




 
Editora chefe  

Profª Drª Antonella Carvalho de Oliveira 

Editora executiva 

Natalia Oliveira 

Assistente editorial 

Flávia Roberta Barão 

Bibliotecária 

Janaina Ramos 

Projeto gráfico  

Bruno Oliveira 

Camila Alves de Cremo 

Daphynny Pamplona 

Luiza Alves Batista 

Natália Sandrini de Azevedo 

Imagens da capa 

iStock 

Edição de arte  

Luiza Alves Batista 

 

 

 

 

 

 

 

 

 

 

 

 

2022 by Atena Editora 

Copyright © Atena Editora 

Copyright do texto © 2022 Os autores 

Copyright da edição © 2022 Atena Editora 

Direitos para esta edição cedidos à Atena 

Editora pelos autores. 

Open access publication by Atena Editora 

 

 

Todo o conteúdo deste livro está licenciado sob uma Licença de Atribuição 

Creative Commons. Atribuição-Não-Comercial-NãoDerivativos 4.0 

Internacional (CC BY-NC-ND 4.0). 
 

 

 

O conteúdo dos artigos e seus dados em sua forma, correção e confiabilidade são de responsabilidade 

exclusiva dos autores, inclusive não representam necessariamente a posição oficial da Atena Editora. 

Permitido o download da obra e o compartilhamento desde que sejam atribuídos créditos aos autores, 

mas sem a possibilidade de alterá-la de nenhuma forma ou utilizá-la para fins comerciais.  

 

Todos os manuscritos foram previamente submetidos à avaliação cega pelos pares, membros do 

Conselho Editorial desta Editora, tendo sido aprovados para a publicação com base em critérios de 

neutralidade e imparcialidade acadêmica. 

 

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo 

de publicação, evitando plágio, dados ou resultados fraudulentos e impedindo que interesses 

financeiros comprometam os padrões éticos da publicação. Situações suspeitas de má conduta 

científica serão investigadas sob o mais alto padrão de rigor acadêmico e ético. 

 

Conselho Editorial 

Ciências Agrárias e Multidisciplinar 

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

Profª Drª Amanda Vasconcelos Guimarães – Universidade Federal de Lavras 

Profª Drª Andrezza Miguel da Silva – Universidade do Estado de Mato Grosso 

Prof. Dr. Arinaldo Pereira da Silva – Universidade Federal do Sul e Sudeste do Pará 

Prof. Dr. Antonio Pasqualetto – Pontifícia Universidade Católica de Goiás 

Profª Drª 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 

Profª Drª Diocléa Almeida Seabra Silva – Universidade Federal Rural da Amazônia 

Prof. Dr. Écio Souza Diniz – Universidade Federal de Viçosa  

Prof. Dr. Edevaldo de Castro Monteiro – Universidade Federal Rural do Rio de Janeiro 

Prof. Dr. Fábio Steiner – Universidade Estadual de Mato Grosso do Sul 

Prof. Dr. Fágner Cavalcante Patrocínio dos Santos – Universidade Federal do Ceará 

Profª Drª Girlene Santos de Souza – Universidade Federal do Recôncavo da Bahia 

Prof. Dr. Guilherme Renato Gomes – Universidade Norte do Paraná 

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

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

Prof. Dr. Júlio César Ribeiro – Universidade Federal Rural do Rio de Janeiro 

Profª Drª Lina Raquel Santos Araújo – Universidade Estadual do Ceará 

Prof. Dr. Pedro Manuel Villa – Universidade Federal de Viçosa 

Profª Drª Raissa Rachel Salustriano da Silva Matos – Universidade Federal do Maranhão 

Prof. Dr. Renato Jaqueto Goes – Universidade Federal de Goiás 

Prof. Dr. Ronilson Freitas de Souza – Universidade do Estado do Pará 

Profª Drª Talita de Santos Matos – Universidade Federal Rural do Rio de Janeiro 

Prof. Dr. Tiago da Silva Teófilo – Universidade Federal Rural do Semi-Árido 

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 - XIII 

 

 

 

 
Diagramação:  

Correção:  

Indexação: 

Revisão: 

Natália Sandrini de Azevedo 

Yaiddy Paola Martinez 

Amanda Kelly da Costa Veiga 

Os autores 

 

 

 

Dados Internacionais de Catalogação na Publicação (CIP) 

T674 Topics in agricultural entomology - XIII / Joacir do 

Nascimento, Claudiane Martins da Rocha, Daniel 

Dalvan do Nascimento, et al. – Ponta Grossa - PR: 

Atena, 2022. 

