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Abstract: Bemisia tabaci is a significant insect pest that causes extensive agricultural damage. The MEAM1 (Middle
East-Asia Minor) and MED (Mediterranean) genetic groups of B. tabaci are the most prevalent cryptic species. This
study investigated the potential for resistance development in the MED and MEAM1 genetic groups of B. tabaci against
cyantraniliprole. Additionally, multiple-resistance development within each genetic group for pyriproxyfen, spirote-
tramat, and acetamiprid insecticides was determined. To assess the susceptibility of the first-larval stage of B. tabaci,
we employed a systemic uptake method with cyantraniliprole. Additionally, we utilized a leaf-dipping method to apply
acetamiprid, spirotetramat, and pyriproxyfen to second-instar larvae, adults, and eggs of B. tabaci, respectively, to de-
termine the LC_ values for each insecticide. Each genetic group was subjected to six selections using cyantraniliprole.
After six rounds of selection, a 1.8-fold resistance was observed in the B. tabaci MEAMI1 population, whereas the
MED population exhibited a 1.4-fold resistance. While B. tabaci MED and MEAM1 genetic groups exhibited very low
resistance to cyantraniliprole, it's important to note that no multiple-resistance was observed with pyriproxyfen, spiro-
tetramat, or acetamiprid in either group. These findings provide valuable insights for future monitoring and developing
insecticide resistance management strategies for B. tabaci.
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The cotton whitefly, Bemisia tabaci (Genn.), is
globally recognized as an important insect in the
Aleyrodidae family, known for its harmful effects
on crops (Mound & Halsey 1978; Gerling 1990).
Bemisia tabaci has been reported to cause damage
to more than 600 plant species and to be the vec-
tor of more than 200 plant viruses, most notably

TYLCV (De Barro et al. 2011; Navas-Castillo et al.
2011). The cotton whitefly impacts plants by feed-
ing on plant sap and excreting honeydew, thus pre-
venting the plant from photosynthesizing and caus-
ing yield and quality loss. They have been reported
to directly cause substantial economic damage or
transmit viral diseases (Martin & Mound 2007;
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De Barro et al. 2011). B. tabaci is a species complex
with several genetic groups (Perring 2001; De Bar-
ro etal. 2011). However, MED and MEAM1 genetic
groups are the two most common cryptic species
(De Barro et al. 2011). Reproductive and feeding
behaviours, host plant preferences, relationships
with plant viruses, and especially insecticide sen-
sitivity are all associated with these genetic groups
in B. tabaci. (Xie et al. 2014).

Insecticides play a pivotal role in controlling
B. tabaci and are extensively used as a primary
strategy to manage this pest. Consequently, insec-
ticide resistance has been reported in many regions
worldwide, affecting most classes of insecticides,
including organophosphates, pyrethroids, and ne-
onicotinoids (Wang et al. 2010; Basit et al. 2013;
Déngelo et al. 2018; Roy et al. 2019). Furthermore,
these insecticides have been shown to pose a rela-
tively high level of toxicity to non-target organisms,
including arthropods and even humans (Zeng et al.
2013; Cimino et al. 2016). To mitigate the develop-
ment of insecticide resistance, it is essential to de-
velop novel modes of action that selectively impact
pests while sparing non-target species and natural
enemies (Sattelle et al. 2008). The ryanodine recep-
tor (RyR) is a target for creating new insecticides fo-
cusing on selectivity and minimal mammalian tox-
icity, owing to variations among insect orders (Qi
& Casida 2013; Qi et al. 2014; Casida 2015). Diamide
insecticides influence the regulation of calcium re-
lease from intracellular stores to the sarcoplasmic
reticulum, leading to muscle contractions and func-
tioning as ryanodine receptor modulators, ultimate-
ly paralyzing the targeted pests (Sattelle et al. 2008).

