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RESUMO

Dissertacao de Mestrado
Programa de P6s-Graduagao em Agronomia

Universidade Federal de Santa Maria

MANEJO SUSTENTAVEL DA CIGARRINHA-DO-MILHO:
INTEGRANDO INSETICIDAS BIOLOGICOS E QUIMICOS

AUTOR: Bruna Wojahn
ORIENTADOR: Prof. PhD. Jonas André Arnemann
Santa Maria, 10 de fevereiro de 2023.

O milho é o cereal mais produzido no mundo, e por ser cultivado em mais de uma
safra praticamente em todas as regides do Brasil, fornece condi¢cdes adequadas para
a ocorréncia e ataque da cigarrinha-do-milho Dalbulus maidis (Hemiptera:
Cicadellidae). A cigarrinha-do-milho € atualmente uma das principais pragas da
cultura do milho, especialmente por ser responsavel pela transmissdo de molicutes e
virus. Seu manejo € realizado principalmente com inseticidas quimicos, geralmente
com um grande nimero de aplica¢cfes sequenciais. Pelo manejo se basear em grande
parte no uso de inseticidas quimicos, ha um interesse em desenvolver alternativas
mais sustentaveis para o manejo dessa praga, sendo os inseticidas biolégicos a
alternativa mais promissora. Esta dissertacdo teve como objetivo avaliar inseticidas
guimicos e biol6gicos, combinados em aplicacdes sequenciais, caracterizando trés
programas de manejo: bioldgico, quimico e bioldgico - quimico em quatro areas do
estado do RS. As aplicagBes foram iniciadas com a constatacdo da praga na area,
com intervalo de 7 dias até a cultura atingir V10. Os resultados foram submetidos a
andlise de variancia (ANOVA) e teste de Scott-Knott (P<0.05), revelando diferencas
entre os tratamentos. Os resultados dos trés experimentos, onde ocorreu presenca
significativa de cigarrinha-do-milho, demonstraram que os inseticidas bioldgicos
possuem eficacia entre 36% e 57%, enquanto os inseticidas quimicos apresentaram
eficacia entre 49% e 72%. Ja o programa de manejo com aplicacdes biolégico -
guimico, apresentou controle entre 48% e 67%, ndo diferindo estatisticamente do
manejo exclusivo quimico e caracterizando uma alternativa de controle para
cigarrinha-do-milho.

Palavras-chave: Dalbulus maidis. Milho. Manejo integrado de pragas. Controle
bioldgico.
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Corn is the most produced cereal in the world, and because it is cultivated in more than
one season in practically all regions of Brazil, it provides suitable conditions for the
occurrence and attack of the corn leafhopper Dalbulus maidis (Hemiptera:
Cicadellidae). The corn leafhopper is currently one of the main corn pests, especially
because it is responsible for the transmission of mollicutes and virus. Its management
is carried out mainly with chemical insecticides, usually with a large number of
sequential sprays. Because management is largely based on the use of chemical
insecticides, there is an interest in developing more sustainable alternatives for the
management of this pest, with biological insecticides being the most promising
alternative. This dissertation aimed to evaluate chemical and biological insecticides,
combined in sequential applications, featuring three management programs:
biological, chemical and biological - chemical in four areas of the state of RS. The
applications started with the verification of the pest in the area, with an interval of 7
days until the culture reached grown stage V10. The results were submitted to analysis
of variance (ANOVA) and Scott-Knott test (P<0.05), revealing differences between
treatments. The results of the three experiments, that had a significant presence of
corn leafhopper, showed that biological insecticides have efficacy between 36% and
57%, while chemical insecticides have efficacy between 49% and 72%. The
management program with biological - chemical applications presented control
between 48% and 67%, not statistically different from the exclusive chemical
management and characterizing an alternative control for corn leafhopper.

Keywords: Dalbulus maidis. Corn. Integrated pest management. Biological control.
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1. INTRODUCAO

O milho (Zea mays L.) € uma das culturas com maior destaque no cenario
mundial, sendo o cereal mais produzido no mundo, com produc¢do da safra 2021/22
estimada em 1.219,76 milhdes de toneladas (USDA, 2022). No Brasil, a producao da
safra 2021/22 de milho foi estimada em 116 milhdes de toneladas, ocupando uma
area de 21,8 milhdes de hectares, um aumento de 9,5% em relacdo a area do ano
anterior (USDA, 2022).

Em muitas regides do Brasil, o milho é cultivado em mais de uma safra por ano,
como é o caso do centro-oeste e no sul do Brasil (MOREIRA et al., 2020). Esse
sistema de cultivo, associado as condi¢cdes climaticas favoraveis que ocorrem na
América Latina (SANTANA et al., 2019), favorecem a ocorréncia da cigarrinha-do-
milho Dalbulus maidis (DeLong & Wolcott, 1923) (Hemiptera: Cicadellidae).

A cigarrinha-do-milho € um inseto sugador e o seu principal dano consiste na
transmissdo de dois fitopatdgenos da classe dos molicutes, o espiroplasma
(Spiroplasma kunkelii), causador do enfezamento palido; e o fitoplasma (MBSP —
maize bushy stunt phytoplasma), causador do enfezamento vermelho; e uma virose,
0 virus-da-risca-do-milho (MRFV — maize rayado fino virus) (NAULT; DELONG, 1980;
NAULT, 1990). Essas doencas sdo denominadas complexo de enfezamento, e
causam clorose e/ou avermelhamento das folhas, multiespigamento, reducdo na
altura de plantas e deformacdes nas espigas e graos (NAULT, 1980).

A transmissdo desses patdégenos tem sido relatada em todas as regides
produtoras de milho onde a cigarrinha-do-milho esta presente (JONES; MEDINA,
2020). A reducao na produtividade do milho é dependente da proporcéo de plantas
infestadas e da fase em que ocorre a transmissdo do complexo de enfezamento.
(OLIVEIRA; SABATO, 2018).

O ciclo bioldgico da cigarrinha-do-milho varia de acordo com as condi¢des
ambientais (WAQUIL et al., 1999). Os adultos ovipositam 0s ovos nos tecidos vegetais
das plantas de milho, sob a camada epidérmica das folhas, e a sua eclosao ocorre em
temperatura favoravel, acima de 20°C (TSAI, 1988). As ninfas passam por cinco
instares ninfais, que em temperatura média de 26°C, ocorrem em um periodo de 24,5
a 27,1 dias (ZURITA et al., 2000).
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Grupos quimicos como neonicotinoides, piretroides e organofosforados,
costumam ser utilizados no manejo dessa praga, desde o tratamento de sementes e
também como aplicacéo foliar; no entanto, o uso convencional de inseticidas quimicos
como Unico método de controle de cigarrinha-do-milho vem demonstrando baixa
eficacia, devido a sua alta capacidade de reinfestacédo e elevada movimentagéo entre
as areas de cultivo (OLIVEIRA, 2007). O uso extensivo de inseticidas quimicos, as
falhas no controle e a presséo pela reducéo dos residuos de pesticidas, estimulam a
pesquisa e o emprego de alternativas mais sustentaveis, como o controle biolégico
(KALVNADI et al., 2018; LACEY et al., 2015).

Os fungos entomopatogénicos se destacam no controle biolégico, agindo por
contato e com a capacidade de romper a cuticula do inseto, esses microrganismos
possuem acao sobre a maioria dos insetos sugadores (ATHURS; DARA, 2019). A
ocorréncia natural de fungos entomopatogénicos ja foi identificada em D. maidis no
Brasil, afirmando a sua ampla distribuicdo e corroborando para sua utilizacdo no

controle dessa praga chave na cultura do milho (SOUZA et al., 2021).
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2. REFERENCIAL TEORICO

2.1 A CULTURA DO MILHO (Zea mays L.)

As areas destinadas ao plantio de milho no Brasil vém aumentando, com
destaque para os plantios de segunda e terceira safra, assim como o investimento
nessas areas, pois com o valor do grdo em alta, os produtores passaram a investir
mais, o que pode ser observado no aumento de produtividade, sendo de 6,9% superior
na estimativa da safra 2022/2023 comparada a safra anterior. (CONAB, 2023).

O posicionamento técnico para a cultura do milho € muito importante para o
sistema de rotacao de culturas, onde trabalha-se com soja-milho, sendo cultivado em
diversos tamanhos de propriedades, para a producao de graos ou silagem (ARTUZO
et al., 2019). Na regido centro-oeste destaca-se o cultivo de milho na segunda safra,
apos a colheita da soja, enquanto a terceira safra esta restrita as regides norte e

nordeste, devido as condi¢des climaticas favoraveis (CONAB, 2023).
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Figura 1 - Calendario de safras de milho primeira safra (A) e segunda safra (B),
tipicamente cultivadas no centro-oeste e sul do Brasil, respectivamente (POZEBON et
al., 2022).