 

Outros organizadores 

Edimar Peterlini  

Érica Ayumi Taguti  

João Rafael Silva Soares  

Matheus Cardoso de Castro  

Sandy Sousa Fonsêca  

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). II. 

Rocha, Claudiane Martins da (Organizadora). III. 

Nascimento, Daniel Dalvan do (Organizador). IV. Título.  
CDD 338.1 

Elaborado por Bibliotecária Janaina Ramos – CRB-8/9166 

 

 

 

 

Atena Editora 

Ponta Grossa – Paraná – Brasil 

Telefone: +55 (42) 3323-5493 

www.atenaeditora.com.br 

contato@atenaeditora.com.br 

  

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


 
DECLARAÇÃO DOS AUTORES 

 

Os autores desta obra: 1. Atestam não possuir qualquer interesse comercial que constitua um conflito 

de interesses em relação ao artigo científico publicado; 2. Declaram que participaram ativamente da 

construção dos respectivos manuscritos, preferencialmente na: a) Concepção do estudo, e/ou 

aquisição de dados, e/ou análise e interpretação de dados; b) Elaboração do artigo ou revisão com 

vistas a tornar o material intelectualmente relevante; c) Aprovação final do manuscrito para 

submissão; 3. Certificam que os artigos científicos publicados estão completamente isentos de dados 

e/ou resultados fraudulentos; 4. Confirmam a citação e a referência correta de todos os dados e de 

interpretações de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de 

financiamento recebidas para a consecução da pesquisa; 6. Autorizam a edição da obra, que incluem 

os registros de ficha catalográfica, ISBN, DOI e demais indexadores, projeto visual e criação de capa, 

diagramação de miolo, assim como lançamento e divulgação da mesma conforme critérios da Atena 

Editora. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
DECLARAÇÃO DA EDITORA 

 

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicação constitui apenas 

transferência temporária dos direitos autorais, direito sobre a publicação, inclusive não constitui 

responsabilidade solidária na criação dos manuscritos publicados, nos termos previstos na Lei sobre 

direitos autorais (Lei 9610/98), no art. 184 do Código Penal e no art. 927 do Código Civil; 2. Autoriza 

e incentiva os autores a assinarem contratos com repositórios institucionais, com fins exclusivos de 

divulgação da obra, desde que com o devido reconhecimento de autoria e edição e sem qualquer 

finalidade comercial; 3. Todos os e-book são open access, desta forma não os comercializa em seu 

site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou físico, portanto, 

está isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial 

são doutores e vinculados a instituições de ensino superior públicas, conforme recomendação da 

CAPES para obtenção do Qualis livro; 5. Não cede, comercializa ou autoriza a utilização dos nomes e 

e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que não o 

escopo da divulgação desta obra. 

 



The authors are grateful to the São 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 - XIII” 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 Antônio Polanczyk

FCAV/UNESP

PPG Entomologia Agrícola Coordinator



SUMÁRIO

SUMÁRIO

CAPÍTULO 1..................................................................................................................1
QUALITY CONTROL IN MASS REARING OF INSECTS

Matheus Moreira Dantas Pinto
Dagmara Gomes Ramalho
Brenda Karina Rodrigues da Silva
Joice Mendonça de Souza
Marcelle Bezerra Silva
Thiago Nascimento de Barros
Sergio Antonio de Bortoli

  https://doi.org/10.22533/at.ed.4432201091

CAPÍTULO 2................................................................................................................18
CONSERVATION PRACTICES FOR MAINTENANCE OF NATURAL ENEMIES IN 
AGROECOSYSTEMS