To date, five diamide insecticides have been com-
mercialized, namely flubendiamide (a phthalic
diamide) and chlorantraniliprole, cyclaniliprole,
tetraniliprole, and cyantraniliprole (all belonging
to the Anthranilic diamides class). Among the earli-
est diamides, flubendiamide and chlorantraniliprole
displayed high selectivity for Lepidopteran pests
(Jeanguenat 2013). Cyantraniliprole, part of the new
anthranilic diamide class, represents the second
xylem systemic active substance. It offers a broad
control spectrum, encompassing Lepidoptera, He-
miptera, Coleoptera, and other orders (Caballero et
al. 2013; Barry et al. 2015). Due to its unique mode
of action, the use of cyantraniliprole has been re-
ported not to induce cross-resistance with conven-
tional insecticides, making it a valuable tool for de-
laying resistance development to other insecticides
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in B. tabaci (Gréavalos et al. 2015). While numerous
studies have explored whitefly susceptibility to vari-
ous insecticides, research on resistance to cyan-
traniliprole remains limited (Wang et al. 2019).
In China, shortly after the introduction of cyan-
traniliprole, reports indicated low to moderate re-
sistance in the MED genetic group of B. tabaci (Yao
et al. 2017; Wang et al. 2018). However, no change
in sensitivity to cyantraniliprole has been observed
in European countries such as Spain, Italy, and
Greece (Gravalos et al. 2015). In contrast, high lev-
els of resistance to cyantraniliprole have been doc-
umented in P xylostella populations in China and
Brazil (Liu et al. 2015; Ribeiro et al. 2017). Resist-
ance to more than sixty active substances has been
detected in Bemisia tabaci (Horowitz et al. 2020).
Cyantraniliprole represents a novel insecticide with
a unique mode of action against B. tabaci, offering
the potential for use in rotation with several other
insecticides to proactively delay the development
of resistance (Wang et al. 2018). This study aimed
to determine the potential for resistance develop-
ment in B. tabaci exposed to a small number of on-
going selection pressures with cyantraniliprole and
the development of multiple resistances as a result
of selection. In addition, the study aimed to com-
pare the potential for resistance development
to cyantraniliprole between the MED and MEAM1
genetic groups. The goal is to contribute to devel-
oping resistance management strategies against
cyantraniliprole in B. tabaci MEAM1 and MED.
To achieve this, the MEAM1 and MED genetic
groups of B. tabaci were subjected to six rounds
of selection with cyantraniliprole using a systemic
uptake method. Additionally, the study investigates
the development of multiple resistances to differ-
ent insecticides (pyriproxyfen, spirotetramat, and
acetamiprid) within each genetic group due to se-
lection with cyantraniliprole.

MATERIALS AND METHODS

Insecticides

In the study, insecticides were used for all bioas-
says, including diamide cyantraniliprole (CIRCA-
DEN DuPont™", USA, 200 g/L), tetramic acid spiro-
tetramat (Bayer MOVENTO, Germany, 100 g/L),
neonicotinoid acetamiprid (MOSPILAN Sumi Agro,
20%), and insect growth regulator pyriproxyfen (AD-

MIRAL Sumitomo, Japan, 50 g/L). Commercially
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available formulations of these insecticides were em-
ployed in the study.

Cotton plants

Carisma (Progen Hatay/Turkiye) cotton seeds
were planted in a peat-perlite mixture within
180 mL plastic cups. These seeds were planted
in climate chambers at a temperature of 26 + 1°C,
relative humidity of 60 = 10%, light intensity
at 2 400 lux, and a 16:8 (L:D) lighting period. No
insecticides were applied during this period to use
the cotton plants in the study. Cotton plants aged
25-30 days were employed for whitefly reproduc-
tion and insecticide bioassays.

Insects

The study collected B. tabaci MED and MEAM1
populations from the Gaziler and Serik districts
of Antalya province in 2019. Genetic groups were
identified based on mitochondrial cytochrome oxi-
dase I (mtCOI) sequence information. These popu-
lations were reared on cotton plants in controlled
climate chambers with conditions set at 26 + 1°C
temperature, 60 + 10% relative humidity, 2 400 lux
light intensity, and a 16:8 hour L:D photoperiod.
The reared Meam1 and MED main stock populations
were named B-mn and Q-mn, respectively, and lethal
concentration values for all insecticides were deter-
mined before initiating selection studies. The Meam1
and MED populations from the selection studies were
coded as B-sel and Q-sel, respectively.

