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Determination of insecticide residues in soils from Troia agricultural
fields by the QUEChERS method?

QUEChERS yo6ntemi ile Troia tarim alanlari topraklarinda insektisit kalintilarinin belirlenmesi
Burak POLAT? Osman TIRYAKI?

Abstract

Extensive and misuse of pesticides can cause to toxicity to humans and pollution in the environment. The
primary objective of this study was to determine insecticide load of agricultural soils of Troia, located in Troia National
Park of Canakkale Province (Turkiye) by the QUEChERS method. For method verification, blank soil samples were
spiked at two levels of pesticides. The overall recovery was 84.8% with a relative standard deviation of 13.0% (n = 230),
with the values within acceptable recovery (60-140%) and repeatability (<20%) ranges set by SANTE. Forty-nine soil
samples were collected in the study area in 2020. Thirty-six samples had insecticide residues at varying concentrations.
Overall, 23 insecticide residues were detected at different frequencies. The most frequent pesticides were:
chlorantraniliprole> imidacloprid> pyridaben> clothianidin> indoxacarb (in decreasing order). Mean concentration of
insecticide residues in soils varied between 0.99-77.7 ug/kg. Imidacloprid residues were detected in all fields, except
cabbage fields. The highest imidacloprid concentration (23.3 pg/kg) was detected in pepper fields. Imidacloprid was
detected in 21 samples with a mean concentration of 6.20 pg/kg. Persistent insecticides with the long half-lives, such
as chlorantraniliprole, imidacloprid, and clothianidin, were detected in almost all samples.

Keywords: Insecticide residues, pesticide load, soil samples, Troia National Park
Oz

Pestisitlerin yogun ve yanlis kullanimi, insanlar ve ¢evre igin toksisiteye neden olabilir. Bu ¢alismanin temel
amaci, Troia Milli Parki-Canakkale [li (Tirkiye) 'ndeki Troia tarim topraklarinin insektisit yiikiininiin QUEChERS metodu
ile belirlenmesidir. Yontem dogrulamasi igin, pestisit icermeyen toprak numuneleri pestisitler ile 2 seviyede spike
edilmistir. Yontemin geri kazanimi, SANTE tarafindan belirlenen kabul edilebilir geri kazanim (%60-140) ve
tekrarlanabilirlik (£%20) araliklari icindeki degerler ve %13.0'lik bir RSD (n = 230) ile %84.8 bulunmustur. 2020 yilinda
calisma alanindan 49 toprak 6rnegi toplanmistir. Bunlardan 36 adedinde farkli konsantrasyonlarda insektisit kalintisi
bulunmustur. Topraklarda toplam 23 adet insektisit kalintisi farkli sayida 6rneklerde tespit edilmistir. En fazla sayida
Ornekte tespit edilme sirasi séyledir; chlorantraniliprole> imidacloprid> pyridaben> clothianidin> indoxacarb. Toprakta
insektisit kalintilarilari ortalama konsantrasyonlari 0.99- 77.7 ug/kg arasinda deg@ismistir. Lahana ekili alan disinda tim
alanlarda imidacloprid kalintisi bulunmustur. En yuksek imidacloprid konsantrasyonu (23.30 pg/kg) biber ekili alanlarda
bulunmustur. imidacloprid tespit edilen drnek sayisi 21 ve ortalama konsantrasyon 6.20 pg/kg olarak bulunmustur.
Chlorantraniliprole, imidacloprid ve clothianidin gibi uzun yarilanma émrine sahip kalici insektisitler neredeyse tim
orneklerde tespit edilmigtir.

Anahtar s6zcikler: insektisit kalintist, pestisit yuki, toprak érnekleri, Troia Milli Parki

! This study was supported by Canakkale Onsekiz Mart University, the Scientific Research Coordination Unit (Project number: FBA-
2020-3228).
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Introduction

Pesticides are essential components of modern farming. Pesticides reduce pests-induced losses in
agricultural production and then increase yield levels. However, excessive and improper uses of pesticides
and their prolonged persistence in environment may lead to soil pollution, toxicity to humans and animals,
and undesirable residues in the environment and in living tissues (Tiryaki et al., 2010; Tiryaki & Temur,
2010; Hathout et al., 2022).

Soils are contaminated with pesticides through various means including direct applications, accidental
spills, incorporation of pesticide-treated plant residues into the soils, runoff from pesticide-applied surfaces.
Herbicides pose a greater risk of pollution on soils. Behavior of pesticides in soil affects complex chemical,
physical and dynamic biological systems. These include absorption, desorption, evaporation, degradation,
surface runoff and leaching. It has been reported that 14-80% of pesticides used for pests and disease
control reached to soil depending on application technique, phenological period of the plant and plant
density (Cilgi & Jepson, 1992; Temur et al., 2012). Pesticides can also bioaccumulate in soil, leading to
even greater possible risks for environment. European Commission states that soil conservation was vital
for long-term sustainable agricultural process. Therefore, soil pesticide levels should systematically be
monitored and relevant measures should be taken over time (Karasali et al., 2016; Bhandari et al., 2019).

Pesticides (especially organochlorines) can persist in environment for long durations and may pose
serious health risks on human health and environment, thus, several pesticides have been banned for use
in agricultural fields. Such prohibitions increased the significance of tests for pesticide residues on foodstuff
and in the environment (Liu et al., 2016). Excessive use of pesticides may destroy rich biodiversity,
ecological cycles and soil health (Bhandari et al., 2019).

Contamination of soil with pesticides affects agroecosystems. Such contaminations influence soil
microbial community, bacterial diversity, microorganisms, nitrogen transformation and soil enzymes
(Andersch & Anderson, 1991). Excessive use of pesticides is the primary source of pollution in agricultural
lands (Balderacchi et al., 2014). It has been reported that 70% of pesticides used in agriculture end up in
the soil and seriously contaminate farmlands (Sun, 2000). Therefore, agricultural soil quality is closely
related to crop quality and food safety, which are thereby associated with human health.

Half-lives determine the fate of pesticides in the soil. Half-life (DTso) indicates the time or duration in
which a pesticide degrades by half and is usually expressed in days, months or years. With the use of half-
life, it is possible to see if a pesticide tends to accumulate in soils. Based on half-lives, pesticides can be
divided into three persistence groups as of: low (<16 days), moderate (between 16-59 days) and high (>60
days). Short half-lived pesticides accumulate less in soils than the long half-lived pesticides, with the latter
a greater risk to soil and water resources (Anonymous, 2022). Despite their highly toxic nature,
organophosphorus insecticides have half-lives of <30 days, thus they do not pose long-term risks to soil
and water resources; however, neonicotinoids with quite a long half-life may pose serious risk of pollution
especially in soils (Seagraves & Lundgren, 2012; DiBartolomeis et al., 2019).

In Turkiye, annual total pesticide use was 39 kt in 2015, but increased to 54 kt in 2020 (TUIK, 2021),
with 8 and 12 kt of that, respectively, being insecticides. The average application of pesticides was about
1.7 kg of active ingredients per ha in 2018. In Canakkale Province, Turkiye, agricultural activities are largely
practiced around and within Troia National Park. Tomato, maize, sunflower, wheat, pepper, rice, cabbage
and beans are predominant crops grown in Troia. Considering these products, there is an intensive use of
insecticides against many insects. A total of 1.6 kt of solid/liquid pesticides (223 t insecticide) were used
throughout Canakkale in 2021 and 23.4% of the pesticides were used in the Central District (Anonymous,
2021). In the previous study, 1.80 mg/kg of imidacloprid and 2.71 mg/kg of emamectin benzoate residues
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were found in areas where conventional tomato growing is conducted in Troia. Both residue levels were
trace amounts and less than MRL (Polat & Tiryaki, 2019).

In a study conducted by Yildinm & Ozcan (2007) in 2003, 14 soil samples were taken from the
borders of Troia National Park, where agricultural production was conducted. Soil samples were analyzed
by the standard method 6630 (Greenberg et al., 1998; USEPA, 2007a) and gas chromatography. Captan
(100-230 ppb), cypermethrin (20-80 ppb), endosulfan (16.7-230 ppb), ethion (1-6 ppb), mancozeb (2 ppb),
trifluralin (20 ppb) pesticides were detected. The residues of endosulfan and captan were higher than the
others.

QUEChERS method is generally used to analyze pesticide residues on agricultural commaodities
(Anastassiades et al., 2003; Lehotay, 2007) and has proven to be efficient in detection of pesticide residues
in fruit and vegetables (Catak & Tiryaki, 2020; Polat, 2021). The method has also proven to be efficient in
pesticide residue analyses of soil samples (Nagel, 2009; Temur et al., 2012; Zaidon et al., 2019;
Vickneswaran et al., 2021). Analyses were conducted with LC-MS/MS system.

The primary objective of this study was to determine insecticide load of agricultural soils of Troia,
located in Troia National Park of Canakkale Province by the QUEChERS method. Method validation was
done by using relevant validation criteria (Hu et al., 2018, SANTE, 2020; Zaidon et al., 2019).

Materials and Methods
Chemicals and reagents

Analytical standards for pesticide analysis were supplied from Chem Service (West Chester, PA, USA)
and Dr. Ehrenstorfer GmbH (Wesel, Germany). QUEChERS extraction kits (1.5 g NaOAC and 6 g MgSOa)
and QUEChERS clean-up kits [400 mg Cis, 400 mg primary secondary amines (PSA, 40 um patrticle size),
1.2 g MgSO4] and 0.22 ym nylon syringe filter (Membrane Solutions, Plano, TX, USA) were used. The other
solvents and reagents including acetonitrile (MeCN) and acetic acid (HAc) were chromatographic grade.

Apparatus and chromatographic conditions

Insecticide detection was conducted in an LC-MS/MS device. Separation was made with the use of
an Acquity UPLC BEH Cis column (1.7 mm, 100 x 2.1 mm) under flow rate of 0.35 mL min, injection
volume of 1 pL, and total run time of 15 min. The gradient program included 10 mM NH4CH3CO:2 in methanol
(B) and 10 mM NH4CH3CO:z in water pH 5 (A). Transition groups (precursor and fragment ion) and retention
times of insecticide were provided in Table 1.

Study area and sample collection

The study area, Troia, is located in the Central District of Canakkale Province, where agricultural
activities are practiced intensively (Figure 1). The sampling area included six villages: Kumkale, Halileli,
Tevfikiye Ciplak, Kalafat and Pinarbasi. Soil samples were taken from tomato, maize, sunflower, wheat,
pepper, rice, cabbage and bean fields. Forty-nine soil samples were collected from 5-25 cm deep after at
the growing period (November 2020). Soils in the sampling area have organic matter between 0.49-2.75%,
clay 8-54%, pH 7.7-8.2 (Yildinm & Ozcan, 2007). Samples were placed in labeled clean plastic polythene
bags (Adeyinka et al., 2019, Zaidon et al., 2019), transported to laboratory in an icebox and kept frozen
(-20°C) until the analyses. Air-dried soils were passed through 2 mm sieve (USEPA, 2007b). Blank soil
samples were collected from the study area, which is known to be pesticide free, for recovery experiment
and matrix-matched calibration.
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Table 1. Retention times (tR) calibration line equations (5 point), concentration ranges and correlation coefficients (R?)

Insecticide (r::i?n) Precursor io(r:n//ZF)ragment on Calibration curve equation* C;r:;eenar)apt:;n R?

Acetamiprid 5.1 223.1>125.9/223.1>559 y =-71.68 x? + 108657 x + 1294.5 1-200 0.99975
Chlorantraniliprole 8.2 482.0 > 283.9/482.0 > 450.9 y =-9.73 x? + 14384 x + -708.4 1-200 0.99987
Clofentezine 10.0 302.9>137.9/302.9>101.9 y =-37.75 x>+ 33418.1 x + -61.8 1-200 0.99987
Clothianidin 4.6 250.0 > 131.9/250.0 > 169.0 y =-11.01 x>+ 15197.3 x + 2078.3 1-200 0.99967
Cyhalothrin-lambda  11.3  467.2>225.0/467.2 > 141.0 y =-0.03 x? +1418.16 x + 1139.4 10-2000 0.99999
Cypermethrin 11.4  433.1>190.9/435.1>192.9 y =-0.004 x+ 2962.79 x + 1248.4 10-200 0.99991
Deltamethrin 11.4  523.0 >280.9/523.0 > 506.0 y =-0.27 x? + 3382.47 x + -515.6 1-200 0.99983
Etoxazole 11.1  360.1>140.9/360.1>112.9 y =-175.9 x? + 237612 x + 16003.1 1-200 0.99975
Flubendiamide 9.6 680.9 > 253.9/680.9 > 274.0 y =-11.12 x?>+ 11290.5 x + 1704.8 1-200 0.99884
Hexythiazox 10.9 353.0 >227.9/353.0 > 168.0 y =-19.65 x? + 37913 x + 926.1 1-200 0.99972
Imidacloprid 4.6 256.0 > 175.0/ 256.0 > 209.0 y = -5.76 x?+ 12261.9 x + -36.0 1-200 0.99982
Indoxacarb 10.3 528.0 >202.9/528.0 > 249.0 y =-7.27 x?+ 7726.08 X + -571.2 1-200 0.99999
Lufenuron 10.8 508.9 > 325.9/508.9 > 174.9 y = -8.63x%+ 2235.18 x + 422.2 1-200 0.99988
Metaflumizone 10.7 507.1 >178.0/507.1 > 115.9 y =0.10 x? + 3653.8 x + 511.9 10-2000 0.99999
Methoxyfenozide 8.9 369.1 >149.0/369.1 > 313.1 y = -297.83 x?+ 82874.9 x + -3970.2 1-200 0.99999
Novaluron 10.4  493.0 >158.0/493.0 > 141.0 y =-0.70 x>+ 6529.42 x + 323.1 1-200 0.99968
Pirimicarb 7.6 239.1>71.9/239.1>182.1 y =-86.99 x? + 180575 x +-2331.0 1-200 0.99999
Pymetrozine 3.8 218.0>104.9/218.0>77.9 y = -53.47 x?+ 123182 x + -6110.0 1-200 0.99997
Pyridaben 11.5  365.1>147.0/365.1 > 309.0 y =-127.96 x>+ 116395 x + 8582.8 1-200 0.99975
Tebufenpyrad 10.7  334.1>116.9/334.1>145.0 y =-27.83 x?+ 37081.3 x + 1796.9 1-200 0.99982
Teflubenzuron 10.8  378.9>338.9/378.9 >358.9 y =-10.64 x>+ 5571.07 x + 3575.8 1-200 0.99764
Thiamethoxam 3.9 292.0 >211.0/292.0 > 181.0 y =-12.48 X2 + 32248.7 x + -634.9 1-200 0.99998
Triflumuron 10.0  359.0 > 155.9/359.0 > 138.9 y = - 24.38 x>+ 29410.2 x + 3210.6 1-200 0.99963

* Ordinary calibration curve was used.
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~
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Figure 1. Study area (Troiua, Turkiye).
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Analyses

Analyses were all completed within three months after sample collection. The modified QUEChERS
method was used for the analysis of spiked and sampled soils (Adeyinka et al., 2019; Zaidon et al., 2019;
Vickneswaran et al., 2021).

About 10 g sieved sample was placed into 50 mL tubes, supplemented then with 100 yL of HAc and
shaken vigorously. Samples were spiked with 100 pL of pesticide spike solutions corresponding 1x LOQ
(limits of quantification) and 10x LOQ spike level. Sample tubes were supplemented with 15 mL MeCN and
shaken for 15 s. QUEChERS extraction pouch kits (6 g MgSO4 and 1.5 g NaOAC) were then supplemented
into the samples and vortexed for 1 min. Resultant extracts were centrifuged at 3.000 rpm for 10 min.
Supernatant aliquots (8 mL) were supplemented with QUEChERS clean-up kit (1.2 g MgSOa4, 400 mg Cis
and 400 mg PSA) and shaken for 15 s. Sample tubes were centrifuged again at 3,000 rpm for 10 min,
resultant supernatant was filtered through 0.22 pm nylon syringe into 2 mL vials and analyzed in an LC-
MS/MS device.

Verification of analysis method

Method verification was performed with the use of linearity, recovery, precision and LOQ parameters.
Recovery tests were conducted at two spiking levels (1x LOQ and 10x LOQ) of each pesticide for method
accuracy and precision. Tests were conducted in five replicates. Percent recovery (%) was calculated as:

Determined concentration (%)

Recovery (%) = X100 1)

Spiked concentration (;—‘Z)

For accurate results, matrix-matched calibration curve was used to quantify insecticides.
Results and Discussion
Method verification

Calibration curves of 23 pesticide standards were linear over the various concentration ranges (soil
matrix-matched calibration), with various correlation coefficient (R?) (Table 1). Retention times,
guantification and confirmation ion and matrix-matched calibration line equations (5-point level), used in
MRM mode for pesticide detection, are also shown in Table 1.

Percent recovery together with relative standard deviations (RSDs) and limit of quantification values
are provided in Table 2. Percent recoveries varied between 60.6 and 107% with RSDs of between 1.73
and 29.2% (Table 2). Number of recovery data (n) was 10 for each insecticide. Method overall recovery
was identified as 84.8% with an RSD of 13.0% (n = 230). These recovery values validated the accuracy of
the method as listed in Table 2 and the values were within the acceptable ranges indicated as between 60-
140% in SANTE (2020). The LOQ values (Table 2) also revealed that the method could detect pesticide
residues lower than the MRL set by the EU (2020). The findings revealed that the QUEChERS method can
serve as an accurate and rapid tool for detection of insecticide residues in soil samples.
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Table 2. Percent recovery together with RSDs and LOQ values

Spiking level Mean LOQ
- 1xLOQ 10xLOQ ugrkg
Insecticide Recovery % RSD %
Recovery %*  RSD (%) Recovery %* RSD (%) (Asatoolfor  (As a tool for
trueness) precision)

Acetamiprid 86.8 2.6 91.3 3.4 89.1 3.9 1
Chlorantraniliprole 96.0 4.2 87.9 4.5 92.0 6.2 1
Clofentezine 75.8 3.9 75.3 7.3 75.6 5.5 1
Clothianidin 101 7.1 88.2 4.5 94.4 9.0 1
Cyhalothrin-lambda 88.9 1.7 63.7 29.2 76.3 155 10
Cypermethrin 69.5 7.4 82.8 9.1 76.2 8.3 10
Deltamethrin 82.2 2.8 85.0 4.7 83.6 4.1 1
Etoxazole 87.8 2.6 80.4 5.0 84.1 5.9 1
Flubendiamide 78.0 6.9 94.7 55 86.3 11.7 1
Hexythiazox 98.2 3.1 88.2 3.2 93.2 6.4 1
Imidacloprid 105 35 90.8 3.6 98.1 8.5 1
Indoxacarb 70.6 17.9 80.9 2.6 75.8 13.4 1
Lufenuron 87.0 9.3 91.0 4.5 89.0 7.2 1
Metaflumizone 60.6 25 85.0 6.9 72.8 18.5 10
Methoxyfenozide 96.0 2.4 89.4 4.5 92.7 5.0 1
Novaluron 69.6 12.7 90.6 6.7 80.1 16.5 1
Pirimicarb 76.8 5.6 90.7 9.4 83.7 7.5 1
Pymetrozine 60.6 8.2 67.1 11.8 63.9 10.0 1
Pyridaben 107 3.9 99.3 25.0 102.8 17.7 1
Tebufenpyrad 87.4 5.7 88.4 4.7 87.9 5.0 1
Teflubenzuron 88.0 12.9 89.8 5.4 88.9 9.3 1
Thiamethoxam 78.8 3.9 74.5 12.2 76.6 23.1 1
Triflumuron 78.4 9.0 93.9 6.7 86.1 11.9 1

Method overall recovery (accuracy): 84.8 % (n=230; SD=11.00; RSD%=13.0)

* Mean of 5 replicates (analytical portions).

Analytical results of soil samples

Concentrations of insecticide residues detected in soil samples are provided in Table 3. Of the 49
samples, 36 (~75%) contained insecticide residues at varying concentrations. Overall, 23 insecticide
residues were detected in different frequencies. The detection frequencies of 23 insecticides are given in
Table 3. The most frequent pesticides (first 10) were: chlorantraniliprole > imidacloprid > pyridaben >
clothianidin > indoxacarb > methoxyfenozide > clofentezine > cypermethrin > novaluron > thiamethoxam
(in decreasing order). Mean concentration of insecticide residues in soils varied between 0.99 and 77.7 ug/kg
with the lowest value (0.90 pg/kg) for acetamiprid and the highest value (204 pg/kg) for pyridaben in soil
from tomato fields. Chlorantraniliprole and pyridaben were detected in soil samples sunflower, wheat and
rice fields (crops for which they are not licensed).

