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RESUMO

VARIABILIDADE GEOGRAFICA E INTERESPECIFICA NA SUSCETIBILIDADE
DE TRIPES (THYSANOPTERA: THRIPIDAE) A INSETICIDAS NA CULTURA DA
SOJA

AUTOR: Luiz Francisco Warpechowski
ORIENTADOR: Oderlei Bernardi

Os tripes (Thysanoptera: Thripidae) tem sido, historicamente, considerados pragas secundarias
em soja no Brasil e outros paises da América do Sul. Entretando, desde 2010, esses insetos
ganharam importancia na cultura da soja no centro e norte do Brasil. A partir de 2017, também
foram detectadas altas infesta¢des de tripes em soja no sul do Brasil. Diante disso, o objetivo
do trabalho foi coletar e identificar as espécies de tripes que ocorrem em soja no sul do Brasil
durante a safra 2022/2023 e avaliar a suscetibilidade dessas espécies a inseticidas. Apds a coleta,
os tripes foram expostos a doses de bula de inseticidas em bioensaios de imersao de discos de
folhas de soja. Os resultados indicaram que Frankliniella schultzei (Trybom, 1910) e
Caliothrips phaseoli (Hood, 1912) sdo as principais espécies de tripes que infestam a soja no
sul do Brasil. Ambas as espécies apresentaram alta mortalidade e baixa variacdo geografica e
interespecifica na suscetibilidade a espinetoram, metomil, espinetoram + metoxifenozida e
profenofos + cipermetrina. De modo geral, a maioria das populagdes de C. phaseoli foram mais
suscetiveis a acefato, clorfenapir ¢ a abamectina do que as populacdes de F. schultzei. Em
contraste, bifentrina + carbosulfano apresentou maior letalidade para a maioria das populagdes
de F schultzei, no entanto, ambas as espécies apresentaram grande variacdo geografica na
suscetibilidade aos inseticidas acefato, clorfenapir, abamectina e bifentrina + carbosulfano. Por
outro lado, populacdes de ambas as espécies apresentaram baixa mortalidade quando expostas
a imidacloprido, lambda-cialotrina e lambda-cialotrina + sulfoxaflor. Em resumo, este estudo
demonstra a existéncia de variacdo significativa na suscetibilidade de F. schultzei e C. phaseoli
a inseticidas, tanto entre espécie como entre areas de producdo de soja geograficamente
distintas. Estes resultados destacam a importancia da identificagdo da espécie para um controle
efetivo de tripes em soja no Brasil e em outros paises da América do Sul.

Palavras-chave: Frankliniella schultzei, Caliothrips phaseoli, controle quimico, tolerancia,
manejo integrado de pragas.



ABSTRACT

GEOGRAPHICAL AND INTERESPECIFIC VARIATION IN SUSCEPTIBILITY OF
THRIPS (THYSANOPTERA: THRIPIDAE) TO INSECTICIDES IN SOYBEAN

AUTOR: Luiz Francisco Warpechowski
ORIENTADOR: Oderlei Bernardi

Thrips (Thysanoptera: Thripidae) have historically been considered secondary soybean pests in
Brazil and other south America countries. However, since the 2010s they have gained
importance in soybean in central e northern Brazil. From 2017 onwards, high infestations of
thrips have also been detected in soybean in southern Brazil. Here, we collect and identify thrips
species from soybean fields in southern Brazil throughout the 2022/2023 season and conducted
laboratory bioassays to assess their susceptibility to selected insecticides. Thrips were exposed
to field label doses of insecticides in leaf-dip bioassays using soybean leaves. Our results
indicated that Frankliniella schultzei (Trybom, 1910) and Caliothrips phaseoli (Hood, 1912)
are the major thrips species found in soybean in southern Brazil. These species exhibited high
mortality and relatively low geographic and interspecific variation in susceptibility to field
doses of spinetoram, methomyl, spinetoram + methoxyfenozide and profenofos +
cypermethrin. In general, most populations of C. phaseoli were more susceptible to acephate,
chlorfenapyr and abamectin than F. schultzei, whereas bifenthrin + carbosulfan showed high
lethality against most populations of F. schultzei, however, both species had wide geographic
variation in susceptibility to these chemistries. In contrast, populations of both species have low
mortality when exposed to field doses imidacloprid, lambda-cyhalothrin and lambda-
cyhalothrin + sulfoxaflor. In summary, our study documents the existence of high variation in
susceptibility of F. schultzei and C. phaseoli to field doses of selected insecticides, both among
species and among geographical areas in southern Brazil. These results highlight the importance
of species identification for the effective control of thrips in soybean fields in Brazil and other
South American countries.

Keywords: Frankliniella schultzei, Caliothrips phaseoli, chemical control, tolerance,
integrated pest management.
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1 INTRODUCAO

Tripes (Thysanoptera: Thripidae) sdo insetos polifagos que causam danos a diversas

plantas cultivadas, como soja (Glycine max L.), milho (Zea mays L.), algodao (Gossypium
hirsutum L.), cebola (Allium cepa L.), tomate (Solanum lycopersicum L.), dentre outras
(CHITTURI et al., 2018; DING et al.,, 2018; GREENBERG; LIU; ADAMCZYK, 2009;
HOULE; KENNEDY, 2017; MUNAIZ; GROVES; HAVEY, 2020). Diversas espécies de tripes
tem sido reportadas atacando soja em diferentes partes do mundo, como Frankliniella tritici
(Fitch, 1855) e Neohydatothrips variabilis (Bench, 1896) na América do Norte, Thrips tabaci
(Lindeman, 1889) e Frankliniella occidentalis (Pergande, 1895) na Africa e Thrips flavus
(Schrank, 1776) na China (CHITTURI et al., 2018; EL-WAHAB, 2021; GAO et al., 2022). No
Brasil e paises vizinhos, as principais espécies que atacam soja sao Caliothrips phaseoli (Hood,
1912) e Frankliniella schultzei (Trybom, 1910) (DOS SANTOS et al., 2021; DOS SANTOS et
al., 2022; GAMUNDI et al., 2005; PERINI et al., 2020).
A principal injuria causada por tripes em soja se deve a raspagem da epiderme das folhas para
alimentagdo, deixando um aspecto prateado devido ao extravasamento do liquido celular e
morte das células da epiderme, que reduz a capacidade fotossintética da planta (CHILDERS,
1997; REITZ; GAO; LEIL 2011; TOGOLA et al., 2019). Os danos de tripes, principalmente em
periodos de clima seco e quente, podem reduzir a produtividade da soja em até 17%
(GAMUNDI et al., 2005; GERARDO et al., 2021). Além dos danos diretos, os tripes causam
danos indiretos devido a transmissdo de virus as plantas, como o soybean vein necrosis virus
em soja, o qual afeta negativamente a qualidade dos graos (teor de 6leo) ou sementes, afetando
a germinagdo e o vigor (ANDERSON et al., 2017; RILEY et al., 2011; SIKORA; CONNER;
JACOBSON, 2018). No Brasil, também foi reportada a transmissao de tobacco streak virus e
groundnut rigspot orthotospovirus por F. schultzei em soja (ALMEIDA, 2008; DE MARCHI
etal., 2019; FONTES et al., 2019).