Insecticide bioassays

Determination of LC values of Bemisia taba-
ci genetic groups against cyantraniliprole. A sys-
temic uptake method was used to determine the le-
thal concentration values of the first larval stage
of genetic groups against cyantraniliprole. Follow-
ing the procedure outlined by Li et al. (2012), ap-
proximately 15 B. tabaci adults were placed in small
cages called 'Clip Cages', using a mouth aspirator
to collect individuals from the population. They
were left for 24 h for oviposition. After this period,
the adults were removed, and the white eggs on
the leaves were counted and recorded. Shoots con-
taining whitefly eggs were cut, leaving about 12 cm
from the leaf, using clean scissors. These shoots
were then placed in tubes containing 40 mL of vari-
ous insecticide solutions, including Triton-X, with
a pure Triton-X solution as the negative control.
Subsequently, the tubes were placed in climate
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chambers with conditions set at 26 + 1 °C tem-
perature, 60 + 10% relative humidity, and a 16:8 h
(L:D) photoperiod for 12 days (Li et al. 2012). Af-
ter 12 days of insecticide application, the leaves
were examined under a stereo microscope. Larvae
that had developed at least to the 2"¢ larval stage
were considered alive, while dried larvae and those
that had not progressed beyond the 1st stage were
categorized as affected or dead. Mortality was de-
termined by subtracting the number of surviving
larvae from the total number of eggs.

Determination of susceptibility of Bemisia
tabaci populations to pyriproxyfen. We deter-
mined the LC_ values of populations against py-
riproxyfen using the leaf-dipping method, follow-
ing the procedure described by Li et al. (2003).
To assess the impact of Pyriproxyfen on egg hatch-
ing, we collected at least 15 B. tabaci adults from
the population in a mixed form using a mouth as-
pirator and placed them in small cages. These cages
were then affixed to the undersides of cotton leaves
using clips. They were kept in climate chambers
maintained at a temperature of 26 + 1 °C, 60 + 10%
relative humidity, and a 16:8 h (L: D) photoperiod
for 24 h to allow whiteflies to lay eggs on the leaves.
After 24 h, we removed the B. tabaci adults and
counted and noted the eggs on the leaves using
a stereo microscope. Each leaf had at least 35 eggs.
Leaves with whitefly eggs were then immersed
for 10 sec in 100 mL of various insecticide solu-
tions containing Triton-X, with a pure Triton-X
solution as the negative control. These plants were
kept in the climate chamber for 12 days (Li et al.
2003). After 12 days, we examined the leaves un-
der a microscope and counted the surviving lar-
vae on the leaves. Egg hatching rates were calcu-
lated by subtracting the number of live larvae from
the initial total number of eggs.

Determination of the susceptibility of Bemisia
tabaci populations to spirotetramat. For spirote-
tramat, LC_ values of populations were determined
using the leaf-dipping method on the second lar-
val stage of B. tabaci, following the procedure de-
scribed by Bielza et al. (2019). At least 20 B. tabaci
adults were collected from the population, gathered
in mixed form using a mouth aspirator and placed
in small cages. These cages were affixed to the lower
surfaces of cotton leaves with clips and maintained
in climate chambers at a temperature of 26 + 1 °C,
60 + 10% relative humidity, and a 16:8 h (L: D) pho-
toperiod for 24 h, allowing whiteflies to lay eggs on
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the leaves. After this period, the B. tabaci adults
were removed, and the cotton plants were left un-
disturbed for 10 days in the same climate chamber
to allow the eggs to hatch and the whitefly larvae
to develop into the 2" stage (Bielza et al. 2019). Fol-
lowing these 10 days, using an insect needle under
a microscope, larval stages other than the 2" stage
were removed, and the 224 stage larvae of B. tabaci
on the leaves were counted and recorded. Leaves
bearing the 2"¢ stage larvae were then briefly im-
mersed for 10 sec in 100 mL of various insecticide
solutions containing Triton-X, with a pure Triton-
X solution serving as the negative control. These
plants were kept in the climate chamber for an
additional 6 days. After 6 days, the leaves were
examined, and larvae that had advanced beyond
the 2" stage were considered alive, while dried
larvae and those that had not progressed beyond
the 2™ stage were categorized as affected and de-
ceased. Mortality rates of the larvae were calculated
by subtracting the number of surviving 2"¢ instar
larvae from the initial total count.

