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RESUMO

MANEJO DE MOSCA-DA-HASTE, Melanagromyza sojae, EM SOJA

AUTOR: Paulo Cesar Ramon
ORIENTADOR: Prof. PhD. Jonas André Arnemann
Santa Maria, 19 de abril de 2023.

A soja é a principal cultura de graos cultivada no Brasil, com grande importancia
para segurancga alimentar mundial. A mosca-da-haste (Melanagromyza sojae (Diptera:
Agromyzidae)) € uma praga invasiva recentemente identificada e categorizada no
Brasil, e que possui um grande potencial de danos a cultura da soja, principalmente
na segunda safra de soja (semeada a partir de 31 de dezembro). Os danos causados
pela mosca-da-haste sdo decorrentes do seu processo de alimentacéo, pois formam
galerias no interior das hastes das plantas de soja prejudicando o desenvolvimento da
cultura. Por ser uma praga recente no Brasil, existe apenas um inseticida registrado
para controle via tratamento de sementes, ndo havendo inseticidas registrados para
aplicacao em parte aérea para protegao da cultura. O objetivo deste trabalho foi avaliar
a reducgao de danos ocasionados por M. sojae em soja, por 15 inseticidas registrados
para cultura da soja, regularmente recomendados para o manejo de outras pragas da
soja. Dois experimentos foram conduzidos durante as safras 2020/21 (primeira safra)
e 2021/22 (segunda safra), em condi¢des distintas de incidéncia de chuva e pressao
da praga. O delineamento experimental utilizado foi inteiramente casualizado com
parcelas subdivididas no tempo com 16 tratamentos e 20 repeticdes em 8 niveis de
tempo em 2021 e 5 niveis de tempo na safra 2022.0s resultados demonstraram que
nas duas safras avaliadas os melhores tratamentos para reduzir os danos de mosca-
da-haste da soja foram clorpirifés e ciantraniliprole aplicados semanalmente. Ja os
menores niveis de prote¢cdo contra os danos de M. sojae foram registrados para o
tratamento metomil. As maiores produtividades, nos dois anos, foram obtidas nos
tratamentos com clorpirifos e ciantraniliprole, demonstrando correlacido com os dados
de reducdo de dano por M. sojae. Os resultados deste estudo apontam para um
elevado potencial de dano de M. sojae, que podem ser mitigados pela utilizagao de
inseticidas quimicos, desde que aplicados em estadios iniciais da cultura da soja.

Palavras-chave: Controle quimico. Inseticidas. Manejo. Mosca-da-haste da soja.

Glycine max.






ABSTRACT

MANAGEMENT OF SOYBEAN STEM FLY, Melanagromyza soybean, IN SOYBEAN

AUTHOR: Paulo Cesar Ramon
ADVISOR: Prof. PhD. Jonas André Arnemann

Santa Maria, April 19th, 2023.

Soybean is the main grain crop grown in Brazil, with great importance for world
food security. The soybean stem fly (SSF) Melanagromyza sojae (Diptera:
Agromyzidae) is an invasive pest recently identified and categorized in Brazil, which
has a great potential for damage to the soybean crop, especially in the second soybean
crop (sown from December 31th). The damage caused by the SSF is due to its feeding
process, as it forms galleries inside the stems of soybean plants, harming the
development of the crop. As it is a recent pest in Brazil, there is only one insecticide
registered for control via seed treatment. The objective of this work was to evaluate
the reduction of damage caused by SSF in soybean, by 15 insecticides registered for
soybean crop, regularly recommended for the management of other soybean pests.
Two experiments were conducted during the 2021 (first season) and 2022 (second
season) growing seasons, under different conditions of rainfall and SSF population
pressure. The experimental design used was completely randomized with split plots in
time with 16 treatments and 20 replications at 8 time levels in 2021 and 5 time levels
in the 2022 season. The results showed that in the two seasons evaluated, the best
treatments to reduce SSF damage were chlorpyrifos and cyantraniliprole applied
weekly. The lowest levels of protection against SSF damage were registered for the
methomyl treatment. The highest yields, in both years, were obtained in the treatments
with chlorpyrifos and cyantraniliprole, demonstrating correlation with the damage
reduction data by SSF. The results of this study point to a high potential for damage
by the soybean stem fly, which can be mitigated by the use of chemical insecticides,
as long as they are applied in the early stages of the soy crop.

Key-words: Chemical control. Insecticides. Manegement. Soybean stem fly. Glycine

max
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1 INTRODUGAO

A cultura da soja (Glycine max (L.) Merril) originou-se no leste asiatico,
sendo uma leguminosa datada como uma das mais antigas espécies cultivadas
(MORSE, 1950). Atualmente € uma das culturas de grdos com maior destaque
mundialmente, de modo que o Brasil se destaca como maior produtor e
exportador (USDA, 2023). A area cultivada no pais é de aproximadamente 43,5
milhdes de hectares, com uma producao de cerca de 151 milhdes de toneladas
na estimativa da safra 2022/23 (CONAB, 2023).

De acordo com os dados da FAO (2019) sobre protegcéao vegetal, devido
a falhas no controle de pragas e doengas, o mundo perde de 20 a 40 % de todo
alimento que produz, e o ataque de pragas invasoras nos cultivos gera um custo
para economia mundial de US$ 70 bilhdes todo ano. Em conjunto a isso, o Brasil
apresenta um ambiente tropical com um sistema intensivo de producao,
favorecendo o desenvolvimento e manutengéo de insetos-praga ja existentes, e
estabelecimento de pragas invasivas que venham a reduzir a produtividade de
graos (TAY et al., 2017).

A mosca-da-haste, Melanagromyza sojae (ZEHNTNER) (Diptera:
Agromyzidae), teve sua ocorréncia e expansao pela Ameérica do Sul, detectada
no Brasil em 2015 (ARNEMANN et al., 2016), no Paraguai em 2016 (GUEDES
et al., 2017), na Bolivia em 2019 (VITORIO et al., 2019) e na Argentina em 2020
(TROSSERO et al., 2020). No Brasil, € uma praga invasiva que tem se destacado
principalmente em cultivos de soja de segunda safra ou semeadura tardia,
semeados a partir de 31 de dezembro (POZEBON et al., 2020).

Os danos dessa espécie sao ocasionados pelas larvas que penetram na
haste através das nervuras das folhas e formam galerias no seu interior,
danificando os tecidos vasculares, comprometendo o transporte de agua,
nutrientes e fluxo de assimilados, causando reducdes no desenvolvimento e
consequentemente na produtividade da planta (CHIANG & NORRIS, 1983;
TALEKAR, 1989).
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A praga possui um grande potencial de ocasionar reducdo da
produtividade da soja, com registro de 30% de redugdo na Indonésia (DU;
HONG, 1982) e de até 40% na india (JADHAV, 2011). Estudos mais recentes
revelam que a cada ponto percentual da haste injuriada ha a reducdo na
producdo de graos de 0,9 g planta™, observou-se também danos de até 63%
quando nao realizado aplicagdo de inseticidas até o estadio fenolégico R2 da
cultura (MARQUES ET AL., 2023), perdas que estdo atreladas a regido de
cultivo, estado nutricional das plantas, gendtipo de soja utilizado, data de
semeadura e praticas de manejo adotadas (SAVAJJI, 2006).

Atualmente o emprego do controle quimico através de inseticidas é a
principal tatica de controle para o0 manejo de mosca-da-haste (CURIOLETTI,
2016). No entanto, apesar de haver 728 produtos inseticidas formulados
registrados para a cultura da soja no Brasil, apenas um produto (Clotianidina)
utilizado em tratamentos recentes possui registro para controle de M. sojae, ndo
existindo produtos de aplicagéo aérea para controle da praga (AGROFIT, 2023).
A mosca-da-haste tem maior incidéncia na segunda safra de soja no Sul do
Brasil, com aproximadamente 250 mil hectares de soja safrinha nos estados do
Rio grande do Sul e Santa Catarina (POZEBON et. al, 2021(a)).