Acetamiprid, clothianidin, imidacloprid and thiamethoxam residues, included in the neonicotinoid
group of IRAC classification (IRAC, 2022), were detected in present samples. Neonicotinoid insecticides
have negative effects on non-target organisms and wildlife, thus they have recently been banned in the
EU. Use of imidacloprid in greenhouses will be terminated on 1 June 2022 in Turkiye (PPPDA, 2022).
Imidacloprid residues were found in all agricultural lands, except for cabbage fields. The greatest
imidacloprid concentration (23.3 pg/kg) was seen in pepper fields. Detection frequency of imidacloprid was
21. Acetamiprid residues were detected only in four samples, all from tomato fields, with mean and
maximum concentrations of 2.69 ug/kg and 4.41 ug/kg, respectively. Bonmatin et al. (2021) detected at
least one neonicotinoid in 80% of the soil samples and three insecticides in 64% of the samples. While
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imidacloprid was detected in all samples, clothianidin and thiamethoxam were the other common
insecticides detected in 69 and 73% of the soil samples, respectively. Amin et al. (2021) detected nine
pesticides such as cypermethrin, chlorpyrifos, propachlor, carbofuran, metachlore, endosulfan, cyhalothrin,
difenoconazole and acetamiprid in soil samples and reported pesticide concentrations of between 6.77 and
32.0 pg/kg. Clothianidin residues were detected in 14 samples with the mean and maximum concentrations
of 4.12 pg/kg and 8.93 pg/kg, respectively. Clothianidin has been banned in the 31 July 2019 in Turkiye
(PPPDA, 2022). The presence of clothianidin may due to illegal use or application of previous season. The
European Food Safety Authority following clothianidin for all field uses, a high risk was identified in the next
crop scenario, or a high risk was not ruled out (EFSA, 2016). Thiamethoxam residues were detected in 5
samples with mean and maximum concentrations of 8.29 pg/kg and 27.6 pg/kg, respectively. Prado-Lu
(2015) took soil samples from 26 different farms and detected insecticide residues in 11 samples.
Chlorpyrifos, cypermethrin, malathion, profenophos and triazophos residues were detected on four farms.

Chlorantraniliprole, clofentezin, fenbutatin-oxide, flubendiamide, imidacloprid, pyridaben and
thiamethoxam insecticides were detected above LOQ levels in soil samples taken from wheat fields. In a
previous study, p,p'-DDE, diazinon, chlorfenapyr, difenoconazole pesticides were detected above LOQ in
soil samples taken from wheat fields (Salem et al., 2021).

Persistence of pesticides in soil is an important factor in such studies. The DTso of the studied
insecticides are provided in Table 3 (PPDB, 2022). DTso varied between 3 days (acetamiprid) and 204 days
(chlorantraniliprole). Chlorantraniliprole, imidacloprid and clothianidin are the insecticides with the longest
half-lives in soil and were detected in almost all fields (Figure 2). In addition to soil, imidacloprid has been
identified as one of the more persistent pesticides in water systems (Braschi et al., 2022). Pyridaben
(moderate half-life of 29 days) residues were also detected in almost all agricultural fields. These residues
may be resulted from insecticides applied in previous seasons.
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Figure 2. Relationship between number of detected samples and DTs.
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Table 3. Insecticide residues (ug/kg) in soils sampled from various cultivation areas

Type of agriculture products grown on agricultural lands

Insecticide - Mean
Tomato Corn Sunflower Wheat Pepper Rice Cabbage Beans conc.
8y (10) 9) ) () 4) 3) ®3)

Acetamiprid 2.3?1;&3; 2.69

Chomvanipae 527 S Lais amos wmg s SEin IS o

Clofentezine 25.1;:)1.?2- 5.432;8.;9‘i 1.0?;2.;91- 5.92(;5.52.4;11- 0.38

mwas emos awre = T

Cyhalothrin-lambda 19'92;411‘_‘4;22' 10'172;_2';51' 6.12

Cypermethrin 112:33?6- 23'1%3';21' 68.1

Deltamethrin 4'5166.13;;1‘; 4.56

Etoxazole 4?831 Bo-fi;;oi 2.56

Fenbutatin-oxide 9'6270;_(15';42' 1'071;2';91' 5.37

Fenpyroximate 1210391 0'97:191';71' 1.08

Flubendiamide 79?-,71757- 7.43];-32‘.24:53- 5.82&8.;41: 39:23,;»38i 330

Hexythiazox 0'9?&?1' 0.99

e s@im emer gl ngn amag =

e il emEl RO

Metaflumizone 77;631;2‘; 777

Vethoxyfenozide /#8104 11245 2208 %53 32

Novaluron 16.952.2?6: 16.90

Pymetrozine 18'3;9_16;12' 18.20

SyE ey emie e @son mue

Tebufenpyrad 2'69;2_23?1' 2.69

Teflubenzuron 3'253;2':11' 3.25

Thiamethoxam 0.981;8.;91- 2.382;.‘21.;31— 2.42;0%?2» 272.3;.62;71- 8.29

Triflumuron 2'773;)_21";11' 2.77

*Number of soil samples taken from tomato fields;
** Mean residue; min. residue-max. residue; number of soil samples with pesticide residue.

Conclusion

In this study, QUEChERS analytical method was verified for pesticide residue detection in soll
samples using an LC-MS/MS system. Present linearity, limit of quantification, accuracy, precision and
matrix effect parameters revealed that QUEChERS analytical method may offer an accurate and rapid tool
for pesticide residue detection in soils.

Neonicotinoids with negative impacts on non-target organisms and wildlife were also detected in
varying concentrations in the soil samples. Insecticides with the longest half-lives were detected in soil
samples taken from almost all fields. Based on these findings, it is concluded that the environmental risk
of pesticides with high persistence should be given greater consideration. The higher the DTso, the more
environmental risk occurs.
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Insecticide load of soil either comes from the application of the current year or from accumulation
from previous years. Therefore, farmers need to be more aware of the effects of pesticides on environment
and human health. They should also be encouraged to practice more judicious and conscious pesticide
application.
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Original article (Orijinal aragtirma)

Insecticide resistance status of Bemisia tabaci (Genn., 1889)
(Hemiptera: Aleyrodidae) populations to cyantraniliprole, pyriproxyfen
and spirotetramat in Antalya (Tirkiye)!

Antalya (Turkiye)'’dan Bemisia tabaci (Genn., 1889) (Hemiptera: Aleyrodidae)
populasyonlarinin cyantraniliprole, pyriproxyfen ve spirotetramata direng dtzeyleri

Utku YUKSELBABAZ? Isse Hassan ALI3
Abstract

In the study, the susceptibility of twelve Bemisia tabaci (Genn., 1889) (Hemiptera: Aleyrodidae) MEAM1 and MED
populations collected from tomato and pepper greenhouses in Antalya Province (Turkiye) in 2019 and 2020 to
spirotetramat, pyriproxyfen and cyantraniliprole were determined. To determine the lethal concentrations (LCso) for the
populations, spirotetramat and pyriproxyfen were applied using leaf dipping method to second instar and eggs,
respectively, while a systemic uptake method was used for testing the susceptibility of whitefly instars to cyantraniliprole.
The resistance ratios were calculated by dividing the LCso of the populations by the LCso of a susceptible population.
The LCso of the populations ranged from 0.28 to 1.70x10° mg a.i./l for pyriproxyfen, from 1.76 to 228 mg a.i./l for
spirotetramat, and from 0.103 to 0.382 mg a.i./l for cyantraniliprole. Resistance ratios for pyriproxyfen were particularly
high. For spirotetramat and cyantraniliprole resistance varied between 2.38 and 309, and 4.68 to 17.4 times, respectively.
All populations were susceptible to cyantraniliprole, but some populations highly resistance to pyriproxyfen and
spirotetramat. The results will be a valuable reference for future monitoring and management of insecticide resistance.

Keywords: Biotype, insecticide, resistance, susceptibility, whitefly
Oz

Calismada, Antalya ili (Tirkiye)'nden 2019 ve 2020 yillarinda toplanan Bemisia tabaci (Genn., 1889) (Hemiptera:
Aleyrodidae)’nin oniki farkli MEAM1 ve MED popllasyonlarinin spirotetramat, pyriproxyfen ve cyantraniliprole karsi
duyarlilhk diizeyleri belirlenmigtir. Populasyonlarin lethal konsantrasyon (LCso) dederleri spirotetramat ve pyriproxyfen
icin yaprak daldirma y6éntemi ile sirasiyla 2. larva ve yumurta dénemine uygulanarak ve cyantraniliprole icin sistemik
alim yontemi ile larva donemine uygulanarak belirlenmistir. Calismada populasyonlarin LCso degerlerinin duyarl
populasyonunun LCso deg@erine bdlinmesiyle popilasyonlarin direncg katlari belirlenmistir. Popllasyonlarin LCso
degerleri, pyriproxyfen igin 0.28 ila 1.70x10% mg a.i./l, spirotetramat igin 1.76 ila 228 mg a.i./l ve cyantraniliprole igin
0.103 ila 0.382 mg a.i./l araliklarinda belirlenmistir. Populasyonlarin pyriproxyfen icin direng katlar ¢ok yuksek seviyede
tespit edilmistir. Direng oranlarinin spirotetramat icin 2.38 ile 309 kat arasinda ve cyantraniliprole icin 4.68 ile 17.4 kat
arasinda degistigi tespit edilmistir. Sonuglara gore, tim populasyonlarin cyantraniliprole kargi duyarli oldugu tespit
edilirken, pyriproxyfen ve spiroteramata karsi bazi poptilasyonlarda yiksek diizeyde direng tespit edilmistir. Sonuclar,
insektisit direncinin gelecekte izlenmesi ve yonetimi icin referans verileri icermektedir.

Anahtar sozciikler: Biyotip, insektisit, direng, hassasiyet, beyazsinek
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Insecticide resistance status of Bemisia tabaci (Genn., 1889) (Hemiptera: Aleyrodidae) populations to cyantraniliprole, pyriproxyfen
and spirotetramat in Antalya, Turkiye

Introduction

The cotton whitefly, Bemisia tabaci (Genn., 1889) (Hemiptera: Aleyrodidae), is a polyphagous pest
that causes significant damage to many vegetables and ornamental plants in tropical and subtropical
regions (Frohlich et al., 1999; De Barro et al., 2000). Bemisia tabaci is a species complex that has been
reported in all regions of the world, except Antarctica, because of its ready adaptability to new hosts,
geographic regions and has been found in association with 600 plant species. (Martin et al., 2000). By
feeding on the plant, it can cause about 50% loss of yield and promote sooty mold by secreting honeydew
(Horowitz et al., 2003). It is also a vector of plant viruses such as tomato yellow leaf curl virus (TYLCV)
(Horowitz et al., 2003).

Several biotypes of B. tabaci have been identified in different parts of the world (Perring, 2001) and
this indicates that B. tabaci is a complex of species, genetic groups or biotypes. Differences in biological
properties of the biotypes cause differences in sensitivity to insecticides (Perring, 2001; Abdullahi et al.,
2003). Middle East-Asia Minorl (MEAM1) (formerly B biotype) and Mediterranean (MED) (formerly Q
biotype) are the two most widespread and devastating genetic groups in the Mediterranean Basin (Horowitz
et al., 2005). The MEAM1 and MED were reported from Turkiye (Erdodan et al., 2008; Yikselbaba et al.,
2012; Karut et al., 2017; Dagli et al., 2020a).

Chemicals are widely used to control this pest because they are easy to apply and have a quick
effect. Bemisia tabaci populations have acquired resistance to insecticides and insect growth regulators
such as organophosphates, pyrethroids, neonicotinoids, carbamates and juvenile hormone analogs as a
result of widespread chemical use (Denholm et al., 1996; Horowitz et al., 1998, 2005; Elbert & Nauen,
2000; Gravalos et al., 2015). Bemisia tabaci ranks fifth of the 12 insect species with the highest insecticide
resistance reported worldwide (APRD, 2018). Due to resistance problems, there is a need for a new
chemical compound that are especially effective against the target pest and have low toxic effects on the
environment. Spirotetramat is a novel insecticide belonging to the new chemical class of tetramic acid
derivatives (Bielza et al., 2019). Tetramic acid derivatives affect the second and third instars of whiteflies,
and its mode of action appears by inhibiting the lipid metabolism enzyme, acetyl-CoA-carboxylase, causing
a decrease in total lipids (Bretschneider et al., 2003; Nauen et al., 2005). Diamides are the most exciting
new class of insecticides developed recently. Diamide insecticides have a novel mode of action that acts
on the ryanodine receptor in insects, no other synthetic insecticide has ever been used at this site of the
insect, and have very low mammalian toxicity due to their specificity for insect ryanodine receptors
(Gravalos et al., 2015). Pyriproxyfen is a juvenile hormone analog that inhibits hatching of eggs and
suppresses adult emergence in whiteflies and other insects (Horowitz et al., 1999; Li et al., 2012).

Overall, resistance monitoring studies are important tools for early detection of a decrease in
susceptibility to insecticides in pests known to be prone to development of resistance. There were studies
conducted on determination of the resistance of B. tabaci to cyantraniliprole, spirotetramat and pyriproxyfen
in a number of countries. Hopkinson & Pumpa (2019) studied the toxicity of spirotetramat, cyantraniliprole and
dinotefuran to Australian B. tabaci MEAM1 populations. Gravalos et al. (2015) investigated the resistance
and cross-resistance of B. tabaci Mediterranean strains collected from Greece, Italy and Spain to
cyantraniliprole. Bielza et al., (2019) determined the resistance and cross-resistance status of Spanish B.
tabaci populations against spiromesifen and spirotetramat compounds. Resistance of B. tabaci populations
against pyriproxyfen have been documented from several countries including China, Egypt, Israel, Spain
and the USA (Horowitz et al., 1999, 2002, 2005; El Kady & Devine, 2003; Fernandez et al., 2009).

There are limited studies on the resistance of B. tabaci to these insecticides in Turkiye. Erdogan et al.
(2008) determined the resistance level of B. tabaci populations to organophosphates, synthetic pyrethroids,
and insect growth regulator in 2000 and 2001. Dagli et al. (2020b) determined the susceptibility of B. tabaci
Mediterranean and Aegean populations collected between 2005 and 2006 to endosulfan, lambda-cyhalothrin
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and imidacloprid. Bahsi et al. (2012) determined the resistance level of B. tabaci populations collected from
Antalya and its districts to the chlorpyrifos-ethyl, cypermethrin and acetamiprid in between 2007 and 2009.
Satar et al. (2018) studied the resistance of five B. tabaci populations collected from vegetable and cotton
fields in provinces of Mediterranean Region of Tiirkiye to neonicotinoids in 2009. Mohammed et al. (2020)
determined the resistance of B. tabaci populations collected from greenhouses in Mersin Province to the
acetamiprid, imidacloprid, thiamethoxam, spinetoram, spinosad and sulfoxaflor in 2018.

Studies on the susceptibility of B. tabaci populations have shown that the risk of the development of
resistance is high in regions where repeated insecticide applications are common during the growing
season to control the pest (Wang et al., 2020). In these cases, the necessity of appropriate and regular
resistance screening studies becomes clear. To the best of our knowledge, is that no research has been
conducted in Turkiye on the susceptibility of B. tabaci populations to spirotetramat, and cyantraniliprole.
This study is aimed to determine the susceptibility and current resistance of whitefly populations to
spirotetramat, pyriproxyfen, and cyantraniliprole in the Western Mediterranean Region of Tirkiye to design
strategies for the control of B. tabaci and discuss the sustainability of these strategies. Based on the data
obtained as a result of the research, the study is aimed to contribute to the design of resistance
management methods to delay and prevent the development of resistance. The data obtained in this study
will be informative in terms of comparison of the resistance level to the specified active substances.
Additionally, it can be a valuable resource for researchers on this subject and will provide data containing
important information from Turkiye

Materials and Methods
Insecticides

For all insecticide bioassays, commercial formulations of the diamide group- cyantraniliprole
(Circaden 200SC 200 g/l, USA), tetramic acid spirotetramat (Movento SC100 100 g/l, Germany) and insect
growth regulator pyriproxyfen (Admiral 10 EC 100 g/l, France) were used in the study.

Insects

Bemisia tabaci populations were collected from tomato and pepper greenhouses in Alanya, Demre,
Gazipasa, Gaziler, Kumluca, and Serik districts in Antalya Province, with at least 200 whiteflies in 2019 and
2020 (Table 1). Antalya Province is located in the Western Mediterranean Region of Turkiye. Antalya is
greenhouse vegetable cultivation center of Tirkiye with has 37% of the country’s total greenhouse area
with 27.8 kha of greenhouse cultivation and 48% of the greenhouse vegetable production (TUIK, 2019). In
Turkiye, the amount of pesticide uses in 2018 was 60 kt and regionally, pesticides were mostly used in the
Mediterranean Region with 29%. Antalya Province ranked first place with 8.6% of total pesticide use in
Tiarkiye (Anonymous, 2021). The collected B. tabaci populations were maintained on cotton plants in
climate chambers with 26 + 1°C temperature, 60 + 10% relative humidity (RH) and 16:8 h L:D photoperiod
without any insecticide application. An insecticide susceptible reference population (SUD-S) was also used
in the study. SUD-S, initially collected on cotton in Sudan in 1978, was obtained from Raulf Nauen (Crop
Science Division R&D Bayer AG, Germany) where it has been maintained in the absence of insecticides
for the past 40 years. SUD-S was maintained on cotton as above conditions.

Determination of the genetic groups of Bemisia tabaci populations

Genetic groups of B. tabaci populations used in the study were identified using sequence information
of the mitochondrial cytochrome oxidase | (mtCOI) region. The mtCOI were amplified with specific primers
“C1-J-2195 5-TTGATTTTTTGGTCATCCAGAAGT-3, “TL2-N-3014 5-TCCAATGCACTAATCTGCCATATTA-3’
(Frohlich et al., 1999), as stated by Yukselbaba & Gé¢men (2016). According to the protocol specified in
Omega EZNA SQ Tissue DNA isolation kit, DNA isolation was made from 10 individual female B. tabaci
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adults subjected from each population. Following DNA isolation, amplification of the mtCOI region was
determined according to Yiukselbaba & Gé¢men (2016). The PCR products obtained were sequenced in
both directions by BM Labosis (Ankara, Tirkiye). Using the BLAST tool, the nucleotide sequences were
compared to those in the GenBank database (www.ncbi.nlm.nih.gov). Sequences were added to the
GenBank database under accession numbers ON738324- ON738335 (Table 1).

Insecticide bioassay

The LCso and LCqo of the populations were determined separately for each active substance. Lethal
concentrations were determined by using at 5 or more concentrations of each insecticide, giving mortality
between 10 and 90%. For populations collected in 2019 and 2020 each dose was applied to 5 or more replicates.

Determination of susceptibility of Bemisia tabaci populations to pyriproxyfen

The baseline susceptibility of B. tabaci populations to pyriproxyfen were determined by applying leaf
dipping method to B. tabaci eggs as described by Horowitz et al. (1999), Ma et al. (2010) and IRAC (2019)
method 16. At least twenty whitefly adults from the population were aspirated with a mouth aspirator and
placed in small cages. The cages were attached to a young cotton plant leaves with a clip and kept in
climate chambers at 26 £ 1°C, 60 + 10% RH and 16:8 h L:D photoperiod for 24 h to allow whiteflies to deposit
eggs on the cotton leaves. Then the adults were removed and the total number of eggs on the leaves were
determined and noted. There were at least 30 eggs per leaf. The leaves with whitefly eggs were dipped for
10 s in insecticide solutions containing Triton-X in a volume of 100 ml and dipped a pure Triton-X solution
as a negative control. The treated leaves were checked about 8 days after the insecticide application.
Mortality of the eggs was calculated by subtracting the live instars from the total number of eggs.

Determination of the susceptibility of Bemisia tabaci populations to spirotetramat

For spirotetramat, the leaf dipping method described by Bielza et al. (2019) was used with slight
modification. At least 20 whitefly adults taken from the populations were placed in cages and young cotton
plant leaves were attached to the cages to allow whiteflies to deposit eggs on the cotton leaves for 24 h. After
24 h the whiteflies were removed, and the young cotton plants were kept at 26°C, 60% RH and a16:8 h L:D
photoperiod for 10 days to allow second instars to develop. Then, using a microscope, different stages of the
whitefly on the leaves were removed and the second instar numbers were noted. There were at least 25 second
instars per leaf. Then the leaves with second instars were dipped in 100 ml serial dilutions of insecticide
solutions containing Triton-X and a negative control for 10 s. The treated leaves were checked 6 days after
the application. Instars that developed to pupal stage were considered to be living, dried nymphs as well
as those that did not develop and remained as 2nd instars were considered as affected and dead ones.

