GROMOL
Pl

>

&z
&

5
ot
j52

T
03 + 5

| Tirk. entomol. derg., 2024, 48 (4): 399-409 ISSN 1010-6960
| DOI: http://dx.doi.org/10.16970/entoted. 1544901 E-ISSN 2536-491X

‘g\g\w .
O,

17,
o

> &
Dt o7 25

Py

Original article (Orijinal aragtirma)

Determination of insecticide resistance levels of Leptinotarsa
decemlineata (Say, 1824) (Coleoptera: Chrysomelidae) in potato fields
of Nigde, Konya, and Afyonkarahisar provinces?

Nigde, Konya ve Afyonkarahisar illeri patates ekim alanlarinda Leptinotarsa
decemlineata (Say, 1824) (Coleoptera: Chrysomelidae)'nin insektisitlere direng
seviyelerinin belirlenmesi

Orhan MULAYIM?* Hiiseyin CETIN?
Abstract

In our research, acetamiprid, spinosad, and deltamethrin resistance levels were determined in Leptinotarsa
decemlineata (Say, 1824) (Coleoptera: Chrysomelidae) populations collected from two different locations in potato cultivation
areas of Nigde, Afyonkarahisar, and Konya provinces, where 34.8% of the amount was produced. The insecticides
were applied using a spray tower at different concentrations. 3-4th instar larvae were subjected to residual effect tests.
The susceptible population was obtained from Nigde Omer Halisdemir University. Field populations were collected
starting from June 2023. In the residual effect tests, at the end of the 24-hour exposure period, the LCso values obtained
from the susceptible population, Sandikli, Suhut, Konakli, Ciftlik, Cumra, Selcuklu populations were determined as
1.507,111.964, 89.617, 81.977, 73.563, 38.062, 7.409 mg ai | for acetamiprid; 1.105, 21.035, 16.218, 11.982, 15.841,
8.183, 8.945 mg ai I’ for deltamethrin and 4.738, 104.224, 96.404, 70.211, 64.147, 56.863, 37.639 mg ai I for
spinosad, respectively. The highest resistance rate was detected in the Sandikli population as 74.30-fold, 19.04-fold,
and 22-fold for acetamiprid, deltamethrin, and spinosad, respectively. Considering insecticide resistance, it is important
to give priority to insecticides to which the pest has developed less resistance in chemical control of L. decemlineata.

Keywords: Acetamiprid, deltamethrin, insecticide resistance, Leptinotarsa decemlineata, spinosad
Ozet

Arastirmamizda uretiminin %34.8’inin yapildigi Nigde, Afyonkarahisar ve Konya illeri patates ekim alanlarindaki
ikiser farkli lokasyondan toplanan Leptinotarsa decemlineata (Say, 1824) (Coleoptera: Chrysomelidae) populasyonlarinda
acetamiprid, spinosad ve deltamethrin direng seviyeleri belirlenmistir. insektisitler farkli konsantrasyonlarda piiskiirtme
kulesi kullanilarak uygulanmistir. 3-4. dénem larvalar rezidiiel etki testlerine tabi tutulmustur. Hassas populasyon Nigde
Omer Halisdemir Universitesinden elde edilmistir. Arazi popiilasyonlari 2023 yili haziran ayindan itibaren toplanmstir.
Rezidiel etki testlerinde 24 saat maruz birakma siresi sonunda hassas populasyon, Sandikli, Suhut, Konakl, Ciftlik,
Cumra, Selcuklu, popilasyonlarindan elde edilen LCso degerleri sirasiyla acetamiprid i¢in 1.507, 111.964, 89.617,
81.977, 73.563, 38.062, 7.409 mg ai I''; deltamethrin icin 1.105, 21.035, 16.218, 11.982, 15.841, 8.183, 8.945 mg ai I'* ve
spinosad igin 4.738, 104.224, 96.404, 70.211, 64.147, 56.863, 37.639 mg ai I'* olarak belirlenmistir. En yiiksek direng
orani acetamiprid, deltamethrin ve spinosad igin sirasiyla 74.30 kat, 19.04 kat, 22 kat olarak Sandikli populasyonunda
tespit edilmistir. insektisit direnci dikkate alindiginda L. decemlineata ile kimyasal miicadelede zararlinin daha az direng
gelistirdigi insektisitlere dncelik verilmesi énem arz etmektedir.