Com os sistemas brasileiros cada vez mais intensivos e com o aumento
do cultivo de soja em segunda safra, em conjunto a escassez de estudos de
controle de M. sojae no Brasil, essa praga pode vir alcangar maior
expressividade. Baseado nisso, o objetivo deste trabalho foi verificar a eficacia
de inseticidas registrados para a cultura da soja no Brasil com potencial de
controle para M. sojae, e definir uma estratégia para reduzir os danos causados

por essa praga.
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2 REFERENCIAL TEORICO

2.1 A CULTURA DA SOJA (Glycine max (L.) Merril)

A soja (Glycine max (L.) Merril) € uma planta dicotiledénea, originaria da
China, que devido ao alto teor de dleo e proteina, tornou-se a oleaginosa mais
cultivada no mundo. E a principal cultura de gréos cultivada na América do Sul,
com 61 milhdes de hectares cultivados (FAOSTAT, 2021). O Brasil corresponde
por 43,5 milhdes de hectares de area cultivada e cerca de 151 milhdes de
toneladas produzidas do grao na estimativa para a safra 2022/23, um acréscimo

de quase 20% quando comparado com a safra anterior (CONAB, 2023).

O crescimento acelerado da populagdo traz a tona a tematica da
segurancga alimentar mundial, e a soja se torna uma cultura estratégica nesse
cenario, fato evidenciado pela pandemia de COVID-19 (YAO et al., 2020). Com
o intuito de atender a demanda global da producédo do grao, estima-se que a
produtividade global das culturas deve ser dobrada até 2050 (RAY et al., 2013).
As exigéncias para uma sistema cada vez mais produtivo aumentam em
concordancia de que o0 acréscimo precisa ocorrer através de inovacdes e
minimizacao de perdas que reduzem o potencial produtivo da cultura, tais como
introdugéo de pragas no sistema de cultivo capazes de desenvolver mecanismos
adaptativos (p. ex. resisténcia a inseticidas) (TAGLIAPIETRA et al., 2022;
POZEBON et al., 2021 (b)).

Nos ultimos 40 anos, com a intensificagao e expanséo de areas agricolas,
o Brasil teve um aumento de producgao de cerca de 12 vezes e um aumento em
area de cerca de seis vezes em comparagao a década de 70, resultante da
evolugao tecnoldgica, condigdes favoraveis ao cultivo e a demanda do produto
(CONAB, 2023; BARROS; SPOLADOR; BACCHI, 2009). Em consonéancia ao
aumento da producdo observou-se um aumento proporcional nos relatos
cientificos de espécies-praga de interesse agricola no Brasil (SUGAYAMA et al.,
2015).
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Realizar mais de uma safra de soja por ano é o resultado da intensificagao
da producdo, como € o caso do estado do Rio Grande do Sul, onde a safrinha
de soja (demonstrado na Figura 1), semeada a partir de 31 de dezembro, alcanga
aproximadamente 250 mil hectares ao ano, concentrados nas regides norte e
noroeste do estado (FOLLMAN et al. 2017; POZEBON, 2021 (a)). Ainda, vale
ressaltar, que com o aumento dos precos da soja, estiagem e outros fatores

levam a crer que essa area seja ainda maior, se estendendo para outras regides

do estado.
w ot ‘ FYYNYNXYX%
b Mt 3,5 A A 2
o % i st - w2 L2 A2 R
o ¥ Bax ¥ Yot ‘ ] Y ') \r\r {fAAAAA
A A i W Wil % pe P ¥ F4+ T 4 d Dt e e . . e A
SOJA SAFRINHA TRIGO MILHO DE PRIMEIRA SAFRA

Figura 1. Calendario demonstrativo do periodo da soja de segunda safra (safrinha) que ocorre
na regiao sul do Brasil. (Adaptado de POZEBON et al., 2022).

Nesses locais onde a duragdo do ciclo da cultura é encurtada,
especialmente na fase vegetativa, acaba havendo relagao direta com os danos
ocasionados por M. sojae. Em um estudo realizado na Asia, foi verificada a
auséncia de danos significativos nas plantas de soja quando cultivadas sob
fotoperiodo longo, afetando mais o cultivo de segunda safra ou com semeadura
tardia. A maturagao tardia resulta em maior acumulo de massa seca durante a
fase vegetativa e, aparentemente, compensa os danos causados por M. sojae
(TALEKAR, 1989).

2.2 A MOSCA-DA-HASTE DA SOJA Melanagromyza sojae (ZEHNTNER)

2.2.1 Ocorréncia na América do Sul
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A mosca-da-haste, Melanagromyza sojae, € um inseto-praga da familia
Agromyzidae, relata em diversas regides do mundo (DEMPEWOLF, 2004).
Nativa do leste asiatico, € considerada uma das mais importantes pragas da
Russia (STRAKHOVA et al., 2013), na China (WANG E GAI, 2001), norte da
Australia (SHEPARD et al., 1983), india e Nepal (THAPA, 2012), em partes do
Sudeste Asiatico como por exemplo, Indonésia (VAN DEN BERG et al., 1995).

Na América do Sul, o primeiro registro de individuos da familia
Agromyzidae ocorreu em lavouras de soja nas regides de Passo Fundo e Santa
Maria no estado do Rio Grande do Sul, no ano de 1983 (GASSEN; SCHNEIDER,
1985), sem que a espécie fosse identificada. Recentemente, de forma categérica
foi realizada a identificagdo taxonémica de M. sojae através de caracterizagao
do DNA mitocondrial no Rio Grande do Sul em 2015 (ARNEMANN et al., 2016),
no Paraguai em 2016 (GUEDES et al., 2017), e Centro-oeste do Brasil em 2018
(CZEPAK et al., 2018), na Bolivia em 2019 (VITORIO et al., 2019) e na Argentina
em 2020, nas culturas da soja e do grao-de-bico (TROSSERO et al., 2020; VERA
et al., 2021).

A caracterizagdo do DNA mitocondrial de individuos oriundos destes
paises demonstrou que existe grande variabilidade genética, detectando 22
haplétipos em 79 individuos avaliados, evidenciando as multiplas introdugdes
desta praga nestes paises (POZEBON et al., 2021 (a)). Portanto, a espécie M.
Sojae encontra-se estabelecida em praticamente todas as regides de importancia
para o cultivo na soja na América do Sul (Brasil, Argentina, Paraguai e Bolivia),
sendo esses paises responsaveis por mais de 50% da produ¢do mundial, com
quase 200 milhdes de toneladas e cerca de 62 milhdes de hectares cultivados
na estimativa para safra 2022/23, evidenciando a necessidade imediata de
estudos acerca desta praga altamente invasiva (POZEBON et al., 2021 (b);
USDA, 2023).

2.2.2 Morfologia, bioecologia e danos causados por Melanagromyza sojae
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Os adultos de M. sojae sdo moscas com mesonoto de coloragao preta e
abdémen verde metélico. A envergadura das asas dos machos mede de 1,68 a
2,28 mm (THAPA, 2012). As pupas séo cilindricas, com 2 mm de comprimento
e coloracdo amarelada, passando a marrom ao longo do desenvolvimento. As
larvas sdo amarelo-claro, translucidas e quando completamente desenvolvidas
medem cerca de 4 mm. Apresentam espiraculos anteriores pequenos em forma
de botao, com oito poros minusculos. Os espiraculos posteriores sao separados
e apresentam seis poros elevados em torno de uma estrutura em forma de chifre.
Os ovos medem cerca de 0,35 mm (SPENCER, 1973; TALEKAR, 1990; THAPA,

2012). A figura 2 ilustra as caracteristicas morfolégicas de M. sojae.
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Figura 2. Caracteristicas morfoloégicas de Melanagromyza sojae: fémea adulta (A), fémea adulta
ovipositando (B), larva (C), espiraculos anteriores da larva (D), pupa (E), espiraculos posteriores
da pupa (F, G), Detalhe da asa e insergao subcostal (H). Fonte: (VITORIO et al., 2019)

A mosca-da-haste passa pelos estagios de ovo, larva, pupa e adulto em
um periodo que varia de 16 a 26 dias (JADHAV, 2011). As fémeas de M. sojae
ovipositam préximo as nervuras na face adaxial das folhas, onde as larvas
eclodem em até 3 dias e penetram na nervura mais proxima, formando galerias

através do peciolo e haste principal da planta de soja (TALEKAR; CHEN, 1985).
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A duragao da fase larval varia de 8 a 11 dias, podendo passar por até quatro
instares (WANG, 1979). Antes de pupar, as larvas abrem um orificio de saida na
haste, local por onde os adultos emergidos saem do interior da planta
(GANGRADE E KOGAN, 1980). A duracao da fase de pupa varia entre 9-10 dias
e a adulta entre 5-14 dias para machos e 7-16 dias para fémeas (WANG, 1979).
A figura 3 ilustra o ciclo biolégico da mosca-da-haste da soja e os danos

decorrentes de sua alimentacao.