Determination of the susceptibility of Bemisia tabaci populations to cyantraniliprole

The lethal concentrations of B. tabaci populations against cyantraniliprole were determined by using
the systemic uptake method described by Li et al. (2012) with some modifications. At least twenty adult
whiteflies were taken from the populations and placed in cages. Young cotton plant leaves were attached
to the cages to allow them to deposit eggs on the leaves for 24 h. After that whiteflies were removed and
the number of eggs on the leaves were counted. There were at least 30 eggs per leaf. The shoots of the
cotton plants were cut into ~13 cm lengths with the help of clean scissors and placed in tubes containing
20 ml of serial doses of cyantraniliprole containing Triton-X and a negative control. These tubes with cotton
plant shoots were kept in a climate chamber with 26°C, 60% RH and al16:8 L:D photoperiod for 12 days
after the application. The nymphs that developed to second instars were considered as alive. Mortality was
determined by subtracting the number of living second instars from the total number of eggs (Li et al., 2012).
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Data analysis

Lethal concentrations, 95% confidence interval and related parameters of the populations were
determined by probit analysis POLO-PC (Leora Software 2008, Petulama, CA, USA). The resistance ratio
(RRsp) of the populations was calculated by dividing their LCso by the LCso of SUD-S. Bemisia tabaci
populations were considered significantly different when the 95% confidence interval of the LCso of the B.
tabaci populations did not overlap (Nauen et al., 2005; Gravalos et al., 2015). The insecticide resistance
level was classified according to the criteria: low resistance (RRso = 2-10); moderate resistance (RRso = 11-30);
high resistance (RRso = 31-100); very high resistance (RRso > 100) (Torres-Vila et al., 2002; Peng et al., 2017).

Results

In the study, the genetic groups of B. tabaci populations used in insecticide bioassays were
determined as MED and MEAML1 groups (Table 1).

Table 1. Details of Bemisia tabaci populations used in the study

Population code Location Sampling date Coordinates Host Group Accession
ALN19 Alanya 27.06.2019 36°35'37" N, 31°51'33" E  Solanum lycopersicum MEAM1  ON738334
ALN20 Alanya 20.06.2020 36°35'38” N, 31°51'45” E  S. lycopersicum MEAM1  ON738335
DMR19 Demre 28.06.2019 36°24'24” N, 30°00'20" E  S. lycopersicum MED ON738326
DMR20 Demre 21.06.2020 36°25'51” N, 30°02’15”" E  Capsicum annuum MED ON738327
GZP19 Gazipasa 27.06.2019 36°16'46” N, 32°20'28" E  S. lycopersicum MEAM1  ON738332
GZP20 Gazipasa 20.06.2020 36°15'46” N, 32°19'28" E  S. lycopersicum MEAM1  ON738333
GLR19 Gaziler 24.06.2019 36°99'58" N, 30°77'80" E  S. lycopersicum MEAM1  ON738330
GLR20 Gaziler 19.06.2020 36°98'32" N, 30°76’'05" E  S. lycopersicum MEAM1  ON738331
KML19 Kumluca 28.06.2019 36°22'23” N, 30°17'50”" E  S. lycopersicum MED ON738324
KML20 Kumluca 21.06.2020 36°30°23” N, 30°35'50” E  C. annuum MED ON738325
SRK19 Serik 27.06.2019 36°56'36” N, 31°2'28”" E S. lycopersicum MED ON738328
SRK20 Serik 19.06.2020 37°00'44” N, 31°03'53" E  S. lycopersicum MED ON738329
SUD-S Sudan 1978 - Gossypium hirsutum

In the study, pyriproxyfen was applied to B. tabaci eggs. The LCso of B. tabaci populations ranged
between 0.28 and 1.70x10° mg a.i./l (Table 2). The highest LCso was found in GLR19 population, while
GZP20 population had the lowest LCso. Table 2 shows that the resistance ratios of the populations ranged
from 350 to 2.12x10°. There were four orders of magnitude differences between the populations. The
confidence interval of all populations did not overlap with the confidence interval for SUD-S.

The LCso of the populations to spirotetramat were between 1.76 and 228 mg a.i./l (Table 3). The
highest LCsowas determined in the GZP19 population, while the lowest LCso was determined in the KML19
population. The resistance ratios of the populations ranged from 2.38 to 309. The confidence interval of
SRK20 overlapped with the confidence interval of SUD-S. All other populations were significantly different
from SUD-S.
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Table 2. Susceptibility status of Bemisia tabaci populations to pyriproxyfen

Population n Slope = SE LCso (mg a.i./l) (95% CL) LCgy (mg a.i./l) (95% CL) H X2 df RRso

ALN19 1856  1.03 £0.08 0.33 (0.18-0.51) 5.85 (3.86-10.4) 229 688 30 412
ALN20 1497 1.05 +£0.05 0.34 (0.19-0.55) 5.70 (3.31-11.7) 389 970 25 425
DMR19 2182 1.34 £0.07 0.71 (0.34-1.15) 6.36 (3.75-5.23) 9.42 273 29 887
DMR20 1347 0.63+£0.04 3.65 (1.96-6.86) 967 (362-3.48x10°) 214 449 21 4.56x10°
GZP19 3080 0.90 £0.05 0.85 (0.16-2.24) 22.6 (8.73-117) 15.0 511 34 1.06x10°
GZP20 1710 1.03+0.05 0.28 (0.15-0.45) 4.96 (2.98-9.38) 3.97 103 26 350
GLR19 3805 0.38 £0.03 1.70x10° (711-5.06x10%) 3.94x106 (499x103-12.2x10°) 3.61 148 41 2.12x10°
GLR20 1160 0.46 £0.04 291 (94.1-984) 186x10° (24.6x103-10.3x10°) 3.20 705 22 363x10°
KML19 3766 0.42 £0.03 243 (105-528) 121x10° (34.5x103-773x10%) 5.73 223 39 304x10°
KML20 2518 2.81 £0.32 564 (467-674) 1.61x10% (1.20x10%-2.81x10°) 199 378 19 705x10°
SRK19 3415 0.48 £0.03 1.01x10° (308-4.19x10%) 1.19x10° (104x103-300x10°) 7.09 269 38 1.26x10°
SRK20 2451 0.49+0.03 134 (62.5-261) 57.9x10° (19.2x103-291x103) 343 857 25 167x10°
SUD-S 2400 1.92+0.18 0.0008 (0.0001-0.011) 0.0036 (0.0021-0.37) 11.7 351 30 1.00

n, number of individuals used in bioassay; RRso, ratio of LCs, of the test population and the susceptible population; H, heterogenity;
X2, Chi-square; and df: degrees of freedom

Table 3. Susceptibility status of Bemisia tabaci populations to spirotetramat

Population n Slope + SE LCso (Mg a.i./l) (95%CL) LCg (mg e.m./l) (95% CL) H X2 df  RRs
ALN19 1479  0.45%0.03 10.8 (4.34-22.9) 7.56x10° (2.56x103-35.5x10°%) 204 694 34 146
ALN20 1357 0.59+0.04 2.83(1.12-5.84) 413 (201-1.03x10%) 196 587 30 3.82
DMR19 2079  1.05+0.09 156 (63.3-260) 2.59x10° (1.53x10%-6.73x10%) 336 141 42 211
DMR20 1107 0.52+0.04 43.9 (24.2-79.8) 12.9x10° (4.65x108.-52.2x10%) 1.68 404 24 593
GZP19 2108 1.21+0.12 228 (124-346) 2.61x10° (1.36x103-10.3x10%) 3.99 172 43 309
GZP20 1165 0.81+0.11 18.2 (2.16-53.1) 699 (295-2.50x10°%) 223 626 28 246
GLR19 1782  0.99 £0.05 4.15 (2.51-6.27) 81.1 (52.4-138) 264 898 34 560
GLR20 986 0.51+0.05 6.24 (1.04- 22.4) 2.05x10%(517-16.7x103) 295 79.7 27 843
KML19 3102 1.18 +0.05 1.76 (1.25-2.38) 21.7 (15.5-32.7) 296 145 49 238
KML20 836 0.46+0.06 92.7 (41.7-184) 57.7x10° (17.1x103-372 x10°) 089 178 20 125
SRK19 2197 0.68+0.03 2.32 (1.06-4.50) 182 (83.9-505) 580 203 35 3.14
SRK20 1462 0.59+0.04 2.01 (0.93-3.89) 308 (132-970) 263 788 30 272
SUD-S 1792 1.29 +0.09 0.74 (0.46-1.02) 7.26 (4.93-13.2) 3.04 941 31 1.0

n, number of individuals used in bioassay; RRso, ratio of LCs of the test population and the susceptible population; H, heterogenity;
X2, Chi-square; and df: degrees of freedom.
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The LCso of cyantraniliprole for the populations ranged from 0.103 to 0.382 mg a.i./l, and the LCsp of
SUD-S was determined as 0.022 mg a.i./l (Table 4). KML20 population had the highest LCso, while ALN19
population had the lowest LCso. Based on the LCso of the SUD-S population Table 4 shows that the
resistance ratios of the populations ranged from 4.68-17.4 times. The confidence interval of the populations
did not overlap with the confidence interval of SUD-S.

Table 4. Susceptibility status of Bemisia tabaci populations to cyantraniliprole

Population n Slope + SE LCso (mg a.i./l) (95%CL) LCgo (mg e.m./l) (95%CL) H X2 df  RRso
ALN19 1845 2.04+0.19 0.103 (0.08-0.127) 0.44 (0.37-0.57) 144 36.1 25 4.68
ALN20 582 2.34+0.31 0.155 (0.109-0.202) 0.55 (0.37-1.46) 281 646 23 7.04
DMR19 1288 2.12+0.16 0.289 (0.241-0.343) 1.16 (0.89-1.70) 1.94 68 35 131
DMR20 929 1.64+0.14 0.304 (0.257-0.360) 1.83 (1.35-2.76) 0.71 142 20 138
GZP19 2130 2.70 £0.17 0.262 (0.167-0.364) 0.78 (0.54-1.47) 9.73 350 36 119
GZP20 1218 2.26 £0.15 0.301 (0.227-0.410) 1.11 (0.73-2.32) 5.26 121 23 137
GLR19 2364 2.65+0.12 0.298 (0.264-0.333) 0.91 (0.78-1.10) 206 783 38 135
GLR20 1015 2.55+%0.19 0.272 (0.241-0.309) 0.87 (0.71-1.12 055 11.0 20 124
KML19 3300 2.84+0.13 0.283 (0.193-0.423) 0.80 (0.52-1.76) 1539 570 37 129
KML20 801 1.54+0.13 0.382 (0.218-0.651) 2.59 (1.28-12.67) 6.34 146 23 174
SRK19 2749  2.04 +£0.09 0.353 (0.313-0.398) 1.50 (1.21-2.00) 2.09 73 35 16.0
SRK20 1637 2.14+0.13 0.346 (0.285-0.429) 1.37 (1.00-2.16) 241 579 24 158
SUD-S 1888 2.21+0.11 0.022 (0.013-0.041) 0.083 (0.043-0.505) 26.97 566 21 1.0

n, number of individuals used in bioassay; RRso, ratio of LCs, of the test population and the susceptible population; H, heterogenity;
X2, Chi-square; and df: degrees of freedom.

Discussion

The idea of biotypes in B. tabaci was introduced in 1950s after B. tabaci populations could not be
separated morphologically due to different biological characteristics (Perring, 2001). It has been suggested
that host associations, virus-carrying capacity, as well as different susceptibility and resistance to
insecticides, resulted in biological differences between biotypes (Horowitz et al., 2005; De la Rua et al.,
2006). Khasdan et al. (2005) suggested that different resistance to insecticides in B. tabaci B and Q
biotypes have an impact the spread and dynamics of the biotypes. Kontsedalov et al. (2012) associated
the biotype changes with different susceptibility of biotypes to insecticides. In this study the populations
were determined as MED and MEAML1 genetic groups. Confidence interval of MEAM1 and MED
populations with the highest LCso for pyriproxyfen were overlapped, similarly, no difference was observed
in the confidence intervals of MEAM and MED populations with the lowest LCso for pyriproxyfen. There was
no difference in the confidence interval of MEAM and MED populations with highest LCso and the lowest
LCso for spirotetramat and cyantraniliprole. No differences were observed in the susceptibility to these
insecticides in the MEAM1 and MED populations.

Pyriproxyfen resistance was observed in this study for the first time in Turkiye, with a very high level
of resistance in all populations compared to the LCso of the SUD-S population. Despite the high resistance
ratios, the LCqo oOf the populations collected from Alanya, Demre and Gazipaga remained below the
recommended dose. Thus, pyriproxyfen has a high chance of controlling these populations. Additionally,
the LCgo of Gaziler, Kumluca and Serik populations were above the recommended dose. Therefore, it has
been conducted that pyriproxyfen might not be effective for controlling B. tabaci in these three regions.
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Similarly, Horowitz et al. (2002) observed high resistance (>500 times) to pyriproxyfen after three
consecutive applications in rose greenhouses one year after pyriproxyfen was introduced in lIsrael.
Fernandez et al. (2009) determined the susceptibility of six B. tabaci populations to pyriproxyfen in Spain
in 2006. it was determined that the LCso of the populations ranged from 15.4 to 402 mg a.i./l with resistance
ratios between 0.7 and 19.3 times. Despite high LCso, low resistance ratios were reported due to the
reference population used in their studies. Hopkinson et al. (2020) determined the pyriproxyfen
susceptibility of B. tabaci populations from cotton fields in Australia in 2017 with LCso between 0.001 and
2.1 mg a.i./l and resistance ratios ranging from 0.10 to 96.9 times compared to the susceptible population.
Wang et al. (2020) reported the LCso of six B. tabaci populations collected from Shangdong Province, China
for pyriproxyfen ranged from 15.3 to 59.0 mg a.i./l with resistance ratios between 1.44 and 5.55 times. In
comparison to other studies, the LCso they determined were higher, although they described the resistance
of populations as low. Ma et al. (2007) determined the resistance level of six B. tabaci populations collected
from the Xinjiang Province, China in 2004 and 2005 for pyriproxyfen. They found, the LCso of the
populations ranged from 0.021-0.037 a.i./l with resistance ratios between 22 and 37. Toscano et al. (2001)
determined the LCso of B. tabaci populations collected in Arizona and California, USA between 1997 and
1999 were in between 0.003 and 9.7 mg a.i./ml for pyriproxyfen. In their study, they found over three orders
of magnitude variant in susceptibility to pyriproxyfen. Although LCso and resistance ratios reported in some
of these studies partially overlap to the LCso of some populations in our study, our study differed in that it
includes populations with higher LCso and resistance ratios. In our study, we obtained high LCso such as
1.70x10° and 1.01x10° mg a.i./l to pyriproxyfen. The primary reason for this high value is the licensed and
extensive use of pyriproxyfen in the management of B. tabaci since 1995 in Tirkiye. Very high resistance
ratios were observed in our study. SUD-S is highly susceptible because it has been maintained for many
years without being exposed to insecticide under laboratory conditions which resulted in high resistance
ratios we recorded. Similarly, Bielza et al. (2007) reported about 3x108 times resistance to spinosad in F.
occidentalis populations. They noted that the highly sensitive laboratory strain results in very high rates of
resistance in field populations.

Tetronic and tetramic acid derivatives, often known as ketoenols, have been approved for use against
B. tabaci in Turkiye since 2009. In Turkiye, no research on the susceptibility of B. tabaci to spirotetramat
has been conducted. We conduct the first study on spirotetramat susceptibility in B. tabaci populations in
Tarkiye. In the study, low to very high resistance in B. tabaci to spirotetramat were observed. Based on the
LCoo of the populations, it was found that all populations except KML19 had LCgo above the recommended
dose. Based on our findings, it was determined that spirotetramat could have a low success rate in
controlling B. tabaci in the sampling regions. In parallel with our study, high resistance was reported in
China and Spain. Peng et al. (2017) studied the resistance changes in B. tabaci Q biotype to spirotetramat
from 2012 to 2016 in China. They determined that all populations showed an increase in resistance from a
low level in 2012 to a moderate or high level in 2016. They found that the resistance of two populations had
increased to 184 (1.40 mg a.i./l) and 544 (4.13 mg a.i./l) times in 2016. Bielza et al. (2019) determined the
susceptibility of 19 B. tabaci field populations for spirotetramat in Spain. They reported that the LCso of the
most susceptible and resistant field populations were 14.2 and 306 mg a.i./l with resistance ratio of 6-130,
respectively. Other research (mentioned below) partially overlap with our study's low LCso and resistance
ratios. Hopkinson & Pumpa (2019) reported the susceptibility status of B. tabaci populations to spirotetramat
ranged from 2.80 to 5.98 mg a.i./l with a 2.1 times difference. Prabhaker et al. (2014) determined the
susceptibility status of B. tabaci in Arizona and California to spirotetramat. They reported that Arizona and
California B. tabaci populations had LCso ranged from 1.02 to 7.02 pg a.i/ml, and from 0.91 to 13.5 pg a.i./ml,
with a 7-14 times difference in resistance between populations, respectively.
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Based on the LCsp of the susceptible population used in this study, all B. tabaci populations showed low
to moderate resistance to cyantraniliprole. The LCqo of the populations were much lower than the 100 mg/!
of cyantraniliprole recommended dose (Table 4). The lethal concentrations obtained indicate that there is
still a high susceptibility in the populations to cyantraniliprole. One possible reason for the moderate
resistance could be that populations were exposed to insecticides from different groups during the growing
season and the high resistance found in the other insecticides used in the study support this theory.
Cyantraniliprole has been approved in Tirkiye since 2015 and it is still too early to observe any resistance
to this insecticide in B. tabaci. When the reasons described above are considered, the resistance ratios
found in the study against cyantraniliprole can be explained as natural variation. Similar to our study,
Gravalos et al. (2015) reported that the LCso of cyantraniliprole in 14 B. tabaci populations collected from
resistance-prone regions of Greece, Italy, and Spain ranged from 0.011 to 0.116 mg a.i./l, with a difference
of 10.5 times between the most and least susceptible populations. They determined that the 10.5 times
difference was a natural variation and this could be related to the previous use of chlorantraniliprole and
flubendiamide in these regions. Li et al. (2012) found the LCso of B. tabaci populations collected from
Arizona in 2008 and 2009 for cyantraniliprole were in between 0.015 and 0.191 g a.i./ml, with resistance
ratios ranging from 0.94 to 2.63 times. They reported that the difference in susceptibility against
cyantraniliprole between populations was low, and this was due to natural variation. Susceptibility in B.
tabaci to cyantraniliprole has also been reported in studies from Australia, China and the USA (Caballero
et al., 2013; Xie et al., 2014; Hopkinson & Pumpa, 2019). According to the studies afore mentioned above,
B. tabaci populations were found to be susceptible to cyantraniliprole, however, cyantraniliprole resistance
was reported in B. tabaci populations in China. Wang et al. (2018) determined the resistance of adult B.
tabaci populations to cyantraniliprole by leaf dipping method between 2015 and 2016 in China. They found
the LCso of the populations were between 5.53 and 27.4 mg a.i./l and between 14.1 and 40.4 mg a.i./l in
2015 and 2016, respectively. They determined that the resistance ratios were between 7.01 and 25.8 in
the 2016 populations. They noted a significant increase in resistance in B. tabaci against cyantraniliprole
within 2 years. In their study, cyantraniliprole was applied to B. tabaci adults by a different method than
ours. Cyantraniliprole is more toxic to B. tabaci nymphal stage than to the adult stage (Caballero et al.,
2013; Gravalos et al., 2015). The difference between the findings could be due to these factors.

In the present study, all populations were found to be highly resistant to pyriproxyfen, but susceptible
to cyantraniliprole. Low, moderate and high resistance were observed in B. tabaci populations to
spirotetramat. Based on these findings, it is strongly recommended to be careful when using formulations
containing spirotetramat and pyriproxyfen. Also, rotation of insecticides from different classes should be
considered when it comes to managing B. tabaci resistance. Cyantraniliprole can be used in rotation with
pyriproxyfen and spirotetramat in B. tabaci management. To avoid the development of cyantraniliprole
resistance, it is also recommended to avoid repeated use of insecticides containing cyantraniliprole in the
control of B. tabaci. Insecticide usage is the primary strategy in the control of B. tabaci, which has resulted
in development of resistance to many classes of insecticides. Insecticide resistance evaluation should be
conducted regularly in intensive insecticide-using areas to detect early signs of the development of
resistance. Considering the findings of the study, it is recommended to give priority to biological control and
biotechnical control methods in effective control of B. tabaci.
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Original article (Orijinal aragtirma)

Screening of the nematicidal potential of some spice extracts against
root-knot nematode, Meloidogyne arenaria (Neal, 1889) Chitwood, 1949

(Tylenchida: Meloidogynidae)!
Bazi baharat ekstraktlarinin Meloidogyne arenaria (Neal, 1889) Chitwood, 1949
(Tylenchida: Meloidogynidae)’ya karsi nematisidal potansiyellerinin aragtiriimasi

Hissein Mahamad HAROUN? Gokhan AYDINLI3 Sevilhan MENNANZ?"
Abstract

Experiments were conducted in the laboratories and greenhouses of Plant Protection Department, Agricultural
Faculty, Ondokuz Mayis University in 2018 and 2019 to investigate the nematicidal effects of aqueous extracts of 13
spices on Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 (Tylenchida: Meloidogynidae). Spice extract
concentrations of 0.5, 1 and 2% were tested in laboratory experiments for inhibition of egg hatching, mortality and
immobility of second-stage juveniles (J2s). When used at a concentration of 2%, clove, Syzygium aromaticum L.
(Myrtales: Myrtaceae) caused the greatest immobility and mortality of J2s. The extracts had a lesser effect on J2s than
the egg hatching. For the pot experiment, five effective spices extracts were selected based on the laboratory
experiments. These extracts were applied at 2% to 200 g of soil inoculated with 3,000 nematode eggs then susceptible
tomato seedlings were transplanted into the soil. Forty-five days after inoculation, the gall index and the quantity of
nematode eggs on roots were determined and reproduction factor of nematode calculated. All extracts, except cumin,
Cuminum cyminum L. (Apiales: Apiaceae), reduced root gall index and the reproduction factor when compared to
control. Basil, Ocimum basilicum L. (Lamiales: Lamiaceae) extract reduced nematode reproduction the greatest
degree, followed by turmeric, Curcuma longa L. (Zingiberales: Zingiberaceae) and clove extracts.

