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RESUMO

Tese de Doutorado
Programa de Pds-Graduagdo em Engenharia Agricola
Universidade Federal de Santa Maria, RS, Brasil

INFLUENCIA DE ADJUVANTES NAS PROPRIEDADES FiSICO-QUIMICAS DA
CALDA DE INSETICIDAS, NA FORMACAO DE DEPOSITOS, PENETRACAO
CUTICULAR E REMOCAO PELA CHUVA
AUTOR: ADRIANO ARRUE MELO

ORIENTADOR: JERSON VANDERLEI CARUS GUEDES
Santa Maria, 27 de marco de 2015.

A adicdo de adjuvantes pode melhorar a qualidade das pulveriza¢fes agricolas e tem sido uma
préatica usual nos ultimos anos. O presente trabalho apresenta dois artigos que tem como
objetivo, estudar a influencia da utilizacdo de adjuvantes nas pulverizagdes. O primeiro artigo,
intitulado “Influéncia de adjuvantes nas caracteristicas fisico-quimicas de caldas de
pulverizacdo de inseticidas e imagens de microscopio eletronico dos depdsitos em folhas de
trigo e milho” avaliou as mudancas nas caracteristicas fisicas e quimicas da calda de
pulverizagdo com os inseticidas tiametoxam, Imidacloprido e lambda-cialotrina. Sendo
mensurada a tensdo superficial, o a&ngulo de contato da gota, em folhas de trigo e milho, a
cobertura de gotas e realizadas imagens com microscopio eletrdnico de varredura. Os
adjuvantes alteram as caracteristicas fisicas da calda, melhorando a sua molhabilidade, além
disso, a adi¢do de adjuvantes pode interferir nas caracteristicas de formacao do depdsito dos
inseticidas testados. O segundo artigo intitulado ‘“Tank-mix-adjuvants might improve deposit
formation and cuticular penetration, and reduce rain-induced removal of chlorantraniliprole”,
objetivou verificar a interagcdo do inseticida clorantraniliprole com adjuvantes comerciais.
Foram estudados aspectos como efeito dos adjuvantes na formacéo dos depositos, penetracéo
cuticular, por meio de cuticulas de maca, cobertura de gotas e efeito da chuva na remocéao do
inseticida, nas culturas do trigo e milho. Os resultados mostraram que os adjuvantes tem um
papel essencial na cobertura de folhas hidrofébicas, alterando as caracteristicas da calda de
pulverizacdo e melhorando assim a molhabilidade da mesma. Além disso, se pode concluir

que os adjuvantes podem melhorar a absorcao do inseticida clorantraniliprole.

Palavras-chave: Tens&o superficial. Angulo de contato. pH. Rainfastness.



ABSTRACT

Doctoral Thesis
Graduate Program in Agricultural Engineering
Universidade Federal de Santa Maria, RS, Brazil

ADJUVANTS INFLUENCE ON PHYSICAL AND CHEMICAL PROPERTIES OF
INSECTICIDES SPRAY IN DEPOSIT FORMATION, CUTICULAR PENETRATION
AND RAIN-INDUCED REMOVAL

AUTHOR: ADRIANO ARRUE MELO

SUPERVISOR: JERSON VANDERLEI CARUS GUEDES
Santa Maria, March 27", 2015.

The addition of adjuvants can improve the quality of agricultural chemical sprays and have
been an usual practice on the last years. The work presents two papers aiming to study the
influence of adjuvant apply on the agricultural spray. The first article, entitled "Influence of
adjuvants on the physicochemical characteristics of insecticides spray solution and electron
microscope images of the deposits on wheat and corn leaves" evaluate changes in physical
and chemical characteristics of the spray solution with the insecticides Thiamethoxam,
Imidacloprid and Lambda-cyhalothrin. Were measured the surface tension, droplet contact
angle on wheat and maize leaf, droplet coverage and images were made with a scanning
electron microscope to better understand the deposit of these insecticides. Adjuvants alter the
spray solution physical characteristics improving its wettability, furthermore, the addition of
adjuvants may interfere with the deposit characteristics of the tested insecticides. The second
article entitled "Tank-mix-adjuvants might improve deposit formation and cuticular
penetration, and reduce rain-induced removal of chlorantraniliprole”, aimed to verify the
interaction of clorantraniliprole insecticide with commercial adjuvants. In this assay, have
been studied aspects as adjuvant effect on the deposits formation, cuticular penetration
through apple cuticles, droplet coverage and rain effect on the removal of the insecticide in
wheat and maize crops. The results showed that the adjuvants play a crucial role in the
hydrophobic cover sheet by changing the characteristics of the spray solution, thereby
improving the wettability. Furthermore, adjuvants may enhance the absorption of

clorantraniliprole insecticide.

Keywords: Surface tension. Contact angle. pH. Rainfastness.
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1. INTRODUCAO

A agricultura é a maior e mais importante fonte de alimentos para o homem. A
populacdo mundial sera de cerca de 7,3 bilhdes no final de 2015 e a estima-se que em 2050,
sejam 9,5 bilhGes de pessoas. Considerando que a base de sustentacdo da humanidade sdo os
alimentos oriundos da agricultura, para que esse crescimento ocorra sem a escassez de
alimentos, se faz necessario aumentar a producdo. Esse incremento depende do crescimento
das areas (pequeno espago para novas areas de cultivo), da produtividade ou ainda da
intensidade (mais cultivos no mesmo ano em uma mesma area).

As plantas de interesse agricola estdo sujeitas a danos causados pelas mais diversas
pragas. Para reduzir a populagdo de pragas a niveis aceitaveis, sdo utilizados agrotoxicos, tais
como: inseticidas, fungicidas, herbicidas e nematicidas. Esses s&o considerados
indispensaveis no modelo de desenvolvimento da agricultura brasileira e mundial.

O Brasil é o que mais utiliza agrotéxicos no mundo, devido a sua grande extensdo de
area cultivada, ao seu clima tropical e o cultivo de plantas que requerem o seu uso. Este
consumo esta em expansdo e um dos fatores que influenciaram este aumento, foi o surgimento
de novas pragas, tais como, Helicoverpa armigera que foi constatada pela primeira vez no
Brasil em 2013 (Czepak et al., 2013).

As culturas do trigo e do milho sdo importantes tanto no Brasil como na Alemanha,
ocupando lugar de destaque na agricultura destes dois paises. O cultivo desses cereais auxilia
na alimentacdo de milhares de pessoas, além de, ter potencial de producdo de bioenergia no
caso do milho. O controle de pragas em ambas as culturas é feita basicamente com o uso de
inseticidas, entretanto, em alguns casos esses produtos ndo tem a eficiéncia desejada por
problemas de tecnologia de aplicacéo.

De acordo com Matuo (1990), a tecnologia de aplicacdo de agrotoxicos é o emprego
de todos os conhecimentos cientificos, proporcionando a correta coloca¢do do produto no
alvo, em quantidade necessaria, de forma econdmica, no momento adequado e com 0 minimo
de contaminacdo ambiental possivel. Nesse contexto, os adjuvantes podem contribuir
significativamente para a melhora na tecnologia de aplicacao.

Produtos que auxiliam a eficiéncia dos agrotoxicos tem lugar de destaque para que
esse modelo de producdo se torne cada vez mais sustentavel. A adicdo de adjuvantes pode

melhorar a qualidade das pulverizacdes. As pesquisas com adjuvantes vém crescendo
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substancialmente nos Gltimos anos, entretanto, a maioria avaliam a associacéo destes produtos
com herbicidas e fungicidas. A falta de conhecimento cientifico sobre 0 comportamento de
inseticidas associados a adjuvantes gera davidas no momento da sua utilizacdo em campo.
Nesse sentido, se justifica a realizacdo deste trabalho de tese buscando ajudar no
preenchimento desta lacuna.

O trabalho é composto por dois artigos cientificos. No primeiro artigo intitulado
“Caracteristicas fisico-quimicas de caldas e dos depoésitos de pulverizacbes de inseticidas
associados com adjuvantes” foram avaliadas as caracteristicas das caldas de pulverizacdo dos
inseticidas Tiametoxam, Imidacloprido e Lambda-cialotrina, estes inseticidas foram
escolhidos, pois se trata de produtos utilizados em comumente para o controle de pragas.
Foram realizadas avaliacdes sobre a tensdo superficial, angulo de contato, em trigo e milho,
pH das caldas de pulverizacdo e cobertura de gotas, além disso, foram feitas imagens com
microscopio eletronico de varredura dos depésitos com e sem chuva. O segundo artigo
intitulado “Tank-mix-adjuvants might improve deposit formation and cuticular penetration,
and reduce rain-induced removal of chlorantraniliprole” teve por objetivo principal avaliar a
influéncia de diferentes adjuvantes comerciais em caracteristicas como absorcao, penetracao
cuticular, formacdo do depésito e efeito deletério da chuva nas pulverizacdes. Para tal, foi
utilizado o inseticida clorantraniliprole aplicado nas culturas do trigo e do milho.

Estes dois artigos tém como objetivo elucidar diversos pontos da utilizacdo dos
adjuvantes associados com inseticidas. Buscando embasar técnica e cientificamente o uso de

adjuvantes com inseticidas, por meio do conhecimento gerado neste trabalho.



2. REVISAO DE LITERATURA

2.1.Adjuvantes

Desde o século XIX o homem vem tentando usar substancias que melhorem o
desempenho dos agrotéxicos. Nessa época, materiais como breu, resinas, farinha, melaco e
acucar, eram adicionados a calda com o objetivo de prolongar a protecdo oferecida, sendo
estes os primeiros adjuvantes da histéria (AZEVEDO, 2011). De acordo com Hazen (2000)
desde o inicio da pesquisa com adjuvantes, é possivel que milhares de materiais diferentes ja
tenham sido testados para melhorar a qualidade das pulverizagbes. O termo adjuvante
segundo a American Society for Testing and Materials (ASTM) significa, material adicionado
ao tanque de pulverizacdo para ajudar ou modificar a acdo de agrotoxicos ou as caracteristicas
fisicas da mistura. No Brasil, o termo adjuvante, de acordo com o decreto N° 4.074, de 4 de
janeiro de 2002, que regulamenta a Lei dos Agrotéxicos e Afins n® 7.802, de 11 de julho de 1989,
significa “produto utilizado em mistura com produtos formulados para melhorar a sua aplicagao”.