Para o controle de tripes, a pulverizagdo de inseticidas quimicos sintéticos tem sido a
principal estratégia de manejo quando constatada infestagao superior a cinco tripes por foliolo
em soja (NEVES et al., 2022). De acordo com o Sistema de Agrotoxicos Fitossanitarios (2023),
os inseticidas registrados para tripes pertencem ao grupo dos inibidores de acetilcolinesterase
(organofosforados - grupo 1B), moduladores alostéricos de receptores nicotinicos da
acetilcolina (espinosinas - grupo 5), desacopladores da fosforilagdao oxidativa via disrupgao do

gradiente de proton (clorfenapir - grupo 13), moduladores competitivos de receptores
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nicotinicos da acetilcolina (neonicotinoides - grupo 4A), moduladores alostéricos de canais de
cloro mediados pelo GABA (isoxazolines - grupo 30) e moduladores de canais de sodio
(piretroides grupo - 3A).

O sucesso no controle de tripes em soja depende diretamente da identificagao da espécie,
que exige atencdo devido ao tamanho reduzido dos insetos e a similaridade morfologica
(CAVALLERI; MOUND, 2012; LIMA; O'DONNELL; MIYASATO, 2020). A necessidade da
identificacao correta da espécie se deve a existéncia de diferencas ou variagdes significativas
na suscetibilidade de tripes aos inseticidas comumente aplicados para seu controle (GAO et al.,
2021; KILASO, 2022; SHEN et al., 2023). Ainda, o uso frequente de inseticidas com mesmo
modo de agdo pode favorecer a selecdo de insetos resistentes ou da espécie mais tolerante,
afetando diretamente a performance dos inseticidas em campo.

A resisténcia a inseticidas ¢ um processo em que determinada linhagem de um inseto-
praga é capaz de tolerar doses de um produto que ¢ letal para os demais individuos da
populacdo, sendo essa caracteristica transmitida para a sua progénie (LI; SCHULER;
BERENBAUM, 2007). Para os tripes, o ciclo relativamente curto (~18 dias) aumenta a
probabilidade de selecdo de resistentes, uma vez que, varios ciclos sio realizados durante uma
mesma safra de cultivo (SOSA; ZAMAR; TORREJON, 2017). No Brasil nao ha relatos de
resisténcia de tripes a inseticidas, porém, nos Estados Unidos, Paquistdo, China, Israel e Ira,
foram reportados casos de resisténcia de F. occidentalis e T. tabaci a espinosinas, avermectinas,
carbamatos, piretroides, organofosforados, neonicotinoides, sulfoxaminas e clorfenapir
(BILBO; KENNEDY; WALGENBACH, 2023; LEBEDEV et al., 2013; NAZEMI;
KHAJEHALI; LEEUWEN, 2016; SHEN et al., 2023; WAKIL et al., 2023). Diante disso, existe
a necessidade de considerar praticas de Manejo Integrado de Pragas (MIP) e Manejo de
Resisténcia de Insetos (MRI) quando do controle de tripes que atacam plantas cultivadas no
Brasil. Sendo assim, o objetivo deste estudo foi:

1) Identificar espécies de tripes que ocorrem em soja no sul do Brasil e realizar

bioensaios para avaliar a variacdo intra e interspecifica na suscetibilidade aos

inseticidas comumente usados para controle.

2 REVISAO DE LITERATURA

2.1 BIOECOLOGIA DE TRIPES
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No Brasil, as espécies de tripes de maior relevancia agronomica pertencem a familia
Thripidae (MOUND et al., 2022). As espécies F. schultzei e C. phaseoli sdo as mais abundantes
em soja (DE SOUZA, 2021; DOS SANTOS et al., 2021; DOS SANTOS et al., 2022). O ciclo
médio de ovo-adulto de espécies de tripes ¢ de aproximadamente 18 dias, passando pelos
estagios de larva I, larva II, pré-pupa, pupa e adulto (SOSA; ZAMAR; TORREJON, 2017),
com o estagio de pupa sendo realizado no solo (PINENT; CARVALHO, 1998). As fémeas
vivem em média 38 dias e podem ovipositar at¢ 50 ovos (REITZ, 2008), os quais sao
depositados sob a epiderme das folhas, flores ou frutos (REITZ, 2009). A eclosao das larvas
ocorre cerca de 7 dias apos a oviposicao (SOSA; ZAMAR; TORREJON, 2017). Os tripes sao
haplodiploides e realizam reproducdo sexuada e assexuada, sendo que durante a reproducao
assexuada (partenogénese), apenas machos sdo gerados dos ovos ndo fertilizados, enquanto na
reproducdo sexuada, os ovos fertilizados originam fémeas (REITZ, 2009).

Tripes sdo insetos polifagos que atacam desde plantas daninhas a plantas cultivadas
como soja, milho, algoddo, hortaligas, tomate, flores, entre outras (ATAKAN; PEHLIVAN,
2021; MOUND et al., 2022; REITZ; GAO; LEI, 2011). A dispersdo destes insetos ocorre
principalmente pelo vento ou devido a estimulos de sobrevivéncia como migragdo de plantas
velhas para plantas novas e presenca de inimigos naturais (FERNANDES; FERNANDES,
2015).