Keywords: Egg hatching inhibition, J2 mobility, J2 mortality, nematicidal effect, spice extract
Oz

On ¢ baharattan elde edilen sulu ekstraktlarin Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 (Tylenchida:
Meloidogynidae) tizerine nematicidal etkilerini belirlemek amaciyla Ondokuz Mayis Universitesi, Ziraat Fakultesi, Bitki
Koruma Bo&liumiu Nematoloji Laboratuvari ve seralarinda, 2018 ve 2019 yillarinda denemeler yuratdlmustur.
Laboratuvar galigmalarinda ekstraktlarin 3 farkli konsantrasyonunun (%0.5, 1, 2) yumurta agilimi, ikinci dénem
larvalarin (J2) hareketi ve canliigina etkileri arastinlmistir. J2’lerin hareketi ve canhligina en fazla etkiyi %2’lik
konsantrasyonda karanfil, Syzygium aromaticum L. (Myrtales: Myrtaceae) saglamistir. Genel olarak ekstraktlarin
yumurta agilima etkisi, larvalara olandan fazladir. Laboratuvar denemeleri sonucunda etkili bulunan 5 baharat ekstrakti
saks! denemeleri icin secilmistir. Ekstraktlarin %2 konsantrasyonlari 3000 nematod yumurtasi bulastiriimis 200 g
topraga uygulanmis, sonrasinda hassas domates fideleri sasirtiimistir. Nematod bulastiriimasindan 45 giin sonra, kok
basina yumurta sayisi ve ur skalasi bulunmus, Gireme faktorti hesaplanmistir. Kimyon, Cuminum cyminum L. (Apiales:
Apiaceae) hari¢ ekstraktlarin tamami, ur skalasi ve Ureme faktérinde kontrole kiyasla azalmaya neden olmustur.
Nematodun lremesini en fazla azaltan baharat feslegen, Ocimium basilium L. (Lamiales: Lamiaceae) olmus onu
zerdecal, Curcuma longa L. (Zingiberales: Zingiberaceae) ve karanfil izlemigtir.

Anahtar sézcikler: Yumurta agilimi engelleme, J2 hareket, J2 6lim, nematisidal etki, baharat ekstrakti

! This study was the summary of master thesis of first author and presented as an oral in The Seventh International Congress of
Nematology (1-6 May 2022, Antibes Juan-Les-Pins, France).
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Screening of the nematicidal potential of some spice extracts against root-knot nematode, Meloidogyne arenaria (Neal, 1889) Chitwood,
1949 (Tylenchida: Meloidogynidae)

Introduction

Root-knot nematodes (Meloidogyne spp.) (RKNs) are sedentary endoparasites of over 3,000 plant
species, cause significant economic losses and can be found in almost all agricultural soils and climates.
RKNs are one of the most important nematode taxa that reduce the yield and quality of agricultural products
in tropical and subtropical regions (Trudgill & Blok, 2001; Abad et al., 2003; Kiewnick & Sikora, 2006). The
unusual root gall formation that alters water and nutrient uptake is the most obvious morphological response
of susceptible plants to infection with RKNs and the name of the genus comes from this symptom (Jones
et al.,, 2013). Like other plant-parasitic nematodes, RKNs reduce plant productivity while predisposing
plants to fungal and bacterial infections (Zhou et al., 2016). RKNs infect a wide range of horticultural and
field crops, especially vegetables, causing an estimated 157x10° USD in annual damage worldwide (Abad
et al., 2008). RKNs cause a 10% decline in annual vegetable yields (Koenning et al., 1999). However, yield
loss in susceptible plants to this pest, such as tomatoes can reach 68% (Padilla-Hurtado et al., 2022).

Given their economic importance, there is a growing need for long-term management strategies to
control RKNs. Cultural methods are widely used but have major limitations due to their broad host range
and the presence of mixed populations of different RKN species in the field (Trudgill & Blok, 2001; Xiang et
al., 2018). RKN-resistant cultivars have proven to be a useful management tool, but there are few
commercially available resistant cultivars and the existence of resistance-breaking virulent populations has
also been documented in many countries (Roberts, 1995; Devran & So6gut, 2010; Xiang et al., 2018;
Hajihassani et al., 2020). Given there are few effective chemicals that can be used on a large scale against
plant-parasitic nematodes, and because resistant plant cultivars are not available for many species, they
are among the most difficult pests to control (Jones et al., 2013). High molecular weight soil fumigants,
carbamates and organic phosphorus compounds are commonly used for control, but several of these
chemicals have been banned or restricted because of their broad spectrum of activity. Most of the
nematicides are highly toxic, carcinogenic and leave residues in harvested products. They also have
significant adverse effects on the environment, natural life, humans and animals (Dutta et al., 2019; Ebone
et al., 2019). Given the negative effects of nematicides and the lack of supply of resistant plant cultivars,
studies on alternative management methods have attracted considerable attention in recent years. The use
of plant extracts as an alternative to synthetic pesticides for the management of RKNs has gained
importance. Numerous plant species from 57 families, including Asteraceae, Lamiaceae, Lauraceae,
Myrtaceae and Rutaceae, may contain nematicidal compounds (Andrés et al., 2012). The use of plant
extracts against RKN has shown their efficacy in previous studies (Javed et al., 2007; Hassan et al., 2013;
Curto et al., 2015; Xia et al., 2019). Some of the plant extracts are already used commercially for RKN
management, especially in organic farming (Zaidat et al., 2020). Spice plants are also known to contain
components that have a negative impact on nematodes (Oka, 2001; Abbas et al., 2009; Ntalli & Caboni,
2012; Nile et al., 2017; Zaidat et al., 2020).

Spices have been used for many years as medicinal materials, in religious rituals, in cosmetics and
perfumery, or as food. They have also been tested for their potential use as pesticides. Spices obtained by
drying various plant parts such as roots, leaves and seeds, may be toxic to nematodes. Many studies show
that extracts and oils derived from spice plants have negative effects on nematodes by inhibiting egg
hatching, causing second-stage juvenile (J2) immobility, or being lethal (Oka et al., 2000; Ibrahim et al.,
2006; Abbas et al., 2009; Aydinli & Mennan, 2014; Youssef et al., 2015; EI-Nagdi Wafaa et al., 2017).
Therefore, in this study, the nematicidal potential of agueous extracts from 13 spices plants for management
of the root-knot nematode Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 (Tylenchida: Meloidogynidae)
was investigated in the laboratory and in pot experiments. The effects of spice extracts on egg hatching,
J2 mobility and mortality of M. arenaria were studied in the laboratory. Then, five most effective extracts
were selected and used to study the effects of M. arenaria damage on tomato plants in pot experiments in
a greenhouse.
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Materials and Methods
Nematode inoculum

Meloidogyne arenaria was used in the study because it is the most abundant nematode species in
greenhouses in the Black Sea Region of Tirkiye (Aydinli & Mennan, 2016). The population of the nematode
species required for the study was obtained from nematode-susceptible tomato cultivars of Rio Grande (May
Seed Company, Bursa, Turkiye) grown continuously as a mass culture in the greenhouses of the Nematology
Laboratory of the Department of Plant Protection of Ondokuz Mayis University (Aydinli & Mennan, 2016).

The species of the root-knot nematode population was confirmed using morphological and biochemical
methods. Female perineal patterns were used for morphological diagnosis (Taylor & Netscher, 1974), and
the esterase enzyme phenotype was used for biochemical diagnosis (Esbenshade & Triantaphyllou, 1985).
Females for both methods were collected from infested tomato plant roots using a stereomicroscope (Nikon
SMZ1500). After evaluation of the perineal patterns of the females and the esterase enzyme phenotypes,
it was confirmed that the root-knot nematode population used in the study was M. arenaria. The eggs and
J2s of M. arenaria were obtained from this mass culture. For this purpose, tomato plants in mass culture
pots were removed; the roots were washed with water, cut into 1-2 cm long pieces, and shaken for 3-5 min
in a glass flask containing 0.5% NaOCI. This solution with the roots was sieved through a 200 mesh (75
pm) and 500 mesh (25 pm) sieve and the eggs in the lower sieve (500 mesh) were collected in a glass
beaker (Hussey & Barker, 1973) and then counted under the stereo microscope. The J2s were collected
daily from the eggs and stored at 15°C. The juveniles used for the experiments were less than 5 days old.

Preparation of the aqueous spice extract

For the laboratory experiments, 13 spice species were used (Table 1). The spices were purchased
(Kaan Baharat A.S., Rize, Turkiye) and a 10% (w/v) stock solution of each spice was prepared. In a shaker,
10 g of spice were mixed with 90 ml of distilled water and shaken at 100 rpm in the refrigerator (4°C)
(Heidolph, Unimax 2010). After 24 h in the shaker, the spice-water mixture was passed through a muslin
cloth, then a 38-um sieve, and lastly into a beaker. The supernatants were collected using Whatman No. 1
filter paper, transferred to dark plastic bottles, and kept refrigerated until as a stock solution (Oka et al.,
2006). Stock solutions were used to make three concentrations (0.5, 1 and 2%) for each spice.

Laboratory experiments

Laboratory experiments were conducted to investigate the nematicidal effects of 0.5, 1 and 2%
agueous extracts of spice on egg hatching, J2 mobility, and mortality of M. arenaria.

Effect of spice extracts on egg hatching

The spice extract stock solution was immediately passed through a sterile 0.2 m syringe filter before
use. All in vitro experiments were performed in 48-well cell culture plates (Sigma SIAL0548). Using a
micropipette, 100 eggs, extracts and water were added to each well. As a result, the final volume of the
prepared concentration was adjusted 100 pl. Each treatment was repeated four times. For 7 days, the
plates were kept in a dark environment in an incubator at 24°C. To determine the effect of the treatments
on egg hatching, the J2 and eggs in the wells of the plates were counted under a stereomicroscope at each
day. The experiment was repeated once more under the same conditions (experiments 1 and 2). The
inhibition rate of egg hatching was calculated at the end of the experiment by evaluating the unhatched
eggs (Oka et al., 2000; Nile et al., 2017).
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Table 1. Species, family, common name and plant part(s) from which the spice was made

Species Family Common name Plant parts

Anethum graveolens* Apiacae Dill Fruit and leaves
Capsicum annium Solanaceae Chili pepper Fruit

Cuminum cyminum Apiaceae Cumin Fruit

Coriandrum sativum Apiaceae Coriander Fruit and leaves
Curcuma longa Zingiberaceae Turmeric Rhizomes

Helichrysium italicum Asteraceae Italian helichrysum, immortelle Young shoots and leaves
Ocimium basilicum Lamiaceae Basil Leaves

Piper nigrum Piperaceae Black pepper Fruit

Prunus mahaleb Rosaceae Mahaleb cherry Fruit

Rhus coriaria Anacardiaceae Sicilian sumac, tanner's sumac Fruit

Syzygium aromaticum  Myrtaceae Clove Flower buds

Thymus vulgaris Lamiaceae Thyme Young shoots and leaves
Zingiber officinale Zingiberaceae Ginger Rhizomes

* Spice extracts were purchased from Kaan Baharat A.S., Rize, Turkiye.
Effect of spice extracts on J2 immobility and mortality

Tomato plants infested with M. arenaria were removed from mass culture and their roots were
washed. Under a stereomicroscope, egg masses were collected from the roots with forceps to sterile water.
The eggs were placed in an incubator at 24°C and checked every 2 days. Hatched J2s were collected and
stored at 5°C until needed. J2s as young as 2 days old were used for extract applications (Ferris & Zheng,
1999; Oka et al., 2000). In 48-well plates, the effects of a 0.5, 1 and 2% aqueous spice extract on J2
immobility were studied using 100 J2 instead of eggs, as mentioned above. As controls, only water and J2s
were used, with no extract application. After 48 h, the plates were examined under a stereomicroscope,
and mobile and immobile J2s were counted and recorded (Zaidat et al., 2020). Treatments were applied to
four replicates in an incubator at 24°C, and all experiments were repeated under the same conditions
(experiments 1 and 2). To assess the effect of the aqueous spice extracts on J2 mortality, the extracts were
removed with a micropipette and replaced with sterile water in the wells where J2s were counted. A second
assessment was performed after 24 h, and they were classified as immobile and/or dead if the J2 was
straight or slightly curved. The number of J2s in the sample was confirmed using small touches with a
needle under a stereomicroscope, and the inactive J2s were considered dead. The treatment percentage
mortality rate was calculated and compared to distilled water (Ferris & Zheng, 1999; Oka et al., 2000; Coltro-
Roncato et al., 2018).

Pot experiment

The soil used in the pot experiments was heated for 150 min at 165°C for sterilization. For the
experiments, the tomato cultivar Falcon (May Seed Company, Tirkiye), which is known to be susceptible
to root-knot nematodes, was used. Tomato seeds were sown and grown to the seedling stage with two to
four leaves at a controlled temperature (25 + 3°C). Meloidogyne arenaria eggs were obtained in the way
described in the laboratory studies. After the laboratory studies, the five effective spices basil, clove, cumin,
coriander, and turmeric were chosen for the pot experiments. The pot experiments consisted of seven
applications with 5 spice extracts and negative and positive controls. Negative and positive controls were
distilled water and nematicide (200 g/l ethoprophos), respectively. The stock solution of spice extracts (10%
in 4 ml), 3000 nematode eggs (1,500 eggs/ml), and water (14 ml) were applied to 200 g of sterile sandy
soil, resulting in a final concentration of spice extracts in the soil of 2%. For 1 week, soils were kept at room
temperature (22-26°C). The soil was transferred to pots at the end of this period, and the susceptible tomato
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seedlings were transplanted (Oka et al., 2006). The plants were grown in greenhouses at 25 + 3°C applying
daily routine requirements. The experiment was conducted using a randomized block design with eight
replicates. Tomato plants were taken from pots 45 days after nematode inoculation and their roots were
carefully cleansed. The gall index was determined using a 0-5 gall scale: 0, no galls; 1, traces of infestation
with a few minor galls; 2, 25%; 3, 26-50%; 4 51-75%; and 5, >75% of the roots galled (Hussey & Janssen,
2002). The number of eggs in each root was counted under a stereomicroscope as reported before (Hussey
& Barker, 1973). Subsequently, the reproduction factor (Rf) was calculated by the division of the final
population of egg (Ps) by the initial population (3000 egg, Pi) (Oostenbrink, 1966).

Data analysis

The rates of egg hatching inhibition, the immobility and the mortality of J2s were expressed as a
percent of total treatments. The percent inhibition in egg hatching was calculated by using the formula:

% inhibition egg hatching = ((Co- T1) / Cox 100)

where, Co is the number of juveniles hatched in control and Ti is the number of juveniles hatched in each
concentration of spice extract. In case of mortality, Co is the number of live nematodes in control and Ti is
the number of live nematodes after 24 and 72 h exposure (Khan et al., 2019). The raw data were logio(x+1)
transformed first to improve homogeneity for statistical analysis. The data obtained from the trials were
evaluated in the SAS statistical program and Tukey's comparison test was applied to determine the means
of different groups when variances were homogeneous (P < 0.05).

Results
Effect of spice extracts on egg hatching, J2 immobility and J2 mortality

Given there was no statistical difference between the values from the experiments 1 and 2, the results
were combined and reported over eight replicates. The aqueous extracts of the 13 spices tested showed
highly significant effects on egg hatching. It was found that all spice extracts inhibited egg hatching by 19.1-
93.1% (Table 2). With increasing concentration, the rate of inhibition of egg hatching increased significantly.
Two percent was used as the highest concentration; the inhibition rate of egg hatching was ranged from
33.3-93.1%. The lowest egg hatching inhibition rate was observed with immortelle extract (19.1%), followed
by dill (19.4%) at concentrations of 0.5%. Pepper extract caused the highest inhibition of egg hatching at
all concentrations, followed by basil and clove.

The effect of aqueous spice extract applications on larval immobility was evaluated with counts
conducted 48 h after extract application; at the lowest concentration (0.5%) of spice extracts, the highest
rate of immobile J2s was recorded for cloves at 16.8%, and the lowest rate was recorded for dill extract at
2.6% (Table 3). Coriander had the greatest effect after cloves (16.0%). Cloves were followed by sumac
(12.5%), cumin (12.5%), black pepper (12.0%), thyme (11.6%), basil (9.8%), and hot pepper (8.0%), with
no statistically difference (P < 0.05). At the 1% concentration of spice extract applications, the highest rate
of J2 immobility was found in cloves at 27.9%, while the lowest rate of immobility was found in dill extract
at 2.5%. Coriander (21.1%), thyme (20.1%), sumac (18.3%), cumin (18.3%), and basil (17.6%) had the
highest immobility rates after cloves. Spice extracts, for which the highest and lowest J2 immobility rates
were determined at concentrations of 0.5 and 1%, showed the same effect at a concentration of 2%. In
general, as the concentration increased with each application of spice extracts, the J2 immobility rate also
increased. Except for the applications of pepper, coriander, immortelle, basil and clove, the change in these
increases was not statistically significant at all concentrations (P < 0.05).
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Table 2. Inhibition rate of spice aqueous extracts at three concentrations on egg hatching of Meloidogyne arenaria

Spices Concentrations
0.5% 1% 2%

Anethum graveolens Dill 19.4 Cde* 28.4 Bec-e 358 Ac-e
Capsium annium Pepper 823 Ca 86.1 Ba 93.1 Aa

Cuminum cyminum Cumin 39.5 Bhb-d 519 ABad 50.3 Aad
Coriandrum sativum Coriander 64.0 Aa-c 68.3 Aab 736 Aa-c
Curcuma longa Turmeric 495 Aad 55.8 Aa-d 59.6 Aa-d
Helichrysium italicum Immortelle 19.1 Cde 29.1 Bec-e 333 Ac-e
Ocimum basilium Basil 704 Bab 784 ABab 834 Aab
Piper nigrum Black pepper 619 Aa-c 67.1 Aab 70.6 Aad
Prunus mahlep Mahaleb 51.3 Aad 55.9 Aa-d 60.9 Aad
Rhus coriaria Sumach 37.0 Ab-e 46.4 Abc 52.1 Abc
Syzygium aromaticum  Clove 69.1 Bab 78.4 Aab 820 Aab
Thumus vulgaris Thyme 511 Aad 585 Aa-c 655 Aa-d
Zingiber officinale Ginger 50.9 Aad 53.1 Aa-d 546 Aa-d
Control D. W. 0.00 Af 0.00 Af 0.00 Af

* Data are given as the mean of 8 replicates. Data followed by the same letter are not significantly different at P < 0.05. Shown with
uppercase letters are comparable only within the rows, and the lowercase letters are only comparable for the values in the same column.

Table 3. Immobilization rate of spice agueous extracts at three concentrations on J2s of Meloidogyne arenaria

Spices Concentrations
0.5% 1% 2%

Anethum graveolens Dill 26 Becd* 25 Bde 3.8 Acd
Capsium annium Pepper 89 Cad 16.9 Ba-d 229 Aa-c
Cuminum cyminum Cumin 125 Aab 183 Aad 229 Aac
Coriandrum sativum Coriander 160 Ca 211 Bab 329 Aab
Curcuma longa Turmeric 6.1 Bhb-d 89 Ab-e 105 Acd
Helichrysium italicum Immortelle 28 Ccd 43 Bc-e 9.1 Acd
Ocimum basilium Basil 9.8 Ca-c 176 Ba-d 228 Aa-c
Piper nigrum Black pepper 120 Bab 155 Ba-e 236 Aa-c
Prunus mahlep Mahaleb 49 Bb-d 141 Aa-e 19.6 Ab-d
Rhus coriaria Sumach 125 Aab 183 Aad 205 Aa-c
Syzygium aromaticum  Clove 16.8 Ca 279 Ba 395 Aa
Thumus vulgaris Thyme 116 Ca-c 20.1 ABa-c 236 Abc
Zingiber officinale Ginger 3.5 BChb-d 10.6 ABb-e 16.4 Ab-d
Control D. W. 0.0 Ae 0.0 Af 0.0 Ae

* Data are given as the mean of 8 replicates. Data followed by the same letter are not significantly different at P < 0.05. Shown with
uppercase letters are comparable only within the rows, and the lowercase letters are only comparable for the values in the same column.

