
RESSALVA 

Atendendo solicitação do(a) 
autor(a), o texto completo desta 
dissertação será disponibilizado 

somente a partir de 11/08/2026A. 



SÃO PAULO STATE UNIVERSITY 

SCHOOL OF AGRICUL TURAL AND VETERINARY SCIENCES 

JABOTICABAL CAMPUS 

ENHANCING ACARICIDE EFFICACY WITH ADJUVANTS 

FOR INTEGRATED MANAGEMENT OF THE LITCHI 

ERINOSE MITE 

Wàssàou Omoboni Germaine Estelle Dimon 

Agronomist Engineer 

2025 



SÃO PAULO STATE UNIVERSITY 

SCHOOL OF AGRICUL TURAL AND VETERINARY SCIENCES 

JABOTICABAL CAMPUS 

ENHANCING ACARICIDE EFFICACY WITH ADJUVANTS 

FOR INTEGRATED MANAGEMENT OF THE LITCHI 

ERINOSE MITE 

Student: Wêssêou Omoboni Germaine Estelle Dimon 

Advisor: Prof. Dr. Daniel Júnior de Andrade 

Co-Advisor: Prof. Dr. Marcelo da Costa Ferreira 

Master's thesis presented to the School of 
Agricultura! and Veterinary Sciences, 
Jaboticabal campus as part of 
requirements for obtaining a master's 
degree in Agronomy (Agricultura! 
Entomology) 

2025 



D582e 

Dimon, Wesseou Omoboni Germaine Estelle 

Enhanching acaricide efficacy with adjuvants for integrated 

management ofthe litchi erinose mite / Wesseou Omoboni Germaine 

Estelle Dimon. -- Jaboticabal, 2025 

46 p. : tabs., fotos 

Dissertação (mestrado) - Universidade Estadual Paulista (UNESP), 

Faculdade de Ciências Agrárias e Veterinárias, Jaboticabal 

Orientador: Daniel Júnior de Andrade 

Coorientador: Marcelo da Costa Ferreira 

1. Lichia. 2. Erinose. 3. Adjuvantes. I. Título.

Sistema de geração automática de fichas catalográficas da Unesp. Dados fornecidos pelo autor(a). 



UNIVERSIDADE ESTADUAL PAULISTA 

Câmpus de Jaboticabal 

CERTIFICADO DE APROVAÇÃO 

TÍTULO DA DISSERTAÇÃO: ENHANCING ACA RICI DE EFFICACY WITH A DJU V ANT S FOR 
INTEGRATE D MAN AGE MENT OF THE L ITCHI ERINOSE MITE 

AUTORA:WESSEOU OMOBONI GERMAINE ESTELLE DIMON 

ORIENTADOR: DANIEL JUNIOR DE ANDRADE 

COORIENTADOR: MARCELO DA COSTA FERREIRA 

Aprovada como parte das exigências para obtenção do Título de Mestra em Agronomia (Entomologia 

Agrícola), pela Comissão Examinadora: 

Prof. Dr. DANIEL JUN IOR DE AN DRADE (Participaçao Virtual) 
Departamento de Fitossanidade / FCAV UNESP Jaboticabal 

Prof. Dr. MARCOS DONISETI MICHELOTTO (Participaçao Virtual) 
APTA Regional Centro-Norte / Pindorama-SP 

Docümerito as;síilado.digítalmellte 

g,l"'t'l.lib•-" DANIELJUNIOROEANDRADE 
�v. i oa,a: ü1oai202s 13:tS:-1s:0300 

verifique emhttps://valiç:ia(.iti.goVJ;>r 

Do.cülTlerito �s5:ii1ado _digitalmente: 

g!t"'lé'l.lb'll" MARCOSDONISETIMICHELOTTO 
VV. • " Data: 13/08/2025 17:10:54·0300 

verifjql!eem Mtps://vali9ar.iti.gov:br 

Prof. Dr. RAPHAEL DE CAMPOS CASTILHO (Participaçao Virtual) 
Departamento de Entomologia e Acarologia / ESALQ USP Piracicaba/SP 

oôcu'rnento a·ssillado digifolmélite 

fl,tj)' .1...... llAPHAEL DE CAMPOS CASTILHO 
:,·-'�jj Datà:.)9/08/2025 17:44:35,0300 

Veri_fique em http_s-://validar;iti.gov.br 

Jaboticabal, 11 de agosto de 2025 

Faculdade de Ciências Agrárias e Veterinárias• Câmpus de Jaboticabal M 

Via de Acesso Professor Paulo Donato Castellane, s/n, 14884900 
https://www ,fcav .unesp.br/#!/pos-graduacao/programas-pg/agronom ia•entomologia•agricol a/CNP J: 48. 031.918/0012•87. 