O cultivo de milho distribuido no espaco agricola brasileiro (Figura 1)
proporciona alimento disponivel ao longo do ano, onde as cigarrinhas-do-milho
conseguem se desenvolver e migrar entre as regides (CUNHA et al., 2020; POZEBON
et al.,, 2022). A permanéncia de milho a campo em diferentes estadios de

desenvolvimento influencia também na probabilidade de a cigarrinha encontrar uma
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lavoura infectada pelo complexo de enfezamentos e realizar a sua inoculagdo em
areas até entdo sadias (OLIVEIRA et al., 2012).

2.2 A CIGARRINHA-DO-MILHO (Dalbulus maidis (DeLong & Wolcott))

O género Dalbulus (Hemiptera: Cicadellidae) é composto por 13 espécies, que
sao encontradas principalmente no México e em alguns paises da América Latina e
da América do Sul (TRIPLEHORN; NAULT, 1985). A cigarrinha-do-milho, D. maidis &
a espécie mais abundante, devido a sua associacao com o milho cultivado, é a Unica
espécie com ocorréncia no Brasil, sendo uma das pragas consideradas mais
importantes na América Latina (OLIVEIRA et al., 2004; NAULT; DELONG, 1980;
NAULT, 1990).

Os insetos dessa espécie sdo hemimetabolos, com o ciclo iniciado pela fase de
ovo e seguido por cinco instares ninfais até atingirem a fase adulta (Figura 2)
(POZEBON et al., 2022). Os adultos séo caracterizados por seu tamanho pequeno,
possuem cerca de 3,7 a 4,3 mm de comprimento, coloracdo predominante opaca,
duas manchas circulares negras, bem-marcadas, na cabeca, entre os olhos
compostos e seu aparelho bucal é do tipo sugador labial com trés segmentos
(SABATO et al., 2014).

A postura dos ovos da cigarrinha € endofitica, ou seja, as fémeas colocam seus
ovos dentro do tecido da nervura central das folhas, ovipositando geralmente 611 ovos
durante seus 45 dias de vida (WAQUILL, 2004). Sob condi¢cbes favoraveis, com
temperatura superior a 20°C, a eclosdo dos ovos ocorre em nove dias, e o
desenvolvimento das ninfas é dividido em 5 instares, com duracdo média de 24,5 a
27,1 dias, variando de acordo com a temperatura (ZURITA et al., 2000). As ninfas se
deslocam das folhas para o cartucho das plantas logo apos a ecloséo, onde realizam
a alimentacado através da succdo da seiva, os tecidos mais nutritivos que o cartucho
possui sdo preferidos para a alimentacdo e oviposicdo (NAULT, 1990; TODD et al.,
1991).
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Figura 2- Ciclo biolégico da cigarrinha-do-milho (JONES; MEDINA, 2020).

Além da influéncia pela temperatura, 0 aumento na populacéo de cigarrinha é
favorecido em situacdes especificas, como as estacfes de seca, que ocorrem
geralmente na segunda safra, onde as chuvas nédo sao tdo abundantes e permitem
uma maior disseminagao das cigarrinhas-do-milho, quando comparado com a safra
(OLIVEIRA et al.,, 2015; MENEZES et al., 2016). MENEZES (2016) conduziu um
ensaio com duas safras de milho, uma na estagédo chuvosa e outra na estagéo seca,
resultando na captura de 2263 individuos de D. maidis, distribuidos em 7% na estacao
chuvosa e 93% na estacao seca, confirmando o grande favorecimento do aumento
populacional em condicfes climéticas favoraveis.

Os insetos da espécie D. maidis podem utilizar outras plantas da familia
Poaceae para sobreviver, como o milheto e o sorgo, porém a sua reproducao ocorre
apenas em plantas de milho, o que indica uma necessidade de migracdo dessa
espécie, considerando que o cultivo de milho no Brasil € sazonal (HEADY; NAULT,
1985; SABATO, et al., 2018). Esses insetos sdo capazes de migrar longas distancias
até outras areas de milho, o que explica a sua presenca em areas sem o cultivo de
milho por varios anos (OLIVEIRA et al., 2013).

D. maidis jA& era conhecida por infestar areas no cerrado brasileiro
(ALBUQUERQUE et al., 2006), porém a sua ocorréncia tornou-se mais comum em
mais regifes do pais apos 2015 (OLIVEIRA et al., 2020; OLIVEIRA; FRIZZAS, 2022).
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As areas de milho na regido Sul possuem seu inicio de plantio no final do inverno
(julho-agosto), reiniciando entdo a colonizacdo pelas cigarrinhas, que atingem seu
pico populacional em 77 dias ap0s a emergéncia da cultura (MENEZES, et al., 2016).
Apo0s a colonizacéo inicial, essa praga continua se desenvolvendo, migrando de areas
mais velhas para areas mais novas, o que explica a sua maior ocorréncia em plantios
tardios e de segunda safra (OLIVEIRA, et al., 2015).

O principal dano causado por D. maidis no milho é a transmissdo de dois
fitopatbgenos da classe dos molicutes, o espiroplasma (Spiroplasma kunkelii),
causador do enfezamento palido; e o fitoplasma (MBSP — maize bushy stunt
phytoplasma), causador do enfezamento vermelho; e uma virose, o virus-da-risca-do-
milho (MRFV — maize rayado fino virus) (NAULT; DELONG, 1980; NAULT, 1990). A
cigarrinha adquire esses patdgenos durante a alimentacdo em planta infectada, esses
se multiplicam no sistema digestério e colonizam os tecidos da glandula salivar, e apés
um periodo latente, a cigarrinha torna-se infectante (SABATO, et al., 2016).

A relacdo entre patdégeno x hospedeiro resulta em beneficios para D. maidis, a
infecgcdo com S. kunkelii melhora as habilidades de sobrevivéncia desse inseto no
periodo do inverno, aumentando a tolerdncia das fémeas a baixas temperaturas
(EBBERT; NAULT, 1994). As cigarrinhas infectadas também sdo propensas a realizar
voos mais longos, sugerindo que a infeccdo estimule o comportamento de migracao
(NEFF, 1986).

A transmisséo ocorre de forma persistente e propagativa, ou seja, existem
periodos pré-definidos para a aquisicdo, incubacdo e inoculagdo, que variam,
respectivamente, de 1 a 6 horas, 8 a 28 dias e 0,5 a 8 horas; dependendo de qual
patdgeno esta sendo transmitido (ALIVIZATOS et al., 1986; GONZALES; GAMEZ,
1974; NAULT, 1980; LEGRAND; POWER, 1994). A retencao dos molicutes e virus
pelas cigarrinhas é longo, e geralmente transmitido durante toda a vida do inseto
(MASSOLA JUNIOR et al., 2001; NAULT, 1980).

Os enfezamentos necessitam periodos relativamente longos para que 0s
patogenos se multipliguem e causem danos, entdo quanto mais tardia for a infeccao
das plantas menores serdo os prejuizos causados, o periodo critico inicia em VE e vai
até V10, por isso o monitoramento e manejo dessa praga devem ocorrer logo nos
estadios iniciais da cultura, visando minimizar os danos (OLIVEIRA; SABATO, 2018).

Os sintomas do complexo de enfezamento séo visiveis na fase reprodutiva das

plantas de milho, caracterizados principalmente por manchas cloroticas nas folhas,
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entrends encurtados e plantas com altura reduzida (OLIVEIRA et al., 2015).
Entretanto, esses variam bastante, no enfezamento vermelho pode ocorrer o
aparecimento de folhas avermelhadas, porém a diferenciacdo dos enfezamentos com
base apenas nos sintomas visuais se torna impraticavel, devido a similaridade nos
sintomas e a ocorréncia de infeccdo simultdnea numa mesma planta (GALVAO,
2019).

A reducédo na produtividade do milho devido ao complexo de enfezamentos &
variavel, podendo atingir 70%, sendo essa reducdo proporcional a quantidade de
plantas infectadas (OLIVEIRA; SABATO, 2018; VIRLA et al., 2004). J4 os sintomas
do virus-da-risca-do-milho caracterizam-se por manchas cloréticas paralelas as
nervuras das folhas, reduzindo o crescimento das plantas e causando o aborto das
gemas florais, o que pode diminuir a producdo em 30%, ocorrendo geralmente
simultaneo aos enfezamentos (OLIVEIRA; RECCO, 2002).

2.3 METODOS DE CONTROLE

Vérios fatores influenciam a incidéncia dos enfezamentos, como a populacéo
de D. maidis, sua taxa de infectividade, nivel de resisténcia dos hibridos de milho e a
temperatura ambiente (OLIVEIRA; SABATO, 2018). Os hibridos de milho respondem
de maneira distinta a esse vetor, demonstrando a ocorréncia de resisténcia ao
complexo de enfezamentos, porém, mesmo os hibridos mais resistentes sao
atingidos, requerendo mais estudos para gque esse manejo seja efetivo (COSTA et al.,
2019).