Existem diversos significados para o termo adjuvante, mas todos tem em comum uma
melhora na qualidade de pulverizacdo. O uso de adjuvantes pode alterar as propriedades
fisico-quimicas da calda de pulverizacdo, melhorando a molhabilidade, a adesdo e o
espalhamento das gotas de pulverizacdo, contribuindo para uma melhor retencdo, absorcao e
penetracdo do ingrediente ativo (AZEVEDO e CASTELANI, 2013). Em 1986 ocorreu a
primeira edicdo do International Symposium on adjuvants for Agrochemicals (ISAA) quando
pesquisadores de todo o mundo se reuniram pela primeira para discutir exclusivamente o uso
de adjuvantes, este evento ocorre a cada trés anos e sdo apresentados resultados e inovagoes
no mercado de adjuvantes. Entretanto, no Brasil a recomendacgéo de uso de adjuvantes ainda
estad mais ligada a parte comercial, do que baseada em resultados de pesquisa.

Os adjuvantes podem estar presentes nas caldas de pulverizacdo de duas maneiras.
Uma delas é pela incorporacdo na formulacdo do agrotdxico (mais comum em formulagdes de
concentrados emulsionaveis e suspensfes concentradas) e a outra é quando adicionados ao
tanque de pulverizacdo antes da aplicacdo (TADROS, 2005). Existem diversas formas de
classificar os adjuvantes, mas a principal e mais aceita cientificamente € pela sua atividade.
Esta sendo dividida basicamente de duas formas, os adjuvantes ativadores e 0s adjuvantes
utilitarios (ASTM, 1999).
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Segundo Penner (2000) os adjuvantes ativadores sdo aqueles que tém como objetivo
principal, melhorar diretamente a atividade do agrotdxico, principalmente aumentando a taxa
de absorcdo, e, como resultado, maior eficiéncia. Estes adjuvantes sdo depositados junto com
o0 ingrediente ativo e podem penetrar na cuticula atingindo outros sitios de acdo, entdo o seu
papel no processo de ativacdo pode ser bastante complexo (TADROS, 2005). Os principais
modos de acgdo destes adjuvantes sdo a reducdo da tensdo superficial, solubilizagcdo da cera
cuticular (este fenomeno pode ser descrito como uma “plastificagdo” da cera, quando a
temperatura de transicdo vitrea € diminuida, tornando a cera mais amorfa, reduzindo a sua
cristalinidade), formacdo cristalina nos depoésitos e a retencdo de umidade no deposito
(TADROS, 2005). Os principais representantes dos adjuvantes ativadores sdo os surfactantes,
Oleos vegetais, 6leos metilados, 6leos minerais, derivados de silicones e os fertilizantes
nitrogenados (OLIVEIRA, 2011).

J& os adjuvantes utilitarios sdo aqueles que agem como facilitadores do processo, por
meio da reducdo dos efeitos negativos da pulverizacdo e ndo influenciam diretamente na
eficiéncia do agrotoxico (McMULLAN, 2000). Os adjuvantes utilitarios incluem os agentes
compatibilizantes, depositantes, dispersantes, controladores de deriva ou retardantes,
antiespumantes, condicionadores da agua, acidificantes, tamponantes, umectantes, protetores
de raios ultravioletas e corantes (McMULLAN, 2000). Embora esses produtos ndo tenham
influéncia direta na acdo do agrotoxico, sua utilizacdo pode resultar em maior eficiéncia

bioldgica.

2.2. Caracteristicas fisico-quimicas das caldas de pulverizacéo

Diversos fatores das pulverizacdes agricolas sdo influenciados pelo uso de adjuvantes,
entre eles, se destaca a tensdo superficial. A tensdo superficial é resultado do desequilibrio
entre as forgas agindo sobre as moléculas da superficie em relagcdo aquelas que se encontram
no interior da solugdo. As moléculas dos liquidos localizadas na interface liquido-ar tem um
namero menor de ligagdes comparadas com as moléculas que se encontram no interior do
liquido, sendo assim, a forca resultante que atrai as moléculas da superficie de um liquido
para 0 seu interior torna-se um obstaculo e estas forcas de coeséo tendem a diminuir a area
superficial ocupada pelo liquido, ocorrendo assim formacéo de gotas esféricas (BEHRING,
2004).

Nas pulverizacGes agricolas, a formacdo de gotas esféricas dificulta a molhabilidade.

De acordo com Hazen (2000) as gotas de forma esférica tendem a impedir 0 contato com uma
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superficie hidrofobica (na maioria das pulveriza¢Ges o limbo foliar), e os adjuvantes podem
reduzir a tensdo superficial, aumentando assim a molhabilidade. A redugdo da tenséo
superficial melhora a retencdo ou adesividade dos agrotdxicos na superficie foliar (TANG et
al., 2008). Mendonca et al. (2007) estudaram a tensdo superficial estatica de 6leos vegetais e
minerais, inferindo que os 6leos minerais e vegetais em baixas concentra¢cdes ndo reduzem a
tensdo superficial, quando comparados com adjuvantes sem 6leos em suas formulacdes. Ja
Montorio (2001), mostrou que os adjuvantes a base de silicone, resultaram nos menores
valores de tenséo superficial estatica, chegando a 20 mN m™ em solugdes aquosas.

O pH da calda de pulverizacdo pode influenciar na eficiéncia dos inseticidas. De
acordo com Palumbo et al., 2001, o inseticida espinosade, quando formulado como suspenséo
concentrada é constituido por granulos de suspensdo, cada granulo contendo diversos
monomeros de espinosade, em pH inferior a 6, seus granulos sdo quebrados e expdem 0s

mondmeros da molécula a uma degradacao rapida, reduzindo assim seu residual.

2.3. Penetracdo de agrotoxicos

Para penetracdo do ingrediente ativo, a membrana cuticular é a primeira barreira que o
agrotoxico precisa ultrapassar. A cuticula varia em composicdo e estrutura entre as diferentes
espécies de plantas. E uma camada lipidica composta por polissacarideos, que recobre 0s
Orgdos aéreos das plantas, incluindo estruturas como tricomas, estdbmatos, células-guarda e
células epidérmicas (BUKOVAC et al., 1990). A adicdo de adjuvantes pode influenciar esse
processo. Segundo Antuniassi (2009), a utilizacdo de 6leos nas pulverizacBes agricolas tem
como funcdo melhorar a penetracdo e adesdo dos agrotoxicos nas folhas. Os 6leos promovem
uma penetracdo do agrotoxico por meio da cuticula de cera das folhas e da camada de quitina
dos insetos (CURRAN et al., 1999). Os surfactantes também podem aumentar a absor¢édo de
agrotoxicos. Wang e Liu (2007) relatam que os trés principais modos de acdo dos adjuvantes
para melhorar a absorcéo de agrotoxicos séo: a) alteracdo no depdsito do ingrediente ativo na
superficie foliar; b) efeito na difusdo transcuticular e c) permeabilidade da membrana
plasmatica.

A penetragdo cuticular pode ser mensurada por meio do sistema de dose finita
(BUKOVAC e PETRACEK, 1993). Este permite quantificar quando do ingrediente ativo tem
penetracdo pela membrana cuticular. A figura 1 € uma representacdo grafica de como esse
sistema funciona. A principal vantagem desse sistema € eliminar as outras vias de penetracéo,

utilizando cuticulas livres de estdbmatos.
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Gotas da solucgéo dos tratamentos
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Figura 1: Representacdo esquematica da cAmara de penetracdo. A caixa de aco inoxidavel é
preenchido com agua deionizada como solugdo receptora que esta em contato direto com a
membrana cuticular. Adaptado de Kramer, 2009.

2.4. Remocdo de agrotoxicos pela chuva “Rainfastness”

As maiores perdas de eficacia de agrotdxicos ocorrem pela influéncia dos fatores
ambientais, enquanto a luz fotodegrada gradativamente os produtos na superficie foliar, a
chuva tem um efeito imediato sobre a aderéncia dos produtos na superficie da folha
(MULROONEY e ELMORE, 2000). Neste contexto, quantificar o efeito da chuva sobre a
aplicacdo de agrotéxicos pode melhorar o planejamento do manejo das culturas (HULBERT
etal., 2011).

Alguns adjuvantes contribuem para reduzir o efeito da chuva apds as pulverizagdes
(rainfastness), ou seja, reduzem o periodo minimo necessario sem chuva, para que 0
agrotoxico ndo tenha sua acdo comprometida. De acordo com Hunsche et al., (2006) é
conhecido o efeito da chuva na remocdo do agrotdéxico, sendo este dependente da superficie
das plantas. A velocidade de absor¢do dos agrotoxicos é varidvel, por isso alguns produtos sdo
mais afetados que outros, quando se tem 0 mesmo periodo sem chuva. Segundo Lenz et al.,
(2012) o efeito da chuva sobre o residual dos agrotoxicos possui relacdo altamente dependente
do intervalo entre a aplicacdo dos produtos e o tempo até a ocorréncia da chuva, além do
produto que esta sendo aplicado e da idade dos tecidos em que este esta sendo aplicado.