ABOUT THE AUTHOR 

Wêssêou Omoboni Germaine Estelle Dimon, daughter of Fructueux Oloni 

Louis Dimon and Dado Antoinette Chabi Balley, was born on May 28, 1994, in 

Parakou, Benin. She enrolled in the Agronomy program at the Federal 

University of Minas Gerais - campus of Montes Claros in March 2018. ln 

March 2023, she began her master's degree in Agronomy, with a focus on 

Agricultura! Entomology, at São Paulo State University "Júlio de Mesquita 

Filho" - School of Agricultura! and Veterinary Sciences (FCAV- Unesp ), 

Jaboticabal campus, under the supervision of Prof. Dr. Daniel Júnior de 

Andrade. She received a scholarship from Coordenação de Aperfeiçoamento 

de Pessoal de Nível Superior-CAPES 



Dedicate 

With heartfelt gratitude, 1 dedicate this modest work to my dear parents, the 

source of my life, love, and affection. May God grant you good health and a 

long life, so that I, in turn, may bring you joy. 

To my companion and his entire family, thank you for your encouragement and 

support. May God bless you. 

1 would like to express my special thanks to Prof. Dr. Daniel Júnior de Andrade 

for his valuable guidance and thoughtful support. 



ACKNOWLEDGEMENTS 

To God, for the gift of life and for inspiring me every day. 

To the Dimon and Chabi families, thank you for your support. 

To the School of Agricultura! and Veterinary Sciences (FCAV-Unesp), Jaboticabal 

campus, for providing me with the opportunity to acquire new knowledge. 

1 extend my sincere thanks to my supervisor Prof. Dr. Daniel Júnior de Andrade for his 

warm welcome and for providing all the intellectual and material support essential to 

the development of this work. 

1 would like to thank Prof. Dr. Marcelo da Costa Ferreira for his co-supervision, valuable 

suggestions, and comprehensive support. 

1 extend my sincere thanks to Dr. Daniel Carrillo, Professor at the University of Florida, 

and to Jaqueline Franciosi Della Vechia (Fundecitrus) for their invaluable support in 

the development of this research. 

To Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) - Finance 

Code 001 for giving me the scholarship during my Master's degree. This study was

financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível

Superior - Brasil (CAPES) - Finance Code 001.

Special thanks to the Graduate Program in Agronomy (Agricultura! Entomology) for the 

opportunity to pursue my master's degree, and to the staff and faculty of FCAV-Unesp 

for their technical support during my time at the university. 

To my colleagues Hector Alonso Escobar-Garcia, Sidnéia Terezinha Soares de Matos, 

Claudiane Martins da Rocha, and Maria Thalia Lacerda Siqueira, who greatly assisted 

me with the laboratory experiments. 

To all those who contributed in one way or another to the realization of this work. 



1 

SUMMARY 

SUMMARY ................................................................................................................................. i 

RESUMO ................................................................................................................................... ii 

ABSTRACT ............................................................................................................................... iii 

LISTA DE TABELAS ............................................................................................................... iv 

LISTA DE FIGURAS ................................................................................................................ V

1 - GENERAL CONSIDERATIONS ........................................................................................ 6 

2 LITERATUREREVIEW ........................................................................................................ 8 

2.1. The lychee plant ............................................................................................................. 8 

2.2. The litchi erinose mite .................................................................................................. 10 

2.2.1. Damages .................................................................................................................. 10 

