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RESUMO GERAL

SANTILLI, C.C. Influéncia da temperatura do ar e da umidade do solo na eficacia de
aplicacdes foliares de inseticidas para o controle de Bemisia tabaci Biotipo B (Hemiptera:
Aleyrodidae) emsoja. 2020. Dissertacdo (Mestrado em Agronomia: Phytosanity) — Escola de
Agronomia, Universidade Federal de Goias, Goiania, 20201.

A obiqua Bemisia tacaci bidtipo B, causa danos econémicos a diversos cultivos. O
desenvolvimento desta praga é favorecido em regides de clima quente e em épocas de baixa
precipitacdo pluviométrica e altas temperaturas. Esses fatores abioticos causam estresses as
plantas, alteram seu metabolismo e podem afetar a eficacia de inseticidas para o seu controle.
O presente trabalho teve como objetivo verificar os efeitos da temperatura do ar (10, 15, 17,
20, 23, 25, 28, 31, 35 e 36 °C) e daumidade do solo (13, 19, 25, 38 e 50% da capacidade de
campo) naeficaciade inseticidas sintéticos para controle de ninfasa e adultos da mosca-branca
emsoja. Foram testados ingredientes ativosem formulagbes simplesou em mistura (com novos
modos de acdo): ciantraniliprole (100 g.i.a/L), piriproxyfem +acetamiprido (100+200 g.i.a./L),
piriproxyfem (100 g.i.a./L), abamectina (18 g.i.a./L) e ciantraniliprole + abamectina (60+18 g
i.a/L). A mortalidade de adultospor inseticidasfoi maior a 35-36 °C em comparacéo a 15, 20,
23, 25 e 28-30 °C. O TLso foi menor para os inseticidas a 35-36°C em relagdo as outras
temperaturas, variando de 12,8 (35+£0.3 °C) a 53,6 (10+0.8 °C) horas. Em geral, alguns
inseticidas mataram mais adultos e ninfas na umidade mais baixa de 25% e para outros
inseticidas ndo foi observado efeito da umidade do solo. Devido a murcha das plantas nas
umidades 13% e 19%, ndo foi possivel avaliar o efeito dos inseticidas devido a alta mortalidade
natestemunha. Os TLsys variaramde 1,9 a 3,3 e de 2,1 a 2,7 dias para matar os adultos a 25%
e 50%, respecyivamente. Para ninfas, 0s TLsys variaram de 3,3a 6,9 ede 2,1 a 2,7 dias a 25%
e 50%, respectivamente. Portanto, 0 aumento da temperatura e o estresse hidrico potencializou
a eficécia dos inseticidas para o controle de adultos. Conclui-se que que altas temperaturas e
periodos de restricdo hidrica para as plantas nao afetam a eficécia de inseticidas parao controle
de mosca-branca. Mas temperaturas < 20 °C podem diminuir a eficacia de inseticidas e
aumentar o tempo letal médio para matar os adultos de B. tabaci.

Palavras-chave: estresse abiético; ciantraniliprole; abamectina; restricao hidrica; defensivos

! Orientadora: Dr2. Eliane Dias Quintela, Embrapa Arroz e Feijao.



GENERAL ABSTRACT

SANTILLI, C.C. Influence of air temperature and soil moisture on the effectiveness of
foliar applications of insecticides for Bemisia tabaci Biotype B (Hemiptera: Aleyrodidae)
control in soybean. 2020. Dissertation (Master in Agronomy: Plant health) — Agronomy
school, University Federal of Goias, Goiania, 20202,

The ubitiquous Bemisia tacaci bidtipo B, causes economical losses to many crops. The
development of this pest is favored in hot climates and in seasons of low rainfall and high
temperatures. These abiotic factors cause plant stress, change their metabolism and can effect
the insecticides efficacy for its control. This study aims to verify the air temperature (10, 15,
17, 20, 23, 25, 28, 31, 35 and 36 °C) and soil moisture (13, 19, 25, 38 e 50% of field capacity)
effects on the efficacy of sintetic insecticides for the control of nymphs and adults of whitefly
in soybeans. Active ingredients in simple formulation or in mixture (with new mode of action)
were tested: cyantraniliprole (100 g a.i./L), pyriproxyfen + acetamiprid (100+200 g a.i./L),
pyriproxyfen (100 g a.i./L), abamectin (18 g.a.i./L) e cyantraniliprole + abamectin (60+18 g
a.i./L). Mortalities of adults by the insecticides were higher at 35-36°C in comparison to 15, 20,
23,25 and 28-30°C. The LTso was lower for the insecticides at 35-36°C compared to the other
temperatures, varying from 12.8 (35+0.3 °C) to 53.6 (10£0.8 °C) hours. In general, some
insecticides killed more adults and nymphs at the lowest soil moisture (25%) and it was not
observed soil moisture effect for the other Insecticides. At13 and 19% soil moistures, the plants
dried up and it was not possible to evaluate the effect of soil moisture on insecticides efficacy.
The LTsgs ranged from 1.9 to 3.3 (25%) and 2.1 to 2.7 (50%) and for nymphs ranged from 3.3
t0 6.9 (25%)and 2.1t0 2.7 (50%) days. Therefore, high temperatures and water stress enhanced
insecticide efficacy to whitefly. Itcan be concluded that high temperaturesand periods of water
plant restrictions do not affect insecticides efficacy against whitefly. But temperatures under <
20 °C may diminish the insecticides efficacyand increase the median lethal time to Kill whitefly
adults.

Key words: abiotic stress; cyantraniliprole; abamectin; water restriction; defensives

2 Adviser: Dr2. Eliane Dias Quintela, Embrapa Arroz e Feijéo.
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1. INTRODUCAO

O Brasil é 0 maior produtor de soja do mundo com umaproducdo de 121.091,8 mil
toneladas de grdos na safra de 2019/2020 (CONAB, 2020). A produtividade média estimada
foi de 3.291 kg/ha com um aumento de 3,6% em relacdo a safra anterior 2018/2019. Ja a area
plantada aumentou em 2,6 % sendo estimada em 36.791 milhdes de hectares. Sdo estimados
que a cadeia produtiva da soja englobe no pais 243 mil produtores, gerando 1,4 milhdes de
empregos (APROSOJA, 2018).

O custo de producdo de soja transgénica estd emtorno de 3.800 reais por hectare na
média dos principais estados brasileiros produtores. Deste custo, o valor gasto com aplicacdo
de inseticidas é de aproximadamente 307 reais, representando 8% do custo total de produgéo
da cultura (IMEA, 2018). O uso de variedades transgénicas auxilia muito nos desafios
fitossanitarioscom o controle de lagartas. Porém, um problema frequente na cultura nos ultimos
anos, € a ocorréncia de mosca-branca Bemisia tabaci bi6tipo B. Sdo realizadas de uma a trés
aplicaces de inseticidas parao controle destapraga, elevandoos custos de producdo em valores
equivalentes a 3 a 4 sacas por hectare (APROSOJA, 2019).

As regides centroeste e dos estados do Maranhdo, Piaui, Tocantins, Bahia e Para se
destacam no cenario de regides com a alta incidéncia de mosca-branca. No Mato Grosso
também existem relatos de alta inciéncia dessa praga nos municipios de Sapezal, Campo Novo
dos Parecis, Sorriso, Lucas do Rio Verde, Tapurah, Primavera do Leste e Serra da Petrovina
(FUNDACAO MT, 2015).

A Bemisia tabaci foi descrita h&d mais de 100 anos, desde entdo se tornou uma das
pragas muito importante na agricultura tropical e subtropical em campo e em cultivo protegido
(BYRNE & BELLOWS, 1991). No Brasil esté presente osbiotipos A, Be Q (BARBOSA et al,
2015). Essa praga causa danos diretos durante sua alimentacdo. Quando se alimenta, a mosca-
branca inoculatoxinas na planta causando distarbios fisiologicos resultando murchae queda de
folhas, 0 que altera o desenvolvimento reprodutivo e vegetativo da cultura (BYRNE &
BELLOWS, 1991).A succéo da seiva da seiva pela mosca-branca gera danos indiretos, esse
processo favorece o desenvolvimento do fungo Capnodiumsp (fumagina) sobre a parte adaxial
da folha (MOREIRA & ARAGAO, 2009; POZEBON etal., 2019; SUEKANE et al., 2013). O
crescimento desse fungo sobre as folhas de soja inibinde a fotossintese e causando perdas de

produtividade para a cultura. Outro dano indireto dessa praga para o cultivo de soja é a
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transmissdo do carlavirus, o virusdanecrose da haste (BOAVENTURA, 2019; CZEPAK et al.,
2018).

Essa praga adapta-se facilmente a novas plantas hospedeiras e regides geograficas,
tendo sido observadaem todos os continentes. Esta praga cosmopolita alimenta-se de mais de
700 espécies de plantas (GREATHEAD, 1986). Este grande numero de hospedeiros tem
permitido que amosca-brancareproduzae migre de formarapida muitas vezes atingindo niveis
extremamente elevados de populacdo em hospedeiros como o algodéo, soja, tomate, feijéo,
entre outros (QUINTELA etal., 2016).

As aplicacdes de defensivos devem ser realizadas aposa populacéo da praga atingir
o nivel de controle (DIAMANTINO etal., 2014). Vieira etal. (2013), relataram que o controle
de mosca-branca com inseticidas deve ocorrer apenas quando a lavoura de soja estiver com
mais de 40 ninfas por foliolo, populacdes abaixo desse nivel ndo foram suficientes para causar
perda de produtividade significativa. As aplicacdes sucessivas de inseticidas, para controlar a
mosca-branca na soja podem favorecer a selecdo de insetos resistentes e 0 aumento da
populacdo da praga. Sendo assim é fundamental criar um programa de rotagdo com produtos
que possuem mecanismos de acéo distintos para o controle dessa praga (BELAY, etal., 2012).

Além das estratégias citadas, para o controle de mosca-branca por pulverizacéo de
inseticidas deve se evitar falhas durante essa operacdo. Portanto os defensivos devem ser
pulverizados seguindo pardmentros basicos ambientais ideais paratal pratica. A temperatura do
ar e umidade relativa em niveis inadequados podem favorecer a evaporacdo da gota antes de
atingir o alvo, ja o a velocidade do vento pode interferirno local de deposicédo da gota, correntes
de vento podem afastar as gotas do local correto de deposicdo, podendo variar com a sua
intensidade (BAESSO etal, 2014; CHAIM, 2009).

Inseticidas tém sido utilizados em soja para o controle de mosca-brancapor meio
do tratamento de sementes e pulverizagOes foliares. No entanto, a aplicacio deve ser feita em
condigOes apropriadas de umidade do solo e temperatura, para propiciar boa absorcéo,
translocacdo e armazenamento do ingrediente ativo na planta, para entdo oferecer quantidades
suficientes para o controle eficaz das pragas-alvo (AHARONSON et al., 1986). A temperatura
pode influenciar tanto na qualidade da operacédo de aplicacdo, quanto na absorcdo da molécula
pela planta. Khan & Akram (2014), relataram que 0 aumento da temperatura do ar favoreceu a
toxicicidade de profenofos, clorpirifos, fipronil e benzoato de emamectinano controle de Musca
domestica. Etheridge et. al (2018), também relataram que houve aumento de mortalidade de
insetos (pulgéo da cana) em temperaturas mais altas por a¢éo de inseticidas. A umidade do solo

tem relacdo com a umidade relativa do ar, pois em periodos de estidgem ocorre baixa na
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umidade relativa do ar. Portanto, em periodos de estiagem podem também podem afetar a
qualidade da aplicacéo e absorgao dos produtos pelas plantas. Puurtinen & Markitainen (1997),
relataram que a umidade do solo apresentou efeito sobre a aplicacdo de defensivos aplicados ao
solo. No entanto, Torres & Silva-Torres (2008) afirmaram a umidade em solos de 68 a 100%
da capacidade de campo néo apresentou efeito sobre a aficacia de inseticidas aplicados ao solo
e quando pulverizado nas folhas no controle de mosca-branca.

Assim, a eficacia de inseticidas pode variar em consequéncia da condicdo hidrica
do solo e temperatura do ar, ja que tém sua acdo diretamente influenciada pela atividade
metabdlica das plantas. O presente trabalho visou identificar o efeito de diferentes temperaturas
do ar e de umidades do solo na eficacia de aplicacdes foliares de inseticidas para controle de

Bemisia tabaci (biotipo B) na soja.
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2. REVISAO BIBLIOGRAFICA

2.1 Importancia da mosca-branca (Bemisia tabaci)

A mosca-branca, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) €
conhecida no Brasil desde o ano de 1923 (BARBOSA et al., 2015; VILLAS BOAS &
MEDEIROS, 2018). Este inseto, embora popularmente chamado de mosca-branca, néo
pertence a ordem Diptera (do grego di =duas e pteron =asas), na qual pertencem as moscas. A
mosca-brancaesta classificadana familia Aleyrodidae, na ordem Hemiptera (do grego hemi =
metade e pteron = asa), o que faz referéncia as asas anteriores que sdo metade membranosas e
metade do tipo coriacea. Nesta mesma ordem estdo classificados os insetos conhecidos como
percevejos, barbeiros, baratas d’agua, cigarras, cigarrinhas, pulgdes e cochonilhas. Esse inseto
pertence a Subordem Sternorrhyncha, Superfamilia Aleyrodoidea e Familia Aleyrodidae
(BYRNE & BELLOWS JUNIOR, 1991; COSTA LIMA 1942; EMBRAPA, 2018)

A importanciadamosca-brancase deuapartirde 1991 comaintroducéo do biotipo
B no pais, o qual é umapraga polifaga e possuialta taxade reproducéo. Esses fatores permitiram
a ocorréncias de altas infestagfes em plantas de interesse econémico (BELAY et al. 2012;
LOURENCAO & NAGAI, 1994; SANTOS, 2017). Tal importancia esta relacionada também
ao fato de a praga provocar importantes danos diretos e indiretos as plantas. Ao se alimentar a
mosca-brancainjeta uma toxina na planta e excreta uma substancia agucarada, essa substancia
favorece o desenvolvimento de fumagina nas plantas. Essa pragatambém pode serum relevante
transmissor de virus para culturas agricolas, como o mosaico dourado. Mesmo em pequenas
populacdes de mosca-branca, podem ocorrer epidemias de mosaico dourado em diversos
cultivos agricolas (RODRIGUES et al., 1997; VILLAS BOAS & MEDEIROS, 2018)

Tais fatos justificam o fato do Ministério da Agricultura, Pecuaria e Abastecimento
— MAPA ter classificado a mosca-branca como uma das pragas de maior risco fitossanitario e
com potencial de provocar prejuizos econdmicos (APROSOJA, 2018). Surtos populacionais de
mosca-brancano Brasil central tém levado grandesprejuizos aos produtores causados por danos
diretos e indiretos (SANTQOS, 2017).