Na cultura da soja, os danos diretos de tripes ocorrem principalmente nas folhas, nas
quais ninfas e adultos durante o processo de alimentacdo, causam injlrias na epiderme, que
resulta em extravasamento do contetdo intracelular, deixando as folhas com aspecto prateado
(CHISHOLM; LEWIS, 1984). As injurias causadas as folhas reduzem a capacidade
fotossintética, podendo resultar em até 17% de redugdo na produtividade (GAMUNDI et al.,
2005; GERARDO et al, 2021). Algumas espécies, como as do género Frankliniella, também se
alimentam nas flores, as quais podem ser abortadas pela planta (TOGOLA et al., 2019). Em
algodado, os tripes sdo responsaveis por danos logo apds a emergéncia das plantulas, cujo ataque
causa ma formagao das folhas, podendo levar a morte do meristema apical (COOK et al., 2011).
Na cultura do tomateiro, os tripes causam deformagdes nos frutos, devido a alimentacdo e
oviposi¢cdo sob a epiderme do fruto, que resulta em perda do valor comercial (GHIDIU;
HITCHNER; FUNDERBURK, 2006; SALGUERO NAVAS et al., 1991).

Os tripes também podem causar danos indiretos em diversas plantas cultivas devido a
transmissdo de viroses, como o tomato chlorotic spot virus, groundnut ringspot virus, soybean

vein necrosis virus, tobbaaco streack virus € tomato spotted wilt virus em soja, tobbaaco streack
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virus para o algodoeiro e tomato spotted wilt virus para o tomateiro (ALMEIDA, 2008;
BATUMAN et al., 2020; DE JENSEN et al., 2019; FONTES et al., 2019; JAGTAP; JADHAYV;
UTPAL, 2012; RILEY et al., 2011; SIKORA; CONNER; JACOBSON, 2018).

A incidéncia de tripes em plantas cultivadas estd relacionada a diversos fatores, tais
como: (i) fatores climaticos e ambientais; (ii) estadio fenoldgico da cultura; (iii) 0 manejo em
nivel local e regional. Por exemplo, periodos de estiagem e clima quente tendem a beneficiar o
desenvolvimento dos tripes, por acelerarem seu ciclo bioldgico, enquanto periodos chuvosos
acabam por reduzir a populacao, devido ao impacto das gotas sobre os insetos, que faz com que
os tripes caiam no solo, e devido a umidade que dificulta os insetos de voarem e migrarem para
outras areas (AHMED et al., 2017; DOS SANTOS et al., 2022; GONCALVES et al., 2019;
ULLAH et al., 2010; ZAINAB et al., 2016). As espécies F. schultzei e F. occidentalis t€ém sido
mais abundantes em feijdo (Phaseolus vulgaris), tomate (Solanum lycopersicum) e abobrinha
(Cucurbita sp.) durante o florescimento das plantas, devido a disponibilidade de pdlen para sua
alimenta¢do, que favorece o desenvolvimento e reproducdo (HEALEY et al., 2017; KIRK,
1985). Na Argentina, F. schultzei e C. phaseoli ocorrem em momentos distintos do ciclo do
amendoim (Arachis hypogaea L.), com F. schultzei infestando as lavouras em dezembro e tendo
pico populacional em meados de janeiro, periodo que coincide com a floragdo da cultura,
enquanto C. phaseoli se torna a espécie dominante na fase final de desenvolvimento da cultura,
entre final de fevereiro até meados de marco (DE BREUIL et al., 2021).

O controle quimico empregado em nivel local ou regional também impacta diretamente
a dinamica populacional de espécies de tripes. A coexisténcia de diversas espécies em uma
mesma area de producao ¢ marcada por um manejo complexo devido a variagao interespecifica
na suscetibilidade (SHEN et al., 2023). Nesse contexto, as praticas de manejo quimico adotadas
ao longo do ciclo da cultura hospedeira pode determinar a espécie dominante, uma vez que, ao
ser realizado o manejo, a populagdo remanescente sera predominantemente composta pela

espécie menos suscetivel (GAO et al., 2021).

2.2 MANEJO DE TRIPES EM SOJA

O manejo de tripes em soja tem sido basicamente realizado pela aplicagdo de inseticidas.
Dentre os grupos quimicos registrados para controle de tripes em soja no Brasil estdo os

organofosforados, espinosinas, clorfenapir, neonicotinoides, isoxazoline e piretroides
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(SISTEMAS DE AGROTOXICOS FITOSSANITARIOS, 2023). Entretanto, mais de 60% dos
inseticidas registrados para manejo de tripes pertencem ao grupo dos organofosforados.

De acordo com NEVES et al., (2022), o nivel de dano econdmico na cultura da soja ¢
de 5 tripes por foliolo. No entanto, para o manejo eficaz de tripes ¢ importante a correta
identificacdo da(s) espécie(s), visto que espécies distintas tem variagdo significativa na
suscetibilidade a inseticidas (GAO et al., 2021; SHEN et al., 2023). Ainda, o uso antecipado de
inseticidas de amplo espectro, especialmente do grupo dos piretroides, pode afetar a dindmica
populacional destes insetos, aumentando as infestagcdes nos estddios mais avancados do
desenvolvimento da cultura, devido a redu¢do na abundancia dos inimigos naturais nas areas
de cultivo (REGAN et al., 2017).

No Brasil, ainda nao foram reportados casos de resisténcia de tripes a inseticidas,
entretanto, uma redu¢do na suscetibilidade de C. phaseoli a lambda-cialotrina foi detectada em
soja em Minas Gerais e Goids (DE SOUZA, 2021). Por outro lado, casos de resisténcia de
tripes, incluindo espécies dos géneros Frankliniella e Thrips, foram reportados para mais de 40
ingredientes ativos pertencentes aos grupos das avermectinas, organofosforados,
neonicotinoides, piretroides, carbamatos, diamidas, ciclodienos, fenilpirazois, piriproxifem e
espinosinas na China, Estados Unidos, Quénia, Suica, Dinamarca, Espanha, Australia, Turquia
e Coréia do Sul (MOTA-SANCHEZ; WISE, 2023).

