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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
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CAPÍTULO 7
RESISTANCE OF CITRUS PEST MITES TO 

ACARICIDES

Claudiane Martins da Rocha

Matheus Cardoso de Castro

Daniel Júnior de Andrade

1 | 	INTRODUCTION

Citrus growers primarily use chemical 
control to keep pest populations below the 
economic threshold. However, the inappropriate 
use of pesticides results in undesirable side 
effects, such as population outbreaks of 
secondary pests and the evolution of resistance 
in populations. The evolution of pest resistance to 
pesticides has been considered one of the highest 
threats to the implementation of integrated pest 
management (IPM) programs. The citrus crop is 
home to numerous arthropods, including several 
species of pest mites. Citrus mites are basically 
controlled worldwide with chemical acaricide 
applications (Van Leeuwen et al., 2010). However, 
the continuous use of the same active ingredient 
can increase the frequency of resistant individuals 
and compromise the efficiency of products (Omoto 
& Alves, 2004). Failures in the control of mites after 
acaricide applications are frequent in the Brazilian 
citriculture and have been reported for several 
decades. In this scenario, this chapter addresses 
the main cases of pest mite resistance in citrus to 
pesticides published in scientific journals.

2 | 	THE CITRUS LEPROSIS MITE 
(Brevipalpus spp.)

Transmission of the Citrus leprosis virus 
(CiLV-C), which causes citrus leprosis, one of 
the most destructive diseases in citrus, was 
attributed exclusively to the mite Brevipalpus 
phoenicis (Acari: Tenuipalpidae) until 2015 
(Beard et al., 2015; Tassi et al., 2017). An 
extensive taxonomic review allowed concluding 
that B. phoenicis was a species complex. New 
species have been described and other species 
have been recovered since then (Beard et al., 
2015). Population surveys of Brevipalpus mites 
showed that Brevipalpus yothersi Baker (Acari: 
Tenuipalpidae) is the predominant species in 
commercial citrus crops in the State of São Paulo, 
Brazil, and not the species B. phoenicis (Mineiro 
et al., 2015).

Acaricide applications in orchards of the 
State of São Paulo and the Triângulo Mineiro 
region in the State of Minas Gerais, considered 
the Brazilian citrus belt, are the main method 
used to control the mite vector of leprosis virus 
(Miranda et al., 2017). However, the increase 
in the frequency of resistant individuals in mite 
populations has been common due to high 
selection pressure, resulting in decreased 
control efficiency. Reductions in the efficiency of 
acaricides lead to an increase in the number of 



 
Capítulo 7 84

applications, greater environmental contamination, and a reduction in natural enemies and 
beneficial insects (Omoto & Alves, 2004).

However, in addition to the high selection pressure, certain biological and ecological 
factors of Brevipalpus spp. have contributed to accelerating the evolution of resistance. For 
instance, the predominant form of reproduction is thelytokous parthenogenesis, in which 
unfertilized eggs give rise to females. Therefore, the offspring had the same genetic makeup 
as the parents (Helle et al., 1980). Another important factor is the low dispersion capacity 
of this mite compared to other mites, which makes it difficult to reduce the frequency of 
resistant individuals through mixing between populations (Alves et al., 2005).

The resistance of mites Brevipalpus spp. has been reported for some active 
ingredients, such as dicofol, hexythiazox, propargite, lime-sulfur solution, and spirodiclofen 
(Omoto et al., 2000; Campos & Omoto, 2002; Franco, 2002; Casarin, 2010; Rocha et al., 
2021).

Extensive monitoring of populations of B. phoenicis from commercial orchards in the 
State of São Paulo was carried out for the acaricide dicofol. This study revealed variability 
in susceptibility to this acaricide at diagnostic concentrations of 100 and 320 mg dicofol/L 
water (Omoto et al., 2000). A 57-fold resistance ratio has been estimated in the dicofol-
resistant strain (Omoto et al., 2000). In addition, positive cross-resistance between dicofol 
and bromopropylate, negative cross-resistance between dicofol and fenpyroximate, and 
no cross-resistance with fenbutatin oxide and propargite have been observed (Alves et al., 
1999).

The frequency of resistance of B. phoenicis to the acaricides propargite and 
hexythiazox was also variable among populations. Survival percentages ranged from 0.0 
to 88.3% for propargite and 30 to 94% for hexythiazox (Franco, 2002; Campos & Omoto, 
2002). The high estimated resistance ratio for the hexythiazox-resistant strain was higher 
than 10,000 times (Campos & Omoto, 2002). On the other hand, a resistance ratio of 5.69 
times was found for the lime-sulfur solution, and cross-resistance between lime-sulfur 
solution and sulfur was confirmed (Casarin, 2010).