A utilizacdo de adjuvantes pode amenizar o efeito da chuva em determinadas
aplicacbes de agrotoxicos (TAYLOR; MATTHEWS, 1986). Adjuvantes associados com
inseticidas podem aumentar a tenacidade dos mesmos ao efeito da chuva (TRACKER;
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YOUNG, 1999; SHI et al., 2009). De acordo com Arrué et al., 2014, a chuvas um minuto
apos a aplicacdo de clorantraniliprole, diminuem a mortalidade de Anticarsia gemmatalis em
soja, entretanto, chuvas apds 240 minutos, ndo afetam a eficiéncia desse inseticida. Segundo
0s mesmos autores a adicdo dos adjuvantes Assist® e Naturo’il® ao inseticida
clorantraniliprole, auxiliam no aumento da mortalidade de A. gemmatalis, indicando, assim,

uma melhor protecéao de clorantraniliprole a lavagem pela chuva.
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3. ARTIGO 1:

Caracteristicas fisico-quimicas de caldas e dos dep6sitos de pulveriza¢Ges de inseticidas
com adicéo de adjuvantes
Physical and chemical characteristics of pesticides and deposits of insecticide sprays
with addition of adjuvants

Adriano Arrué Melo®", Jerson Vanderlei Cards Guedes®, Mauricio Hunsche?

Resumo

A adicédo de adjuvantes com agrotoxicos vem sendo testada ha varios anos, entretanto,
a maior parte dos resultados da literatura sdo de herbicidas e fungicidas, existindo poucos
dados sobre sua influéncia sobre inseticidas. Este trabalho teve por objetivo avaliar a
influéncia da associacdo de inseticidas com diferentes adjuvantes na tenséo superficial, angulo
de contato, cobertura, pH e a formacdo de depdsitos expostos a chuva. Foram testados os
inseticidas Tiametoxam, Imidacloprido e Lambda-cialotrina, nas doses de 75 g/ha, 150 g/ha e
150 g/ha, respectivamente, com volume de calda de 200 I/ha. As solucdes foram adicionados
os adjuvantes Break Thru 240%, Break Thru 233®, Break Thru Union®, Oleo FC Agrar6l® e
Naturo’il®. Os resultados mostraram que a adicdo de adjuvantes reduziu a tenséo superficial e
o0 angulo de contato, como consequéncia, aumentou a cobertura de gotas. Os adjuvantes ndo
interferiram no pH da calda de pulverizacdo. Nao foi verificado um padrdo de depdsito para
o0s inseticidas Tiametoxam, Imidacloprido e Lambda-cialotrina associados aos adjuvantes e as

folhas de trigo apresentaram visualmente um maior nimero de residuos do que as de milho.

Palavras chaves: Tensdo superficial, angulo de contato, pH e cobertura.

1Universidade Federal de Santa Maria — Laborat6rio de Manejo Integrado de Pragas (LabMIP) — Departamento
de Defesa Fitossanitéria. Avenida Roraima, 1000, 97105-900, Santa Maria, Brasil.

2Universidade de Bonn, Instituto de fitotecnia e conservacdo de recursos — Departamento de horticultura. Auf
dem Huegel 6, D-53121 Bonn, Alemanha.

* Autor para correspondéncia: adrianoarrue@hotmail.com
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Abstract

The addition of adjuvants with pesticides have been tested for several years, however,
most of the literature results are with herbicides and fungicides, and there is little information
of its influence on insecticides. This study aimed to evaluate the influence of insecticide
combination with different adjuvants in surface tension, contact angle, cover, pH and the
formation of deposits exposed to rain. Were tested the insecticides Thiamethoxam,
Imidacloprid and Lambda-cyhalothrin at doses of 75 g/ha, 150 g/ha and 150 g/ha,
respectively, with spray volume of 200 I/ha. The solutions of pesticides were added with the
adjuvants Break Thru 240®, Break Thru 233®, Break Thru Union®, Oleo FC Agrar6l® and
Naturo’il®, and a control treatment with only the insecticide. The results showed that the
addition of adjuvants reduced the surface tension and contact angle, as a consequence,
increased droplet coverage. Adjuvants did not affect the pH of the spray solution. A pattern
deposit was not noticed for the insecticides Thiamethoxam, Imidacloprid and Lambda-
cyhalothrin associated with adjuvants, and wheat leaf visually presented a higher number of

residues than corn leaves.

Keywords: Surface tension, contact angle, pH and coverage

Introducéao

Desde a descoberta dos primeiros agrotoxicos o homem busca alternativas para
potencializar o seu efeito em campo. O uso de adjuvantes na agricultura teve inicio ha
centenas de anos, quando diversos materiais eram adicionados, com o objetivo de aumentar a
protecdo dos cultivos agricolas (AZEVEDO, 2011). Recentemente, com o desenvolvimento
de novos produtos, a sua utilizacdo passou a buscar a melhora da eficiéncia dos agrotdxicos

(SARUBBI, 2010).
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Os adjuvantes podem influenciar diversos fatores da aplicacdo de defensivos agricolas,
aumentando a eficiéncia bioldgica ou modificando determinadas propriedades da solucéo
(ASTM, 1999). As vantagens do seu uso estdo cada vez mais ratificadas no meio agricola,
com um aumento significativo de novos produtos comerciais (ARAUJO; RAETANO, 2011),
entretanto, suas recomendacOes se devem mais a aspectos comerciais do que técnico-
cientificos. Para a utilizacdo de adjuvantes, alguns critérios para sua escolha séo considerados
muito importantes, entre eles, destacam-se a tensao superficial e o angulo de contato. A tenséo
superficial quando elevada, pode causar gotas mais esféricas e a reducdo no angulo de contato
ird determinar a melhor molhabilidade do alvo (HAZEN, 2000). Outro fator que pode
interferir na eficicia dos agrotdxicos é a ocorréncia de chuvas, tendo influéncia direta na
formacdo e na manutencdo dos depdsitos dos produtos. O uso de adjuvantes pode proteger a
acao dos inseticidas contra o efeito deletério da chuva (SHI et al., 2009).

O objetivo do trabalho foi avaliar o efeito da adi¢cdo de adjuvantes com inseticidas nas
caracteristicas fisico-quimicas e nos depdsitos das caldas de pulverizacdo. Sendo avaliados,
tensdo superficial, &ngulo de contato, cobertura, pH e imagens com microscopio eletrénico de

varredura dos depdsitos.

Material e métodos

Os experimentos foram realizados no “Institute of Crop Science and Resource
Conservation” na Universidade de Bonn, Bonn, Alemanha. Ensaios preliminares
determinaram as doses dos adjuvantes a serem utilizadas e logo apds, foram realizados testes
da influéncia de adjuvantes nas caracteristicas fisico-quimicas dos inseticidas tiametoxam,
Imidacloprido e lambda-cialotrina. Além disso, foram feitos testes de cobertura de gotas, pH e
realizadas imagens dos depositos com microscépio eletronico de varredura (para verificar o

efeito da chuva).
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Foram utilizadas plantas de trigo (Triticum aestivum cv. Oakley) e milho (Zea mays
cv. Lorena), semeadas em potes com substrato (5 plantas para trigo e 1 para milho), sendo
cada pote uma unidade experimental (UE). Estas foram cultivadas em casa de vegetacdo em
ambiente controlado com temperatura e umidade relativa do ar de 20 = 5°C e 50 £+ 10%,
respectivamente. As plantas receberam fertirrigacdo durante todo o periodo que ficaram na
casa de vegetacdo, sendo mantidas até atingirem o tamanho ideal, para utilizacdo nos ensaios,

ou seja, cerca de 15 cm de altura.

Testes preliminares

A definicdo da dose dos adjuvantes foi realizada somente com agua e diferentes
concentragdes dos produtos. Os adjuvantes e as doses testadas foram: Break Thru 240®, Break
Thru 233®, Break Thru Union® (Evonik Goldschmidt GmbH, Essen, Germany), Oleo FC
Agrardl® e Naturo’il® (Stoller Chemical Co, Houston, USA). Para os adjuvantes Break Thru®
foram testadas trés diferentes concentragdes (0,01%, 0,05% e 0,1% do volume de calda),
enquanto, para Oleo FC Agrardl® e Naturo’il® foram usadas quatro concentragdes (0,1%,
0,5%, 1% e 2% do volume de calda).

Para a avaliacdo da tensdo superficial e do angulo de contato foi utilizado um
goniometro DSA 30E (Kruss GmbH, Hamburg, Germany). A tensdo superficial foi
determinada com o metodo da gota pendente (10 gotas por solucdo de tratamento). O angulo
de contato foi mensurado por meio do metodo da gota séssil (3 ul; n = 10), mensuradas em
folhas de trigo e milho. As folhas foram fixadas em laminas com fita dupla face e gotas foram

aplicadas na éarea central da folha, evitando a nervura central. Estes testes iniciais serviram

como base para decisdo da dose de adjuvantes que seriam utilizados nos demais estudos.
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Tensdo superficial e &ngulo de contato

Com base nos estudos preliminares, foram definidas as doses dos adjuvantes para 0s
demais trabalhos. Para as avaliacdes da tensdo superficial e angulo de contato foi utilizada a
mesma metodologia dos estudos preliminares, e os tratamentos foram: Tiametoxam (Actara
25 WG®, Syngenta, Basel, Switzerland) Imidacloprido (Confidor®, Bayer, Leverkusen,
Germany) e Lambda-cialotrina (Karate®, Syngenta, Basel, Switzerland), nas doses de 75 g/ha,
150 g/ha e 150 g/ha, respectivamente, com volume de calda de 200 I/ha. Para cada solucéo
inseticida foram adicionados os adjuvantes Break Thru 240®, Break Thru 233®, Break Thru
Union® (Evonik Goldschmidt GmbH, Essen, Germany), Paraffin 0il® ¢ Naturo’il® (Stoller
Chemical Co, Houston, USA). Para os adjuvantes Break Thru foi utilizada a dose de 0,05%
(v/v), e para Oleo FC Agrar6l® e Naturo’il® foi utilizada a dose de 0,5% (v/v). Além disso,
cada inseticida isoladamente, bem como uma solu¢cdo somente com &gua serviram de
controle. Para comparacdo dos resultados de tensdo superficial e angulo de contato em trigo e
milho, foi utilizado o pacote estatistico Assistat® (Azevedo, 2002). As tabelas e os graficos
foram gerados com programa Excel 2010®. As médias foram comparadas pelo teste de Tukey

(valor-p = 0,05).