Nesse cenario, € essencial avaliar a suscetibilidade das espécies de tripes presentes em
soja no Brasil para subsidiar o MIP e fornecer informagdes para uma rotacdo efetiva de modos

de acdo de inseticidas em programas de MRI.
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interspecific variation in susceptibility to insecticides

Luiz F. Warpechowski?, Eduardo A. Steinhaus?®, Rafaella P. Moreira?, Daniela N. Godoy?,
Venicius E. Preto?, Luiz E. Braga®, Amanda de F. Wendt?, Alexandre C. Reis?, Elison F. B.

Lima®, Juliano R. Farias® and Oderlei Bernardi?

“Department of Plant Protection, Federal University of Santa Maria (UFSM), Roraima
Avenue, 1000, 97105-900, Santa Maria/RS.

bUFPI Natural History Collection, Federal University of Piaui (UFPI), Campus Amilcar
Ferreira Sobral, BR 343, Km 3.5, 64808-605, Floriano/Pl.

“Algaagro Solugoes Agricolas Ltda., Rst-287, Km 207, 97200-000, Restinga Séca/RS.

Abstract

Thrips have historically been considered secondary soybean pests in Brazil and neighboring
countries. However, since the 2010s they have gained importance in soybean in central and
northern Brazil. From 2017 onwards, high infestations of thrips have also been detected in
soybean in southern Brazil. Here, we collected and identified thrips species from soybean
fields in southern Brazil throughout the 2022/2023 season and conducted laboratory bioassays
to assess their susceptibility to selected insecticides. Thrips were exposed to the field

concentrations of insecticides in leaf-dip bioassays using soybean leaves. Our results
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indicated that Frankliniella schultzei (Trybom, 1910) and Caliothrips phaseoli (Hood, 1912)
are the major thrips species found in soybean in southern Brazil. These species exhibited high
mortality and relatively low geographic and interspecific variation in susceptibility to the field
concentration of spinetoram, methomyl, spinetoram + methoxyfenozide and profenofos +
cypermethrin. In general, most populations of C. phaseoli were more susceptible to acephate,
chlorfenapyr and abamectin than F. schultzei, whereas bifenthrin + carbosulfan showed high
lethality against most populations of F. schultzei, however, both species had wide geographic
variation in susceptibility to these chemistries. In contrast, populations of both species have
low mortality when exposed to the field concentrations of imidacloprid, lambda-cyhalothrin
and lambda-cyhalothrin + sulfoxaflor. In summary, our study documents the existence of high
variation in the susceptibility of £ schultzei and C. phaseoli to the field concentrations of
selected insecticides, both among species and among geographical areas in southern Brazil.
These results highlight the importance of species identification for the effective control of

thrips in soybean fields in Brazil and other South American countries.

Keywords: Frankliniella schultzei; Caliothrips phaseoli; chemical control; tolerance;

integrated pest management.

1. Introduction

Thrips (Thysanoptera) are polyphagous pests that attack a wide range of agricultural,

horticultural and ornamental plants worldwide (Mound et al., 2022). The major pest species

belong to the family Thripidae (Mound et al., 2022), being Frankliniella schultzei (Trybom,

1910) and Caliothrips phaseoli (Hood, 1912) considered the most frequent species found in
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soybean, cotton, peanut and tomato in South America (de Araujo et al., 2020; de Breuil et al.,
2021; dos Santos et al., 2022; Gamundi and Perotti, 2009; Silva et al., 2022).

Thrips cause both direct and indirect damage due to their feeding on leaves, flowers and
petioles. These insects suck the sap, causing leaf yellowing, silver spots, leaf deformation and
flower abortion (Childers, 1997; Reitz et al., 2011; Togola et al., 2019). The direct damage by
thrips species on soybean reduces photosynthesis rate and causes yield loss up to 17%
(Gamundi et al., 2005; Santos et al., 2023), whereas indirect damage is due to virus
transmission (such as soybean vein necrosis virus and groundnut ringspot orthotospovirus)
that affects seed quality, germination and vigor (Almeida, 2008; Anderson et al., 2017; de
Marchi et al., 2019; Sikora et al., 2018).

In Brazil, thrips have been recorded in soybean since the 1980s, but were historically
considered secondary pests (Almeida et al., 1994; Moscardi and Almeida, 1980; Monteiro et
al., 1999). This scenario began to change in the 2010s, when thrips became more abundant in
soybeans; from 2017 onwards, high infestations of thrips were detected in soybean in north,
central-west and south Brazil, requiring insecticide applications for their control (de Souza,
2021; dos Santos et al., 2022; Lima et al., 2013). Previous studies reported that thrips species
have natural variation in susceptibility to various insecticides, thus limiting their control
effectiveness and favoring the survival and outbreaks of the more tolerant species, particularly
when insecticides with the same mode of action are repeatedly applied (Gao et al., 2021;
Kilaso, 2022; Shen et al., 2023).

In this scenario, understanding the geographic and interspecific variation in susceptibility
to insecticides in thrips species is necessary to improve control effectiveness. For that reason,
we collected and identified thrips species that infest soybean in southern Brazil and conducted

a series of laboratory bioassays to assess their susceptibility to selected insecticides.
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2. Material and methods

2.1. Collection and identification of thrips species

Field populations of thrips were collected from soybean fields in Rio Grande do Sul state,
Brazil, throughout the 2022/2023 soybean season (Table 1; Fig. 1). For the collection, we
used a beat sheet (1 m length) below soybean plants, and the thrips were collected using an
aspirator attached to a clear plastic pot with screw-on cap (3.5 cm diameter x 5.5 cm height)
(Cralplast, CRAL Artigos para Laboratorio Ltda, Cotia, SP, Brazil). During this process, thrips
were separated into morphospecies based on body color to assign an initial species
identification. The collected thrips were transported to the laboratory, where they were fed
fresh soybean leaves placed in the same plastic pots used during the collections. Pots were
maintained in a climate-controlled room for 24 h at 25 £ 2 °C, 60% + 10% relative humidity
and 14-h photoperiod. Afterwards, 20 adult thrips from each location and expected species
were transferred to 1.5 ml-Eppendorf tubes containing 70% alcohol to be used for
identification, and the remainder were used in the bioassays. For species confirmation, thrips
were mounted on permanent microscope slides as described by Mound and Marullo (1996)
and identified based on Cavalleri and Mound (2012) and Lima et al. (2020). Voucher
specimens were deposited in the Natural History Collection of the Federal University of Piaui,

Floriano, PI, Brazil.
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Figure 1. Sampling sites of thrips species collected from soybean in southern Brazil.

