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Susceptibility to cyflumetofen in populations
of the citrus leprosis mite, Brevipalpus yothersi,
from Brazilian citrus orchards

Hector Alonso Escobar-Garcia®®” © and Daniel Junior de Andrade?®

Abstract

BACKGROUND: Brevipalpus yothersi Baker (Acari: Tenuipalpidae), the citrus leprosis mite, is currently the most economically
significant mite pest in commercial citrus orchards, serving as the vector of citrus leprosis virus C (CiLV-C, Cilevirus leprosis).
Its control has traditionally relied on the intensive use of synthetic acaricides, raising concerns regarding field efficacy and resis-
tance development. To support integrated pest management (IPM) and resistance management strategies, monitoring the sus-
ceptibility of field populations is essential. Cyflumetofen, an acaricide that inhibits mitochondrial complex Il electron transport,
offers a distinct mode-of-action (MoA) for mite control. This study aimed to characterize the susceptibility of B. yothersi popula-
tions to cyflumetofen to evaluate its potential use in sustainable resistance management and prolong its efficacy in commercial
applications.

RESULTS: Field populations exhibited high susceptibility to cyflumetofen, with median lethal concentration (LC5,LC5,) values
ranging from 0.36 to 1.31 mg L™ and 95% lethality (LCos) values from 1.22 to 4.99 mg L™". Resistance levels were low, with
resistance ratios below 2.79-fold at LC5, and below 3.06-fold at LCys, relative to a susceptible reference population.

CONCLUSION: Cyflumetofen proved effective against B. yothersi in the surveyed regions, with field populations showing high
susceptibility. To maintain its efficacy and extend its commercial longevity, rotation with other synthetic acaricides featuring
different MoAs is recommended as part of a resistance management plan.

© 2025 The Author(s). Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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1 INTRODUCTION as a promising alternative. This contact acaricide belongs to the
Brevipalpus yothersi Baker (Acari: Tenuipalpidae), a polyphagous benzoyl acetonitrile group aer‘functions asa mitochondri;‘ﬁl com-
flat mite, infests >112 plant species across 52 botanical families. ~ Plex Il electron transport inhibitor (IRAC subgroup 25A). Since its
It is one of the primary mite pests affecting sweet orange crops global market introduction in 2007 and its registration in Brazil

in southeastern Brazil and throughout much of the Americas.! i 2014, cyﬂumetofen4i;gs19d2e1monstrated strong efficacy against
Despite advances in integrated pest management (IPM), chemical multiple mite species.™™ ™"
control via foliar spraying of synthetic acaricides remains the most Despite its registration, no prior studies in Brazil have evaluated

widely adopted and effective strategy for suppressing B. yothersi  the susceptibility of B. yothersi populations to cyflumetofen. The
populations during critical fruiting stages.>* Brazil currently holds ~ populations assessed in this study were previously established
one of the largest acaricide markets globally, with usage increas-  and maintained under controlled conditions at the Acarology
ing steadily in recent years.*® However, frequent and repeated  Laboratory of UNESP (Jaboticabal, Brazil), having also been used
applications of acaricides with identical modes-of-action (MoAs) in earlier research.'® Here, we present toxicity bioassays con-
have led to resistance development in B. yothersi populations,  ducted on adult females of B. yothersi. The main aim of this study
threatening long-term control efficacy. This risk is exacerbated  was to assess the susceptibility of geographically distinct B.
by the species' biological traits, including high fecundity, thelyto-

kous parthenogenetic reproduction, and a rapid life cycle,  m—|b—

. . 7,8

enabllng <14 generathns per. y.ear' . . * Correspondence to: HA Escobar-Garcia, Séo Paulo State University (UNESP),
Currently, 34 synthetic acaricides are registered by ProteCitrus School of Agricultural and Veterinary Sciences, Jaboticabal, 14884-900,

for B. yothersi control in Brazil, encompassing various chemical Brazil. E-mail: hescobarg@unp.edu.pe

classes and MoAs.>? Nonetheless, resistance has been reported
in field populations to several active ingredients, including
dicofol, hexythiazox, propargite, lime sulfur, sulfur and
spirodiclofen.®'°7'8 |n this scenario, cyflumetofen has emerged b Universidad Nacional de Piura (UNP), Facultad de Agronomia, Piura, Peru

a Sao Paulo State University (UNESP), School of Agricultural and Veterinary Sci-
ences, Jaboticabal, Brazil
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yothersi populations to cyflumetofen. The specific objectives
were: (i) to generate baseline data on resistance levels to cyflume-
tofen, and (ii) to determine a diagnostic concentration for poten-
tial field monitoring. The outcomes of this study are intended to
contribute to improved IPM and resistance management
(RM) strategies in Brazilian citrus production.

2 MATERIALS AND METHODS

2.1 Acquisition and maintenance of B. yothersi
populations

Adult females of Brevipalpus yothersi used in the bioassays origi-
nated from populations maintained on green fruits of sweet
orange cultivars ‘Valencia’' or ‘Navel’, both grafted onto Swingle
citrumelo rootstock, as described by Escobar-Garcia and
Andrade.® These populations were reared in a climate-controlled
room at 25 + 1 °C, 50 + 5% relative humidity and a 12 h:12 h,
light:dark photoperiod. One population, designated as the sus-
ceptible reference (Laboratory-AcarolLab, UNESP, Jaboticabal,
Brazil), has been continuously maintained on sweet orange fruit
since 2010 without exposure to synthetic acaricides.

The remaining 19 populations were collected from commercial
citrus orchards between February 2023 and April 2024, across
14 citrus-producing municipalities representing major regions of
the Brazilian citrus belt (Fig. 1; Table 1). Although detailed histori-
cal spray records were not available for each orchard, information
obtained from growers and regional technical reports indicates
that propargite, hexythiazox, spirodiclofen and spiromesifen are
the most frequently applied acaricides in these production areas.
Cyflumetofen was registered in 2014 for citrus in Brazil, and its use
in the sampled orchards before collection was minimal or absent.

All females were morphologically identified as B. yothersi based
on the criteria established by Beard et al.?> Permanent microscope
slides containing voucher specimens from each population were
deposited in the Acari Collection (DZB) at the Department of Zool-
ogy and Botany, UNESP, Séo José do Rio Preto, Sao Paulo, Brazil.

Each population was reared on six to eight green citrus fruits
placed on plastic trays designed to hold chicken eggs, which
served as supports. Each tray-fruit set constituted an experimental
unit and was labeled according to its geographic origin (Table 1).
Populations were maintained for 1-2 months, which allowed for
the collection of 1650 adult females per population for use in
the bioassays described in the following section.

2.2 Concentration-response bioassays

In this study, the synthetic acaricide Obny® 200 SC, a commercial
suspension concentrate (SC) formulation containing 200 g L™
cyflumetofen, was used. The product was manufactured by UPL
(Ituverava, Brazil). The response of B. yothersi populations to cyflu-
metofen was evaluated through direct-contact bioassays on adult
females.