Cobertura de gotas e pH

A cobertura de gotas dos tratamentos foi avaliada por meio de pulverizacdes realizadas
com um pulverizador mecanizado da Universidade de Bonn (B-PSA-1; Department of
Agricultural Engineering, University of Bonn, Germany), dotado de pontas de pulverizacdo
do tipo leque (XR 110.03, Teejet, Illinois, USA) com uma velocidade de deslocamento de 6
km h™*, operando com 300 kPa de pressio e calibrado para um volume de calda de 200 I/ha.
Foram utilizados cartBes hidrossensiveis (Novartis AG, Basel, Suica), medindo 5 cm? com

quatro repeticdes por tratamento. As imagens dos cartbes foram digitalizadas e analisadas
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com software gotas®. As médias foram comparadas pelo teste de Tukey (valor-p = 0,05), com
0 pacote estatistico Assistat®.

O pH foi mensurado com um pHmetro de bancada, foram realizadas medicfes de
todas as caldas de pulverizacdo, bem como da agua isoladamente. Foram feitas trés medicoes
de cada solucdo, entretanto, ndo houve diferenca nas repeticbes, portanto os valores

apresentados ndo foram submetidos a analise estatistica.

Caracterizacdo dos depositos de inseticidas

Os depositos das pulverizacdes dos tratamentos foram avaliados com base nas
imagens para verificar o efeito da chuva. Foram utilizados 10 UE de cada tratamento como
repeticdo. Para as aplicacfes dos tratamentos foi utilizado um pulverizador mecanizado com
as mesmas regulagens que para 0 ensaio de cobertura de gotas. Duas horas apds a
pulverizacdo, as plantas de trigo e milho foram expostas a uma chuva com intensidade de 5
mm h, utilizando um simulador de chuva (B-LRS-2 Department of Agriculture Engineering,
University of Bonn, Germany). As plantas foram levadas a casa de vegetacdo para secagem
por 24 horas e plantas ndo expostas a chuva foram utilizadas para comparacdo das imagens
dos depositos. As imagens foram realizadas com microscépio eletrénico de varredura (ESEM
XL 30 FEI; Philips, Eindhoven, Holland), sendo apresentadas as imagens mais representativas

dos depdsitos apos a simulagéo da chuva.

Resultados e Discussao

Os testes preliminares mostraram que as doses mais adequadas para o0s
organosiliconados Break Thru 240®, Break Thru 233®, Break Thru Union® foi de 0,05% (v/v)
e de 0,5% (v/v) para Oleo FC Agrardl® e Naturo’il®. A adicdo de adjuvantes altera as

propriedades fisico-quimicas da calda de pulverizacdo (tabela 2). Os inseticidas: tiametoxam,
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Imidacloprido e lambda-cialotrina, apresentaram valores similares ao de agua pura, ou seja,
em torno de 72 mN m™.

A resposta da associacdo de adjuvantes com os inseticidas foi semelhante para os trés
inseticidas testados. As maiores reducGes da tensdo superficial foram encontradas quando
foram utilizados os organosiliconados, Break Thru S 240®, Break Thru 233® e Break Thru
Union®, na dose de 0,05% v/v. O uso de organosiliconados, para reducdo da tensdo
superficial, ja& foi relatada por diversos autores (PENNER, 2000; WANG e LIU, 2007). Essa
reducdo pode incrementar a absorcdo dos agrotoxicos via estdbmatos. Schénherr e Bukovac
(1972), relatavam que somente havia absor¢do via estbmatos, com tensao superficial inferior a
30 mN m™, fato que ocorreu nos tratamentos com Break Thru S 240® e Break Thru 233°.
Resultados recentes tem demonstrado que outros fatores podem interferir nessa via de
absorcdo (BURKHARDT et al., 2012). A adicdo dos 6leos vegetal e mineral apresentaram
resultados diferentes quando comparados entre si, pois Naturo’il® reduziu a tenséo superficial
em niveis comparaveis com os organosiliconados.

Os dados de angulo de contato no tratamento com somente dgua, mostraram que as
folhas de trigo e milho s&o hidrofébicas, ou seja, apresentam angulo de contato superior a 90°,
de dificil molhabilidade. O uso de adjuvantes que reduzam o angulo de contato pode melhorar
a cobertura. A adicdo de Break Thru S 240® e Break Thru 233® teve como efeito uma reducéo
do angulo de contato entre a gota e a superficie da folha, fato este que permite uma melhor
molhabilidade e espalhamento (HESS e FOY, 2000). Foi verificada uma relagdo direta entre a
tensdo superficial e o angulo de contato, entretanto, isso ndo ocorreu para todos o0s
tratamentos.

A cobertura de gotas mostrou uma relacdo inversamente proporcional com o angulo de
contato, os tratamentos que apresentaram menor angulo de contato, tiveram as maiores

coberturas (tabela 3). A adicéo de Break Thru S 240® resultou numa cobertura variando de
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49% até 56% de acordo com o inseticida testado. A melhor cobertura esta relacionada com a
reducdo da tensdo superficial e do angulo de contato. A melhora na cobertura pelo uso de
surfactantes, ja havia sido relatada por Yu et al. (2009) utilizando outras técnicas de medicao.

O pH da calda de pulverizacdo é um fator importante, pois pode interferir na eficiéncia
dos agrotoxicos, induzindo a inativacdo ou degradacdo de alguns ingredientes ativos
(ANTUNIASSI, 2009). Nos tratamentos testados, ndo foi verificada alteracdo significativa no pH
da calda de pulverizacao, demonstrando que estes produtos nao alteram o pH (tabela 3).

A influéncia da chuva nas pulverizagdes vem sendo estudada ha varios anos,
entretanto sua resposta varia de acordo com o ingrediente ativo e com a formulagéo, por isso
cada caso deve ser avaliado isoladamente (Hunsche et al., 2007). As imagens com
microscopio eletrénico de varredura mostraram que ndo existe um padrdo de depoésito para
nenhum dos inseticidas isoladamente e nem em associagdo com os adjuvantes (figuras 1 e 2).
Na maioria das imagens foi possivel visualizar os residuos, o que indica que embora a chuva
tenha grande influéncia na remocdo destes ingredientes ativos, nem todo o produto que esta
sobre a folha acaba sendo removido pelo impacto das gotas de chuva. As folhas de trigo
apresentaram uma maior quantidade de residuos, fato este, que pode estar relacionado com a
sua maior repeléncia com a agua (folhas mais hidrofébicas de acordo com os dados de angulo

de contato), e a sua posi¢ao mais vertical, em comparacdo com as folhas de milho.

Conclusao

Para utilizacdo de adjuvantes organosiliconados, com o objetivo de reduzir a tenséo
superficial e angulo de contato, a dose mais adequada é de 0,05% v/v. A associacdo de Break
Thru S 240®, Break Thru 233® com os inseticidas tiametoxam, Imidacloprido e lambda-
cialotrina, proporcionam 0s menores resultados de tensdo superficial e angulo de contato em

folhas de trigo e milho, o que resulta numa melhor cobertura de gotas. Nao foi verificado um



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

29

padrdo de depdsito para os produtos testados e as folhas de milho retém menor quantidade de

residuos em comparacdo com as de trigo.
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Tabela 1: Tensdo superficial e angulo de contato para trigo e milho. Universidade de Bonn,

2012/13.
Tratamentos Dose Tenséo suptirflual Angu_lo de contéto ®)
(Viv) (mN m™) Trigo Milho
1. Agua - 72,7 a 1243a 1104a
2. Agua + Break Thru 233° 0,01% 69,2 b 109,2b  109,5b
3. Agua + Break Thru 233® 0,05% 342 ¢ 94,3 ¢C 93,1c¢
4. Agua + Break Thru 233° 0,10% 246d 686d  651d
CV% 2,4 7,0 1,7
Tratamentos Dose Tenséo supe_zlrflual Angu_lo de contéto ®)
(Viv) (mN m™) Trigo Milho
1. Agua - 728a 1193a 105,7a
2. Agua + Break Thru 240° 0,01% 311b 914b  852b
3. Agua + Break Thru 240° 0,05% 228¢ 547c  522c¢
4. Agua + Break Thru 240° 0,10% 218¢c 39,3d  336d
CV% 2,8 8,4 7,5
Tratamentos Dose Tenséo supe_:lrflual Angu_lo de contéto ®)
(V/IV) (MmN m™) Trigo Milho
1. Agua - 72,7a 116,6a 1109a
2. Agua + Break Thru Union® 0,01% 41,4 b 97,4b 93,3b
3. Agua + Break Thru Union® 0,05% 26,3 ¢C 69,2 C 64,8 C
4. Agua + Break Thru Union® 0,10% 239d 41,8d 429d
CV% 2,8 8,9 6,3
Tratamentos Dose Tenséo supt?lrflaal Angu_lo de contgto ®)
(V/IV) (mN m™) Trigo Milho
1. Agua - 729a 118,1a 107,2a
2. Agua + Naturo’il® 0,10% 68,7 b 999b  1058a
3. Agua + Naturo’il® 0,50% 38,7¢ 969b  854b
4. Agua + Naturo’il® 1,00% 34,6 d 848c  77,9b
5. Agua + Naturo’il® 2,00% 32,1e 720d  689¢
CV% 2,2 10,5 7,6
Tratamentos Dose Tensédo supirflual Angu.lo de cont:flto ®)
(V/IV) (mN m™) Trigo Milho
1. Agua - 72,1a 1092b  1196a
2. Agua + Oleo FC Agrarél ® 0,10% 72,2 a 120,1a 1005b
3. Agua + Oleo FC Agrarél © 0,50% 71,5ab 1216a 100,3b
4. Agua + Oleo FC Agrarl ® 1,00% 69,9 b 1035b 942D
5. Agua + Oleo FC Agrardl ® 2,00% 68,2 C 101,9b  951b
CV% 19 6,5 6,9

*Valores com a mesma letra na coluna ndo diferem significativamente pelo teste de Tukey em 5% de

probabilidade de erro.
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Tabela 2: Tensao superficial e &ngulo de contato com diferentes inseticidas e adjuvantes
em trigo e milho. Universidade de Bonn, Bonn, Alemanha. 2014.