No cultivo da soja ha uma predominancia de mosca-branca bi6tipo B. Esse possui

grande capacidade de adaptacdo e proliferacédo em diferentes hospedeiros, portanto essa praga
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tem exigido muito a atencéo dos produtores (MOREIRA & ARAGAO, 2009; SOSA-GOMEZ
et al., 2014). Em 2013 foi identificado no Rio Grande do Sul o biotipo Q de Bemisia tabaci,
esse é originario da regido do Mediterraneo (BARBOSA et al. 2015). Desde entdo esse biotipo
vem se espalhando pelos estados do Sul, Sdo Paulo e Goias. Na safra 2018/19 esse ele foi
encontrado no estado de Mato Grosso (FARIA, 2019; PATRONI, 2019). A principais
preocupacdes quanto a Bemisia Tabaci Biotipo Q (MED), é em relacdo a sua consideravel
habilidade em desenvolver resisténcia a insecicidas como piriproxyfem e neonecotinoides e a
sua capacidade de sobrevivéncia em altas e baixas temperaturas (BARBOSA et al., 2015;
HOROWITZ & ISHAAYA, 2014).

2.2 Caracteristicas gerais do inseto

A Bemisia tabaci € um inseto que possui metamorfose incompleta, passando pelas
fases de ovo, ninfa (fase composta por quatro estadios, em que o Gltimo é denominado de pré-
pupa ou pupa) e adulto. Os insetos adultos apresentam o dorso amarelo claro, asas brancas e
medem entre 1 a 2 mm, sendo a fémea maior que o macho (VILLAS BOAS & BRANCO,
2009). O ovo apresenta coloracdo amarela, com formato de péra e mede cerca de 0,2a 0,3 mm.
As fémeas depositam 0s ovos na parte inferior (abaxial) da folha (100 a 300 ovos durante sua
vida). As ninfas sdo transllcidas, possuem coloracdo amarela e amarelo claro e locomovem-se
apenas no primeiro estadio, permanecendo imoveis nos demais estadios até a emergéncia dos
adultos (EMBRAPA SOJA, 2010; VILLAS BOAS & BRANCO, 2009). A mosca-brancatem
reproducdo sexual ou partenogénica. O acasalamento inicia entre duas a quatro horas apos a
emergéncia do adulto e a copula ocorre varias vezes durante a sua vida. (VILLAS BOAS &
BRANCO, 2009; SANTOS, 2017).

A temperatura influenciano tempo percorrido entre os estagios de ovo a adulto. De
acordo com a Embrapa Soja (2010) a 32 °C o ciclo pode levar em torno de 18 dias, enquanto a
15°C pode chegar a 73 dias. Albergaria & Cividanes (2002), desmonstraram que a viabilidade
de ovos e ninfas moscas-brancas foi menor a 15 e 35 °C. O limite térmico para o melhor
desenvolvimento e sobrevicéncia de mosca-branca esté entre 30 a 35°C. Os autores também
observaram um aumento no tempo do ciclo biol6gico de acordo com o aumento da temperatura
de15a30 °C.
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Machos e fémeas possuem longevidadesdistintas. Os machos podem viver de 9 a
17 dias, enquanto as fémeas podem viver de 38 a 74 dias, sendo em média 62 dias. Entretanto,
a longevidade pode variar de acordo com a alimentagdo e temperatura. (EMBRAPA SOJA,
2010; VILLAS BOAS E BRANCO, 2009). Moreira & Aragdo (2009) citam que geralmente
ocorrem11a15 geracOes de mosca-brancaporanonasojae o climaquente e imido favorecem

o0 desenvolvimento da praga no hospedeiro

2.3 Mosca-branca na soja

O levantamento realizado pelo CONAB (2020) indicaque a area de graos cultivada
no pais foi de 65.46 milhdes de hectares na safra 2019/2020, sendo 36.84 milhGes de hectares
correspondentes a cultura de soja. Muitos sdo os desafios fitossanitarios para a producgédo dessa
cultura.

A soja como toda cultura agricola no Brasil € vulneravel a ataques de insetos praga
que podem causar grandes prejuizos caso ndo sejam controlados e mantidos abaixo do nivel de
controle. Visando manter o equilibrio populacional das pragas, 0 manejo deve ser consciente,
dispensandoo uso indiscriminadoou preventivo de inseticidas. Para essaasojaa mosca-branca
é uma praga de alto potencial de dano e de dificil controle (EMBRAPA, 2010). Foram
verificadas altas populagGes de mosca-branca na soja desde a safra 1995/96 em algumas
lavouras nos Estados do Parana, Sdo Paulo e Mato Grosso (CAMPO etal., 2000).

Assim como em outras cuturas agricolas, as ninfas presentes na parte abaxial das
folhas de soja sugam seivae liberam substancias agcucaradas que favorecem o desenvolvimento
de fumaginanasfolhas. Esse fungo preto cobreasuperficie da folha, prejudicando a capacidade
fotossintética das folhas que posteriormente caem ao solo. Essa praga também pode transmitir
0 Carlavirus, ele causa necrose da haste e das folhas, nanismo e morte de plantas. O Carlavirus
pode estar presente em plantas hospedeiras proximas a lavoura, facilitando a contaminagéo do
inseto, que por sua vez tende a infectar as plantas da dentro da lavoura de soja. No entanto o
uso de inseticidas de acédo rapidasobre o vetor pode evitar a transmissdo desse virus (BELAY.
etal. 2012; BUENO; CAMPO; GOMEZ, 2018).

Em lavouras com infestagcdo dessa praga, recomenda-se a ado¢do de manejo

integrado de pragas, a reducdo de aplicacdes descontroladas e uso intensivo de inseticidas ndo
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seletivos. Os defensivos so devem seraplicados assim que a infestagcdo de mosca-branca na area
atingir o nivel de controle. Boas praticas no uso do controle quimico como essas citadas,
favorecem o desenvolvimento de populagbes de inimigos naturais da praga que naturalmente
povoam as culturas. Outro ponto a ser integrado no manejo da praga é a utilizacdo de
ingredientes ativos e grupos quimicos diferentes no manejo, evitando selecionar individuos
resistentes (BUENO; CAMPO; GOMEZ, 2018).

2.4 Influéncia do déficit hidrico para a soja

As culturas agricolas cultivadas em sequeiro podem passar por periodos de
veranicos com restricdo no regime hidrico local. Esse acontecimento climatico pode ocorrer
mesmo no periodo das estacBes chuvosas e tem prejudicado a atividade agricola (BURLE &
RODRIGUES, 1990). Portanto, a cultura da soja pode ser afetada em algum momento do seu
ciclo por déficit hidrico (THOMAS & COSTA, 1994). As areas ndo irrigadas dependem muito
do regime pluvial local e que periodos de estiagem sdo frequentes nos meses de janeiro a margo
e em muitos casos coincidem com periodos criticos para as culturasde verdao (MARTORANO
etal., 2009).

A plantade sojaé constituida por 90% de 4gua, essapor suavez é absorvida, penetra
nas células e percorre toda a planta. E importante para manutencdo do calor e fundamental para
o funcionamento de quase todos os processos fisioldgicos e bioquimicos (EMBRAPA, 2010).
O déficitde agua pode aumentarem 33% a espessura da cuticulaem plantas de soja. O aumento
da espessura da cuticula propicia menor transpiracdo da soja e maior dificuldade na penetragdo
de substancias nas folhas, incluindo defensivos (STEFANELLO, 2014).

A necessidade total de agua para plantas de soja pode variar entre 450 a 800 mm
por ciclo. As principais fungbes dadgua naplanta sdo a manutencdo de turgescéncia (dar forma
a planta), reagente, solvente, meio de transporte de nutrientes, movimento das plantas e balanco
energetico (ARAUJO etal., 2009). Portanto, o volume de &gua no interior da planta tem grande
efeito sob os processos fisiologicos da planta como, fechamento estomatico, transpiracéo,
fotossintese, atividadesenzimaticas e outros (FARIAS; NEUMAIER; NEPOMUCENO, 2007).

Os periodos de germinacao-emergéncia e floracdo-enchimento de grdos séo mais

sensiveis a disponibilidade de agua, sendo o excesso ou déficit hidrico prejudiciais nesses
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estagios. A necessidade de dgua para soja vai aumentando de acordo com o desenvolvimento
da planta, atingindo o pico no estagio de floracdo e enchimentos de grdos (EMBRAPA, 2010;
MOUSINHO, 2012). No entanto Fietz & Urchei (2002), citaram que apesar de varios estudos
indicarem que o periodo reprodutivo das plantas € o mais sensivel a déficit hidrico, ainda ndo
ha um consenso entre autores sobre em qual fase da cultura a baixa umidade do solo pode ser
mais critica.

A evapotranspiracdo da soja obtém niveis de aproximadamente 3 a 7 mm/dia no
estagio vegetativo, e atingem o maximo de 7 a 8 mm/dia no estagio reprodutivo. A seca e
grandes oscilagdes na temperatura do ar sdo importantes estresses abioticos para as plantas de
soja. O dano na cultura devido ao déficit hidrico vai depender principalmente da intensidade e
duracdo do estresse, época de ocorréncia, cultivar e estagio da planta. Secas intensas podem
prejudicar a soja mesmo no estagio vegetativo, causando reducgdo da area foliar da planta e
menor rendimento de grdos (FARIAS; NEUMAIER; NEPOMUCENO, 2007).

Plantas de soja quando submetidas a estresse hidrico podem apresentar tecidos
vegetais menos turgidos, folhas enroladas, diminuicdo da area foliar e ocorre o fechamento
estomatico (BURLE & RODRIGUES, 1990; MOUSINHO, 2012). Apés o estresse hidrico da
planta, ocorre a reducdo no volume celular e consequentemente a diminuicao da pressdo de
turgor, esse é o efeito mais precose do estresse hidrico na folha. Posteriormente ocorre um
aumento da concentracdo de solutos nas células, essas caracteristicas de alteracdo fisioldgica
podem alterar o processo normal de absorcéo e translocagdo defensivos (CAVALCANTE;
CAVALLINI; LIMA, 2009).

A dindmica da agua no solo é influenciada por diversas caracteristicas intrinsecas
do solo que permitem a retengdo do mesmo por adsorcéo e capilaridade. Classificados como
fatores externos, a precipitacdo pluvial, radiacdo solar, temperatura, evapotranspira¢ao da
planta, indice de area foliar, densidade de plantas e sistema de manejo também podem exercer
certa influéncia nesse processo (MARTORANO etal., 2009).

Ndimbo, Nchimbi-Msolla e Semu (2015), trabalhando com diferentes regimes hidricos
na cultura do feijdo em casa de vegetacdo, mantiveram todos tratamentos inicialmente com
100% da capacidade de campo e posteriormente submeteram os mesmo a 100%, 75%, 50%,
25% de capacidade de campo do solo. Os efeitos do estresse se intensificaram de acordo com
sua respectiva intensidade e o tratamento com 25% da capacidade de campo causou maior
impactos sobre a produtividade das plantas. Procopio et al. (2004), conclui que o ponto de

murcha da soja no estagio de pré-florescimento e enchimento de gréos se deu com umidade do
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solo por volta de 16%. Sendo assim, a soja obteve ponto de murcha permanente em solo com

potencial hidrico a 283 kPa nos dois estagios.

2.5 Influéncia da temperatura para a soja

A temperatura ideal para desenvolvimento da soja € de 30 °C, podendo a soja se
adaptar bem a temperaturas atmosfeéricas de 20 a 30 °C. Regides com temperaturas iguais ou
inferiores a 10 °C, podem prejudicar o crescimento vegetativo da soja. No entanto, em regides
que apresentam temperaturas acima de 40°C a planta pode ter sua floragdo prejudicada e baixa
capacidade de retencdo de vagens. Inducéo floral apenas ocorre com temperaturas superiores a
13°C. Em regides de altas temperaturas a soja tende a florescer precocemente e a planta tende
a obter porte baixo. Outro fator que pode ser alterado em temperaturas altas € a precocidade na
maturacdo. Todos esses problemas devidos as altas temperaturas no desenvolvimento da soja,
podem ser agravados com a ocorréncia de estresse hidrico (EMBRAPA, 2010; FARIAS;
NEUMAIER; NEPOMUCENO, 2019).

2.6 Penetracgdo foliar de substancias na planta de soja

A aplicagédo de substancias nafolhapodeserinfluenciada por temperatura, umidade
relativa do ar, velocidade do vendo e luminosidade. Esses elementos climaticos e aspectos

morfoldgicos das plantas podem afetar a penetracdo e a distribuicdo de substancias nas folhas.

A penetracdo de umasubstancianafolhavegetal ocorre por difusdo. De acordocom
a lei de Fick, a difusdo de uma solucgéo nas folhas é um processo passivo impulsionado pelo
gradiente de concentracéo. A taxa de penetracdo de uma substancia pulverizada sobre a folha
depende tanto da sua concentracdo ainda na superficie da folha quanto da sua concentragéo no
interior da folha. Ou seja, quando uma solucdo é pulverizada sobre a folha, sua concentragao
na superficie € maior do que sua a concentracao no interior da folha, assim ocorre a

movimentacgao do soluto do meio mais concentrado para 0 meio menos concentrado (interior
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da folha). Pode-se dizer que a penetracdo e governada pela concentragdo externa da solugéo
pulverizada (STEFANELLO, 2014).

