Dagli et al.: Insecticide resistance in Bemisia tabaci populations
- 7757 -

INSECTICIDE RESISTANCE IN Bemisia tabaci (GENN.)
POPULATIONS COLLECTED FROM THE MEDITERRANEAN
AND AEGEAN REGIONS OF TURKEY

DAGLIL F.*" — YUKSELBABA, U.! — IKTEN, C. — ToPAKCI, N.? — GOCMEN, H.%3

Akdeniz University, Faculty of Agriculture, Department of Plant Protection, 07059 Antalya,
Turkey

2Akdeniz University, Vocational School of Technical Science, 07059 Antalya, Turkey

*Kyrgyz-Turkish Manas University, Faculty of Agriculture, Department of Plant Protection,
720044 Bishkek, Kyrgyzstan

“Corresponding author
e-mail: fdagli@akdeniz.edu.tr; phone: +90-0-242-310-2426; fax: +90-0-242-310-2479

(Received 7" Jul 2020; accepted 17" Sep 2020)

Abstract. In this study, the resistance status to imidacloprid, lambda-cyhalothrin and endosulfan of twenty
Bemisia tabaci (Genn.) populations collected in Hatay, Adana, Mersin, Antalya, Mugla, Aydin and Denizli
provinces in the Mediterranean and Aegean regions of Turkey in 2005-2006 were investigated. The lethal
concentration (LC) values for each population were determined by the leaf dipping method. The resistance
ratios were calculated by dividing the LCso values of the populations by the LCso values of a susceptible
population. The LCsy values of the B. tabaci populations to imidacloprid, lambda-cyhalothrin and
endosulfan were found to be in the ranges of 0.1-8.5, 0.7-232.9 and 0.9-21.4 mg ai (=active ingredients)/I,
respectively. The imidacloprid, lambda-cyhalothrin and endosulfan resistance ratios were 1-95, 1-439 and
4-102 times, respectively. Generally, the resistance ratio against the lambda-cyhalothrin were higher than
against imidacloprid and endosulfan. In addition, in the Kumluca and Demre B. tabaci populations from
greenhouses, resistance to the 3 insecticides was found to be between medium and high levels. Based on
the results, we determined that a significant proportion of the B. tabaci populations in the Mediterranean
and Aegean regions are resistant to the active substances in neonicotinoids, pyrethroids and cyclodiene
organochlorines.
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Introduction

The development of insecticide resistance in pest populations has become one of the
main problems in agricultural production in recent years. Resistance has been recorded in
597 arthropod species for 336 active substances and in 14,644 cases from 1914 to 2015
(IRAC, 2016). However, in agriculture both worldwide and in Turkey, the usage of
insecticides in significant quantities is apparent in the statistical data. The annual pesticide
usage amount in the world was 2,285,881 tonnes in 1990, and by 2017, it had increased
to 4,113,591 tonnes (FAO, 2020). The pesticide usage amount in Turkey in 1990 was
29,918 tonnes, and it had increased to 54,098 tonnes by 2017 (FAO, 2020). When only
considering the amount of insecticides used, the USA is in the first place in the world,
with 86,726 tons, and Turkey is ranked seventh, with 12,435 tonnes. In Turkey, the five
provinces that use the most pesticides and their usage rates are as follows: Antalya
(10.1%), Manisa (9%), Adana (9%), Mersin (5.7%) and Aydin (5.7%) (Anonymous,
2020). To sum it up, the Mediterranean and Aegean regions are the regions with the most
intensive agricultural insecticide use in Turkey. Therefore, greenhouse and field
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populations in these regions are constantly exposed to high selection pressure due to
frequent insecticide use.