Determination of the susceptibility of Bemi-
sia tabaci populations to acetamiprid. We em-
ployed the leaf dip method, as described by Elbert
and Nauen (2000), to determine the LC,, values
of B. tabaci adults against acetamiprid. Cotton
leaves, each with a diameter of 3.5 cm, were cut
and briefly immersed for 5 sec in 100 mL of vari-
ous insecticide solutions containing Triton-X.
A pure Triton-X solution was used as a negative
control. Subsequently, the leaves were allowed
to dry for approximately two hours on a damp
napkin. These dried leaves were then positioned
in Petri dishes containing 1.5% agar with the low-
er surface facing upwards. B. tabaci adults were
transferred from cotton plants in breeding cups
to the prepared leaf discs by gently shaking them.
The Petri dishes were covered with gauze to facili-
tate whiteflies' respiration and prevent their es-
cape. The Petri dishes were maintained in climate
chambers at 26 + 1 °C, 60 + 10% relative humidity,
and a 16:8 h (L:D) photoperiod for 72 h. After
this period, the leaves were examined under a ste-
reo microscope, and mortality rates of B. tabaci
adults were calculated. Adults who exhibited no
movement when touched with a brush and did not
display any signs of movement were considered
dead. Mortality rates were determined by sub-
tracting the number of surviving adults from
the total number of adults.

194

https://doi.org/10.17221/112/2023-PPS

Selection of Bemisia tabaci genetic groups with
cyantraniliprole. The selection of populations with
cyantraniliprole was conducted as described in the
section 'Determination of LC, | Values of Bemisia
tabaci Genetic Groups Against Cyantranilipro-
le'. Each selection involved the use of at least
1 000 eggs. After determining the lethal concentra-
tion values for the MED and MEAMI1 groups, each
genetic group was separately exposed to a dose
of 0.4 mg/L. Surviving individuals were transferred
to new cages for reproduction and subsequent se-
lection studies after each selection. Whitefly popu-
lations were bred in these cages to ensure sufficient
reproduction, and reselection was initiated in the
earliest part of the 2" generation. Each selection
was replicated at least 10 times, and this process
was repeated six times for each group.

Data analysis

Following the insecticide bioassays, LC,  and
LC,, values of the populations and their 95% con-
fidence intervals were calculated through probit
analysis using POLO-PC [Leora Software 2008
(version 2.0)]. Populations were considered sig-
nificantly different when the 95% confidence in-
tervals of their LC_ values did not overlap. When
necessary, mortality rates were corrected based on
the control results using the Abbott formula (Ab-
bott 1925). After the selections, resistance ratios
were calculated by dividing the final LC, value
of the populations by the initial LC, value.

RESULTS

Lethal concentration values of MED and MEAM1
populations, both before and after selection, are
provided in Table 1. Before and after selection,
the probit analysis values of genetic groups to py-
riproxyfen, spirotetramat, and Acetamiprid are
presented in Tables 2, 3, and 4, respectively. Addi-
tionally, the lethal concentration values of the ge-
netic groups are presented graphically in Figure 1.

When Table 1 examined the end of six selections
with cyantraniliprole, the B-sel and Q-sel popu-
lations slightly increased their LC, levels com-
pared to their respective B-mn and Q-mn popula-
tions. In the case of the B-sel MEAM1 population,
the LC, value rose from 0.298 mg/L to 0.553 mg/L,
resulting in a 1.8-fold resistance ratio; similarly,
for the Q-sel MED population, the LC, value in-
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Table 1. LC,  values of Bemisia tabaci MEAM1 and MED populations before and after selection with cyantraniliprole

Population

LC,, (mg/L)

LC,, (mg/L)

RD

2

code Slope£SE (995 C1) (%95 CL) (mg/L) X df H  RR
0.298 0.906

B-mn 2360 2654012 (8BS e e0) 100 7832 38 206 1.0
0.553 1.869

B-sel 208 2425013 (0B ei0) 100 6312 23 274 18
0.353 1.500

Q-mn 2709 200009 (8IS e 100 7301 35 209 10

Q-sel 2857 3.15+022 0478 1.220 100 8852 31 286 14

(0.420-0.540)

(0.990-1.670)