J2 mortality was more affected by all spices and concentrations than J2 immobility. Also, the extracts
that were found to be effective in J2 immobility were effective in J2 mortality. The extracts with the greatest
effect in each of the different concentrations of spice extracts were clove, coriander, thyme, cumin, and
sumac (Table 4). Aside from these extracts, basil and hot pepper extracts showed statistically the same
level of J2 mortality at 1 and 2% (P < 0.05). J2 mortality increased with increasing concentration of spice
extracts but was not statistically significant when the effects of each application at different concentrations
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were considered. When the concentrations of the extracts of pepper (5.0-14.5%), coriander (10.5-19.4%),
immortelle (0.37-4.25%), basil (5.3-14.6%), and clove (13.6-27.8%) were increased, the mortality rate
increased significantly. Also, higher concentrations of dill, turmeric, black pepper, and mahaleb extracts
resulted in a statistically significant mortality rate when compared to lower concentrations.

Table 4. Mortality rate of spice aqueous extracts at three concentrations on J2s of Meloidogyne arenaria

Concentrations
Spices
0.5% 1% 2%

Anethum graveolens Dill 0.8* BCc 1.1 Bde 21 Acd
Capsium annium Pepper 50 Chbc 11.0 Ba-e 145 Aa-d
Cuminum cyminum Cumin 85 Bab 124 ABa-c 164 Aa-c
Coriandrum sativum Coriander 105 Cab 13.8 Ba-c 19.4 Aab
Curcuma longa Turmeric 28 Bb 35 Bb-e 59 Abd
Helichrysium italicum Immortelle 04 Cc 24 Bcd 4.3 Ab-d
Ocimum basilium Basil 53 Chbc 105 Ba-e 146 Aa-d
Piper nigrum Black pepper 6.1 Bbc 89 Bae 13.0 Aa-d
Prunus mahlep Mahaleb 3.0 BChbc 53 Bb-e 10.3 Ab-d
Rhus coriaria Sumach 86 Aab 124 Aa-c 150 Aa-d
Syzygium aromaticum  Clove 136 Ca 20.1 Ba 278 Aa
Thumus vulgaris Thyme 85 BCab 148 ABab 19.0 Aab
Zingiber officinale Ginger 29 BChc 54 ABb-e 86 Abc
Control D. W. 00 Ac 0.0 Aef 0.0 Ae

* Data are given as the mean of 8 replicates. Data followed by the same letter are not significantly different at P < 0.05. Shown with
uppercase letters are comparable only within the rows, and the lowercase letters are only comparable for the values in the same column.

Pot experiments

Although the spice extract applications were not as effective as nematicides, they caused a
significant decrease in galling index and egg count in tomato roots compared to the negative control (P <
0.05) (Table 5). No signs of phytotoxicity were observed on tomato plants during the growing season.
Among the spice extracts, the lowest value of gall index was in the plants growing in the soils where basil
and turmeric extracts were applied (1.12). In addition, the application of coriander and clove resulted in a
significant decrease (2.0) in the gall index compared to the negative control (3.25). Plants treated with basil
and turmeric extracts had the lowest number eggs in their roots, followed by clove, cumin and coriander.
The Ry of the nematode was ranked similarly, and the plants with the least reproduction were those treated
with basil, followed by turmeric and clove extracts. With the same statistical group, basil extract reduced M.
arenaria reproduction by 84.0%, turmeric by 79.0%, and clove by 76.0%. Even coriander had the lowest Rt
reduction, but it was still nearly 50% (49.6%). As a result, the Ry in all treated spice extracts is about half
the Rt in the negative control (Figure 1). When compared to the controls, the application of the extracts
resulted in a reduction in the Rr of 49.6 to 84.0%.
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Table 5. Effect of the spice extracts on the gall index, eggs per root, and reproduction factor (R;) of Meloidogyne arenaria on the roots
of susceptible tomato plants in the greenhouse (25 + 3°C)*

Spices Gall index (0-5)3 Eggs x 10%/root Ry
Coriander (Coriandrum sativum) 2.0 bc 375b 125b
Cumin (Cuminum cyminum) 3.0ab 23.1c 7.7c
Turmeric (Curcuma longa) lilc 15.7e 5.2e
Basil (Ocimium basilicum) l1lc 11.9f 40f
Clove (Syzygium aromaticum) 2.0 bc 18.1d 6.0d
+ Control! 0.0d 0.0g 00g
- Control? 33a 74.4a 24.8 a

* The data are the averages of 8 replicates, and the values with the same letters in the column according to the Tukey test are not
statistically different according to P < 0.05.

! The positive control consisted of commercial nematicide with the active ingredient ethoprophos (200 g/l). 2The negative control
consisted of water without extracts. 30-5 gall scale: where 0 =no galling; 1 = trace infection with a few small galls; 2 =25% roots
galled; 3 = 26 to 50%; 4 = 51 to 75%; and 5 = >75% roots galled (Hussey & Jenssen, 2002).
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Figure 1. The effect of spice extracts on the reproduction factor of Meloidogyne arenaria in tomato plant roots.

Discussion

Spices are used as food additives, colorants, flavorings, and preservatives, as well as anthelmintic,
antiseptic, antidiabetic and antipathogenic agents. The antimicrobial activity of spices was first described
in 1880 and also nematicidal effects have been known (Rahman et al., 2011). In this study, the nematicidal
potentials of 13 spice extracts were investigated in laboratory and pot experiments. Egg hatching tests are
useful for screening nematicidal activity of extracts, because counting hatched juveniles is more accurate
than counting juveniles in a particular J2 population (Oka et al., 2000). The highest inhibition rate of egg
hatching was found to be 93.1% at a 2% concentration of pepper extract. When Abbas et al. (2009)
investigated the effects of 50% and 100% aqueous concentrations of pepper spice extract on the hatching
of Meloidogyne javanica (Treub, 1885) eggs, they found similar results. In the same study, the effects of
cumin, coriander, turmeric, black pepper and ginger on egg hatching and larval mortality were investigated,
and it was discovered that, contrary to the current study, the other spice extracts inhibited egg hatching
more than black pepper. In our study, J2 mortality was also higher when these extracts applied. At all
concentrations, black pepper extracts reduced egg hatching significantly (61, 67 and 70%, respectively).
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Nile et al. (2017) found that black pepper extracts significantly suppressed galls in tomatoes and reduced
RKN population in roots. Black pepper is a very important spice due to its valuable medicinal and aromatic
properties. Piperamides, the primary component of P. nigrum, have a wide range of biological activities,
including antimicrobial, antioxidant, and insecticidal properties (Scott et al., 2005). Ozdemir (2014), in a
similar study, investigated the effect of basil, black pepper, and ginger essential oils on J2 mortality of
Meloidogyne incognita (Kofoid & White, 1919) Chitwood, 1919 at three different concentrations (1, 3 and
5%) under laboratory conditions and found that black pepper treatments had the highest toxic effect (82%,
86-91%) with the highest mortality rate as a result of laboratory experiments.

All agueous spice extracts had a greater effect on egg hatching than J2 immobilization and J2
mortality. At a 2% concentration of clove extract, the highest J2 mortality was found to be 27.75%, making
clove the most successful extract in terms of J2 mortality. Salgado & Campos (2003) investigated the effects
of aqueous clove extracts on J2 mortality of Meloidogyne exigua Goeldi, 1887, and it was discovered that
clove extract killed more than 50% of the J2s compared to the control. Meyer et al. (2007) demonstrated in
microwell tests that clove oil reduced M. incognita egg hatch and J2 viability. Clove oil has also been shown
to have nematicidal effects on plant-parasitic nematodes (Sangwan et al., 1990; Pandey & Dwivedi, 2000).
Previous research on the effects of clove oil on hematodes, mostly on taxa other than RKN has been
conducted. Clove oil was nematotoxic to J2s of Anguina tritici (Steinbuch, 1799) Chitwood, 1935 (Tylenchida:
Anguinidae), Tylenchulus semipenetrans Cobb, 1913 (Tylenchida: Tylenchulidae), M. javanica, and
Heterodera cajani Koshy, 1967 (Tylenchida: Heteroderidae) (Sangwan et al., 1990). A commercial standard
of eugenol was also toxic to M. incognita J2s (Chatterjee et al., 1982). Meyer et al. (2007) also reported
that the volatiles in 5% clove oil reduced nematode egg hatching by 30% and the viability of hatched J2s
of M. incognita by up to 100%. El Badri et al. (2008) used clove extracts to kill the larvae of Bursaphelenchus
xylophilus (Steiner & Bihrer, 1934) Nickle, 1970 (Tylenchida: Parasitaphelenchidae). Clove oil extract has
been shown to inhibit egg embryogenesis and to have complete nematicidal activity against J2s both free
and in egg masses. In a separate study, extracts from clove were found more effective in killing M. incognita,
with an effective concentration EC50 which was 5-10 times lower than the EC50 of the synthetic pesticides,
chlorpyrifos, carbosulfan, and deltamethrin according to Taniwiryono et al. (2009). Among plant essential
oils, eugenol, the main component of clove oil extracted from clove buds and basil leaves, was found to be
active against pathogenic organisms including plant-parasitic nematodes (Pandey & Dwivedi, 2000; Park
et al., 2005; Meyer et al., 2007; Huang & Lakshman, 2010). So, the application of clove buds as a plant
pesticide for future use against nematodes is promising. Clove has a high nematicidal activity for future use
against RKN (Taniwiryono et al., 2009). These characteristics make this product an intriguing tool for a
novel nematode management strategy (Carlotti et al., 2011).

In our study, cumin extracts inhibited hatching in 39.5-59.3% of eggs, immobilized 12.5-22.9% of
J2s, and killed 8.5-16.4% of J2s. The effects of essential oil and hydrosol isolated from cumin seeds on the
mobility, hatching, and survival of J2s of M. incognita and M. javanica were studied by Pardavella et al.
(2020). Lower hatching of RKN eggs was observed with an increasing concentration of extracts, which is
consistent with the current study. In general, the nematicidal effect increased with increasing extract
concentration in laboratory experiments.

In our pot experiments, the most effective extracts were basil and turmeric. The gall index of basil
and turmeric applied to tomato was 1.1, and these extracts reduced the reproductive factor by 84.0 and
78.9%, respectively. Oka et al. (2000) found that when they studied the influence of essential oils from 27
spice and aromatic plants, basil extracts reduced egg hatching (68%) and the immobile J2 rate was 18%,
which is similar to our findings. Basil extracts also reduced M. arenaria egg hatching by 70-83% and
reduced immobilization by 9-23%, which agrees with Oka et al. (2000). In trials conducted by Douda et al.
(2010), commercially available basil plant essences reduced the gall index of M. hapla in carrots (Daucus
carota L.) (Apiales: Apiaceae). These results also confirmed the findings of the present study.
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Turmeric also resulted in a significant reduction in the gall index (65.5%) and eggs per root of tomato
plants in the pot experiments compared to the nematicide-treated control. The nematicidal activity of
turmeric against RKN has been known for a long time (Pillai & Desai, 1978). Pandey et al. (2001), also
stated that the extract of turmeric, a very well-known medicinal plant, had strong nematicidal and nematode
hatching inhibitory activity against M. incognita. These findings supported the conclusions of the current
study. Under in vitro conditions, Neeraj et al. (2020) used methanolic and hexane extracts of turmeric and
discovered different levels of mortality of M. incognita at different concentrations. The percent mortality of
J2s and the suppression of egg hatching, as well as our experimental results, were shown to be directly
proportional to the concentration of the extracts and the time of exposure. Turmeric ethanolic extracts have
been found to be more effective than all other plant extracts in increasing mortality and inhibiting egg
hatching (Mioranza et al., 2016; Neeraj et al., 2017). Aqueous extract, fresh juice, and essential oil of
turmeric have also been shown to have biopesticidal properties (Saju et al., 1998). Constituents of turmeric
have been shown to be effective, in both in vitro and in vivo studies, against also various plant pathogens.
According to Nair et al. (2015), turmeric suppressed the number of M. hapla in the roots of tomato cv.
Rutgers while increasing the number of beneficial nematodes in the soil with minimal negative effects on
plant health and growth, and the components of turmeric leaf macerates and extracts suppressed the ability
of M. hapla to infect plant hosts without affecting plant growth. According to Babu et al. (2012), curcumin,
the main component of turmeric, has a high nematicidal potential, with 92.5% inhibition of the activity of the
enzyme glutathione S-transferase of M. incognita, an enzyme responsible for nematode survival in host
plants. Mioranza et al. (2016) found that an aqueous extract of turmeric at four concentrations (1, 5, 10 and
15%) reduced M. incognita J2 mobility in an in vitro assay. Borges et al. (2013) investigated the toxicity of
a 10% aqueous extract of turmeric against J2s of M. incognita and found that it was completely lethal.
According to Ulfa et al. (2021), turmeric extract in various solvents significantly inhibited RKN egg hatching
and root penetration but had no effect on RKN development or reproduction. Rashid et al. (2021) used
turmeric against M. incognita and found that while maximum mortality was achieved up to 20%, root gall
severity and final nematode population were significantly suppressed, which is consistent with our findings.
It was discovered that the use of turmeric is crucial for RKN management.

Spice extracts have a nematicidal effect because of their ability to penetrate cell walls, which are
characterized by high levels of certain oxygenated compounds (Knobloch et al., 1989). The mechanisms
of action of spice extracts are also explained by the fact that they cause ADP phosphorylation, protein
denaturation and degradation, enzyme inhibition, and interference with electron flow in the respiratory chain
(Konstantopoulou et al., 1994). The ability of spice extracts to penetrate cell walls, which are characterized
by a high content of certain oxygenated compounds, accounts for their nematicidal action (Knobloch et al.,
1989). Clove contains eugenol and eugenol acetate compounds, cumin contains aldehyde, thymol,
carvacrol, menthol, and menthone compounds, coriander contains carbohydrate and geranyl acetate
compounds, black pepper contains capsaicin, phellandrene, dipentene, and sesquiterpene compounds,
pepper contains capsaicin compounds, ginger contains sesquiterpenoid hydrocarbons, turmeric contains
curcumin, thiamine, riboflavin, niacin and ascorbic acid. These compounds have been found to be effective
against pests and diseases (Peter, 2001). There is a clear need for extract component fractionation to test
each compound individually. However, it is possible to generalize that the nematicidal activity of each
extract against nematodes follows a multisite mode of action. This is since each extract contains a large
number of compounds, each with a distinct functional group and mode of action (Kesba et al., 2021). As a
result, future research will focus on these natural active compounds isolated from plants as new compounds
with nematicidal properties (Ferraz & De Freitas, 2004). Plant extracts may have a stronger nematicidal
effect than synthetic nematicides (Kesba et al., 2021). In the future, all active and effective components of
spices patrticularly basil, clove, and turmeric, could be isolated and analyzed for use as environmentally-
friendly biopesticides against RKN.
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Original article (Orijinal aragtirma)

Seasonal abundance and diversity of family Drosophilidae (Diptera)
and records of some other dipterans in fruit orchards in Aydin
Province (Turkiye)

Aydin ili (Turkiye) meyve bahcelerindeki Drosophilidae (Diptera) familyasi tiirlerinin
mevsimsel yogunluklari ve tur cesitliligi ve birlikte saptanan diger Diptera turleri

Hiiseyin BASPINARY Tulin AKSIT? M. Alper KESICI*
Ferenc DEUTSCH? Balazs KISS3 Laszl6 PAPP4
Abstract

The composition and seasonality of the populations of Drosophilidae (Diptera) species were evaluated, along
with some other dipteran species, in three fruit orchards in Aydin Province. Bait traps with grape vinegar were used for
collecting drosophilids from September 2018 to January 2020. The family Drosophilidae was represented by 11 species,
and additionally, 10 other fly species from seven families were found in the same traps. The dominant drosophilid
species was Drosophila subobscura Collin, 1936 among 1 964 individuals trapped in the three orchards, followed by
Drosophila immigrans Sturtevant, 1921, Drosophila melanogaster Meigen, 1830, Zaprionus tuberculatus Malloch, 1932
and Drosophila suzukii Matsumura, 1931. The highest number of drosophilids were trapped in April 2019, 1 836
specimens in total. The population of drosophilids varied with season, with the first peak in April 2019 and the second
in November-December in 2019. Drosophilids were trapped in low numbers during the summer months. As part of this
study, Aulacigaster falcata Papp, 1997 (Diptera: Aulacigastridae) was recorded in Tirkiye for the first time.

Keywords: Aulacigaster falcata, Drosophilidae, Drosophila suzukii, fruit orchards, seasonal abundance
Oz

Bu galismada Aydin ili'ndeki (ic meyve bahgesinde Drosophilidae (Diptera) familyasi tiirlerinin belirlenmesi ve
bunlarin mevsimsel yogunluklarinin arastiriimasi amaglanmistir. Ayni zamanda ¢alismada saptanan diger diptera
turleri de incelenmistir. Calismalar Eylul 2018-Ocak 2020 tarihleri arasinda icerisinde Gzim sirkesi bulunan besin
cezbedici tuzaklar kullanilarak yuratilmustir. Calisma sonunda, tuzaklarda 11 Drosophilidae tirl ve ayrica yedi
familyadan 10 farkh sinek turi belirlenmistir. Drosophilidae tiirlerinden Drosophila subobscura Collin, 1936 toplam
1 964 birey olarak calisma bahcelerinde belirlenmis ve en ¢ok yakalanan tir olmustur. Bunu sayisal olarak Drosophila
immigrans Sturtevant, 1921, Drosophila melanogaster Meigen, 1830, Zaprionus tuberculatus Malloch, 1932 ve Drosophila
suzukii Matsumura, 1931 izlemistir. Bahcgelerde en ¢ok drosophilid 1 836 birey ile Nisan (2019) ayinda elde edilmisgtir.
Drosophilid turleri sayisal olarak birlikte dikkate alindiginda, mevsimsel dalgalanmalar gostermis olup, bunlardan ilk
tepe noktasi Nisan (2019) ayinda ve ikincisi Kasim-Aralik (2019) aylarinda ortaya gikmistir. Ancak, drosophilid tirleri
yaz aylari stresince oldukca disik sayilarda tuzaklara yakalanmistir. Calismada saptanan Aulacigaster falcata Papp,
1997 (Diptera: Aulacigastridae) Turkiye faunasi igin ilk kayit niteligindedir.

Anahtar sézcikler: Aulacigaster falcata, Drosophilidae, Drosophila suzukii, meyve bahgeleri, mevsimsel yogunluk
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Seasonal abundance and diversity of family Drosophilidae (Diptera) and records of some other dipterans in fruit orchards in Aydin
Province (Turkiye)

Introduction

Drosophilidae is a species-rich family of Diptera comprising more than 4 500 species (Bachli, 2020).
These minute flies are distributed throughout the world in various climates and habitats in all biogeographic
regions (Brake & Bachli, 2008). Drosophilids are also crucial organisms for their essential role in genomic
studies (Schmitz et al., 2007).

The fauna of the Drosophilidae has been extensively studied in many countries (Watabe et al., 1993;
Bachli, et al., 2005; Miller, 2015; Obona et al., 2019; Tidon et al., 2019; Yuzuki & Tidon, 2020). Many
drosophilid species are strongly attracted to various volatile compounds produced from fermenting or
decaying organic substrates (Atkinson, 1977). The majority of drosophilid species are saprophagous and
known to be substantial consumers of decaying plant materials (Schmitz et al., 2007). Unlike other
drosophilids, Drosophila suzukii Matsumura, 1931 females can deposit eggs into ripening fruit by inserting
ovipositor through the fruit skin (Walsh et al., 2011). Drosophila suzukii is an invasive and destructive pest
that originated from East-Asia (Rota-Stabelli et al., 2013). It has been reported as a crucial pest of berries
and stone fruits in many countries of Asia, the Americas and Europe (Lee et al., 2011; Calabria et al. 2012;
Depra et al., 2014; Kinjo et al., 2014). The biology, pest status, distribution and geographic expansion of
the species and related biological control studies were reviewed by Asplen et al. (2015). Drosophila suzukii
was found on strawberries in Erzurum Province as the first record in Turkiye in 2014 (Orhan et al., 2016).
It has recently been reported in many agricultural areas of Tirkiye. After the D. suzukii first appeared in
Tirkiye, numerous investigations were conducted on its pest status (Tozlu et al., 2018; Efil, 2018; Kasap &
Ozdamar, 2019; Zengin & Karaca, 2019; Agbaba et al., 2020; Kagar, 2020; Ozbek-Catal et al., 2021).

Many drosophilid species have been reported in Turkiye (Sengiin & Kocabay, 1967; Ozar et al.,
1985; Aksit et al., 2003; Genger et al., 2005; Kogak & Kemal, 2013; Kocatepe, 2019; Zengin, 2020; Ozbek-
Catal et al., 2021). However, the Drosophilidae fauna still needs to be investigated.

The study aimed to evaluate the occurrence and seasonal variation of the Drosophilidae species in
fruit orchards and to determine the abundance of D. suzukii, the recently introduced invasive pest.
Additionally, some other dipteran species captured in the traps were also determined.

Materials and Methods

The faunistic studies were undertaken from September 2018 to January 2020 to determine the
Drosophilidae fauna in orchards in Aydin Province. Traps were placed in trees in three orchards to capture
flies. Between September 2018 and April 2019, these traps replaced with new ones in irregular intervals
and from April 2019 onwards they were replaced regularly once a week. Flies in the traps were counted
and data obtained throughout the study were used to determine the fauna of the drosophilid species in the
orchards and data obtained after April 2019 were used to evaluate seasonal abundance.