Bioassays were performed using leaves of jack bean, Canavalia
ensiformis (L.) DC. (Fabaceae), cut into 80-mm-diameter discs. Jack
bean plants were cultivated in a glasshouse in pots
(255 x 200 x 144 mm) filled with a substrate mixture of clay soil,
cattle manure and sandy soil in a 1:1.5:1 ratio. Plants were grown
for 1 month without pesticide exposure and irrigated twice
weekly. Leaf discs were placed abaxial side up in glass Petri dishes
(90 mm diameter X 14 mm height) over a 10-mm-thick moist-
ened foam layer (with deionized water), topped with a 1-mm layer
of cotton. The edges of the discs were surrounded by moist cotton
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Figure 1. Sites of Brevipalpus yothersi population sampling. Sampling site numbers correspond to those listed in Table 1.
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Table 1. Background information on the Brevipalpus yothersi field populations used in this study

No Population Latitude and longitude Rootstock Variety Mite detection year
1 Laboratory-AcaroLab 21°14/25.06" S 48°17'19.42" W Various Various 2010
2 Bebedouro 21°3/45.20" S 48°31'7.50" W Rangpur Lemon Valencia 2009
3 Guapiacgu 20°44'6.65" S 49°8'28.57" W Swingle Citrumelo Pera 2015
4 Monte Alegre de Minas 18°57'20.21" S 48°43/20.00" W Swingle Citrumelo Valencia 2012
5 Itapolis 21°34'31" S 48°55'00" W Swingle Citrumelo Natal 2005
6 Barretos 20°26'13" S 48°36/08" W Swingle Citrumelo Valencia 2018
7 Regindpolis 22°03/34.7" S 49°08'36.6" W Sunki Tangerine Pera 2013
8 Itapetininga-204 23°33/00.4" S 48°08'03.5" W Swingle Citrumelo Hamlin 2017
9 Itapetininga-206 23°33/12.2" S 48°08'40.2" W Swingle Citrumelo Hamlin 2017
10 Itapetininga-305 23°35'26.2" S 48°17'57.5" W Swingle Citrumelo Valencia 2008
1M Tabatinga 21°41'43" S 48°43'51" W Tangerine Cle6patra Hamlin 2005
12 Boa Esperanca do Sul 21°55'38.4" S 48°37'46.4" W Sunki Tangerine Pera 2018
13 laras-191 22°46/50.2" S 49°01'53.0" W Rangpur Lemon Valencia 2007
14 laras-253 22°47'39.1" S 49°05'26.5" W Lime Volkamerian Valencia 2007
15 Matdo 21°37'41.5" S 48°27'46.5" W Swingle Citrumelo Valencia 2004
16 Gavido Peixoto 21°42'44.38" S 48°25'2.93" W Lime Volkamerian Valencia 2006
17 Pirajui-501 22°3/53.85" S 49°27'19.14" W Swingle Citrumelo Pera 2017
18 Pirajui-502 22°3/31.53" S 49°27'29.69" W Swingle Citrumelo Pera 2017
19 Pirajui-509 22°3/21.89" S 49°27'44.31" W Swingle Citrumelo Valencia 2017
20 Nova Europa 21°44/07.1" S 48°27'00.3" W Swingle Citrumelo Valencia 2021

to maintain leaf turgor and prevent mite escape. Each dish was
labeled according to concentration and replicate.

Ten concentrations of cyflumetofen were prepared from the
recommended field rate (80 mg L™") by serial dilution: 80, 40,
20, 10, 5, 2.5, 1.25, 0.62, 0.31 and 0.15 mg L™". Deionized water
was used as the solvent. Each bioassay (temporal replicate) com-
prised 11 treatments (10 concentrations plus a deionized-water
control). For each treatment within a temporal replicate, we used
three independent arenas (subsamples) consisting of leaf-disc
dishes with 25 adult females each (n = 75 per treatment per bio-
assay date). The entire bioassay was replicated in time on a sepa-
rate date under identical environmental and procedural
conditions (two temporal replicates in total). Consequently, for
each population and each treatment, the overall sample size
was six arenas (150 females), totaling 1650 females per population
(11 treatments X 150 females). Mites were transferred onto the
leaf discs using a fine-tipped brush.

Treatments were applied 30 min after mite transfer using a Pot-
ter spray tower (Burkard Manufacturing Co. Ltd, Rickmansworth,
UK). Each Petri dish received 2 mL of solution at 68.95 kPa, ensur-
ing uniform coverage and an average deposition of
1.56 mg cm~2. Dishes were then placed in plastic trays
(435 x 296 x 75 mm) and maintained under the same environ-
mental conditions used for rearing. Treatments were applied from
the lowest to the highest concentration. The spray tower was
rinsed with deionized water and dried with a paper towel
between treatments to prevent cross-contamination.

Mortality was assessed 48 h post-treatment by counting live
and dead females. At the end of the exposure period, the
25 females from each Petri dish were gently grouped at the center
of the leaf disc using a fine brush. Females were considered alive if
they exhibited vigorous, coordinated leg movements; those
immobile after gentle stimulation were considered dead. Oviposi-
tion also was recorded and expressed as a percentage relative to
that of the control group for each population. The 48-h

assessment interval was selected based on the known persistence
of cyflumetofen biological activity against B. yothersi for <12 days
postexposure (dpe), and its appropriateness for Probit analysis.
For the extended 12-day assessment of cyflumetofen residual bio-
logical activity, only the laboratory reference population was
used. After spraying females with each tested concentration in
the Potter spray tower, mortality was recorded at 1, 2, 4, 7 and
12 dpe. All evaluations were conducted at 14:00 h, matching the
initial spraying time, to ensure consistency and minimize poten-
tial circadian effects.

2.3 Diagnostic concentration for monitoring the
susceptibility of field populations of B. yothersi
Susceptibility monitoring of the 19 field populations of B.
yothersi to cyflumetofen was conducted in comparison with the
reference susceptible population (Laboratory-AcaroLab; Popula-
tion 1 in Table 1). The diagnostic concentration was established
based on the LCys value estimated for the reference population,
which was 1.63 mgL™". Females from each population were
exposed to this concentration to estimate survival percentages.
The experiment followed a completely randomized design with
six arenas per population. Each arena consisted of 25 females,
totaling 150 females evaluated per population. Survival was
assessed 48 h postexposure to the diagnostic concentration. Dur-
ing the same 48 h period, oviposition was recorded for each pop-
ulation. Relative oviposition was then calculated as the
percentage of mean eggs per female in the treatment compared
to the mean eggs per female in the deionized-water control, using
the formula:

Mean eggs/female in treatment

100
Mean eggs/female in control

Relative oviposition (%) =

This approach provides a standardized measure of oviposition
reduction relative to untreated females.
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At the end of the exposure period, females were gently gath-
ered at the center of each leaf disc using a fine-tipped brush. Indi-
viduals were considered alive if they exhibited vigorous,
coordinated leg movements; immobile mites, even after gentle
stimulation, were considered dead.

2.4 Statistical analysis

Probit analysis®® was used to evaluate B. yothersi mortality data
after correcting for control mortality using Abbott's formula.?*
The analysis was performed using the PROC PROBIT procedure
in SAS software.*® Variability within each population was assessed
using the slope generated from the Probit analysis. Populations
with slope values >2 were considered relatively homogeneous,
while those with slopes <1 were classified as relatively
heterogeneous.”®

The 95% lethal concentration (LCgs) estimated for the reference
population (Laboratory-AcaroLab) was used as the diagnostic
concentration to monitor susceptibility in the 19 field popula-
tions. This choice was made because LCys provides a robust
threshold to detect early shifts in susceptibility while minimizing
the risk of overestimating resistance in field populations. Higher
thresholds such as LCqyq or the field-recommended concentration
could mask low but emerging resistance by causing near-
complete mortality in all populations, thus reducing sensitivity
for early detection. Survival percentage data at this concentration
were analyzed using multiple sample comparison tests. Both the
parametric Tukey's honestly significant difference (HSD) (multiple
range test) and the nonparametric Kruskal-Wallis test were
applied to identify significant differences in survival and oviposi-
tion means and medians among populations. All statistical ana-
lyses were performed using CenTurion XIX software (StatGraphics
Inc., The Plains, VA, USA).?” A 5% significance level was adopted
for all tests.