Considerando as condi¢des favoraveis que ocorrem durante as safras de milho
para o desenvolvimento dessa praga, e a alta infectividade que tem ocorrido nas
ultimas safras, o controle desse vetor € indispensavel para a manutencao da producéo
das areas. Atualmente, ha 41 inseticidas registrados para o controle de D. maidis na
cultura do milho no MAPA, grande parte neonicotinoides, piretroides e
organofosforados (AGROFIT, 2023). O tratamento de sementes auxilia no controle
das cigarrinhas, sendo que inseticidas a base de imidacloprid e tiametoxam sé&o
amplamente utilizados, e apresentaram eficiéncia de controle igual ou superior a 70%

em experimento em viveiro telado (OLIVEIRA et al., 2008). Porém o efeito residual
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7

desses inseticidas € curto, o que exige aplicacOes foliares para complementar o
manejo (WAQUIL, 2004).

Os inseticidas tiametoxam, imidacloprid, clorpirifés, tiametoxam + lambda-
cialotrina, imidacloprid + beta-ciflutrina, metomil e lambda-cialotrina + sulfoxaflor;
foram testados em aplicacdo foliar, sendo o controle de metomil e tiametoxam
superiores 72 horas apos a aplicacdo (SILVEIRA, 2019). Martins et al. (2008)
destacaram que a aplicacao de cipermetrina + tiametoxam na pulverizacao foliar aos
10 dias apds a emergéncia (DAE) apresentaram bom controle de D. maidis, com 61%
de eficacia aos 40 DAE.

Albuguergue et al. (2006) constatou eficacia de 86% com a aplicagao foliar de
tiametoxam + lambda-cialotrina aos 7 dias ap6s a aplicacdo (DAA) ou 15 DAE; ja
guando essa aplicacao foi associada ao tratamento de sementes com tiametoxam,

apresentaram eficicia de 100% até dos 18 DAE.

2.4 CONTROLE BIOLOGICO

O controle biolégico é caracterizado pelo controle de pragas agricolas através
da utilizagdo de seus inimigos naturais, classificados em macroorganismos
(predadores e parasitoides) e microrganismos (virus, fungos e bactérias)
(ZIMMERMANN, 2007). A sua utilizacdo demonstra bons resultados no manejo de
muitas pragas, sendo uma opcdo mais sustentavel, com menor interacdo a
organismos nao alvo e que vem ganhando destaque nos ultimos anos (ABCBio, 2023).

O progresso na utilizacdo de biolégicos esté relacionado principalmente ao
aumento no emprego de recursos e novas tecnologias, assim como 0s casos de
sucesso em larga escala que ja vem ocorrendo no Brasil, porém esse manejo enfrenta
ainda dificuldades, como a identidade cultural dos produtores, disponibilidade e
gualidade de insumos bioldgicos, seletividade de pesticidas quimicos, entre outros
(PARRA, 2014). Os fungos entomopatogénicos possuem amplo espectro de acéo e
uma vantagem em relacdo ao controle de pragas, pois provocam infeccdo via
tegumento e ndo apenas por via oral (ALVES, 1998).

A acéo desses fungos inicia pela adeséo do esporo ao tegumento do inseto,

sendo importante a presenca de umidade para ocorrer a germinacao dos conidios e a
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sua penetragdo na cuticula, o fungo entdo se desenvolve e libera toxinas que causam
a morte do inseto infectado (MORA et al., 2016). Apos a colonizacdo do hospedeiro,
0 miceélio atravessa o tegumento, esporulando na superficie do inseto e permitindo
que os propagulos disseminem (LECUONA et al, 1996).
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Figura 3 - Processo de infeccado de fungo entomopatogénico, exemplificado com B.
bassiana (MURRAY et al, 2013).

As duas espécies de fungos entomopatogénicos mais empregadas em controle
bioldgico no Brasil sdo Metarhizium anisopliae e Beauveria bassiana, devido ao alto
nivel de viruléncia, facil producdo em massa e facilidade no seu isolamento a partir de
amostras de solo e de insetos hospedeiros (ALVES, 1998). Estudos conduzidos em
laboratério confirmaram a viruléncia de B. bassiana contra D. maidis, onde 72 horas
apos a inoculacdo, Rios (2020) observou 77,8% de mortalidade com a menor dose
utilizada (1,5 x 10%° conidios/l). Em outro estudo em laboratério, uma cepa isolada de
B. bassiana a partir de insetos hospedeiros, demonstrou eficacia de 50% em 14 dias
apos a inoculacéo (TOLEDO et al., 2007).
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Figura 4 — Cigarrinha-do-milho com esporulagdo do fungo B. bassiana (SILVA et al,
2009).

A aplicacdo em campo também ja demonstrou resultados promissores no
controle de D. maidis, conforme relatado por Silva et al. (2009), que realizou estudos
com diferentes concentracdes de conidios e constatou eficacia de 56% aos 5 DAA
com concentracdo de 1 x 10 conidios viaveis/ha. M. anisopliae, empregado no
manejo da cigarrinha-das-pastagens, com boas taxas de controle (ROCHA; RIBEIRO,
2016), demonstrou eficacia no controle da cigarrinha-do-milho, apresentando controle
igual quando comparado ao inseticida tiametoxam-+lambda-cialotrina (RIBEIRO,
2018).

Em um estudo realizado em ambiente controlado no México, Ibarra-aparicio et
al. (2005) verificou eficacia similar entre os fungos B. bassiana e M. anisopliae, com
40% de controle de D. maidis aos 25 DAA. Outro fungo recomendado para o controle
de cigarrinha-do-milho é Isaria fumosorosea, destacando-se por seu efeito residual, e
gue demonstrou 44% de controle para Peregrinus maidis, 7DAA (TOLEDO et al.,
2007).
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o manejo de D. maidis com bioinseticidas e inseticidas quimicos integrados e
isolados, buscando avaliar possiveis op¢des mais sustentaveis de controle dessa

praga da cultura do milho.

3.2 OBJETIVOS ESPECIFICOS

1. Avaliar a eficacia de controle de inseticidas biolégicos e inseticidas quimicos
integrados no controle da cigarrinha-do-milho.

2. Investigar a interacdo entre os manejos e possivel sinergia entre 0 manejo quimico
e biolégico no controle da cigarrinha-do-milho, tanto em aplica¢des isoladas quanto

sequenciais.

3. Avaliar a incidéncia do complexo de enfezamentos nas parcelas tratadas com o0s

inseticidas quimicos e bioldgicos.
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Abstract: Corn is the most produced cereal in the world, and because it is cultivated in
more than one season in nearly all regions of Brazil, it provides suitable conditions for
the occurrence and attack of the corn leafhopper Dalbulus maidis (Hemiptera:
Cicadellidae). The corn leafhopper is currently one of the main corn pests, especially
because it is responsible for the transmission of mollicutes and virus. Its management is
carried out mainly with chemical insecticides, usually with a large number of sequential
sprays. Because management is largely based on the use of chemical insecticides, there
is an interest in developing more sustainable alternatives for the management of this pest,
with biological insecticides being the most promising alternative. This study aimed to
evaluate chemical and biological insecticides, combined in sequential applications,
featuring three management programs: biological, chemical and biological - chemical in
four areas of the state of RS. The applications started with the verification of the pest in
the area, with an interval of 7 days until the culture reached grown stage VV10. The results
were submitted to analysis of variance (ANOVA) and Scott-Knott test (P<0.05),
revealing differences between treatments. The results of the three experiments, that had a
significant presence of corn leafhopper, showed that biological insecticides had efficacy
between 36% and 57%, while chemical insecticides had efficacy between 49% and 72%.
The management program with biological - chemical applications presented control
between 48% and 67%, not statistically different from the exclusive chemical
management and characterizing an alternative control for corn leafhopper.



Introduction

Corn (Zea mays L.) is one of the major crops, being the most produced cereal in
the world, with world production for the 2021/22 harvest estimated at 1,219.76 million
tons (USDA 2022). In Brazil, this crop occupied an area of 21.8 million hectares, an

increase of 9.5% in comparison to the area of the previous year (USDA 2022).

In many regions of Brazil, corn is cultivated for more than one crop per year, as
happens in the Midwest (MOREIRA et al. 2020). This cultivation system, as well as the
favorable climatic conditions that occur in Latin America (SANTANA et al. 2019),
enhance the occurrence of the corn leafhopper D. maidis (DeLong & Wolcott, 1923)

(Hemiptera: Cicadellidae) (POZEBON et al. 2022).

The oviposition of the corn leafhopper is endophytic, where the female oviposits
their eggs inside the leaves’ tissue, and the biology of D. maidis is significantly affected
by temperature (WAQUIL 2004). Under favorable conditions, with the temperature
above 20 °C, the eggs hatch in nine days, and the nymph’s growth is distributed into 5
instars, with an average length of 2.4 to 33.6 days, varying according to temperature
(TSAI 1988). This author also observed a rate of up to 600 eggs per female, which leads

to a high population pressure under optimal conditions.