Table 2. Multiple-resistance status to pyriproxyfen in MEAM1 and MED populations after cyantraniliprole selection

fog2ion sopesst At Tl e XA m
B-mn 3805 038003 (711‘21039_%9095‘; 600) ( 198 e Lo 008 sy 50 14812 41 361 L0
B-sel 2707 0312002 oo 610?)?:‘;%%24_ 40) (3 2710394:50_%107'776290818) 50 3762 31 121 06
Q-mn 35 OO (308.110(())(38189%.700) (104{)%23390607 5232 gos) 0 26840 38 709 10
Q-sel 1854 042+0.03 387.239 438 259790 50 2651 30 088 04

(244.100-633.300) (165 6021 476 474)

Table 3. Multiple-resistance status to spirotetramat in MEAM1 and MED populations after cyantraniliprole selection

g sopexse N NaT) en X € M w
B-mn 1782 0.99+0.05 (2.55?61—?270) (52.38801;112328.370) 100 8983 34 264 1.0
B-sel 749 0.80 + 0.06 (00891&02%1 ) (31‘9506;01‘%.2 ) 100 250 2 102 03
Q-mn 2197 0.68+0.03 (1‘0620{24(‘)500) (83.82?)1_'232'780) 100 20295 35 580 1.0
Q-sel 1627 0.60 +0.03 3.360 452.393 100 83.86 22 380 14

(1.930-5.910)  (176.950—1 660.410)

Table 4. Multiple-resistance status to acetamiprid in MEAM1 and MED populations after cyantraniliprole selection

Population Slope + SE  LC,, (mg/L) (%95 CL) LC,, (mg/L) (%95 CL) (nfg?L) X*  df H RR
B-mn 972 1.90 + 0.18 (2.35266_%9'300) (10'1122;61?7.17) 60 45.09 44 1.02 1.00
B-sel 1276 1.95+0.14 (2.002(')3_422'700) (8.42(}52.31) 60 85.18 45 1.90 0.90
Q-mn 581 1.49 £ 0.11 (0.861(.)2LZL26.O60) (5.569;6292‘95) 60 96.70 22 4.40 1.00
Q-sel 641 1.51 +0.11 (0.9;61{)397) (6.269;8168.90) 60 70.02 22 3.18 1.04

n — number of individuals used in bioassay; RD — recommended doze; H — heterogeneity; RR — resistance ratio; X2 — Chi-

square; Df — degrees of freedom
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creased from 0.353 mg/L to 0.478 mg/L, resulting
in a 1.4-fold resistance ratio (Table 1 and Figurel).
The 95% confidence intervals of B-sel and Q-sel
populations did not overlap with their respective
main stock (B-mn and Q-mn), confirming the sig-
nificance of the change in LC, values in the two
B. tabaci genetic groups.

After the selection studies, the multiple-resist-
ance of cyantraniliprole with pyriproxyfen, spiro-
tetramat and acetamiprid insecticides was deter-
mined as the following.

After six selections, the LC,  value of py-
riproxyfen in the B-sel population changed from
1 698.994 mg/L to 1034.052 mg/L, resulting
in a 0.6-fold resistance ratio. This indicates that the
B-sel population lost 0.4-fold of its resistance ra-
tio. Similarly, an increase in susceptibility was ob-
served in the Q-sel population as the LC value
changed from 1 005.88 mg/L to 387.239 mg/L, re-
sulting in a 0.4-fold resistance ratio (Table 2 and
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Pyriproxyfen

B-mn/B-sel Q-mn/Q-sel

Acetamiprid

Figurel. The differ-
ence in LC_; values
of the MEAM1 and
MED genetic groups,
before and after
selection against
cyantraniliprole,
pyriproxyfen, spiro-
tetramat, and aceta-
miprid

B-mn/B-sel Q-mn/Q-sel

Figure 1). Upon examining Table 2, it becomes
apparent that the 95% confidence interval of the
B-sel and Q-sel population’s LC, values overlaps
with their respective main stock. Consequently, it
was determined that there is no cross-resistance
of pyriproxyfen with cyantraniliprole in the B. ta-
baci MEAM1 and MED populations.

