





Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Bruno Oliveira
Camila Alves de Cremo
Daphynny Pamplona 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natalia Sandrini de Azevedo Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o contelido deste livro esta licenciado sob uma Licenca de Atribuicdo
@ Creative  Commons.  Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive nao representam necessariamente a posic¢ao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof® Dr® Amanda Vasconcelos Guimaraes - Universidade Federal de Lavras

Prof? Dr® Andrezza Miguel da Silva - Universidade do Estado de Mato Grosso

Prof. Dr. Arinaldo Pereira da Silva - Universidade Federal do Sul e Sudeste do Para
Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catdlica de Goias

Prof® Dr? Carla Cristina Bauermann Brasil - Universidade Federal de Santa Maria


https://www.edocbrasil.com.br/
http://lattes.cnpq.br/3962057158400444
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4137742T8&tokenCaptchar=03AGdBq24lncsWlkpZ60UpTn6X0MlPl7IFq8JUxnZ8H7ZQM4Qt1bRnGBiL4O-NlKmYERXt4Cm0f257x4BJrEvOyd97JoCPOjA2lpl8NCy8TXk_8UdHkKkVru2YX3siYNrQZ0npPWUkrVsWyd1Th8zllzowFyH_REcUJebqKKBGdmE6GvFYx3vbXW-Wuu38isuhI7fUGxYWjSWWhRaRr9vjBnngXjL6AtWpF5u1OzExXK-qJfLO-Z9Y6REzJUHx_0Tc7avyB6h_1jBfwLMqkijzXDMn9YwOGZRCgKQYRG8qq_TJMG4nRON-Jl-4bdND5JUmOFwiHuItavE0vGnpIuRZ_Q-TASdvbZcOtdJk1ho1jjXvCdT7mg6B7ydKdRVqvRPOSm1sWTiySKGh12iCA-bxt-2aHxn-ToQyyAd_K_Bq4plWvjPiqVvmeBF0UDfauPMyz3jxzJlKjabDWdqQbOfqcAPJJOQTr5nJPg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4207000Z2&tokenCaptchar=03AGdBq27XnTU_KfEna2BdE1EGHqnxpZomfVa1y9aAfIzpgrIDNIHmtLjsMRACvzlskrsMmYJqoX0PIDLJsjhSX5qtupE8W4KlxOKAJWu5nZb7dkI3MPimPe5j3GvSnPOXpnnRqPXZ3myJGQTaNDkQIF5Ga1W7FMIk7_3mCEU0Q0OS3FPsBjm1TNlNVzWP9Tg47oHo8aRE4yImJVaOF7uEhvWUKO2wafsVRfJ_zNkoBHol3J6ijZqQzEiVgImd9AQBNXnYp91m6r8joCX9Zb8mnwWhlLyB6wkwRt7tU7YMvNvDjKiWH3csTKem1k7Z0HXuEaUXdcKWiDCdd0HTLyGmkBmoicRn2MMH8BJR5QWvsjkxSWgFwg5CNpTBOU9nJncwI-Zq1kwrUNLfweOGISIvwS4kNDZFg4b265aWHzGxKVakQO--yCuKcENHJwNtv-bdwLgGnjSbTIqtImjcUNha8JfyBxVjGRPb_A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257670Z4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4791258D5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4550722Z1&tokenCaptchar=03AGdBq26LoS54yshuGjAVTAhWtnomcb507AafRxgqUHA5rWXDTSAC8ujT1VFuP3y4tEBpGZS19N7RvwQkr5-DNtHriEEfmKb3_xUnkf3DhuvNCis7j04oZUuB6sbtybYhhfqdItqvhoc65O4cnN7x8sDpdIA2YfMuD3aFN8lr_S8JQb21Y8ACfte1yscvXXYcb9BYcCxWmKJd1WT1zmiAHbGk8p2qcdZuPko-NEiJ5Ugid8V4GsrrRxNzr1Vaz46HdLyP-3SoU5boilW0MWXEJcql0N06gtpZRX8hFIkpuD6W1PuIm9rguooIts9aPhbSlACsBNSamb17Kz9iEl3SIt1aquVaMiuT2H0OjxSwQ189Q0oth7WG3Vke0uwL2SYCHXeuec8UfMRJMHigDIUlf9gvkuDFSNg2vQ