2.2.2. Biological aspects and behavior .............................................................................. 12 

2.2.3. Management ofthe litchi erinose mite .................................................................... 13 

2.3. Adjuvants in the management of the litchii erinose mite ......................................... 16 

3 -ADJUVANT-ENHANCED ACARICIDAL SOLUTIONS TO OVERCOME FOLIAR 

HYDROPHOBICITY FOR CONTROLLING THE LITCHI ERINOSE MITE .................. 17 

ABSTRACT .............................................................................................................................. 17 

3.1. lntroduction .................................................................................................................. 17 

3.2. Methods ......................................................................................................................... 19 

3.2.1. Acaricides and adjuvants ......................................................................................... 19 

3.2.2. Surface tension and contact angle ........................................................................... 20 

3.2.3 Efficiency of acaricide and adjuvant combinations ................................................. 22 

3.3. Results ........................................................................................................................... 24 

3.3.1. Surface tension and contact angle ........................................................................... 24 

3.3.2. Effect oftreatments onAceria litchii ...................................................................... 27 

3.3.3. Experiment 3 ........................................................................................................... 27 

3.3.4. Experiment 4 ............................................................................................................. 28 

3.4. Discussion ..................................................................................................................... 31 

4. Conclusions ...................................................................................................................... 33 

5. REFERENCES .................................................................................................................... 34 



AUMENTANDO A EFICÁCIA DE ACARICIDAS COM ADJUVANTES PARA 

MANEJO INTEGRADO DO ÁCARO-DA-ERINOSE-DA-LICHIA 

RESUMO 

11 

O ácaro-da-erinose-da-litchi (Aceria litchit) é a principal praga de plantas de lichia em 

vários países, causando perdas de produtividade de até 80%. A alimentação do ácaro 

acarreta em formação de sintomas nas folhas conhecidos como erinose, que protege 

os ácaros de diversos fatores adversos, incluindo o contato com acaricidas. O estudo 

teve como objetivo avaliar o efeito de adjuvantes nas propriedades das soluções 

acaricidas e seu impacto sobre A. litchii. Apresenta-se uma ampla revisão bibliográfica 

sobre o tema, que inclui a importância da produção de lichias no mundo, sintomas e 

danos causados pelo ácaro-da-erinose, aspectos ecológicos e biológicos do ácaro e 

por fim uma abordagem geral sobre o manejo do ácaro e o papel dos adjuvantes. 

Foram selecionados nove adjuvantes (Aureo®, Break-Thru®, Fighter®, Fixer®, 

lharaguen-S®, MSO Spray®, Orix AD®, Silwet L-77® e Wetcit Gold®) e dois 

acaricidas [Sanmite® (pyridaben) e Ortus® (fenpyroximate)] para avaliação. 

Inicialmente, foram medidas propriedades-chave das soluções - tensão superficial, 

ângulo de contato e pH - em caldas contendo apenas acaricidas e naquelas 

misturadas com adjuvantes. Posteriormente, foram conduzidos dois experimentos em 

laboratório utilizando uma torre de Potter para avaliar a sobrevivência dos ácaros após 

a aplicação dos acaricidas isolados e em combinação com os adjuvantes. Entre os 

acaricidas testados, o pyridaben foi o mais eficaz, resultando em menor número de 

ácaros sobreviventes e deixando o erinea. Além disso, os adjuvantes Break-Thru®, 

Fighter®, lharaguen-S®, Silwet L-77® e Wetcit Gold® aumentaram a eficácia dos 

acaricidas, especialmente quando combinados com pyridaben Deles, Silwet L.77® se 

destacou como aquele que proporcionou a maior mortalidade dos ácaros. 

Palavras-chave: Aceria litchi, Litchi chinensis, erinose, adjuvantes, tensão superficial 

e ângulo e contato. 
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Litchi erinose mite (Aceria litchit) is the primary pest of litchi trees in several countries, 

causing yield lasses of up to 80%. Mite infestations lead to the formation of a protective 

layer on leaves, known as erinose, which shields mites from various adverse factors, 

including contact with applied acaricides. This study aimed to evaluate the effect of 

adjuvants on the properties of acaricide solutions and their impact on A. litchii. An 

extensive literature review on the subject, which includes the importance of litchi 

production worldwide, symptoms and damage caused by the erinose mite, ecological 

and biological aspects of the mite, and finally, an overview of mite management and 