The cotton whitefly Bemisia tabaci is among the main species for which chemical
control is insufficient due to insecticide resistance. B. tabaci is one of the most significant
agricultural pests and is common worldwide, including Turkey (EPPO, 2020). The adult
and larval stages of the pest cause serious damage by sucking plant sap. It decreases the
quality and market value of the product by causing sooty mould. It is also a vector of
certain important viruses that cause serious economic losses in agricultural production,
such as tomato yellow leaf curl virus (TYLCV). It is a polyphagous pest, and its number
of hosts is very high. It causes serious economic losses by feeding on many industrial
plants, ornamental plants, vegetables, especially tomato, eggplant, pepper, cucumber,
etc., and cotton (Gégmen and Ozgiir, 1990; Hoddle, 1999; Oliveira et al., 2001). In Turkey
and other countries whitefly management is still based largely on insecticides. However,
insecticide resistance is a major problem in B. tabaci populations worldwide (Wool and
Greenberg, 1990; Dittrich et al., 1990; Cahill et al., 1996; Elebert and Nauen, 2000;
Palumbo et al., 2001; Kranthi et al., 2002; Ahmad et al., 2002; Nauen et al., 2002; El
Kady and Devine, 2003; Javed et al., 2003; Horowitz et al., 2004, 2005; Roditakis et al.,
2005; Nauen and Denholm, 2005; Erdogan et al., 2008; Basij et al., 2010; Gorman et al.,
2010; Ma et al., 2010; Schuster et al., 2010; Wang et al., 2010; Unal Bahsi et al.,2012;
Sahin and ikten, 2017; Ahmad and Akhtar, 2018; Satar et al., 2018; Bielza et al., 2019).
Resistance to 56 different active substances has been reported in B. tabaci populations
(APRD, 2020). Among these active ingredients, the best known are imidacloprid,
acetamiprid, thiamethoxam (neonicotinoids); cypermethrin, deltamethrin, (pyrethroids);
chlorpyrifos, malathion (organophosphates); methomyl, carbosulfan (carbamates);
pyriproxyfen (juvenile hormone mimics); spiromesifen, spirotetramat (tetronic and
tetramic acid derivatives); and endosulfan (cyclodiene organochlorines) (APRD, 2020).

It has been reported that insecticides should be used within the scope of "resistance
management programmes”, and the frequency of insecticide application should be
reduced to combat the insecticide resistance problem (Soderlund and Bloomquist, 1990).
Resistance screening studies reveal populations' resistance to insecticides, and routine
monitoring is essential for insecticide resistance management (Croft, 1990).

In this study, twenty B. tabaci populations were collected in Hatay, Adana, Mersin,
Antalya, Mugla, Aydin and Denizli provinces in the Mediterranean and Aegean regions
of Turkey. The resistance status of these populations to imidacloprid (neonicotinoids),
lambda-cyhalothrin (pyrethroids) and endosulfan (cyclodiene organochlorines) was
investigated. The findings obtained in this study on B. tabaci provide important
information for comparison to past records or for recording the initial phase of insecticide
resistance in populations from Turkey. The data presented here can be a valuable resource
for researchers on this subject.

Materials and Methods
Populations

Twenty population of Bemisia tabaci were collected from south-west region of
Turkey. These sampling locations were indicated on the map in Figure 1.

Furthermore, the location, host and collection dates of B. tabaci populations tested
within the scope of the study are given in Table 1.
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south-west TURKEY

Figure 1. Sampling locations of the Bemisia tabaci populations were indicated on the map

Table 1. Sampling locations, host plants and biotypes of the Bemisia tabaci (Dagli et al., 2020)

Location Host Sampling Date Biotype
HATAY
Kirikhan-(Hassa) Cucumber 03.09.2005 Qe
Samandag Eggplant 03.09.2005 B
ADANA
Mihmandar Cotton and soybean 02.09.2005 Qe
Mustafabeyli Cucumber 02.09.2005 Qe
MERSIN (iCEL)
Mahmutaga (Tarsus) Eggplant 04.09.2005 B
Giimiigkum Eggplant 04.09.2005 B
Ovacik (Silifke) Eggplant 04.09.2005 B
Melleg (Anamur) Nightshade 01.09.2005 B
ANTALYA
Yurtpinar (Aksu) Eggplant 30.09.2005 B
Kampus (Uncali) Cotton 28.11.2005 B
Konakli (Alanya) Eggplant 30.09.2005 B
Cobanli (Gazipasa) Cucumber 30.09.2005 B
Demirtas (Alanya) Eggplant 30.09.2005 B
Kumluca Pepper 05.07.2006 Qe
Demre Pepper 05.07.2006 Qe
MUGLA
Kinik Cotton 17.08.2006 B
Fethiye Eggplant 18.08.2006 B
Ortaca Cucumber 18.08.2006 B
AYDIN
Kogarli Cotton 18.08.2006 Qw
DENIZLI
Beylerbeyi Cotton 19.08.2006 Qw