Prof. Dr. Cleberton Correia Santos - Universidade Federal da Grande Dourados

Prof® Dr® Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazdnia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vigosa

Prof. Dr. Edevaldo de Castro Monteiro - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof® Dr® Girlene Santos de Souza - Universidade Federal do Reconcavo da Bahia
Prof. Dr. Guilherme Renato Gomes - Universidade Norte do Parana

Prof. Dr. Jael Soares Batista - Universidade Federal Rural do Semi-Arido

Prof. Dr. Jayme Augusto Peres - Universidade Estadual do Centro-Oeste

Prof. Dr. Jilio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof® Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof® Dr® Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Renato Jaqueto Goes - Universidade Federal de Goias

Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof® Dr® Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro

Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769404T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4402494Z9&tokenCaptchar=03AOLTBLS3hr4cVdLwJSKo9XuEbo3aSa84rmwd-VOUOnOKNG3KlETmWt897QU6hGmuwDDNVvUrUkgDH-vfvZPo1eIf2BLLKEI2emXX1CA5HvkIgdhkMivWo24B8yZ-zPcvj4Fw7L1gp3Q20koTp8vB34HZj7tj6QIwm7Eg-r9RL6NmagOF4QShFd0RxMWncbwWeS6oSfAa9pUBo00oql_WKfAajQU7-KR4W7i6mx7ToD1Ks7uHo1tjJlvLXmi7eaCSELEFilDt7ucyjDmTDMmA69x906qBDzhUwgw9wNMmIKZrcdqSAUCKEKQyl65e9O4lIr5JoUjhqwYTYlqXV-8Td4AZk_gu2oOCQMktRum_bd5ZJ0UcclTNxG2eP5ynmhjzA8IqVUfHDX1jdLgwP-yNSOi-y3y7nzoJqU8WIDza49J4gZUb-9kuQJX9f1G7STe2pOK2K3_dnTDg1l2n2-D-e9nP6yOPDEhkwDXCBPqIxdIiq0Nw7T-hKXd1Gzc3DUUqou6qw9HA6F2nwy2UHd-eNvPVHcyDBXWNtdQrSC-N3IilO2aX6co_RHJc6661cZbnZ9ymBUs9533A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4470682T6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4717916J5&tokenCaptchar=03AOLTBLSVwbRfXQjvHTLKSbnQb-EM9FjsS8YUlzZidkeuA9sSX1KCi29pQYB0pkW06OTfYJOOF6c3m-CckDuL-Oh5sJFBIKejpmfeQVcMOV11R5LYPbegZCB29EuKUVsIutVxqSJdP8M8kpcFOLJvVLUABQ2zXTIcS6RskfgSgeo7v7cwjGQ0aFXQxEqvUBOHHfMElt7SLSolhyhOtMRHWMzO2r9aAqjhF6zTOPQYoqoqQ7hdKB5sHVaEjAI_F6afXKd3g_32o_aFei6P5_WjFj27KtgrKs0z4ZCVerHuXwwU9iZywYA9upkLgGv2zJAOQU51HVBuDSAmVvHxyqhM6fSuRQMmf33YJIg9G3zOOLUPbOkox--oyiwbH2ClIV7NsCPvCgcXO57Z4a1lv7uK12dTpufQYLqtGE1NKSw_JUJmck3XJrFxV8_0eWbzNa8VQFzJFz8Wakp_VyC03nIL0hc9rNxF8BG9kvDECVj8HSt8lPiwtnLyavrp44Dk-TBq_AEQVz4OH-fFYyh3AKMKrtkuzWnJKXXCULFlOa-z5gwLCQJ_KBEoh_fl9LPmzvboZxwrYyIndtSL