Resistance ratios (RRsp) were calculated by dividing the LCsq
values of field populations by the LCso value of the reference
population (Laboratory-AcaroLab). Interpretation of RRsqy fol-
lowed the classification scale proposed by Fukami et al.?®
values <10 were considered low resistance; 10-40, moderate;
40-60, high; and>60, very high. The 95% confidence intervals
(Cl) for RRso values were calculated according to the method
of Robertson and Preisler.?® If the value 1 fell within the Cl,
there was no significant difference between the field and ref-
erence populations. Conversely, if 1 was outside the interval,
a significant difference was inferred, indicating that the field
population was either more or less resistant than the
reference.

Based on survival data at the diagnostic concentration, as well
as LCsq, LCo5 and RRsq values, heat maps were generated using
ARCGIS software.® For the diagnostic concentration, the color
scale was based on female survival percentages: green indicated
low survival, yellow moderate survival and red high survival. For
LCso and LCos, the color scale corresponded to tested concentra-
tion ranges (0.15-80 mg L™"). Red areas represented populations
with LCso or LCos values close to or exceeding the field-
recommended concentration (80 mg L™"), suggesting the need
for higher doses to achieve effective control. Green and yellow
areas indicated susceptible populations, which were likely to be
manageable with lower concentrations. For RRs, values, the color
scale was based on resistance potential: green signified low risk,
yellow moderate risk and red high risk of resistance to
cyflumetofen.

3 RESULTS

3.1 Concentration-response bioassays

Mortality in the control group for each B. yothersi population
remained below 5%, allowing for accurate correction of natural
mortality in the bioassays. The Probit analysis results are pre-
sented in Table 2. The concentration-response data for B. yothersi
populations exposed to cyflumetofen fitted the Probit model well
based on log-transformed concentrations, as evidenced by low
chi-square (y?) values (1.96 to 12.49) and nonsignificant P-values
(0.12 to 0.98). Cyflumetofen exhibited high toxicity against B.
yothersi females. Detailed data for the reference population
(Laboratory-AcarolLab), exposed to 10 concentrations of the prod-
uct, are shown in Table 2 and graphically in Fig. 2.

Probit slope values indicated that all populations had a homo-
geneous structure (slope>2.0). The Barretos population exhibited
the highest slope (5.35), whereas the Monte Alegre de Minas pop-
ulation had the lowest (2.65) (Table 2).

The LCso and LCys values for B. yothersi populations ranged from
036 to 1.31 mg L™" and 1.22 to 499 mg L™, respectively. RRso
values ranged from 0.77- to 2.79-fold. The highest RRso values
were observed in the Barretos (2.79-fold) and Monte Alegre de
Minas (2.53-fold) populations. The remaining populations had
RRsq values <2.02-fold. For seven populations—Bebedouro, Regi-
népolis, Tabatinga, Pirajui-501, Pirajui-502, Pirajui-509 and Nova
Europa—the 95% confidence intervals for RR5, included the value
1, indicating no significant difference from the reference popula-
tion (Table 2).

Mortality rates were recorded for each population at all tested
concentrations. Overall, mortality trends were consistent with
those of the reference population, as shown in Figs 2(A) and 3.
Complete mortality (100%) was achieved at concentrations
between 5.00 and 80.00 mg L™'—covering the recommended
field application rate (80.00 mg L™')—with the exception of the
Monte Alegre de Minas population, which showed 98.63% mortal-
ity at 5.00 mg L™ [Fig. 3(A)1.

Oviposition also was monitored across all populations and con-
centrations. The results mirrored the trend observed in the refer-
ence population [Fig. 2(B)]. At concentrations between 2.50 and
80.00 mg L™, oviposition was reduced by 92%-100%, except in
the Monte Alegre de Minas, Itapolis and Barretos populations,
for which reductions at 2.50 mg L™" were 90.21%, 78.53% and
78.13%, respectively. In the reference population, larval emer-
gence was detected after the final assessment (12 days postexpo-
sure) only at the lowest concentrations (0.15-0.62 mg L™, with
40.74% to 83.95% of eggs remaining viable [Fig. 2(B)].

3.2 Diagnostic concentration for monitoring

susceptibility of B. yothersi field populations

The diagnostic concentration established to assess B. yothersi sus-
ceptibility to cyflumetofen was 1.63 mg L™ (95% Cl = 1.37-2.04),
as shown in Table 2. This concentration resulted in 95.30% (+1.24)
mortality in the Laboratory-AcaroLab reference population
(Table 3). A total of 19 field populations were evaluated at this
diagnostic concentration using adult females, and 78.94% of the
populations were classified as susceptible to cyflumetofen at
1.63 mg L™ (Table 3; Fig. 4).

However, significant differences in susceptibility were detected
among populations at the 95% confidence level (Tukey's HSD
test), particularly in those collected from Barretos, laras-191,
[tapetininga-204 and Monte Alegre de Minas (Fig. 4). Female sur-
vival at the diagnostic concentration ranged from 3.40% to
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Table 2. Probit analysis and median/95% lethal concentration data (95% Cl) for Brevipalpus yothersi populations after 48-h exposure to
cyflumetofen

No Population Slope +SE*  LCso (mg L™") 95% CI" LCos (mg L) 95% CI" Vel pPs RRso (95% CI)
1 Laboratory-AcaroLab 3.06 + 0.22 0.47 0.42-0.53 1.63 1.37-2.04 725 051 -

2 Bebedouro 2.76 + 0.21 0.36 0.32-0.41 143 1.18-1.83 403 085 0.77 (0.42-1.39)
3 Guapiagu 2.78 +0.19 0.61 0.54-0.68 2.38 1.97-3.00 6.76 0.56 1.30 (0.74-2.29)
4 Monte Alegre de Minas 265 +0.18 1.19 1.06-1.34 499 411-6.35 9.77 0.20 2.53 (1.45-4.417)
5 Itapolis 3.36 +0.23 0.95 0.86-1.05 293 249-3.58 11.91 0.16 2.02 (1.09-3.76)
6 Barretos 535+ 046 1.31 1.21-143 2.67 2.34-3.17 1024 012 2.79(1.02-7.63)
7 Regindpolis 2.68 + 0.19 0.41 0.36-0.46 1.69 1.39-2.16 576 067  0.87 (0.49-1.56)
8 Itapetininga-204 3.08 +0.21 0.65 0.59-0.73 2.24 1.88-2.80 9.21 0.33 1.38 (0.76-2.52)
9 Itapetininga-206 331 +0.23 0.55 0.49-0.61 1.73 1.45-2.14 10.00 0.27 1.17 (0.62-2.20)
10 Itapetininga-305 3.28 +0.23 0.62 0.56-0.69 1.97 1.67-2.44 6.76 0.56 1.32 (0.71-2.45)
11 Tabatinga 3.05 +0.22 0.45 0.40-0.49 1.55 1.29-1.94 1.96 0.98 0.96 (0.52-1.77)
12 Boa Esperanca do Sul 352+ 0.25 0.65 0.58-0.71 1.89 1.61-2.32 742 049 1.38 (0.72-2.65)
13 laras-191 2.96 + 0.22 0.82 0.73-0.92 2.95 246-3.74 1025 017 1.74 (0.95-3.21)
14 laras-253 286 +0.19 0.53 0.47-0.59 1.98 1.65-2.49 4.55 0.80 1.13 (0.63-2.02)
15 Matao 3.07 £ 0.25 0.65 0.58-0.73 2.24 1.86-2.84 6.21 0.52 1.38 (0.72-2.66)
16 Gavido Peixoto 267 +0.18 0.55 0.49-0.62 2.27 1.87-2.90 12.49 0.13 1.17 (0.67-2.05)
17 Pirajui-501 3.09 +0.23 0.40 0.36-0.45 1.38 1.15-1.74 7.97 0.44 0.85 (0.45-1.60)
18 Pirajui-502 322 +0.24 043 0.39-0.48 1.40 1.18-1.75 7.07 053  091(0.48-1.73)
19 Pirajui-509 3.10 + 0.24 0.36 0.32-0.40 122 1.02-1.54 815 042  0.77 (0.40-1.46)
20 Nova Europa 3.12+0.23 0.44 0.39-0.49 1.48 1.24-1.86 448 0.81 0.94 (0.50-1.75)
Each population was represented by 1650 females in the bioassays.