Anahtar sézclkler: Acetamiprid, deltamethrin, insektisit direnci, Leptinotarsa decemlineata, spinosad
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Determination of insecticide resistance levels of Leptinotarsa decemlineata (Say, 1824) (Coleoptera: Chrysomelidae) in potato fields
of Nigde, Konya, and Afyonkarahisar provinces

Introduction

Potatoes (Solanum tuberosum L. 1753 (Solanales: Solanaceae)) rank 4th in agricultural production
after maize, rice, and wheat (Kumar & Pandey, 2008). According to FAO reports, approximately 18.2 million
hectares of potato were planted worldwide in 2021. Turkey contributes 1.4% of the world’s potato production
and ranks 16th in terms of production volume (Anonymous, 2023). Potatoes play a significant role in
Turkey's economic growth (approximately 3% of Gross Domestic Product) and are the most consumed
vegetable in the country (Ginel et al., 2010).

In 2022, Turkey's total potato production was 5.200.000 tons, with an average yield of 3.739 kg/da.
Nigde leads in potato production with 176.300 da (12.7%) of planting area and 679.653 tons (13.1%) of
production. Afyonkarahisar ranks second with 149.968 da (10.8%) of planting area and 607.539 tons
(11.7%) of production, while Konya ranks third with 120.491 da (8.7%) of planting area and 518.677 tons
(10%) of production (Anonymous, 2023).

In potato cultivation, factors such as insects, diseases, and weeds adversely affect the quality and
quantity of the crop. It has been reported that 270 insect and 17 mite species are harmful to potato
worldwide (Alkan et al., 2017).

In many parts of the world, Leptinotarsa decemlineata (Say, 1824) (Coleoptera: Chrysomelidae), is
a major pest of potato. Yield losses due to this pest range from 30-50% annually, with losses up to 100%
in dense populations (Zhou et al., 2012). The leaf area consumed by a single individual over its lifetime can
reach 100 cm? (Ferro et al., 1985). The most damaging period for the Colorada potato beetle is the mature
larval stage, during which 90% of the total leaf consumption occurs (Hare, 1990).

The first record of resistance in the L. decemlineata was reported in 1952 for DDT (Quinton, 1955),
and later in 1968 for dieldrin (Gauthier et al., 1981). It has been noted that populations susceptible to carbofuran
can develop resistance within a single growing season (loannidis et al., 1992). Similarly, resistance to
endosulfan was detected in the year of its registration (Sharif et al., 2007). The extensive use of chemical
control methods in the control of L. decemlineata has caused the pest to become resistant to many insecticide
classes. This has made resistance management necessary (Gokce et al., 2018). Today resistance has
been observed to 56 different active ingredients from 13 insecticide groups (Ozdemir et al., 2021).

In our country, the first study was conducted in 1974-1975. It was found that the L. decemlineata did
not develop resistance to azinphosmethyl, trichlorphon, and propoxur (Atak & Atak, 1977). This was
explained by the pest's recent introduction to the country and limited use of insecticides. In 1980, chemical
control was applied to 19% of potato fields, while this rate increased to 54% by 1988 (Unal & Kilig, 1997).
Resistance to azinphosmethyl was detected in Bolu, Nevsehir, and Tekirdag populations at 11.24, 8.99,
and 9.04-fold, respectively, and for endosulfan and carbofuran at 5.29, 3.82, 6.83-fold, and for deltamethrin
at 225.92, 58.83, 90.42-fold, and for endosulfan at 15.24, 17.58, and 45.46-fold (Erdogan & Gurkan, 1997).

Resistance may be defined as ‘a heritable change in the sensitivity of a pest population that is
reflected in the repeated failure of a product to achieve the expected level of control when used according
to the label recommendation for that pest species’ (IRAC 2024). There are 5 types of resistance in harmful
insects: behavioral, morphological, physiological, multi-directional and cross-resistance (Yu, 2008). There
are some enzymes that are effective when insecticides enter the insect body. These enzymes, such as
P450, glutathione-S-transferase (GST) and hydrolase, help eliminate the toxicity of chemicals in
insecticides (Tsagkarakou et al., 2009).