Insecticides

Detailed information about the active substances used in the study is given in Table 2.
The neonicotinoid imidacloprid and the pyrethroid lambda-cyhalothrin are still registered
in Turkey. However, the use of the cyclodiene organochlorine endosulfan was banned in

Turkey.
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Table 2. Active ingredients and commercial names for insecticides and their mode of action

Active substance Commercial name and |Chemical classification and mode of| Recommended label dose (mg
formulations action (IRAC, 2020) ai)/l
Neonicotinoids, 4A, Nicotinic
imidacloprid Confidor SC 350, Bayer| acetylcholine receptor (NAChR) 350 mg ai/l
competitive modulators
lambda-cyhalothrin KargteZeon CS, Pyrethroids, 3A, Sodium channel 25 mg ai /I
yngenta modulators
Cyclodien organochlorine, 2A,
endosulfan Hektionex 36 EC, Hektasy =~ GABA-gated chloride channel 540 mg ai /l
blockers

Insect Rearing

Bemisia tabaci adults were collected with a mouth aspirator from the locations
specified in Table 1. The adults were released on cotton and eggplant seedlings in 20 litre
plastic containers covered with tulle to lay. Populations were kept in a climate-controlled
room with a temperature of 26 +2 °C and 16:8 (light:dark) hours per day.

Insecticide Bioassay

The leaf dipping method was used to determine the LCso and LCgo values of the
populations (Roditakis et al., 2005). Briefly, the method is as follows: To obtain a
distribution of death between 0% and 100% in B. tabaci populations, 4-6 different doses
of these insecticides were prepared in distilled water containing 0.2 g/l Triton X-100.
Discs with a diameter of 48 mm were taken from insecticide-free cotton leaves. These
leaf discs were immersed in distilled water containing insecticide concentrations or the
control (only 0.2 g/l Triton X-100) for 5 seconds and allowed to dry for approximately
2 hours. These leaf discs were placed in Petri dishes containing 1.5% agar poured onto
the base of the dish. Adult individuals were shaken directly into these Petri dishes, and
each Petri dish was covered with a cotton cloth. Each dose was conducted with 3
replicates. Bioassays were performed on 3 days for imidacloprid and on 2 days for
lambda-cyhalothrin and endosulfan.

Data Analysis

In the study, a Bemisia tabaci population was collected from a cotton field in Kogarli
where no pesticides were used for a long time to be used as a susceptible population. The
probit analysis program POLO-PC was used to calculate the lethal dose values (LCso,
LCq) and the related parameters of the populations, and the LCso values of the
populations were divided by LCso values of a susceptible (Kogarli) population to calculate
the resistance ratio. Any two LC50 values were considered significantly different if their
respective 95% confidence limits (CL) did not overlap.

Results

The lethal dose values (LC), slopes, resistance ratios and related parameters obtained
from B. tabaci populations in the screening for imidacloprid, lambda-cyhalothrin and
endosulfan resistance are given in Tables 3, 4 and 5, respectively. The results showed that
there were significant differences between the LC values of the populations. Considering
the LCso and LCgo values of all populations, Kogarli (Aydin) was determined to be the
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most susceptible population. Insecticides stopped being used many years ago in cotton
fields in which the Kogarli population was collected. In this population, the LCsg values
(0.2 and 0.09 mg ai/l) obtained for endosulfan and imidacloprid were lower than the LCso
values of the reference susceptible population (SUD-S) (1.65 and 0.36 mg ai/l)
determined by Roditakis et al. (2005) for the same insecticides with the same method.
Based on these data, Kogarli was considered a susceptible population, and the LCsg values
of the other field and greenhouse populations were divided by the LCso values of the
Kogarli population to obtain their resistance ratios.