Tensao superficial

Angulo de contato (°)

Tratamentos (mN m?) Trigo Milho
1. Tiametoxam 73,1la 1225a 111,7a
2. Tiametoxam + Break Thru S 240® 23,2 f 435d 349e
3. Tiametoxam + Break Thru 233° 26,2 e 56,5 C 49,0 d
4. Tiametoxam + Break Thru Union® 33,4d 95,3 b 88,4 c
5. Tiametoxam + Oleo FC Agrar6|® 68,6 b 118,8 a 103,0b
6. Tiametoxam + Naturo'il® 43,4 ¢ 93,1b 88,0c
7. Agua 73,84 117,8 a 111,3a
CV% 2,4 4,7 6,7
Tratamentos Tensao sup(_elrflual Ang_ulo de contaFo °)
(mN m™) Trigo Milho
1. Imidacloprido 71,7 ab 111,8b 1109 a
2. Imidacloprido + Break Thru S 240® 22,2 e 46,3 f 38,6d
3. Imidacloprido + Break Thru 233® 24,2d 56,1e 535¢c
4. Imidacloprido + Break Thru Union® 357¢ 95,1c 89,6 b
5. Imidacloprido + Oleo FC Agrarol® 70,5b 113,4 ab 106,6 a
6. Imidacloprido + Naturo'il® 37,2c¢ 86,0d 825b
7. Agua 73,1a 120,2 a 108,0 a
CV% 2,7 59 8,1
Tratamentos Tensao sup(_alrflmal Ang_ulo de conta_to )
(mMN m™) Trigo Milho
1. Lambda-cialotrina 70,8 b 116,4a 96,4 bc
2. Lambda-cialotrina + Break Thru S 240® 22,4 f 51,3d 43,4 f
3. Lambda-cialotrina + Break Thru 233® 252¢ 60,9 d 53,6 ¢
4. Lambda-cialotrina + Break Thru Union® 33,5d 101,2b 943c
5. Lambda-cialotrina + Oleo FC Agrardl® 63,4 C 104,5b 102,2 ab
6. Lambda-cialotrina + Naturo'il® 32,7d 84,2 c 776d
7. Agua 729a 116,0 a 107,7 a
CV% 3,3 8,1 6,6

* Valores seguidos pela mesma letra na coluna, ndo diferem significativamente pelo teste de
Tukey a 5% de probabilidade de erro.



Tabela 3: Cobertura de gotas e pH com diferentes inseticidas e adjuvantes. Universidade

de Bonn, Bonn, Alemanha. 2014.

Tratamentos Cobertura (%) pH

1. Tiametoxam 376b 7,7
2. Tiametoxam + Break Thru S 240® 49,0a 7,6
3. Tiametoxam + Break Thru 233® 42,8 ab 7,6
4. Tiametoxam + Break Thru Union® 39,9 ab 1,7
5. Tiametoxam + Oleo FC Agrar6|® 42,2 ab 7,5
6. Tiametoxam + Naturo'il® 45,7 ab 7,2
7. Agua - 7,0
CV% 5.8 -

Tratamentos Cobertura (%) pH
1. Imidacloprido 420b 6,7
2. Imidacloprido + Break Thru S 240® 56,7 a 7,2
3. Imidacloprido + Break Thru 233® 48,0 ab 6,9
4. Imidacloprido + Break Thru Union® 42,2 b 7,1
5. Imidacloprido + Oleo FC Agrardl® 43,4 b 7,0
6. Imidacloprido + Naturo'il® 46,9 ab 6,9
7. Agua - 7,0
CV% 5.3 -

Tratamentos Cobertura (%) pH
1. Lambda-cialotrina 379b 1,7
2. Lambda-cialotrina + Break Thru S 240® 50,6 a 7,6
3. Lambda-cialotrina + Break Thru 233® 43,7 ab 7,6
4. Lambda-cialotrina + Break Thru Union® 41,9 ab 7,7
5. Lambda-cialotrina + Oleo FC Agrardl® 42,7 ab 75
6. Lambda-cialotrina + Naturo'il® 45,4 ab 7,2
7. Agua - 7,0
CV% 5.7 -

* Valores seguidos pela mesma letra na coluna,

Tukey a 5% de probabilidade de erro.

ndo diferem significativamente pelo teste de
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Figura 1. Imagens de microscépio eletrdnico de varredura dos depdsitos de inseticidas

associados com adjuvantes ap6s a chuva simulada (5 mm) em folhas de trigo.

Universidade de Bonn, Bonn, Alemanha. 2014.
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Figura 2. Imagens de microscopio eletronico de varredura dos depdsitos de inseticidas

associados com adjuvantes apés a chuva simulada (5 mm) em folhas de milho.

Universidade de Bonn, Bonn, Alemanha. 2014.
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Abstract

Off-target agrochemicals impose a general risk for the environment while environmental
factors such as rainfall might cause significant pesticide removal from agricultural crops and
contribute for higher rate and frequency of applications in intensive agricultural systems. In
the present study, we analysed the impact of five tank-mix adjuvants with distinct properties
on the retention, deposit characteristics at the microscale, and rain-induced removal of
chlorantraniliprole from the hydrophobic leaf surfaces of wheat and maize. In addition, the
cuticular penetration of the active ingredient (Al) was determined on astomatous cuticles from
the adaxial side of apple leaves. The tank-mix adjuvants with stronger impact on the surface
tension caused lower contact angle of sessile droplets, larger surface coverage, and higher
spray retention on wheat and maize leaves. Heavy rain (5 mm h™) removed zero to 60% of the
chlorantraniliprole from wheat leaves, and 20 to 60% from maize leaves, the losses being

more pronounced in those treatments with higher initial Al deposition. Moreover, in wheat we
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observed a pronounced effect of the rain amount (5 mm or 10 mm) on the Al removal. ESEM
micrographs of fresh-samples indicate the rain-induced displacement and re-allocation of
residues within the droplet footprint, while no residues were found in adjacent areas. Cuticular
penetration of chlorantraniliprole, which is demonstrated here for the first time, ranged from
15 to 30%, but not statistical differences among the experimental groups could be defined. In
summary, the evaluated tank-mix adjuvants positively influence the retention and deposit
formation of chlorantraniliprole on hydrophobic leaves. In case of rain, the add-on value of
adjuvants on retention might be partially lost, since highest wash-off was associated to highest
deposition; nevertheless, the Al concentration on the leaves after rain will remain significantly
higher, on in worst-case similar to, the control group. In specific cases, the cuticular
penetration might be improved, while no information on stomatal infiltration and bio-efficacy
is provided. Finally, we point to the need of further optimization of adjuvant-Al systems to
increase both penetration and rainfastness, and in this way constrain Al losses and

unnecessary environmental contamination.

Key words: cereals, environment, hydrophobic surfaces, insecticides, rainfastness, scanning

electron microscopy,
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Introduction

The impact of adjuvants either as build-in or tank-mix products has been intensively
studied in the past. Adjuvants might modify the physicochemical properties of the treatment
solutions, impacting properties like viscosity and surface tension (Hartley and Graham Bryce,
1980; Hazen, 2000; Stock and Briggs, 2000) with relevance for spray atomization (Downer et
al., 1998) and influence on droplet retention (Baur and Pontzen, 2007), contact angle (Stock
and Holloway, 1993; Wang and Liu, 2007) and deposit structure (Bukovac et al., 1995;
Matysiak, 1995; Wang and Liu, 2007) on the target surfaces. Further, adjuvants support the
efficacy of agrochemicals by improving its bio-availability on the target site, e.g. through
improved or faster penetration (Zabkiewicz et al., 1988) or by increasing the withstand against
adverse environmental conditions (Kudsk et al., 1991). While the cuticular penetration might
be increased directly through improved deposit formation (Kraemer et al., 2009a) or structural
and chemical changes on the leaf surface and plant cuticle (Baur et al., 1999; Bukovac and
Petracek, 1993; Kirkwood, 1999), rainfastness is associated with the tenacity of the deposits
on the surfaces, making them less prone to the physical removal by rain (Bruhn and Fry,
1982; Hunsche et al., 2011; Hunsche et al., 2007; Kudsk et al., 1991). As outcome of higher
penetration and higher rainfastness, superior biological efficacy is expected.

The interaction between spray droplets and target surfaces still remains one of the
biggest challenges for the improvement of agrochemical treatments. While a number of
studies indicate fairly well the impact of adjuvants on boundary phenomena of herbicides and
fungicides, only a few studies are available for insecticides. Nevertheless, there is a
considerable interest in using adjuvants to enhance activity and possibly reduce dose rates for
application (Knowles, 2001). In the past, the use of adjuvants was reported to have significant
impact on retention of spray droplets (Young et al., 1996), the evaporation time and coverage

area (Yu et al., 2009), rainfastness (Mulrooney and Elmore, 2000; Sundaram, 1994) and
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biological efficacy (Ebert et al., 1999) of specific insecticidal compounds. Chlorantraniliprole,
an anthranilic diamide insecticide which has been discovered a few years ago (Cordova et al.,
2006), is characterized by an extremely fast feeding cessation effect (Hannig et al., 2009). For
this compound, as well as for the majority of the currently commercialized insecticides, there
is no information available at all neither on their cuticular penetration nor on the deposit
formation and rainfastness. The objective of this work was to better understand the
contribution of tank-mix adjuvants for the deposit formation and rain-induced removal of
insecticides, evaluated on the example of chlorantraniliprole. As model surfaces we choose
the hydrophobic leaves of wheat and maize, while penetration studies were done on
astomatous apple leaf cuticles. Our guiding hypothesis was that the used adjuvants improve
the uptake and tenacity of the chlorantraniliprole deposits, thereby reducing physical rain-

induced removal of the active ingredient.