*Slope and standard error (SE) derived from the Probit analysis.

* Confidence interval of lethal concentration (lower—upper limit) (mg L.

* Chi-square value.

8 p-values >0.05 indicate a good fit to the Probit analysis.

1 Resistance ratio (RRsq) = LCs, for the field population / LCs, for the reference population (Laboratory-AcaroLab), including the RR estimate (95% Cl)
following Robertson and Preisler (1992).

60.70% (ANOVA: F=14.59; df =19; P < 0.001; Kruskal-Wallis:
H =79.38;df = 19; P < 0.001) (Table 3). The highest survival rates
were observed in Barretos (60.70%) and Monte Alegre de Minas
(47.37), whereas the lowest were recorded in the Pirajui popula-
tions (ranging from 3.40% to 4.14%) (Table 3; Fig. 4).

Oviposition rates at the diagnostic concentration ranged from
3.11% to 37.50%, with the highest recorded in the Barretos popu-
lation (Table 3). Significant differences were observed among
populations for oviposition (ANOVA: F = 6.48; df = 19; P < 0.001;
Kruskal-Wallis: H = 65.81; df = 19; P < 0.001).

The use of cyflumetofen across the Brazilian citrus belt high-
lights the need to identify areas where resistance may first
emerge. To address this, spatial analysis was conducted using Arc-
GIS software to generate thematic maps illustrating susceptibility
patterns among 20 B. yothersi populations (including the refer-
ence), based on the following parameters: survival at the diagnos-
tic concentration [Fig. 5(A)], LCso [Fig. 5(B)], LCos [Fig. 5(C)] and
resistance ratio (RRs) [Fig. 5(D)].

In Fig. 5(A), survival rates at 1.63 mg L™ ranged from 3.40% to
60.70%. The highest survival (>47.37%) occurred in the northern
citrus belt, notably in Monte Alegre de Minas (Population 4) and
Barretos (Population 6), indicating reduced susceptibility in these
areas (Table 3). Figure 5(B) shows LCsy values categorized by
tested concentrations. The green-shaded regions represent popu-
lations that required <1/32 of the recommended field rate to
reach 50% mortality. Figure 5(C) presents LCqs values, with most
areas colored in green or yellow, indicating that a concentration
of ~1/16 of the field rate was sufficient to reach 95% mortality.

The RRso map [Fig. 5(D)] reinforces this geographic pattern.
Although all populations showed RRsq values <2.79, three suscep-
tibility zones were identifiable: green for low, yellow for moderate
and red for high resistance potential. The highest RRs, values
were recorded in Monte Alegre de Minas (Population
4, RRso = 2.53), with an influence area of ~9503.34 km?, and in
Barretos (Population 6, RRsq = 2.79), covering ~1963.50 km?.
These red-marked areas represent potential resistance hotspots,
which are likely to be linked to the more intensive use of cyflume-
tofen in these regions.

4 DISCUSSION

The introduction of cyflumetofen, a mitochondrial complex Il
electron transport inhibitor (METI), offers an opportunity to proac-
tively manage resistance to both older synthetic acaricides and
other METI-type compounds used in the Brazilian citrus belt. The
present results indicate that cyflumetofen is effective in control-
ling Brevipalpus yothersi populations, including those previously
classified as moderately resistant to propargite at LCos levels.'®
After 48 h of exposure, LCs, values ranged from 0.47 mg L™ for
the reference population (Laboratory-Acarolab) to 1.31 mg L™
for field populations—both far below the recommended field
concentration of 80 mg L™".

The highest resistance ratios at LCsp—although still low
(<2.79-fold)—were recorded in the Barretos, Monte Alegre de
Minas and Itdpolis populations (Table 2). These ratios are not
expected to significantly compromise the efficacy of
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Figure 2. Concentration-response curves of Brevipalpus yothersi from the reference population (Laboratory—AcaroLab) reared on Canavalia ensiformis
and exposed to the acaricide cyflumetofen. (A) Concentration versus corrected mortality and concentration versus survival curves (red dashed line), eval-
uated 48 h postexposure. (B) Concentration versus corrected mortality and concentration versus oviposition curves (green dashed line), evaluated 48 h
postexposure. (C) Efficacy of each concentration assessed over a 12-day period postexposure. (D) Concentration-response curves derived from Probit
analysis.
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Figure 3. Concentration-response curves of Brevipalpus yothersi evaluated 48 h postexposure to cyflumetofen in the two populations with the highest
resistance ratios. (A) Concentration versus corrected mortality and concentration versus survival curves (red dashed line) for the Monte Alegre de Minas
population. (B) Concentration versus corrected mortality and concentration versus oviposition curves (red dashed line) for the Barretos population.
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Table 3. Survival (%) and oviposition (%) of Brevipalpus yothersi populations after 48-h exposure to a diagnostic concentration of 1.63 mg L™
cyflumetofen
Survival (%) 95% Cl (lower-upper N° eggs/ Oviposition (%) 95% Cl (lower-upper

No Population +SE* T limit)* control® +SE*T limit)*
1 Laboratory-AcaroLab 470 +1.24° 1.52-7.88 2267 11.77 + 2,94 ¢ 4.20-19.33
2 Bebedouro 9.59 + 253 % 3.10-16.08 24.67 9.46 + 2,90 2.01-16.91
3 Guapiagu 18.24 + 7.00 °< 0.24-36.24 26.33 16.46 + 5.69 <4 1.83-31.08
4 Monte Alegre de 4737 + 406 % 36.92-57.82 23.83 3497 + 7.64 15.34-54.59