Corn leafhopper is a phloem-feeding insect, whose main damage consists in the
transmission of two phytopathogens classified as mollicutes, spiroplasma (Spiroplasma
kunkelii), which causes pale stunting; and phytoplasma (MBSP — maize bushy stunt
phytoplasma), which causes red stunting; and a virus, the maize stripe virus (MRFV —
maize rayado fino virus) (NAULT and DELONG 1980; NAULT 1990). These diseases
are named stunting complex, and cause chlorosis and/or reddening of leaves, multiple
small ears, reduction of plant height and deformations in ears and grains (NAULT 1980),
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and its occurrence has been reported in all corn producing regions where the corn

leafhopper is present (JONES and MEDINA 2020; POZEBON et al. 2022).

The transmission of these pathogens occurs in a persistent and propagative way,
with predefined periods for acquisition, incubation and inoculation, which vary,
respectively, from 1 to 6 hours, 8 to 28 days and 0,5 to 8 hours; depending on which
pathogen is being transmitted (ALIVIZATOS et al. 1986; GONZALES and GAMEZ
1974; NAULT 1980; LEGRAND and POWER 1994). The retention of the pathogens by
the leafhoppers is long, and generally transmitted throughout the entire insect life

(MASSOLA JUNIOR et al. 2001; NAULT 1980).

The high migratory capacity of leafthoppers allows them to leave senescent corn
fields, colonizing newly planted fields, causing infection in these new areas (OLIVEIRA
et al. 2013; OLIVEIRA et al. 2015). The reduction in corn yield due to the stunting
complex can reach 70%, and this reduction is relative to the number of infected plants in

the canopy (OLIVEIRA and SABATO 2018).

Stunting complex requires long time for the pathogens to multiply and cause
damage, so the later the infection of the plants, less is the damage caused (SABATO
2017). The critical period starts with the emergence of the plants (VE) and goes up to
V10, so the pest monitoring and management must happen in the early grown stages of

the crop, in order to minimize damage (OLIVEIRA and SABATO 2018).

In Brazil, the main strategy used to control this pest are multiple chemical
insecticide sprays, usually weekly. Due to the high biotic potential of D. maidis, green
bridge, the huge area cultivated with corn (approximately 22 million hectares) during
multiple growing seasons and the leathoppers’ ability to overwinter, the growers are

facing challenges on its management (POZEBON, et al., 2022).



Along the main insecticides used to control this pest, the insecticides
thiamethoxam, imidacloprid, chlorpyrifos, thiamethoxam + lambda-cyhalothrin,
imidacloprid + beta-cyfluthrin, methomyl and lambda-cyhalothrin + sulfoxaflor; were
tested in foliar application, with methomyl and thiamethoxam showing the highest control
at 72 hours after spray (SILVEIRA 2019). Martins et al. (2008) highlighted that
cypermethrin + thiamethoxan foliar spray at V10 grown stage showed 61% control of D.

maidis, 30 days after application (DAA).

An alternative to chemical control, is the use of biological organisms, e.g.,
entomopathogenic fungi, bacteria’s, plants extract, etc., referred here as biological
insecticides. Beauveria bassiana has been used to control many insects worldwide
(MASCARIN; JARONSKI, 2016). Its use has been tested on D. maidis management, as
reported by Silva et al. (2009), who conducted studies with different conidia
concentrations, and observed the effectiveness of 56% at 5 days after application.
Metarhizium anisopliae is used in the management of the spittlebug, with good control
results (ROCHA and RIBEIRO 2016), and which demonstrated toxicity for the corn
leafhopper, showing equal control when compared to the insecticide thiamethoxam+

lambda cyhalothrin (RIBEIRO 2018).

Ibarra-aparicio et al. (2005) verified similar efficacy between the fungi B.
bassiana and M. anisopliae, with 40% control of D. maidis at 25 DAA. Other fungus
recommended (AVILA et al., 2021) for the control of corn leafhopper is Isaria
fumosorosea, that showed 44% of control against Peregrinus maidis 7 days after

inoculated (TOLEDO et al., 2007).

A possible alternative in its use is the combination of chemical and biological

insecticides, providing the knockdown effect of the chemical active ingredient, and the



residual effect of the biological one (POZZEBON et al. 2022; BEVILAQUA et al. 2023;
OLIVEIRA and FRIZAS 2022). Therefore, the objective of this study was to evaluate
three management programs, with sequential applications of biological, chemical and

biological - chemical insecticides, for the control of D. maidis in maize.

Materials and Methods

Experiment conditions and plant material

Four field experiments were carried out in three different locations: Santa Maria-
RS/Brazil (29°42'48" S, 53°43'59" W, 119 meters), Passo Fundo-RS/Brazil (28° 15' 46"
S, 52° 24' 25" W, 687 meters) and Ibirub4a-RS/Brazil (28°36°50,89” S, 53°8°10,79” W,
416 meters). In Santa Maria, the experiments were performed in two systems, not
irrigated and irrigated, where an overhead irrigation system was used, according to the
water needs of the crop. The corn hybrid BM 880 was sowed in Santa Maria and Passo
Fundo, with a population density of 75,000 plants ha® and row spacing of 0.45 meters.
The corn hybrid BM 990 was sowed in Ibiruba, with a population density of 60,000 plants
ha! and row spacing of 0.45 meters. Both hybrids are considered moderately tolerant to
the stunt complex. The sowing dates were 22/11/2021 (Santa Maria), 27/10/21 (Passo
Fundo) and 06/02/2022 (Ibirubd). The size of the plots varied between the locations, due
to the availability of the area, it was composed by 6 rows 5.5 m long (Santa Maria), 6
rows 4 m long (Passo Fundo) and 12 rows 8 m long (lbirubd). In all locations, 350 kg
hectare? of NPK 05-20-20 fertilizer was used for sowing, and two side dressing were
applied with 120 kg ha of nitrogen on V4 and V8 growth stages. Weeds were controlled
prior to sowing (glyphosate 1,550 g a.i. ha), and at the V1 corn growth stage with a foliar

spray of atrazine (2,500 g a.i. ha?l). The seeds were treated with clothianidin +



chlorantranniliprole, and a foliar spray of tebuconazole (200 g a.i. ha*) for preventive

control of diseases was applied at VV14.
Treatments

Eight biological and two chemical insecticides were selected for the treatments
(Table 1). Sequences of spraying were assembled by matching these insecticides into 26
singular sequences, that composed, with the untreated control plot, the 27 treatments
(Table 2). The insecticides were chosen based on the options most recommended by field
technicians to corn leafhopper control. Chemical insecticides selected were
acetylcholinesterase inhibitors, acting on the nervous system and musculature

(SALGADO, 2013).

Seven of the biological insecticides were formulated with entomopathogenic
fungi, with four strains of B. bassiana, two of I. fumosorosea and one association of B.
bassiana and M. anisopliae. One of the treatments was composed with the bacteria’s
Pseudomonas fluorescens and Pseudomonas chlororaphis associated with Azadirachtin.
The spray sequences were arranged to create three management programs: biological,
chemical and biological - chemical management (Table 2). In all treatments, the first
application was sprayed when the pest was detected in the area, and then with an interval
of 7 days, until the crop reached the V10 grown stage. At Santa Maria-RS and Ibiruba-
RS, two sprays were performed, and 3 sprays were executed in Passo Fundo-RS. A
backpack sprayer pressurized with CO2, TJ XR-110015 nozzles, with a spray bar of 3
meters in length and 0.5 meters between tips was used, and a spray volume of 150 L ha!
was applied. By the time of the first spray, corn plants were at the growth stage V6 at

Santa Maria and Passo Fundo, and V5 at Ibiruba.



Table 1 - Insecticide, active ingredient, concentration and dose used.

Insecticide Active ingridient Concentration Dose
FlyControl B. bassiana, Simbi BB 15 2 x 10° UFC/mL 0,31. hat
Boveril B. bassiana, PL63 1 x 108 conidios 0,5 kg. hat
viaveis/g
Ballvéria B. bassiana | IBCB 66 1 x 10° UFC/g 0,2 kg. hat
IsaControl . fumosorosea ESALQ 3 x 10° conidios 0,4 1. ha'
4778 viaveis/mL
Octane I. fumosorosea ESALQ- 2,5 x 10° conidios 0,51. ha'
1296 viaveis/mL
Bometil B. bassiana, IBCB 66 + M.  4,3x 108UFC/g+3,2 0,2kg. ha'
anisopliae, IBCB 425 x 108 UFC/g
Bioexos + Azadirachtin + P. 0,30 % + 1 x 10° 0,31. hat+
Vantset fluorescens CNOSo 2719 e UFC/ge 1 x 108 0,8 I.hat
P. chlororaphis CNPSo UFCl/g
3914
Rizoveria B. bassiana 1x10° UFC/g 0,2 kg. hat
IBCB 66
Lannate Methomyl 215 g/L 11. ha'
Perito Acephate 970 g/Kg 1 kg. hat




Table 2 - Treatments with the sequential sprays and the management program.