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4448161E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4761024J9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4453764Z7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799273E2&tokenCaptchar=03AGdBq268VEkAcn3ftZ_2lZ-SL33xDwfeshMnherzDAzqv6lBQj8Hb9MVSbjclJQj7Co8u0G5K2qg28cPA0VDL7deaFLPcBB225xfSH9cY813pYSTpkZb5yNNx4B96AuZiaivkRGg57X14E80_ebaYUUK0tYeRE_YGiVDTF9ot0Cg_9yPAQGBQDcoSlXzQ3Jv3J4cj-VxOvY8_phk-Sr50ziZu5mm-RdiqTMbHFNlm8Jvve1Yqo5DJkxxNnZNOV6uYsPLS0-LwCjYYN72DfxAlLNJNOA7yZYt3arJXt5NqXlUqogF9y7Yl83eWoGJ-bG4GzrNrtaDx3wmOafTCa_RR5J_s2k7ESRQuaJiES6aOpLel16W_T9krltTH8b_immDt2qfUtaoef4VxO0GYIe-O4ZGQ4xSwFWf6A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4776446E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4705653J5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K8165109H2&tokenCaptchar=03AOLTBLSbWEZwpva2ByIrBPCi-0az6LzTydMcPZSUTgp16vbnnLpg51Ugkf9LxOhcdp-j8ju-G690W40chagCitBRtkGUdH2DrzuB_Wwf-gzusS7c1mwGcOgaajazzXK0iDHLZDCdHFu-cQErx5UZuXAq6LHHhsC0jt4ptl6JoIkyJenMJK2676GqBk_VFV-PtpfjlX42HNgL0P9k_Ztf28FMXLNYCKmWSum37Y7-POrmi40F52-KRx-84V0s_avLH1EUB3nOzzqYYGOjozeF-uZF5uGYwkYDLNJ-WXiTzdZybxlUDzdPZkgboLRDEno2ptYbBytJU18zNTtVu76IKO6Vj-ETNeOAl7GqqvWmwLl15JBsg59vvqLQlp2bSA-pI7bOUHEw1Qk92hHHAUQT56_5-K6SkJm6mpsHxrh5X-cEsL-wZKAUPCZVtji0IlOdxPWGr_7plMjGiCvU2I0J-Gv7Du69Fk9BKEMokAsV_QudOoViVOUQUQraVrLZPdmHOve9RAaNjuNGnpJQCsuK9AeqrAPbA6IQKF-YySF7iHF_qig9QJ9uUA0ISfZF4C8EdnQhgAcB5As6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4488711E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4243839T9&tokenCaptchar=03AGdBq247xGg0yAcMuSGVyx-fFKY3IQKTvCB5Nhq-JXhI8Urj_oHzA7HPGNsHbaO2uc-YWj6JZkdzDTMsZzMg4P4KJVCX08tYZVMdglvFXCKTQRVSq9OjY-uvCI_D3om1An_9VUa1aJXRssx6jM706rFsQZzP56QviV1Sl_lld1yRue7pQScz93LgptpQ6Rm2gMMvgaqlXqkramd0MEmRTRKDpJ_vxcyK9sxPGVAP1GtRcfk-jAfRlMqixmtelHhANegJfBoZ-Kzn7R1W188jDYF7AZgsAcG9A5zltyKg2W6SxicZ4AL3Z00bZuNBZdHtDevbGoczg08yLC-VK0A2oZs6nQ5RPtcCcKFbBsjXuLYi50Efx9xin3msJiJ6ZPnsbibTxCWfsJHLp2YuZFvRv2lgHudxLONBNNeyJTK-d8cUtGUrI2PyRZ6es_cCtHUklGGNZ-ZpZ0pmlGwalJqe9UNLYNgzOOtjo-7cuTlORvMQWkNWub7tSSg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4221072D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4249363T4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4742429E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707670J6

Topics in agricultural entomology - Xlil

Diagramagao: Natdlia Sandrini de Azevedo
Corregao: Yaiddy Paola Martinez
Indexagao: Amanda Kelly da Costa Veiga
Revisdo: Os autores

Dados Internacionais de Catalogagcé@o na Publicagéo (CIP)

T674 Topics in agricultural entomology - XIll / Joacir do
Nascimento, Claudiane Martins da Rocha, Daniel
Dalvan do Nascimento, et al. - Ponta Grossa - PR:
Atena, 2022.