Minas
5 Itapolis 23.81 +1.95 % 18.80-28.82 29.50 31.64 + 6.76 “¢ 14.26-49.02
6 Barretos 60.70 + 7.19 ¢ 42.21-79.19 26.67 37.50 + 6.85 ¢ 19.90-55.10
7 Reginopolis 14.29 + 3.12 ¢ 6.27-22.30 23.17 10.79 + 3.10 ¢ 2.82-18.77
8 Itapetininga-204 2535 +7.15°¢ 6.96-43.73 28.17 592 + 1.98 % 0.83-11.01
9 Itapetininga-206 6.85 + 137 3.33-10.37 24.20 6.90 + 1.38%° 3.35-10.44
10 Itapetininga-305 13.70 £ 3.12° 5.67-21.73 26.17 14.01 + 2,55 %€ 7.46-20.56
11 Tabatinga 759 +£127°% 4.32-10.86 25.83 516+ 1.63° 0.97-9.35
12 Boa Esperanca do Sul 13.10 + 1.97 2 8.03-18.18 16.50 10.10 + 3.00 2P 2.40-17.80
13 laras-191 34.25 +5.97 « 18.90-49.60 25.70 26.62 + 6.78 > 9.19-44.05
14 laras-253 18.62 + 5.63 ¢ 4.15-33.09 26.33 13.92 + 3.35 ¢ 5.31-22.53
15 Matio 22.76 + 3.16 ™ 14.63-30.88 24.33 11.65 + 1.96 ° 6.60-16.69
16 Gavigo Peixoto 15.76 + 4.55 2 4.05-27.46 23.33 1643 + 4.62 b 4.56-28.30
17 Pirajui-501 340 +1.25° 0.18-6.62 27.20 6.75+221% 1.06-12.43
18 Pirajui-502 408 +1.49° 0.25-7.91 2533 724 +2372% 1.14-13.33
19 Pirajui-509 414 +1.51° 0.25-8.03 26.83 311 +1.15° 0.16-6.05
20 Nova Europa 552+ 174 1.03-10.00 25.20 464 +1.22° 1.49-7.78
Each population was represented by 150 females in the bioassays.
*Means (%) + SE of survival (%) and oviposition (%) are provided for each population.
T Means (%) + SE followed by the same letter are not significantly different at the 5% level by Tukey's honestly significant difference test.
* A 95% confidence interval is provided for each mean (%) (lower-upper limit).
$ Average number of eggs laid by 25 females over 48 h in the control treatment for each population.
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Figure 4. Survival percentages of Brevipalpus yothersi females 48 h post-
exposure to the diagnostic concentration of 1.63 mg L™" of cyflumetofen.
Bars followed by different letters indicate statistically significant differ-
ences among populations at the 95% confidence level, according to
Tukey's honestly significant difference test. Five homogeneous groups
were identified, within which no significant differences were observed.
Bars shaded with the same color as the Laboratory—AcaroLab population
represent populations that are statistically equivalent to the reference.

cyflumetofen in rotation schemes involving different MoAs, par-
ticularly as 100% mortality was observed in these populations at
1/8 of the recommended concentration (Fig. 3). Nonetheless,
the elevated survival rates observed in Barretos and Monte Alegre
de Minas at the diagnostic concentration (Table 3; Fig. 4) suggest
the need for a more detailed toxicological evaluation. This is espe-
cially relevant as diagnostic concentration bioassays may under-
estimate actual resistance levels under field conditions.

Probit analysis revealed slope values >2.0 for all tested B.
yothersi populations (Table 2), indicating a homogeneous suscep-
tibility structure to cyflumetofen. This suggests a relatively uni-
form response among individuals within each population, which
supports predictable field performance of the acaricide.?®*" The
Barretos population exhibited the highest slope (5.35), indicating
a highly uniform response, whereas Monte Alegre de Minas had
the lowest slope (2.65), still within the homogeneous range. These
findings suggest the absence of subpopulations with differing
resistance levels—an early warning signal in resistance evolution.
The observed homogeneity may result from limited selective
pressure from cyflumetofen in the studied areas or from its ratio-
nal and strategic use. However, continuous resistance monitoring
remains essential, as the introduction of migrant individuals or
repeated use of the product could rapidly shift population struc-
ture and select for resistance alleles.?%32

Oviposition is a critical parameter for evaluating acaricide effi-
cacy, as it directly influences reproductive output and potential
population growth. Even when female mortality is not absolute,
reduced oviposition can significantly suppress B. yothersi
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Figure 5. Heat map of the resistance status of Brevipalpus yothersi populations to cyflumetofen across the Brazilian citrus belt. (A) Survival (%) map based
on exposure to the diagnostic concentration of 1.63 mg L™". (B) Map displaying median lethal concentration (LCs) values for each population. (C) Map
displaying 95% lethanlity (LCgs) values for each population. (D) Map showing resistance ratios (RRs), based on LCsq, for each population. Area colors:
green, low suitability; yellow, moderate suitability; and red, high suitability for resistance development.

population establishment and persistence in the field. In this
context, the reduced oviposition observed after cyflumetofen
exposure suggests a strong sublethal effect, contributing to pop-
ulation control despite partial survival.>*3* However, it is impor-
tant to recognize that incipiently resistant populations may
gradually regain reproductive capacity over time, particularly
under continued selection pressure. Resistance not only increases
female survival, but also may restore oviposition, posing a threat
to the long-term efficacy of cyflumetofen. Therefore, monitoring
oviposition over successive generations could serve as an early
indicator of resistance development.3>3¢

Additionally, even oviposition rates <2% at the recommended
field concentration (80 mg L™") may be sufficient to sustain new
generations, particularly under favorable climatic conditions and
in the presence of abundant host plants. Therefore, control

strategies must account not only for initial mortality but also for
the reproductive capacity of surviving individuals. This under-
scores the importance of continuous resistance monitoring and
the implementation of IPM strategies, including the rotation of
acaricides with distinct MoAs and the adoption of cultural prac-
tices that restricts population growth.3* The findings from bioas-
says on both lethal and sublethal effects of cyflumetofen against
B. yothersi [Fig. 3(B)], in combination with data from previous
studies on nontarget organisms, can contribute to the develop-
ment of more effective IPM strategies across diverse agricultural
systems.

Our results demonstrated that B. yothersi oviposition declined
significantly with increasing concentrations of cyflumetofen. At
the sublethal concentration corresponding to LCs, (0.31 mg L™"),
oviposition was reduced by 35.29% [Fig. 3(B)]. Similar sublethal
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effects have been observed with other acaricides tested on the
same populations. For instance, exposure to propargite at LCyq
(225 mg L") reduced oviposition by <52.17%.'® These results
align with findings from other studies involving mite pests.
Ahmed and Abdelwines®” reported a 30.61% reduction in fecun-
dity in Panonychus citri (McGregor) (Acari: Tetranychidae) after
exposure to cyflumetofen at LC,q (2.79 mg L™) in citrus orchards
in Tanta, Egypt. Likewise, Mokhtari et al.® showed that LCs,
(1.45 mg L™") of cyflumetofen applied to Tetranychus urticae Koch
(Acari: Tetranychidae) in Iran caused an 85.94% reduction in
fecundity and significant declines in key demographic parame-
ters, including the intrinsic rate of increase (fy,).

Comparable findings were reported by Saber et al.>° for another
T. urticae population, where exposure to LCs (0.45 mg L™") of
cyflumetofen led to an 81.37% reduction in fecundity. Havasi
et al*® found that cyflumetofen at LC3o had adverse effects on
two phytoseiid predatory mites—Phytoseiulus persimilis Athias-
Henriot (LC3o=4767 mgL™") and Neoseiulus californicus
(McGregor) (LCso = 5921 mg L™")—both collected in Tehran,
Iran; fecundity was reduced by 22.74% and 11.99%, respectively.
In a later study, a sublethal dose of cyflumetofen at LCzq
(1367.9 mg L") for Amblyseius swirskii Athias-Henriot (Acari: Phy-
toseiidae), also collected in Tehran, significantly lowered demo-
graphic parameters, including r,, and reduced fecundity by
31.30%."" Likewise, in China, P. citri females exposed to cyflume-
tofen at LCsq (9.47 mg L") exhibited significantly lower fecundity
compared to controls.*?

Additionally, cyflumetofen at 5 mg L™" was found to induce
autophagy and cell death in the midgut of worker honey bees,
Apis mellifera L. (Hymenoptera: Apidae), after just 24 h of
exposure.®

The varying responses of B.yothersi populations to
cyflumetofen may be attributed to differences in historical selec-
tion pressure across orchards. Previous studies have shown that
resistance levels often vary among populations as a result of dif-
fering selection intensities.***> This suggests that populations
from Barretos, Monte Alegre de Minas and Itapolis may have been
subjected to stronger selection pressure from cyflumetofen use
compared to others in this study. Without the implementation
of proactive resistance management strategies, the likelihood of
resistance development and control failures will increase. There-
fore, resistance management should be guided by localized mon-
itoring data, as biogeographical context also influences variability
in susceptibility (Table 1; Fig. 5).