Materials and Methods

Treatment solutions

The insecticide chlorantraniliprole in its commercial formulation (Coragen®, DuPont,
Delaware, USA) was used at the rate of 100 ml ha™. Treatment solutions were prepared with
five commercial adjuvants i.e., the trisiloxane-based super-spreader Break-Thru® S240, the
penetrating agent Break-Thru® $233 and the spreader-sticker Break-Thru® Union (Evonik
Goldschmidt GmbH, Essen, Germany), the paraffin oil Oleo FC® Agrarél (Feinchemie
Schwebda GmbH, Cologne, Germany) and the non-ionic vegetable oil Natur’l Oil® (Stoller
Chemical Co, Houston, USA). Based on results of preliminary tests evaluating changes of
surface tension and contact angle, we adjusted the concentration of Break-Thru® products to
0.05% (v/v), Oleo FC® Agrardl and Natur’l Oil® to 0.5% (v/v). Chlorantraniliprole without

any tank-mix adjuvant served as reference.
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Surface tension and contact angle were determined with the droplet shape analysis
system DSA 30E (Kriiss GmbH, Hamburg, Germany). The surface tension was determined
with the pendant drop method (n = 10 droplets per solution). The contact angle of sessile
droplets (3 ul; n = 10) was measured on leaves of wheat and maize. For this purpose, leaves
were fixed to glass slides with double-sided adhesive tape and droplets were applied in the

central area of the leaf lamina avoiding the middle vein.

Coverage

Surface coverage, determined on water sensitive paper (Novartis AG, Basel,
Switzerland), was done using the same application technique and settings as described below
for the retention studies. For this purpose, four pieces (5 cm?) of the water sensitive paper
were distributed at the bottom of the application device (50 cm height) and sprayed with one
of the experimental solutions at time. Immediately after application the water sensitive surface
was sealed with a broad transparent tape (Tesa® 4124, Tesa SE, Hamburg, Germany);
thereafter, papers were digitalized with an office scanner device, and the percent area covered
by the droplets was analysed with the software Gotas® (Empresa Brasileira de Pesquisa

Agropecuaria, EMBRAPA, Brasilia, Brazil).

Retention and rainfastness

Retention and rainfastness of chlorantraniliprole were studied on the hydrophobic leaf
surfaces of wheat (Triticum aestivum cv. Oakley) and maize (Zea mays cv. Lorena). Wheat
and maize seeds were sown in pots filled with a substrate prepared with peat and sand. In each
pot we placed either five seeds for wheat or one seed for maize. The plants were cultivated in

a semi-controlled greenhouse with temperature of 20 £ 5°C and relative humidity of 50 *
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15%. Fertigation with a standard commercial fertilizer was provided from the bottom of the
pots.

Experiments were conducted approximately 20 days after sowing, when plants
reached a height of 20 cm (wheat) or 25 cm (maize). Treatment solutions were sprayed using
a laboratory spray device (B-PSA-1; Department of Agricultural Engineering, University of
Bonn, Germany) equipped with flat spray nozzle (XR 110.03, Teejet Inc., lllinois, USA). The
spray bar moved horizontally with velocity of 6 km h™, operated at 300 kPa pressure and
calibrated for 200 | ha™*.

After a drying time of two hours, 10 pots per treatment group were exposed to either 5
mm or 10 mm standardized heavy rain (5 mm h™), which was simulated with laboratory rain
simulator (B-LRS-2 Department of Agriculture Engineering, University of Bonn, Germany),
as described elsewhere (Hunsche et al., 2007). After rain, plants were returned to the
greenhouse; after 24 h leaves were harvested, frozen (-20°C), and later freeze-dried and
grounded for the quantitative analysis of chlorantraniliprole. Untreated plants as well as
treated, but not rain-exposed plants, served as controls. Deposit patterns of chlorantraniliprole
were analyzed on fresh-samples after 5 mm and 10 mm rain with an environmental scanning
electron microscope (ESEM XL 30 FEI; Philips, Eindhoven, Holland), as done previously for

other organic and inorganic compounds (Hunsche and Noga, 2009).

Cuticular penetration

Analyses of the cuticular penetration of chlorantraniliprole were done with a finite-
dose-system, as describe elsewhere (Bukovac and Petracek, 1993; Kraemer et al., 2009a;
Kraemer et al., 2009b). For this purpose, stomata-free cuticles of the adaxial side of apple
leaves (cultivar Pinova) were isolated enzymatically and selected for integrity (Kraemer et al.,

2009a; Kraemer et al., 2009b). For the experiment, cuticular membranes (CM) were mounted
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on stainless steel boxes filled with 1.5 x 10° | of demineralized water as receiver solution.
The abaxial surface of the CM was always in close contact to the receiver solution. On the
adaxial side of the cuticles five 1 ul droplets of one treatment solution were carefully with a
microsyringe. Experiments were carried out under laboratory conditions (T= 20 + 2°C and
RH > 90 %) with 6-8 samples per treatment group. Penetration time was set to 20 h; after this
time, the receiver solution was transferred to 2 ml volumetric flasks and filled up with

deionized water. Samples were stored at -20°C for 7 - 10 days before analytic determinations.

Determination of chlorantraniliprole

Analysis of chlorantraniliprole was performed with a HPLC (Model Agilent 1260
Infinity LC) equipped with DAD detector at 254 nm (wavelength) and Vertex reversed-phase
Cis column (250 mm x 4.0 mm, 5 um), protected with a guard column (4 mm x 2.0 mm, RP-
18, 5 um, Phenomenex, Germany). HPLC grade acetonitrile:water (60:40, v/v) was used as
mobile phase at 0.4 ml min™ and 10 pl of injection volume. Under these operating conditions
the retention time of chlorantraniliprole was found to be 12.20 min. Identification of
chlorantraniliprole was done by comparison of its UV, retention time and with authentic
standard. A standard stock solution (300 pug ml™) was prepared in HPLC grade acetonitrile.
The standard solutions required for the calibration curve (2.55, 2.04, 1.02, 0.51 and 0.10 ug
ml™) were prepared from stock solution by serial dilutions with HPLC grade acetonitrile. All
the standard solutions were prepared following QUEChERS method for the determination of
chlorantraniliprole residues (Singh et al., 2012; Wilkowska and Biziuk, 2011) whereas
standard solutions for cuticular penetration experiments were prepared directly by serial
dilutions and stored at -4 °C before use. For quantitative analysis, calibration curves were
obtained by injection of known concentrations (y= 7.135.3x + 1.6675; R®=0.9905 for

determination of chlorantraniliprole residues in plant tissue; y= 25433x - 6742; R?=0.9993;
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for cuticular penetration experiments). Characteristic chromatograms of the standard and real

samples with or without chlorantraniliprole are shown in Figure 1.

Statistical analyses

Data were analysed with Assistat® software (Version 7.6 beta) and graphs were created
with Sigma Plot (Systat Software Co., Erkrath, Germany) and Excel 2010® (Microsoft,

Redmond, WA, USA).

Results

Surface tension and contact angle

Surface tension (ST) of the treatment solutions was strongly influenced by the tank-
mix adjuvants (Tab. 1). While the ST of chlorantraniliprole (71.8 mN m™) was similar to the
ST of pure water (72.5 mN m™), the non-ionic vegetable oil Natur’l Oil® decreased the values
in almost 50 % (36.3 MmN m™). The lowest ST was reached with the organosilicones Break-
Thru® $233 (24 mN m™) and Break-Thru® $240 (22.2 mN m™). Break-Thru® Union led to ST
values around 32 mN m™, while the paraffinic Oleo FC® Agrardl (68.2 mN m™) had only a
minor impact on the surface tension.

Contact angle (CA) of pure water droplets demonstrate the hydrophobicity of both
wheat (CA = 120°) and maize (CA = 112°) leaves (Tab. 1). In general, the adjuvants
influenced the CA in a similar way as observed for the surface tension. Lowest CA were
measured when chlorantraniliprole was tank-mix formulated with the organosilicones Break-
Thru® S240 or Break-Thru® S233, while Oleo FC® Agrardl had almost no effect on the

contact angle.
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Coverage and Al retention

Chlorantraniliprole without any tank-mix adjuvant induced a surface coverage of 40
%, which was increased in about 12% by the organosilicones Break-Thru® S$240 or Break-
Thru® S233 (Tab. 2). The other three tank-mix adjuvants increased the coverage in 2 — 4%
when compared to chlorantraniliprole, but no significant difference among these treatments
was confirmed.

Chlorantraniliprole without any tank-mix adjuvant had the lowest Al retention on the
leaves of wheat and maize (Tab. 2). In both species, highest retention was reached by using
either Break-Thru® S240 or Break-Thru® $233, but also the other adjuvants caused a
remarkable higher retention when compared to the control group. In general, the Al retention
followed the inverse pattern observed for the surface tension: as lower the ST, as higher the
retention. It is interesting to note that the adjuvant-mediated increase of Al retention in wheat
was many times higher than in maize, taking the respective chlorantraniliprole treatments
without tank-mix adjuvant as reference. This might be related to the differences in surface
properties (e.g., micromorphology, wax amount and composition), to morphological aspects

(e.g., leaf size, leaf inclination), or both.