Ciclo biolégico - Mosca-da-haste da soja
Melanagromyza sojae

Tuneis de alimentacdo da larva
Ovo Células do parémquima

Adulto Eeidiny

Fémea 7 - 16 dias O
Macho 5- 14 dias
Ovoposigio Trifalios
Na parte inferior das
unifolicladas
ou
trifélios jévens

Unifolioladas

Cotiledonar

7 -12 dias l { 05 - Orificio de saida
Larva
7 - 12 dias

Gabriella Czepak Gaston - gabiartbusiness@yahoo.com llustragao

Figura 3.Ciclo biolégico da mosca-da-haste (Melanagromyza sojae). Fonte: (Czepak et al., 2018)

As fémeas de M. sojae, por sua vez, fazem a oviposigao na parte adaxial
das folhas proximo as nervuras. O adulto ocasiona lesdes translucidas na
epiderme foliar decorrentes de sua alimentagédo, sem causar danos significantes
as plantas (TALEKAR; CHEN, 1985). Cada fémea oviposita em média 170 ovos
ao longo da sua vida, podendo variar de 41 a 270 ovos (JADHAV, 2011; WANG,
1979). Apdés a eclosédo, a larva de M. sojae alimenta-se dos tecidos do

parénquima foliar em um ritmo médio de 1,4 mm por hora (LEE, 1962) e avanga
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em dire¢cdo a nervura mais proxima, a qual penetra e forma uma galeria atraves
do peciolo e chega até a haste principal da planta de soja em até dois dias apos
a eclosao; apods esse periodo, as chances de controle reduzem drasticamente,
devido a dificuldade de os inseticidas atingirem o alvo (POZEBON et al., 2021
(b); TALEKAR; CHEN, 1985). Com frequéncia, sdo encontradas mais de uma
galeria simultaneamente na mesma planta, sendo que galerias do tergo inferior
tem coloragdo mais escura. Em plantas recém-emergidas, as larvas fazem
galerias descendentes em direcdo ao solo; no entanto, quando depara-se com
um segmento ja broqueado por outra larva, ela inverte o sentido de alimentac&o
movendo-se de forma ascendente, podendo atingir o ponteiro e causar a murcha
do mesmo (TALEKAR; CHEN, 1985).

As larvas de M. sojae broqueiam a haste das plantas danificando os
tecidos vasculares e comprometendo o transporte de agua, nutrientes e fluxo de
assimilados (CHIANG; NORRIS, 1983). As galerias formadas pelas larvas de M.
Sojae podem reduzir a produtividade em até 36% e foram observadas redugdes
de até 70% no comprimento da haste, em decorréncia da alimentagao das larvas
na medula central, que se torna avermelhada (SINGH; SINGH, 1990). Apos
completar quatro instares, as larvas de M. sojae se alimentam das paredes da
haste e produzem o orificio de saida do adulto, que fica protegido por detritos. A
fase de pupa ocorre proxima a esse orificio, ao final do qual os adultos
abandonam a planta (VAN DER GOOT, 1930).

Considerada uma praga silenciosa devido seu habito de alimentacéo, a
mosca-da-haste tem sua identificacao dificultada no campo, pois para identificar
a presencga dos individuos de M. sojae ou das galerias de alimentagcédo é
necessario realizar a abertura da haste, ja que os sintomas externos séo quase
imperceptiveis (GANGRADE; KOGAN, 1980). O ataque da praga a haste da soja
pode ocasionar redugao da matéria seca das plantas de soja (TALEKAR; CHEN,
1985), altos niveis de infestagdo podem causar murcha das folhas e maturagao
precoce (CZEPAK, 2018). Apesar de nem sempre expressarem esses sintomas,
o engrossamento do caule, ramificagdo excessiva e encurtamento dos entrends

s&o respostas fisiologicas ao ataque da praga (Figura 4).
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Figura 4. Plantas de soja com injurias ocasionadas por Melanagromyza sojae: Murcha das folhas
opostas (A), Brotos mumificados (B), pupa e orificio de saida na haste principal (C), haste
danificada (D), foliolo seco (E), pupa e orificio de saida no peciolo (F), nervura danificada na
folha oposto (G), puncturas de alimentagéo dos adultos (H). Fonte: (VITORIO et al., 2019)

Embora M. sojae possa ocorrer durante todo ciclo da cultura da soja, as
perdas mais significativas sdo observadas quando as plantas sdo atacadas nos
estadios iniciais da cultura, sendo que o periodo critico para infestacdo se da
quatro a cinco semanas apds a emergéncia das plantas; infestagdes mais tardias

tendem a ter o rendimento menos afetado, pois as galerias das larvas nao
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atingem os tecidos do xilema (CABI, 2020; SPENCER, 1973; TALEKAR; CHEN,
1983; TALEKAR; CHEN, 1985).

Bhattacharjee (1980) aponta que a cada ponto percentual da haste
injuriada, ha a redugdo de 0,18 cm na estatura e de 0,11 g planta’ na
produtividade de grdos. Ja em outro estudo, realizado no Brasil, observou-se um
decréscimo de componentes de produtividade, afetando principalmente numero
de grdos e massa de mil graos, que resultaram numa redugéo de 0,9 g planta
(Figura 5), e danos de até 63% quando n&o realizado aplicagdes inseticidas até
o estadio fenolégico R2 da cultura (MARQUES, 2023). Foram observadas
reducdes na produtividade de 30% na Indonésia (DU; HONG, 1982) e de até
40% na india (JADHAV, 2011).

25~
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Figura 5. Relag&o entre porcentagem de caule injuriado por Melanagromyza sojae e rendimento
de sementes/planta nas regides inferior (R? = 0,8032; N = 8; P < 0,0001), média (R*>=0,7448; N
= 8; P < 0,0001) e superior (R2=0,8473 ; N = 8; P < 0,0001) dos segmentos de parte aérea de
plantas de soja. Fonte: (MARQUES et al., 2023)

As redugdes na produtividade variam conforme a regi&do de cultivo, estado
nutricional das plantas, genétipo de soja utilizado, data de semeadura e as
praticas de manejo adotadas (SAVAJJI, 2006).
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As moscas da familia Agromyzidae podem infestar a soja durante o ano
inteiro, no entanto, a sua densidade populacional varia de acordo com a
intensidade das chuvas e temperatura. Nas épocas do ano em que as
temperaturas sdo mais amenas, as densidades populacionais de M. sojae
reduzem consideravelmente. A maior incidéncia de M. sojae em soja ocorre nos
periodos mais secos, pois as chuvas mais intensas impedem a alimentagao e
oviposigao dos insetos adultos (TALEKAR; CHEN, 1985; YADAV et al., 2015).
Para as condi¢des do Rio Grande do Sul (Figura 6), a flutuagdo da praga durante
as epocas do ano parece seguir uma curva bem definida, com o pico
populacional entre os meses de fevereiro a abril, e apresenta um decréscimo
com a aproximacgao do inverno, devido as baixas temperaturas, incidindo mais
em safrinha devido a colonizacdo de M. sojae na safra principal ser mais lenta e
esparsa (POZEBON, et al. 2021 (a); CURIOLETTI et al., 2018).

Pico populacional

Sobrevivéncia em soja guaxa e
hospedeiros alternativos
(ex: trevo-persa)

A

Populagédo de M. sojae

J F M A M J J A S o N D

Semeadura Colheita Colheita Semeadura
Safrinha Safra Safrinha Safra

Figura 6.Representacao hipotética da dindmica populacional anual de Melanagromyza sojae na
metade norte do Rio Grande do Sul, de acordo com observagdes no campo, condigdes de cultivo
no estado e comparagdo com o comportamento da espécie na sua regido de origem. Fonte:
(POZEBON et al., 2021 (b))

Além das condigbes climaticas, caracteristicas morfo-fisioloégicas das
cultivares de soja, como a densidade de tricomas na face abaxial dos foliolos,
area foliar, didametro da haste e o conteudo de agua nos estadios iniciais de

desenvolvimento da cultura influem nos danos ocasionados pela mosca-da-
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haste (TALEKAR; CHEN, 1985). Na india, as cultivares sdo classificadas
conforme a sua suscetibilidade ao ataque M. sojae de acordo com a

percentagem de plantas atacadas (SAVAJII, 2006).