The significant procreative potential of L. decemlineata accelerates the development of mutations
that lead to resistance (Bishop & Grafius, 1996). The beetle, which feeds on Solanaceae family plants, has
developed physiological capabilities to detoxify toxic glycoalkaloids found in the leaves (Ferro, 1993). The
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L. decemlineata, which can feed on tobacco (Nicotiana tabacum L., 1753 (Solanales: Solanaceae)), has
developed resistance to neonicotinoids, analogs of nicotine found in this plant. Resistance of 100-fold was
detected 2 years after the registration of imidacloprid (Zhao et al., 2000) and soon reached 300-fold (Mota-
Sanchez et al., 2006).

Resistance mechanisms in the L. decemlineata include increased secretion of esterases,
carboxylesterases, and monooxygenases, target site insensitivity, and increased secretion of detoxification
enzymes (Clark et al., 2001). The most common resistance mechanism involves monooxygenases, which
also play a significant role in neonicotinoid resistance. These insecticides cause desensitization due to
mutations in the target AChE receptors (Stankovi¢ et al., 2004).

Desensitization is not limited to AChE receptors; mutations in sodium channels, as seen with
permethrin, can also affect imidacloprid sensitivity (Tan et al., 2005).

Resistance in pests is determined by proportional increases in LDso or LCso values in laboratory
studies. Despite increases in LDsp and LCso values, there may not be a noticeable reduction in field control
results (Grafius & Douches, 2008). Increases detected in bioassay studies contribute significantly to early
warning systems for producers, delay the development of resistance, and support resistance management.

Studies have found that resistance ratios can increase to 220-fold for endosulfan (Sharif et al., 2007),
252-fold for phasolone (Mohamadi et al., 2010), 300- fold for imidacloprid (Mota-Sanchez et al., 2006), and
645-fold for bensultap (Sladan et al., 2012). Resistance ratios also vary regionally and locally (Sharif et al.,
2007), depending on application methods and across different pest life stages.

In this study, the resistance ratios of the 3rd and 4th instar larvae of the L. decemlineata gathered from
the top three potato-producing provinces of Nigde, Afyon, and Konya were determined against acetamiprid,
deltamethrin, and spinosad using residual effect tests with different concentrations and exposure durations.

Materials and Methods
Materials

Leptinotarsa decemlineata populations used in the study were collected from potato fields in two
locations each in Nigde, Konya, and Afyonkarahisar provinces starting from June 2023 (Table 1). Insects
in the larval stage were collected from the fields. The collected larvae were brought to the laboratory and
fed on potato leaves in a climate chamber for 24 hours. During this time, individuals damaged during
collection and transportation were eliminated (Huseth & Groves, 2013), and healthy 3rd-4th stage larvae
were selected and used in the tests. The susceptible population was obtained from the Department of Plant
Production and Technology, Faculty of Agricultural Sciences and Technologies, Nigde Omer Halisdemir
University. They were brought to the climate chamber in plastic containers covered with mesh and fed with
potato plant leaves that we had previously grown.

Table 1. Provinces and districts where Leptinotarsa decemlineata populations were collected

Province District Coordinates
Suhut 38°31'03"N 30°32'57"E
Afyon
Sandi 38°28'36"N 30°16'12"E
) Konakl 38°09'34"N 34°49'40"E
Nigde e
Ciftlik 38°12'26"N 34°31'11"E
Cumra 37°34'05"N 32°38'33"E
Konya

Selguk  38°02'02"N 32°30'55"E
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A mixture of sandy soil, perlite, and peat was prepared and planted to grow the potato plants. Plantings
were made at regular intervals to ensure the continuation of the cultures. The plants and insects were grown
in the climate room at 26+1°C, 60+10% relative humidity, and 16-8 hours (light-dark) photoperiod conditions.

In the study, commercial insecticides often used for L. decemlineata control were used: Decis 2.5
EC (containing 2.5% (w/v) deltamethrin from Bayer CropScience), Phomidan 480 SC (containing 480 g/L
spinosad from Koruma Tarim) and Goldplan 20 SP (containing 20% acetamiprid from Agrobest Group)
(Table 2). A spray tower (Burkard Scientific Laboratory Spray Tower) was used for insecticide applications,
and Petri dishes containing larvae were placed in a climate chamber (Nuve TK 120).