Table 1. Location and date of collection of thrips species in southern Brazil.

Location of collection sites

Latitude (S); longitude (W)

Date of collection  Soybean stage

Frankliniella schultzei
Fortaleza dos Valos, RS
Santo Angelo, RS
Tupancireta, RS
Restinga Séca, RS
Silveira Martins, RS
Entre Ijuis, RS

Sao Luiz Gonzaga, RS
Santiago, RS
Cachoeira do Sul, RS

Santa Margarida do Sul, RS
Rosario do Sul, RS

Cacequi, RS

Santa Barbara do Sul, RS
Sao Sepé, RS
Cacapava do Sul, RS
Cangucgu, RS

Bagé, RS
Caliothrips phaseoli
Tupancireta, RS
Cruz Alta, RS

Entre [juis 2, RS
Santa Rosa, RS

28°56'17"; 53°12'47"
28°16'32"; 54°16'23"
29°12'07"; 53°55'11"
29°43'07"; 53°26'46"
29°38'11"; 53°35'36"
28°22'16"; 54°13'35"
28°21'44"; 54°48'19"
29°01'06"; 54°55'18"
30°02'47"; 52°50'32"
30°18'00"; 54°04'54"
30°14'23"; 54°38'02"
29°56'45"; 54°24'03"
28°29'14"; 53°29'01"
30°12'14"; 53°33'43"
30°31'38"; 53°35'33"
31°30'03"; 52°36'53"
31°28'42"; 53°37'05"

29°12'07"; 53°55'11"
28°36'31"; 53°39'59"
28°20'18"; 54°15'28"
27°51'21"; 54°29'57"

December 2022 V2
December 2022 V3

January 2023 \'%4
January 2023 V3
January 2023 R3
January 2023 V5
January 2023 R2
January 2023 R2
January 2023 R2
January 2023 \Z
January 2023 R2
January 2023 R3
February 2023 R4
February 2023 R2
February 2023 R3
February 2023 R3
February 2023 R4
January 2023 V8
January 2023 R2
February 2023 RS
February 2023 R4
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Santa Maria, RS

Santa Barbara do Sul 2, RS
Nao-Me-Toque, RS
Restinga Séca 2, RS

29°43'00"; 53°43'59" March 2023 R2
28°30'32"; 53°30'51" March 2023 R4
28°29'34"; 52°48'49" March 2023 R3
29°44'02"; 53°26'48" March 2023 R4

4 RS, Rio Grande do Sul

2.2. Insecticides

The selected insecticides used to assess the susceptibility of thrips species of soybean in

southern Brazil are presented in Table 2. These insecticides and concentrations were selected

based on label registration for thrips species on soybean or other crops or by use against thrips

on soybean in southern Brazil.

Table 2. Selected insecticides used to assess the susceptibility of thrips species that infest

soybean in southern Brazil.

Insecticide class Concentration
Active ingredient (Al) Trade name Company/manufacturer tested
(IRAC MoA) )
(g a.i./ha)

Spinosyns (5) Spinetoram Exalt® CTVA Protegdo de Cultivos Ltda. 12
Organophosphates (1B)  Acephate Orthene Gold UPL do Brasil Industria e Comércio 750

de Insumos Agropecuarios S.A.
Pyrroles (13) Chlorfenapyr Pirate® BASF S.A. 180
Avermectins (6) Abamectin Vertimec® 18 EC Syngenta Protecdo de Cultivos Ltda. 7.2
Neonicotinoids (4A) Imidacloprid Imidagold 700 WG UPL do Brasil Industria e Comércio 120

de Insumos Agropecuarios S.A.
Organophosphates (1B) Profenofos + Cypermethrin ~ Polytrin® Syngenta Protecdo de Cultivos Ltda. 320 + 32
+ Pyrethroids (3A)
Pyrethroids (3A) Bifenthrin + Carbosulfan Talisman® FMC Quimica do Brasil Ltda. 30+90
+ Carbamates (1A)
Pyrethroids (3A) Lambda-cyhalothrin Karate Zeon® 250 CS  Syngenta Prote¢do de Cultivos Ltda. 30
Diacylhydrazines (18)  Methoxyfenozide Intrepid® Edge CTVA Protegao de Cultivos Ltda. 60 +12
+ Spinosyns (5) + Spinetoram
Pyrethroids (3A) Lambda-cyhalothrin Expedition® CTVA Protecdo de Cultivos Ltda. 45+30

+ Sulfoximines (4C)

+ Sulfoxaflor
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Carbamates (1A) Methomyl Lannate® BR Corteva Agriscience do Brasil Ltda. 86

2.3. Bioassays

Adult thrips were exposed to selected insecticides (Table 2) in leaf-dip bioassays using
soybean leaves as shown in Figure 2. Initially, completely expanded leaves were excised from
the upper-third part of the plants (variety NA 5909 RG; Nidera Sementes Ltda, Sdo Paulo, SP,
Brazil) at V46 growth stages. In the laboratory, leaf discs measuring 2.5 cm in diameter were
cut using a metallic cutter. The insecticides were diluted in distilled water to the concentration
commonly applied for managing thrips in soybean, simulating a spray volume of 150 L/ha
(Table 2), and the solutions were homogenized for 10 min using a magnetic stirrer. After
insecticide dilution, leaf discs were dipped into the solution for 30 s. For controls, leaf discs
were dipped only into distilled water. After treatment, leaf discs were placed onto paper
towels and allow to dry. Test arenas were prepared using plastic pots (3.5 cm diameter x 5.5
cm height — as used during the collection process), containing a gelled mixture of 2% agar—
water covered with a filter paper disc (Fig. 2). Subsequently, 10 adult thrips per species per
collection site per insecticide were transferred to each pot using an aspirator (Fig. 2), and a
single treated or control leaf disc was carefully placed into each pot. Pots were closed and
placed in a climate-controlled room at 25 + 2°C, 60% + 10% relative humidity and 14-h
photoperiod. The experimental design was randomized with 5 replicates (arenas) of 10 thrips
per species, collection site and insecticide. The control treatment was also composed of 5
replicates. Mortality was assessed 24 h after exposure to insecticides. Thrips without

movement after a light touch with a fine brush were considered dead.