Spatial analysis of B. yothersi susceptibility to cyflumetofen
revealed clear geographic variation in responses across the
Brazilian citrus belt (Fig. 5). Although most populations displayed
low resistance ratios (RRso < 2.79-fold), indicating overall suscep-
tibility, potential resistance hotspots were identified, particularly
in the northern region [Fig. 5(D)]. Populations from Barretos
(Population 6) and Monte Alegre de Minas (Population 4) exhib-
ited the highest RRso values and the largest influence areas, which
is likely to reflect more frequent use of cyflumetofen in these
locations.”*?

Zones with moderate resistance potential (yellow areas) also
warrant attention, as they may represent transitional zones under
increasing selection pressure. Resistance management practices
—including rotation with acaricides of differing MoAs and inte-
gration with biological control measures—should be adopted in
these areas to delay resistance evolution.”**3*

The use of ArcGIS for spatial analysis proved to be a flexible and
effective tool for resistance mapping in citrus orchards, as it has in

other agricultural contexts.® Fig. 5 offers a valuable resource for
guiding the strategic use of cyflumetofen in B. yothersi manage-
ment. These findings also support future monitoring efforts by
identifying priority areas for susceptibility tracking and early inter-
vention. In regions where field collections were not performed
but that fall within or near zones of moderate-to-high resistance
potential, a preventive approach is recommended. This includes
routine assessment of cyflumetofen efficacy and restrictions on
its continuous application. While the ArcGIS model allows for spa-
tial extrapolation of susceptibility trends, further sampling will be
necessary to validate predictions and refine regional resistance
management strategies.>°

Significant differences in susceptibility to cyflumetofen were
observed among the 19 B. yothersi populations collected from
14 citrus-producing locations. All populations exhibited low resis-
tance levels, confirming that cyflumetofen remains an effective
option for controlling B. yothersi in citrus orchards. To preserve
its long-term efficacy, cyflumetofen should be used as part of an
acaricide rotation strategy involving compounds with distinct
MoAs. Moreover, spray programs should be tailored according
to regional resistance profiles to ensure the continued success
of control efforts in Brazilian citrus production systems.

ACKNOWLEDGEMENTS

We are very grateful to the 19 Brazilian agricultural plots' pro-
ducers for their cooperation and granting us access to their fields.
Additionally, we thank Marcos Felippe (Faro Agricola) and Guil-
herme Fernando Frare (Citrosuco) assistance with mite population
collection. The authors acknowledge the Fund for Citrus Protec-
tion (Fundecitrus) for its assistance and the National Council for
Scientific and Technological Development (CNPq) for awarding
Daniel Junior de Andrade a research productivity scholarship.
We extend our special thanks to José Eriberto Nizama Nizama
(Peru) for his support with Figs 1 and 5, and to Cynthia Antén
Campos (UNP, Peru) for her assistance with graphical abstract.
Finally, statistical support from Gerson Ommar La Rosa Lama
(UDEP, Peru) is gratefully acknowledged. The Article Processing
Charge for the publication of this research was funded by the
Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior -
Brasil (CAPES) (ROR identifier: 00xOma614).

FUNDING INFORMATION

This research is part of the PhD thesis of Hector Alonso Escobar-
Garcia, funded by the Coordination for the Improvement of
Higher Education Personnel - Brazil (CAPES) - Financing Code
001, and conducted at the AcaroLab laboratory, Sdo Paulo State
University (UNESP), Jaboticabal Campus, Brazil.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1 Castro EB, Mesa NC, Feres RJF, Moraes GJ, Ochoa R, Beard JJ et al.,
Tenuipalpidae Database (2025). Available online: http://www.
tenuipalpidae.ibilce.unesp.br, accessed on January 20, 2025.

wileyonlinelibrary.com/journal/ps

© 2025 The Author(s).

Pest Manag Sci 2026; 82: 1046-1056

Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

95U8017 SUOWIWIOD 3A11e81D) 9|l dde ) Ag peuienof a1e sajole YO 9SN Jo Sa|nJ 10} Aeiq1T 8UUO /8|1 U (SUORIPUOD-PUE-SWLBIALD A3 IM AeId 1[pul [UO//:Sdiy) SUOTIPUOD pue SWs 1 841 39S *[9202/50/02] Uo Akeiqiauliuo A8|iMm ‘eisiined [enpeis3 spepisioAluN Aq 29202 'SA/Z00T 0T/10p/ioo 48| im Ake.q 1 pul|uo's feuanol1os//:sany wouy papeojumod ‘T ‘9202 ‘866925 T


http://www.tenuipalpidae.ibilce.unesp.br
http://www.tenuipalpidae.ibilce.unesp.br
http://wileyonlinelibrary.com/journal/ps

Susceptibility to cyflumetofen in Brevipalpus yothersi
________________________________________________________________________________________________________________________]

2

w

w

~N

o)

o}

14

Della Vechia JF, Kapp ABP and Rocha CM, The importance of acaricides
in the control of citrus leprosis mite and factors that interfere with
the efficacy. Citrus Res Technol 43:e1074 (2022). https://doi.org/10.
4322/crt.23021.

Castro MC, Yamane DR, Bassanezi RB, Franco D, Fukuda LA, Ferreira MC
et al., Spray solution volumes to control Brevipalpus yothersi mite in
successive applications and impact on citrus fruit drop with leprosis
symptoms. Syst Appl Acarol 29:1217-1230 (2024). https://doi.org/10.
11158/saa.29.9.3.

Van Leeuwen T, Tirry L, Yamamoto A, Nauen R and Dermauw W, The
economic importance of acaricides in the control of phytophagous
mites and an update on recent acaricide mode of action research.
Pestic Biochem Physiol 121:12-21 (2015). https://doi.org/10.1016/j.
pestbp.2014.12.009.

MAPA-Ministério da Agricultura, Pecuéria e Abastecimento, Coorde-
nagao-Geral de Agrotéxicos e Afins/DFIA/DAS, Sistemas de Agrotox-
icos Fitossanitarios — AGROFIT (2025) (2021b). Available online:
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_
cons, accessed on January 20, 2025.

Fundecitrus- Fundo de Defesa da Citricultura, Other (2025). Available
online: https://www.fundecitrus.com.br/protecitrus, accessed on
January 20, 2025.

Weeks AR, Marec F and Breeuwer JA, A mite species that consists
entirely of haploid females. Science 292:2479-2482 (2001). https://
doi.org/10.1126/science.1060411.

Rocha CM, Della Vechia JF, Savi PJ, Omoto C and Andrade DJ, Resis-
tance to spirodiclofen in Brevipalpus yothersi (Acari: Tenuipalpidae)
from Brazilian citrus groves: detection, monitoring, and population
performance. Pest Manag Sci 77:3099-3106 (2021). https://doi.org/
10.1002/ps.6341.

IRAC-Insecticide Resistance Action Committee, MoA Classification
(2025). Available online: www.irac-online.org/eclassification/,
accessed on January 20, 2025.

Omoto C, Alves EB and Ribeiro PC, Detection and monitoring of resis-
tance in Brevipalpus phoenicis (Geijskes) (Acari: Tenuipalpidae) to
dicofol. An Soc Entomol Bras 29:757-764 (2000). https://doi.org/10.
1590/50301-80592000000400016.