Table 2. Information about the insecticides used in the study

Active ingredient Trade Formulation Mechar_usm Dosage Action mode Chemical
name name of Action group
_ Nicotinic acetylcholine N
0,
Acetamiprid (% 20) Goldplan SP 4A 6 g/da receptor agonists/antagonists Neonicotinoids
Deltamethrin (25 g/l) Decis EC 3A 30 ml/da Sodium channel modulators Pyrethro_lds,
Pyrethrins
Spinosad (480g/L) Phomidan SC 5 10 ml/da Nicotinic Acetylchollne Spinosyns
receptor agonists
Methods
Bioassays

The dose determination study was conducted using a reference susceptible population. Residual
effect tests were performed using 3rd-4th instar larvae of L. decemlineata Six effective doses causing
mortality ranging from 15% to 99% were selected for each active substance in preliminary experiments.

Insecticide concentrations were prepared by diluting with distilled water 50% at each step. Distilled
water was used as a control. The prepared insecticides were sprayed into petri dishes (2 ml) using spray
tower at 1-atmosphere pressure.

The petri dish (12 cm in diameter, 2.5 cm in height) was left to dry 5 minutes before ten healthy 3rd-
4th instar larvae were placed in each using soft forceps (according to the contact and dry film method)
(Gokulakrishnaa & Thirunavukkarasu, 2023). No food was added to the petri dishes. The dishes were
closed with lid. To prevent larvae from dying due to lack of air, a small rectangular piece of paper was
placed between the Petri dish and its lid to avoid the lid closing completely. The experiments were carried
out in the climate chamber under conditions of 26+1°C warmth, 60+10% proportional humidity, and 16-8
hours (light-dark) photoperiod. After 24, 48, and 72 hours of exposure, larvae were touched with a soft
brush on various parts of their bodies, and immobile larvae were considered dead (Alkan et al., 2017).
Experiments were conducted in a completely randomized design with three replications. One Petri dish was
used for each replication.

Data Analysis

The data were subjected to probit analysis, and LCso value was determined using the POLO
computer package program (LeOra, 2002). The resistance ratio (RR) was calculated by dividing the LCso
values of the resistant group by the LCso values of the susceptible group. Resistance levels were assessed
using the scale suggested by Lee et al. (1999): RR <2: Not or minimal, RR = 2-5: Little , RR = 5-10: Medium,
RR >10: High resistance.
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Results and Discussion
Rate of acetamiprid resistance

The highest resistance rates in the 24-hour exposure period were found to be 74.30-fold in the
Sandikli population, 59.47-fold in the Suhut population, 54.40-fold in the Konakli population, 48.81-fold in
the Ciftlik population, 31.46-fold in the Selcuklu population and 25.26-fold in the Cumra population,
respectively (Table 3). The highest LCso values were found in the Sandikl population: 111.964 mg ai I™* at
24 hours, 68.804 mg ai I"* at 48 hours, and 29.080 mg ai I™* at 72 hours (Tables 3, 4 & 5).

Table 3. Residual toxicity of acetamiprid to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 24-hour exposure period
LCso(mg ai I'Y)

Population n (%95 CL) Slope + SEM A? DF H p value RR
Susceptible 180 2997 1255:0209 13212 16 0826  0.830 .
Sandiki 180 o 000 141450216 21.131 16 1320 0470  74.30
Suhut 180 o g 129640210 7547 16 0472 0512 5947
Konakl 180 goavbaza 126850210 10088 16 0629 0528  54.40
Ciftlik 180 0 19000 o 1404:0218 10325 16 0645 0551 48381
Gumra 180 o ovoees, 145410219 6.193 16 0387 0545 2526
Selguklu 180 47409 146110218  5.841 16 0365 0502 3146

34.046-66.186
n: the count of larvae; SEM.: standart error of the mean; A2 chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Table 4. Residual toxicity of acetamiprid to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 48-hour exposure period
LCso (mg ai )

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 AR 118410207  7.241 16 0453  0.558 :
Sandiki 180, o000 o 120050209 15250 16 0953 0558  80.38
Suhut 180 sean oo, 1190:0200  7.948 16 0497 0584 6859
Konaki 180 00 e 135910235 8917 16 0557 0678  45.10
Giftlik 180 o 10 & 146510246  5.876 16 0367 0689  43.95
Cumra 180 7 PS8 4 1468:0238 7567 16 0473 0622 3191
Selcuklu 180 29.324 1.367+0.235  6.962 16 0435 0607  34.26