Iwlianny Luiza Pereira dos Santos
Vinícius Ferraz Nascimento
Dagmara Gomes Ramalho
Letícia Barbosa de Lacerda
Márcio Aparecido de Melo
Pedro Gomes Peixoto
Sergio Antonio de Bortoli

  https://doi.org/10.22533/at.ed.4432201092

CAPÍTULO 3................................................................................................................36
IMPLEMENTATION CHALLENGES OF INTEGRATED PEST MANAGEMENT PROGRAMS 
IN AGRICULTURAL SYSTEMS

Marcelo Coutinho Picanço
Mayara Moledo Picanço
Ricardo Siqueira da Silva

  https://doi.org/10.22533/at.ed.4432201093

CAPÍTULO 4................................................................................................................43
LANDSCAPE STRUCTURE AND INSECT PEST MANAGEMENT

João Rafael Silva Soares
Sabrina Juvenal de Oliveira
Thaynara Arantes Soares Junqueira
Marina Guimarães Brum de Castro
Yasmin Esteves Izidro
Odair Aparecido Fernandes

  https://doi.org/10.22533/at.ed.4432201094



SUMÁRIO

CAPÍTULO 5................................................................................................................59
TECHNOLOGICAL INNOVATIONS APPLIED TO INSECT PEST MANAGEMENT

Sandy Sousa Fonsêca
Ciro Pedro Guidotti Pinto
Ana Letícia Zéro dos Santos
Amanda Cristina Guimarães Sousa
Nicole de Paula Souza
Guilherme Duarte Rossi

  https://doi.org/10.22533/at.ed.4432201095

CAPÍTULO 6................................................................................................................71
GOOD PRACTICES IN AGRICULTURAL SPRAYING FOR PEST MANAGEMENT

Edimar Peterlini
Ana Beatriz Dilena Spadoni
Gabriela Pelegrini
Maria Thalia Lacerda Siqueira
Pedro Henrique Urach Ferreira
Marcelo da Costa Ferreira

  https://doi.org/10.22533/at.ed.4432201096

CAPÍTULO 7................................................................................................................83
RESISTANCE OF CITRUS PEST MITES TO ACARICIDES

Claudiane Martins da Rocha
Matheus Cardoso de Castro
Daniel Júnior de Andrade

  https://doi.org/10.22533/at.ed.4432201097

CAPÍTULO 8................................................................................................................90
CHALLENGES IN INSECT PEST MANAGEMENT IN SUGARCANE CROP

Aimée Regali Seleghim
Sergio Antônio de Bortoli
Dagmara Gomes Ramalho

  https://doi.org/10.22533/at.ed.4432201098

CAPÍTULO 9................................................................................................................97
SELECTIVITY OF INSECTICIDES AND BIOINSECTICIDES TO COMMERCIALLY USED 
PARASITOIDS OF DIATRAEA SACCHARALIS ON SUGARCANE

Érica Ayumi Taguti
Gabriel Gonçalves Monteiro
Ivana Lemos Souza
Nilza Maria Martinelli

  https://doi.org/10.22533/at.ed.4432201099



SUMÁRIO

CAPÍTULO 10............................................................................................................109
INTEGRATED MANAGEMENT STRATEGIES FOR KEY PESTS OF COFFEE CROP

Bruno Henrique Sardinha de Souza

  https://doi.org/10.22533/at.ed.44322010910

CAPÍTULO 11............................................................................................................123
CHALLENGES OF DIGITAL AGRICULTURE IN PEST MANAGEMENT

David Luciano Rosalen

  https://doi.org/10.22533/at.ed.44322010911

CAPÍTULO 12............................................................................................................134
USE OF REMOTE SENSING TO IDENTIFY AND MANAGE NEMATODES IN SOYBEAN 
CROPS

Gabriela Lara Leite Alcalde
Edicleide Macedo da Silva
Morgana Baptista Gimenes
Lorena Tozi Bombonato
Pedro Henrique Vasques Bocalini
Pedro Luiz Martins Soares

  https://doi.org/10.22533/at.ed.44322010912

CAPÍTULO 13............................................................................................................147
ENDOPHYTIC ENTOMOPATHOGENIC MICROORGANISMS IN PEST MANAGEMENT