Outros organizadores
Edimar Peterlini

Erica Ayumi Taguti

Joao Rafael Silva Soares
Matheus Cardoso de Castro
Sandy Sousa Fonséca
Vinicius Ferraz Nascimento
Ricardo Antonio Polanczyk

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-258-0544-3

DOI: https://doi.org/10.22533/at.ed.443220109

1. Agricultura. I. Nascimento, Joacir do (Organizador). Il.
Rocha, Claudiane Martins da (Organizadora). lll.
Nascimento, Daniel Dalvan do (Organizador). IV. Titulo.

CDD 338.1

Elaborado por Bibliotecéaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou anadlise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citagao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edicao da obra, que incluem
os registros de ficha catalografica, ISBN, DOl e demais indexadores, projeto visual e criagao de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.



DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edigao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sao doutores e vinculados a instituicdes de ensino superior pablicas, conforme recomendacao da
CAPES para obtenc¢ao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizagdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.



The authors are grateful to the Sdo Paulo Research Foundation (FAPESP) for
the grant 2022/04343-9



PREFACE

The Graduate Program in Agronomy (Agricultural Entomology) at the UNESP Faculty
of Agricultural and Veterinary Sciences in Jaboticabal has always been characterized by
its focus on Integrated Pest Management (IPM). Since its foundation, the program has
graduated 287 students with a master’s degree and 148 Ph.D. students. They are now active
in various areas of the public or private sector and contribute to agriculture’s economic and
environmental sustainability.

This e-book entitled “Topics in Agricultural Entomology - XlII” was made possible
through the immense effort of the Organizing Committee, formed by MSc and Ph.D.
students from all research areas of our Graduate Program. In its 14 chapters, readers will
find information on the most diverse areas of IPM, with a richness of information on both the
fundamental and applied aspects of IPM.

As coordinator of the 2022 edition of the Winter Workshop on Agricultural
Entomology, it is my pleasure to provide event attendees with an e-book of excellent content,

demonstrating the importance of our research to society.

Prof. Ricardo Antdnio Polanczyk
FCAV/UNESP

PPG Entomologia Agricola Coordinator
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11 INTRODUCTION

Phytosanitary products must be applied

when it comes to large-scale production.
the

effective control of arthropods and pathogens

Phytosanitary applications should aim

affecting crops and the reduction of production
losses. In this sense, quality spray applications

are essential to allow a successful operation.

The application technology of pesticides
consists of using techniques and scientific
knowledge for the correct placement of active
ingredients at a target in the proper amount,
economically, and with minimal environmental
(Matuo, 1990). As it

interdisciplinary field, it encompasses several

contamination is an
factors that, if disregarded, an efficient and
economic deposition of a product is impaired
(Contiero; Biffe & Catapan, 2018).

Most pesticides are applied via liquid

application, by spraying the solution through

FOR PEST MANAGEMENT

droplets that produce greater coverage, and
therefore, a greater chance of reaching the
target. The efficiency of proper product deposits
can decrease resistance development in pest
populations, as a uniform product distribution
makes pests get in contact with lethal doses of
the product, decreasing the selection of resistant

organisms (Volpe et al., 2012).

Thus, the objective of this chapter is
to present important aspects related to the
application technology of phytosanitary products

aimed at pest control.

21 THE
NOZZLES

IMPORTANCE OF SPRAY

Spray nozzles are the main components in
sprayers, as they produce and distribute droplets
that carry the active ingredient to the target. They,
therefore, have a great influence on phytosanitary
management quality and efficiency, such as pest
arthropod control. These components are also
responsible for breaking up and distributing
insecticide spray solutions, determining the flow
rate, size, and uniformity of droplets (Fernandes

et al., 2007; Camara et al., 2008).