A concentracgdo do inseticida no interior da folha depende de suas caracteristicas
fisico-quimicas e dos fatores fisiolégicos da planta, como por exemplo, a mobilidade so
composto, taxa de penetracdo na epiderme e células do mesofilo. A translocacdo do composto
na planta é o movimento dele a partir do ponto que recebeu aplicacao para outras partes da
planta. Para inseticidas a movimentacdo das moléculas predominantemente ocorrem
localmente, por acdo translaminar e por xilema (via sisttmica) (BOER, & SATCHIVI, 2014;
STEFANELLO, 2014).

O floema carrega os fotoassimilados das folhas para os brotos e e raizes, enquanto
0 xilema carrega os ions e &gua com a corrente de transpiracdo da folha, assim os defensivos
sdo translocados na planta. A distribuicdo do defensivo na planta depende de quédo bem
adaptado ao xilema e floema é o composto. Os compostos volateis podem atingir até mesmo
areas da planta que néo receberam aplicacéo independente da aptiddo do comporto por xilema
ou floema. Para inseticidas a mobilidade dentro da planta via xilema é uma vantagem
competitiva, pois 0s compostos tendem a controlar os insetos por contato, mas também por
ingestdo (BOER, & SATCHIVI, 2014).

Um inseticida com maior lipofilicidade tem maior afinidade por tecidos cerosos e
porcamadas lipidicas da cuticulae damembrana celular, esses apresentam Log Kow maior que
3,2. Esses inseticidas tendem a apresentar menor mobilidade na folha e acdo de contato, no
entanto podem apresentar acdo translaminar como é o caso da abamectina e do piriproxyfem.
O inseticida com acéo sisttmica tem maior afinidade com o meio hidrofilico, possui boa
mobilidade via xilema e possui Log Kow de 3,2 a 0. Por fim as moléculas com mobilidade no
xilema e no floema possuem Log Kow menor do que 0. Ao entrar em contato com a planta os
defensivos sisttmicos se translocam geralmente por longas distancias através do xilema
(DUFFY et al., 2020; PPDB, 2020; TEICHER, 2020).
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2.7 Uso de inseticidas quimicos para o controle de mosca-branca na soja

Existe 49 inseticidas registrados o para controle de mosca-branca na soja. Os
principais quimicos sdo quimicos com registro para soja sdo, organofosforados (acefato),
tiadiazinona (buprofezina), feniltiouréia (diafentiurom), diamidas(ciantraniliprole), piretroides
(lambda-cialotrina, beta-ciflutrina, bifentrina, alfa-cipermetrina), neonicotindides (tiametoxam,
acetamiprido, imidacloprido e dinotefuram), sulfoxaminas (sulfoxaflor), cetoendis
(espiromesifeno), éter piridiloxipropilico (piriproxifem) (AGROFIT, 2019). Segundo Poletti &
Alves (2013), sdo 12 os grupos quimicos e 30 ingredientes ativos recomendados para co ntrole
da mosca-branca. Os inseticidas sisttmicos como por exemplo 0s neonicotinoides e as
diamidas, percorrem por todos os tecidos desde a raiz até as flores da planta tratada e a seiva
permanece contaminada por esses produtos por algumas semanas. Esses produtos entram em
contato com o inseto alvo através da penetragdo do tratamento na parte aérea das plantas ou
pela extracdo de agua tratada na solucdo do solo. Insetos sugadores sdo comumente
contaminados por esses defensivos (SANCHEZ-BAYO; TENNEKES; GOKA, 2013).

O uso continuo do mesmo inseticida para controle nas lavouras pode favorecer ao
aparecimento de populacdes resistentes. Auséncia de rotagdo modos de a¢do podem favorecer
a evolucgéo de populacdes resistentes e dificultar ainda mais o controle (IRAC-BR, 2015). De
acordo com Poletti & Alves (2013), ja foram relatados diversos casos de resisténcia de mosca-
branca a inseticidas, alguns deles pertencentes 0s grupos quimicos piretroides,
orgonafosforados, carbamatos, neonicotinoides e inseticidas reguladores de crescimento como
piriproxifem e buprofezina. Sosa-Gémez & Omoto (2012), também verificaram que a mosca-
branca é um dos insetos com mais casos de resisténcia no mundo. Uma das ferramentas para o
correto manejo de resisténcia de insetos a pragas € o uso de rotacdo de produtos com diferentes
modos de acdo e uso de produtos contendo mistura de mais de um ingrediente ativo com alto
potencial de controle (OMOTO, 2019; POLETTI & ALVES, 2013).

Antagosnista de acetilcolinesterase

Sdo inseticidas neurotdxicos de atuacdo na transmissdo sinéptica. Os
organofosforados (acefato, clorpirifés, dimetoato, malationa, metamidofos, piridafentiona,
profenofds e terbufds) e carbamatos (carbosulfano e carbofurano) séo inibidores da enzima

acetilcolinesterase. Essas moléculas se encaixam no sitio daenzimaacetilcolinesterase, fazendo
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com que a hidrolise da acetilagdo ocorrade maneira lenta, acumulando acetilcolina na sinapse.
Esse processo leva a hiperexcitacdo do sistema nervoso do inseto. Esses inseticidas tém rapida
biodegradacdo no meio ambiente (GALLO, 2002; POLETTI & ALVES, 2013).

Aqgonistas de receptores nicotinicos da acetilcolina

Os agonistas de acetilcolina, ou seja, os inseticidas que atuam imitando a
acetilcolinano organismo dos insetos contaminados. Dois grupos quimicos possuem esse modo
de acdo, os neonicotindides (tiametoxam, imidacloprido, acetamiprido, dinotefuram) e as
sulfoxaminas (sulfoxaflor). Apds a sindpse 0s neonicotinoides se ligam nos receptores
nicotinicos da acetilcolina, esse composto ndo é degradado imediatamente pelas enzimas
acetilcolinesterase, sendo assim os impulsos nervosos sao transmitidos continuamente levando
a hiperexcitacao do inseto. O caso das sulfoxaminas € 0 mesmo dos neonicotinoides, apenas o
sitio de ligacdo do ativo é diferente (GALLO, 2002; POLETTI & ALVES, 2013).

Agonistas GABA

As avermectinas (abamectina) agem no sistema nervoso como 0 neurotransmisor
GABA, aumentando a permabilidade da membrana das células para os ions de cloro,
bloqueando os estimulos nervosos. O inseto sofre paralisia até a morte (GALLO, 2002).

Moduladores de canais de s6dio

Os piretroides (lambda-cialotrina, beta-ciflutrina,, beta-cipermetrina, deltametrina,
fenpropatrina, bifentrina) e éterdifenilico (etofenproxi) atuam nos canais de sddio das células
do sistema nervoso central, esses inseticidas se posicionam nos sitios de ligacdo dos canais de
sddio mantendo-os aberto provocando o influxo de sodio, assim o0s insetos morrem de
hiperexcitacdo. Esses inseticidas possuem um rapido efeito de choque nos insetos (GALLO,
2002; POLETTI & ALVES, 2013).

Reqguladores de crescimento gue controlam mosca-branca

O grupo quimico das tiadiazinonas (buprofezina) sdo inibidores da biosintese de
quitina no controle de mosca-branca que interfere na deposi¢do da cuticuladurante a ecdise. O

grupo quimico éter piridiloxipropilico tem o inseticida juvenoide agonista de horménio juvenil
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pririproxifem, esse pode apresentar efeito ovicida e esterelizante na reproducédo (GALLO,
2002).

Inibidores de ATP sintetase mitocondrial

Os inseticidas do grupo quimico das feniltiouréias (diafentiurom) interfere na
respiracdo celular inibindo a ATPase (GALLO, 2002). Tem ac¢do por contato, ingestédo e

fumegacéo.

Blogueadores seletivos da alimentacio

O grupo quimico piridina azometina possui o ingrediente ativo pimetrozine, esse
tem acgéo sobre o aparelho bocal do inseto, bloqueando sua alimentagdo. Os insetos morrem por
inanicdo (GALLO, 2002).

Moduladores de receptores de rianodina

As diamidas sdo percetencentes os grupos de moduladores de receptores de
rianodina. Esses receptores regulam a liberacdo controlada de calcio intracelular responséaveis
pela contragdo muscular do inseto. Quando a diamida entra nas células elas ativam os
receptores de rianodina que liberam calcio irregular mente nas células. Esse movimento
ocasiona contragdes musculares irregulares, cessdo da alimentagéo, paralisia e morte do inseto
(FARIAS & AITA, 2018). Dentre os inseticidas presentes nesse grupo o ciantraniliprole é o

composto com melhor controle de ninfas de mosca-branca.

2.7.1 Mistura de ingredientes ativos no controle de mosca-branca

Altas infestagbes de mosca-branca geralmente estdo ligadas a diversidade
populacional habitanto a cultura. Geralmente em uma mesma lavoura atacada estao presentes
diferentes estagios da praga, como ovos, ninfas e adultos, o que causa dificuldade no controle.
Sendo assim o agricultor por vezes precisa utilizar mais de um produto em uma mesma

aplicacdo para controlar essa praga.
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Formulagbes com misturas de ingrediente ativos podem beneficiar as agbes de
manejo sustentavel de pragas, podendo melhorar aeficaciade inseticidas e aumentar o expectro
de controle. Formulages com moléculas de diferentes propriedades como agéo sistémica e
contato podem ser vantajosos para o controle de diferentes estagios dapraga. O uso de produtos
formulados com mais de uma molécula pode oferecer efeito sinérgico entre elas e ou aumentar

a eficiéncia do controle com inseticidas (EPPO, 2012).

Assim como para as demais pragas da soja, € recomendado o uso de controle
quimico utilizando formula¢@es contendo mais que um ingrediente ativo efetivopara o controle
de mosca branca. Outro grande beneficio é a possibilidade de controlar mais de um estagio da
praga, como por exemplo adultos e ninfas de mosca branca, ambos estagios causam prejuizos
a lavoura de soja e podem estar presentes simultaneamente na lavoura no momento da
pulverizacdo (EPPO, 2012; SILVA, 2006).

2.7.2 Caracteristicas dos produtos utilizados nos experimentos

Ciantraniliprole

Pertencente ao recente grupo quimico das diamidas antranilica introduzidas no
manejo em 2008, sdo moduladores de receptores de rianodina. Quando a diamida entra nas
células elas ativam os receptores de rianodina que liberam calcio irregular mente nas células.
Esse movimento ocasiona contragdes musculares irregulares, cessao da alimentacgao, paralisia
e morte do inseto (CABALLERO et al., 2015).

O ciantraniliprole € um composto caracterizado pelo IRAC como modulador de
receptorde rianodina, mesmo grupo de acdo do clorantaniliprole e flubendiamida. Possui maior
solubilidade e menor kow do que as outras diamidas. Essa boa mobilidade apresenta bons
resultados de controle do amplo espectro de pragas em aplicacdes no solo, permitindo boa
absorcdo pelasraizese em aplicacGes foliares onde o inseticida penetra nas folhas e possui agéo
translaminar. A boa performance na penetracdo do produto na planta reduz perdas abioticas do
ingrediente ativo (BARRY etal., 2015).

O composto possui translocacgao para tecidos novos, distribui¢édo dentro das folhas
penetrando através das cuticulas. Foi confirmado que esse composto tem movimento

ascendente dentro da planta via xilema, pois observou que lagartas se alimentaram de folhas
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que recebeu produto apenas pela translocacdo do xilema da planta, ndo recebendo produto
topicamente. Essa molécula é a primeira diamida com potencial de controlar lagartas e
sugadores como por exemplo a mosca-branca (BARRY et al., 2015; CABALLERO et al,,
2015).
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Fonte: IRAC-BR — Ciantraniliprole

Abamectina

A Abamectina pertence ao grupo quimico das avermectinas, apresenta acdo
acaricida, inseticida e nematicida e deve ser aplicado com oléo mineral ou vegeal. (Syngenta,
2019). Foram introduzidos no mercado na década de 80. Segundo Dybas (1989), essas fazem
parte de um grupo de inseticidas isolados de produtos de fermentagdo de Streptomyces
avermitili. Somente as avermectinas Bla e B1b mostraram potencial inseticida. Segundo o
IRAC (2018) esse composto pertence ao grupo 6, ativadores de GABA — canais de cloro. Seu
modo de agéo estimula a liberacdo de GABA inibindo o sistema nervoso central causando
paralisia.