2.2.3 Manejo e controle de Melanagromyza sojae na soja

A utilizacao de taticas isoladas de controle € o caminho mais dificultoso
quando o objetivo é alcangar o controle efetivo de uma praga-alvo. Nesse
contexto € importante fazer uma analise de todos os manejos que tem eficacia e
estabelecer um conjunto de estratégias, denominado manejo integrado, que tem
por objetivo manter a populagao da praga abaixo do nivel de dano econémico, a

fim de reduzir as perdas na produgao agricola (KOGAN, 1998).

Os adultos de M. sojae nao causam danos econdmicos para a cultura e
sao facilmente controlados por pulverizagdes de parte aérea, no entanto, larvas
e pupas quando fazem a penetracdo no mesofilo foliar e se estabelecem no
interior das hastes tornam o controle dificultoso, do ponto de vista de controle
quimico, restringindo o controle ao periodo anterior a entrada da larva na haste

principal, e posterior a emergéncia do adulto (POZEBON, 2021 (b)).

No leste asiatico, onde M. sojae é uma praga endémica, um dos métodos
de controle mais empregados € a utilizagdo de cultivares de soja resistentes,
onde emprega-se um sistema de classificagao de cultivares, classificadas como
resistentes, moderadamente resistentes, suscetiveis e altamente suscetiveis,
medida atribuida através de avaliagdes de percentual de plantas atacadas
(SAVAJIl, 2006; TALEKAR, 1980). No Brasil ndo se tem registro de cultivares
altamente resistentes, estudos demonstram que existem algumas cultivares que
apresentam maior tolerancia a praga; no entanto, ndo tiveram desempenho
satisfatorio a ponto de ser empregado isoladamente. Uma das cultivares que
teve destaque e se apresentou mais tolerante foi a BMX Fibra (POZEBON, 2021

(b)).

A antecipacdo da semeadura é uma técnica efetiva a ser aplicada

(TALEKAR; CHEN, 1983), mas que apresenta limitagdes no Brasil devido ao
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modelo de cultivo seguido de soja safrinha pds milho. Estratégias importantes a
serem utilizadas sao a eliminagao de plantas voluntarias de soja na entressafra
(CZEPAK et al.,, 2018), bem como a realizagcdo de rotagdo de culturas,
priorizando a utilizagdo de gramineas, visto que os unicos hospedeiros

conhecidos de M. sojae pertencem a familia Fabaceae (FERREIRA et al., 2020).

O controle bioloégico por parasitismo € um dos métodos de controle mais
estudados para controle da espécie devido as suas caracteristicas. Em paises
do leste asiatico, parasitoides de ocorréncia natural atuam reduzindo
significativamente as populagbes de M. sojae (TALEKAR, 1990). Espécies
como Gronotoma sp., Eurytoma sp., Bracon sp.,tem correlagao positiva com a
flutuagdo populacional da praga chegando a atingir 70% de parasitismo,
ocorrendo na fase larval e de pupa; apesar de nao prevenir a injuria causada,
apresenta relevancia na redugao da populagado nas geragdes seguintes (VAN
DENBERG et al., 1995; TALEKAR,1990). Plantas Bt geneticamente modificadas
com resisténcia a dipteros também sao estudados no controle de M. sojae, no
entanto ndo se obteve efetividade nas avaliagdes (YU et al., 2014). Existem
proteinas Bt que afetam dipteros como Cry4Aa, Cry4Ba, Cry11Aa, Cyt1Aa,
Cry10Aa e Cyt2Ba (BEN-DOV, 2014), todavia n&o ha cultivares no mercado que

expressem essas proteinas.

De acordo com o que foi relatado em relagdo aos métodos de controle em
diferentes partes do mundo, no ambito de Brasil o manejo fica restringido ao
controle quimico com inseticidas, onde apesar de haver 728 produtos inseticidas
formulados registrados para a cultura da soja, apenas um produto (Clotianidina)
utilizado em tratamentos recentes possui registro para controle de M. sojae, ndo
existindo produtos de aplicagao foliar para controle da praga (AGROFIT, 2023).
Inseticidas relatados na literatura que apresentaram controle sobre M. sojae
como quinalfés, endrin, ometoato e monocotrofds, ndo sdo comercializados no
Brasil (LEE, 1962; TALEKAR; CHEN, 1985).

Ingredientes ativos comercializados no Brasil como tiametoxam,
imidacloprido, carbosulfano, clorantraniliprole, espinosade, clorpirifés e
cipermetrina apresentaram controle sobre a praga (ABDULLAH, 2001; ALFY et
al., 2017; DEBJANI et al., 2008; JADHAV et al., 2013; KHANDHWE; NADAF;



31

SHARMA, 2011; KUMAR; NGUYEN; GKVK,2009a; KUMAR; NGUYEN; GKVK,
2009b). Um trabalho recente de Dhore et al. (2023) demonstrou eficiéncia no
controle de M. sojae com inseticidas aplicados em parte aérea no intervalo de 15
e 21 dias apos a semeadura da cultura, onde o tratamento que se demonstrou

mais eficaz foi o tratamento com clorantraniliprole 10% + lambda-cialotrina 5%.

De acordo com Curioletti et al. (2018) em estudo realizado no Paraguai, a
maior eficacia de controle foi obtida com o ingrediente ativo clorantraniliprole
aplicado como tratamento de sementes (TS), seguido dos tratamentos com os
ingredientes ativos fipronil, imidacloprido e tiodicarbe. Ja via aplicagao foliar, o
tratamento mais eficaz foi imidacloprido, seguido de bifentrina e tiametoxam. Os
autores recomendam a utilizagao de clorantraniliprole em TS, juntamente com
clorpirifés na fase inicial da cultura, até 10 dias apés a emergéncia (DAE) e
repetida no intervalo inferior a 10 DAE, esse tratamento obteve os melhores
efeitos de controle de M. sojae na avaliagdo até os 22 DAE, protegendo as

plantas na fase mais sensivel ao ataque da praga.

Cabe destacar aqui que os inseticidas supracitados que tiveram boa
eficiéncia em diversos experimentos como imidacloprido e tiametoxam,
pertencentes ao grupo quimico dos neonicotindides, em conjunto do
clorantraniliprole e ciantraniliprole que sdo diamidas, dois grupos quimicos que
apresentam alta capacidade de translocagao (GAZZONI, 2008; PES et al.,
2020), justificando a eficacia desses produtos em relagéo a biologia de M. sojae
com maiores chances de controle na fase larval do inseto-praga. Ja inseticidas
de choque, como os piretroides, sdo mais eficientes no controle de adultos de M.

Sojae.
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3 OBJETIVOS

3.1 Obijetivo principal

Avaliar o potencial de reducéo de danos de Melanagromyza sojae em soja
por meio do uso de inseticidas registrados e ja utilizados pelos produtores no
controle de outras pragas da cultura.

3.2 Objetivos secundarios

1. Avaliar a redugédo de danos de M. sojae em soja utilizando

inseticidas pulverizados em parte aérea da cultura.

2. Avaliar o efeito de pulverizagdes em parte aérea sequenciais
com inseticidas quimicos na protegao da soja contra o ataque de M. sojae e

efeito no rendimento da cultura.
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4.1 ABSTRACT

Soybean is the main grain crop grown in Brazil, with great importance for world
food security. The soybean stem fly (SSF) Melanagromyza sojae (Diptera:
Agromyzidae) is an invasive pest recently identified and categorized in Brazil,
which has a great potential for damage to the soybean crop, especially in the
second soybean crop (sown from December 31th). The damage caused by the
SSF is due to its feeding process, as it forms galleries inside the stems of soybean
plants, harming the development of the crop. As it is a recent pest in Brazil, there
is only one insecticide registered for control via seed treatment. The objective of
this work was to evaluate the reduction of damage caused by SSF in soybean,
by 15 insecticides registered for soybean crop, regularly recommended for the
management of other soybean pests. Two experiments were conducted during
the 2021 (first season) and 2022 (second season) growing seasons, under
different conditions of rainfall and SSF population pressure. The experimental
design used was completely randomized with split plots in time with 16 treatments
and 20 replications at 8 time levels in 2021 and 5 time levels in the 2022 season.
The results showed that in the two seasons evaluated, the best treatments to
reduce SSF damage were chlorpyrifos and cyantraniliprole applied weekly. The
lowest levels of protection against SSF damage were registered for the methomyl
treatment. The highest yields, in both years, were obtained in the treatments with
chlorpyrifos and cyantraniliprole, demonstrating correlation with the damage
reduction data by SSF. The results of this study point to a high potential for
damage by the soybean stem fly, which can be mitigated by the use of chemical
insecticides, as long as they are applied in the early stages of the soy crop.