Lana Leticia Barbosa de Carvalho
Fabiana Santana Machado
Ricardo Antônio Polanczyk

  https://doi.org/10.22533/at.ed.44322010913

CAPÍTULO 14............................................................................................................156
BACILLUS THURINGIENSIS CRY PESTICIDAL PROTEINS SUBLETHAL EFFECTS ON 
TARGET LEPIDOPTERA AND THEIR IMPACT ON THE AGROECOSYSTEM

Amanda Cristiane Queiroz Motta
Nayma Pinto Dias
Ricardo Antonio Polanczyk

  https://doi.org/10.22533/at.ed.44322010914

SOBRE OS AUTORES.............................................................................................167



 
Capítulo 3 36

CAPÍTULO 3
IMPLEMENTATION CHALLENGES OF INTEGRATED 

PEST MANAGEMENT PROGRAMS IN 
AGRICULTURAL SYSTEMS
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Ricardo Siqueira da Silva

1 | 	INTRODUCTION

The agricultural sector is vital to the 
Brazilian economy due to income, jobs, raw 
materials, energy, fibers, and food production. 
The success of these production systems is 
related to obtaining high yields and carrying 
out proper and efficient management (Kureski; 
Moreira & Veiga, 2020; EMBRAPA, 2018). 
Phytosanitary problems are among the main 
factors that limit the achievement of high yields 
in these production systems. On average, these 
problems cause losses of about 30% in plant 
yield, and in extreme situations, these losses can 
reach up to 100% (Cerda et al., 2017; Picanço 
et al., 2007). Integrated pest management 
programs are the most efficient and sustainable 
way of phytosanitary management (Pedigo; 
Rice & Krell, 2021; Picanço et al., 2014). Thus, 
this book chapter will discuss the components, 
current scenario, obstacles, and innovations in 
integrated pest management programs. 

2 | 	COMPONENTS OF INTEGRATED PEST 
MANAGEMENT PROGRAMS

Integrated pest management programs 
have three components: diagnosis (or assessment 
of agroecosystems), decision-making systems, 
and control methods (Pedigo; Rice & Krell, 2021; 
Picanço et al., 2014). The diagnosis identifies 
the pests, the factors favorable to their attack, 
and the critical control points. Identifying pests 
is essential for understanding their bioecology, 
appropriate decision-making systems, and 
control methods. Knowing the factors favorable 
to pests makes it possible to predict the risks of 
their occurrence in different regions and times 
of the year, plan decision-making, and use 
control methods (Pedigo; Rice & Krell, 2021; 
Bacci et al., 2019; Picanço et al., 2014). The 
main factors affecting pest attacks are climatic 
elements, natural enemies, pest biology, host 
plant, control methods, environment, and planting 
system. These factors affect the migration, 
colonization, dispersion, development, growth, 
mortality, survival, reproduction, and behavior 
of pests (Bacci et al., 2019; Felicio et al., 2019; 
Picanço et al., 2014). Critical control points are 
related to spatio-temporal distribution and pests’ 
morphological and behavioral characteristics. 
These points indicate when, where and what 
details should be considered in pest control 
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(Felicio et al., 2019; Picanço et al., 2014).

Decision-making systems are composed of sampling plans and a decision-making 
index. A sampling plan is the detailed planning of how and when it will be evaluated plants in 
the field. In these plans, the densities of pests and natural enemies are determined. These 
determinations are used in pest control decision-making to prevent pests from causing 
economic damage. Sampling performed before and after applying control methods also 
allows the efficient evaluation of the control methods used (Pedigo; Rice & Krell, 2021; 
Picanço et al., 2014; Bacci et al., 2007).