Table 3. The resistance ratios to imidacloprid in Bemisia tabaci populations collected from
Mediterranean and Aegean regions of Turkey

Population n slopesse | gnoy comioence bmits | 955 confioemce bmits | R
(Sulggggtriléle) 301 1.4710.22 0.02.0.18 034215 -
Mustafabeyli 188 0.9240.14 o 05 02 09
Mahmutaga 332 1.00+0.14 o b oueD 43
Giimiiskum 186 1.76+0.39 S 2omn 08 15.4
Ovacik 351 0.7140.09 o e 0.7
Melleg 182 0.8740.16 o o L 11
Yurtpinar 265 1.1740.14 0_0%_251_59 1-1(2);3?)-97 2.7
Kampus 275 1.0440.11 o 5 am e a0 6.3
Konakli 227 0.94+0.11 0_3:;};52 6.85-56?51.00 12.3
Cobanls 154 1.45+0.32 28 oo 77
Demirtas 157 3.22+0.81 oy iy 94.6
Kumluca 223 1.4140.19 e 0ot 05 247
Demre 209 1194018 N N 17.9
Kinik 326 146+0.18 48145 3581823 87
Fethiye 430 1414017 o Soas e 9.8
Ortaca 410 1.230.13 o 246 o5 8.0
Beylerbeyi 178 3.04+0.72 0_007'_1815 0.1%_25.72 11

n: Total number of insects used in the experiment
Resistance Ratio (RR): LCso values of the populations / the LCs values of a susceptible population

Resistance to Imidacloprid

Imidacloprid, which has been registered in Turkey since 1994, is a systemic insecticide
and is widely used. Within the scope of this research, 17 populations were assayed to
imidacloprid (Table 3). The LCso value range to imidacloprid in populations was found
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to be 0.1-8.5 mg ai/l. The resistance ratios were between 1-95 times the resistance of the
susceptible population. In the Demirtag, Kumluca, Demre, Glimiiskum, Konakli, Kinik
and Fethiye populations, resistance between moderate and high levels was detected. In
other populations, resistance was at a low level, below 10 times the resistance of the
susceptible population.

Resistance to Lambda-cyhalothrin

Lambda-cyhalothrin, which is in the pyrethroid class, has been registered since 1988
in Turkey. It can be used alone as a single active ingredient or in mixture with buprofezin.

Fifteen populations were tested to lambda-cyhalothrin (Table 4). The LCso values of
the populations for lambda-cyhalothrin were found to be between 0.7-232.9 mg a.i./litre.
The resistance ratios were between 1-439 times. In most populations taken from
greenhouses, resistance to this insecticide was between medium and high levels. On the
other hand, resistance was under 10 times the resistance of the susceptible population in
the Kirikhan, Samandagi, Mihmandar, Mahmutaga and Beylerbeyi populations (Table 4).

Table 4. The resistance ratios to lamda-cyhalothrin in Bemisia tabaci populations collected
from Mediterranean and Aegean regions of Turkey

Population n slopesse 95%Lc((:)?10f§3:3?1;ai/ll i)mits 95%Lc:((:)gr$f§gv]e%§eillli)mits RR
(SlEggF?triltl)le) r 1.56+0.42 016104 LeaaLe2 -
Kirikhan 174 1.72+0.39 o s Sy 6.6
Samandag 78 1.1940.35 O.116'?24.78 4,4%_21'22,95 2.0
Mihmandar 302 0.90+0.15 0_114'?25_92 10_52;'1757.32 2.0
Mahmutaga 308 0.59+0.07 e o 22
Melleg 423 1314022 s A 23.4
Yurtpinar 284 0.60+0.06 5 23.400.36 5261001086880 | 772
Kampus 351 0.75+0.09 5.19.11057 so7500i00705 | 628
Cobanli 370 2,02+0.59 o cisahoe s | 4394
Kumluca 231 0905043 11.2462-fZlB.30 279.2%15-?11530.23 804
Demre 289 0.58+0.08 22.56.1200.04 210634 41158260.34 | 2568
Kunik 493 1.28+0.19 11.313?.39 221,;'3.21'?:,(1)7,91 829
Fethiye 315 1.11+0.15 2.52%?.27 30.6252-2254.94 9.8
Ortaca 505 1.36+0.13 600 5 o 278
Beylerbeyi 234 0.7740.13 0_0%7221 5.47%58?0.88 1.4

n: Total number of insects used in the experiment
Resistance Ratio (RR): LCso values of the populations / the LCsp values of a susceptible population
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Resistance to Endosulfan