Three orchards were chosen for the study in Aydin Province: fig orchard (cv. Bursa Black) size of 2
ha, (37°75’ N, 27°78’ E), plum (Angelino) and quince of 1.5 ha (37°83’ N, 27°77’ E) and mixed fruit orchard
of 2 ha comprising of apple, pear, quince, plum, grape and peach (37°76’ N, 27°75’ E) (Figure 1). Samplings
for monitoring and faunistic studies were conducted with bait traps, wrapped with a red-sticky-plastic band
as a color attractant material from bottom to mid of 500 ml transparent plastic bottle. They were perforated
with eight holes (2 mm in diameter) placed in the upper quarter of the bottle as entry for drosophilids, and
100 ml of grape vinegar (Taris™) was added into the traps as bait. In each orchard, plastic bottle traps were
set up randomly in the orchards in the canopy of trees at 1.5-2.0 m above the ground on the southern side
of the tree. One trap per tree was installed, and three traps were placed in each orchard and replaced with
new traps weekly. Sampling materials were inspected under stereomicroscope, and Drosophilidae samples
were separated and counted in the laboratory. They were deposited in Eppendorf tubes of 10 ml with 70%
ethanol and stored in the fridge for the identification.
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Figure 1. Position of the study area in Aydin Province.

Results and Discussion

Twenty-one species from the families Drosophilidae, Asteiidae, Aulacigastridae, Chloropidae,
Ephydridae, Milichiidae, Odiniidae and Phoridae were determined. The family Drosophilidae represented

by 11 species was also the most numerous

(Table 1).

Table 1. Dipteran species recorded from three fruit orchards in Aydin Province

Family

Species

Drosophilidae

Drosophila busckii Coquillett, 1901
Drosophila funebris (Fabricius, 1787)
Drosophila hydei Sturtevant, 1921
Drosophila immigrans Sturtevant, 1921
Drosophila melanogaster Meigen, 1830
Drosophila subobscura Collin, 1936
Drosophila suzukii Matsumura, 1931
Hirtodrosophila confusa (Staeger, 1844)
Scaptodrosophila rufifrons (Loew, 1873)
Scaptomyza sp. Hardy, 1849
Zaprionus tuberculatus Malloch, 1932

Asteiidae

Asteia amoena Meigen, 1830

Aulacigastridae

Aulacigaster falcata Papp, 1997

Chloropidae

Rhopalopterum femorale (Collin, 1946)
Chlorops sp. Meigen, 1803

Ephydridae

Psilopa sp. Fallen, 1823

Milichiidae

Desmometopa microps Lamb, 1914
Desmometopa sp. Loew, 1866
Milichiella lacteipennis (Loew, 1866)

Odiniidae

Odinia meijerei Collin, 1952

Phoridae

Megaselia sp. Rondani, 1856

Previously in Turkiye, Kogak & Kemal (

2013) reported 36 drosophilid species from different geographical

region of Turkiye and Zengin (2020) has recorded 21 688 drosophilid specimens from 13 species and seven
generain Usak Province in Tirkiye. Aksit et al. (2003) and Genger et al. (2005) have revealed some drosophilid
species in fig orchards, and Ozbek-Catal et al. (2021) identified 11 species of drosophilids in various fruit

orchards in Eastern Mediterranean Region o
than 100 species (Bachli et al., 2013; Nartsh

f Turkiye. The European fauna of Drosophilidae comprises more
uk, 2014; Maca et al., 2015). The Brazilian fauna of drosophilids
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has been studied, and more than 300 species were recorded (Tidon et al., 2019). According the number of
the species being considered, Drosophilidae fauna is still needed to be investigated in Turkiye.

In the present study, 4 217 drosophilid individuals were captured across the three orchards. The
abundance of captured flies varied remarkably between months. The drosophilids were the most numerous in
April (1,836 specimens representing 43.5% of the total), followed by May (616, 14.6%), November (470, 11.2%),
December (466, 11.1%), January (213, 5.1%), and October (179, 4.2%). In August and September less number
of drosophilids, only 38 and 81 specimens, respectively, were trapped (Table 2). In addition, the change in
population of drosophilids varied seasonally, with the first peak in April 2019 (1,836 across the three
orchards) followed by second peak in November and December (470 and 466, respectively) (Table 2).

Table 2. Abundance of the Drosophilidae species according to months in the examined fruit orchards

Total numbers in all traps

Species Apr19 May19 Jun19 Jul19 Aug19 Sepl9 Octl9 Nov19 Decl19 Jan20 Total
D. immigrans 394 204 7 0 2 0 0 58 128 20 813
D. subobscura 1326 337 12 58 13 4 27 39 43 105 1964
D. suzukii 13 13 75 29 14 3 32 39 49 9 276
D. melanogaster 72 10 34 51 8 31 20 98 119 49 492
D. busckii 29 2 6 0 0 0 0 12 23 11 83
H. confusa 1 4 1 0 0 0 0 0 15 5 26
Z. tuberculatus 0 0 0 0 1 43 100 222 88 6 460
Others 6 46 15 25 0 0 0 2 1 8 103
Total 1836 616 150 163 38 81 179 470 466 213 4217

Drosophila subobscura Collin, 1936 was the most common species with 1964 specimens (46.6%),
followed by Drosophila immigrans Sturtevant, 1921 (808, 19.2%), Drosophila melanogaster Meigen, 1830
(492, 11.7%), Zaprionus tuberculatus Malloch, 1932 (460, 10.9%), and D. suzukii (276, 6.5%). Other
drosophilid species were found in smaller number: Drosophila busckii Cocquillett, 1901 (83, 2.0%) and
Hirtodrosophila confusa (Staeger, 1844) (26, 0.6%). The changes in numbers of drosophilids reflected the
peaks of predominant species in the present study similarly to the changes described by Toda (1973).

The changes in monthly occurrence and abundance of the species varied between the three
orchards. Some of the drosophilid species were not continuously present and disappeared after some
months; D. immigrans in July, September and October; D. busckii in July, August, September and October;
H. confusa in July, September, October and November; Z. tuberculatus in April, May, June and July were
not trapped (Table 2). It seems that the period of their presence in orchards depended on food availability
and climatic conditions. Drosophila subobscura, D. melanogaster, and D. suzukii were captured
continuously in the traps over whole study period. Drosophila subobscura and D. melanogaster have been
reported as fruit specialist species having the ability to colonize in rural are which domesticated fruit trees
(Atkinson & Shorrocks, 1977) and D. melanogaster has been reported to be facultatively carnivorous (Yang,
2018), so generally does not face a shortage of food. Additionally, it has been reported that cold-hardening
could enhance the ability of D. melanogaster to remain active at lower temperatures (Kelty & Lee, 2001).
Of other species, D. suzukii is a pest of soft fruits. It can be expected that D. suzukii can maintain its
population constantly because food was available in the orchards during the study period. However, D.
suzukii had a lower population density than D. subobscura and D. melanogaster. The reason of this needs
to be investigated in detail. Drosophila suzukii adults were captured throughout the year with spring and
late autumn peaks in a coastal area in Greece, which is relatively close to our study region in Turkiye.
However, only a single peak was observed in the mainland in autumn (Papanastasiou et al., 2020). In
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Central Europe, large populations of D. suzukii were observed in September and October, but the species
was almost absent before July, and it was suggested that the long-distance migration might be essential
for it to re-establish following the high mortality in winter (Deutsch & Kiss, 2021).

During the present study, it was found that other common species, such as D. immigrans in July,
September and October, and Z. tuberculatus in April, May, June and July, disappeared from orchards.
Seasonal abundance observed among the drosophilid species was classified either unimodal or bimodal
(Toda, 1973) according to sampling data of the species in this study. Drosophila immigrans, D. subobscura
and D. busckii were bimodal with first peak in spring with second, lower peak in autumn. The other abundant
species Z. tuberculatus was unimodal with a peak in late autumn (Table 2). These results could be a
consequence of interspecific difference of microhabitat preference.

Drosophilids were captured in low numbers between June and September in the fruiting period
(Figure 2). One of the possible reasons could be that the adverse effect of high temperatures in summer
influenced on drosophilid populations. In this period, the daily mean temperatures were around 30°C, and the
maximum temperatures during some days exceeded 40°C. At the same time, almost no precipitation was
recorded, and the RH was only 40-50% (Figure 3). These conditions might have negative influence of food
resources of certain drosophilids. Additionally, adverse effect of the summer temperature might stimulate
the migration of drosophilids to cooler highlands to find more suitable conditions. Wakahama (1962) showed
that the number of Drosophila species was more abundant in lower altitudes in spring and autumn, but it
was higher at high altitudes in summer. Summer heat at low altitudes, and low winter temperatures at high
altitudes may adversely affect the abundance of some drosophilids, so they migrate seasonally between
lowland and highland areas (Kimura et al., 1977; Kimura & Beppu, 1993; Tait et al., 2018).
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Figure 2. Seasonal changes of drosophilid numbers in three study orchards through April 2019 to January 2020.

Number of individuals

The number of drosophilid species captured during the study period is presented in Table 2. The
dominant species was D. subobscura, which was found in the traps in every month.

Previous studies have demonstrated interspecific co-existance of the larvae of drosophilid species
(Heed, 1971; Atkinson, 1977; Atkinson & Shorrocks, 1977). However, different species of drosophilids can
survive in the same habitats by sharing the same sources, which may be favorable for the one in the first
stage and for another in a later time (Merrell, 1951).
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Figure 3. Weather conditions as daily mean values in Aydin Province during the study period.

Drosophilid assemblage abundance was the highest in the mixed orchard with 2,436 drosophilid
individuals captured during study period (57.8%), followed by the plum+quince, and fig orchards with 1398
(33.1%) and 383 (9.1%), respectively (Tables 3 & 4). Drosophila subobscura was the most abundant in the
three orchards, followed by D. immigrans, D. melanogaster, D. tuberculatus and D. suzukii. Other
drosophilids, such as D. busckii and H. confusa, were captured in smaller numbers. However, the number
of drosophilids were relatively low in the fig orchard compared to mixed and plum+quince orchards. The
diversity of the fruit species in the orchards could be important for the abundance of drosophilids, as the
availability of food and breeding sites increase with an increased range of fruit species. However, the impact
of agricultural practice such as irrigation and fertilization might affect the circumstances of breeding sites,
that is, the availability and duration of the favorable conditions for the drosophilids may differ in the orchards.

Asteia amoena Meigen, 1830 (Asteiidae), Aulacigaster falcata Papp, 1997 (Aulacigastridae), Odinia
meijerei Collin, 1952 (Odiniidae), Rhopalopterum femorale (Collin, 1946) (Chloropidae), Chlorops sp.
Meigen, 1803 (Chloropidae), Psilopa sp. Fallen, 1823 (Ephydridae), Desmometopa microps Lamb, 1914
(Milichiidae), Megaselia sp. Rondani, 1856 (Phoridae) were recorded (Table 1). Aulacigaster falcata was
recorded for the first time in Tirkiye.

Kahanpaa (2014) has reported 18, 4 and 14 species from the families Asteiidae, Aulacigastridae and
Odiniidae, respectively, in the checklist of the smaller families of Opomyzoidea. The family Chloropidae is
distributed worldwide and may be found in different vegetation types (Karpa, 2001). The family Ephydridae
was catalogued as having 1,747 species with their geographical distribution information (Mathis &
Zatwarnicki, 1995). The family Milichiidae were reported as small and usually black flies (Sabrosky, 1973);
many of them are commensal or kleptoparasitic relationships with predatory insects and mites (Sabrosky,
1973; Landau & Gaylor, 1987). Phoridae family is known to be inhabited in a wide range of habitats with
described 4,000 species; many of them exploit decaying organic materials (Merritt et al., 2009). The species
of these families recorded during the present study can be considered as common species with global
distributions. Fruit orchards with decaying material and fruit can provide a favorable feeding source and
habitat for many other dipterous insects.
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Table 3. Occurrence of the Drosophilidae species trapped by month in the three fruit orchards

Apr19 May 19 Jun19 Jul19 Augl1l9 Sep19 Octl9 Nov19 Decl19 Jan20 Total
Mixed orchard (apple, pear, quince, plum, grape and peach)
D. immigrans 227 50 4 0 2 0 0 56 108 19 466
D. subobscura 926 170 6 7 9 1 6 22 15 38 1200
D. suzukii 12 10 57 16 12 2 3 28 41 2 183
D. melanogaster 14 3 17 12 2 13 7 65 94 19 246
D. busckii 1 0 0 0 0 0 0 12 22 8 43
H. confusa 0 2 0 0 0 0 0 0 2 2 6
Z. tuberculatus 0 0 0 0 0 0 0 158 72 5 235
Others 1 32 13 8 0 0 0 2 1 0 57
Total 1181 267 97 43 25 16 16 343 355 93 2436
Fig orchard
D. immigrans 7 5 2 0 0 0 0 0 1 1 16
D. subobscura 55 9 1 41 1 0 0 17 10 42 176
D. suzukii 0 0 6 1 2 0 3 5 3 7 27
D. melanogaster 0 1 5 9 2 5 4 21 6 28 81
D. busckii 0 0 5 0 0 0 0 0 0 3 8
H. confusa 1 0 0 0 0 0 0 0 2 1 4
Z. tuberculatus 0 0 0 0 0 0 0 a7 3 1 51
Others 0 2 2 8 0 0 0 0 0 8 20
Total 63 17 21 59 5 5 7 90 25 91 383
Plum + quince orchard
D. immigrans 160 149 1 0 0 0 0 2 19 0 331
D. subobscura 345 158 5 10 3 3 21 0 18 25 588
D. suzukii 1 3 12 12 0 1 26 6 5 0 66
D. melanogaster 58 6 12 30 4 13 9 12 19 2 165
D. busckii 28 2 1 0 0 0 0 0 1 0 32
H. confusa 0 2 1 0 0 0 0 0 11 2 16
Z. tuberculatus 0 0 0 0 1 43 100 17 13 0 174
Others 5 12 0 9 0 0 0 0 0 0 26
Total 597 332 32 61 8 60 156 37 86 29 1398
Table 4. Abundance of Drosophilidae species in the examined fruit orchards
. Total numbers captured in the all traps
Species - - - -
Mixed plantation Fig  Plum + Quince Total
D. immigrans 466 16 331 813
D. subobscura 1200 176 588 1964
D. suzukii 183 27 66 276
D. melanogaster 246 81 165 492
D. busckii 43 8 32 83
H. confusa 6 4 16 26
Z. tuberculatus 235 51 174 460
Others 57 20 26 103
Total 2436 383 1398 4217

Conclusions

Fruit orchards provide favorable microhabitats for many Drosophilidae species. Thus, they can
survive and establish high populations in the season. The changes in abundance and incidence of the
species reflect interspecific differences in microhabitat preference.
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The predominant species can reach high population numbers in human-modified habitats, like fruit
orchards. The diversity of plants at the sampling sites is likely to provide make conditions more suitable for
these species.

Drosophila subobscura, D. immigrans and D. melanogaster were the most abundant species in all
sampled orchards; this supports the idea that these species are fruit specialist. Also, these species were
determined as the most numerous in the mixed-orchards compared to the other two orchards. It is assumed
that a mixture of fruit hosts contributes to the succession of the food availability for these drosophilids. In
general, the numbers of the drosophilids trapped in early spring and late autumn could be indicate their
abundance is dependent on the climatic conditions as well as the availability of food source.

The invasive pest species, D. suzukii was abundant in all orchards, and its population was maintained
almost throughout the study period. There are many fruit orchards in the study area and they are located
side by side, so breeding areas and food source are likely to be available year-round, providing of suitable
habitat for D. suzukii. However, there were no complaints made by growers and no evidence of damage
caused by D.suzukii in the study area, which is known actually as a serious pest on many economically
important fruit species

However, there were no complaints made by growers and no evidence of damage caused by D.
suzukii, which is known as a serious pest on many economically important fruit species in the study area. We
conclude that D. suzukii can establish large populations at varying times depending on favorable conditions in
different geographic areas. Our results showed that D. suzukii densities were low compared to other common
drosophilids, such as D. subobscura and D. melanogaster. One possible reason for this might be that D.
suzukii breed in other sites to reach higher population levels. However, this needs further investigation.

Earlier studies have already shown that the family Drosophilidae is particularly rich and comprises of
thousands of species that are distributed worldwide in many different habitats. So, taking into consideration
the richness of species, it is expected that there are other species still to be found.
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Original article (Orijinal aragtirma)

Tachinid (Diptera: Tachinidae) fauna of Manisa Province of Turkiye
with new records?

Manisa (Tirkiye) ili’nin yeni kayitlar ile Tachinid (Diptera: Tachinidae) faunasi

ismet Altay SOYKAN? Turgut ATAY®

Abstract

This study was conducted between 2016-2020 to investigate the Tachinidae (Diptera) fauna of Manisa Province
of Turkiye. For this purpose, Tachinidae samples were collected from the cultural and natural areas of five districts
(Salihli, Sarigdl, Selendi, Soma and Sehzadeler) selected to represent the province. Thirty-six species were determined
and identified. These were four genera and five species in the subfamily Exoristinae, five genera and eight species in
the subfamily Tachininae, three genera and four species in the subfamily Dexiinae, nine genera and 19 species in the
subfamily Phasiinae. Among these, Estheria cristata (Meigen, 1826), Cistogaster globosa (Fabricius, 1775) and
Cylindromyia gemma (Richter, 1972) (Diptera: Tachinidae) were recorded for the first time in Tlrkiye. The distributions
and hosts in Turkiye of the identified species are given. In addition, the definitions of the species determined as new
records for Tirkiye are also included. This study is the first detailed study on the family Tachinidae in Manisa Province.

Keywords: Fauna, Manisa, new records, Tachinidae, Turkiye

Oz

Bu galisma Manisa (Tiirkiye) ili’nin Tachinidae (Diptera) faunasini ortaya koymak icin 2016-2020 yillari arasinda
gerceklestiriimistir. Bu amacla ili temsil edecek sekilde secilen 5 ilgenin (Salihli, Sarigél, Selendi, Soma ve Sehzadeler)
kiltir ve dogal alanlarindan Tachinidae drnekleri toplanmistir. Toplam 36 tur belirlenmis ve tanimlanmigtir. Bunlar,
Exoristinae alt familyasina ait 4 cins ve 5 tir, Tachininae alt familyasina ait 5 cins ve 8 tiir, Dexiinae alt familyasina ait
3 cins ve 4 tur, Phasiinae alt familyasina ait 9 cins ve 19 turddr. Bunlar icerisinden Estheria cristata (Meigen, 1826),
Cistogaster globosa (Fabricius, 1775) ve Cylindromyia gemma (Richter, 1972) (Diptera: Tachinidae) Ulkemiz igin yeni
kayit niteligindedir. Tespit edilen turlerin konukgulari ve Turkiye’deki dagilislari hakkinda bilgiler verilmigtir. Ayrica
tlkemiz i¢in yeni kayit olarak belirlenen tiirlerin tanimlarina da yer verilmistir. Bu ¢alisma Tachinidae familyasina ydnelik
Manisa ili’nde yapilan ilk detayli alismadir.

Anahtar sézclkler: Fauna, Manisa, yeni kayitlar, Tachinidae, Tirkiye
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Tachinid (Diptera: Tachinidae) fauna of Manisa Province of Turkiye with new records

Introduction

The Tachinidae are one of the largest families of the order Diptera, with around 8 600 known species
globally and over 2 100 species in the Palearctic region (O’Hara et al., 2021). Tirkiye has 341 species
belonging to this family (Kara et al., 2020). All species identified in the family are parasitoids and most of
their hosts are insect pests. Lepidopteran pests are common hosts. Others include members of the orders
Coleoptera, Diptera, Hemiptera, Hymenoptera and Orthoptera. They provide important natural regulation
of important insect pest populations (Grenier, 1988; Stireman et al., 2006; Tschorsnig, 2017). Kara &
Tschorsnig (2003) and Tschorsnig (2017) provide detailed information on the Palearctic and Turkish hosts
of tachinids, respectively.

Although there are some detailed studies conducted to reveal the species richness of the Tachinidae
in Tarkiye, the number of these studies is low given the size of the country (Dogdanlar, 1975; Kara, 1998;
Aksu, 2005; Korkmaz, 2007; Atay & Kara, 2014; Balkan et al., 2015; Lekin et al., 2016; Atay, 2017; Uysal
& Atay, 2021). Nevertheless, Lutovinovas et al. (2018) published a list of 139 tachinid species from southern
Tirkiye, 52 of which are new records for the country.

Manisa Province has specific attributes in terms of soil and climate characteristics. The fact that the
mountain ranges minimize the effect of the sea leads to the intermixing of Mediterranean and continental
climate plant species. This increases insect and plant biodiversity. A detailed study of the Tachinidae has not
been conducted in Manisa and only two species in the family have been reported (Kara, 2001a; Karsavuran
& Kara, 2003). This paper reports an investigation of the Tachinidae fauna of Manisa Province, Tirkiye.