Campos FJ and Omoto C, Resistance to hexythiazox in Brevipalpus
phoenicis (Acari: Tenuipalpidae) from Brazilian citrus. Exp Appl Acarol
26:243-251 (2002). https://doi.org/10.1023/a:1021103209193.

Campos FJ and Omoto C, Estabilidade da resisténcia de Brevipalpus
phoenicis (Geijskes) (Acari: Tenuipalpidae) a hexythiazox em
pomares de citros. Neotrop Entomol 35:840-848 (2006). https://doi.
org/10.1590/51519-566X2006000600019.

Franco CR, Deteccdo e caracterizacdo da resisténcia de Brevipalpus
phoenicis (Geijskes, 1939) (Acari: Tenuipalpidae) ao acaricida pro-
pargite. Master's Dissertation, Escola Superior de Agricultura Luiz
de Queiroz, University of Sao Paulo, Piracicaba (2002). Available
online: 10.11606/D.11.2003.tde-19022003-164223, accessed on
January 20, 2025.

Franco CR, Casarin NF, Domingues FA and Omoto C, Resistance of Bre-
vipalpus phoenicis (Geijskes) (Acari: Tenuipalpidae) to acaricides that
inhibit cellular respiration in citrus: cross-resistance and fitness cost.
Neotrop Entomol 36:565-576 (2007). https://doi.org/10.1590/s1519-
566x2007000400015.

Casarin NFB, Calda sulfocalcica em pomares de citros: evolucdo da
resisténcia em Brevipalpus phoenicis (Acari: Tenuipalpidae) e
impacto sobre Iphiseiodes zuluagai (Acari: Phytoseiidae). Doctoral
Thesis, Escola Superior de Agricultura Luiz de Queiroz, University
of Sdo Paulo, Piracicaba (2010). Available online: 10.11606/T.11.
2010.tde-20042010-101142, accessed on January 20, 2025.

Escobar-Garcia HA and Andrade DJ, Resistance levels to propargite in
field populations of Brevipalpus yothersi (Acari: Tenuipalpidae) from
Brazil's citrus belt. Crop Prot 196:107267 (2025). https://doi.org/10.
1016/j.cropro.2025.107267.

Escobar-Garcia HA, Niveis de resisténcia a acaricidas em populagoes de
campo de Brevipalpus yothersi (Acari: Tenuipalpidae) do cinturdo
citricola do Brasil: caracterizagdo, monitoramento, desempenho
populacional e variagdo genética. Doctoral Thesis, Universidade
Estadual Paulista “Julio de Mesquita Filho”, Jaboticabal (2025). Avail-
able online: https://hdl.handle.net/11449/310636, accessed on May
30, 2025.

Mota-Sanchez D and Wise JC, The Arthropod Pesticide Resistance
Database. Michigan State University, (2025) Available online:

20

21

22

23

24

25

26

27

28

29

30

32

33

34

35

36

37

38

39

40

@)
SClL

where science
meets business

WWW.S0Ci.org

https://www.pesticideresistance.org/search.php,  accessed on
May 30, 2025.

Hayashi N, Sasama Y, Takahashi N and lkemi N, Cyflumetofen, a novel
acaricide - its mode of action and selectivity. Pest Manag Sci 69:
1080-1084 (2013). https://doi.org/10.1002/ps.3470.

inak E, Alpkent YN, Cobanoglu S, Dermauw W and Van Leeuwen T,
Resistance incidence and presence of resistance mutations in popu-
lations of Tetranychus urticae from vegetable crops in Turkey. Exp
Appl Acarol 78:343-360 (2019). https://doi.org/10.1007/5s10493-
019-00398-w.

Jeschke P, Status and outlook for acaricide and insecticide discovery.
Pest Manag Sci 77:64-76 (2021). https://doi.org/10.1002/ps.6084.
Beard JJ, Ochoa R, Braswell WE and Bauchan GR, Brevipalpus phoenicis
(Geijskes) species complex (Acari: Tenuipalpidae) a closer look. Zoo-

taxa 3944:1-67 (2015). https://doi.org/10.11646/zootaxa.3944.1.1.

Finney DJ, Probit analysis. Cambridge University Press, Cambridge,
United Kingdom, pp. 1-333 (1971).

Abbott WS, A method of computing the effectiveness of insecticide.
J Econ Entomol 18:265-267 (1925). https://doi.org/10.1093/jee/18.
2.265a.

SAS Institute Inc, SAS On Demand for Academics. SAS Institute, Cary,
NC, SAS On Demand for Academics (2024). Available online:
https://www.sas.com/pt_br/software/on-demand-for-academics.
html, accessed on November 7, 2024.

Yu SJ, The Toxicology and Biochemistry of Insecticides. CRC Pres Taylor-
Francis Group, Boca Raton, Second Edition, Florida, USA, pp. 103-
122 (2015).

StatGraphics, StatGraphics Centurion XIX, USA [Software] (2009). Avail-
able online: http://www.statgraphics.net/descargas/, accessed on
November 7, 2024.

Fukami J, Uesugi Y and Ishizuka K, Pest Resistance to Pesticides. Soft Sci-
ence Inc, Tokyo, Japan (1983).

Robertson JL and Preisler HK, Pesticide Bioassay with Arthropods. CRC
Press, Boca Ranton, pp. 42-44 (1992).

Ghosh P and Kumpatla SP, GIS applications in agriculture, in Geo-
graphic Information Systems and Applications in Coastal Studies,
ed. by Zhang Y and Cheng Q. IntechOpen, pp. 1-26 (2022) Available
online: 10.5772/intechopen.104786, accessed on January 20, 2025.

Robertson JL, Russell RM, Preisler HK and Savin NE, Bioassays with
Arthropods, third edn. CRC Press, Inc., Boca Raton, FL, pp. 101-116
(2017).

Sparks TC and Nauen R, IRAC: mode of action classification and insec-
ticide resistance management. Pestic Biochem Physiol 121:122-128
(2015). https://doi.org/10.1016/j.pestbp.2014.11.014.

Desneux N, Decourtye A and Delpuech JM, The sublethal effects
of pesticides on beneficial arthropods. Annu Rev Entomol 52:
81-106 (2007). https://doi.org/10.1146/annurev.ento.52.110405.
091440.

Marcic D, Acaricides in modern management of plant-feeding mites.
J Pestic Sci 85:395-408 (2012). https://doi.org/10.1007/s10340-012-
0442-1.

Heimpel GE, Neuhauser C and Andow DA, Natural enemies and the
evolution of resistance to transgenic insecticidal crops by pest
insects: the role of egg mortality. Environ Entomol 34:512-526
(2005). https://doi.org/10.1603/0046-225X-34.3.512.

Edison A, Michelbach A, Sowade D, Kertzel H, Schmidt L, Schafer M
et al, Evidence of active oviposition avoidance to systemically
applied imidacloprid in the Colorado potato beetle. Insect Sci 31:
1543-1554 (2024). https://doi.org/10.1111/1744-7917.13319.

Ahmed MM and Abdelwines MA, Sublethal effects of cyflumetofen and
spirodiclofen on biological parameters of citrus red mite, Panony-
chus citri McGregor (Acari: Tetranychidae). Persian J Acarol 10:467-
480 (2021). https://doi.org/10.22073/pja.v10i4.68693.

Mokhtari B, Saber M, Mahdavinia G and Iranipour S, Lethal and suble-
thal impacts of cyflumetofen and bromopropylate on Tetranychus
urticae Koch (Acari: Tetranychidae). Persian J Acarol 11:531-543
(2022). https://doi.org/10.22073/pja.v11i3.74283.