17.668-43.191
n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Similar studies have shown that the L. decemlineata has developed varying resistance levels to
imidacloprid, a neonicotinoid insecticides. Baker et al. (2014) detected imidacloprid resistance in L.
decemlineata larvae in three divergent populations in the USA, ranging from 7.6 to 71-fold. In a study
conducted between 1995 and 1998 across the United States, Canada, Germany, France, and Poland, the
lowest resistance to imidacloprid was reported as 29-fold (Olson et al., 2000). Crossley & Rondon (2018)
reported a resistance increase of 9-340-fold among populations in 10 different regions of the USA. Keskin
& Yorulmaz Salman (2020) found that populations from the districts of Afyonkarahisar displayed resistance
to imidacloprid ranging from 3.96 to 27.31 times. In our study, resistance levels of 59.47-fold and 74.30-
fold were determined in Suhut and Sandikli districts of Afyonkarahisar, respectively. Given the time elapsed
and cross-resistance, it is normal to observe increased resistance in pests due to intensive insecticide
applications (both in terms of number of spraying and dosage). It is known that insecticide sensitivity in L.
decemlineata is highest in young larvae, decreases in mature larvae, and is lowest in adults (Sayinci et al.,
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2013). The resistance rates for imidacloprid in Cumra, Karapinar and Seydisehir, Glineysinir, Doganhisar
populations were determined as 4.63, 7.01, 4.16, 2.84 and 2.44-fold, respectively in 2020 (Cagirgan &
Cetin, 2021). They reported that imidacloprid was used for treating tubers, and during the growing season,
green part applications were also made with imidacloprid (EC formulations) or acetamiprid from the same
group. In a study conducted in Serbia, imidacloprid resistance in adult L. decemlineata was reported as
82.90-fold (Sladan et al., 2012), while a study in New York reported 29-fold resistance to acetamiprid in
adults (Mota Sanchez et al., 2006). Jeschke & Nauen (2008) noted that cross-resistance developed to other
neonicotinoid insecticides when one neonicotinoid was used. In our study, the highest resistance ratio was
determined for acetamiprid. Considering that neonicotinoids are frequently used for both seed and green
part spraying in the control of L. decemlineata, acetamiprid resistance is expected to be high.

Table 5. Residual toxicity of acetamiprid to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 72-hour exposure period

LCs(mg ai I'Y)

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 ool as 1132:0225 10065 16 0629  0.668 ;
Sandiki 180 2 st 1225:0.236 5.001 16 0313 0712 63.08
Suhut 180 g o012 s 122610237 10.491 16 0656  0.723 58.59
Konakli 180 T e 156610279 4.181 16 0261 0772 51.43
Giftiik 180 22108 157810287 4946 16 0309 0783 48.09
Cumra 180 oTaa a2 o, 146080250 4995 16 0312 0706 39.32
Selgukiy 180 oao i o 151510268 2618 16 0164 0723 36.30

n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: Degrees of Freedom; H: heterogeneity; RR: resistance rate.

Probit analysis indicates that populations with a slope value less than 2 are heterogeneous (Yu,
2015) and that resistance development is faster in heterogeneous populations (Keskin & Yorulmaz-Salman,
2020). Table 3 shows that heterogeneity values are less than 2.

Rate of deltamethrin resistance

The highest resistance rates in the 24-hour period were determined as 19.04-fold in the Sandikli
population, 14.68-fold in the Suhut population, 14.34-fold in the Ciftlik population, 10.84-fold in the Konakli
population, 8.10-fold in the Sel¢uklu population and 7.41-fold in the Cumra population, respectively (Table 6).
The highest LCso values were found in the Sandikli population: 21.035 mg ai I™* at 24 hours, 12.177 mg ai |™*
at 48 hours, and 4.492 mg ai I™* at 72 hours (Tables 6, 7 & 8).

Table 6. Residual toxicity of deltamethrin to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 24-hour exposure period
LCso (mg ai I'Y)

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 orend 125510210 12144 16  0.759 0.431 .
Sandiki 180 A0 11530205 5303 16 0331 0.474 19.04
Suhut 180 028 . 1106:0206 9730 16  0.608 0.518 14.68
Konakl 180 e 4 109820204 11482 16 0718 0.566 10.84
Giftlik 180 09ty or 1y 132620213 10342 16 0646 0.523 14.34
Gumra 180 U .. 1376:0214 5051 16 0316 0.518 7.41
Selguklu 180 conogps 133910212 3571 16 0223 0.501 8.10

n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

404



Mulayim & Cetin, Turk. entomol. derg., 2024, 48 (4)