Silvaetal (2018), testaram 300 ml/hade Vertimec 18 EC (abamectina) em algodé&o,
0 inseticida obteve 80% de controle de mosca-branca até 7 dias apds a segunda aplicacéo do
inseticida. Bacci et al. (2007), também relataram que abamectina 18 EC foi obteve 80% de
eficiacia em mosca-branca.
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Fonte: IRAC-BR - Avermectin Bla e Avermectin B1b (Figura 2)

Formulacdo de ciantraniliprole + abamectina (60+18 g/L - SC)

Bellettini et al. (2016), testaram a formulacdo de ciantraniliprole + abamectina
(60+18 g/L — SC) e a recomendam para 0 manejo de mosca-branca. Segundo 0s autores, 0
produto mostrou controle de mosca-branca superior a 80% e ndo apresentou sintomas de
fitotoxicidade as plantas de soja. TOMAZ et al. (2016), observaram bom controle da mistura
de ciantraniliprole e abamectina sobremosca-brancaem meloeiro nas dosesde 400 a 800 ml/ha.
Na safra de 2018/2019 essa formulagdo apresentou controle de ninfas acima de 80% até 15 dias
apos 2 aplicac6es do inseticida com sete dias de intervalo entre elas (TOMQUELSKI et al.
2020) Deve-se ressaltar que esse produto obtem melhor performance com o uso de adjuvantes

na calda de pulverizacéo.
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Formulacdo de piriproxyfem + acetamiprido (100+200 g/L - OD)

O piriproxyfem € um inseticida do grupo quimico éter piridiloxipropilico e
apresenta atividade translaminar, j& o acetamiprido pertence ao grupo quimico dos
neonicotinoides possui acao sistémica nas plantas. A formulacdo contendo os dois ingredientes
ativos pode contaminar mosca-branca por contato e ingestdo das moléculas (AGROFIT, 2020;
PPDB, 2020). Vasconcellos, Belufi e Pittelkow (2018), relataram que a formulacdo de
piriproxyfem +acetamiprido a 200 ml/ha apresentou 80% de controle de ninfas a 10 dias ap6s
a aplicacdo, no entanto ndo mostrou acao sobre ovos. Tomquelski et al. 2020, confirmaram
esses resultados citando que houve uma boa performance dessa formulacéo na dose de 25 +

250 g i.a./ha com residual de 15 dias ap6s a segunda aplicacao.
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Fonte: PuChem — pyriproxyfem (A) and acetamiprido (B)

2.8 Tipos de formulagdes de inseticidas

Formulacdo é a maneira de transformar um produto técnico em um produto
vidvel para agricultura, misturando ingrediente ativo com inertes a fim do produto final ser
facilmente dispersivel e cumprir sua fungcéo como protetor de cultivos. Existem diversas razes
para explicar a importancia de boas formulacdes de defensivos, elas permitem a aplicagéo do
defensivo em pequenas unidades (g ou ml/ha), tornam soltvel um ingrediente ativo insoltvel,
facilitam a dosagem e o tornam mais seguros durante o manuseio. Além de torna esse
ingrediente ativo mais eficaz, estavel e apto a ser misturado com outros ingredientes ativos. A
escolhadamelhorformulacdono processo de desenvolvimento do produto variade acordo com

0 custo, modo de aplicagcdo, manuseio, estocagem, seguranca no transporte, uso e aplicacéo.
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Bem como os riscos de fitotoxicidade, riscos ao meio ambiente e eficacia do produto.
Atualmente as formulagbes utilizadas nas lavouras, sdo as formulacdes de pré-mistura, as quais
necessitam ser diluidas em uma concentracdo adequada antes da aplicacdo no cultivo
(AZEVEDO & FREIRE, 2006; RAETANO, 2019). Resumidamente, a formulagéo permite que
0 produto seja utilizado de forma conveniente, utilizando inertes para otimizar os ingredientes
ativos (GALLO, 2002).

P4 seco (P)

E uma formulagdo em po, utilizado na agricultura para polvilnamento de plantas.
Essa formulacdo pode conter apenas até 10% dela com o ingrediente ativo, pois é uma

formulacdo muito perigosa paraa saude do aplicador (GALLO, 2002).

P6 Soluvel (SP)

O ingrediente ativo s6lido é solGvel em agua. E uma formulag&o pouco comume
ndo ha necessidade de agitacdo constante da calda. Depois do produto formulado, este deve ser
aplicado via liquida na lavoura. Poucos inseticidas sdo aptos para terem essa formulacdo
(AZEVEDO & FREIRE, 2006; GALLO, 2002; RAETANO, 2019).

P6 Molhavel (WP)

Formulacgéo s6lida de baixo custo, comum em fungicidas, o ingrediente ativo é
insolGvel em &gua e aditivos garantem a umectacao do produto na aplicacdo. Essa formulagéo
deixa residuos visiveis sobre as partes tratadas das plantas. Podem ocasionar problemas de
entupimento de filtros do aplicador, por isso tem a necessidade de ser agitada frequentemente
no tanque e ainda sdo abrasivos aos equipamentos (RAETANO, 2019; YAMAMOTO, 2019;
AZEVEDO & FREIRE, 2006).

Granulados (G)

Resultado dessa formulacdo sdo pequenos granulos. S&o utilizados

preferencialmente parao controlede pragas de solo, sdo mais facilmente absorvidospe las raizes
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e translocados para as partes superiores das plantas tratadas. Essa € uma formulacgéo de fécil

aplicacdo e relativamente segura ao aplicador (GALLO, 2002).

Granulos dispersiveis (WG)

Formulagdo de alto custo, concentrada com altos teores de ingrediente ativo.
Contém dispersantes que garantem a dispersdo no momento da aplicacdo. Basicamente é a
formulacdo WP na forma de gréos. Possui também alto teor de ingrediente ativo, porém néo
forma navemde p6 (YAMAMOTO, 2019).

Suspensdo concentrada (SC)

E uma formulacéo liquida com uma suspenséo estavel de ingrediente ativo em um
veiculo liquido. A aplicacdo deve ocorrer apos a diluicdo. Essa formulagao solucionou alguns
problemas da formulagio p6 molhavel. E uma formulac&o fluida e segura para o aplicador
(AZEVEDO & FREIRE, 2006; PRISCO, 2009; RAETANO, 2019).

Concentrado emulsionavel (CE)

O produto é dissolvido em solventes. E uma formulagéo liquida homogénea, forma
uma emulsio quando misturado em &gua. E muito estavel, sendo melhor até do que a da
suspensao concentrada. Geralmente os ingredientes ativos liquidos sdo mais eficientes pois
aderem bem as folhas e sdo menos lavados pela chuva do que os s6lidos. A demanda por
agitacdo ndo é tao critica. Ponto de atencdo para o risco de fitotoxicidade dessa formulacéo para
as plantas (AZEVEDO & FREIRE, 2006; GALLO, 2002; PRISCO, 2009; RAETANO, 2019).

Concentrado soltvel (SL)

Formulacdo liquida e deve ser diluida em agua antes do uso na lavoura.
(YAMAMOTO, 2019).
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Microencapsulada (CS)

Composta por ingrediente ativo, solvente organico, dispersante, agente
encapsulante e &gua. O encapsulante envolve o ativo e o solvente como um filme sobre os dois
compostos, protegendo a molécula e promovendo a liberacao controlada do ingrediente ativo

apos a aplicacdo (GALLO, 2002; YAMAMOTO, 2019).
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4. Influence of air temperature and soil moisture on the efficacy of insecticide
sprays against Bemisia tabaci (Hemiptera: Aleyrodidae) in soybean

Abstract

The Bemisia tacaci, development is favored in periods of low precipitation and high
temperatures. These abiotic factors cause plant stress and can effect the insecticides efficacy.
This study aims to verify the air temperature effect (10, 15, 17, 20, 23, 25, 28, 31, 35 and 36
°C) and soil moisture (13, 19, 25, 38 e 50% of field capacity) in the insecticides efficacy for
whitefly control in soybeans. Insecticides were tested: cyantraniliprole (100 g.a.i./L),
pyriproxyfen + acetamiprid (100+200 g.a.i./L), pyriproxyfen (100 g.a.i./L), abamectin (18
g.a.i./L) e cyantraniliprole + abamectin (60+18 g.a.i./L). The adults mortality by insecticides
was higher at 35-36°C in comparison to 15, 20, 23, 25 and 28-30°C. The LTso was lower for
the insecticides at 35-36°C compared to the other temperatures, varying from 12.8 (3520.3 °C)
to 53.6 (10+0.8 °C) hours. Some insecticides killed more withefly at the lowest soil moisture
(25%). Due to the withered plantsat 13 and 19%, itwas notpossible to evaluate the insecticides
effect. The adult LTso ranged from 1.9 to 3.3 (25%) and from 2.1 to 2.7 (50%), for nymphs
varying from 3.3 to 6.9 (25%) and from 2.1 to 2.7 (50%) days. According to the results,
temperature enhanced the insecticide efficacy against adults. The water stress enhanced the
efficacy of some insecticides against nymphs and adults. Therefore, high temperatures and
periods of water restriction for plants do notaffectthe insecticides efficacy for whitefly control.
But temperatures under 20 °C may diminish the insecticides efficacy or increase whitefly lethal
time.

Key words: pesticides; biotype B; adults; nymphs; abiotc stress

4.1INTRODUCTION

Some human actions as deforestation and high combustion of fossil fuels are
increasing the CO: concentrations at the atmosphere over the past two centuries. Current high
carbon dioxide emission around the world deserve population attention, mainly for the
agriculture system. It is promoting air temperature increase in 0,74°C in the last century and
the increase estimative for 2100 is from 4 to 11°C. This climatic change may increase the

occurrence of high air temperatures, low air humidy and droughtin many agricultural areas
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around the globe, affecting directly the dynamic of pest population and the plants methabolism
in agriculture (CURNUTTE; SIMMONS; ABD-RABOQOU, 2014).

The whitefly is a notorious pest in tropical and subtropical regions, causing large
agricultural losses to commercial and small-scale growers. But changes in relative humidity
and temperature can affect this pest (CURNUTTE; SIMMONS; ABD-RABOU, 2014). The
climate has high impact on whiteflies populations, the temperature and ambient moistures can
be important factors for whitefly survival, reproduction and lifecycle (SIMMONS &
MAHROOF, 2011). For example, high temperatures can increase de whitefly oviposition but
may limit the nymphal survival (CURNUTTE; SIMMONS; ABD-RABOU, 2014; GILIOLI et
al., 2014).

The Bemisia tabaci is a polyphagous pest, which feeds on more than 700 species of
plants, including important agricultural crops such as soybean, drybean, cotton, tomato and
others comercials crops (GREATHEAD, 1986). These large number of hosts favors the “green
bridges” effect for this pest present in the agricultural system. In Brazil the biotypes A, B and
Q are presents on the crops (BARBOSA etal, 2015).

When the whitefly feeds it introduces toxins into the plant causing physiological
disorders resulting in leaf wilt and defoliation, which changes the reproductive and vegetative
crop development. Thus, this pest reduces the production quality and crop productivity
(BYRNE & BELLOWS, 1991). Inthe process of floem sap suctionthe whitefly release a sugary
substance thatfavorsthe developmentof the fungus Capnodiumsp ontop the leaves. commonly
called sooty mold on the adaxial leaf part. In soybean, the growth of this fungus on the leaves
causes defoliation and hinders the development of the crop (BYRNE & BELLOW, 1991;
POZEBON etal., 2019; SUEKANE etal., 2013).

High levels of Bemisia tabaci infestations are favored by the combination of high
air temperatures, low moisture, drought and agricultural systems cultivated with large number
of host crops throughout the year (CURNUTTE; SIMMONS; ABD-RABOU, 2014; KHAN &
AKRAM, 2019). All these factors have allowed the whitefly reproduction and fast migration
among crops. (MOREIRA & ARAGAO, 2009)

According Qui, Ren and Lin (2003), at 17°C the withefly lifecycle was completed
in 48,1 days and at 29°C the lifecycle spent 13,9 days to be completed.The study of Albergaria
& Cividanes (2002) at 30 °C the life cycle spent21.8 days and at 15°C lasted 70.9 days to
complete. The temperature also has influence in whitefly survival. For Rodrigues etal. (1997)
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the decrease in temperature causes reductions in the number of whiteflies, because the low air
temperature causes physical changes in the cellular components of plant tissue, diminishing the
quality and food supply for the insect. Shan etal. (2014), observed there was increase of adult
mortalities of Bemisia tabaci at 35 and 40 °C, thus temperatures from 35°C are not favorable to
withefly survival. There was low mortality at 5, 10 and, 25 °C being favorable temperatures for
this insect. Albergaria & Cividanes (2002), observed in their study, that the thermic limit of
whitefly survival is between 30and 35 °C. At 15 and 35 °C the survivals rates of whitefly were
lower than 20, 25 and 30 °C.

Drough periods may decrease air humidy in agricultural areas and the ambient
moisture favor the viability of eggs and nymphs of whitefly. However long periods of rain can
decrease adults and nymphs population, because the drop impactcankill the adults (OLIVERIA
etal., 2018; SIIVA et al., 2014). Accordind to Simmons & Mahroof (2011), the whitefly can
survive in humid and dry environments and high whitefly populations often occur in dry and
hotenvironments. In their study there was no difference in the whitefly oviposition and eclosion
of eggs and pupaat 50 and 80% of air humidity. However, the oviposition and pupa eclosion

decrease at 20% of air humidity.

Abiotic stress as temperature variation and drough can affect the pest population
but have great impact on plants. Soybean plants adapts well from 20 to 30°C (EMBRAPA,
2010). Regions with temperatures equal 10 °C or below can impair the vegetative growth of
soybeans. However, in regions with temperatures above 40 °C the plant may suffer flowering
disturbances and low pods retention capacity. Floral induction only occurs at temperatures
above 13 °C. At high temperature regions, the plant tends to flower early and grows less than
the normal conditions. Another factor that can be changed with the temperature increase is the
early maturation. All these problems that high temperatures can cause in soybean plant,
inhenced with the occurrence of water stress (EMBRAPA, 2010; FARIAS; NEUMAIER,;
NEPOMUCENO, 2019).

The damage of drough stress in plants depends on its intensity and duration, the season in which
it occurs, cultivar and plant stage. Soybeans can undergo through periods of water restriction
during their cycle. Even in rainy seasons, occasional drought periods can occur (BURLE &
RODRIGUES, 1990; MARTORANO, 2009; NDIMBO; NCHIMBI-MSOLLA; SEMU, 2015;
THOMAS & COSTA, 1994). The amount of water inside the plantis influenced by the plants
physiological processes such as stomatal closure, transpiration, photosynthesis, enzymatic
activities and others. The water deficit can increase in 33% the leaf cuticle thickness, this may
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impact the penetration and translocation of chemical products in the leaves (FARIAS et al.,
2018; STEFANELLO, 2014).

Ambient condition is an important factor in the dynamics of whitefly control. The
plant under ideal thermal and water conditions can behave better against the pest attack and can
efficiently absorb the sprayed pesticides. The effectiveness of the insecticides can vary as a
result of the soil water condition and air temperature, since their action is directly influenced
by the plant metabolism (STEFANELLO, 2014).

Torres & Silva-Torres (2008) tested the effectiveness of thiamethoxam and
pimetrozine in cotton plants under 3 different water conditions. Which was 97-100%, 85-97%
and 69-84% of the soil field capacity. In their study, the plants underwent to certain water
conditions after the insecticides spraying and were irrigated daily with the volume of water
necessary to keep the soil moisture close to the defined ranges. It was concluded that theses soil
moisture did not affect the efficacy of the insecticide pimetrozine and for thiamethoxam in

foliar spraying.