21



s

E

wy
w

J
—
3.5em

Plastic aspirator

*

Sampling in soybean
field {insects collected
oh beat sheet)

.4

- e

Thrips transported to
laboratory and fed for
24 h before bioassays

Jozem

\ /

Test arenas prepared with
gelled 2% agar—water
overlaid with filter paper disc

—
2.85em

Mortality assessed

10 adult thrips Leaf discs dipped into Soybean leaf discs
after 24 h

per arena insecticide for 308 of 2.5-cm diameter

Insecticides diluted in
distilled water

Figure 2. Collection and leaf-dip bioassay method used to assess the susceptibility of thrips

species to insecticides in southern Brazil. Created with BioRender.com.

2.4. Statistical analysis

To assess the susceptibility of thrips to insecticides, initially mortality data were subjected
to studentized residual analysis to confirm assumptions of normality with the Shapiro—Wilk
test (Shapiro and Wilk, 1965), and homogeneity of variances was tested with the Bartlett test
(Bartlett, 1937) in R 4.1.1 (R Development Core Team, 2021). As the data did not meet the
assumption of parametric distribution, they were subjected to nonparametric analysis: the
numbers of thrips tested and dead from each population or species were submitted to
binominal distribution analysis to estimate the probability of mortality and the respective 95%
confidence intervals (CIs). The percent mortality of thrips treated with each insecticide was

corrected based on untreated controls using Abbott’s formula (Abbott, 1925). Then, mortality
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data were compared pairwise to assess the geographic variation in susceptibility to
insecticides. Mortality data were also grouped by species and insecticide to estimate
interspecific variation in susceptibility to insecticides. Mortality rates were considered
significantly different when the 95% ClIs for the probability of mortality did not overlap
(Dorai-Raj, 2009). All analyses were performed in R software version 4.1.1 (R Development

Core Team, 2021).

3. Results

3.1. Thrips species collected from soybean in southern Brazil

From December 2022 to March 2023, a total of 25 thrips populations were collected from
24 soybean fields in Rio Grande do Sul state, Brazil (Fig. 1). Two thrips species were
identified infesting soybean in this region: F. schultzei and C. phaseoli. Frankliniella schultzei
was found in 16 fields and C. phaseoli in 7 fields, representing 66.6% and 29.2% of the
soybean fields sampled, respectively. The co-occurrence of both species was detected in only

one sampling field (4.2%).

3.2. Geographic and interspecific susceptibility of thrips to single-mode-of-action

insecticides

In general, populations of F. schultzei and C. phaseoli found in soybean in southern Brazil
presented high susceptibility to the field concentration of spinetoram, with mortality ranging
from 83% to 100% (Fig. 3A). Our findings also indicate that both species had little

geographic variation in susceptibility to this mode of action, as indicated by the overlapping
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of 95% ClIs for the probability of mortality (Fig. 3A). Similarly, the majority of populations of
both thrips species were also susceptible to the field concentration of methomyl, presenting
mortality >81%, but some populations of F. schultzei (Entre [juis, Santiago and Cagapava do
Sul) and C. phaseoli (Restinga Séca and Santa Barbara do Sul) presented significantly lower
mortality (67-77%), as indicated by the non-overlapping of 95% Cls (Fig. 3B).

A higher level of geographic variation in susceptibility to the field concentration of
acephate and chlorfenapyr was detected in populations of F. schultzei than in C. phaseoli (Fig.
3C, D). These insecticides showed intermediate or low lethality against half of the populations
of F. schultzei (mortality ranging from 23% to 76%), whereas another half-exhibited mortality
>80% (Fig. 3C, D). Even though significant differences in susceptibility of C. phaseoli to
acephate and chlorfenapyr were detected (non-overlapping of 95% Cls), all populations of
this species showed mortality >80% (Fig. 3C, D).

The exposure of F. schultzei and C. phaseoli to the field concentration of abamectin and
imidacloprid revealed intermediate or low susceptibility of both species to these chemistries
(Fig. 3E, F). A large geographic variation in susceptibility to abamectin was verified in
populations of F. schultzei, as indicated by the non-overlapping of 95% Cls, with mortality
ranging from 0% to 54% (Fig. 3E). Except for the populations from Cruz Alta, Nao-Me-
Toque and Restinga Séca (10—46% mortality), abamectin caused mortality >60% against C.
phaseoli (Fig. 3E). Both species also presented wide geographic variation in susceptibility to
imidacloprid and lambda-cyhalothrin, with both insecticides also having low lethality;

mortality ranged from 2% to 61% (Fig. 3F, G).
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When mortality data from all populations of each species was considered in a joint
analysis, spinetoram and methomyl were the most lethal insecticides for concurrent control of
F. schultzei and C. phaseoli (Fig. 4). In contrast, chlorfenapyr and acephate caused higher
mortality (~94%) against C. phaseoli than F. schultzei (<74%) (Fig. 4). Although thrips
species differed significantly in susceptibility to abamectin, imidacloprid and lambda-

cyhalothrin, these chemistries were less effective against both species (Fig. 4).
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80 1 @ Caliothrips phaseoli
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Spinetoram Methomyl Chlorfenapyr Acephate Abamectin Imidacloprid ~ Lambda-cyhalothrin
(12 g a.itha) (86 g a.i./ha) (180 g a.i./ha) (750 g a.i./ha) (7.2 ga.i/ha) (120 g a.i/ha) (30 g a.i./ha)

Figure 4. Joint mortality of populations of F. schultzei and C. phaseoli exposed to the field
concentration of single-mode-of-action insecticides. Bars (= SE) with the same lowercase
letters within each mixture and those with the same uppercase letters within each species are

not significantly different.