Rain-induced wash-off

Heavy rain (5 or 10 mm, 5 mm h™) removed considerable amounts of the
chlorantraniliprole deposit from the leaves. In wheat (Fig. 2, top), losses after 5 mm rain
ranged from 7% (no tank-mix adjuvant) to 50% (Oleo FC® Agrarél). In this species, 10 mm
rain accentuated the losses in almost all treatments, causing a removal of 40% to 60%,
depending on the tank-mix adjuvant. It is interesting to note that the lowest losses were
observed when no tank-mix adjuvant was used. In general, the big standard deviations

restricted the more accurate statistical differentiation of the treatments.
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In maize (Fig. 2, bottom), 5 mm rain removed on average more Al than the same
precipitation in wheat. In this species, lowest removal of chlorantraniliprole (25%) was again
observed when no tank-mix, or the Break-Thru® Union, was used. Rain removed a maximum
of 60% of the initial deposit when the organosilicone Break-Thru® S240 was used. With
exception of trends registered for Break-Thru® $240 and Break-Thru® Union, no clear impact
of additional rain (5 mm versus 10 mm) was observed. In general terms, larger losses due to
rain were associated to the higher Al retention provided by the tank-mix adjuvants.
Nevertheless, besides the large percent losses, Al concentration after rain as affected by
adjuvants was higher, or in worst case similar, to the treatment of chlorantraniliprole without
any tank-mix product.

Scanning electron micrographs enabled a qualitative analysis of deposit properties and
the interaction with the plant surfaces. In general, leaves which were not exposed to rain had
practically no visible residues, or residues were well-distributed in the droplet area,
irrespective of adjuvants (pictures not shown). In contrast, rain (5 or 10 mm) caused a
reorganization of the residues inside the original deposition area (Figs. 3 and 4). Besides the
displacement of residues from their original allocation site, rarely we observed residues in
adjacent regions to the original deposition area (Figs. 3 and 4). In a few cases, residues were
observed along central veins on their way to run-off through leaf tip or leaf basis. Moreover,
we could not define any universal residue pattern after rain which could be precisely
attributed to rain intensity, surface properties, or even to the adjuvants (Figs. 3 and 4). Inside
the droplet footprint, residues were commonly accumulated in small depressions, or at the
border of the original spray droplet. Furthermore, we observed the formation of small

spherical or ring-like structures, as well as big plates covering the epidermis (Figs. 3 and 4).
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Cuticular penetration

Cuticular penetration of chlorantraniliprole ranged from 15% to 30% of the total
applied active ingredient (Fig. 5). As indicated in the Box-Plots, there was a big variation in
the dataset within the treatment groups, irrespective of the adjuvant. The lowest variation was
observed when Natur’l Oil® was used as tank-mix adjuvant (Fig. 5). This product also
induced higher cuticular penetration (about 30%), although it was not significantly different
from the remaining treatment groups (even not to chlorantraniliprole without tank-mix

adjuvants, 15%).

Discussion

The use of tank-mix adjuvants is a common practice in modern, intensive and yield-
oriented production systems. In a number of cases, labels of commercial adjuvant suggest a
number of possible positive effects (e.g., on retention, penetration, rainfastness and bio-
efficacy) although no reliable, independent and public-open datasets on that exist. Moreover,
in many cases relevant aspects such as physicochemical properties of the Al, surface
characteristics, rain-free period, as well as rain amount and intensity are disregarded. Finally,
enterprises and even many researchers simply neglect the clear difference between
rainfastness and rain-induced wash-off.

Our results demonstrate the positive impact of five tank-mix adjuvants on the retention
of chlorantraniliprole on the hydrophobic leaves of wheat and maize (Tab. 2). In wheat the Al
concentration on the leaves was raised up to six times, and in maize up to 3 times, as
compared to chlorantraniliprole without tank-mix adjuvants. Previous studies report that the
ability of tank-mix adjuvants in increasing retention of insecticides varies with the
formulation type of the Al, while changes in performance of formulations were not related to

the static surface tension or viscosity (Young et al., 1996). In our case, we do observed a
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relation between low surface tension of the liquids (Tab. 1) and high retention, although there
is no linear and generally valid correlation. For example, the paraffinic oil (Oleo FC®
Agrardl) and the vegetable oil (Natur’l Oil®) had very distinct surface tension, caused a
similar surface coverage and Al retention on wheat, but different Al retention on maize. In
former studies with bifenthrin, petroleum and vegetable oils enhanced the Al retention on leaf
surfaces, a result that was attributed to the spread and degree of binding of the insecticide to
the surface (Mulrooney and Elmore, 2000). Our results further suggest that it is risky to use
single species (e.g., wheat or maize ) as representative for a number of other plant species
having leaf surfaces with similar affinity to water (e.g., hydrophobic surfaces) since other
factors such as surface chemistry as well as leaf morphology might play a significant role.

The retention of spray droplets is an essential step for a successful pesticide treatment.
With a higher retention due to tank-mix adjuvants, as observed here (Tab. 2), more Al can
penetrate the tissue and contribute for the bio-efficacy. Here, we observed no significant
impact of the adjuvants on the cuticular penetration, although specific products such as
Natur’l Oil® and Break-Thru® $233 induced at least numerically higher cuticular penetration
(Fig. 5). However, in a real situation in which the use of adjuvants causes higher initial Al
concentration on the leaves (Tab. 2), more Al is able to penetrate into the tissue even if there
is no difference in the percentage of penetration.

In our experiments we used enzymatically isolated apple leaf cuticles to evaluate the
cuticular penetration. The use of the finite-dose system for such purpose is widely established
(Bukovac and Petracek, 1993; Kraemer et al., 2009a; Kraemer et al., 2009b) and requires
astomatous and defect-free cuticles. Nevertheless, variability within the treatment groups are
common, as explained amongst others by the natural variability of plant cuticles in both

lateral and vertical directions (Jeffree, 2006; Niederl et al., 1998; Remus-Emsermann et al.,
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2011). In wheat and maize, the presence of stomata on both leaf sides prevent the use of these
species for evaluation of the cuticular penetration.

Besides the cuticular penetration, active ingredients might also reach the interior of
plant tissues through stomatal infiltration (Basi et al., 2014; Burkhardt, 2010; Burkhardt et al.,
2012; Burkhardt and Hunsche, 2013). Although not studied here, one could expect
pronounced stomatal penetration caused by the organosilicones Break-Thru® $S240 and Break-
Thru® $233. It is well known that organosilicones induce stomatal infiltration (Stevens,
1993), being the critical value of the surface tension to allow stomatal infiltration on clean
surfaces below 30 mN m™ (Schoenherr and Bukovac, 1972). Organosilicone adjuvants are
able to flood the stomatal cavity (Knoche, 1994), carrying with them molecules of active
ingredients (Zabkiewicz et al., 1993), and potentially contribute for lower Al removal from
the surface by rain (Zabkiewicz 2013).

In the context of this work it is relevant to differentiate between rainfastness and rain-
induced removal of active ingredients. In a scientific view, rainfastness is defined as the
amount of active ingredient which is exposed to, but not removed by, defined rain events
(Hunsche, 2006). This means, that the Al which had already penetrated the tissue before rain
does not account to the rain-fast portion. Similarly, biological efficacy of agrochemicals
cannot be used as indicator of rainfastness since usually there is no linear correlation between
the involved factors. Since it is difficult to evaluate rainfastness on natural surfaces,
particularly when working with systemic Als or super-spreader adjuvants, we decided to
evaluate the rain-induced removal. Irrespective of situation (plant species and rain amount),
lowest percent losses were observed when no tank-mix adjuvant was used (Fig. 2). In fact, the
highest removal was observed, by trend, in those treatments which had higher initial

deposition. Similar results were shown before, when the same adjuvant properties that
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enhanced the retention of bifenthrin on cotton leaves also decreased its rainfastness
(Mulrooney and Elmore, 2000).

For some parameters in this study, the numerical difference between treatments was
not expressed as statistical significance because of the big variation inside the treatment
groups. Nevertheless, even if adjuvants induced higher percent losses, the Al concentration on
the leaves after rain in these treatments was higher, or in worse case similar, to the reference
treatment without adjuvants. In older studies it was already indicated that adjuvants were
ineffective in preventing rainwashing of azinphosmethyl and phostmet deposits (Nord and
Pepper, 1991). SEM micrographs indicated no universal pattern of deposit after rain, neither
as related to the tank-mix adjuvants, nor as related to the plant surface. In many cases we
observed the formation of spherical or ring-like structures (Figs. 3 and 4), similar to structures
observed for copper formulations (Hunsche et al., 2011).

We should further highlight that the stronger Al wash-off from wheat leaves due to 10
mm rain, in contrast to 5 mm, was unexpected here. Besides the documented impact of rain
amount on the removal of Als from leaves (Hunsche et al., 2007), 5 mm of rain are sufficient
to remove major portions of the deposits which are exposed to falling droplets. The most
reasonable explanation for the impact of rain amount on wheat might be the position of the
leaves during pesticide application and rain event. While maize leaves were in a more-or-less
horizontal or slightly inclined angle to the falling droplets, wheat leaves assumed a rather
vertical, less exposed position. This might have influenced both the deposition of spray
droplets during application and the removal of residues during rain.

In perspective, higher rainfastness or lower rain-induced wash-of could enable a better
insect control under adverse conditions or high insect population pressure, or even provide
longer-lasting protection of plants, also against future generations of insects. This is also

based on the premise that adjuvants do increase residues in plant tissues but have no
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significant impact on dissipation rate of metabolism of insecticides (Putnam et al., 2002).
However, recent studies indicate that adjuvants did not enhance the residual activity of
insecticides (Dow et al., 2014; Fountain et al., 2012; Leskey et al., 2014). Thus, it still
remains open if the better droplet retention and surface coverage caused by the tank-mix-
adjuvants, as well as the higher Al residues after rain, offer significant advantages in terms of

short- and long-term bio-efficacy.