Endosulfan, which is in the cyclodiene class, has been used as a registered insecticide
since 1954. It is one of the oldest insecticides used in Turkey and worldwide. Its use was
banned in Turkey in 2010. In this study, 19 populations were assayed to endosulfan
(Table 5). The LCso value range of the populations for endosulfan was found to be
0.9-21.4 mg ai/l. The resistance ratios were between 4-102 times. Resistance was high in
the Kumluca, Demre, Ortaca, Kinik and Fethiye populations. Resistance was at moderate
levels in the Mahmutaga, Giimiiskum, Yurtpinar, Kampiis and Konakli populations.

Resistance was low in the Beylerbeyi, Demirtas, Kirikhan-Hassa, Melle¢, Mihmandar,
Ovacik and Samandag populations (Table 5).

Table 5. The resistance ratios to endosulfan in Bemisia tabaci populations collected from

Mediterranean and Aegean regions of Turkey

Population n slopezse 95%Lc((:)?f§3:3?1:ei/ll i)mits 95%5:%?1%532%2/: i)mits RR
(Slﬁggp?trilll)le) 342 | 1024013 0.07 0.5 L681115 )
Kirikhan 309 | 433051 Lo o8 8.7
Samandag 269 | 221041 a1 e 65
Mihmandar 313 1.85+0.22 1_216'?28_95 5.83;;?5.73 9.4
Mustafabeyli 178 | 4.88+0.96 L e 10.7
Mahmutaga 284 2.07+0.30 2'3%?70'95 7.6%—52@8.26 18.1
Giimiiskum 306 | 4954141 poa s oo 167
Ovacik 102 | 2.95:0.78 e N 71
Melleg 240 | 2724038 ol L 40
Yurtpinar 254 | 1494022 Lo, oo 10 156
Kampus 286 2.28+0.26 2 43(’)656 83 781733?’; 88 17.4
Konakli 680 | 8.96+1.19 e s o 1 128
Demirtas 590 | 1.77+0.20 s w20 72
Kumluca 123 2.67+0.47 14'5;5.27 39'463{'185?3.35 102.0
Demre 345 | 1054012 S 8Tty 15 65.2
Kinik 284 | 105012 s e 34.4
Fethiye 526 | 275041 6o o1 15 oo e 37.4
Ortaca 586 2.94+0.36 10_1(15;;;72 32.22;%.89 79.9
Beylerbeyi 230 1.30+0.2 N 414'?,5_ % 4.218%‘;20 5.1

n: Total number of insects used in the experiment
Resistance Ratio (RR): LCso values of the populations / the LCs values of a susceptible population
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Discussion

In general, resistance against lambda-cyhalothrin in the pyrethroid class in populations
was higher than resistance to imidacloprid and endosulfan. In B. tabaci populations taken
from greenhouses, such as the Kumluca and Demre populations, resistance to all 3
insecticides was higher than that in other field populations (Tables 3-5). The main reason
for this situation is that the more frequent insecticide applications in greenhouses result
in higher selection pressure on populations. Most greenhouses in Turkey are located in
Antalya province. In terms of the rates of insecticide use, Antalya takes first place in
Turkey, with a rate of 10.1%. These data show that greenhouse populations are exposed
to more insecticides than other field populations in other regions. Whitefly populations
continue to exist in greenhouses almost throughout the year. In addition, due to the virus
vectors, insecticide application is carried out at very short intervals. As a result, the more
frequent insecticide applications in greenhouses cause an increase in selection pressure,
which provides an important advantage to resistance development. In addition, the fact
that greenhouses are relatively closed areas can prevent susceptible individuals from
entering from the outside, preventing a decrease in the resistance of the current population
from occurring. On the other hand, low levels of resistance were generally found in the
Eastern Mediterranean (Kirikhan, Samandag, Mihmandar, Mustafabeyli, Ovacik) and
Western Aegean (Kogarli, Beylerbeyi) populations. These populations are field
populations, and they are exposed to lower insecticide applications than the greenhouse
populations. Another reason why these populations are less resistant is that they are
almost always in interaction with susceptible individuals in the natural vegetation around
them, so some level of resistance dilution occurs.