Materials and Methods

Tachinid specimens were collected arbitrarily from a range of agricultural crops, weeds, forest trees
and ornamental plants in districts of Manisa Province (Salihli, Sarigdl, Selendi, Soma and $ehzadeler) from
2016 to 2020. Samples were collected an insect net and the latitude and altitude of the field was recorded
by GPS. After collecting the flies were killed in ethyl acetate and taken to the laboratory, where they were
processed according to museum standards.

The keys of Mesnil (1944-1965), Zimin (1966), Herting (1983), Tschorsnig & Herting (1994), Tschorsnig
& Richter (1998) and Gilasian et al. (2013) were used to identify the tachinids. Nomenclature and
arrangement of tachinids are based on Herting & Dely-Draskovits (1993). Confirmation of some species
were made by Dr. Hans-Peter Tschorsnig (Staatliches Museum fur Naturkunde, Stuttgart, Germany).
Images of the newly registered species were taken using a Leica M205 C stereoscopic microscope
integrated with a Leica MC 170 digital camera and using the Leica Application Suite Software v4.13.0. The
tachinid specimens are deposited at the Plant Protection Museum in Tokat Gaziosmanpasa University,
Agricultural Faculty, Tokat, Turkiye.

Results and Discussion

Thirty-six specimens were determined with three species being new to the Turkish fauna.
Subfamily: Exoristinae

Tribe: Eryciini

Erycia fasciata Villeneuve, 1924

Material examined. Selendi (Yildiz), 38°44'53" N, 28°53'06" E, 434 m, 22.05.2017, &.

Distribution in Turkiye. Ankara (Bayram & Kara, 1998), Eskisehir (Aksu, 2005), Kastamonu (Atay,
2017) and Mugla (Lutovinovas et al., 2018).

Hosts in Tirkiye. Melitaea didyma (Esper, 1778) (Lepidoptera: Nymphalidae) (Bayram & Kara, 1998).
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Tribe: Goniini
Pales processioneae Ratzeburg, 1840
Material examined. Sehzadeler (Ayvacik), 38°34'14" N, 27°26'59" E, 1421 m, 09.06.2019, <.

Distribution in Turkiye. Locality information is not provided (Herting & Dely-Draskowits, 1993), Isparta
(Avcr & Kara, 2002), Kirklareli (Cerretti, 2005) and Corum (Uysal, 2018; Uysal & Atay, 2021).

Hosts in Tlrkiye. Lymantria dispar (L., 1758) (Lepidoptera: Lymantriidae) (Dikyar, 1981) and
Thaumetopoea ispartaensis Doganlar & Avci, 2001 (Lepidoptera: Notodontidae) (Kara & Tschorsnig, 2003).

Gonia bimaculata Widemann, 1819
Material examined. Sehzadeler (Ayvacik), 38°34'23" N, 27°26'55" E, 1415 m, 08.09.2017, &.

Distribution in Turkiye. Burdur (Tuatay et al., 1972), Balikesir, Denizli, izmir (Kavut et al., 1974),
Ardahan, Erzurum, Kars (Doganlar, 1982a), Sanlurfa (G6zuacik & Mart, 2009), Southeast Anatolia Region
(Gézuaclik et al., 2009) and Mugla (Lutovinovas et al., 2018).

Host in Turkiye. Agrotis ipsilon (Hufnagel, 1766) (Lepidoptera: Noctuidae) (Kavut et al., 1974,
Gozuagik et al., 2009), Agrotis sp. (Tuatay et al., 1972; Géziagik et al., 2007) and A. segetum (Denis &
Schiffermdller, 1775) (Géziacgik & Mart, 2009).

Spallanzania hebes (Fallén, 1820)

Material examined. Selendi (Kurtulus), 38°43'51" N, 28°51'21" E, 431 m, 12.07.2017, &; and
38°43'50" N, E 28°51'16", 427 m, 15.06.2019, J.

Distribution in Turkiye. Erzurum (Doganlar, 1982a), Sakarya (Balkan, 2014; Balkan et al., 2015) and
Burdur (Lutovinovas et al., 2018).

Hosts in Turkiye. Agrotis sp. (Lepidoptera: Noctuidae) (Tschorsnig, 2017).
Spallanzania griseiventris Herting, 1967

Material examined. Salihli (Allahdiyen), 38°24'24" N, 28°04'53" E, 1007 m, 01.08.2016, ¢; and
Sehzadeler (Ayvacik), 38°34'23" N, 27°26'55" E, 1415 m, 08.09.2017, <.

Distribution in Turkiye. Eskisehir (Kara & Aksu, 2007).

Subfamily: Tachininae

Tribe: Tachinini

Tachina fera (L., 1761)

Material examined. Sarigél (Alemsahli), N 38°06'56", E 28°40'08", 619m, 19.06.2017, J.

Distribution in Tarkiye. Bingdl, Erzurum (Doganlar, 1982b), Tokat (Kara, 1999b; Lekin, 2014; Lekin
et al., 2016), Kastamonu (Korkmaz, 2007; Atay, 2017), Bolu, (Atay, 2017), Mugla (Lutovinovas et al., 2018)
and Corum (Uysal, 2018; Uysal & Atay, 2021).

Tachina magnicornis (Zetterstetd, 1844)
Material examined. Soma (Kugukgulney), 39°15'05" N, 27°38'11" E, 332 m, 21.06.2017, <.

Distribution in Tarkiye. Erzurum (Doganlar, 1975), Balikesir (Kavut et al., 1974), Bingdl, Hakkari
(Doganlar, 1982b), Tokat (Kara, 1999a; Girkan, 2010; Lekin, 2014; Lekin et al., 2016), Ankara (Kara &
Ozdemir, 2000), Bursa (Kaya & Kovanci, 2000), Kastamonu (Korkmaz, 2007; Atay, 2017), Sakarya
(Balkan, 2014; Balkan et al., 2015), Bartin, Bolu (Atay, 2017) and Mugla (Lutovinovas et al., 2018).
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Hosts in Turkiye. Spodoptera exigua (Hubner, 1808) (Steiner, 1937), Malacosoma castrensis (L.,
1758) (Lepidoptera: Lasiocampidae) (Doganlar, 1975), Agrotis segetum (Dennis & Schiffermuller, 1775)
(Lepidoptera: Noctuidae) (Kavut et al., 1974; Girkan, 2010), Agrotis sp. (Kara & Ozdemir, 2000) and
Helicoverpa armigera (Hibner, 1808) (Lepidoptera: Noctuidae) (Kaya & Kovanci, 2000).

Tachina danilewskyi (Portschinsky, 1882)

Material examined. Sarigdl (Alemsahl), 38°06'48" N, 28°40'05" E, 614 m, 24.06.2016, 2; and
38°06'52" N, 28°40'05" E, 609 m, 08.09.2016, <.

Distribution in Turkiye. Bursa (Herting & Dely-Draskovits, 1993) and Eskisehir (Kara & Aksu, 2007).
Peleteria rubescens (Robineau-Desvoidy, 1830)

Material examined. Salihli (Allahdiyen), 38°24'28" N, 28°04'55" E, 1004 m, 04.07.2016, 2 99
38°24'44" N, 28°05'05" E, 970 m, 08.08.2016, Q; 38°24'46" N, 28°05'08" E, 936 m, 18.06.2017, 2 9¢;
38°24'24" N, 28°04'53" E, 1007 m, 05.09.2017, 2 9 Q; 38°24'48" N, 28°05'02" E, 971 m, 08.06.2019, ¢;
38°24'54" N, 28°05'03" E, 937 m, 06.07.2019, @; Sarigdl (Alemsahli), 38°06'52" N, 28°40'05" E, 609 m,
08.09.2016, Q; 38°06'37" N, 28°40'16" E, 623 m, 19.08.2017, 2 99; Selendi (Yildiz), 38°44'55" N,
28°53'12" E, 435 m, 12.06.2017, 2 9Q; Selendi (Kurtulug), 38°43'47" N, 28°49'54" E, 413 m, 11.08.2017,
Q; 38°43'47" N, 28°51'15" E, 431 m, 10.09.2017, 2 9¢; Soma (Kiicikgiiney), 39°15'01" N, 27°38'10" E,
324 m, 10.09.2016, 3 9Q; 39°15'03" N, 27°38'10" E, 328 m, 27.05.2017, Q; Soma (Zafer), 39°12'19" N,
27°41'13" E, 328 m, 22.07.2017, Q; Soma (Yirca), 39°12'15", 27°41'10", 335 m, 11.08.2017, 4 Q9;
39°12'12" N, 27°41'08" E, 333 m, 15.07.2019, 9; Sehzadeler (Ayvacik), 38°34'16" N, 27°26'58" E, 1416 m,
13.09.2016, Q; 38°33'31" N, 27°26'56" E, 1255 m, 22.07.2016, Q; 38°33'42" N, 27°26'51" E, 1290 m,
10.06.2017, ¢ and 38°33'28" N, 27°26'52" E, 1244 m, 25.08.2017, 2 9 2.

Distribution in Turkiye. Erzurum (Dogdanlar, 1975), Tokat (Kara, 1999a; Lekin et al., 2016), Ankara
(Khan & Ozer, 1984; Kansu et al., 1986; Kara & Ozdemir, 2000), Zonguldak (Korkmaz, 2007), Sakarya
(Balkan, 2014; Balkan et al., 2015) and Corum (Uysal, 2018; Uysal & Atay, 2021).

Hosts in Turkiye. Malacosoma castrensis (L., 1758) (Lepidoptera: Lasiocampidae) (Doganlar, 1975)
and Agrotis sp. (Lepidoptera: Noctuidae) (Khan & Ozer, 1984; Kansu et al., 1986; Kara & Ozdemir, 2000).

Peleteria iavana (Wiedemann, 1819)
Material examined. Sarigél (Alemsahli), 38°06'563" N, 28°40'09" E, 617 m, 19.08.2018, .

Distribution in Turkiye. Amasya (Kara, 2001b), Tokat (Lekin, 2014; Lekin et al., 2016) and Corum
(Uysal, 2018; Uysal & Atay, 2021).

Tribe: Macquartiini
Macquartia chalconota (Meigen, 1824)
Material examined. Sehzadeler (Ayvacik), 38°33'23" N, 27°26'44" E, 1242 m, 10.07.2017, <.

Distribution in Turkiye. Amasya (Kara, 2001b), Kayseri (Sahebari et al., 2013), Tokat (Lekin, 2014;
Lekin et al., 2016) and Kastamonu (Atay, 2017).

Tribe: Siphonini

Siphona pauciseta Rondani, 1865

Material examined. Sarigél (Afsar), 38°13'54" N, 28°38'19" E, 488 m, 10.10.2020, <.
Distribution in Turkiye. Aydin, Mugla (Lutovinovas et al., 2018).
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Tribe: Leskiini

Bithia immaculata (Herting, 1971)

Material examined. Sehzadeler (Ayvacik), 38°33'21" N, 27°26'40" E, 1243 m, 13.09.2016, ¢.
Distribution in Turkiye. Erzurum (Doganlar, 1982b), Tokat (Kara, 1999a) and Zonguldak (Korkmaz, 2007).
Subfamily: Dexiinae

Tribe: Dexiini

Estheria cristata (Meigen, 1826)

Material examined. Selendi (Kurtulus), 38°43'51" N, 28°51'21" E, 431 m, 12.07.2017, <.
Distribution in Tirkiye. Recorded for the first time from Turkiye.

Identification. Parafacial with five short hair-like setae just below the first frontal seta. There are four
bristles on the humeral callus, the strongest three of which are arranged more or less in a straight line.
Three dorsocentral hairs are located behind the suture on the thorax. The petiole of the R5 vein is shorter
than the r-m vein and at most 0.13 times as long as postangular section of M. The scutellum is reddish.
Lower calypter has long hairs only at the base, and the remaining marginal hairs are shorter or at most as
long as the marginal hairs of the upper calypter (Figure 1).

Figure 1. Estheria cristata @, a) head (lateral view), b) thorax (dorsal view), ¢) wing, and d) calypter.
Zeuxia cinerea Meigen, 1826

Material examined. Soma (Zafer), 39°12'19" N, 27°41'13" E, 328 m, 22.07.2017, &; Sehzadeler
(Ayvacik), 38°33'23" N, 27°26'52" E, 1243 m, 19.05.2019, J&; and N38°33'27" N, 27°26'48" E, 1243 m,
12.08.2019, Q.
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Distribution in Turkiye. Tokat (Kara, 1998; 1999b; Lekin, 2014; Lekin et al., 2016), Erzurum (Richter
et al., 2002), Eskisehir (Kara & Aksu, 2007), Kastamonu (Korkmaz, 2007; Atay, 2017), Mugla (Lutovinovas
et al., 2018) and Igdir (Giltekin et al., 2020).

Hosts in Turkiye. Larinus aeruginosus (Hochhuth, 1851), L. jaceae (Fabricius, 1775), Larinus sp.,
Rhinocyllus conicus (Frolich, 1792) (Coleoptera: Curculionidae) (Richter et al., 2002), Temnorhinus hololeucus
(Pallas, 1781) and Maximus strabus (Gyllenhal, 1834) (Coleoptera: Curculionidae) (Gultekin et al., 2020).

Zeuxia tricolor (Portschinsky, 1881)

Material examined. Salihli (Allahdiyen), 38°24'24" N, 28°04'53" E, 1007 m, 01.06.2019, 2 4 &'; Sarigol
(Alemsahl), 38°06'41" N, 28°40'18" E, 634 m, 04.08.2016, 2 &4J; 38°06'37" N, 28°40'16" E, 623 m,
019.08.2017, &; Selendi (Yildiz), 38°44'51" N, 28°53'05" E, 434 m, 15.08.2016, J; 38°44'55" N, 28°53'12"
E, 435 m, 12.06.2017, &; Selendi (Kurtulug), 38°43'47" N, 28°49'54" E, 413 m, 11.08.2017, &; Selendi
(Karabeyler), 38°45'06" N, 28°54'17" E, 489 m, 14.08.2019, ?; Soma (Beyce), N 39°15'25", E 27°37'18",
326 m, 28.08.2016, 3 3J; 39°15'30" N, 27°37'21" E, 331 m, 14.09.2017, 3 44, Q; Sehzadeler (Ayvacik),
38°33'31" N, 27°26'56" E, 1255 m, 22.06.2016, 2 33, 2 99; and 38°33'31" N, 27°26'56" E, 1255 m
22.08.2016,2 34, 9.

Distribution in Turkiye. Konya (Herting, 1984), Tokat (Kara, 1999b; Lekin, 2014; Lekin et al., 2016)
Amasya (Kara, 2001b) and Eskisehir (Kara & Aksu, 2007).

Tribe: Voriini
Voria ruralis (Fallén, 1810)
Material examined. Salihli (Allahdiyen), 38°24'51" N, 28°05'05" E, 942 m, 18.08.2017, Q.

Distribution in Turkiye. izmir (Kavut et al., 1974), Erzurum (Avcr & Ozbek, 1990), Tokat (Kara,
1999b), Adana (Anay, 2000), Nigde (Kara & Ozdemir, 2000), Amasya (Kara, 2001b), Karabiik (Korkmaz,
2007), Hatay (Kaya & Kornosor, 2008), Tokat (Lekin, 2014; Lekin et al., 2016), Corum (Uysal, 2018; Uysal
& Atay, 2021), Aydin and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Spodoptera exigua (Hubner, 1808) (Lepidoptera: Noctuidae) (Steiner, 1937),
Autographa gamma (L., 1758) (Lepidoptera: Noctuidae) (Kavut et al., 1974; Avci & Ozbek, 1990; Anay,
2000; Kara & Ozdemir, 2000), Helicoverpa armigera (Hiibner, 1808) (Lepidoptera: Noctuidae) (Anay,
2000), and Plusiinae (Lepidoptera: Noctuidae) species (Kaya & Kornosor, 2008).

Subfamily: Phasiinae
Tribe: Phasiini
Clytiomya dupuisi Kugler, 1971

Material examined. Salihli (Allahdiyen), 38°24'59" N, 28°05'12" E, 869 m, 18.05.2019, &; Sarigdl
(Alemsahli), 38°06'48" N, 28°40'05" E, 614 m, 12.05.2019, &; and Selendi (Kurtulus), 38°43'50" N,
28°51'16" E, 427 m, 15.06.2019, J.

Distribution in Tiirkiye. Tokat (Kara, 1998; Kara & Alaoglu, 1999), Aydin, izmir (Karsavuran & Kara,
2003), Burdur and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Ancyrosoma leucogrammes (Gmelin, 1790) (Hemiptera: Pentatomidae)
(Karsavuran & Kara, 2003).

Clytiomya sola (Rondani, 1861)

Material examined. Salihli (Allahdiyen), 38°24'59" N, 28°5'12" E, 869 m, 18.05.2019, J&; Selendi
(Kurtulus), 38°43'45" N, 28°50'54" E, 425 m, 11.05.2019, &; and Soma (Yirca), 39°12'12" N, 27°41'08" E,
333 m, 15.07.2019, 4.
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Distribution in Tiirkiye. Konya (Tuatay et al., 1972), Manisa, izmir (Karsavuran & Kara, 2003), Corum
(Uysal, 2018; Uysal & Atay, 2021) and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Ancyrosoma leucogrammes (Gmelin, 1790) (Hemiptera: Pentatomidae)
(Karsavuran & Kara, 2003), Carpocoris sp. (Hemiptera: Pentatomidae) (Tuatay et al., 1972) and
Graphosoma lineatum (L., 1758) (Hemiptera: Pentatomidae) (Kara & Tschorsnig, 2003).

Ectophasia crassipennis (Fabricius, 1794)

Material examined. Salihli (Allahdiyen), 38°26'04" N, 28°05'34" E, 721 m, 18.05.2017, ¢; 38°26'04"
N, 28°05'34" E, 721 m, 18.08.2017, 2 3J; 38°26'09" N, 28°05'36" E, 723 m, 18.08.2018, &; 38°24'48" N,
28°05'02" E, 971 m, 08.06.2019, 2 3J&; 38°24'54" N, 28°05'03" E, 937 m, 06.07.2019, &; 38°26'48" N,
28°06'36" E, 320 m, 11.08.2019, &, Q; 38°26'42" N, 28°06'34" E, 354 m, 07.09.2019, J; 38°26'47" N,
28°06'34" E, 331 m, 14.09.2016, 9; Sarngdl (Alemsahl), 38°06'59" N, 28°40'07" E, 611 m, 04.07.2016, 2;
Sarigol (Afsar), 38°13'40" N, 28°38'24 E, 299 m, 13.07.2019, 3 448, 2 99; Selendi (Yildiz), 38°44'53" N,
28°53'06" E, 434 m, 22.05.2017, Q; 38°44'55" N, 28°53'12" E, 435 m, 12.06.2017, &; Selendi (Kurtulus),
38°43'51" N, 28°51'21" E, 431 m, 12.07.2017, &, 2 29; Selendi (Eskicami), 38°44'45" N, 28°53'01" E, 435
m, 13.07.2019, &, Q; Selendi (Karabeyler), 38°45'05" N, 28°54'13" E, 486 m, 13.08.2019, ?; 38°45'06" N,
28°54'17" E, 489 m, 14.08.2019, ?; Sehzadeler (Ayvacik), 38°33'28" N, 27°26'52" E, 1244 m, 20.05.2017,
Q;38°33'27" N, 27°26'48" E, 1243 m, 12.08.2019, Q; 38°33'21" N, 27°26'56" E, 1239 m, 08.09.2019, 2 3J;
Soma (Kiglkginey), 39°15'03" N, 27°38'10" E, 328 m, 27.05.2017, Q; 39°15'05" N, 27°38'11" E, 332 m,
21.06.2017, 2 44; Soma (Beyce), 39°15'28" N, 27°37'23" E, 316 m, 27.06.2017, &; Soma (Zafer),
39°12'19" N, 27°41'13" E, 328 m, 22.07.2017, Q; Soma (Beyce), 39°15'30" N, 27°37'21" E, 331 m,
14.09.2017, ¢; and Soma (Heciz), 39°15'35" N, 27°37'22" E, 343 m, 15.08.2019, 9.

Distribution in Tirkiye. Kilis (Zwolfer, 1932); South and Southeast Anatolia Region (Yiksel, 1968),
Diyarbakir (Lodos, 1953, 1961; Duman & Sertkaya, 2015, 2016), Adana (Simsek et al., 1994), Tokat (Atay,
2011; Atay & Kara, 2014; Lekin, 2014; Lekin et al., 2016), Sanliurfa (Duman et al., 2015), Bartin, Karabuik,
Kastamonu (Atay, 2017), Corum (Uysal, 2018; Uysal & Atay, 2021) and Mugla (Lutovinovas et al., 2018).

Hosts in Tirkiye. Eurygaster integriceps Puton, 1881 (Hemiptera: Scutelleridae), (Zwolfer, 1932;
Lodos, 1953, 1961, 1986; Simsek et al., 1994; Duman & Sertkaya, 2015, 2016; Duman et al., 2015),
Eurydema ornata (L., 1758), Carpocoris pudicus (Poda, 1761) (Hemiptera: Pentatomidae) and Coreus
marginatus (L., 1758) (Hemiptera: Coreidae) (Atay & Kara, 2014).