Treatment First spray Second spray Third spray Mgpggﬁ;nrﬁnt
1 FlyControl FlyControl FlyControl Biological
2 FlyControl Lannate FlyControl Biological - Chemical
3 FlyControl Perito FlyControl Biological - Chemical
4 Boveril Boveril Boveril Biological
5 Boveril Lannate Boveril Biological - Chemical
6 Boveril Perito Boveril Biological - Chemical
7 Ballvéria Ballvéria Ballvéria Biological
8 Ballvéria Lannate Ballvéria Biological - Chemical
9 Ballvéria Perito Ballvéria Biological - Chemical
10 IsaControl IsaControl IsaControl Biological
11 IsaControl Lannate IsaControl Biological - Chemical
12 IsaControl Perito IsaControl Biological - Chemical
13 Octane Octane Octane Biological
14 Octane Lannate Octane Biological - Chemical
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16

17

18

19

20

21

22

23

24

25

26

27

Octane

Bometil

Bometil

Bometil

Bioexos + Vantset

Bioexos + Vantset

Bioexos + Vantset

Rizoveria

Rizoveria

Rizoveria

Lannate

Perito

Control

Perito
Bometil
Lannate

Perito

Bioexos + Vantset
Lannate
Perito
Rizoveria
Lannate

Perito
Lannate

Perito

Control

Octane

Bometil

Bometil

Bometil

Bioexos + Vantset

Bioexos + Vantset

Bioexos + Vantset

Rizoveria

Rizoveria

Rizoveria

Lannate

Perito

Control

Biological - Chemical
Biological
Biological - Chemical
Biological - Chemical
Biological
Biological - Chemical
Biological - Chemical
Biological
Biological - Chemical
Biological - Chemical
Chemical

Chemical




Evaluations

Control evaluations were carried out prior to spray (0), 2, 5 and 7 days after each
spray, and 0, 2, 5, 7 and 14 days after the last spray. Assessments for corn leafhopper
were realized counting the number of adults on 25 plants, randomly chosen from the
central rows of corn in each plot. At R4 grown stage of the canopy, plant height and
stunting complex incidence were evaluated. Plant height was collected by measuring the
distance from the soil surface to the edge of the male inflorescence of 25 randomly chosen
plants in each plot. For the stunting complex incidence, the number of plants with stunting
symptoms and the total number of plants within the central rows was counted, and the

incidence was calculated in percentage.
Statistical analysis

The experimental design was completely randomized blocks with each corn plant
sampled representing one experimental unity. The control efficacy was calculated in each
evaluation, considering the number of live insects in the plots that received treatment
compared to the plot without control, in each sample date. The Abbott’s formula (1925)

was used for the analyses:
Pt
C.E() = (1-5- )% 100
Pc

where C.E. is the control efficacy (%) in each treatment, Pt is the average number of
individuals alive in the treatment plot and Pc is the average number of individuals alive
in the control plot. Data were submitted to analysis of variance (ANOVA), and the Scott-
Knott test was accomplished at 5% significance (P<0.05). All statistical analysis were
performed using the Sisvar Software (Ferreira 2014).
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Results and Discussion

Ibiruba

The experiment carried out in Ibiruba showed the highest population of corn
leafhoppers, with an average infestation of 0.9 corn leafhoppers per plant at the time of
the first application and which increased during the evaluations, reaching an average of
2.5 leafhoppers per plant in the uncontrolled treatment during the experiment. This

scenario allowed to see more clearly the effect of treatments on the D. maidis population.

There was statistical difference between treatments at this location. T26 (two
sequential applications of Perito) had the highest efficacy, with 74.5% of control,
followed by treatments T23 (Rizoveria — Lannate) and T24 (Rizoveria — Perito), with
73.8% and 72.3% of control, respectively, not statistically different from each other. T10
(two sequential applications of IsaControl) was the least effective treatment, reaching a

mean efficacy of 40.4% (Table 3).

Regarding the management programs, the chemical group demonstrated the
highest effectiveness, reaching an average control of 72%, followed by the biological -
chemical group with 67%, with no statistical difference between the two. The biological
management differed statistically from the others and demonstrated an efficacy of 57%.
Due to the good infestation of D. maidis, and its uniform presence in the treatment without
control during the experiment, it was possible to visualize a better performance in all

managements, when compared to the other places (Figure 1).

Plant height also showed statistical difference between treatments, with the lowest
height noticed in treatments without control and T10 (two sequential applications of

IsaControl) with 238.9 cm and 242 cm, respectively, with no statistical difference
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between them and T10 being the same treatment that showed the lowest control efficacy
(Table 4). In this experiment, there was a high incidence of stunting complex, reaching
100% in the treatment without control, and it was possible to verify a relationship between
the treatments with the highest levels of leafhopper control and the lowest incidence of
stunting (Figure 2). T23 (Rizoveria — Lannate) had the lowest incidence of stunting, with
6%, being one of the treatments with the highest control efficacy (73.8%). There was also
a high rate of lodging in the plots, an expected fact in plants that show severe symptoms
of stunting, with the highest percentage also verified in T10, with 70% of lodging (Figure

3) (Table 5).
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Table 3 - Mean number of living insects (M) per plant and the control efficacy (CE%) at Ibiruba.

Treatment O DALSY 2 DALS 5 DA1S 7DA1S 2 DA2S 5 DA2S 7 DA2S 14DA2S  Mean CE

M?2 M_CE% M CE% M CE% M CE% M CE% M CE% M _ CE% %
1 112 a2 072al 526 16 a2 365 172al 449 088a2 741 124a3 592 088 a2 732 064al 673 583
2 116 a2 08 al 474 124al 508 152al 513 052a2 847 124a3 592 068al 793 072al 633 623
3 064 al 072al 526 12 al 524 16 al 487 036a 894 06 a2 803 052al 841 032al 837 702
4 116 a2 168a2 0 1 al 603 212al 321 12 a3 647 052al 829 072al 78 04 al 796 568
5 052 al 124 a2 184 112al 556 132al 577 004al 988 048al 842 044al 866 056al 714 675
6 072 al 084al 447 148 a2 413 14 al 551 028al 918 06 al 803 032al 902 068al 653 670
7 1 a2056al 632 172a2 31,7 16 al 487 1 a3 706 032al 895 036al 89 04 al 796 675
8 08 al 104al 316 1 al 603 156al 50 04 a2 882 076a2 75 068al 793 048al 755 657
9 056 al 084al 447 136al 46 124al 603 024al 929 076a2 75 032al 902 076al 612 672
10 1,36 a2 148 a2 2,63 16 a2 365 188al 397 14 a3 588 188 a3 382 184 a3 439 072al 633 404
11 096 a2 15242 0 092al 635 172al 449 04842 89 06 a2 803 06 al 817 06 al 694 608
12 056 al 088 al 421 208a 175 1,6 al 487 032al 906 048 al 842 032al 902 064 al 673 630
13 1 a2076al 50 196a2 222 152al 513 116a3 659 164 a3 461 116a2 646 06 al 694 528
14 14 a2 104al 316 152a 397 148al 526 028al 91,8 104a2 658 064al 805 06 al 694 616
15 1 a2 08 al 474 172a2 317 148al 526 016al 953 024al 921 036al 89 052al 735 688
16 068 al 14 a2 7,89 152a2 397 172al 449 06 a2 824 148a3 513 092a2 72 048al 755 534
17 08 al 14 a2 789 14 a2 444 152al 513 016al 953 04 al 868 048 al 854 064al 67,3 626
18 076 al 064 al 579 16 a2 365 136al 564 008al 976 072a2 763 056al 829 036al 81,6 699
19 076 al 068 al 553 16 a2 365 148al 526 092a3 729 068a2 776 032al 902 048al 755 658
20 08 al 08 al 474 148a2 413 1 al 679 028al 918 028al 908 064al 805 088 al 551 678
21 068 al 08 al 474 14 a2 444 124al 603 048 a2 859 08 a2 737 088 a2 732 052al 735 655
22 096 a2 1,12 a2 263 144al 429 148al 526 06 a2 824 104 a2 658 124a2 622 052al 735 579
23 064 al 072al 526 1 al 603 108al 654 048 a2 859 036al 82 056al 829 036al 816 738
24 068 al 06 al 605 144a2 429 096al 692 032al 906 068a2 776 04 al 878 044 al 776 723
25 1,04 a2 028al 816 14 a2 444 184al 41 016al 953 084 a2 724 056al 829 064al 673 693
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26 08 al 036 al 763 1 al 603 1,76 a1l 436 0,04 al 988 056 al 816 048 al 854 048 al 755 74,5
27 0,92 a2 152 a2 2,52 a2 3,12 a2 34 a4 0 3,04 a4 3,28 a4 1,96 a2
CV (%) 354 39,7 31,6 29,1 29,4 32,6 32,2 32,6
Note. 1DAS = Days after first (1) and second (2) spray. 2Means followed by the same letter and number in the column do not differ among themselves by the
Scott-Knott test (P<0.05). *CV (%) = Coefficient of variation.