Saber M, Ahmadi Z, Farshbaf Pourabad R and Mousavi M, Lethal and
sublethal effects of cyflumetofen and clofentezine on life history
traits and life table parameters of the two-spotted spider mite, Tetra-
nychus urticae (Acari: Tetranychidae). Persian J Acarol 13:813-827
(2024). https://doi.org/10.22073/pja.v13i4.81499.

Havasi M, Bandani AR and Golpayegani AZ, The impact of Cyflumeto-
fen on demographic parameters of two predatory mites, Neoseiulus

Pest Manag Sci 2026; 82: 1046-1056

© 2025 The Author(s).

wileyonlinelibrary.com/journal/ps

Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

3 Aq peusenob afe safone YO 8sn JO S9INJ 10} AeIq1TaUIIUO ABIM UO (SUONIPUOD-PUB-SWSIALIOY"AS | 1M Afed| U1 Uo//Say) SUORIPUOD PUe SIS | 8L 39S *[9202/50/02] U ARIqiaulluo A8|IM exstined enpeis3 apepsionlun Aq 29z0/'Sd/z00T 0T/10p/wod A8 | ARiqipuljuo s euIno (1os//:sdny woij papeoiumod ‘T ‘9202 ‘866v925T



https://doi.org/10.4322/crt.23021
https://doi.org/10.4322/crt.23021
https://doi.org/10.11158/saa.29.9.3
https://doi.org/10.11158/saa.29.9.3
https://doi.org/10.1016/j.pestbp.2014.12.009
https://doi.org/10.1016/j.pestbp.2014.12.009
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
https://www.fundecitrus.com.br/protecitrus
https://doi.org/10.1126/science.1060411
https://doi.org/10.1126/science.1060411
https://doi.org/10.1002/ps.6341
https://doi.org/10.1002/ps.6341
http://www.irac-online.org/eclassification/
https://doi.org/10.1590/S0301-80592000000400016
https://doi.org/10.1590/S0301-80592000000400016
https://doi.org/10.1023/a:1021103209193
https://doi.org/10.1590/S1519-566X2006000600019
https://doi.org/10.1590/S1519-566X2006000600019
https://doi.org/10.11606/D.11.2003.tde-19022003-164223
https://doi.org/10.1590/s1519-566x2007000400015
https://doi.org/10.1590/s1519-566x2007000400015
https://doi.org/10.11606/T.11.2010.tde-20042010-101142
https://doi.org/10.11606/T.11.2010.tde-20042010-101142
https://doi.org/10.1016/j.cropro.2025.107267
https://doi.org/10.1016/j.cropro.2025.107267
https://hdl.handle.net/11449/310636
https://www.pesticideresistance.org/search.php
https://doi.org/10.1002/ps.3470
https://doi.org/10.1007/s10493-019-00398-w
https://doi.org/10.1007/s10493-019-00398-w
https://doi.org/10.1002/ps.6084
https://doi.org/10.11646/zootaxa.3944.1.1
https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1093/jee/18.2.265a
https://www.sas.com/pt_br/software/on-demand-for-academics.html
https://www.sas.com/pt_br/software/on-demand-for-academics.html
http://www.statgraphics.net/descargas/
https://doi.org/10.5772/intechopen.104786
https://doi.org/10.1016/j.pestbp.2014.11.014
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1007/s10340-012-0442-1
https://doi.org/10.1007/s10340-012-0442-1
https://doi.org/10.1603/0046-225X-34.3.512
https://doi.org/10.1111/1744-7917.13319
https://doi.org/10.22073/pja.v10i4.68693
https://doi.org/10.22073/pja.v11i3.74283
https://doi.org/10.22073/pja.v13i4.81499
http://wileyonlinelibrary.com/journal/ps

®)
SCl

where science
meets business

WWW.s0Ci.org

HA Escobar-Garcia, DJ de Andrade

californicus (M-G) and Phytoseiulus persimilis (A-H). Syst Appl Acarol
28:483-496 (2023). https://doi.org/10.11158/saa.28.3.6.

41 Havasi M and Kheradmand K, The effects of cyflumetofen on life his-
tory traits and population parameters of Amblyseius swirskii. Syst App!
Acarol 29:376-387 (2024). https://doi.org/10.11158/saa.29.3.2.

42 Xin T, Kong X, Jiang C, Wang H, Wang J and Xia B, Biological
and biochemical responses of Panonychus citri (Acari: Tetrany-
chidae) exposed to sublethal concentrations of cyflumetofen.
Crop Prot 178:106604 (2024). https://doi.org/10.1016/j.cropro.
2024.106604.

43 Reis AB, Martinez LC, de Oliveira MS, Souza DDS, Gomes DS, Silva LLD
et al,, Sublethal effects induced by a cyflumetofen formulation on

honeybee Apis mellifera 1. workers: assessment of midgut, hypophar-
yngeal glands, and fat body integrity. Environ Toxicol Chem 43:2455-
2465 (2024). https://doi.org/10.1002/etc.5980.

44 Pan D, Dou W, Yuan G-R, Zhou Q-H and Wang J-J, Monitoring the resis-
tance of the citrus red mite (Acari: Tetranychidae) to four acaricides
in different citrus orchards in China. J Econ Entomol 113:918-923
(2020). https://doi.org/10.1093/jee/toz335.

45 Akbay H, Alpkent YN, Ulusoy S and Kazak C, Low acaricide resistance
levels in citrus orchards field populations of the invasive spider mite
Eutetranychus orientalis (Acari: Tetranychidae) collected from south-
ern Turkiye. Crop Prot 186:106918 (2024). https://doi.org/10.1016/j.
cropro.2024.106918.

wileyonlinelibrary.com/journal/ps

© 2025 The Author(s).

Pest Manag Sci 2026; 82: 1046-1056

Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

95U8017 SUOWIWIOD 3A11e81D) 9|l dde ) Ag peuienof a1e sajole YO 9SN Jo Sa|nJ 10} Aeiq1T 8UUO /8|1 U (SUORIPUOD-PUE-SWLBIALD A3 IM AeId 1[pul [UO//:Sdiy) SUOTIPUOD pue SWs 1 841 39S *[9202/50/02] Uo Akeiqiauliuo A8|iMm ‘eisiined [enpeis3 spepisioAluN Aq 29202 'SA/Z00T 0T/10p/ioo 48| im Ake.q 1 pul|uo's feuanol1os//:sany wouy papeojumod ‘T ‘9202 ‘866925 T


https://doi.org/10.11158/saa.28.3.6
https://doi.org/10.11158/saa.29.3.2
https://doi.org/10.1016/j.cropro.2024.106604
https://doi.org/10.1016/j.cropro.2024.106604
https://doi.org/10.1002/etc.5980
https://doi.org/10.1093/jee/toz335
https://doi.org/10.1016/j.cropro.2024.106918
https://doi.org/10.1016/j.cropro.2024.106918
http://wileyonlinelibrary.com/journal/ps

	Susceptibility to cyflumetofen in populations of the citrus leprosis mite, Brevipalpus yothersi, from Brazilian citrus orchards
	Abstract
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Acquisition and maintenance of B.yothersi populations
	2.2  Concentration–response bioassays
	2.3  Diagnostic concentration for monitoring the susceptibility of field populations of B.yothersi
	2.4  Statistical analysis

	3  RESULTS
	3.1  Concentration–response bioassays
	3.2  Diagnostic concentration for monitoring susceptibility of B.yothersi field populations

	4  DISCUSSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST
	REFERENCES