Table 7. Residual toxicity of deltamethrin to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 48-hour exposure period
LCso (mg ai )

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 oo 1057:0204  12.372 16 0773 0574 :
Sandiki 180 sraaie 095410199 9.012 16 0563 0557 2591
Suhut 180 ast) e 0997:0203 5533 16 0346 0607  18.79
Konakl 180 soaroy 4 127730232 4536 16 0283 0694  13.38
Ciftlik 180 3_22'74_ 3&898 1256£0.231  9.004 16 0563 0689  13.69
Gumra 180 paeiot e 116430221 6118 16 0382 0629  9.64
Selcuklu 180 . 2'82_(7’?60 A 1403+0.237  4.262 16 0266 0618  11.08

n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Table 8. Residual toxicity of deltamethrin to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 72-hour exposure period
LCso (mg ai I't)

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 020 . 143580249 8600 16 0538 0696 :
Sandikii T 099480224 10535 16 0658 0712  16.04
Suhut 180 ol 102130228 9538 16 0596 0729 1449
Konakl 180, aae 145480269  7.104 16 0444 0772 14.96
Giftik 180 2T 147210273 10984 16 0687 0778 1455
Gumra 180 a0R 1208:0.247 7407 16 0463 0739 851
Selguklu 180 22 157510294 4060 16 0254 0779 809

n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Keskin & Yorulmaz Salman (2020) reported that populations from Afyonkarahisar’s districts exhibited
9.41-77.17-fold resistance to deltamethrin. Sladan et al. (2012) found up to 60-fold resistance to
cypermethrin in adult L. decemlineata in Serbia. In a study investigating deltamethrin resistance in 4th instar
larvae of L. decemlineata collected from 4 different populations from Urumgi, Changji, Qitai and Qapgal
(China) in 2009 and 2010, 1.7- to 42.7-fold resistance to deltamethrin was detected (Jiang et al., 2011).
Jorg et al. (2007) reported that the effectiveness of lambda-cyhalothrin decreased from 92% in 2003 to 73%
in 2006 due to sequential applications. Sladan et al. (2012) found up to 60-fold resistance to cypermethrin,
another pyrethroid, in a study conducted in Serbia. Erdogan & Girkan (1997) found resistance levels to
deltamethrin in L. decemlineata adults and 3rd instar larvae to be 225.92, 58.83, and 90.42-fold for Bolu,
Nevsehir, and Tekirdag provinces, respectively. Resistance rates for lambda-cyhalothrin in the Cumra,
Karapinar and Seydisehir populations were determined as 2.98, 2.63 and 2.40-fold, respectively in 2020
(Cagirgan & Cetin, 2021). In our study, resistance ratios to deltamethrin in six populations ranged from 7.41
to 19.04-fold. These resistance ratios are lower compared to other studies.

Rate of spinosad resistance

The highest resistance rates in the 24-hour period were determined as 22-fold in the Sandikl
population, 20.35-fold in the Suhut population, 14.82-fold in the Konakli population, 13.54-fold in the Ciftlik
population, 12-fold in the Cumra population, and 7.94-fold in the Selcuklu population, respectively (Table 9).
The highest LCso values were found in the Sandikli population: 104.224 mg ai I™* at 24 hours, 56.777 mg ai I™*
at 48 hours, and 34.410 mg ai I™* at 72 hours (Tables 9, 10 & 11).
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Table 9. Residual toxicity of spinosad to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 24-hour exposure period
LCs(mg ai I'Y)

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 . 1294:0210  8.223 16 0514 0502 .
Sandikii 180 . 0822 o 1286:0210  8.915 16 0557 0518  22.00
Suhut 180 gopooqayqoy 109130202 7464 16 0466 0529 2035
Konakli 180 o opodt o 1275:0213 10978 16 0686 0589  14.82
Giftiik 180 ot ., 1408:0222 835 16 052 0611 1354
Cumra 180 o o803 137010213 4578 16 0286 0502  12.00
Selcuklu 180 37.639 150240223  2.274 16 0.142 0584 7.94

26.212-51.535

n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Table 10. Residual toxicity of spinosad to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 48-hour exposure period
LCso (mg ai Irl)