Figure 1 - Average control efficacy (CE) of each management at Santa Maria not irrigated, Santa Maria irrigated, Passo Fundo, Ibirubéa and the
three experiments mean.
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Table 4 - Plant height (cm) collected at the grown stage R4.

Treatment Santa Maria not irrigated* Santa Maria irrigated Passo Fundo Ibiruba
1 253,28 a3 289,2 a3 1,9 a3 256 a2
2 262,56 a4 333,6 a5 1,535 a1l 267,44 a3
3 272,76 a4 341,8 a5 1,595 a2 271,96 a3
4 263,76 a4 272,3452 al 1,85 a3 257,72 a2
5 234 al 333,16 a5 16775 a2 261,44 a3
6 230,52 al 327,72 a5 1,62 a2 265,36 a3
7 272,72 a4 284,24 a2 1,785 a3 257,92 a2
8 257,08 a3 281,68 a2 15855 a2 266,72 a3
9 264,52 a4 332,12 a5 1,6425 a2 266,8 a3
10 238,96 a2 303 a3 19 a3 242 al
11 270,4 a4 329,88 a5 1,585 a2 260,76 a3
12 232 al 299,04 a3 1,445 al 249,56 a2
13 250,76 a3 312,44 a4 1,78 a3 253,92 a2
14 229,64 al 309,04 a4 151 al 267,32 a3
15 243,16 a2 328 a5 1,67 a2 271,76 a3
16 254,36 a3 318,64 a4 1,8 a3 254,52 a2
17 256,6 a3 327,36 a5 1,665 a2 255 a2
18 265,48 a4 313,08 a4 1,6075 a2 254,56 a2
19 266,2 a4 293,12 a3 1,85 a3 257,96 a2
20 247,24 a2 306 a4 1,6025 a2 264,08 a3
21 259,84 a3 310,96 a4 15125 al 270,4 a3
22 267,28 a4 333,08 a5 1,875 a3 262,16 a3
23 267,56 a4 320,44 a4 15575 al 265,16 a3
24 258,6 a3 307,24 a4 16 a2 2552 a2
25 253,8 a3 340,52 a5 1,785 a3 264,32 a3
26 249,96 a3 326,8 ab 1,8 a3 271,64 a3
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27 233,68 al 282,08 a2 1,675 a2 238,88 al

CV (%) 2,73 4,8 4,34 2,82
Note. 1 = Plant high followed by the same letter and number in the column do not differ among themselves by the Scott-Knott test (P<0.05). 2CV (%) =
Coefficient of variation.

Figure 2 - Relationship between efficacy, stunting incidence and plant height at Ibiruba.
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Figure 3 - T10 plot with 70% of lodging.
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Table 5 - Stunting incidence (%) and lodging (%) at grown stage R4 in the experiment
at Ibiruba.

Treatment Stunting incidence! Lodging
1 100 a8 55 a8
2 15 a2 40 ab
3 15 a2 25 a5
4 57,2 a7 25 a5
5 21 a4 30 a5
6 11 a2 10 a2
7 37,8 a5 19 a4
8 15 a2 50 a7
9 12 a2 12 a3
10 56,4 a7 70 a9
11 17 a3 12 a3
12 24 a4 25 a5
13 46 ab 55 a8
14 23 a4 9 a2
15 13 a2 45 a7
16 35 ab 40 ab
17 21 a4 24 a5
18 27 a4 15 a3
19 37,2 a5 20 a4
20 18 a3 20 a4
21 10 a2 10 a2
22 22 a4 29 a5
23 6 al 5 al
24 11 a2 25 a5
25 14 a2 9 a2
26 11 a2 44 al
27 100 a8 69 a9
CV (%)? 9,25 9,27

Note. * = Numbers followed by the same letter and number in the column do not differ among
themselves by the Scott-Knott test (P<0.05). 2CV (%) = Coefficient of variation.



Santa Maria — Not irrigated

At the time of the first application, the average population of corn leafhopper was
0.3 adults per plant, and the control reached the highest population, 0.5 corn leafhopper
per plant on the day of the second spray. Significant differences between treatments were
observed, with T18 (Bometil — Perito) with the highest percentage of control, reaching

62% of efficacy.

T23 (Rizoveria — Lannate), T11 (IsaControl — Lannate) and T21 (Bioexos +
Vantset - Perito) showed intermediates effectiveness of 42.4%, 45.1% and 52.6%,
respectively. T20 (Bioexos + Vantset - Lannate) revealed 29.1% of efficacy, being the

least effective treatment (Table 6).

Regard as the sequential applications as three groups of management programs,
the chemical insecticide group was the most effective, with 55% control of corn
leafhoppers, followed by the biological (46%) and biological - chemical (48 %) (Figure
1). As the control effect of biological products occurs more slowly, taking around 7 days
for visible results to be apparent (Faria and Wraight 2001), it can be visualized by
analyzing the effectiveness of the biological and biological - chemical groups, where the

percentage of control increased by 37% in the evaluation of 7DALS (7 days after the first

spray).

The height of corn plants showed statistical difference between treatments, T2
(FlyControl - Lannate) expressed the highest number, with 272.7 cm (Table 4). The
incidence of stunting was low, and no treatment showed more than 6% of plants with

symptoms.
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Table 6 - Mean number of living insects (M) per plant and the control efficacy (CE%) at Santa Maria not irrigated.

Treatment 0 DA1S? 2 DA1S 5 DA1S 7 DA1S 2 DA2S 5 DA2S 7 DA2S 14 DA2S Mean CE

M2 M CE% M CE% M CE% M CE% M CE% M CE % M CE % %
1 0,24 al 0,28 a1 417 044a O 008al 846 012a1l 75 004a 9 02 al 286 028al O 45,7
2 02 al 04 al 16,7 012al 50 024al 538 0 al 100 0,2 al 50 0,16 al 429 0,12 al 50 51,9
3 032 al 04 al 16,7 024al O 032al 385 0 al 100 0,04 a1 90 0 al 100 0,12 a1l 50 56,4
4 032 al 0,24al 50 012a1 50 0,2 al 615 012a1 75 008 al 80 012al 571 028al O 53,4
5 0,72 a2 044 a1l 833 028a O 028al 462 0 al 100 008 a1l 80 0,08 a1 714 0,12 al 50 50,8
6 0,28 al 0,2 a1l 583 0,16 al 333 0,2 al 615 004 al 91,7 004 al 9 02 al 286 0,08 al 66,7 61,4
7 0,08 al 0,36 a1 25 O0,16al 333 0,2 al 615 012al 75 0,08 al 80 016 al 429 0,2 al 16,7 47,8
8 04 a2 036 al 25 032al O O056al 0 008al 833 008al 80 02 al 286 0,12 al 50 38,1
9 0,24 al 064 a2 O 02 al 16,7 032al 385 0 al 100 012al 70 008 al 714 032al O 42,4
10 0,08 al 0,04 a1 91,7 008 al 66,7 0,28 al 462 024a2 50 048a2 0 012al 571 0,16 al 33,3 49,3
11 044 a2 0,716 a2 0 024al O O0l16al 692 0 al 100 0,12 al 70 0,16 al 429 0,16 al 33,3 45,1
12 0,68 a2 05282 0 028al O 032al 385 004al 91,7 0,12 al 70 016 al 429 0,16 al 33,3 39,5
13 0,12 al 0,08 a1 833 032al O 0,124l 769 004 al 91,7 02 al 50 02 al 286 024 al O 47,2
14 048 a2 0,44 al 833 024al 0 024al 538 0 al 100 0 al 100 0,08 al 714 028al O 47,7
15 0,36 a2 0,24 a1l 50 044a 0 0324al 385 0 al 100 004 al 90 0,08al 714 0,16 al 33,3 54,7
16 028 al 04 a1l 16,7 032al O 0324al 385 012al 75 012al 70 036al O 0,16 al 333 33,4
17 044 a2 05282 0 024al 0 0244al 538 0 al 100 0,04 a1 90 0 al 100 032al O 49,1
18 052 a2 0,722 0 016al 333 0,2 al 615 004 al 91,7 004 al 90 012al 571 0 al 100 62,0
19 032 al 06482 O 012al 50 0,32al 385 016al 66,7 02 al 50 032al O 0,2 al 16,7 31,7
20 04 a2 064 a2 O 04 al O 04 al 231 0 al 100 0,2 a1l 50 0,24 al 143 0,2 al 16,7 29,1
21 0,36 a2 06 a2 O 032a O 036al 308 0 al 100 004 al 90 0,08 al 714 0,04 al 83,3 53,6
22 02 al 036 al 25 056 al O0 004al 923 004 al 91,7 016 al 60 0,08 al 714 0,08 al 66,7 58,2
23 0,28 al 0,4 al 16,7 044a O 0484al 769 004 a1l 91,7 004 a1l 90 0,12 a1l 571 0,16 al 33,3 42,4
24 048 a2 06882 0 048a O 032al 385 004al 91,7 0,212 al 70 0,16 al 429 0,2 al 16,7 37,1
25 0,2 al 0,16 a1 66,7 04 al O 02 al 615 004 al 917 012al 70 0,16 al 429 0,12 al 50 54,7
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26 0,24 al 02 al 583 0,2 al 16,7 024 al 538 0 al 100 0,08 a1 80 0,16 al 429 0,16 al 33,3 55,0
27 0,44 a2 0,48 a2 0,24 al 0,52 al 0,48 a3 0,4 a2 0,28 al 0,24 al
CV (%)® 30,7 31,1 30,4 30 16,1 21,8 24 25,4
Note. 1DAS = Days after first (1) and second (2) spray. 2Means followed by the same letter and number in the column do not differ among themselves by the
Scott-Knott test (P<0.05). *CV (%) = Coefficient of variation.
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Santa Maria - Irrigated