Keywords:
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Melanagromyza sojae, invasive species, IPM

4.2 INTRODUCTION
Soybean (Glycine max (L.) Merril) is a commodity of great importance on

the world, due to its protein content it is essential for the world food security, a
fact evidenced more during the recent COVID-19 pandemic (YAO et al., 2020),
in order to meet the growing global demand of the grain, it is estimated that global

crop soybean productivity should double by 2050 (RAY et al., 2013).

Brazil is the world's big soybean producer, and this crop production plays
a key role in the country's economy, accounting for 24% of the national GDP in
the recent decades (CASTRO, 2019). Soybean is the main crop cultivated in the
country with an estimated area and production being 43 million hectares and 153

million tons of grain, respectively (USDA, 2023).

According to FAO, pests and disease control failures reduce between 20
to 40 percent of all agricultural production, respectively, and the direct and indirect
damage and the management of invasive insects in crops costs US$ 70
billion/year to the world economy (FAO, 2019). Brazil. As a key player in the
international agricultural scenario, presents a subtropical environment that has
extensive crops and intensive crops systems, favoring the development and
maintenance of existing insect pests and the establishment of invasive pests that

reduce the potential yield (TAY et al., 2017; POZEBON et al., 2020).

The soybean stem fly, Melanagromyza sojae Zehntner (Diptera:
Agromyzidae), is an invasive pest to Brazil, native to East Asia and detected in
Brazil in 2015 (ARNEMANN et al., 2016), and spread throughout South America

in Paraguay in 2016 (GUEDES et al., 2017), Bolivia in 2019 (VITORIO et al.,
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2019) and Argentina in 2020 (TROSSERO et al., 2020). The damage of this
specie is occasioned by the larvae that penetrate the stem through the ribs of the
leaves and form galleries inside, damaging the vascular tissues compromising
the transport of water, nutrients and flow of assimilates, causing reductions in the
development and consequently productivity of the plant (CHIANG & NORRIS,

1983; TALEKAR, 1989).

The ssf pest expresses a great potential for yield reduction, with 30% of
losses recorded in indonesia (Du; Hong, 1982) and up to 40% in india (JADHAV,
2011). In Brazilian growing conditions, studies by Guedes et al. (2015) mention
a 36% reduction in yield. More recent studies showed that at each percentage
point of the injured stem there is a reduction in grain production of 0.9 g plant’
(MARQUES, 2023). In general losses are intimately related to the region of
cultivation, nutritional status of the plants, soybean genotype used, sowing date

and specially management practices adopted (SAVAJJI, 2006).

In Brazil this pest occurs mainly in the southern region of Brazil in the
second crop of soybeans after corn, on approximately 250 thousand hectares in
the states of Rio Grande do Sul and Santa Catarina (POZEBON et. Al, 2020),
constantly growing due to intensification of production. Although there are several
control methods, currently the chemical control through insecticides remains the
main control tactic of M. sojae (CURIOLETTI, 2016). However, in Brazil although
there are 728 formulated insecticide products and 68 distinct active ingredients,
none is registered for the control of M. soybean as a foliar spray, having only 1
formulated product recently introduced in the market for use in seed treatment

(Clothianidin) with recommendation for this pest control (AGROFIT, 2023).
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The objective of this study was to evaluate the effect of insecticides in the
control of M. sojae searching for the more effective and reliable treatment to

reduce the damage caused by the soybean stem fly.
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4.3 MATERIALS AND METHODS

Experimental conditions and plant material

Two experiments were conducted during two summer crops (2021 and
2022), at the Federal University of Santa Maria (29°42'48"S, 53°43'59"W, 119
meters’ altitude), in Santa Maria, RS, Brazil. The soybean cultivar TMG 7063
IPRO was sown with population density of 300,000 plants ha' and spacing
between lines of 0.5 meters. The sowing dates were January 25, 2021 (first crop)
and February 15, 2022 (second crop), and in the second harvest there was a
delay in sowing due to water stress conditions per to lack of rainfall. Soybean
seeds were treated with 30 g ia of carbendazim + 70 g ia thiram per 100 kg of
seeds. The weeds were controlled before planting with application of 1.040 g ia
ha! glyphosate + 1.005 g ia ha™' glyphosate, and in the soybean stage V3 with
application of 1.040 g ia ha' glyphosate. Foliar fungicides strobilurins and
triazole were used to control diseases in the growth stages V3, V8, R1 and R4.
The soybean variety used contained a Bt insecticide protein, Cry1Ac, to control
defoliating caterpillars. Sap-sucking pests (stink bugs and whitefly) were
monitored on the field surrounds and managed with application of 60 g ha
acetamipride + 30 g ia/ha ' pyriproxifen e 970 g ia ha™' of acephate, before they

reached the experimental plots.

Experimental Design and Treatments

The experimental design was completely randomized with plot subdivided
in time, the main plot were defined by 16 treatments (product factor) (Table 1)

and the subplots defined by time levels 8 time levels in the 2021 crop season (7,
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15, 24, 31, 38, 45, 53 and 60 days after the first application) and 5 time levels in
the 2022 crop season (8, 15, 22, 30 and 37 days after the first application)
(Figure 1). The treatments were chosen based on chemical groups and active
ingredients regularly recommended by the field technicians in the control of other
pests in the soybean crop. The first spray was done after the identification of the
pest in the area and field borders through monitoring and previous evaluations.
The following sprays ranged from 7 to 9 days after the first spray of the active
ingredient of each treatment according to the climatic conditions until the grain
filling phase (R5.5). Twenty replications were used to evaluate the injured stem
and plant height during on each evaluation in which each plant represents a
repetition. Each plot was 6 x 20 meters and have approximately 3.600 soybean
plants. Sprays were carried out using a CO2-pressurized backpack sprayer, with
a spray volume of 150 L/ha and six spray nozzles (model XR 110 020) spaced
0.5 m from each other. The representation of the moment of each spray and

evaluations on the soybean grown stages is shown in Figure 1.

Evaluations

Evaluations were performed weekly after the first spray and before the next
spray by random sampling of 20 soybean plants of each plot, starting at V2 in the
2021 crop season and V5 in the 2022 crop season. The evaluations were
extended up to one week after the R5.5 stage of the soybean crop. Plant height
was measured from the soil line to the last node of the main stem, and the
presence of SSF tunnels was assessed and tunnels measured by opening the
main stem longitudinally, from bottom to top. The percentage of injured stem (%
IS) was determined as a ratio between plant height and tunnel length in the main

stem.
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The yield of each treatment was estimated from the harvest of 4
replications with 4 m? randomly arranged in the central rows of the plots. The
harvest was performed manually, after which the mechanical trail was performed
in a stationary railway, with subsequent weighing, correction of moisture to 13%

and conversion of the values to Mg ha™.

Statistical analysis

Plant height, stem length injured, percentage of stem damage and yield
data were submitted to analysis of variance (ANOVA) and treatment means were
compared using the Scott-Knott test at 5% probability (P < 0 .05). Analyzes were

performed using Microsoft Excel and SISVAR (FERREIRA, 2014).

4.4 Results and discussion

First cropping season (2021): Normal rainfall and higher SSF pressure

The presentation and discussion of the results will be done by grouping
the treatments according to their performance in the SSF control: best controls
treatments, intermediate controls and no SSF control effect. On this season, with
normal rainfall and higher SSF pressure, the best SSF controls were observed in
the treatments T2 (Chlorpyrifos) and T11 (Cyantraniliprole), with an average %
IS of 22.40 and 27.11, respectively, significantly differing from each other and
from the other treatments (Table 2).

Treatments T3 (Lambda-cyhalothrin), T4 (Bifenthrin), T5
(Chlorantraniliprole), T6 (Fipronil), T7 (Abamectin), T8 (Acephate), T9
(Thiamethoxam), T10 (Imidacloprid), T12 (Chlorfenapyr), T13 (Lambda-

cyhalotrin + Chlorantraniliprole), T14 (Imidacloprid + Bifenthrin), T15
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(Thiamethoxan + Lambda-cyhalotrin) showed an intermediate control effect of
SSF, with average % IS ranging from 36.67 to 44.65, differing significantly from
the other treatments. Yet, the treatments T3, T7, T8, T9, T10, T13, T14, T15,
ranging from 36.67 to 41.15 of % IS and treatments T4, T5, T6, T12, ranging from
41.91 to 44.65 of % IS, showed significant difference between them. It is
important to highlight among the treatments that demonstrated an intermediate
control effect, the neonicotinoid insecticides T9 (Thiamethoxam) and T10
(imidacloprid), which had the best performance among the intermediate
treatments, which can be explained by the high translocation capacity of this
group of insecticides (GAZZONI, 2008).