Population n (%95 CL) Slope + SEM A2 DF H p value RR
Susceptible 180 . 4245_2_1732 1136£0210 13952 16 0872  0.608 -
Sandikii 180 a0l 1225:0214  7.983 16 0499 0623 2270
Suhut 180 _64617'_765;596 11590216 3713 16 0232 0667  16.69
Konaki 180 A 1249:0237 9628 16 0602 0712 1418
Ciftlik 180 oot 610 1682:0283 5693 16 0356 0751  13.63
Cumra 180 17.62695?1 001 134640230 3290 16 0206 0634  11.96
Selcuklu 180 26.615 16070253 4540 16 0284 0667  10.64

16.849-37.480
n: the count of larvae; SEM.: standart error of the mean; A2: chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Table 11. Residual toxicity of spinosad to 3rd-4th instar larvae of Leptinotarsa decemlineata after a 72-hour exposure period
LCs (mg ai I'Y)

Population n (%95 CL) Slope + SEM A? DF H p value RR
Susceptible 180 T 127240240 9679 16 0605  0.702 :
Sandiki 180 AT 126260240 9504 16 0594 0718  21.44
Suhut 180 o3 1260£0.250 4774 16 0298 0761 1581
Konaki 180 1o 67 147240273 3782 16 0236 0778  16.24
Ciftlik 180 12 244 1764:0.324 5470 16 0342 0811 1503
Gumra 180 0 1ae ot 1384:0253 3581 16 0224 0728 1141
Selguklu 180 SIS 1866:0.347 4549 16 0284 0801 875

n: the count of larvae; SEM.: standart error of the mean; A2 chi square; DF: degrees of freedom; H: heterogeneity; RR: resistance rate.

Sayinci et al. (2013) reported that in Erzurum, L. decemlineata larvae and adults showed increased
resistance to spinosad as their developmental stage progressed. They found that spinosad had 93.3%
effectiveness on 2nd instar larvae and 50% effectiveness on 4th instar larvae and adults after 72 hours of
application in the laboratory. Cagirgan & Cetin (2021) found spinosad effectiveness to be 75.33% and
76.05% during the first applications in 2019 and 2020, respectively. Osman (2010) noted that in Russia,
the effectiveness of spinosad on mature larvae increased over time, with mortality rates rising from 57.78%
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on the 3rd day to 95.56% on the 7th day. Previous studies have reported that spinosad's mode of action is
both through ingestion and contact (Kowalska, 2010), with effects beginning to be noticeable 4-5 hours
after application (Azimi et al., 2009) and providing high protection for up to 20 days (Igrc et al., 1999). In
Croatia, spinosad's effectiveness on larvae was reported as 99.9% on the 2nd day, 99.7% on the 7th day,
98.4% on the 14th day, and decreasing to 80.6% by the 21st day (Igrc et al., 1999). Mota-Sanchez et al.
(2006) found up to 7.6-fold resistance in adults to spinosad. In the USA, research on four different
populations of L. decemlineata larvae showed spinosad resistance ranging from 17.5 to 40.6-fold
(Schnaars-Uvino & Baker, 2021). Klein (2019) detected spinosad resistance in 2nd instar larvae of three
different L. decemlineata populations in Long Island (USA). In this study, two susceptible populations, one
reared in a laboratory and one collected from organic fields, were used. When the laboratory susceptible
population was used, the resistance rates were found to be 52.4, 38.43 and 33.99 times, and when the field
susceptible population was used, the resistance rates were 213.33, 156.46 and 138.37 times. These results
showed that the resistance rates were higher when the laboratory-reared susceptible population was used
and lower when the field-collected susceptible population was used. In our study, spinosad resistance rates
in L. decemlineata larvae ranged from 7.94 to 22.00 times.

In the context of potato production in Turkey, insecticides have been ranked as follows based on
resistance levels in the Nigde, Afyonkarahisar, and Konya populations: acetamiprid, deltamethrin, and
spinosad. This ranking is consistent with the frequency and dose of insecticide applications during the
potato production season.

Compared to deltamethrin and spinosad, the higher resistance to acetamiprid is due to the use of
neonicotinoids in both foliar and tuber applications, which promote cross-resistance and increase
resistance to acetamiprid. Monitoring the number of insecticides used, their doses (especially when
recommended doses are exceeded) and their frequency is essential for effective pest control. Continuous
monitoring of resistance levels in L. decemlineata and updating pest management programs are vital to
improving the effectiveness of chemical control. Detailed studies of the annual increase in resistance and
cross-resistance are also essential.
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