Before the selection, the LC_ value of spirotetra-
mat in the B-mn population was 4.150 mg/L. After
the selection, this value decreased to 1.403 mg/L,
resulting in a 0.3-fold resistance ratio. Unlike
the LCso’ the value of spirotetramat in the MED
population increased from 2.32 mg/L to 3.36 mg/L,
resulting in a 1.4-fold resistance ratio (Table 3 and
Figure 1). Notably, there is an overlap in the 95%
confidence interval between the initial and final
LC,, values in the two populations. This suggests
that no cross-resistance between spirotetramat and
cyantraniliprole was observed in the B. tabaci
MEAM1 and MED populations.
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The results obtained from the bioassay show
that the LC,  value of the B-sel population
against acetamiprid changed from 2.689 mg/L
to 2.342 mg/L at the end of the selections, resulting
in a 0.9-fold resistance ratio (Table 4 and Figurel).
Conversely, the LC, value of the Q-sel population
against acetamiprid increased from 1.346 mg/L
to 1.404 mg/L,leading to a 1.04-fold resistance ratio.
Despite these changes, overlaps between the initial
and final LC50 values showed no cross-resistance
between acetamiprid and cyantraniliprole in both
the B. tabaci MEAM1 and MED populations.

DISCUSSION

Understanding resistance levels, cross-resistance
patterns, and resistance mechanisms to a new in-
secticide is essential for designing sustainable pest
management strategies. Cyantraniliprole, a novel
anthranilic diamide insecticide, has yet to witness
resistance in many significant pests (Wang et al.
2019). In this study, we observed very low resist-
ance development in B. tabaci populations follow-
ing selections with cyantraniliprole. A two-year
susceptibility follow-up of B. tabaci MED and
MEAMI1 populations in the USA revealed their
high susceptibility, with LC, levels ranging from
0.015 to 0.191 mg/L and resistance ratios ranging
from 0.94 to 11.94-fold to cyantraniliprole (Li et al.
2012). Likewise, Gravalos et al. (2015) conducted
a seven-year study monitoring changes in sensitiv-
ity to cyantraniliprole in B. tabaci MED popula-
tions in Spain. They determined that MED popula-
tions remained highly sensitive to cyantraniliprole,
with LC_  values between 0.011 and 0.116 mg/L
and a resistance rate of 10.5-fold. In their study, Xie
et al. (2014) examined the sensitivity of two field
B. tabaci egg and larval stages to cyantraniliprole.
They found that both stages were highly sensitive,
with observed LC, levels ranging between 5.74
and 8.65 mg/L for eggs and less than 0.1 mg/L
for larvae.

In Turkey, this study marks the first assessment
of the potential for developing resistance to cyan-
traniliprole, and it revealed very low resistance de-
velopment. The findings align with only a limited
number of similar research efforts. Unlike the cur-
rent study, Wang et al. (2019) reported a significant
138.4-fold increase in resistance in the B. tabaci
MED population after 16 generations of selection
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with cyantraniliprole. In contrast, our study re-
veals a low resistance rate, which may be attrib-
uted to the number of selections conducted. If our
B. tabaci populations were subjected to more ex-
tensive selection pressure, similar to Wang et al.
(2019), we might observe a higher resistance rate.
While there aren't enough studies on the selection
of B. tabaci's MED and MEAMI1 genetic groups
with cyantraniliprole, research on the selection
of B. tabaci against various insecticides does exist
(Gravolos et al. 2015). For instance, Horowitz et al.
(2005) observed an approximately 30-fold increase
in resistance development in the Q biotype after
26 generations of selection of B. tabaci Q biotype
against acetamiprid in Israel in 1999. They further
reported moderate resistance rates of around 50-
fold and 40-fold against acetamiprid and thiameth-
oxam, respectively, after 21 generations of selec-
tion in the Q biotype population collected from
the same location in 2002. Their study differs from
ours in several ways. Acetamiprid and thiameth-
oxam have different modes of action compared
to cyantraniliprole, and they subjected the B. taba-
ci population to more extensive selection pressure.
Additionally, it's worth noting that cyantraniliprole
is a novel insecticide, which may account for the
limited resistance development observed in our
study. These findings highlight the potential of cy-
antraniliprole as an effective insecticide that can be
used in rotation with other insecticides. In a study
by Yiikselbaba (2015), resistance rates of 213-fold
and 1.35-fold were determined in B. tabaci Q and B
biotypes, respectively, after five selections with cy-
permethrin. Additionally, they observed resistance
rates of 15.3-fold and 4-fold in B. tabaci Q and B
biotypes, respectively, after seven selections with
pyriproxyfen. Their study indicated that the Q bio-
type might develop higher resistance to cyperme-
thrin and pyriproxyfen in a shorter timeframe than
the B biotype.