3.3. Geographic and interspecific susceptibility of thrips to pre-formulated mixtures of

insecticides

There was little geographic variation in susceptibility of £ schultzei and C. phaseoli to the

field concentration of pre-formulated mixture of spinetoram + methoxyfenozide, with
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mortality ranging from 79% to 99% (Fig. 5A). The mortality caused by this insecticide
mixture was significantly lower (based on non-overlapping of 95% CIs) for populations of ¥
schultzei from Silveira Martins and Santa Margarida do Sul (mortality <84%) than for the
other populations tested (mortality >88%). Except for the populations of C. phaseoli from
Cruz Alta and Santa Béarbara do Sul (mortality <87%), this species presented >90% mortality
when exposed to the field concentration of spinetoram + methoxyfenozide (Fig. SA).

The exposure of thrips species to the field concentration of profenofos + cypermethrin also
revealed significant geographic variation in their susceptibility (Fig. 5B). Populations of F.
schultzei from Santo Angelo, Tupanciretd, Rosario do Sul and Silveira Martins presented
relatively low mortality (<77%), whereas all other populations showed >85% mortality when
exposed to profenofos + cypermethrin (Fig. 5B). Like previous results with F. schultzei,
significant variation in susceptibility of C. phaseoli to profenofos + cypermethrin was also
detected, with mortality ranging from 80% to 100% (Fig. 5B).

A wide variation in susceptibility to bifenthrin + carbosulfan was also identified in thrips
species that attacks soybean in southern Brazil, with mortality ranging from 2% to 95% (Fig.
5C). Populations of F. schultzei from Santiago, Santa Margarida do Sul, Roséario do Sul and
Santa Béarbara do Sul presented significantly lower mortality (30-46%) than other populations
(mortality >53%) (Fig. 5C). In contrast, most populations of C. phaseoli showed low
susceptibility when exposed to the field concentration of bifenthrin + carbosulfan, with
mortality <67% (Fig. 5C). Our results also revealed that the mixture of lambda-cyhalothrin +
sulfoxaflor cause diminished mortality against populations of both thrips species (<28%) (Fig.

5D).
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Figure 5. Mortality of populations of £ schultzei and C. phaseoli from southern Brazil

exposed to the field concentration of pre-formulated mixtures of insecticides. Bars (+ SE)

with the same letters within each thrips species are not significantly different.

When mortality data from all populations of each species were grouped, it was observed

that F. schultzei and C. phaseoli had similar susceptibility (overlapping of 95% Cls) to pre-

formulated mixtures of methoxyfenozide + spinetoram and profenofos + cypermethrin; in

li

Restinga Séca

each case, mortality was >88%, differing significantly from the other mixtures evaluated (Fig.

6). On the other hand, the concentration of bifenthrin + carbosulfan showed higher lethality

against F. schultzei (68% mortality) than against C. phaseoli (25% mortality), whereas

lambda-cyhalothrin + sulfoxaflor had low and similar lethality against both species, causing

<11% mortality (Fig. 6).

28



100

aA aA AA.

B Frankliniella schultzei

B Caliothrips phaseoli

60

Mortality (%)

20

1

Methoxyfenozide + Profenophos + Bifenthrin + Lambda-cyhalothrin +
Spinetoram Cypermethrin Carbosulfan Sulfoxaflor
(60 + 12 g a.i./ha) (320 + 32 g a.i./ha) (30 + 90 g a.i./ha) (45 + 30 g a.i./ha)

Figure 6. Joint mortality of populations of F. schultzei and C. phaseoli exposed to the field
concentration of pre-formulated insecticide mixtures. Bars (= SE) with the same lowercase
letters within each mixture and those with the same uppercase letters within each species are

not significantly different.

4. Discussion

The major thrips species found in soybean fields in southern Brazil were identified as F
schultzei and C. phaseoli. Previous studies also reported that these species were the most
abundant thrips in soybean in southeast, central-west and northern Brazil (Almeida et al.,
1994; Dos Santos et al., 2021; Dos Santos et al., 2022; Lima et al., 2013; Monteiro et al.,
1999). These same species have also been reported infesting soybean in Argentina, Uruguay
and Paraguay (Gamundi et al., 2005; Kakkar et al., 2017; Perini et al., 2020). In contrast, the
thrips fauna associated with soybean in North America is composed mainly of Frankliniella
tritici (Fitch, 1855) and Neohydatothrips variabilis (Beach, 1896), whereas Thrips tabaci

(Lindeman, 1889) and Frankliniella occidentalis (Pergande, 1895) were the most abundant in
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soybean in Africa and Thrips flavus (Schrank, 1776) was the most abundant in soybean in
China (Chitturi et al., 2018; El-Wahab, 2021; Gao et al., 2022).

The main control method used for managing thrips in soybean in Brazil and neighboring
countries has been chemical control. According to our results, populations of F. schultzei and
C. phaseoli were most susceptible and presented lower geographic variation in susceptibility
to the field concentration of spinetoram, methomyl and pre-formulated mixtures of
spinetoram + methoxyfenozide and profenofos + cypermethrin than to the other insecticides
evaluated. In addition, C. phaseoli was more susceptible to the field concentration of
acephate, chlorfenapyr and abamectin than F. schultzei. Previous studies also revealed that
populations of C. phaseoli sampled in soybean in Minas Gerais and Goids, Brazil were
susceptible to spinetoram and acephate (de Souza, 2021). Species of the genus Frankliniella
from horticultural and ornamental plants in China and Turkey also exhibited high
susceptibility to spinetoram and methomyl (Dagli and Tung, 2007; Fan et al., 2023; Gao et al.,
2021; Shen et al., 2023; Wang et al., 2016; Zhang et al., 2022). Similarly, 7' tabaci and Thrips
palmi (Karny, 1925) in the United States, Pakistan and China were also susceptible to
spinetoram and methomyl (Adesanya et al., 2020; Gao et al., 2021; Wakil et al., 2023).

Unlike to previous insecticides, populations of F. schultzei and C. phaseoli had low
susceptibility when exposed to the field concentration of abamectin, imidacloprid, lambda-
cyhalothrin, lambda-cyhalothrin + sulfoxaflor and bifenthrin + carbosulfan. Imidacloprid and
lambda-cyhalothrin also showed low lethality against C. phaseoli from soybean fields of
Central Brazil (de Souza, 2021). Similarly, species of the genus Frankliniella sampled in
cotton, soybean, horticultural and ornamental plants presented low susceptibility to abamectin
and imidacloprid in China, Pakistan and the United States (Huseth et al., 2016; Wakil et al.,

2023; Wang et al., 2016; Zhang et al., 2022). Other thrips species, such as 7. tabaci and T.
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palmi, also showed low susceptibility to lambda-cyhalothrin and sulfoxaflor in the United
States, China and Pakistan (Shelton et al., 2003, 2006; Shen et al., 2023; Wakil et al., 2023).

