & Carruthers (1999), it is necessary to apply at least 1x10'3 to
1x10' conidia ha™! in order to assure that 1x10% to 1x10° conidia cm™ reach the plant surface.
Even smaller amounts of the applied conidia can be expected to reach individual insects. As
Mascarin et al (2013) noted with respect to Bemisia tabaci (Gennadius), the pathogenicity of

fungi is directly affected by the initial quantity of spores that contact the insect. However,
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adult stink bugs are highly mobile and frequently move within and among plants, which could
ostensibly improve control efficacy by facilitating contact with conidia. Our results indicate
that control efficacy will be reduced at spore concentrations lower than 5,000 conidia per bug.

Unlike chemical insecticides that can be lethal in a few hours, entomopathogenic fungi
require 24 to 48 hours infect the insect (Qu & Wang 2018), and onset of mortality occurs
between the second and third day after application. The latent period between conidial
contact and insect death will vary according to the strength of the insect's immune response
and the virulence of the fungus (Wang & Wang 2017). Differences in the pathogenicity of
fungal isolates to E. heros were evident on the third day after application, and likely reflect
variation in infection times and fungal generation times (Joop & Vilcinskas 2016).

The data obtained on lethal concentrations and mortality established the following
order of virulence: UNIO-97 > UFSM-1 = UFSM-2 > UFSM-26. It is well known that
isolates of the same fungal species can vary significantly in their ability to infect and kill a
particular arthropod, and B. bassiana species in particular exhibit substantial intraspecific
variation in this regard (Mascarin & Jaronski 2016. For example, Ramos et al (2017)
evaluated the natural occurrence of B. bassiana on the red banded stink bug, Piezodorus
guildinii (Westwood), and found 150 isolates with discernable genetic differences. Xavier &
Avila (2006) tested 11 isolates of B. bassiana against the burrowing bug Scaptocoris
carvalhoi (Becker) (Hemiptera: Cydnidae) and observed that mortality at 15 days post-
exposure ranged from 11% to 79%. This variability probably reflects the evolution of
different host-specific pathogenicity among isolates, which results in colonization specificity
(Joop & Vilcinskas 2016).

The isolates UFSM-1, UFSM-2 and Unioeste 97 overcame the insect's immune
responses relatively quickly. The B. bassiana fungus produces secondary metabolites such as
destruxins that modify the activity of P-glycoprotein, a mediator of fungal detoxification in
insects. These metabolites can be produced in different amounts by different isolates of the
same species (Podsiadlowski et al 1998); subsequent work is warranted to determine whether
their differential expression is related to pathogenicity in these isolates. Whereas the UFSM-
26 isolate required a longer period of time to cause mortality, it is possible that this isolate
impaired insect behavior and biology in ways that were not evaluated in this study, prior to
causing death. For example, insects infected by fungi can exhibit suppressed feeding and/or

reproduction (Joop & Vilcinskas 2016, Qu & Wang 2018).
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Conclusion

Three isolates of B. bassiana, one isolated from soil and two from stink bug cadavers, were
identified as pathogenic to E. heros. The isolates designated UFSM-1 and UFSM-2, both
isolated directly from infected bugs, caused 50% mortality of adult E. Aeros six days post-
inoculation, and 75% mortality at nine days, at the two highest concentrations tested.
Cummulative mortality functions for these two isolates were not significantly different from
the reference isolate Unioeste 97 for all concentrations tested. The isolate designated UFSM-

26, 1solated from the soil, was less virulent than the others.
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Figure captions

Fig 1 Phylogenetic tree of partial sequences of the elongation factor (EF-1a) gene of the four
fungi (UFSM-1, UFSM-2, UFSM-26 and Unioeste 97) of the species Beauveria bassiana,
using the Maximum Likelihood method based on the Jukes-Cantor model. Bootstrap values

are in percentage. Alternaria alternata was used as an outgroup.

Fig 2 Cumulative corrected mortality (+ SE) of Euschistus heros adults over 15 days
following inoculation with Beauveria bassiana strains UFSM-1, UFSM-2, UFSM-26 and
Unioeste 97 at concentrations of 1x10°, 1x107, 1x10® and 1x10° conidia mL™'. Means were

separated by Tukey's test (a0 = 0.05).
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Fig 3 Sporulation of Beauveria bassiana strains UFSM-1 (A - B), UFSM-2 (C- D), UFSM-26
(E - F) and Unioeste 97 (G - H) on the body surface of Euschistus heros adults 15 days after

inoculation with 1x10° conidia mL™".



Table 1. Conidial concentrations (in mL™") of four Beauveria bassiana isolates required to kill 50% (LCso) and 90% (LCoo) of Euschistus heros
adults (n =480 in all tests) 9 and 15 days after inoculation. Values bearing the same letter were not significantly different based on overlapping

confidence limits.

Isolate Angular coefficient + SE LCs0 (95% ClIs) LCoo (95% Cls) v (3 df)
9 days post inoculation
UFSM-1 0.39+£0.07 6.53 x 10°(1.12 x 10°-2.02 x 10) b 5.34 x 10° (1.36 x 10° -~ 7.13 x 10! b  2.38
UFSM-2 0.40 +£0.08 6.13 x10°(1.14 x 10°—~1.85x10) b 5.64 x 10° (1.41 x 10° -~ 7.30 x 10! b  1.68
UFSM-26 0.92+0.37 4.06 x 107 (1.26 x 10° — 1.48 x 10'%) ¢ 8.09 x 10'°(9.39 x 10° —1.03 x 10'¥) ¢ 3.89
Unioeste 97 0.35 +0.07 2.05x10°(6.42x10° - 1.13 x10%a  4.88 x 10* (1.60 x 108 -3.22x 10°)a  4.11
15 days post inoculation
UFSM-1 0.43 £0.09 2.53x10°(8.07x 10>~ 1.28 x 10% b  2.10 x 10* (6.23 x 10"~ 1.82 x 10°) b 3.00
UFSM-2 0.46 £ 0.09 3.92x10°(1.86 x 10— 1.77 x 105 b 2.42 x 10® (7.37 x 10"~ 1.94 x 10°) b 4.34
UFSM-26 0.46+£0.10 6.17 x 107 (5.89 x 105—-2.50 x 10%) ¢~ 2.55 x 10'°(3.85 x 10° —2.88 x 10'%) ¢ 0.41

Unioeste 97 0.44 +0.11 1.15x 10*(1.05 x 10° = 1.27 x 10°)a  6.18 x 10 (1.56 x 10°—1.87 x 10") a 1.59




MN26879 UFSM - 26
KF888656. 1 Beauveria bassiana
MN26878 UFSM - 2
AY531954.1 Beauveria bassiana
— AY531953.1 Beauveria bassiana
KX228572.1 Beauveria bassiana
AY531926.1 Beauveria bassiana
AY531913.1 Beauveria bassiana
AY531905.1 Beauveria bassiana
:-TL AY531852 1 Beauveria bassiana
AY531891.1 Beauveria bassiana

T

MN26878 Unioeste 97
AY531863.1 Beauveria bassiana
—— AY531907 1 Beauvena bassiana

AY531921.1 Beauveria bassiana
= «{A ¥Y531917.1 Beauveria bassiana

7 MN26877 UFSM - 1
MFO70315.1 Alternaria alternata

0.050
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