Poor choice of spray nozzles will hardly be
fixed by changing working pressure, application
flow, spray bar height, nozzle spacing, application

speed, or even using adjuvants in the solution.
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Such a mistake may cause economic losses to farmers, low insect control efficiency,
contamination of non-target organisms, and damage to the environment. Therefore,

application success starts by selecting a proper spray nozzle to be used for a given situation.

Determining factors for a proper spray nozzle selection are desired droplet size,
application speed and rate, weather conditions during application, working pressure, and
formulation of the phytosanitary products composing spray solution (Miller; Butler Ellis,
2000). In addition to these, biological factors related to the crop are also important, such as
the phenological stage and target to be reached, which considers the preferred location of

the target insect.

Droplets are formed by pressure-aided passing of spray liquid through a small
outlet orifice in spray nozzles, with sufficient speed and energy to spread the liquid. In
this process, a thin liquid sheet is formed, which disintegrates into different droplet sizes.
Thus, the droplet spectrum constitutes the amplitude among the droplet sizes produced by

nozzles during spraying (Matthews; Bateman & Miller, 2014).

Droplet spectrum is determined by a set of factors such as uniformity coefficient
(Relative Span), which indicates uniformity in droplet size; volumetric median diameter
(VMD), which is the droplet diameter that 50% of the sprayed liquid volume consists of
smaller droplets than it; and droplet volume percentage of droplets smaller than 100 pm,
which stands for drift-susceptible droplets. A droplet diameter is considered appropriate
when it provides maximum pest control, with a minimum amount of pesticide and ecosystem

contamination (Himel, 1969).

Overall, droplets larger than 400 ym have a low capacity to penetrate the plant
canopy and increase product runoff from plants. Although they may provide reduced surface
coverage, these droplets are less likely to be lost by drift and evaporation. Conversely,
droplets smaller than 200 ym provide increased surface coverage, but also have higher drift

and evaporation risks (Figueiredo et al., 2007).

For insect control by contact insecticides, droplet sizes between Fine (136 to 177
um) and Medium (177 to 218 ym) are recommended (Asabe, 2013). As contact products
require a large surface coverage, Fine droplets increase the chances of active ingredients
reaching lower plant strata (Cunha; Marques & Alvezs, 2016). On the other hand, systemic
insecticides demand Medium and Coarse droplets. The systemic action of products requires

less surface coverage, thus reducing the risk of drift and evaporation.

There are several spray nozzle models available on the market, which have been
developed specifically to meet application needs. The nozzles mostly used by farmers are

those that use hydraulic energy to form droplets. The main hydraulic nozzle models are



those of flat and conical spray jets.

Flat fan spray nozzles, produce single plane spray jets and are recommended for a
variety of applications, especially for pre-emergent herbicide and systemic post-emergence
herbicide applications. There are models recommended for soil insecticide application,
which vary with the target to be reached, applying droplets of larger size classes, such as

Extremely Coarse and Ultra-coarse (Roman, et al., 2009).

31 DRIFT CONTROL

An effective insect control application must consider the maximum reduction of
spray losses as possible. Drift reduction, besides improving spraying effectiveness, reduces
the risk of environmental contamination and intoxication of sensitive crops, humans, and
animals. Incidents of pollinator mortality, for example, have been reported due to pesticides
drift, directly affecting pollination-dependent crops, with yield losses of up to 24% (Garibaldi
et al., 2016).

Spray drift can be defined as the volume of spray solution droplets diverted from the
target area by wind action (Matthews; Miller & Bateman, 2014). The spray solution amount
drifting off the target can also reach the soil, which is a result of high application volumes
or large droplets applied in the same direction (Al Heidary et al., 2014; Zhang; Luo & Goh,
2018).

Drift control strategies include correct sprayer setup, use of proper spray nozzle and
working pressure to produce ideal droplet sizes, proper boom or flight altitude (in case of
aerial spraying), proper spray jet direction, selection of optimal sprayed band, application
speed control, use of adjuvants and other technologies such as electrostatic sprayers, pulse
width modulation (PWM), and air-assisted equipment, in addition to spraying under suitable

weather conditions.