The highest injury of SSF were registered in treatments T1 (Methomyl)
and T16 (control), with 47.31 and 50.26 of % IS, respectively, differing
significantly from the other treatments. Except for treatment T1, the other
treatments differed significantly from treatment T16 (control) without insecticide
spray, showing the control effect of SSF on the soybean plants.

Observing the weekly evaluations separately (Table 2) we can see that
since the beginning of the evaluations (7 DA1S) they have shown significant
differences among themselves and in relation to T16 (control), highlighting the
importance of sprays (protection) in the initial crop phenological stages of the
soybean culture, since although the insect can infest soybean plants throughout
the entire crop cycle, attacks in the early stages of development result in the man
losses in grain yield (TALEKAR, 1989). Throughout the evaluations, a gradual
increase in the % IS in the treatments can be observed, and it is important to
emphasize that the greatest damage was recorded between 7 and 15 days after

the first spray, corroborating the information that the first to four weeks after crop
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emergence are the most critical period for attack by M. Soyae. (CABI, 2022;
TALEKAR; CHEN, 1985).

The average plant height (Table 3) of treatments T1 (Methomyl) and T16
(control) showed the lowest values, and significantly differed from the other
treatments, demonstrating a relationship between % of IS and the reduction of
plant height (Bhattacharjee, 1980). However, treatments TS (Chlorantraniliprole),
T7 (Abamectin), T8 (Acephate), T9 (Thiametoxam), T15 (Thiamethoxan +
Lambda-cyhalotrin), showed average plant length between 40.3 cm and 41.21
cm, differing significantly from the others treatments, with higher plant than the
other treatments. The average size of the soybean plant ranged from 35 to 41 cm
in average length of the main stem.

The highest values of average stem length damage (Table 4) were
observed in treatments T1 (Methomyl), T4 (Bifenthrin), TS (Chlorantraniliprole),
T6 (Fipronil), T8 (Acephate) and T16 (control), which varied from 17.48 to 18.71
cm of stem damaged. On average, the treatments that had the lowest values for
damaged stem length were T2 (Chlorpyrifos) and T11 (Cyantraniliprole), with
9.40 cm and 11.72 cm, respectively, differing from each other and from the other

evaluated treatments.

Second cropping season (2022): Draw and lower SSF pressure

In the second growing season of 2022, different environment conditions
during the soybean crop were observed, with a delay in the sowing due to the
drought, and also a lower SSF pressure in the adjacent areas and, consequently,
a delay in the infestation of SSF. The best SSF controls in the 2022 season were

observed (Table 5) in treatments T2 (Chlorpyrifos) and T11 (Cyantraniliprole),
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with average of % IS of 0.92 and 1.56, respectively, significantly differing from the
other treatments.

Treatment T16 (control) showed 38.74 of % IS, significantly differing from
the other treatments. Among the other treatments, which presented an
intermediate performance, treatments T1 (Methomyl), T4 (Bifenthrin), T5
(Chlorantraniliprole), T12 (Clorfenapyr), T15 (Thiamethoxan + Lambda-
cyhalotrin) were the treatments that showed no effect on the SSF control, with an
average percentage of attacked stems ranging from 22.62% to 26.89%,
significantly differing from the other treatments. Observing together the variables
plant height (Table 6) and length of damaged stem (Table 7), it is clear that as in
the first season, the most attacked plants by SSF had a significant reduction in

height in relation to the other treatments.

Two-seasons analysis and yield

In the two-season analysis the best control of SSF was achieved by T2
(Chlorpyrifos) and T11 (Cyantraniliprole) with the lowest % of IS and the highest
soybean yield. With the delay in sowing of the 2022 harvest due to the intense
period of drought and the need for resowing, there was a shortening of the cycle
in days of the crop, together with a reduction in the yield potential of the crop and,
due to the shorter cycle, a smaller accumulation of dry matter, providing the plants
with a lower capacity to overcome the injuries resulting from the attack of SSF
(TAGLIAPIETRA et al., 2022; TALEKAR, 1989).

According to the results obtained from the yields (Table 8), the treatments
that presented the lowest productive performance were treatments T1

(Methomyl) with 2214.56 Kg ha-1, T13 (Lambda-cyhalotrin + Chlorantraniliprole
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) with 2548.37 Kg ha-1 and the T16 (control) that showed the worst performance
with productivity of 1729.14 Kg ha-1, these treatments differed significantly from
the other treatments by the Scott Knott test (P < 0 .05).

The other treatments did not differ significantly, however it is worth
mentioning that the treatments with the highest productivity were T2
(Chlorpyrifos) and T11 (Cyantraniliprole) which presented average productivity of
3995.58 Kg ha™' and 4083.95 Kg ha', respectively.

In the second season, treatments T2 (Chlorpyrifos) and T11
(Cyantraniliprole) showed the highest yield, with 2253 Kg ha' and 2187 Kg ha™,
respectively, significantly differing from the other treatments. The treatments with
lowest average yield were treatments T1 (Methomyl), T12 (Chlorfenapyr), T15
(Thiamethoxan + Lambda-cyhalotrin) and T16 (Control), which presented
average productivity between 959 to 1169 Kg ha™, significantly differing from the
other treatments.

It is important to note that when we establish a correlation between the
average productivity with the average percentage of damaged stems in each
season (Figure 2), we can verify that the linear model fits the set of observations,
with an R-square (R?) of 0.6506 in the 2021 harvest and R? of 0.8883 in the 2022
harvest, corroborating the fact that the higher the percentage of damaged stems,
the greater the loss of productive performance of the soybean crop (MARQUES

et al., 2023).

4.5 CONCLUSION

The best control of soybean stem fly in soybean using foliar sprays of

chemical insecticides during the crop was achieved by using Chlorpyrifos (480
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g/hectare) and Cyantraniliprole (100 g/hectare), which also resulted in the higher

yields.
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4.7 FIGURES AND TABLES

Table 1. Number of treatments, active ingredient,

composes the treatment.
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concentration and dose the insecticides that

Treatment Active ingredient 'Concentration 2Dose ha-'
1 Methomyl 215 g/L 1000 mL
2 Chlorpyrifos 480g/L 1000 mL
3 Lambda-cyhalothrin 50 g/L 150 mL
4 Bifenthrin 100 g/L 150 mL
5 Chlorantraniliprole 200 g/L 50 mL
6 Fipronil 800 g/kg 40 g
7 Abamectin 72 g/lL 400 mL
8 Acephate 750 g/kg 1000 g
9 Thiamethoxam 500 g/kg 709
10 Imidacloprid 480 g/L 250 mL
1 Cyantraniliprole 100 g//L 1000 mL
12 Clorfenapir 240 g/L 1000 mL

Lambda-cyhalotrin +
13 ChIorantrayniIiproIe 50+100 g/L 150 mL
14 Imidacloprid + Bifenthrin 250 + 50 g/L 400 mL
15 Thiamethoxan + Lambda-cyhalotrin 141+106 g/L 250 mL
16 Control - -

Note. 'Concentration of the active ingredient in the commercial product. 2 Dose of the

commercial product use
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Figure 7. Moments of application of insecticides in the first crop (2021) under normal rain
conditions and sowing period, with low pressure of M. sojae and second crop (2022) in dry

conditions, period of delay in sowing and low pressure of M sojae.

First crop, sown on January 25, 2021 - Normal rain, high pressure of Melanagromyza sojae
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Table 2. Percentage of stem length injured (% IS) by Melanagromyza sojae evaluated (7, 15, 24, 31, 38, 45, 53, 60 DA1S and general mean) in the 2021 crop.