the role of adjuvants. Nine adjuvants (Aureo®, Break-Thru®, Fighter®, Fixer®, 

lharaguen-S®, MSO Spray®, Orix AD®, Silwet L-77®, and Wetcit Gold®) and two 

acaricides [Sanmite® (pyridaben) and Ortus® (fenpyroximate)] were selected for 

investigation. lnitially, key solution properties-surface tension, contact angle, and 

pH-were measured for sprays containing only acaricides and those mixed with 

adjuvants. Subsequently, two laboratory experiments were conducted using a Potter 

tower to assess mite survival after applying acaricides alone and in combination with 

adjuvants. Among the tested acaricides, pyridaben was the most effective, resulting in 

fewer mites surviving and leaving the erineum. Additionally, the adjuvants Break­

Thru®, Fighter®, lharaguen-S®, Silwet L-77®, and Wetcit Gold® enhanced acaricide 

efficacy, particularly when combined with pyridaben. Of these, Silwet L-77® stood out 

as the one provided the highest mite mortality. 

Keywords: Aceria litchi, Litchi chinensis, erinose, surfactants, surface tension, and 

contact angle. 
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1 - GENERAL CONSIDERATIONS 

Lychee Litchi chinensis Sonn. (Sapindaceae) is a commercially important fruit 

crop native to Asia and northern Vietnam, cultivated in several countries in tropical and 

subtropical regions of the world, such as Australia, lndonesia, the Philippines, 

Thailand, Taiwan, Pakistan, Israel, Madagascar, Mauritius, South Africa, Brazil, and the 

United States (Menzel 2002). Lychee (Litchi chinensis) is a fruit tree likely originating 

in southern China (Martins et ai. 2001 ). ln many regions around the world, lychee fruits 

are highly valued commercially, primarily due to their distinctive flavor and notable 

nutritional properties (Septembre-Malaterre et ai. 2016). Brazilian lychee production is 

concentrated mainly in the states of São Paulo, Minas Gerais and Paraná (Suguino 

2006). 

Lychee production faces a global threat represented by the litchi erinose mite, 

Aceria litchii Keifer (Acari: Eriophyidae). This invasive mite is the most damaging pest 

of lychee, causing an estimated 80% reduction in fruit production and 20% increase in 

production costs (Prasad and Singh 1981; Navia et ai. 2013). Litchi erinose mite 

feeding induces the formation of abnormal structures called "erinea", characterized by 

the proliferation of hypertrophic hairs on the plant's epiderma! cells. This infestation 

impacts leaves, twigs, flowers, and fruits (Nishida and Holdaway 1955; Castro et ai. 

2018; Carrillo et ai. 2020). When mites infest inflorescences and fruit, it directly 

jeopardizes the yield, rendering it unsuitable for consumption (Keifer et ai. 1982; 

Westphal and Manson 1996; Waite and Hwang 2002). 

Controlling A. litchii has been a considerable challenge for growers worldwide. 

Various methods have been attempted, including cultural practices like removing and 

burning infested branches from lychee trees (Menzel and Waite 2005; Castro et ai. 

2014). Severe pruning appears to remove the mites from a tree effectively. 

Unfortunately, the mites often return when the plant produces new shoots. Chemical 

contrai involving repeated pesticide applications has been the most used alternative to 

protect new plant growth from mite reinfestation (Nishida and Holdaway 1955; Waite 

and Hwang 2002). 

The lack of knowledge about fundamental aspects of this mite-plant interaction 

system is one of the primary reasons for the unsuccessful contrai of A. litchii. The mites 
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are microscopic and have a cryptic lifestyle, not being able to survive for long outside 

the erinea (Azevedo et ai. 2013; Revynthi et ai. 2020). Because of this unique lifestyle, 

little is known about their biology and behavior. One hypothesis suggests that as the 

mite population grows, erinea become denser, possibly serving as a protective 

environment for the mites against biological and environmental stressors. 
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4. Conclusions

Based on the results obtained, it can be concluded that: 

- Pyridaben was more effective than fenpyroximate in controlling of A. litchii.

- Pyridaben in combination with Silwet was the most effective in controlling A.

litchii in laboratory condition.
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