Overall, the smaller the droplet size, the greater the drift potential by evaporation
and wind drag (Al Heidary et al., 2014; Miranda et al., 2010). This way, to reduce losses by
drift and evaporation of products at the time of application, larger droplets and evaporation
reducers are used. However, in such cases, droplet potential for coverage and penetration

into the crop canopy can be reduced (Garcera et al., 2017).

Boom height and nozzle spacing are also part of the sprayer configuration and may
directly impact spray liquid distribution uniformity and hence its drift (Benez et al., 2016).
The higher the boom height, the greater the drift potential. Higher boom heights tend to
increase droplet exposure to wind, thus increasing the risk of evaporation and off-target

drag (Al Heidary et al., 2014). In aerial sprays, the distance between nozzles and targets



can reach several meters away; therefore, flight height should be properly selected. By
decreasing flight height from 6.7 to 2.4 m, for example, reductions of up to 2.5 times in drift

can be observed (Matthews; Miller & Bateman, 2014).

Directed spray applications can also improve drift control. Band applications with the
use of inter-row directed spraying nozzles, for example, have been effective to control pests
such as the root spittlebug, Mahanarva fimbriolata (Hemiptera: Cercopidae) in sugarcane
(Peixoto et al, 2009). Directed applications sprays have been effective in fruit trees and
generated great savings in application volume, without adversely affecting leaf coverage

and significantly reducing drift losses (Carvalho, 2014; Andrade; Ferreira & Martinelli, 2014).

Effective spray swath must also be determined regardless of spraying mode, as
it directly affects distribution uniformity over the target. In the case of aerial sprays, air
turbulence generated by aircraft movement, especially at the wingtip, directly impacts
distribution profile, effective deposition range, and drift potential. Effective spray swath
smaller than 75% of the aircraft wingspan are recommended to reduce the vortex effect on
droplets, thus reducing the risk of drifts (Teske et al., 1998, Matthews; Miller; & Bateman,
2014). Another alternative for decision making for drift reduction includes decreasing
working speed. Reductions from 12 to 6 km h', for example, reduced drift by up to 77%
(Van De Zande et al., 2004).

The addition of adjuvants to the spray solution is another alternative to minimize drift
potential. The use of lecithin in applications with very fine droplets, for example, significantly
reduces the potential for drift (Griesang et al., 2017). Such changes in droplet size, which
allow reducing the volume with smaller droplets, more prone to being dragged by the wind,

can also be related to adjuvant inclusion into agrochemical formulations (Costa et al., 2017).

Regarding the adoption of different technologies with drift reduction potential, one
can mention electrostatic systems. The transfer of electrical charges to droplets formed in
spraying induces an electric field that generates a force of attraction between droplet and
plant (Chaim & Wadt, 2015). This attractive force increases droplet speed and deposition.
Another technology, known as PWM (Pulse Width Modulation), makes it possible to increase
or decrease nozzle flow without changing working pressure. It, therefore, causes no droplet
size changes, thereby better controlling the risk of drift. In addition, air-assisted spray boom
is another technology that allows drift reduction by increasing droplet transport speed using

a wind sheet.

Among the weather conditions that can affect drift during agricultural spraying, wind
speed is the most relevant (Nuyttens et al., 2005). According to FAO (1998), wind speed

limits for pesticides applications are up to 10 km h™'. However, in most farming areas in Brazil,



wind may exceed this limit, thus, other methods need to be adopted to enable applications
outside the recommended conditions. Accordingly, using larger droplets as well as all other
techniques discussed here (spray nozzle, boom/flight height, directed spray application,
application swath, application speed, adjuvants and others) should be considered to reduce
effects from wind or other meteorological conditions (relative humidity and temperature),

aiming to reduce drift and effectiveness of phytosanitary control.