Santa Maria, RS, Brazil.
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Days after first spray (%)"

Treatment Mean (%)
7 15 24 31 38 45 53 60
1 39.83 ¢ 38.17 d 42.80 ¢ 54.45 ¢ 47.50 p 49.04 p 60.53 p 46.16 g 47.31 e
2 0.00 a 446 g 26.16 a 26.27 a 22.37 a 31.21 a 35.06 a 33.64 a 2240 a
3 13.06 a 2749 b 34.95 p 43.60 ¢ 42.87 b 4519 b 41.29 a 58.93 b 38.42 ¢
4 26.14 b 34.44 ¢ 42.04 ¢ 50.83 ¢ 42.86 b 42.76 b 4552 b 50.67 b 4191 d
5 15.21 a 34.53 ¢ 46.73 ¢ 46.86 ¢ 47.81 b 50.38 b 50.38 b 55.69 b 43.45 d
6 11.04 a 37.87 ¢ 50.43 ¢ 53.53 ¢ 41.34 b 4215 b 50.91 b 52.05 b 4241 d
7 3.83 a 1791 b 36.71 b 41.94 p 35.45 g 45.46 b 5112 b 57.59 b 36.25 ¢
8 2140 b 36.55 ¢ 43.39 ¢ 39.27 b 40.56 b 42.22 b 47.28 b 5432 b 40.63 ¢
9 6.18 a 26.82 b 3754 p 45.10 ¢ 46.24 b 48.16 b 45.87 b 47.32 a 37.90 ¢
10 13.35 a 2211 b 45.97 ¢ 50.01 ¢ 42.92 b 37.01 a 38.47 a 43.54 p 36.67 ¢
1 1.67 a 18.73 b 25.65 a 30.50 a 29.83 a 33.24 g 35.68 a 41.62 a 2711 b
12 19.42 b 51.16 d 45.77 ¢ 42.19 b 48.59 b 4522 b 50.90 b 54.03 b 44.65 d
13 12.34 3 41.36 ¢ 43.96 ¢ 47.63 ¢ 4591 b 42.00 b 46.68 b 49.33 b 41.15 ¢
14 741 a 19.66 b 50.40 ¢ 41.31 b 40.22 b 44.37 b 39.80 a 54.24 p 37.18 ¢
15 9.52 a 29.83 b 46.16 ¢ 39.32 b 4517 b 41.83 b 44.34 b 42.24 3 37.30 ¢
16 3243 ¢ 47.16 d 45.63 ¢ 54.82 ¢ 56.14 b 4715 b 52.34 p 66.39 b 50.26 e
CV (%) 47.91

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



Table 3. Mean of plant height (cm) evaluated (7, 15, 24, 31, 38, 45, 53, 60 DA1S and general mean) in the 2021 crop. Santa Maria, RS, Brazil.

Treatment Days after first spray (DA1S)’ Mean

7 15 24 31 38 45 53 60 (cm)

1 17.90 a 26.25 g 28.80 ¢ 38.83 b 39.05 d 4420 ¢ 40.60 d 4440 b 35.00 d

2 22.00 a 25.80 a 3140 b 4043 a 48.48 b 49.03 b 45.30 ¢ 46.85 b 3866 b

3 23.90 a 27.40 g 3145 b 42 .45 g 46.48 b 50.78 b 45.08 ¢ 4940 a 3962 b

4 2343 a 27.65 a 32.25 b 39.88 a 49.15 g 50.23 b 47.60 c 4860 b 39.85 b

5 24.10 a 27.55 a 31.20 b 43.03 a 46.98 b 50.38 b 50.25 b 50.70 a 40.52 a

6 23.00 a 26.08 a 29.48 ¢ 38.48 b 49.85 3 53.18 a 4995 p 4965 a 39.96 b

7 24.78 a 26.28 a 30.73 b 41.28 a 53.18 a 50.13 b 48.35 b 53.00 a 40.96 a

8 23.30 a 27.75 a 32.20 b 40.93 a 49.63 a 5468 a 53.43 a 4780 b 41.21 a

9 22.25 a 27.65 a 36.18 a 39.58 a 51.73 a 43.70 ¢ 49.68 b 51.65 a 40.30 a

10 22.73 a 26.85 g 30.58 b 40.35 a 49.68 a 49.98 b 46.88 ¢ 4725 b 39.28 b

11 21.95 a 23.85 b 29.25 ¢ 42.55 3 49.53 3 47.08 ¢ 49.65 b 4755 b 3893 b

12 22.10 a 22.05 b 27.85 ¢ 40.53 a 48.23 b 46.65 c 45.98 ¢ 46.30 b 3746 c

13 22.10 a 23.63 b 2743 ¢ 37.83 b 4553 b 50.08 b 51.08 b 4355 b 3765 ¢

14 21.75 a 22.63 b 27.43 ¢ 3595 b 46.63 b 49.65 b 50.30 b 50.15 a 38.06 c

15 22.93 a 24.85 b 28.83 ¢ 43.20 a 43.28 ¢ 54.20 a 54.60 a 54.00 a 40.73 a

16 22.53 a 22.80 p 28.43 ¢ 3545 p 35.60 d 44 .65 ¢ 46.10 ¢ 4735 p 35.36 d
CV (%)? 16.38
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Note. ' = Plant high followed by the same letter and number in the column do not differ among themselves by the Scott-Knott test (P<0.05). 2CV

(%) = Coefficient of variation.
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Table 4. Mean of stem length injured (cm) evaluated (7, 15, 24, 31, 38, 45, 53, 60 DA1S and general mean) in the 2021 crop. Santa Maria, RS, Brazil.

Days after first spray (DA1S)’

Treatment Mean (cm)
7 15 24 31 38 45 53 60

1 6.98 b 9.78 b 14.58 ¢ 20.73 b 17.98 ¢ 21.35 p 24.40 p 2410 b 1748 d
2 0.00 a 1.15 a 7.68 a 10.48 2 10.18 a 15.15 a 15.10 a 15.45 3 940 a
3 3.25 a 7.30 b 10.80 b 18.55 b 19.25 ¢ 22.40 b 18.80 g 28.65 ¢ 16.13 ¢
4 593 b 9.68 b 14.55 ¢ 20.10 b 20.95 ¢ 20.70 b 21.50 b 2895 ¢ 17.79 d
5 3.75 a 9.40 b 14.28 ¢ 20.13 b 22.25 ¢ 23.75 b 25.15 p 3095 d 18.71 d
6 250 a 9.73 b 14.28 ¢ 20.48 b 20.50 ¢ 21.85 b 2545 p 2825 ¢ 17.88 d
7 1.00 a 463 a 10.68 b 17.35 b 18.68 ¢ 22.85 b 24.50 b 3270 d 16.55 ¢
8 515 b 10.23 b 13.38 ¢ 15.90 a 19.88 ¢ 22.85 b 25.20 b 3480 d 1842 d
9 1.50 a 7.20 b 15.18 ¢ 17.70 b 23.95 ¢ 20.60 b 21.80 b 2415 b 16.51 ¢
10 3.00 a 5.78 a 14.35 ¢ 19.55 b 21.10 ¢ 18.45 g 18.25 a 2695 ¢ 1593 ¢
11 0.40 a 435 a 6.68 a 13.30 a 14.65 b 1540 a 18.00 a 2100 b 1172 b
12 435 b 11.00 b 12.60 ¢ 17.05 b 23.05 ¢ 20.60 b 23.15 b 2470 b 17.06 ¢
13 2.75 a 9.45 p 12.85 ¢ 17.83 b 20.70 ¢ 20.85 b 23.93 b 2475 b 16.64 c
14 1.60 a 423 a 13.38 ¢ 14.38 2 18.80 ¢ 2165 b 19.80 a 2705 ¢ 1511 c
15 210 a 715 b 13.93 ¢ 16.63 b 19.30 ¢ 2210 b 23.95 b 2230 b 1593 ¢
16 7.30 b 10.75 b 12.75 ¢ 19.28 p 19.30 ¢ 20.20 b 23.10 b 3130 4 18.00 d

CV (%)? 44.21

Note. * = Stem length injured followed by the same letter and number in the column do not differ among themselves by the Scott-Knott test
(P<0.05). 2CV (%) = Coefficient of variation.
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Table 5. Percentage of stem length injured (% IS) by Melanagromyza sojae evaluated (8, 15, 22,
30, 37 DA1S and general mean) in the 2022 crop. Santa Maria, RS, Brazil.