More recently, the resistance of B. yothersi to the acaricide spirodiclofen was 
detected (Rocha et al., 2021). This study showed variability in the population responses 
to the diagnostic concentration of the acaricide, and a resistance ratio of 10.6 times was 
estimated for the resistant strain (Rocha et al., 2021).
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3 | 	THE CITRUS RUST MITE Phyllocoptruta oleivora

Small in size, but capable of damaging citrus leaves and fruits, the citrus rust mite 
Phyllocoptruta oleivora (Acari: Eriophyidae) is considered a key pest in Brazilian citriculture. 
The presence of the citrus rust mite can be observed throughout the year, but the largest 
populations are observed in hot periods with high relative humidity.

Citrus rust mite control is carried out in Brazil with intensive applications of sulfur 
and abamectin, which contributed to the selection of resistant individuals (Omoto & Alves, 
2004). Populations of P. oleivora resistant to the acaricides dicofol and abamectin have 
been detected in the United States (Florida) (Bergh et al., 1999, Omoto & Alves, 2004). 
However, research on the resistance of this mite to acaricides has not yet been carried out 
in Brazil.

4 | 	THE CITRUS RED MITE Panonychus citri

The mite Panonychus citri (Acari: Tetranychidae), popularly known as the citrus 
red mite, is considered in several parts of the world as one of the main species of pest 
mites in citrus. High levels of infestation can be observed in a short period due to its rapid 
development and reduced time between generations. In Brazil, the red mite occurs mainly 
in the dry periods of the year, especially in autumn-winter.

Panonychus citri causes damage to leaves, branches, and fruits although its 
infestations occur preferentially on leaves, which can lead to high leaf drop. The red mite 
is one of the most notorious pest mites for its ability to rapidly increase the frequency of 
acaricide-resistant individuals. It is due to their high reproductive aptitude associated with 
the selection pressure of numerous acaricide applications (Niu et al., 2011; Pan et al., 2020).

Studies on the resistance of P. citri to acaricides have been carried out in several 
countries, including China, Japan, New Zealand, Taiwan, Turkey, and the United States of 
America (Gotoh et al., 2004; Hu et al., 2010; Doker & Kazak 2012; Ouyang et al., 2012; 
Mota-Sanchez & Wise, 2019). Cases of P. citri resistance to organophosphates, pyrethroids, 
organochlorines, keto-enols, and bifenazate have been reported (Chen et al., 2009; Hu et 
al., 2010; Niu et al., 2011; Van Leeuwen et al., 2011).

There are no reports of resistance related to P. citri populations in Brazil. However, 
population levels of the red mite have increased considerably in recent years due to the 
intensification in the use of insecticides to control Diaphorina citri (Hemiptera: Liviidae) in 
citrus orchards in Brazil, requiring frequent spraying of acaricides for its control (Yamamoto 
& Zanardi, 2013; Ribeiro et al., 2014).
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5 | 	RESISTANCE MANAGEMENT

Resistance is an evolutionary phenomenon that depends on complex interactions 
of three major groups of factors: genetic factors, biological factors, and operational factors. 
Operational factors are largely under human control, which provides a basis for resistance 
management (Georghiou & Taylor, 1986).

Among the operational factors, moderation and multiple attack are the most used 
strategies for resistance management in citrus from a practical point of view (Omoto et 
al., 2008). Management strategies by moderation seek to reduce selection pressure. It 
can be achieved by reducing the use of chemical acaricides. In this sense, adequate pest 
monitoring in the field is essential to guide applications (Omoto et al., 2008). The use of 
other control methods such as natural and biological products can also contribute to this 
regard. In the multiple attack management strategy, acaricides are used in rotation or as a 
mixture (Nauen et al., 2001; Omoto et al., 2008). However, attention should be paid to the 
use of different modes of action and the absence of cross-resistance between products.

Furthermore, the adaptive disadvantage of resistant individuals compared to 
susceptible individuals in the absence of selection pressure may contribute to resistance 
management programs. This fitness cost may delay the increase in the number of resistant 
individuals in the population and contribute to the return of the susceptibility condition 
(Roush & McKenzie, 1987; Alves, 2004; Kliot & Ghanim, 2012).

The citrus leprosis mite showed an fitness cost for the acaricide dicofol, with lower 
fecundity and lower longevity of individuals of the resistant strain (Alves, 1999). A reduction 
in adult longevity, days of oviposition, and fecundity in the resistant strain was observed 
for spirodiclofen (Rocha et al., 2021). On the other hand, resistance to hexythiazox was 
stable under laboratory conditions, but unstable under field conditions (Campos & Omoto, 
2006). No fitness cost associated with resistance was observed for propargite and lime-
sulfur solution (Franco et al., 2007; Casarin, 2010).

Research on monitoring the resistance of these mites to acaricides, as well as cross-
resistance relationships and resistance stability are critical to the success of resistance 
management strategies. Currently, few products accepted in orange juice importing countries 
from Brazil are available in the market to control these mites (Fundecitrus, 2022). Therefore, 
mite control strategies must be implemented aiming at the preservation of existing acaricide 
products (Omoto et al., 2008). Thus, the adoption of resistance management strategies 
that aim to delay its evolution is fundamental to guarantee the efficiency and preserve the 
useful life of acaricides, as the research for the development of new products is long and 
expensive.
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