Our current study observed that the potential
for resistance development in MEAMI1 and MED
populations was nearly the same after selection
with cyantraniliprole. Resistance development
to cyantraniliprole was expected to be low because
B. tabaci populations used in this study had not
been previously exposed to this novel insecticide.
Cyantraniliprole has been approved for use against
B. tabaci in Turkey since 2015. Because its use is
relatively recent, it is expected to be more effective
against B. tabaci than other insecticides currently
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in use in Turkey. Furthermore, it operates through
a unique mode of action distinct from other insecti-
cides. This makes it an efficient alternative for con-
trolling insects with piercing-sucking mouthparts.
However, it should not be used consistently, as pro-
longed and exclusive use can lead to the develop-
ment of resistance.

The development of resistance to cyantraniliprole
has been reported in other pest species in China.
Sang et al. (2016) discovered significant regional
variations in sensitivity to cyantraniliprole in Spo-
doptera litura (Fabricius) populations collected
from different areas in southern China. They ob-
served that prolonged exposure to the insecticide
could lead to resistance development in S. litura.
Likewise, Zhang et al. (2014) identified LC, val-
ues exceeding 10 pg/g in three Bactrocera dorsalis
(Hendel) field populations when exposed to cyan-
traniliprole. This resulted in a 19.44-fold increase
in resistance after 14 selection cycles against the in-
secticide. The study also investigated multiple resist-
ance to pyriproxyfen, spirotetramat, and acetami-
prid in cyantraniliprole-selected B. tabaci MED and
MEAM1 populations. No cross-resistance was ob-
served in the cyantraniliprole-selected MEAM1
and MED populations against pyriproxyfen, spiro-
tetramat, and acetamiprid, as their confidence in-
tervals overlapped. Before selection, all B. tabaci
populations displayed high resistance to pyriproxy-
fen and moderate resistance to spirotetramat and
acetamiprid. However, no multiple-resistance
to cyantraniliprole was observed in the resistant
populations. Gravolos et al. (2015) conducted seven
generations of selection with laboratory popula-
tions of B. tabaci using cypermethrin, azadirachtin,
buprofezin, pymetrozine, pyridaben, pyriproxyfen,
spiromesifen, and thiamethoxam and they found no
cross-resistance to cyantraniliprole. Li et al. (2012)
determined that there was no cross-resistance be-
tween chlorantraniliprole, cyantraniliprole, imida-
cloprid, and pyriproxyfen in B. tabaci B-biotype
field populations and Q-biotype laboratory popula-
tions in Arizona. Due to its high efficacy and lack
of multiple-resistance to other insecticides, cyan-
traniliprole may be crucial in mitigating pesticide
resistance in B. tabaci (Gravolos et al. 2015).

Although resistance development was observed
after six selections of B. tabaci MED and MEAM1
genetic groups with cyantraniliprole, resistance
levels were found to be very low. Low resistance
patterns to insecticides have practical implications
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for managing insects, as they increase the efficacy
and sustainability of control strategies.

In areas where whitefly populations are resist-
ant to certain insecticides, cyantraniliprole can be
adopted as an effective solution for several years,
reducing the need for frequent and high-dose ap-
plications of these products and may contribute
significantly to insecticide resistance management.
Since the development rate of resistance to cyan-
traniliprole is lower compared to other insecticides,
it can remain effective for an extended period. Less
use of insecticides in insect control slows the de-
velopment of resistance. Long-term efficacy and
a reduced number of applications have lower envi-
ronmental impacts, as fewer applications mean less
exposure of non-target organisms and surrounding
ecosystems to chemicals.

CONCLUSION

To the best of our study, no research has been
conducted in Turkey on the resistance-improv-
ing potentials of B. tabaci biotypes against cy-
antraniliprole. In this study, all populations were
highly susceptible to cyantraniliprole, and no
multiple resistance was observed between cy-
antraniliprole and other insecticides, confirm-
ing the effectiveness of this insecticide. In gen-
eral, the results presented in this study suggest
that cyantraniliprole can be an effective alternative
in controlling B. tabaci MED and MEAM1 genetic
groups. It is recommended that excessive and con-
tinuous cyantraniliprole use be avoided to prevent
potential resistance development.
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