Sampling plans can be conventional and sequential. Conventional plans are 
considered standard, have a fixed number of samples per field, are more straightforward, 
and in them the decision-making has two stages. The first step is carried out in the field, 
and the samples are evaluated in it. The second stage is in an office where calculations 
are made and the pest control decision is made. The sequential plans are validated by 
the conventional plans, and the number of samples per field is variable (it is usually 50 to 
90% lower than the conventional one). The sequential plan is more complex, executed in 
a single step in the field when the samples are evaluated and decisions are made (Arcanjo 
et al., 2021; Bacci et al., 2007). The decision-making indices of management programs 
determine whether the pest density is low or high. When this density is equal to or greater 
than the decision-making index, the pest population is high, and control must be carried 
out. When this density is lower than the decision-making index, the population is low, and 
control should not be carried out. The two main decision-making indices of integrated pest 
management programs are the economic injury level and the economic threshold (Arcanjo 
et al., 2021; Bacci et al., 2007; Higley & Pedigo, 1996).

Control methods can be divided into two groups: preventive and curative. Methods 
for preventive use are cultural control (or manipulation of the growing environment), plant 
resistance, and conservative biological control. The methods curative used are chemical 
control, augmentative biological control, behavioral control, and genetic control. Methods 
should be selected using technical, economic, ecotoxicological, and social criteria. According 
to the technical criteria, methods allowed by legislation and which are efficient must be 
used. By economic criterion, control methods must provide high crop yields and reduce 
costs per unit produced. According to the ecotoxicological criterion, the methods used must 
enable the preservation of the environment and people’s health. According to social criteria, 
the methods used must be suitable for the planting system, farmer, and consumer (Pedigo; 
Rice & Krell, 2021; Araújo et al., 2017; Picanço et al., 2014).
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3 | 	CURRENT SCENARIO OF THE AGRICULTURAL SECTOR AND PEST 
CONTROL IN BRAZIL

Currently, Brazil is the second-largest food exporter in the world. Agricultural and 
forestry products are the main items of our exports, and this sector is an excellent generator 
of jobs and income in the country. However, until the 1960s, Brazil was a food importer 
(EMBRAPA, 2018). Given this favorable current scenario, a question arises: what factors 
contributed to this positive change? Between these decades, changes in the public and 
private sectors led to these advances. Among these changes are expanding the Brazilian 
university system, graduate courses, state research companies, Embrapa, public and private 
extension services, private companies, agronomic prescriptions, no-tillage, expansion of 
the agricultural frontier, the program to collect empty pesticide containers, patenting and 
genetically modified varieties.

In pest, disease, and weed control, the global pesticide market moved US$84.5 
billion in 2019 and is expected to reach US$130.7 billion in 2023. Brazil is the world’s 
largest consumer of pesticides, and in 2021 this market moved 13.3 billion dollars. Among 
the three main groups of pesticides (fungicides, herbicides, and insecticides), the most 
commercialized (in weight or volume) are herbicides. However, due to their unit value in 
most years, insecticides are generally the ones with the highest market value. Sales of 
natural products represent about 6% of the pesticide market. In Brazil, in recent years, the 
market for natural products to control pests, diseases, and weeds has expanded by more 
than 70%. At the moment, more than 170 natural products are registered in Brazil to control 
pests, diseases, and weeds (MAPA, 2022; Researchandmarkets, 2022). In 2021, the global 
seed market was 62 billion dollars and was expected to reach 86.8 billion dollars in 2026, 
with a large part of these seeds being pest-resistant varieties (Marketsandmarkets, 2021).

4 | 	OBSTACLES TO THE IMPLEMENTATION OF INTEGRATED PEST 
MANAGEMENT PROGRAMS

The failure of integrated pest management programs is due to failures in research 
and the non-adoption of these programs by farmers. The research failures are due to the 
topics addressed not being relevant or due to the conduct of the studies having been carried 
out improperly (Peshin, 2013; Coutts & Christiansen, 2003). These researches should 
address diagnosis, decision-making, and control methods, as these are the components 
of integrated pest management programs. These studies must represent the crops where 
they will be used, and they must also consider the users and systems where they will 
be implemented. In selecting the components of these programs, technical, economic, 
ecotoxicological, and social criteria must be adopted (Picanço et al., 2022; Pedigo; Rice & 
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Krell, 2021; Picanço et al., 2014). In order to carry out these studies, it is important to have 
adequate infrastructure, a trained team, and resources. These surveys are usually carried 
out jointly by the public and private bodies. Another critical factor is the scientific training of 
the team responsible for these studies. This training is carried out by the Scientific Initiation 
programs and the Postgraduate Courses.