At the time of the first spray, the population of corn leafhoppers in the experiment
was 0.2 adults per plant, similar to the population of the experiment in rainfed conditions.
Significant differences between treatments were also observed in this experiment. T5
(Boveril - Lannate) showed the highest efficacy, reaching 66.4% of control, with the
treatment with the same biological insecticide having higher control in the rainfed

experiment, differing only the chemical insecticide in the second application (Table 7).

Regarding the management programs, it was possible to observe that the
biological - chemical group (with 55% of control) was the most effective in controlling
D. maidis, followed by the chemical (49%) and biological (36%) groups (Figure 1). In
the irrigated system, the biological - chemical group obtained superior efficacy than the
chemical group, which did not occur in the rainfed system. In this experiment, in the
evaluation at 2DA2A, the biological - chemical management had its highest percentage
of control observed, where the treatments that had the first application of biological
insecticide obtained an average of 96% of control, while the treatments with chemical

insecticide in the first application achieved 81% control.

Regarding the height of corn plants, T3 (FlyControl - Perito) again showed the
highest values, with an average of 341.8 cm, while the treatment without control obtained
an average of 282.1 cm (Table 4). Similar to the experiment in rainfed conditions, there
was a low incidence of stunting complex, with 2% being the highest rate among

treatments.
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Table 7 - Mean number of living insects (M) per plant and the control efficacy (CE%) at Santa Maria irrigated.

Treatment 0 DA1S? 2 DA1S 5 DA1S 7 DA1S 2 DA2S 5 DA2S 7 DA2S 14 DA2S Mean CE
M2 M CE% M CE% M CE% M CE% M CE% M CE % M CE % %
1 0,28al 056al 17,6 0,24 al 50 0,64 al 0 028a2 125 0,04 a1l 857 0,32 a2 0 0,12 a1 50 30,8
2 0,24al 056 al 176 032al 333 036al 182 004al 875 008al 714 Oal 100 0,16 a1 ~ 33,3 51,6
3 0,16 a1 0,44 al 353 0,28al 41,7 0,52 al 0 ©Oal 100 0,04 a1 857 0,04 al 857 0,16 al 33,3 54,5
4 0,12al 064 al 5,88 0,12 al 75 032al 273 04 a2 0 012al 57,1 0,12al 57,1 0,04al 833 43,7
5 0,28al 0,28al 588 04al 16,7 0,36al 182 0Oal 100 0,04 a1 85,7 0,04 al 857 0al 100 66,4
6 0,08al 036al 471 044al 833 0,16al 636 0Oal 100 Oal 100 0,08 a1 714 0,12 al 50 62,9
7 0,24al 0,28al 58,8 0,24 al 50 0,44 al 0 012al 625 02482 143 0,16 a2 429 0,12 al 50 39,8
8 0,2al 0,72 al 0 0,36 al 25 032al 273 Oal 100 0,04 a1 85,7 0,12al 57,1 0,28 al 0 42,2
9 0,2al 052al 235032al 333028al 364 O0Oal 100 Oal 100 0,04 a1 85,7 0,04 al 83,3 66,0
10 032al 06al 118 04al 16,7 0,32al 27,3 0,32 a2 0 0,32 a2 0 012al 57,1 0,12 a1l 50 23,3
11 0,24al 044a1l 353 032al 333 044al 0 Oal 100 Oal 100 0,04 a1 85,7 0al 100 64,9
12 0,24al 044a1 353 02al 583 036al 182 0,04al 87,5 0,04al 857 0al 100 0,08 a1 66,7 64,5
13 0,24al 04al 41,2 0,36 al 25 0,28a1 364 02a2 375016482 429 0,16a2 429 0,12 al 50 39,4
14 0,16 a1 0,56 al 17,6 0,48 al 0028al 364 O0Oal 100 0,08 a1 714 0,12a1 57,1 0,24 al 0 40,4
15 0,24al 064al 588 044al 833 032al 273 O0Oal 100 0,04 a1 85,7 0,24 a2 14,3 0,08al 66,7 44,0
16 0,12al 044 a1l 353 0,24 al 50 0,36 a1 18,2 0,36 a2 0 0,12al 571 004al 857 02al 16,7 37,6
17 0,08al 056al 17,6 0,36 al 25 04al 909 Oal 100 0,04 a1 85,7 0al 100 0,12 al 50 55,4
18 0,04al 04al 412 032al 33,3 0,56 al 0 Oal 100 O al 100 0,04 a1 85,7 0,16 a1 33,3 56,2
19 0,2al 032al 529 0,36 al 25 0,44 al 0 0,32 a2 0 008al 714 02422 143 0,16 a1l 333 28,1
20 0,24al 04al 412 0,16al 66,7 0,44 al 0 00421 875012al 57,1004al 857 0,16al 333 531
21 048al 048al 294 0,36 al 25 0,2al 545 0al 100 0 al 100 0,28 a2 0 0,12 a1 50 51,3
22 0,08al 048al 294 0,32al 33,3 0,52 al 0012a1 625 008al 714 0,08al 714 0,12 al 50 45,4
23 04al 056al 176 0,32al 33,3 0,36al 18,2 0al 100 0 al 100 Oal 100 0,28 al 0 52,7
24 0,28al 0,32al 529 0,32al 33,3 0,52 al 0 0,04a1 875 0,04al 857 0,04al 857 0,12 al 50 56,5
25 0,16 a1l 0,12al 824 04al 16,7 0,48 al 0 0,12a1 625 0,04 al 857 0,28 a2 0 0,12 a1 50 42,5
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26 0,16 a1 0,12al 824 0,28al 41,7 0,56 al 0 Oal 100 Oal 100 0,28 a2 0 0,08al 66,7 55,8
27 0,44 al 0,68 al 0,48 al 0,44 al 0,32 a2 0,28 a2 0,28 a2 0,24 al
CV (%) 27,7 32,4 314 31,1 19,4 18,1 22,3 22,9
Note. 1DAS = Days after first (1) and second (2) spray. 2Means followed by the same letter and number in the column do not differ among themselves by the
Scott-Knott test (P<0.05). *CV (%) = Coefficient of variation.
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Passo Fundo

The experiment carried out in Passo Fundo had the lowest infestation of corn
leafhoppers, the average population at the time of the first application was 0.2 leafhoppers
per plant, but the infestation decreased throughout the evaluations, with the treatment
without control reaching the average of 0.06 leafhoppers per plant throughout the
evaluations. In this specific experiment, the low infestation of the pest did not allow a
more precise evaluation of the effect of the treatments, where significant differences were

observed only in the evaluations of 5DA2S and 2DA3S.

Regarding the control average considering all evaluations, T25 (two sequential
applications of Lannate) showed the highest efficacy (65%), and biological treatment T22
(two sequential applications of Rizoveria) demonstrated efficacy of 55%. T10 (two
sequential applications of IsaControl) and T19 (two sequential applications of Bioexos +

Vantset) obtained 10% of control, being the treatments with less effectiveness (Table 8).

Analyzing the management programs, there was a lower mean control
effectiveness in relation to the experiments in Santa Maria-RS and Ibiruba-RS. The
chemical group achieved 62% control, followed by the biological - chemical (36%) and

biological (26%) groups, with no statistical difference between them (Figure 1).

Due to drought, the plants had lower height than the other sites, with T1 (two
sequential applications of FlyControl) and T10 (two sequential applications of
IsaControl) having the highest average, with height of 190 cm (Table 4). No significant

differences were detected between treatments for stunting complex incidence.
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Table 8 - Mean number of living insects (M) per plant and the control efficacy (CE%) at Passo Fundo.