Then, the spraying should be done in appropriate conditions of wind, air humidity,
soil moisture and air temperature to provide good absorption, translocation and storage into the
plant. The concentration of the insecticide inside the leaf depends on the compound nature and
on the plant physiological factors, for example, molecule mobility and penetration rate of the
epidermis and mesophilic cells. The penetration of a substance like an insecticide into the plant
leaf occursdue to the diffusion process. Accordingto Fick’s law, in orderto this process occurs,
it depends on the concentration of insecticide outside and inside the leaf. Thus, in the case of
insecticide spraying, the foliar diffusion is driven by the molecule concentration on the external
leaf face, because the internal concentration of the solute in the plant is lower. The diffusion of
the insecticide sprayed on the leaf may have a direct influence on factors such as exposure to
soil, plant morphology, structure, physiological process rate, among others (AHARONSON et
al., 1986; STEFANELLO, 2014).

The broad pesticide uses in the agriculture for whitefly control, the short lifecycle,
high reproduction rate favor whitefly resistance to insecticides (BASIT, 2019; LUEKE et al.,
2020). Sosa-Gémez & Omoto (2012), reported the whitefly is one of the agricultural pests that
presents more resistants cases in the world. According to Basit, 2019, B. tabaci developed
resistance to 40 active ingredients in the world and in Brazil there are Bemisia tabaci bitotype
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B populations resistant to imidacloprid, acetamiprid, thiamethoxam, cholpyrifos, and

endosulfam.

In this study were tested novel registered insecticidesin Brazil, as cyantraniliprole,
the formulation of pyriproxyfen + acetamiprid and the formulation of cyantraniliprole +
abamectin. The molecules of the chemical groups, diamides, avermectins, pyridyloxypropyl
ether and neonicotinoids have been reported as high efficient insecticides for whitefly control.
Cyantraniliprole belongs to the chemical group of diamides, acting as a modulator of ryanodine
receptor, causing irregular muscle contractions and ceasing the feeding of insects
(CABALLERO et al., 2015; SANTOS, 2017). Abamectin is an active ingredient of the
chemical group avermectins, its mode of action stimulates the release of GABA inhibiting the
central nervous system, causing paralysisandsubsequently the death ofthe insect (IRAC, 2016;
SYNGENTA, 2018). Bacci etal. (2007), reported that the compound abamectin was efficient
for the control of whiteflies, controlling 80% of the tested populations. Pyriproxyfenis a
molecule of the chemical group ether-pyridyloxypropyl, itis a juvenile hormone mimic, it acts
through contact and translaminar activity on whitefly eggs and nymphs. Acetamiprid is an
insecticide of the chemical neonicotinoids group, therefore it is an agonist of nicotinic
acetylcholine receptors, it acts through systemic, translaminar, contact and ingestion action on
nymphs and adults (COSTA-LIMA etal., 2016).

For the efficient whitefly control it is recommended the adoption of integrated pest
management strategies, among them the use of chemical insecticides can prevent that the
whitefly’s infestation level overtakes the control level. In regions with high occurrence of
whiteflies, the growers often spray twice in the soybean cycle. Therefore, chemical insecticides
must be sprayed in a rotation system of active ingredients of different chemical groups and
preferably with high intrinsic potential of control, avoiding selection of resistant individuals.
The use of products or mixtures of products capable of controlling more than one whitefly’s
stage is recommended. The pest reinfestations often occurs in the agricultural areas, therefore,
when the systemic active ingredients penetrate the plant its favors the reduction of whitefly
populations in crops (TORRES & SILVA-TORRES, 2008).

In the agriculture of Brazilian cerrado’s region the producers usually face with the
complex scenario of whitefly control. In this region usually are cultivate part of the main
whitefly”s hosts as soybean, cotton and drybens during the year. This agricultural system and
climatic effects of drough and high temperature are hard obstacles in the whitefly management

on soybeans crop. Which often occurs during the harvest period (january to March). The
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whitefly can survive in rainy season but prefers hot climate and low ambient moisture, in these
conditions usually occurs high infestation of whitefly on soybean. According Sharma et al.
(2017), the air temperature and water supply are important factors that influence the pesticide
uptake for plants. Then, these same climatic conditions may cause impact in the insecticides

sprays and for plant uptake of molecules.

The pesticides efficacy is climat conditions dependent. Due the global warming
events in the future we must lead with high temperatures and drought events in agriculture
(KHODAVERDI etal., 2016; MATZRAFI, 2018). Thus, systemic insecticides have high water
solubility rate their transport in the plant’s vascular system may be affected. Then drought can
decrease their efficacy, rising control failures and increasing resistance cases of insects on the
fields (KHODAVERDI etal., 2016).

Therefore, the present study aimed to determine the effect of air temperature and
soil moisture on the efficacy of inseticides for the control of nymphs and adults of B. tabaci in

soybeans.

4.2 MATERIAL AND METHODS

The experiments were conducted in an aphid-proof screenhouse (50 mesh) (9 x 8
m) and at laboratory conditions of the Brazilian Agricultural Research Corporation (Embrapa
Rice and Beans) located at Santo Antonio de Goiéds, Goias state (Central Brazil)
(16°30°24,57’S, 49°17°06,53”W). The temperature (°C) and relative humidity (%) in the
screenhouse and in the growth chamber of the BOD (Biochemical Oxygen Demand) were
measured at one-hour intervals by a datalogger (Hobo® U12-012, Onset Computer Corp. Ltd.,

Massachusetts).
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4.2.1 Insect colony

The whitefly B. tabaci used in all experiments was identified as Biotype B by
molecular gene sequence markers from mtDNA cytochrome oxidase | (mtCOI) (QUINTELA
et al., 2016). The whiteflies used were originated from a colony reared on soybean plants

(Glycine max L.) maintained under screenhouse conditions at Embrapa Rice and Beans.

4.2.2 Insecticides tested

The technical information about the synthetic insecticides used in the experiments
are listed in Table 1. These products are currently registered for the control of B. tabaci in

soybean in Brazil (AGROFIT, 2020).

Table 1 -Technical information about the chemical insecticides used in this study

Active ingredient Chemical group ;rglrﬁfuolgti ont aC.ic.>/r|1_(;entration G
Cyantraniliprole Anthranilamide DO* 100
Cyantraniliprole Anthranilamide cst 100
Pyriproxyfen+acetamiprid  Pyridyloxypropylether + Neonicotinoid DO* 100+200
Pyriproxyfen Pyridyloxypropylether EC! 100
Abamectin Avermectin EC! 18

;:g’ :r:ter(zjtr;ri]liprole * Anthranilamide + Avermectin cst 18+60
Ochima® Alkyl esters of phosphoric acid EC! 752
Assist® Mineraloil EC? 756

! Type of formulation: DO= Dispersible oil; EC= Emulsifiable concentrate; CS: Concentrated suspension.
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3.2.3 Effect of air temperature on the efficacy of the insecticides

Three experiments were conducted to determine the effect of different temperatures

on the efficacy of the insecticides for the control of whitefly adults.

In the first experiment, the insecticide cyantraniliprole (45 g a.i./ha) + abamectin
(13.5 g a.i./ha) + adjuvant Ochima and a control treatment (without insecticide spray) were
tested. Five temperatures were tested at 17+0.5,23+0.4,25+0.2, 31+0.2 and 36£0.1 °C in BOD
with 60% RH and 12-hr photoperiod.

In the second experiment, two insecticides were evaluated: cyantraniliprole (36 g
a.i./ha) + abamectin (10,8 g a.i./ha) + Ochima and cyantraniliprole (50 g a.i. /ha) and a control
treatment (without insecticide spray). Five temperatures were tested at 10+0.8, 25+0.2, 20+0.1,
28+0.1 and 35+0.3°C in BOD with 51 - 60% RH and 12-hr photoperiod (Fig. 1).

Inthe third experiment, seven insecticides were evaluated at20° C: cyantraniliprole
(50 g a.i./ha); pyriproxyfen + acetamiprid (25 + 50 g a.i./ha); pyriproxyfen (25 g a.i./ha);
abamectin (10.8 g a.i./ha), cyantraniliprole + abamectin (36 + 10,8 g a.i./ha) + Ochima (0,25
I/ha); cyantraniliprole + abamectin (45+13,5 g a.i./ha) + Ochima (0,25 I/ha); ciantraniliprole +
abamectina (36 + 10.8 g a.i./ha) + Assist (0.375 I/ha). A treatment without insecticide spray
was used as control.

For these three experiments, experimental units were represented by one soybean
plant at primary leaf stage grown in plastic pots with 11 cm of diameter filled with 425 ml of
red oxisol (Fig. 1). The pots were transferred to the BOD incubators and arranged randomly on
a black plastic tray of 13 cm of diameter (Fig. 2). Each plastic tray was irrigated with 60 ml of
water twice a day. After three days of plantacclimatization at their respective temperatures,
the pots were removed individually for insecticide sprays. Treatments were applied to the
adaxial side of primary leaves with a microsprayer (0.3 mm needle, Paasche® airbrush type H-
set) connectedto avacuum pumpand calibrated to 100 ul per leaf in an even coverage. Whitefly
adults (20 per capped plastic test-tube, 13 cm) were held for two hours at the incubators for
temperature acclimatization. Each test-tube was then fixed in the soil beside one soybean plant
that was held inside a glass cage (11 cm of diameter and 10 cm of height) that were closed with
voile fabric fixed with rubber tie. Then, the lids of the test-tubes were removed allowing adults

to move to the soybean plants.
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For experiment 1, the number of dead adults wasevaluatedat 1, 2, 3, 4, 7 days after
insecticide sprays. For the experiment 2 and 3, dead adults were registered at 16, 24, 40, 48, 64,
72 hours after spraying. For experiment 1 and 2, one trifoliate leaf of each pot was collected for
alive nymph assessment under a dissecting stereomicroscope (Leica) at 40x magnification. All
experiments were conducted in a completely randomized design with four replicates, which

consisted of one seedling per pot (i.e., two primary leaves).

4.2.4 Soil field capacity determination

To determine the soil field capacity, water was added to 4700 g of dry red oxisol
contained in plastic pots until the drainage point was reached. Then, 1600 ml of water per pot
was the amount of water retained in 4700 g of soil. Ten repetitions were used. The soil field

capacity was calculated with the equation:

amount of water retained in the soil (g) x 100

Soil field capacity =

soil volume (g)

1600 (ml)x 100

= 0,034
4700 (ml)

Soil field capacity =

4.2.5 Effect of soil moisture on foliar insecticides spraying

Four experiments were conducted in a screenhouse to determine the effect of
different soil moisture on the efficacy of chemical insecticides for the control of adults and 2

instar nymphs.

In the firstexperiment with adults, eightinsecticides were tested at 25% and 50%
soil field capacity: cyantraniliprole (50 g a.i./ha), pyriproxyfen + acetamiprid (25+50 g a.i./ha),
pyriproxyfen (25 ga.i./ha), abamectin (10.8 ga.i./ha), cyantraniliprole +abamectin (36+10.8
g a.i./ha)+ Ochima (0,25 I/ha), cyantraniliprole + abamectin (45+13.5ga.i./ha) + Ochima (0,25
I’/ha) and cyantraniliprole + abamectin (36+10.8 g a.i./ha) + Assist (0,375 I/ha).
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In the second experiment with adults five levels of soil moistures (13, 19, 25, 38
and 50% of soil field capacity) were used to determine the efficacy of the insecticides
cyantraniliprole (50 ga.i./ha), cyantraniliprole + abamectin (45+13.5 g a.i./ha) + Ochima (0.25

I/ha). For both experiments a treatment without insecticide spray was used as control.

Experimental units were represented by two plants at trifoliate stage grown in
plastic pot of five liters filled with 4700 g of dry red oxisol. For experiment 1, two days before
spraying, the pots were kept at 25% and 50% of soil field capacity. To obtain the 25% and 50%
of soil field capacity each pot was watered with 400 and 800 ml of water, respectively. For
experiment 2, four days before spraying, the pots were kept with 800, 600, 400, 300 and 200
mL of water for field capacity of 50, 38, 25, 19 and 13%, respectively. To assure that the
moisture condition stablished in the pots were maintained constant, the pots were weighed twice
a day (morningand afternoon) and the amount of water was added to replace the loss due to
evapotranspiration estimated by the difference of weigh of the pots between two measurements.

The pots were weighted with a high precision scale (KN Waagen, Americandplos, SP).

A line of two meters containing four soybean pots were sprayed at 150 L volume
equivalent/ha with a CO, backpack sprayer at 2 bar of pressure with a XR110020 nozzle (Fig.
5). The pots were arranged in completely randomized blocks on top of work benches and each
pot were covered individually with cages made with iron frames and voile fabric (62 cm high,
35 cm diameter). Under the pots there was a foam (46 cm wide, 0,5 cm thick) to prevent the
adults fromscapingand on top of this foam there was a black squareplastic (51 cm?) to facilitate
the counting of dead adults. Thirty minutes after plants spraying each pot was infested with 200
adults of whitefly (Fig. 8). The number of dead adults was evaluated at 1, 2, 3, 4 and 7 days
after insecticide sprays (Fig. 9). The experimental design was four blocks (pots) completely

randomized.

The two experiments with nymphs tested the same moisture conditions and
insecticides described for the adult experiments. Experimental units were represented by three
plants at two trifoliate stage grown in plastic pot of five liters filled with 4700 g of dry red
oxisol. The plants were infested with adults of whitefly for oviposition for four hours (Fig. 6
and 7). At the end of the 1stnymphal instar, the soil was kept at their respective soil moistures
and, after two days, when the nymphs were in the 2nd instar, the plants were sprayed. The
insecticide spray methodology was similar to that described for the adult experiments. The
experimental design was four blocks (pots) completely randomized. One trifoliate leaf/plotwas

collected to determine the number of live and dead nymphs under a dissecting stereomicroscope
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(Leica) at 40x magnification at 1, 2, 3, 4, 5, 6 and 7 days after spraying. Empty and full puparia

was also counted at adult’s emergence.