Days after first spray (DA1S)’

Treatment Mean (%)
8 15 22 30 37

1 1.13 3 18.32 ¢ 22.39 p 44 47 ¢ 48.14 ¢ 26.89 ¢
2 0.00 a 111 a 0.59 a 1.94 g 0.94 2 0.92 a
3 6.91 a 12.32 b 19.40 p 27.74 p 2157 b 17.59 b
4 0.81 g3 12.95 p 28.68 ¢ 37.85 ¢ 3283 ¢ 2262 ¢
5 4.89 g 17.07 ¢ 34.14 ¢ 39.82 ¢ 2343 p 23.87 ¢
6 6.36 a 8.67 b 21.60 b 34.04 p 30.16 ¢ 20.17 b
7 3.07 g 11.47 b 19.30 b 33.51 p 36.39 ¢ 20.75 p
8 3.74 3 18.94 ¢ 18.17 b 34.06 b 3279 ¢ 2154 p
9 7.23 3 11.82 b 18.36 b 2951 p 26.43 b 18.67 b
10 4.25 g 12.24 p 25.16 b 24.23 p 2444 p 18.07 b
11 0.00 a 0.54 g 0.00 a 293 a 434 g 1.56 3
12 4.82 g 15.14 p 38.44 ¢ 28.68 b 3453 ¢ 24.32 ¢
13 4.03 g 19.75 ¢ 18.86 b 27.00 p 38.76 4 21.68 p
14 762 3 11.54 p 32.04 ¢ 30.94 p 2390 b 2121 p
15 5.62 2 19.01 ¢ 35.85 ¢ 3431 b 34.05 ¢ 25.77 ¢
16 8.27 g3 35.67 d 47.33 ( 50.71 ¢ 51.72 ¢ 38.74 ¢

CV (%)? 74.67

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



55

Table 6. Mean of plant height (cm) evaluated (8, 15, 22, 30, 37 DA1S and general mean) in the
2022 crop. Santa Maria, RS, Brazil.

Treatment Days after first spray (DA1S)’ Mean

8 15 22 30 37 (cm)

1 21.55 p 28.03 ¢ 34.30 ¢ 41.65 ¢ 4205 ¢ 3352 e

2 21.30 p 31.30 g 34.80 ¢ 43.80 p 46.65 p 3557 c

3 23.60 g 30.50 p 33.85 ¢ 41.45 ¢ 4270 ¢ 34.42 d

4 23.90 g 30.85 p 33.50 ¢ 4145 ¢ 4515 p 34.97 ¢

5 23.80 g 31.10 g 35.60 p 4245 p 4575 b 3574 c

6 21.65 p 30.40 p 34.00 ¢ 40.85 ¢ 4565 p 3451 d

7 24.60 g 32.50 g 35.70 p 42.25 ¢ 4820 3 3665 b

8 24.20 g 32.10 g 38.65 g 42.80 p 4985 5 3752 a

9 21.50 p 29.20 p 32.50 ¢ 42.55 p 43.85 ¢ 3392 d

10 22.30 g 29.55 p 33.00 ¢ 41.25 ¢ 4255 ¢ 3373 e

1 22.70 g 28.70 ¢ 35.65 p 4520 g 46.55 p 3576 ¢

12 23.10 g 32.25 3 36.30 p 41.80 ¢ 4490 b 3567 c

13 23.10 g 28.30 ¢ 33.65 ¢ 43.25 p 4400 ¢ 34.46 d

14 22.60 g 27.80 ¢ 33.75 ¢ 41.70 ¢ 4410 ¢ 3399 d

15 19.40 ¢ 25.35 (¢ 30.90 ¢ 40.70 ¢ 4810 3 32.89 e

16 20.20 ¢ 2435 ¢ 28.15 ¢ 39.85 ¢ 38.10 4 30.13 ¢
CV (%)? 16.38

Note. ' = Plant high followed by the same letter and number in the column do not differ
among themselves by the Scott-Knott test (P<0.05). 2CV (%) = Coefficient of variation.
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Table 7. Mean of stem length injured (cm) evaluated (8, 15, 22, 30, 37 DA1S and general mean)
in the 2022 crop. Santa Maria, RS, Brazil.

Treatment Days after first spray (DA1S) Mean (cm)
8 15 22 30 37

1 0.23 g 5.10 p 7.45 p 18.65 (¢ 2040 4 1037 d
2 0.00 g 0.35 a 0.20 a 0.80 a 045 a 0.36 a
3 1.55 g 3.75 3 6.50 p 11.40 p 890 b 642 b
4 0.18 g 4.08 g 9.30 ¢ 15.55 ¢ 14.75 ¢ 8.77 d
5 118 g 5.45 p 12.05 ¢ 16.90 ¢ 1065 p 925 d
6 1.30 g 2.65 g 740 p 13.90 p 13.65 ¢ 7.78 ¢
7 0.75 g 3.70 3 6.90 p 13.95 p 1725 ¢ 851 ¢
8 0.85 g 6.03 p 725 p 14.35 p 16.05 ¢ 891 d
9 150 g 3.35 3 5.95 p 12.40 p 115 b 687 b
10 0.85 g 3.65 3 8.00 p 9.95 p 1020 b 653 b
11 0.00 g 0.15 g 0.00 g 1.25 g 2.00 g 0.68 a
12 115 g 4.85 p 14.00 ¢ 11.90 p 1550 ¢ 948 d
13 0.95 3 5.95 p 6.30 b 11.70 p 17.00 ¢ 838 ¢
14 1.80 g 3.15 g 10.73 ¢ 12.70 p 10.55 p 7.79 ¢
15 0.95 g 445 p 11.10 ¢ 13.85 p 16.30 ¢ 933 d
16 150 g 8.80 p 13.10 ¢ 20.20 ¢ 19.25 ¢ 1257 ¢

CV (%) 72.05

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



Table 8. Average soybean productivity in treatments for the 2021 and 2022 crop season. Santa Maria, RS, Brazil.

Productivity (Kg ha-')

Treatment Active ingredient
2021 2022 Mean
1 Methomyl 221456 b 1071.73 d 1643.14
2 Chlorpyrifos 3995.58 a 2253.08 a 3124.33
3 Lambda-cyhalothrin 3404.90 a 1685.32 b 2545.11
4 Bifenthrin 3541.84 a 1379.48 c 2460.66
5 Chlorantraniliprole 2995.53 a 1261.32 ¢ 2128.43
6 Fipronil 3444.36 a 1356.02 c 2400.19
7 Abamectin 3388.42 a 1670.75 b 2529.59
8 Acephate 3210.47 a 1417.28 ¢ 2313.88
9 Thiamethoxam 3228.52 a 1676.05 b 2452.28
10 Imidacloprid 3292.69 a 1487.87 c 2390.28
1 Cyantraniliprole 4083.95 a 2187.40 a 3135.67
12 Clorfenapir 3246.65 a 1123.99 d 2185.32
13 Lambda-cyhalotrin + Chlorantraniliprole 2548.37 b 1427.59 c 1987.98
14 Imidacloprid + Bifenthrin 3105.75 a 1336.16 C 2220.96
15 Thiamethoxan + Lambda-cyhalotrin 3454 .69 a 1169.76 d 2312.22
16 Control 1729.14 b 959.31 d 1344.22
CV (%)’ 18.13 13.10

CV (%) = Coefficient of variation.
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Figure 8. Relationship between percentage of stem length injured by Melanagromyza sojae and average productivity in the 2021 and 2022 crop season.

5000

Productivity (kg/ha)
o w N
(e} o ()
(e} o ()
o o ()

—
S
S
S

(e}

2021

g ¥

[ ]
y =-69,884x + 5910,2
R?=0,6506
10 20 30 40

Stem length injured (%)

50

60

2500

2000

Productivity (kg/ha)

2022
........... .... P
&
e,
.‘ """"
LR .
y=-38,32x+22433 el
R?2=0,8883
10 20 30 40

Stem lenght injured (%)

50

58



59

5 CONCLUSOES

Os resultados obtidos neste trabalho apontam que o melhor controle da mosca
da haste da soja utilizando pulverizagdes foliares de inseticidas quimicos durante a
cultura foi obtido utilizando-se Clorpirifés (480 g/hectare) e Ciantraniliprole (100
g/hectare), o que também resultou nos maiores rendimentos. Observa-se um grande
potencial de danos de M. sojae para as condi¢gdes de cultivo brasileiras quando a
cultura € semeada tardiamente em safrinha, reforgando a importancia deste trabalho
do ponto de vista de buscar meios de controle para praga.

Estudos adicionais sdo necessarios para determinar as melhores épocas de
aplicacédo dos inseticidas e diferentes épocas de semeadura, bem como manejos
complementares como a suscetibilidade de cultivares, controle biolégico e formas de
monitoramento do inseto durante o ciclo da cultura, definindo um nivel de controle. O
que se sabe é que utilizacdo de tratamento de sementes e aplicagdes na fase inicial

da cultura diminuem o periodo de convivéncia da cultura com a praga.
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