41 SPRAY SOLUTION PREPARATION

One of the several factors influencing the quality of agricultural sprays is incorrect
spray solution preparations, which includes water quality for product dilution. Water
physical quality in terms of the number of suspended sediments has been much discussed
nowadays. Such a factor can cause several damages to sprays such as clogging of filters
and nozzles, reducing the longevity of sprayers and pumps, hence impairing applications
(Ramos; Araujo, 2006; Contiero; Biffe & Catapan, 2018). Studies on the physical-chemical
properties of water have shown that some factors such as hardness, pH, and suspended
sediments, interfere with the integrity of phytosanitary products, negatively affecting the

effects of active ingredients and expected control (Queiroz; Martins & Cunha, 2008).

Apart from the physical factor, chemical water quality has been another factor
interfering with the action of crop protection products. Water hardness, which refers to
concentrations of alkaline-earth cations (Ca*?, Mg*?, Sr*2, and Ba*?), can negatively affect
the efficiency of spray solutions by generating product incompatibility. This process includes
the occurrence of precipitates and flocculation, which can clog filters and spray nozzles. An
example of this is the presence of Fe*® and Al*3, which can react with phytosanitary products

and reduce their effectiveness (Ramos & Araujo, 2006; Petter et al., 2013).

Another factor that may be associated with the incompatibility of spray mixtures is the
pH, which indicates potential changes in the chemical characteristics of mixtures (Ramos &
Araujo, 2006). The interference of pH with spray efficiency varies with an active ingredient
that requires a different pH range. Higher pH values in spray solutions can accelerate
degradation by alkaline hydrolysis. In this case, the pH of agrochemical mixtures in the tank
must be below 7.0, which delays hydrolysis, maintaining the composition of molecules for
a longer time. Thus, attention must be paid to the appropriate pH range of each product
(Cunha; Alves & Marques, 2017).

Another factor to consider is electrical conductivity in spray solutions. This water
property refers to ions and their concentrations and valences, which vary according to the

products used and/or their mixtures (Cunha; Alves & Marques, 2017). Furthermore, this



parameter can also alter the biological action of agrochemicals (Carlson & Burnside, 1984).

A practice that has been commonly used not only in Brazil but also in other countries,
is spraying solution preparation with more than one product, to widen the spraying action
spectrum, reducing the number of applications and hence costs (Guimaraes, 2014;
Oliveira, 2014 & Krause, 2014). To control pests, diseases, and weeds all at once, and
even to nourish plants together, farmers mix several products. This practice, however, can
generate problems for applications. The preparation using more than one product results
in interactions between them, promoting physical/chemical or biological changes in spray

solutions, which may not promote the expected effects (Damalas, 2004).

Gazziero (2015) surveyed farmers and asked about issues arising from tank
mixtures; they listed excess foam, poor homogenization, decantation, hydraulic clogging,
and increased crop phytotoxicity, among other problems. Moreover, these tank mixtures
can generate challenges due to product loss and consequent environmental risks (Vale et
al. 2019).

In addition to mixing various chemical and biological products, another key factor for
preparing solutions is the sequence in which products are added to the sprayer tank. Proper
order of addition can avoid problems related to phytotoxicity and control ineffectiveness
(Cessa et al., 2013). When mixing different formulations, the most suitable addition sequence
should be followed, thus avoiding potential problems. As an example, water-dispersible
granule formulations (WG) are added first because their specific surface is smaller than
those based on powder (WP). Thus, the order of mixtures is based on each formulation’s
affinity with water. In short, first insoluble products are added, then suspensions and

emulsions, and finally, soluble formulations (Costa & Polanczyk 2019).

Still, several are the exceptions to that rule as there is a wide range of formulations
available, which are individually designed, as well as variations in their uses in terms of
the amount of water for dilution. Therefore, the most recommended is to prepare mixtures
thoroughly and on a small scale for each farm, ensuring solution stability. Another crucial
recommendation is to apply the prepared spray solution over a pilot area to verify its control

effectiveness.

Among the precautions for the preparation of spray solutions, stirring is a key factor
for homogenization and must be carried out continuously from the addition of the first product
until the end of spraying in the field (Costa & Polanczyk, 2019). It is also recommended pre-
dilution in a smaller container, to be later poured into the spray tank. This pre-mix container
must allow a proportion of 1 kg or L of product to at least 3 liters of water (Miguela & Cunha,
2010).