In this study, it was determined that a significant number of the tested field and
greenhouse populations were highly resistant compared to the susceptible population. The
resistance levels in populations increased to 95, 439 and 102 times for imidacloprid,
lambda-cyhalothrin and endosulfan, respectively. However, the extent to which the
resistance ratios determined how impact insecticide practices should also be evaluated.
To analyse to what extent resistance will negatively affect the success of insecticide
applications in practice, the label-recommended doses of insecticides were compared
with the LCgo dose values (cause 90% mortality in populations). The LCgo dose values of
imidacloprid and endosulfan for all populations (for imidacloprid: 0.3-25.7; for
endosulfan: 3.6-229.5 mg ai/l) were below the label doses of these insecticides
(imidacloprid: 350 mg ai/l; endosulfan: 540 mg ai/l) (Tables 3 and 5). Accordingly, it can
be expected that these two insecticides can still be successful in controlling B. tabaci.
However, the detected high resistance indicates that there are significantly resistant
individuals among the populations. The frequent use of these insecticides can lead to a
rapid increase in the frequency of resistant individuals due to selection, and the LCgo
values for the populations can easily exceed the label doses of these insecticides. In this
case, the application of these insecticides will lead to control failure. For this reason, the
frequency of imidacloprid and endosulfan applications in greenhouse locations with
highly resistant populations must be limited. On the other hand, except for that in 2
populations, the LCqo dose value (12.4-23715.7 mg ai/l) obtained for lambda-cyhalothrin
was well above the label dose of this insecticide (25 mg ai/l) (Table 4). Accordingly,
when lambda-cyhalothrin is used alone, it will be ineffective against B. tabaci in almost
all sampling locations. This active ingredient is also used in combination with the IGR
class buprofezin. Using lambda-cyhalothrin this mixture can increase the chances of its
success in practice. Endosulfan, one of the world's oldest insecticides, was banned years
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ago. Even if endosulfan was banned years ago, endosulfan-resistant populations may not
disappear in a short time. These resistant populations can maintain their populations
longer in places such as greenhouses where susceptible insect migration is limited.
Therefore, these resistant populations should be considered in the implementation of any
resistance management program.

Some research has been done on the insecticide resistance of B. tabaci populations in
Turkey. Four B. tabaci populations were collected from Adana, Antalya, Izmir and Tarsus
in 2000-2001, and the resistance levels of these populations to bifenthrin, fenpropathrin
(pyrethroids), formothion, triazophos (organophosphates) and buprofezin (insect growth
regulator) active substances were determined (Erdogan et al., 2008). All of the
populations showed significant resistance to active substances with pyrethroids
(57-360 times) and organophosphates (20-310 times). However, only the izmir
population was found to be resistant to buprofezin (Erdogan et al., 2008). The resistance
status of B. tabaci populations collected from Antalya and its districts between 2007 and
2009 was investigated in terms of resistance to these three insecticides in the populations
(Unal Bahsi et al.,2012) and were found to be 6-299, 2-16 and 1-22 times, respectively.
In addition, the recommended label doses of these 3 insecticides remained below the the
population LCgo values. In short, these active substances will be ineffective for B. tabaci
population control in the sampling locations (Unal Bahsi et al.,2012). In another study,
B. tabaci populations from five different locations in Antalya were collected in 2011, and
the resistance status of these populations to acetamiprid and thiamethoxam was
determined (Sahin and Ikten, 2017). The resistance ranges to these insecticides in
populations were found to be 4-30 times and 9-32 times the resistance of a susceptible
population, respectively. In this study, as in the previous study, it was reported that the
label doses of these 2 active substances were below the population LCgo values. Briefly,
these active substances will also fail in B. tabaci control at the locations that were sampled
(Sahin and ikten, 2017). In another study conducted in Turkey, in Mersin, Adana, Antalya
and Hatay in the Mediterranean region, the resistance levels of the provincial B. tabaci
populations to the neonicotinoid class active substances acetamiprid, imidacloprid,
thiacloprid and thiamethoxam were investigated (Satar et al., 2018). It has been reported
that most of the tested populations are highly resistant to these active substances. The
highest resistance was 2060 times for imidacloprid in the Antalya (Kumluca) population,
and the lowest resistance was 5.36 times for thiamethoxam in the Hatay (Samandag)
population (Satar et al., 2018).