4.2.6 Statistical analysis

The mortality of nymphs and adults curves were adjusted according to non-
parametric models and compared using the Wilcoxon-Mann-Whitney test (P<0.05). To
estimate the LTs for the chemical insecticides generalized non-linear models were fitted and
values compared by the overlap of their 95% confidence intervals (95% CI). The mean of eggs,
alive nymphs and empty puparia per leaf counted at 15 and 22 days after the insecticide sprays

were compared by Scott-knott (5%).

All statistical analyses were carried out at a 95% confidence interval using the R
software (R DEVELOPMENT CORE TEAM, 2016).

The interaction between cyantraniliprole and abamectinawas calculated according
of Gowing (1960), using Colby’s formula. Thus, if the observed control value is higher than
expected control (E) the combination is synergistic, if the expected control and the observed
control are equal to the ratio is an additive combination. When the observed control is lower

than whatis expected then there isan antagonism between the compounds (MARQUES, 2017).

(E) The expected control forthe combination of the two compounds

(C) % of insecticide C control (cyantraniliprole)

(A) % of insecticide A control (abamectin)

E=C+[A(100-C)]
100
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4.3RESULTS

3.3.1 Effect of different air temperatures on the efficacy of the insecticides for adult control

Mortality of adults by cyantraniliprole + abamectin was significantly higher at
36+0.1 °C when compared to 15, 20, 25 and 30 °C (Table 2, Fig. 1). Mortality of adults
cyantraniliprole +abamectin wassimilarat17+0.5,23+0.4,25+0.2and 31+0.2 °C (Fig. 1, Table
2). In the control treatments, adult mortality was significantly higher at 36+0.1 °C when
compared to the other temperatures. A Log-Normal non-linear regression model provided the

best fit for cyantraniliprole + abamectin (45+13.5ga.i./ha) + Ochima ® at all temperatures.

100 4 A - Control
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Mean adult mortality (%)

Days after spraying

Fig. 1 — Adult mortality (%) at days after spraying of cyantraniliprole + abamectin (45+13.5ga.i/ha) + Ochima®
(B) on soybean leaves. Mean adult mortality at control treatment in (A).
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Table 2 - P values (P<value) of the comparisons of adult mortality curves for Bemisia tabaci after treatment of
soybean leaves with cyantraniliprole (45+13.5 g a.i/ha) + Ochima® at different temperatures (17+0.5, 23104,
25%0.2,31+0.2and 36+0.1°C ). Wilcoxon-Mann-Whitney rank sum test was used for P values calculation. Curves
were considered significantly differentat P<0.05.

P-values

Treatments Temperatures 17°C 23°C 25°C 31°C 36°C
17°C - 0.898 0.873 0.887 0.028
23°C - 0.888 0.920 0.038
25°C - 0.950 0.028
31°C - 0.022
36°C -

Control 17°C - 0.065 0.095 0.056 0.065
23°C - 0.957 0.903 0.029
25°C - 0.956 0.029
31°C - 0.014
36°C -

The median lethal times (LTsos) to kill 50% of whitefly adults for cyantraniliprole
+ abamectin (45+13.5) + Ochima® were similar for all temperatures and ranged from 0.7
(36£0.1°C) to 1.78 (17+0.5 °C) days after spraying (Table 3).

Table 3 — Estimates of median lethal time (LTso) of whitefly adults treated with cyantraniliprole + abamectin
(45+13.5) + Ochima®atdifferent temperatures.

Insecticide Temperature Model LTs0 (d) (C195%)
Cyantraniliprole +abamectin 17°C Log-Normal 1.78 (1.44-2.12)
45+ 13.5ga.i/ha +Ochima® 230C non-linear 1,67 (0.94—2.39)
25°C 1.73(1.38-2.07)
31°C 1.60(1.08-2.13)
36°C 0.71(-0.42-1.83)

In the second experiment, when adult mortalities were determined athour intervals,
cyantraniliprole (50 ga.i./ha) killed more adultsat 35+£0.3°C when comparedto 10+0.8,1540.2,
20+0.1 and 28+0.1 °C. For cyantraniliprole + abamectin (36+10.8ga.i./ha) + Ochima® (0.251
/ha), the mortality was higher at 28+0.1 and 35+0.3 °C when comparedto 10+0.8,15+0.2 and
20+0.1 °C. The non-linear Gompertz regression model provided the best fit for cyantraniliprole
(50 g a.i./ha) and cyantraniliprole + abamectin (36+10.8 g a.i/ha) + Ochima® (0.251/ha) (Fig.
2). No differences in adult mortality in the control were observed between 10£0.8, 15+0.2,
20+0.1, 28+0.1 and 35+0.3°C (Fig. 11, Table 2). The non-linear log-logistic regression model
provided the best fit for the control treatment (Fig. 2).
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Fig. 2 — Mean adult mortality (%) at hours after sprayingof cyantraniliprole 50 g a.i/ha (B) and cyantraniliprole
36+10.8 ga.i/ha+Ochima® (C) on soybean leaves at different temperatures. Mean mortality of adult at control
treatmentin (A).

Table 4 - P values (P< value) of the comparisons of adult mortality curves for Bemisia tabaci after treatment of
soybean leaves with cyantraniliprole (36 +10.8 ga.i./ha) + Ochima®and cyantraniliprole (50 ga.i./ha) at different
temperatures (10+0.8,1540.2,20+0.1, 28+0.1 and 35+0.3 °C ). Wilcoxon-Mann-Whitney rank sum test was used
forP values calculation. Curves were considered significantdifferentatP<0.05.

Products P value
Temperatures 10°C  15°C 20°C 28°C 35°C
Cyantraniliprole 50 ga.i./ha 10°C - 0.969 0.011 0.004 0.004
15°C - 0.011 0.007 0.003
20°C - 0.029 0.013
28°C - 0.031
35°C -
Cyantraniliprole + abamectin 10°C - 0.179 0.959 0.027 0.011
36+10.8 ga.i./ha + Ochima® 15°C - 0.222 0.021 0.027
20°C - 0.027 0.015
28°C - 0.218
35°C -
Control
10°c ~ 098 0984 0964 0910
15°C - 0.936 0.986 0.929
20°C - 0.929 0.914
28°C - 0.951

35°C -
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The LTso for cyantraniliprole (50 g a.i./ha) at 35+0.3 °C was lower when compared
with the other temperatures, killing50% of the adultsat 17.2 hours after spraying. At28+0.1°C,
the LTso was significantly lower compared to 10£0.8, 15+0.2 and 20£0.1°C. Similar results
were observed for cyantraniliprole + abamectin (36+10.8 g a.i./ha) + Ochima® and the LTsos
ranged from 12.8 (35+0.3°C) to 53.6 (10+0.8 °C) hoursafter spraying (Table 5).

Table 5 — Estimates of median lethal time (L Tso) of whitefly adults treated with cyantraniliprole (50 ga.i./ha) and
cyantraniliprole + abamectin (36 +10.8) + Ochima®at different temperatures.

Products Temperatures LTso (h) (C195%)
Cyantraniliprole 50 ga.i./ha 10°C 64.7(51.5-77.9)
15°C 61.0 (52.6-69.4)
20°C 50.3(46.6 —53.9)
28°C 27.0(23.5-30.6)
35°C 17.2(14.8-19.7)
Cyantraniliprole + abamectin 10°C 53.6 (45.9-61.3)
36+ 10.8ga.i/ha + Ochima® 15°C 46.6 (40.8-52.4)
20°C 52.1(34.2-69.9)
28°C 28.5(24.6-32.5)
35°C 12.8(6.0-19.6)

In the second experiment, the number of eggs and nymphs alive were counted at 15
days after the insecticide sprays. Low number of eggs and nymphs were observed for the two
insecticides at all temperatures (Fig. 3). The number of eggs and nymphs per leaf were
significantly higher in control treatment when compared to cyantraniliprole 50 g a.i./ha and
cyantraniliprole + abamectin 36 + 10.8 g a.i./ha + Ochima® (P<0.952 and 0.979, respectively).
In the control, the number of eggs and nymphs increased as the temperature increased. The

log-logistic regression models provided the best fit for the control treatment. (Fig. 3).
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Fig. 3 — Mean of eggs end nymphs of Bemisia tabaci 15 days after insecticides spraying on soybean at 10+0.8,
15+0.2,20+0.1,28+0.1 and 35+0.3 °C.
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4.3.2 Efficacy of different insecticides for adult control at 20 °C

At 20° C the mortality of adults by pyriproxyfen (25 g a.i./ha) was similar to the
control (Table 7, Fig. 4). Pyriproxyfen (25 g a.i./ha) and abamectin (10.8 g a.i./ha) killed
significantly less adults compared to the other insecticides, although abamectin killed
significantly more adults than pyriproxyfen (Table 7, Fig. 4). No differences in adult mortality
were observed between cyantraniliprole (50 g.a.i./ha) and cyantraniliprole (30 g.a.i./ha) +
Ochima®. Pyriproxyfen + acetamiprid (25+50 g a.i./ha), cyantraniliprole + abamectin (36 +
10.8 g a.i./ha) + Ochima® and cyantraniliprole + abamectin (45 + 13.5 g a.i./ha) + Ochima®
killed 100% of adults at 60 h, and no differences were observed between then (Table 7, Fig. 4).

A non-linear Log-logistic regression model provided the best fit for all the insecticides tested
(Fig. 4).
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Fig. 4 — Mean adult mortality (%) at hours after spraying of the insecticides cyantraniliprole 50 g a.i/ha (Cynt
50g), cyantraniliprole 36 ga.i./ha + Ochima® (Cynt 36g + Och), cyantraniliprole + abamectina 36 + 10.8ga.i/ha
+ Ochima®(Cynt + Aba 36+10.8 ga.i./ha+Och), cyantraniliprole + abamectina 45 + 13.5 ga.i./ha + Ochima®
(Cynt+Aba 45+13.4ga.i. + Och), pypriproxyfen 25 ga.i./ha (Pypf25g), pyriproxyfen +acetamiprid 25 +50 g
a.i/ha (Pypf + act 25+50g) and abamectin 10.8 g a.i./ha + Ochima (Aba 10.8g + Och) on soybean leaves at
temperature of 20 ° C.
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Table 7 - P values (P<value) of the comparisons of adult mortality curves for Bemisia tabaci after treatment of
soybean leaves with differentinsecticides at 20°C. Wilcoxon-Mann-Whitney rank sum test was used for P values
calculation. Curveswere consideredsignificantdifferentat P<0.05

P value
Cynt  Cynt Pypf  Pypf + Aba Cynt + Cynt +
Treatments 50 30 25 act 10,8+ aba aba
(g a.i/ha) Control Ochima 25+50 Ochima 36+10.8 45+135
Ochima Ochima

Control - 0.0003 0.004 0.001 0.001 0.001 0.001 0.004

Cynt (50) - 0.857 0.001 0.037 0.393 0.011 0.019
Cynt (30) + Ochima® - - - 0.031 0.026 0.017 0.034
Pypf (25) - - - - 0.002 0.004 0.002 0.001
Pypf +act (25+50) - - - - - 0.022 0.809 0.955
Aba(10.8) +Ochima® - - - - - - 0.012  0.020
Cynt + aba (36+10.8) +

Ochima® - - - - - - - 0.812
Cynt+aba

(45+13.5) + Ochima® - - - - - - - -

The LTso of cyantraniliprole + abamectin 36+ 10.8 g a.i./ha + Ochima® was lower
(16.6 hours) than the othersinsecticides. The LTsys of all insecticides were different from each

other.

Table 8 — Estimative of median lethal time (LTso) of Bemisia tabaci adults treated with different insecticides at
20°C.

Treatments LTso () (C195%)
Control x

Cyantraniliprole (50 ga.i./ha) 24.2(24.2-24.3)
Cyantraniliprole (30 ga.i./ha) + Ochima® 21.3(21.2-21.4)
Pyriproxyfen (25 ga.i./ha) *

Pyriproxyfen +acetamiprid (25+50 ga.i./ha) 18.3(18.2-18.4)
Abamectin (10.8ga.i./ha)+Ochima® 27.9(27.8-28.0)
Cyantraniliprole +abamectin (36 +10.8 ga.i./ha)+Ochima® 16.6 (16.5—16.7)
Cyantraniliprole + abamectin (45+13.5 ga.i./ha) + Ochima® 17.9(17.8-17.9)

* L T50 values below of 50 % of adults mortality

The number of eggs per leaf in the control treatment (76) was siginificantly higher
than the insecticides. For pyriproxyfen the number of eggs (47) was higher than the insecticides
cyantraniliprole 50 ga.i./ha, cyantraniliprole 30 ga.i./na+ Ochima, pyriproxyfen +acetamiprid
25 + 50 g a.i./ha and cyantraniliprole + abamectin 36 + 10.8 and 45 + 13.5 ga.i./ha+ Ochima

that were similar and rangend from 4 to 12 eggs per leaf.



54

Table 9 — Number of eggs (mean + SE) of Bemisia tabaci 15 days after insecticides spraysat20°C.

Insecticides (g a.i./ha) Eggs
Control 76+42.8a
Cyantraniliprole (50) 7+54c
Cyantraniliprole (30) + Ochima® 6+2.4c
Pyriproxifen (25) 47+22.1b
Pyriproxifen+acetamiprid (25+50) 3+2.2c
Abamectin (10.8) + Ochima® 6+6.5¢C
Cyantraniliprole +abamectin (36 +10.8) + Ochima® 12+76¢C
Cyantraniliprole +abamectin (45+13.5) + Ochima® 4x21c

Means within a column followed by the same letter are notsignificantly different by Scott-knott (5%).

The effect of the interaction between the insecticides cyantraniliprole + abamectin
(36+10.8) + Ochima was calculated according to the method proposed by Colby (1967) at 24
hours after the spraying (Table 10).

Table 10 — Interaction between cyantraniliprole (36) + Ochima® and abamectin (10.8) + Ochima® based on
mortality of Bemisiatabaciadultsat20°C.