Conclusions

Tank-mix adjuvants play an essential role for the optimization of droplet retention on
hydrophobic surfaces, and might increase the cuticular penetration of chlorantraniliprole. The
high rain-induced losses, in some cases reaching 60 % of the initial concentration, were
associated to the higher Al retention enabled by the adjuvants. Nevertheless, the Al
concentration after rain in those treatments was higher, or in worst case similar, to the
treatment of chlorantraniliprole without any tank-mix product. In other words, future
developments on adjuvants for chlorantraniliprole should target the higher cuticular
penetration and the physical rainfastness, thereby maintaining the beneficial effects of the low
surface tension to improve retention during spray application. This seems to be the most
promising way to ensure extended crop protection under unfavorable rainy conditions, and to

reduce environmental losses during application and the crop cycle.
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Table 1. Surface tension of the treatment solutions, and contact angle of sessile droplets,

determined at the adaxial side of wheat and maize leaves.

Treatments* Surface tension Contact angle (°)
[mN m-l] Wheat Maize
Chlorantraniliprole** 718+06la 117.3+6.79a 109.0+x4.95a

Chlorantraniliprole + Break-Thru® $240 22.2+051f 45.1+6.12d 45.1+8.39d
Chlorantraniliprole + Break-Thru® $233 24.0+0.26 ¢ 741+£520c 599+7.10c
Chlorantraniliprole + Break-Thru®Union  31.6+1.33d 106.3+3.70b 925+6.57b
Chlorantraniliprole + Oleo FC® Agrardl 68.2+118b 1221+3.69a 1094+3.89a

Chlorantraniliprole + Natur'l Oil® 36.3+142c 1048+446b 944+241D
Water (dest) 725+059a 1199+536a 111.8+554a
CV% 2.0 7.7 8.1

* The commercial product Coragen® was used as source of chlorantraniliprole. Break-Thru® adjuvants are
organosilicone-based surfactants; Oleo FC® Agrarél is a paraffin oil; Natur’l Oil® is a non-ionic vegetable oil. **
Means + SE (h = 10) the column followed by the same letter are not significantly different according to Tukey (p
<0.05).
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Table 2. Impact of tank-mix adjuvants on the surface coverage determined on water sensitive

paper, and the retention of chlorantraniliprole on wheat and maize leaves.

Coverage Al retention [mg Kg™]
(%) Wheat Maize

Chlorantraniliprole** 39.7+400Db 102+21c 31.2+157¢c
Chlorantraniliprole + Break-Thru® $240 514+43a 51.8+12.1a 725%+20.2ab
Chlorantraniliprole + Break-Thru® $233 525+29a 61.5+8.4a 95.1+17.0a
Chlorantraniliprole + Break-Thru®Union  42.4+3.8b 245+13.6bc 43.7+10.9hc
Chlorantraniliprole + Oleo FC® Agrarél 444+38ab 27.1+£185hbc 36.6+11.8¢c
Chlorantraniliprole + Natur'l Oil® 424+39Db 29.8+9.7b 68.9+9.1ab
CV% 8.4 19.6 13.5

* Means = SE (n = 4) followed by the same letter in each column are not significantly different according to

Treatments*

Tukey (p < 0.05).** The commercial product Coragen® was used as source of chlorantraniliprole. Break-Thru®
adjuvants are organosilicone-based surfactants; Oleo FC® Agrarél is a paraffin oil; Natur'l Oil® is a non-ionic

vegetable oil.
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Fig. 1. Representative HPLC chromatograms of A) untreated, control sample of
maize, B) a sample of treated maize leaves, and C) standard of chlorantraniliprole,
following QUEChERS method. Peak of chlorantraniliprole is found at 12.18 min. in
the standard (C) and 12.20 min in the sample (B).

59



60

Wheat

a

Maize

80

©) [©)
£ &\Q £ \N\Q
EE o . EE o %
Eg % % Eg 9, ; % %
o o %, ? Lo b4 1 %, Q,
IR Yoo, O IR Yy
N 4, N %,
% %
4 4
T 0, T 0,
o o o o (5) o o o o o (5)
© < N @ © < Y

[95] ures Ag [enowiay [95] ures Ag [erowiay

= 4); different letters (upper case, 5 mm rain; lower

Impact of precipitation amount on the rain-induced removal (%) of

chlorantraniliprole, as influenced by tank-mix adjuvants, from wheat (top) and maize
case, 10 mm rain) indicate significant differences among the treatment groups

(Tukey, p <0.05); *ns / *NS, non-significant after ANOVA (p < 0.05).

(bottom) leaves. Means = SE (n

Fig. 2.



Chlorantraniliprole

| Chlorant. + Break-Thru® Union =

B

Fig. 3. Representative micrographs showing the residue deposit of chlorantraniliprole
(Chlorant.) after rain (5 or 10 mm) on wheat leaves, as influenced by tank-mix
adjuvants. Magnification and scale bar are indicated in each single picture.
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Fig. 4. Representative micrographs showing the residue deposit of chlorantraniliprole
(Chlorant.) after rain (5 or 10 mm) on maize leaves, as influenced by tank-mix

adjuvants. Magnification and scale bar are indicated in each single picture.
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Fig. 5. Cuticular penetration of chlorantraniliprole through astomatous apple leaf
cuticles as influenced by tank-mix adjuvants. Box-Plots demonstrate the variation
within the data set of cuticular penetration (ug), with indication of median
(continuous line) and average (dotted line). Means + SE (n > 6) of the percent
penetration are shown as vertical bars for each treatment group. *ns indicates no

significant differences according to the analysis of variance (ANOVA, p < 0.05).
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5. DISCUSSAO

A agricultura brasileira passa por uma transformacdo, o desafio atual é produzir cada
vez mais alimentos com menor impacto ambiental e sem aumento significativo da area
plantada. No atual modelo de producdo é impensavel produzir a quantidade de alimentos
necessaria sem fazer uso de agrotdxicos. Entretanto, algumas medidas podem fazer com que o
seu uso mais racional e eficiente, impedindo reaplicagfes e reduzindo a contaminagdo do
meio ambiente.

A adicdo de adjuvantes € um recurso que pode ajudar na qualidade das pulverizacdes
em campo. Estes produtos, quando utilizados de maneira correta, podem melhorar a eficiéncia
dos agrotdxicos e diminuir os riscos ao meio ambiente. Todavia, seu uso ainda desperta muita
discussdo e gera controvérsias, pois na maioria das vezes sua recomendacao esta atrelada mais
a questdes comerciais do que técnico-cientificas.

A interacdo entre as gotas de pulverizacdo com as superficies que se quer atingir
continua a ser um dos maiores desafios para a melhoria da eficiéncia de agrotoxicos.
Enquanto a grande maioria dos estudos descreve o impacto de adjuvantes sobre o0 uso de
herbicidas e fungicidas, apenas poucos estudos estdo disponiveis para inseticidas. Dessa
maneira, pouco ainda se conhece de como se comportam 0s inseticidas associados com
adjuvantes em relacdo a aspectos como tensao superficial, &ngulo de contato, pH, cobertura,
penetracdo e absorcdo e efeito da chuva nas pulverizagdes de inseticidas.

Para contribuir com dados sobre as respostas da utilizacdo de adjuvantes com
inseticidas, em culturas que sdo de grande importancia para o Brasil, este trabalho retne dois
artigos cientificos que podem auxiliar nos questionamentos de quem faz uso destes produtos.
O primeiro artigo intitulado “Influéncia de adjuvantes nas caracteristicas fisico-quimicas de
caldas de pulverizacdo de inseticidas e imagens de microscopio eletronico dos depositos em
folhas de trigo e milho” mostrou que a associacdo de inseticidas e adjuvantes pode alterar para
melhor as caracteristicas das caldas de pulverizacdo. A adicdo desses produtos resulta numa
melhor molhabilidade e consequentemente cobertura dos inseticidas.

O segundo artigo, intitulado “Tank-mix-adjuvants might improve deposit formation
and cuticular penetration, and reduce rain-induced removal of chlorantraniliprole”, mostrou
que os adjuvantes podem interferir diretamente na penetracdo e absorcdo de inseticidas, tanto

em avaliacGes de penetracdo cuticular como em folhas de trigo e milho. Os adjuvantes
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interferem no “rainfastness”, podendo ser usados para diminuir a influencia das condigdes
climéticas nas pulverizaces. Além disso, seu uso melhora a molhabilidade e cobertura, por
meio da reducdo da tensdo superficial e reducdo do angulo de contato entre a gota e a
superficie foliar.

Com base nos resultados dos dois artigos é possivel inferir que o uso de adjuvantes é
uma pratica importante na melhora da eficiéncia dos agrotoxicos. A sua utilizacdo pode
melhorar o controle de pragas (insetos, plantas daninhas, fungos e nematoides), na medida em
que melhora a qualidade de aplicacdo e aumenta a quantidade de ingrediente ativo absorvido

pelas plantas, podendo diminuir sua demanda.



6. CONCLUSAO GERAL

v' A adicdo de adjuvantes interfere nas propriedades fisico-quimicas das caldas de
pulverizagdo dos inseticidas clorantraniliprole, Imidacloprido, lambda-cialotrina e

tiametoxam.

v Os adjuvantes Break-Thru® S$240, Break-Thru® $233, Break-Thru® Union, Oleo FC®
Agrardl e Natur’l Oil®, ndo alteram o pH da calda de pulverizagéo.

v" O uso de adjuvantes aumenta a penetracdo e absorcdo do inseticida clorantraniliprole,

tanto via cuticula como em folhas de trigo e milho.

v' Os adjuvantes podem diminuir a influéncia do efeito deletério da chuva nas

pulverizacdes agricolas.
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