The adoption of integrated pest management programs by farmers depends on 
carrying out adequate technology transfer. The critical points for the success of the technology 
transfer process of the integrated pest management programs are efficient communication, 
simplicity of the process, economic part as a key point of the studies, actions to encourage 
technology transfer and extension, opinion-makers as critical customers, promoting quality 
over quantity and increasing interaction between producers and the community (Peshin, 
2013; Coutts & Christiansen, 2003).

Another important aspect of technology adoption is that people are more likely to 
adopt innovations associated with products than processes. Thus, the procedures to be 
adopted must be related to products to enable greater adoption of technologies generated 
by farmers (Peshin, 2013). In this context, professionals in the resale of agricultural products 
in Brazil play a significant role in adopting technologies by farmers. This happens because 
these professionals are in daily contact with the farmers, and they have credibility with this 
public.

5 | 	INNOVATIONS IN INTEGRATED PEST MANAGEMENT PROGRAMS

Currently, the most demanding and enlightened consumers have significant influence 
over the technologies used in the production process. This influence can go beyond country 
borders. This happens when these consumers influence the selection of technologies to 
be adopted to produce products imported by their countries (Burnier; Spers & Barcellos, 
2021; Basso et al., 2018; Picanço et al., 2016). In the agricultural sector, this influence 
has resulted in the production process requirements for certification. This certification 
establishes norms for using technical and ecotoxicological criteria to preserve the 
environment and human health and comply with local and international legislation. These 
production systems require the use of integrated pest management programs. Examples 
of this influence are the certification processes of planted forests, production of animal 
products, coffee, and fruit plantations in Brazil. In addition, the banning of organochlorine 
insecticides and organophosphate insecticides in various parts of the planet also influences 
these consumers (Burnier; Spers & Barcellos, 2021; Basso et al., 2018; Picanço et al., 
2016; Edwards & Laurance, 2012).
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In the coming years, there will be innovations in all components of integrated pest 
management programs. In these researches, new tools will be used that will help develop 
these studies. In the diagnosis, new problems with pests will be detected. This will occur 
due to climate change on the planet, changes in the production system, and biological 
invasions. With the increase in air temperature and the dry period of the year, the pests 
that live in the canopy of plants will increase their populations, especially the leaf-sucking 
and leaf-mining pests. With the increase in international trade and migration of people, new 
pests will be introduced in countries. Changes in production systems with the intensification 
of plantations in time and space, use of inputs, and the increase in crop yields will be 
favorable to having greater problems with pests (Chakravarthy, 2020; Chen et al., 2020; 
Gao & Reitz, 2017; Picanço et al., 2016).

Innovations in decision-making will occur both in the sampling plans and the adopted 
indices. In the samplings, sensors with artificial intelligence technology will evaluate the 
pest populations in the fields. Expert systems will make faster, more accurate, and more 
cost-effective control decisions using management zones. Innovations in control methods 
will include efficient products suitable for the user and the production system with less 
environmental impact. These products will have a higher unit cost, but they will have a lower 
cost per unit produced in the crops (Shah & Razaq, 2021; Chakravarthy, 2020; Chen et al., 
2020; Picanço et al., 2016).

Another critical point in the innovations of integrated pest management programs 
will be the teaching and extension activities in this area of knowledge. It is vital to carry out 
remote and face-to-face teaching activities in high school, undergraduate, and graduate 
technical courses. In addition, it is also essential to carry out extension activities with 
rural workers, farmers, and technicians. We thank the National Council for Scientific and 
Technological Development (CNPq), the Brazilian Federal Agency for the Support and 
Evaluation of Graduate Education (CAPES) Finance Code 001, and the Minas Gerais State 
Foundation for Research Assistance (FAPEMIG) for the financial support of the activities 
that produced the knowledge contained in this book chapter.
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