Insecticide resistance in B. tabaci populations is a serious problem in Turkey and
around the world. The United States, Israel, Greece, Spain, Iran, Pakistan, India,
Morocco, Egypt and some other countries have reported resistance in B. tabaci to active
substances from many classes (Wool and Greenberg, 1990; Dittrich et al., 1990; Cahill et
al., 1996; Elebert and Nauen, 2000; Palumbo et al., 2001; Kranthi et al., 2002; Ahmad et
al., 2002; Nauen et al., 2002; El Kady and Devine, 2003; Javed et al., 2003; Horowitz et
al., 2004, 2005; Roditakis et al., 2005; Nauen and Denholm, 2005; Basij et al., 2010;
Gorman et al., 2010; Ma et al., 2010; Schuster et al., 2010; Wang et al., 2010; Ahmad and
Akhtar, 2018; Bielza et al., 2019). In the APRD (Arthropod Pesticide Resistance
Database), it has been recorded that B. tabaci resists 56 different active substances. The
best known of these active ingredients are imidacloprid, acetamiprid, thiamethoxam
(neonicotinoids); cypermethrin, deltamethrin, (pyrethroids); chlorpyrifos, malathion
(organophosphates); methomyl, carbosulfan (carbamates); pyriproxyfen (juvenile
hormone mimics); spiromesifen, spirotetramat (tetronic and tetramic acid derivatives) and
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endosulfan (cyclodiene organochlorine) (APRD, 2020). Greece is one of the
geographically closest countries to Turkey and has also carried out a similar survey in the
same time period (Roditakis et al., 2005). In this study, high levels of resistance were
found in B. tabaci greenhouse populations from Greece to neonicotinoid, cyclodiene,
pyrethroid and organophosphate insecticides. Resistance levels for bifenthrin,
a-cypermethrin, pirimiphos-methyl, endosulfan and imidacloprid in greenhouse
populations have been reported to reach 23, 80, 18, 58 and 730 times, respectively.
However, a B. tabaci population taken from open melon fields was found to be more
sensitive than the referenced susceptible population (SUD-S) (Roditakis et al., 2005). The
results of this research are largely in line with our findings. It was also determined in our
study that susceptible populations may be present in areas where insecticides are used
little or not at all. On the other hand, insecticide resistance in greenhouse populations
where insecticides were used frequently was generally detected at high levels.

Conclusion

According to the results of this study, most of the B. tabaci populations from the
Mediterranean and Aegean regions of Turkey had significant levels of resistance to
imidacloprid, lambda-cyhalothrin and endosulfan. In other studies, B. tabaci populations
from Turkey were noted to be resistant to other active substances. Worldwide resistance
screening of B. tabaci shows that resistance is a common problem at the global level and
is not limited to Turkish populations. All of these results indicate that chemical
management may be inadequate against B. tabaci populations due to their insecticide
resistance. Unfortunately, this situation is not limited to only B. tabaci. The same problem
has been observed in other important pests, such as Frankliniella occidentalis and
Tetranychus urticae. In summary, it should be taken into consideration that chemical
management alone against pests is currently insufficient. More attention should be paid
to other options, such as biological control and cultural measures. To reduce the selection
pressure on pests, reducing the pesticide application frequency or rotating insecticides
with different action mechanisms is necessary. The resistance levels of populations
should be routinely monitored, and chemical management should be performed within
the scope of resistance management programmes that include preventive tactics.
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