A good alternative that has been used to mitigate incompatibilities in spray solutions
is the use of agricultural adjuvants. These can modify the physicochemical properties of
spray solutions. Thus, such additives make the products of a mixture compatible, hence
improving solution characteristics such as viscosity, surface tension, contact angle, pH,
electrical conductivity, and droplet retention and deposition (Prado et al., 2016; Cunha et
al., 2017).

51 USE OF ADJUVANTS

Adjuvants are substances added to phytosanitary formulations or spray solutions. They
can increase or change the efficiency of products against their targets and physicochemical
properties of spray solutions, minimizing potential problems in applications. Among their
functions are product compatibility in-tank mixing, drift reduction, increased target coverage
and wetting, better product efficiency, greater droplet spreading on leaves, and faster

absorption of the active ingredient, all of which often allow operational performance gains.

To properly select adjuvants as a function of application needs, their specificities
should be well known, which are: foam reducers, volatilization, evaporation and drift,
dispersants, emulsifiers, spreaders, wetting agents, adhesives, acidifiers, and buffers
(Hunsche et al., 2006; Kraemer et al, 2009, Griesang et al., 2017). In other words, adjuvants
must be selected according to their functions. Notably, a single product will hardly be able
to perform well all necessary corrections for an efficient and safe application (Tu & Randall,
2003). Moreover, the effectiveness of active ingredients cannot be impaired either by mixing

active ingredients in a tank or by adding adjuvants to the solution.

Adjuvants can change physicochemical properties inherent to spray solutions,
depending on their chemical composition and formulation (lost & Raetano, 2010). Thus,
some authors have reported adjuvants acting to break water surface tension (lost &
Raetano, 2010; Barréto, 2011), change volumetric median diameter (Mota, 2011; Checheto
& Antuniassi 2012), modify pH and electrical conductivity in Bacillus thuringiensis-based
solutions (Santos et al., 2019), and reduce the percentage of drift-susceptible droplets
(<100 pm) (Matthews, 2000), thus contributing to the correct placement of the product on
the target (Ferreira et al., 2003).

One of the primary and relevant functions of adjuvants is to reduce spray solution
surface tension, and hence the contact angle between droplets and the applied surface.
Accordingly, the spread and coverage of droplets over the desired target tend to increase.
Furthermore, solution pH and electrical conductivity can alter the degradation and leaf

absorption of phytosanitary products. However, crop leaves may have different affinities



with adjuvants, making its recommendation difficult (Cunha, 2017).

Adjuvants are classified into two groups according to their role in phytosanitary
products and spray solutions. The first group comprises the activators, which increase
the quality of active ingredients and can be further classified as surfactants (reduce the
surface tension of solutions to spread droplets on leaf surfaces); oils (increase the active
ingredient penetration into leaves by diluting leaf waxy layer, besides reducing evaporation);
and silicone derivatives (work as adhesive agents, reducing evaporation and run-off losses,
as well as foam formation) (Kissmann, 1998). The second group includes the modifiers
(also known as special-purpose adjuvants), which alter the physicochemical properties
of solutions/formulations and can be further classified as humectants (reduce the surface
tension of solutions and increase the contact of active ingredients with water); compatibilizers
(avoid the chemical interaction between products, thus reducing incompatibilities); solution
conditioners (used in water with lots of salts [cations]); pH buffering (balance pH and improve
compatibility between products); defoaming agents (reduce the foaming during preparation,
improving dilution and reducing spillage); drift control agents (increase the droplet sizes and
decrease the number of droplets susceptible to drift); and thickening agents (increase the
solution viscosity, most used in aerial applications) (Kissmann, 1998). Thus, in short, it can
be concluded that a proper adjuvant selection is vital to ensure a good performance of the

phytosanitary products and spray safety.

The quality of application of phytosanitary products must undoubtedly be maintained
to obtain the expected economic results, with lower environmental risks. The information
and technologies discussed in this chapter, if well implemented, are capable of contributing

to this objective.
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