Mortality observed (%)

Insecticides 24 hours after sprays
Cyantraniliprole (36) + Ochima® 53
Abamectin (10.8) + Ochima® 48
cyantraniliprole + abamectin (36+10.8) + Ochima. 87
Expected control by the interaction 76
Interaction according to Colby (1967) Synergistic

4.3.3 Effect of soil moisture on the efficacy of the insecticides for adult control

The insecticides pyriproxyfen + acetamiprid 25+50 g a.i./ha, abamectin 10.8 g
a.i./ha and cyantraniliprole +abamectin 36+10.8 g a.i./ha + assist® killed significantly more
adultat 25% of soil field capacity when compared to 50% field capacity.No differences in adult
mortality were observed between cyantraniliprole 50 g a.i./ha, pyriproxyfen 25 g a.i./ha,
cyantraniliprole + abamectin 36 + 10.8 g a.i./ha + Ochima® and cyantraniliprole + abamectin
45 + 13.5 g a.i./ha + Ochima® at 25% and 50% of soil moistures (Fig. 5, Table 10). For
cyantraniliprole (50 g a.i./ha) the Weibull nonlinear regression model provided the best fit,

while the logistic nonlinear regression model provided the best fit for all the others insecticides
(Fig. 5).
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Fig.5: Adult mortality (%) at days after the spraying of the insecticides cyantraniliprole 50 g a.i/ha (B),
pyriproxyfen+acetamiprid 25+50ga.i./ha (C), pyriproxyfen 25 ga.i./ha (D), abamectin 10.8 ga.i./ha + Ochima®
(E), cyantraniliprole + abamectin 36+10.8 g a.i./ha + Ochima® (F), cyantraniliprole + abamectin 45+13.5ga.i/ha
+ Ochima® (G) and cyantraniliprole + abamectin 36+10.8 g a.i./ha + Assist® (H) on soybean leaves at 25 and 50
% of soil field capacity.

Table 11 - P values(P<value) of the comparisons of adult mortality curvesfor Bemisia tabaci after treatmentwith
the insecticidesat 50 and 25% soil field capacity. Wilcoxon-Mann-Whitney rank sum test was used for P values

calculation. Curveswere consideredsignificantdifferentat P<0.05

Treatment Model P-value
Control Logistic 0.939
Cyantraniliprole 50 ga.i./ha Weibull 0.889
Piriproxifem +acetamiprid 25 +50 ga.i./ha Logistic 0.014
Piriproxifem 25 ga.i./ha Logistic 0.900
Abamectin 10.8 ga.i/ha Logistic 0.017
Cyantraniliprole + abamectin 36 + 10.8 ga.i./ha + Ochima® Logistic 0.934
Cyantraniliprole + abamectin 45+13.5 ga.i/ha + Ochima® Logistic 0.918

Cyantraniliprole +abamectin 36 +10.8 ga.i./ha + Assist® Logistic 0.016
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At 25and 50% of soil field capacity, no differences for the LTsos foradult mortality
were observed for cyantraniliprole + abamectin 36 + 10.8 g a.i./ha + Ochima®, cyantraniliprole
+ abamecin 45+13.5ga.i./ha + Ochima® and cyantraniliprole + abamectin 36 + 10.8 g a.i./ha
+ Assist®. The insecticides cyantraniliprole 50 g a.i./ha, pyriproxyfen + acetamiprid and
abamectin + Ochima® killed more than 50% of adults only at 25% of soil field capacity (Table
12).

Table 12 — Estimates of median lethal time (L Tso) for Bemisia tabaci adults treated with the insecticidesat50 and
25% soil field capacity.

LT (d) (C195%)

Insecticides (ga.i./ha) 25% field capacity 50% field capacity
cyantraniliprole (50) 3.3(2.9-3.8) -*
pyriproxyfen +acetamiprid (25+50) 1.9(1.8-2.1) -*
pyriproxyfen (25) > -*
abamectin (10.8) + Ochima® 2.6(2.3-2.8) -
cyantraniliprole + abamectin (36+10.8) + Ochima® 22(2.0-2.4) 2.7(2.4-3.0)
cyantraniliprole + abamectin (45+13.5) + Ochima® 25(2.2-29) 2.3(2.0-2.6)
cyantraniliprole + abamectin (36+10.8) + Assist® 2.1(1.9-2.3) 2.1(1.9-23)

*LT50 values below of 50 % of adults mortality

The insecticidestested has action on diferents whitefly stages, as well pryriproxyfen
which has no action on adults but control eggs and nymphs. Then, were evaluated dead and
alive nymphs to check the effect of the insecticides in adult’s emergency.

At 15 days after spraying low nymphal mortality was observed for all treatments.
Cyantraniliprole, pyriproxyfen + acetamiprid and cyantraniliprole + abamectin 45+13.5 g
a.i./ha + Ochima® caused higher nymphal mortality at 50% of soil field capacity and
cyantraniliprole + abamectin + Assist® killed more adults at 25%. The nymphal mortality was
similar for pyriproxyfen, abamectin + Ochima, cyantraniliprole 36 +10.8 g a.i./ha + Ochima®
at both moisture conditions.
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Table 13— Mean number (+ SE) of alive and dead nymphs and nymphal mortality of Bemisia tabaci 15 days after
insecticides spraysat 25and 50 % of soil field capacity.

Soil Alive Nymphs Dead Nymphs % Nymphal
Insecticides (ga.i./ha) moisture mortality
Control 25% 286.5+46.4 44+199 16+10c
Control 50% 84+398 06+0.7 08+1l1lc
Cyantraniliprole (50 ga.i./ha) 25% 28.3+30.0 14+0.2 10.1+18.7b

50% 51.3+83.0 45+85 134+22.7a
Pyriproxyfen +acetamiprid 25% 9+10.2 0.0+0.0 0.0+0.0¢c
(25+50ga.i./ha)

50% 23+3.1 0.3+0.5 146+35.0a
Pyriproxyfen (25 ga.i/ha) 25% 26.1+25.3 14+20 3.1+43b

50% 6.6+8.2 04x0.7 25540
Abamectin (10.8ga.i/ha) + 25% 1495+42.2 25+3.6 15+1.7¢c
Ochima®

50% 38.8+39.8 05+05 20x28c
Cyantraniliprole +abamectin 25% 45+38 03+£1.0 8.3+17.3Db
(36+10.8ga.i./ha)+Ochima®

50% 44+46 06+1.1 9.1+17.3b
Cyantraniliprole +abamectin 25% 6.3+11.9 0.2+0.3 56+£115D
(45+13.5ga.i/ha)+0Ochima®

50% 51+53 74+£175 17.1+32.1a
Cyantraniliprole +abamectin 25% 86.3+90.1 10.3+£13.9 17.8+27.2a
(36 +10.8 ga.i/ha) + Assist®

50% 22.0+30.0 19+38 9.0+16.0b

Means within a column followed by the same letter are not significantly differentby Scott-knott (5%).

In the second experiment, for the control treatment there were no differences in
adult mortalities among 25, 38 and 50% of soil field capacity and the higher mortality occured
at 13 and 19%. Because there was high mortality in the control at this soil moistures, was not
possible to evaluate the insecticides effect in this soil moistures.

Cyantraniliprole (50 g a.i./ha) caused higher adult mortality at 25% than 38 and 50% of
soil field capacity. For cyantraniliprole + abamectin 45 + 13.5 g a.i./ha + Ochima® no differences
were observed at 25, 38 and 50% (Fig 6, Table 14). The logistic nonlinear regression model
provided the best fit for the control, nonlinear Weibull for cyantraniliprole (50 g a.i./ha), and

the Gompertz nonlinear regression for cyantraniliprole + abamectin 45 + 13.5 g a.i./ha + Ochima®
(Fig. 6).
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Fig. 6: Adult mortality (%) at days after spraying of the insecticides onsoybean leavesat 13,19, 25,38 and 50 %

of soil field capacity.
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Table 14 - Pvalues (P<value) of the comparisons of adult mortality curvesfor Bemisia tabaci after treatmentwith
the insecticides at differentsoil moistures (13, 19, 25, 38 and 50% of soil field capacity). Wilcoxon-Mann-Whitney
rank sumtest was used for P values calculation. Curveswere considered significant different at P<0.05

Products P value

Soil moisture 13% 19% 25% 38% 50%
7.949e- 5.08e-

13% : 0.001 0.0003 06 05

Cyantr_aniliprole 19% - 0.138 0.0004 0.007

50ga.i/ha 25% - 0.001  0.004
38% - 0.086
50%

Cgantratr]iliprole + 13% - 0.199 0.026 0.002  0.004

apamectin

45+135ga.i/ha + 19% - 0.009 0.001  0.009

Ochima® 25% - 0.182 0.540
38% - 0.394
50% .

Control 13% - 0.001 0.001 0.001  0.001
19% - 0.004 0.001  0.001
25% - 0259  0.128
38% - 0.456
50% .

For cyantraniliprole the LTz, values of cyantraniliprole at 19 and 25% were similar
and higher than the other soil moistures. However, at 38% the LTsy” values was higher than
50% of soil field capacity and ranged from 4.1 to 3.0 days after spraying.

The LTso” values of cyantraniliprole + abamectin at 13% was higher than 25, 38
and 50 % that were similar each other and ranged from 1.5 to 1.6 days after spraying (Table
14).

Table 15 — LTso of the comparisons of adult mortality curves for Bemisia tabaci after treatment with
cyantraniliprole (50 g a.i./ha), cyantraniliprole + abamectin 45 + 13.5 g a.i./ha + Ochima®at different soil field

capacity.

Insecticides Field Capacity LTso (d) (C195%)
Cyantraniliprole 50 ga.i./ha 13% -*
19% 19(1.6-2.2)
25% 19(1.4-2.4)
38% 41(3.7-4.6)
50% 3.0(2.7-3.3)
Cyantraniliprole + abamectin 13% 1.1(1.0-1.2)
46+ 13.5ga.i/ha +Ochima® 19% -*
25% 15(1.4-1.6)
38% 15(1.4-1.6)
50% 1.6(15-1.7)

*Higher values than 50% in the firstevaluation
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4.3.4 Effect of soil moisture on the efficacy of the insecticides on nymphal mortality

There were no differences in nymphal mortalities between cyantraniliprole 50 g a.i./ha,
pyriproxyfen + acetamiprid 25 + 50 g a.i./ha, pyriproxyfen 25 g a.i./ha and abamectin 10.8 g a.i./ha +
Ochima®at 25 and 50% of soil field capacity. The treatments with cyantraniliprole + abamectin 36 +
10.8 g a.i./ha + Ochima®, cyantraniliprole + abamectin 45 + 13.5 g a.i./ha + Ochima® and
cyantraniliprole + abamectin 36 + 10.8 g a.i./ha + Assist® killed more nymphs at 25% of soil field
capacity (Fig. 7, Table 16).
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Fig. 7: Nymphal mortality (%) at days after spraying of the insecticides cyantraniliprole 50 g a.i./ha (B),
pyriproxyfen+acetamiprid 25+50ga.i./ha (C), pyriproxyfen25 ga.i./ha (D), abamectin 10.8 ga.i./ha + Ochima®
(E), cyantraniliprole + abamectin 36+10.8ga.i./ha + Ochima® (F), cyantraniliprole + abamectin 45+13.5ga.i/ha
+ Ochima® (G) and cyantraniliprole + abamectin 36+10.8 ga.i./ha + Assist® (H) on soybean leaves at 25 and 50
% of soil field capacity.
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Table 16 - Pvalues (P<value) of the comparisons of nymphal mortality curves for Bemisia tabaci after treatment
with the insecticides at different soil moistures. Wilcoxon-Mann-Whitney rank sum test was used for P values
calculation. Curveswere consideredsignificantdifferentat P<0.05

Treatment P-value
Control 0.950
Cyantraniliprole 50 ga.i./ha 0.811
Pyriproxyfen +acetamiprid 25+50 ga.i./ha 0.816
Pyriproxyfen25 ga.i/ha 0.979
Abamectin 10.8 ga.i./ha +Ochima® 0.841
Cyantraniliprole + abamectin 36 +10.8 ga.i./ha + Ochima® 0.033
Cyantraniliprole +abamectin 45+ 13.5 ga.i./ha + Ochima® 0.001
Cyantraniliprole + abamectin 36 +10.8 ga.i./ha + Assist ® 0.031

Cyantraniliprole + abamectin + Ochima® caused faster nymphal mortality at 25%
of soil field capacity than at 50%. The LTsy's values for cyantraniliprole + abamecin 36 + 10.8
ga.i./ha+ Ochima®ranged from 2.9(25%)t0 5.1 (50%) days after sprayingand cyantraniliprole
+ abamectin 45 + 13.5 g a.i./ha + Ochima® ranged from 3.3 (25%) to 6.6 (50%) days after
spraying(Table 17). The insecticides pyriproxyfen, pyriproxyfen +acetamiprid, abamectin and
cyantraniliprole + abamectin + Assist® killed less than 50% of nymphs and the LT50"s was not
estimated. Cyantraniliprole killed >50% of nymphsonly at 25% of soil field and it was possible
to estimate the LT50.

Table 17 — LTso of the comparisons of nymph mortality curves for Bemisia tabaci after treatment with
cyantraniliprole (50 g a.i./ha), cyantraniliprole + abamectin 45 + 13.5 g a.i./ha + Ochima®at different soil field
capacity.

LTe (d) (C195%)

Insecticides (ga.i./ha) 25% field capacity 50% field capacity
cyantraniliprole (50) 6.9 (6.1-7.6) -*
pyriproxyfen +acetamiprid (25+50) * -
pyriproxyfen (25) * -*
abamectin (10.8) + Ochima® x -*
cyantraniliprole + abamectin (36+10.8) + Ochima® 2.9(2.8-3.1) 5.1(4.8-55)
cyantraniliprole + abamectin (45+13.5) + Ochima® 3.3(3.1-3.6) 6.6(54-7.7)
cyantraniliprole + abamectin (36+10.8) + Assist® * -*

*Higher values than 50% in the firstevaluation

The insecticides tested has differentmodes of action on whitefly stages and showed
different LTso for nymphs. Then, were evaluated dead and alive nymphs to check the effect of
the insecticides in adult’s emergency.