Treatment 0 DA1S! 2 DAILS 5 DA1S 7 DALS 2 DA2S 5 DA2S 7 DA2S 2 DA3S 5 DA3S 7 DA3S 14 DA3S Mean CE %
M? M CE% M CE% M CE% M CE% M CE% M CE% M CE% M CE% M CE% M CE%
1 0,3al 0,05al 50 0,2al 00,15al 0 0Oal 100 01a2 0 0Oal 1000,15a2 00,05al 0 Oal 0 Oal 0 250
2 0,15a1 0O,1al 0 02al 0 0Oal 100 0Oal 100 Oal 0 0Oal 100 0Oal 1000,05al 0 0lal 0 Oal 0 40,0
3 0,3al 0,15a1 0 0lal 0 0Oal 100 O0Oal 1000,05a2 00,05al 500,05al 66,7 0al 100 Oal 0 Oal 0 41,7
4 0555a1 0al 100 0O1lal 00,05al 0 Oal 100 Oal 0 0lal 00,25 a2 0 0Oal 1000,05al 0 01lal 0 30,0
5 02al 01lal 0 0Oal 1000,05al 0 Oal 100 Oal 0 0Oal 100005al 66,7 01al 0 Oal 00,05al 0 36,7
6 0,4al 0,15a1 00,05al 50 0al 1000,05al 0 Oal 0 0Oal 100005al 66,7 Oal 1000,05al 0 Oal 0 417
7 0,4al 0,05al 500,05 al 50 0,1lal 00,05al 00,15 a2 0 0lal 00,15 a2 0 0Oal 100 Oal 00,05al 0 20,0
8 02al 0,2al 0 0lal 0 0lal 0 0Oal 1000,05a2 00,05al 50 0O0al 100 O0Oal 100 Oal 0 Oal 0 35,0
9 0,15a1 0,2al 00,05al 500,05 al 00,05al 0 Oal 00,05al 50 0al 1000,15al 0 Oal 0 Oal 0 20,0
10 02al 01lal 00,15al 00,05al 00,05al 00,05 a2 0 0lal 00,15 a2 0 Oal 100 Oal 0 Oal 0 10,0
11 05al 0Oal 100 O,1lal 00,05al 0 Oal 100 Oal 0 0Oal 100 0Oal 100 Oal 100 O,1al 0 Oal 0 50,0
12 045al 0O,2lal 0 0lal 00,05al 0 Oal 100 Oal 00,05al 500,05al 66,7 0,lal 0 Oal 0 Oal 0 21,7
13 0,2al 0,15a1 00,05al 50 0al 100 Olal 0 Oal 00,05al 500,15 a2 0 0Oal 1000,05al1 0 Oal 0 30,0
14 0,15al1 0,05al 500,05 al 50 0,1al 0 Oal 100 Oal 0 0Oal 100 0Oal 1000,05al 0 Oal 0 Oal 0 40,0
15 0,3al 0,15a1 00,15a1 0 0lal 00,05al 0 Oal 00,05 a1 50 0Oal 100 Oal 100 Oal 0 Oal 0 25,0
16 0,2al 0,05al 50 O01lal 0 0Oal 1000,05a1 00,05 a2 00,05 a1 500,05al 66,7 0,lal 0 Oal 00,05a1 0 26,7
17 0,1al 0,15a1 00,05 a1l 50 0Oal 100 Oal 100 Oal 0 Oal 100005al 66,7 01al 00,05 a1 0 0lal 0 41,7
18 0,25al 0,25al 0 0lal 0 Oal 100 Oal 100 Oal 0 Oal 100 Oal 1000,05a1 00,05 a1 00,05al 0 40,0
19 0lal O1lal 0 0lal 0 0lal 0 0lal 00,05 a2 00,15a1 0 03a2 0 0Oal 100 O1lal 0 Oal 0 10,0
20 025al 0O4al 00,05 a1l 50 0,05 a1l 00,05al 0 Oal 0 Oal 1000,05al 66,70,05al 0 Oal 00,05al 0 21,7
21 035al O1lal 00,05al 50 0,05 al 0 0Oal 100 Oal 00,05 a1l 50 0Oal 1000,05a1 00,05 a1l 0 Oal 0 30,0
22 005al O1lal 00,05al 50 0Oal 100 Oal 100 Oal 0 Oal 100 Oal 100 Oal 100 Oal 0 Olal 0 55,0
23 0,2al 0,15a1 00,15a1 0 Oal 100 Oal 100 Oal 00,05 al 50 0Oal 100 Oal 1000,05a1 0 Oal 0 45,0
24 02al 0O1lal 0 Oal 100 Oal 100 Oal 100 Oal 00,05 al 50 0Oal 1000,05a1 0 Oal 00,05 a1 0 45,0
25 04al 0Oal 1000,05al 50 0Oal 100 Oal 100 Oal 0 Oal 100 Oal 100 Oal 100 Oal 0 Oal 0 65,0
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26 025al 0al 100 Oal 1000,05al 0 0al 100 Oal 0 O0al 100 Oal 100 ©Oal 100 0,05al 0 Oal 0 60,0
27 0,05al 0,1al 0,1al 0,05 al 0,05 al 0al 0,1al 0,15 a2 0,05 al 0al 0al
CV (%)? 301 227 20,1 147 10,6 9,64 14,1 17,9 138 115 11

Note. 1DAS = Days after first (1), second (2) and third (3) spray. 2Means followed by the same letter and number in the column do not differ among
themselves by the Scott-Knott test (P<0.05). 3CV (%) = Coefficient of variation.
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General review

The results obtained in Ibirubd-RS and Santa Maria-RS were considered for the general
analysis, the results of Passo Fundo-RS were not accounted for the general evaluation due to
the low incidence of D. maidis. T6 (Boveril — Perito), T18 (Bometil — Perito), T26 (two
sequential applications of Perito) and T5 (Boveril — Lannate) showed the highest efficacy, with

64%, 63%, 62% and 62% of control, respectively.

Regarding the biological group, it is possible to state that its lower average effectiveness
was mainly affected by the first evaluations, where the percentage of control was lower,
performance already expected by the mechanism of action of this insecticide group. The fungus
initiates the infective process through the adhesion of spores to the insect exoskeleton, which
germinate and begin the penetration phase, requiring around 7 days until the insect dies (MORA

etal. 2017; SHAH and PELL 2003).

This increase in control several days after application may also be related to the ability
of the entomopathogenic fungus to multiply in the field, causing the dispersion of conidia and
infection of new insects, known as epizootics (Souza et al. 2021). From the 7DALS, there was
an increase in the effectiveness of this group, mainly in Ibiruba-RS, where at 2DA2S, the
minimum effectiveness of sequential treatments with biologicals was 64.7%. Silva et al (2009)
observed a similar situation, where the greater effectiveness of the experiment with the

application of B. bassiana at different concentrations was observed in the last evaluations.

The biological treatments T22 (two sequential applications of Rizoveria), T7 (two

sequential applications of Ballvéria) and T4 (two sequential applications of Boveril) obtained
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intermediate results, with 54%, 52% and 51% of control, respectively. T10 (two sequential
applications of IsaControl), T16 (two sequential applications of Bometil) and T19 (two
sequential applications of Bioexos + Vantset) were the treatments with the lowest efficacy rates,

with a control rate lower than 42%.

Chemical insecticides are known for their knockdown effect, with quick action on
insects after application (FERNANDES et al. 2017). Treatments T25 (two sequential
applications of Lannate) and T26 (two sequential applications of Perito) showed good efficacy
results, mainly in the 2DAS evaluations and resulted in an average efficacy of 53% and 60%,

respectively.

Considering the management programs, it is possible to observe a response trend, where
the chemical and biological - chemical groups were similar and more effective in relation to the
biological group. The chemical group showed an average efficacy of 59%, while the biological
- chemical group achieved 56% of D. maidis control. The biological group had a mean efficacy

lower than the other groups, with 46% of control.

In Ibiruba, there was a high incidence of stunting complex, and it was possible to verify
that the treatments where the highest levels of D. maidis control occurred, were the same ones
where the plants had the highest height and lowest rate of stunting. Where efficacy was not
satisfactory, stunting rates of 56.4% to 100% were recorded, which headed to a reduction in

plant height, one of the main symptoms of these diseases (OLIVEIRA and SABATO 2018).

In Santa Maria and Passo Fundo sites, a relationship between the effectiveness in
controlling corn leafhoppers and the height of corn plants was not verified, probably due to the

fact that there was no significant incidence of stunting in these areas. In view of the results
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obtained, the combination of the knockdown effect of the chemical insecticide and the residual
effect of the biological insecticides collaborate to reduce the population of D. maidis,

preventing the infection of plants with the diseases transmitted by these vectors.
Conclusion

The combination of biological and chemical insecticides for the management of corn
leafhopper showed higher efficacy than the application of isolated biological insecticides and

similar control to the isolated use of chemical insecticides.

The control of D. maidis provided by the treatments induced the lower incidence of

stunting complex.
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5. CONCLUSAO

A combinacéo de inseticidas biol6gicos e quimicos para o manejo da cigarrinha-
do-milho apresentou eficacia superior a aplicacéo de inseticidas bioldgicos isolados e
controle similar ao uso isolado de inseticidas quimicos.

O controle de D. maidis proporcionado pelos tratamentos causou menor

incidéncia do complexo de enfezamento.
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