The present study documents that major thrips pest species of soybean in southern Brazil
have both geographic and interspecific variation in susceptibility to the concentrations of most
of the insecticides tested. We hypothesize that these differences in susceptibility to
insecticides can be explained by the combination of biological characteristics of insects,
agronomic practices and environmental conditions, such as (i) naturally low susceptibility of
thrips species to a particular insecticide; (ii) local or regional management using insecticides
with the same mode of action, thus increasing insecticide resistance due to frequent exposure
to the same chemistries, which might also be used against other soybean pests (i.e. stink bugs
and mites); and (iii) environmental conditions (high temperatures and dry periods during the
spring/summer) from 2017 to early 2023 in southern Brazil that favored the occurrence of
frequent outbreaks of thrips in soybean and other crops and, consequently, increased their
exposure to insecticides. Similarly, genetic characteristics of thrips species, environmental
conditions and agronomic practices also affected the susceptibility of F. occidentalis, T. palmi
and 7. flavus to several insecticides in China and Spain (Bielza et al., 2008; Gao et al., 2022;
Shen et al., 2023).

From a pest control perspective, for the management of thrips in soybean in southern
Brazil and neighboring countries, several agronomic practices must be considered: (i) correct
identification of the species; (ii) use of accurate information on the susceptibility of the
species to insecticides to support decision-making about insecticide choice; (iii) avoidance of
broad-spectrum insecticides (i.e. pyrethroids) in early stages of soybean, since they reduce
populations of natural enemies and thus contribute to more frequent outbreaks of thrips and
other pests (i.e. mites); (iv) implementation of a rotation of insecticides with distinct modes of

action to reduce the probability of evolution of resistance at the local (farm) or regional level;
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and (v) use of non-chemical control methods to promote sustainable management. In
summary, our results will help growers, pesticide applicators and other stakeholders to make
decisions for more effective control of major thrips species found in soybean in Brazil and

other countries.
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4 CONSIDERACOES FINAIS

As principais espécies de tripes encontradas em soja no sul do Brasil durante a safra
2022/2023 foram F. schultzei e C. phaseoli. Em geral, as populacdes de F. schultzei e C. phaseoli
foram suscetiveis e apresentaram baixa variagao na suscetibilidade a espinetoram, metomil,
espinetoram + metoxifenozida e profenofos + cipermetrina. Constatou-se também que C.
phaseoli foi mais suscetivel a acefato, clorfenapir e abamectina do que F. schultzei. Em
contraste, populacdes de ambas as espécies apresentaram reduzida suscetibilidade a
abamectina, imidacloprido, lambda-cialotrina, lambda-cialotrina + sulfoxaflor e bifentrina +
carbosulfano.

Estudos prévios também indicaram que espécies do género Frankliniella, provenientes
de hortalicas e plantas ornamentais na China e Turquia, também foram suscetiveis a
espinetoram e metomil (DAGLI; TUNC, 2007; FAN et al., 2023; GAO et al., 2021; SHEN et
al., 2023; WANG et al., 2016; ZHANG et al., 2022). Outras espécies de tripes, como 7. tabaci
e T. palmi, nos Estados Unidos, Paquistdo e China, também foram suscetiveis a espinetoram e
metomil (ADESANYA et al., 2020; GAO et al., 2021; WAKIL et al., 2023). Corroborando com
nossos resultados, espécies do género Frankliniella coletadas em algoddo, soja, hortalicas e
plantas ornamentais na China, Paquistio e Estados Unidos também exibiram reduzida
suscetibilidade a abamectina e imidacloprido (HUSETH et al., 2016; WAKIL et al., 2023;
WANG et al., 2016; ZANG et al., 2022). Similarmente, espécies do género Thrips provenientes
de hortaligas nos Estados Unidos, China e Paquistdo também apresentaram baixa
suscetibilidade a lambda-cialotrina e sulfoxaflor (SHELTON et al., 2003; 2006; SHEN et al.,
2023; WAKIL et al., 2023).

Diante dos resultados deste estudo e de trabalhos prévios, fica evidente que para o
sucesso no manejo de tripes em diferentes plantas cultivadas, se faz necessario a adocdo de
algumas praticas agricolas, tais como: (i) correta identificacdo da espécie; (i) conhecer a
suscetibilidade da(s) espécie(s) aos inseticidas, para auxiliar na escolha do produto a ser
aplicado; (ii1) evitar a utilizacdo de inseticidas de amplo espectro em estadios iniciais da soja,
pois eles reduzem a populagdo de inimigos naturais, contribuindo para surtos populacionais
mais frequentes de tripes e outras espécies-praga; (iv) rotacionar modos de acdo de inseticidas
para evitar ou retardar a resisténcia; e (v) uso ou preservacao de outros agentes de controle,

como fungos entomopatogénicos e predadores. Em resumo, espera-se que os resultados deste
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estudo auxiliem os agricultores, consultores, agronomos e técnicos na escolha mais assertiva

do inseticida a ser usado para controle de tripes que infestam a soja e outras plantas cultivadas.

5 CONCLUSOES

As espécies de tripes encontradas em soja no sul do Brasil durante a safra 2022/2023
foram F. schultzei e C. phaseoli, as quais apresentam variagao geografica e interespecifica na
suscetibilidade a inseticidas.

Ambas as espécies foram suscetiveis a espinetoram, metomil, espinetoram -+
metoxifenozida e profenofos + cipermetrina.

Caliothrips phaseoli tem maior suscetibilidade a acefato, clorfenapir e abamectina do
que F. schultzei, enquanto bifentrina + carbosulfano tem maior letalidade para F. schultzei.

Imidacloprido, lambda-cialotrina e lambda-cialotrina + sulfoxaflor tem baixa letalidade

para F. schultzei e C. phaseoli.
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