At 22 days after spraying, higher nymphal mortalities were observed for
cyantraniliprole, pyriproxyfen +acetamiprid, pyriproxyfen, cyantraniliprole + abamectin (36 +

10.8 g a.i./ha) + Ochima ® and cyantraniliprole + abamectin (36 + 10.8 g a.i./ha) + Assist® at
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25% of soil field capacity. Cyantraniliprole + abamectin (45+13.5 g a.i./ha) + Ochima® killed
more nymphs at 50%. There was no difference in nymphal mortality between the control

treatment and abamectin + Ochima®.

Table 18 — Mean number (+ SE) of alive and dead nymphs and nymphal mortality of Bemisia tabaci 22 days after

insecticides spraysat 25and 50 % of soil field capacity.

Soil Alive Dead Nymphs % Nymphal
Insecticides (ga.i./ha) moisture Nymphs mortality
Control 25% 68+20.2a 43+09a 74+18a
9.3+20a 11.3+3.2a
50% 68.5+2.1a
Cyantraniliprole (50 ga.i./ha) 25% 18.3+7.2b 30.0+14.3b 50.7+13.3b
36.3+x11.8a 36.72+55a
50% 52.75+7.65a
Pyriproxifen +acetamiprid 25% 73.0£5.5¢C 89.8+26¢C
(25+50ga.i./ha) 8.8+25¢c
50% 11.0+2.4c¢ 79.0+8.8¢c 86.2+3.9b
Pyriproxifen (25 ga.i/ha) 25% 105+45¢ 55.8+6.4c 84.4+6.1Db
143+58b 493+14.1a
50% 32.0+£17.8b
Abamectin (10.8ga.i./ha) + 25% 248+39a 43.0+6.6a
Ochima® 36.3+7.3b
50% 46.8+543 135+12a 23.22.6a
Cyantraniliprole + abamectin 25% 48.3+155¢c 87.4+65¢c
(36 +10.8 ga.i./ha) +Ochima® 7.25+3.0¢c
50% 145+6.4b 125+3.7b 46.8+£119b
Cyantraniliprole + abamectin 25% 23.0+05.7¢c 65.2+14.6¢C
(45+13.5ga.i/ha)+Ochima® 9.3+36¢
50% 11.8+2.8¢ 57.8+24.0b 70.3+10.6b
Cyantraniliprole + abamectin 25% 22.0+5.3b 61.8+8.9a
(36 +10.8 ga.i/ha) + Assist® 20.3+7.6b
50% 148+3.3b 21.3+£6.9b 51.1+10.1b

Means within a column followed by the same letter are notsignificantly different by Scott-knott (5%).

For the control treatment no difference of nymphal mortality was observed at 38
and 50% of soil field capacity (Fig 8, Table 19). Since at 13, 19 and 25% of soil field capacity
the plants dried-up after three days of insecticides sprays, it was not possible to determine the

effect of insecticides on nymphal mortality

For cyantraniliprole + abamectin (45 +13.5 ga.i./ha) + Ochima® nymphal mortality

at 38% was higher than at 50%.
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Fig. 8: Nymphal mortality (%) atdays after spraying of the insecticideson soybean leavesat 13,19, 25, 38 and 50
% of soil field capacity.
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Table 19 - Pvalues (P<value) of the comparisons of adult mortality curvesfor Bemisia tabaci after treatmentwith
the insecticides at differentsoil moistures (13, 19, 25, 38 and 50% of soil field capacity). Wilcoxon-Mann-Whitney

rank sum test was used for P values calculation. Curveswere considered significant different at P<0.7

Treatments P value
Soil feild capacity (%) 38% 50%
13 - -
Cyantraniliprole + abamectin 19 - -
45+13.5ga.i/ha +Ochima® 25 0.9241 0.932
38 - 0.034
50 -
Control 13 - -
19 - -
25 0.857 0.854
38 - 0.934
50 -

For cyantraniliprole + abamectin the LTsys values were similar at 25, 38 and 50 %

of soil field capacity (Table 20).
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Table 20 — LTso of the comparisons of adult mortality curves for Bemisia tabaci after treatment with
cyantraniliprole +abamectin 45+13.5 g a.i./ha + Ochima®at different soil moistures (13, 19, 25, 38 and 50% of
soil field capacity).
Products Soil field capacity (%) LT50 (d) (C195%)
Cyantraniliprole +abamectin 46+13.5ga.i./ha + Ochima®

13 >
19 -

25 3.1(2.9-3.3)
38 24(1.1-3.7)
50 3.3(3.0-3.7)

*Higher values than 50% in the first evaluation

4.4 DISCUSSION

The growers are facingthe challenge of whitefly managementon soybean and other
crops due to long periods of drought and high temperatures, favoring B. tabaci populational
growth. The air temperature and water supply are important factors that influence the pesticide
uptake by plants, and the absorption of water-soluble molecules into the plant is helped for the
transpiration plant process (SHARMA etal., 2017). Therefore, in this study, it was possible to
understand the impacts of soil moisture restrictions and air temperatures in foliar insecticides

for whitefly control.

The air temperature is the major environmental variable that causes methabolics
rates reduction of whiteflies and influences their development, survival and reproduction
(GILIOLI et al. 2014). The favorable temperature for insect’s survival is between 15 to 38°C,
then in these temperatures the insect could be favored by easy heat exchange with the
environment. The benefits of this for insects are, more efficient metabolic, respiratory and
circulatory activity and improved feeding (RODRIGUES, 2004). For whitefly the favorable
thermal limit for good development and survival is between 30 and 35 °C (ALBERGARIA &
CIVIDANES, 2002). However, Cui et al (2008), reported that Bemisia tabaci survival and
reproduction declined slowly at temperatures above 41°C and there were no differences from
26 to 39°C.

Khan & Akram (2014) reported that temperatures 20, 27 and 34°C affect the
insecticides toxicity on insects. The increase in temperature favored the mortality of Musca
domestica by profenofos, chlorpyrifos, fipronil and emamectin benzoate and decreased the

effects of spinosad, cypermethrin and deltamethrin. Etheridge et. al (2018) observed in
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sugarcane aphids’ mortality by insecticides in two differenttemperatures. The aphid’s mortality
by flupyradifurone and sulfoxaflor were higher at 29.4°C than 15.5°C. They concluded that
temperature can influence the insecticides performance in aphids’ control. Our experiment
showed similar tendencies in whitefly control, the highest mortality of cyantraniliprole +
abamectin + Ochima® and cyantraniliprole 50 g a.i./ha were at high temperatures. These
insecticides caused high mortality because they had systemic (cyantraniliprole) and
translaminar (cyantraniliprole and abamectin) movement in the plants and can Kill the insects
by oral and contact action (CABALLERO etal. 2015; HOROWITZ etal. 1997; MELO, 2017,
WANG et al. 2019). Due to these characteristics the insecticides may be absorbed and
translocated efficiently, protecting all sprayed plant parts providing good whitefly control at
different temperatures. It is possible to say that the increase in air temperature can enhance the
cyantraniliprole + abamectin and cyantraniliprole effects, and these products may be not

negatively impacted in regions where high air temperatures are observed.

The insecticides cyantraniliprole, abamectin, cyantraniliprole + abamectin and
pyriproxyfen +acetamiprid showed potential to cause high whitefly mortality killing all adults
60 hours after spraying at 20°C. We could not determine the effect of pyriproxyfen on adults
since this insecticide has efficiency for nymphs and eggs of whitefly. Since it is a juvenile
hormonal mimic, this translaminar insecticide acts spoiling the hormonal balance resulting in
suppression of embryogenesis, metamorphosis and adult formation. For the mixture with
acetamiprid the product showed good result because this molecule has effect in adults
(ALENCAR & BLEICHER, 2004; BABAR et al., 2014; IRAC, 2016; PPBC, 2020; VIEIRA,
2009). The fastest effect and highest mortality occurred through the action of cyantraniliprole
+ abamectin + Ochima® killing 50% of adults in 16.6 hours after spraying In the agriculture
there is resistantpestpopulation evolution, Bemisia tabaci developed resistance to 40 molecules
of insecticides (BASIT, 2019). To support this issue, the use of chemical control by effective
molecules of distinct mode of action in rotation system of use is an important strategy. (EPPO,
2012).

Among the benefits of pest control with ready mixture formulations, there is the
opportunity of pesticide use with synergistic action between the molecules (EPPO, 2012). This
effect had been demonstrated in the agriculture, as the combination of pyrethroid and
organophosphates (CORBEL etal., 2006). For Sumerford (1954), to define a synergist activity,
the effect of the mixture must be higher than the effect of the molecules alone and the result

must be proved by controlled tests. Our study characterized a synergistic activity of
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cyantraniliprole plus abamectin (60 + 18 g a.i./L) to whitefly control through Colby (1967)
formula. Thus, this formulated product showed higher control than the molecules tested singly.
For whitefly management, it is essential to use products that controls adults and nymphs and
use of sequential sprays respecting the control index to break the insect’s reproduction cycle.
These molecules are complementary providing two different modes of action to whitefly
control. Cyantraniliprole is a ryanodine receptor modulator and acts regulating the release of
Catintracellular. The abamectinis an allosteric channel modulator closed glutamate chlorides,
the insecticide acts on nerves and muscles of the insects respectively (CABALLERO et al.,
2015; IRAC, 2016; PPDB, 2020). The synergic effect of molecules favors the fast and efficient

control of Bemisia tabaci and support the resistance management of this pest.

Since drought stress is a common and important abiotic stress for soybean plants
and can impact the pesticides efficacy. Then Balardin et al. (2011), tested in a greenhouse
different product for seed treatment in soybean with and without water stress. It was concluded
that the thiamethoxam + piraclostrobin in seed treatment increase the plant tolerance against

drought.

Puurtinen & Markitainen (1997), studied the soil moisture effect on pesticides
applied on soil. They observed that the soil moisture affected the efficacy of some pesticides.
In their study there was no difference of Enchytraeus sp. mortality by dimethoate at dry and

moist soil, however benomyl toxicity decreased in moist soil conditions.

The water stress on plants may affect differently the efficacy of the pesticide applied
by seed treatment or soil applications than foliar sprays. In this first application mode, the
pesticide uses the soil water to penetrate the roots and in the foliar spray the insecticide uses the

solution spraying water to penetrate the leaves by diffusion.

Torres & Silva-Torres (2008), reported there were no differencesin foliar spraying
of pimetrozine and thiamethoxam at 69, 85 and 100% of soil field capacity against whitefly
adults and nymphs. In our experiments, the insecticides were tested at lower soil moisture
conditions (25, 38 and 50 % of soil filed capacity). Then, we observed higher adult mortality in
higher hydric restriction for the insecticides pyriproxyfen + acetamiprid 25+50 g a.i./ha,
abamectin 10.8 g a.i./ha + Ochima® and cyantraniliprole + abamectin 36+10.8 g a.i./ha +
Assist® in the first experiment and only for cyantraniliprole 50 g a.i./ha in the second
experiment. For nymphs there was no difference for most insecticides tested. Cyantraniliprole
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+ abamectin was efficient at different soil moisture conditions and at drought stress condition

this insecticide action was potentialized by water restriction.

Acetamiprid and cyantraniliprole have systemic and translaminar activity,
pyriproxyfen and abamectin has translaminar activity. These molecule characteristics, the oil
formulations of abamectin (EC), pyriproxyfen +acetamiprid (EC), cyantraniliprole (OD) and
the adjuvant used with cyantraniliprole + abamectin (Assist® and Ochima®) provided good
covering and penetration of these molecules in the plants and nymphs contacts with them
(PPDB, 2020; TEICHER, 2020;). Then, some treatments where plants are in hydric restriction
can enhance the adults and nymphal mortality by the insecticides. In situations of higher water
restriction, the plant leaf usualy have lower turgor pressure and water concentration into the
cells (CAVALCANTE; CAVALLINI; LIMA, 2009). After spraying, the plant has a higher
concentration of product in the leaves and the insect has easier access to high levels of certain

insecticides.

Temperature above 32 °C, high wind speed and low air humidity are unfavorable
climatic conditions for spraying pesticides. Due to the high demand for crop protection present
in agricultural units, farmers are often unable to spray all their areas in good climatic conditions.
In this case, large losses of pesticides can occur due to evaporation and drift causing failure of
the target's control. It is possible to say through the data obtained in this study, that high air
temperatures and periods of water restrictions for plants will have no negative effect on the
efficacy of insecticides for whitefly control. Buttemperatures below 25 °C may diminish the

efficacy of the insecticides or enhace the time to kill B. tabaci.

Some insecticides can be favored by the water restriction for whitefly control if
sprayed at favorables condition of ambient temperature, relative humidity and wind that use to
occurs at the firstand last hours of the day. In such situations pyriproxyfen +acetamiprid and
cyantraniliprole + abamectin had good efficacy for Bemisia tabaci control. The latter can result
in faster nymphal control. Insecticides with high efficacy and fast action in adults and nymphs
can be used as important components in the integrated management of whitefly under normal

conditions and in situations of abiotic stresses of water restriction and high air temperatures.
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5. CONSIDERACOES FINAIS

Os resultados aqui apresentados mostraram que o estresse hidrico de plantas ndo
afeta a eficacia dos inseticidas para o controle de ninfas e adultos da mosca-branca. Ao
contrario, alguns inseticidas tem a eficiéncia de controle aumentada em situacdes de estresse
hidrico. Altas temperaturas aumentam a eficiéncia de todos os inseticidas testados no controle

de adultos de mosca-branca.

O aumento da eficacia de alguns inseticidas no controle de ninfas a adultos pode
ser devido a maoir absorcdo dos inseticidas pela folha, desta forma apresentando alta
concentracdo do produto internamente, facilitando o contato do inseto com a molécula durante

sua alimentacéo.

Por fim, ciantraniliprole, piriproxyfem + acetamiprid e ciantraniliprole +

abamectina + Ochima® foram eficientes no controle de ninfas e adultos de mosca-branca.