Ectophasia oblonga (Robineau-Desvoidy, 1830)

Material examined. Sarigdél (Alemsahli), 38°06'59" N, 28°40'07" E, 611 m, 04.07.2016, &; and
38°06'37" N, 28°40’16" E, 623 m, 19.08.2017, J.

Distribution in Tirkiye. Diyarbakir (Dupuis, 1963), Adana (Herting & Tschorsnig, 1993), Ankara
(Memisoglu & Ozer, 1994), Tekirdag (Onclier & Kivan, 1995; Kivan, 1996), Tokat (Kara, 1998; Atay, 2011;
Atay & Kara, 2014; Lekin, 2014; Lekin et al., 2016), Gaziantep, Kahramanmaras, Kilis (islamoglu &
Kornosor, 2003, 2007), Eskisehir (Aksu, 2005), Bartin, Karabiik, Kastamonu, Zonguldak (Korkmaz, 2007),
Adiyaman, Batman, Diyarbakir, Mardin, Siirt, Sanhurfa (Gézuacik et al., 2010), Kastamonu (Atay, 2017),
Corum (Uysal, 2018; Uysal & Atay, 2021), Burdur and Mugla (Lutovinovas et al., 2018).

Hosts in Tirkiye. Eurygaster integriceps Puton, 1881 (Hemiptera: Scutelleridae), (Dupuis, 1963;
Yiiksel, 1968; Oncuer & Kivan, 1995; Kivan, 1996; islamoglu & Kornosor, 2003, 2007; Gézlagik et al.,
2010; Herting & Tschorsnig, 1993), Eurygaster maura (L., 1758) (Memisoglu & Ozer, 1994), Lygaeus
equestris (L., 1758) (Hemiptera: Lygaedidae) (Kara & Alaoglu, 1999), Aelia sp., Dolycoris baccarum (L.,
1758) (Kara & Tschorsnig, 2003) and E. ornata (Kara & Tschorsnig, 2003; Atay & Kara, 2014).
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Ectophasia leucoptera (Rondani, 1865)

Material examined. Sarigdl (Alemsahli), N 38°06'41", E 28°40'18", 634 m, 04.08.2016, <.
Distribution in Turkiye. Locality information is not provided (Herting & Dely-Draskovits, 1993).
Gymnosoma clavata (Rohdendorf, 1947)

Material examined. Salihli (Allahdiyen), 38°24'24" N, 28°04'53" E, 1007 m, 01.06.2016, J; 38°24'44" N,
28°05'05" E, 970 m, 08.08.2016, J&; 38°26'04" N, 28°05'34" E, 721 m, 18.05.2017, &; 38°26'48" N,
28°06'36" E, 320 m, 11.08.2019, &; Sarigol (Alemsahli), 38°06'42" N, 28°40'10" E, 620 m, 25.05.2017, &;
38°06'50" N, 28°40'03" E, 611 m, 12.09.2017, Q; 38°06'48" N, 28°40'05" E, 614 m, 12.05.2019, &; Selendi
(Yildiz), 38°44'51" N, 28°53'05" E, 434 m, 22.05.2017, &, 9; Selendi (Karabeyler), 38°45'06" N, 28°54'17" E,
489 m, 14.08.2019, &; Sehzadeler (Ayvacik), 38°33'31" N, 27°26'56" E, 1255 m, 22.06.2016, Q; 38°33'28" N,
27°26'52" E, 1244 m, 20.05.2017, &; Soma (Kugclkguney), 39°15'03" N, 27°38'10" E, 328 m, 27.05.2017,
d; and Soma (Yirca), 39°12'12" N, 27°41'08" E, 333 m, 15.07.2019, 2.

Distribution in Tirkiye. Erzurum (Doganlar 1982b), izmir (Karsavuran, 1986; Karsavuran & Kara,
2003; Herting & Tschorsnig, 1993), Tokat (Kara, 1998; Atay, 2011; Atay & Kara, 2014; Lekin, 2014; Lekin
et al., 2016), Eskisehir (Aksu, 2005), Antalya, Burdur (Kegeci et al., 2007), Karabiik (Korkmaz, 2007; Atay,
2017), Kastamonu (Atay, 2017), Sakarya (Balkan, 2014; Balkan et al., 2015), Corum (Uysal, 2018; Uysal
& Atay, 2021) and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Dolycoris baccarum (L., 1758) (Karsavuran, 1986; Herting & Tschorsnig, 1993;
Kara & Tschorsnig, 2003; Kececi et al., 2007), Carpocoris sp. (Herting & Tschorsnig, 1993), Ancyrosoma
leucogrammes (Gmelin, 1790) (Karsavuran & Kara, 2003) and Carpocoris fuscispinus (Boheman, 1850)
(Hemiptera: Pentatomidae) (Atay, 2011; Atay & Kara, 2014).

Gymnosoma rotundata (L., 1758)

Material examined. Salihli (Allahdiyen), 38°26'04" N, 28°05'34" E, 721 m, 18.05.2017, 9, Sarigdl
(Alemsanhli), 38°06'50" N, 28°40'03" E, 611 m, 12.09.2017, &; Soma (Heciz), 39°15'34" N, 27°37'21"E, 343 m,
22.06.2019, &; and Soma (Beyce) 39°15'30" N, 27°37'21" E, 331 m, 14.09.2017, <.

Distribution in Turkiye. Eastern Black Sea Region (Kurt, 1975), Tokat (Kara, 1998; Lekin, 2014; Lekin
et al.,, 2016), Karabik, Kastamonu, Zonguldak (Korkmaz, 2007; Atay, 2017), Sakarya (Balkan, 2014;
Balkan et al., 2015) and Corum (Uysal, 2018; Atay & Uysal, 2021).

Hosts in Turkiye. Aelia rostrata Boheman, 1852 (Dikyar, 1981) and Palomena prasina (L., 1761)
(Hemiptera: Pentatomidae) (Kurt, 1975).

Cistogaster globosa (Fabricius, 1775)
Material examined. Sehzadeler (Ayvacik), 38°33'28" N, 27°26'52" E, 1244 m, 25.08.2017, <.
Distribution in Turkiye. Recorded for the first time from Turkiye.

Identification. The antennae are brownish-black and half the length of the face. The length of the
third antennal segment is about the same as its width. The cerci are triangular in shape. The light
pruinescence part on the humeral callus protrudes a quadrate macula into the prescutum. The shiny black
part on the parafrontal area starts at the back of the head and ends in a straight-cut form before reaching
the anterior frontal line. The scutellum and abdomen are completely black and the ventral side of the
abdomen is yellowish. Body length is 4 mm (Figure 2).
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C

Figure 2. Cistogaster globosa ¢, a) head (lateral and dorsal view), b) thorax and abdomen (dorsal view), and c) abdomen (ventral view)
Phasia obesa (Fabricius, 1798)

Material examined. Sehzadeler (Ayvacik), 38°33'21" N, 27°26'40" E, 1243 m, 13.09.2016, J&.

Distribution in Tirkiye. Tokat (Kara, 1998; Kara & Alaoglu, 1999; Lekin, 2014; Lekin et al., 2016),
Bolu, Kastamonu (Atay, 2017) and Mugla (Lutovinovas et al., 2018).

Tribe: Leucostomatini

Leucostoma abbreviatum Herting, 1971

Material examined. Salihli (Allahdiyen), 38°26'42" N, 28°06'34" E, 354 m, 07.09.2019, ¢.

Distribution in Turkiye. Tokat (Kara, 1998; Kara & Alaoglu, 1999), Kastamonu (Korkmaz, 2007), and
Sakarya (Balkan, 2014; Balkan et al., 2015).

Leucostoma anthracinum (Meigen, 1824)

Material examined. Salihli (Allahdiyen), 38°24'54" N, 28°05'03" E, 937 m, 06.07.2019, J.

Distribution in Turkiye. Tokat (Kara, 1998), Kastamonu, Karabik (Atay, 2017) and Mugla
(Lutovinovas et al., 2018).

Clairvilla biguttata (Meigen, 1824)

Material examined. Salihli (Allahdiyen), 38°26'04" N, 28°05'34" E, 721 m, 18.05.2017, ¢.

Distribution in Turkiye. Tokat (Kara, 1998; Kara & Alaoglu, 1999), Eskisehir (Aksu, 2005) and Mugla
(Lutovinovas et al., 2018).

Labigastera nitidula (Meigen, 1824)

Material examined. Salihli (Allahdiyen), 38°26'04" N, 28°05'34" E, 721 m, 18.05.2017, &; Sarigdl
(Afsar), 38°13'47" N, 28°38'17" E, 287 m, 25.05.2017, &; and Sehzadeler (Ayvacik), 38°33'28" E, 27°26'52" E,
1244 m, 20.05.2017, &.

Distribution in Turkiye. Tokat (Kara, 2002).
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Tribe: Cylindromyiini
Cylindromyia gemma (Richter, 1972)

Material examined. Sarigol (Afsar), 38°13'56" N, 28°38'14" E, 264 m, 24.06.2016, &; Sarigol
(Alemsahl), 38°06'41" N, 28°40'18" E, 634 m, 04.08.2016, J'; 38°06'52" N, 28°40'05" E, 609 m, 08.09.2016,
d; Selendi (Yildiz), 38°44'51" N, 28°53'05" E, 434 m, 15.08.2016, 2 4dJ; and Selendi (Karabeyler),
38°45'07" N, 28°54'19" E, 492 m, 12.09.2016, J.

Distribution in Turkiye. Recorded for the first time from Turkiye.

Identification. Antenna is as long as the face, postpedicel is 5.0-5.7 times as long as its width. There
are 8-10 pairs of black setae on the posterodorsal part of the head. The vibrissa is 0.35-0.4 times the length
of the face. Frontal vitta black. Palpus 3-5 times as long as their width and easily visible. The hairs on the
edge of the lower calypter at most as long as width of its thickened margin. Proepisternum bare.
Posteroventral setae is absent on the hind tibia. The middle tibia has two anterodorsal setae. Scutellum
black. Apical scutellar setae are 0.5 times the length of the subapical scutellar setae, posterior supra-alar
seta present. The wing is widely infuscated, and the basicosta is black. Tergite 3 has a median longitudinal
black stripe on its dorsal part. Syntergite 1+2 has median submarginal setae. Male sternite 5 is as in Figure 3.

Figure 3. Cylindromyia gemma &, a) abdomen (dorsal view), b) hind tibia c) middle tibia, d) head (lateral view), e) syntergite 1+2, f) wing,
and g) sternit 5.

Cylindromyia bicolor (Oliver, 1812)

Material examined. Selendi (Karabeyler), 38°45'07" N, 28°54'19" E, 492 m, 12.09.2016, J; 38°45'08"
N, 28°54'19" E, 492 m, 10.09.2017, &; and Sehzadeler (Ayvacik), 38°34'14" N, 27°26'59" E, 1421 m,
09.06.2019, Q.
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Distribution in Turkiye. Samsun (Herting, 1983), Karadeniz Bolgesi (Isik et al., 1987), Tokat (Kara,
1998; Kara & Alaoglu, 1999; Lekin, 2014; Lekin et al., 2016), Zonguldak (Korkmaz, 2007), Bartin, Karabuk
(Atay, 2017), Corum (Uysal, 2018; Uysal & Atay, 2021), Aydin and Mugla (Lutovinovas et al., 2018).

Hosts in Tirkiye. Rhaphigaster nebulosa (Poda, 1761) (Hemiptera: Pentatomidae) (Herting, 1983).
Cylindromyia brassicaria (Fabricius, 1775)

Material examined. Salihli (Allahdiyen), 38°24'54" N, 28°05'03" E, 937 m, 06.07.2019, J; Selendi
(Halilar), 38°45'05" N, 28°54'14" E, 482 m, 12.07.2015, &; and Soma (Beyce), 39°15'30" N, 27°37'21" E,
331 m, 14.09.2017, 3.

Distribution in Tirkiye. Erzurum (Doganlar, 1982b), izmir (Karsavuran, 1986), Tokat (Kara, 1998;
Kara & Alaoglu, 1999; Atay, 2011; Atay & Kara, 2014; Lekin, 2014, Lekin et al., 2016), Eskisehir (Aksu,
2005), Antalya, Burdur (Kececi et al., 2007); Kastamonu (Atay, 2017); Corum (Uysal, 2018; Uysal & Atay,
2021); Aydin and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Dolycoris baccarum (L., 1758) (Hemiptera: Pentatomidae) (Karsavuran, 1986; Kara
& Tschorsnig, 2003; Kececi et al., 2007; Atay, 2011; Atay & Kara, 2014) and Holcostethus vernalis (Wolff,
1804) (Hemiptera: Pentatomidae) (Kara & Alaoglu, 1999).

Cylindromyia pusilla (Meigen, 1824)
Material examined. Soma (Yirca), 39°12'12" N, 27°41'08" E, 333 m, 15.07.2019, J&.

Distribution in Turkiye. Locality information is not provided (Herting & Dely-Draskovits, 1993),
Zonguldak (Korkmaz, 2007), Karabik (Atay, 2017) and Mugla (Lutovinovas et al., 2018).

Cylindromyia intermedia (Meigen, 1824)

Material examined. Salihli (Allahdiyen), N 38°26'48", E 28°06'36", 320 m, 11.08.2019, J.
Distribution in Turkiye. Erzurum (Doganlar, 1982b) and Kastamonu (Atay, 2017).
Cylindromyia auriceps (Meigen, 1838)

Material examined. Salihli (Allahdiyen), 38°24'44" N, 28°05'05", 970 m, 08.08.2016, J; Selendi
(Kurtulus), 38°43'45" N, 28°50'54" E, 425 m, 02.06.2016, 2 3J; Selendi (Halilar), 38°45'05" N, 28°54'14" E,
482 m, 12.07.2016, 2 3J; 38°45'05" N, 28°54'13" E, 486 m, 13.08.2019, J&; Selendi (Karabeyler), 38°45'07" N,
28°54'19" E, 492 m, 12.09.2016, &; 38°45'06" N, 28°54'17" E, 489 m, 14.08.2019, J&'; Soma (Kugclkgliney),
39°15'05" N, 27°38'11" E, 332 m, 21.07.2017, Q; and Soma (Heciz), 39°15'35" N, 27°37'22" E, 343 m,
15.08.2019, &.

Distribution in Turkiye. Tokat (Kara, 1998; Kara & Alaoglu, 1999; Lekin, 2014; Lekin et al., 2016),
Eskisehir (Aksu, 2005), Kastamonu (Korkmaz, 2007; Atay, 2017), Zonguldak (Korkmaz, 2007), Sakarya
(Balkan, 2014; Balkan et al., 2015), Aydin and Mugla (Lutovinovas et al., 2018).

Hosts in Turkiye. Aelia acuminata (L., 1758) (Hemiptera: Pentatomidae) (Kara & Tschorsnig, 2003).

Thirty-six species in the Tachinidae were determined in this study of the Tachinidae fauna of Manisa
Province. Three of the identified species are new records for Tirkiye and 35 for Manisa fauna. Information
on the distribution of the majority of the determined species in Tirkiye is quite limited. Considering the
occurrences in Manisa, Phasiinae is most common, followed by Tachininae, Exoristinae and Dexiinae.
However, for the country as a whole, the order is Exoristinae, Tachininae, Phasiinae and Dexiinae (Kara
et al., 2020). The number of known species in the Tachinidae in Manisa has increased to 37 as a result of
this study.
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Tachinids parasitize a wide variety of hosts, the majority of which are plant pests, and thus these
insects are important in natural regulation of pests in agriculture and forest areas. Therefore, it is essential
to determine species diversity, habitat and host complexes of these beneficial insects so as to understand
and protect their populations in nature.
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Behavioral responses of Ceratitis capitata (Wiedemann, 1824) (Diptera:
Tephritidae) to hydrolyzed yeast and different types of sugars?

Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae)’nin hidrolize maya ve farkli
seker turlerine davranigsal tepkileri

Gilsevim TIRING? Serdar SATAR23

Abstract

Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) is a major pest of fruits and vegetables worldwide.
This study was conducted at Cukurova University (Turkiye) in 2021. In this study, different types of sugar and
hydrolyzed yeast were evaluated to determine the behavioral response of adult C. capitata using a four-arm
olfactometer and wind tunnel. Some of the most attractive sugars to C. capitata were combined with hydrolyzed yeast,
to check whether their attractiveness could be further improved. The sugars used in the study were alpha glucose,
arabinose, fructose, galactose, maltose, melibiose, ribose, sucrose and trehalose. The results showed that C. capitata
had a significantly higher attraction to arabinose, fructose, melibiose, ribose and trehalose than the other four sugars.
The number of adults that responded to trehalose was higher than the other sugars, so behavioral responses of C.
capitata to hydrolyzed yeast, trehalose and hydrolyzed yeast + trehalose were tested in comparison to a control group.
This study demonstrated that C. capitata was more attracted to the combination of hydrolyzed yeast + trehalose than
to each of these alone or to the control.

Keywords: Attractant, medfly, olfactometer, wind tunnel
Oz

Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) dinya ¢apinda meyve ve sebzelerin 6nemli bir
zararlisidir. Bu calisma 2021 yilinda Cukurova Universitesi'nde (Tirkiye) ylritilmastir. Bu galismada, dort kollu
olfaktometre ve rizgéar tuneli kullanilarak C. capitata erginlerinin davranigsal tepkilerini belirlemek amaciyla farkl tipte
sekerler ve hidrolize maya degerlendirilmistir. ileriye yonelik bir adim olarak, cezbediciligin daha da gelisip-gelismedigini
kontrol etmek igin en ¢ok yonelimin gorildigi sekerlerden biri hidrolize maya ile kombine edilmistir. Calismada kullanilan
sekerler alfa glikoz, arabinoz, fruktoz, galaktoz, maltoz, melibioz, riboz, sakkaroz ve trehalozdur. Sonuclar, arabinoz,
fruktoz, melibioz, riboz ve trehalozun C. capitata icin diger dort sekerden 6nemli dlciide daha yiksek bir gekicilige sahip
oldugunu gostermistir. Trehaloza tepki veren ergin sayisi dijer sekerlerden daha fazla oldugu icin C. capitata’nin
hidrolize maya, trehaloz, hidrolize maya + trehaloza karsi davranissal tepkileri kontrol grubuna gore test edilmistir. Bu
calisma, C. capitata'nin hidrolize maya + trehaloz kombinasyonun, bunlarin her birine veya kontrole gére daha fazla
¢ekici oldugunu gostermistir.

Anahtar sézcukler: Cezbedici, Akdeniz meyve sinegi, olfaktometre, riizgar tineli
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Behavioral responses of Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) to hydrolyzed yeast and different types of sugars

Introduction

Tephritids (Diptera: Tephritidae) comprise some of the most destructive pests of fruit and vegetable
crops worldwide (Tiring & Satar, 2021). Crop losses due to fruit flies have been predicted to cause annual
economic damage of 1 billion USD worldwide. The most noxious species belong to the genera Anastrepha,
Bactrocera, Ceratitis, Dacus, Rhagoletis and Zeugodacus (White & Elson-Harris, 1992).

The Mediterranean fruit fly (medfly), Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) is
one of the most devastating and economically significant pests worldwide (Elekgioglu, 2013; Tiring & Satar,
2017, 2021). Feeding on more than 300 different hosts and having a cosmopolitan geographic distribution
that is ever-expanding, it exerts a direct economic loss to growers such as dramatically affects national and
international vegetable-fruit commerce (Liquido et al., 1990, 1991). If C. capitata populations are not managed,
the percentage of damage often exceeds 50% of the total fruit production, and the infestation may reach
80-100% in highly susceptible hosts such as persimmon (Tiring & Satar, 2017, 2021; Kouloussis et al.,
2022). Growers are very concerned about the high reproductive potential and adaptability of C. capitata,
combined with the low effectivity of natural enemies and their wide range of hosts (Castillo et al., 2000).

New techniques for medfly control are being developed to replace the commonly-used
organophosphate insecticide applications. Recently, insecticidal bait sprays have been used against C.
capitata. Mass trapping with liquid or dry food-based baits offers promising medfly control within integrated
pest management (IPM) programs (Navarro-Llopis et al., 2011). The new attractants are very significant
for food-based baits, so the studies related to lures need to continue.

Recently, some control of C. capitata has been achieved by mass trapping without bait spray
application. However, protein hydrolysates and commercially fermented compounds are generally used as
attractants to lure medfly and other fruit flies for monitoring and mass trapping. These attractants contain
significant food resources required by the adults for egg development and sexual maturation and frequently
consist of compounds such as sugar baits and yeast (Heath et al., 1997; Placido-Silva et al., 2005; Epsky
etal., 2014).

The high cost of commercial mass trapping products, especially attractants has prevented their use
in medfly control in TUrkiye. As alternatives, some farmers have used monitoring practices that depend on
materials including fermented products, sugars, vinegar and diluted molasses as lures. However, the
efficiency of these techniques has not been evaluated. Therefore, olfactometer and wind tunnel experiments
were conducted to evaluate new and low-cost lures as tools to support sustainable C. capitata IPM.

Materials and Methods
Insects

Infested fruits were collected from a mixed fruit orchard at Cukurova University Research and
Application Farm located in the southeast Mediterranean Region of Tirkiye. Adults of C. capitata were
cultured under laboratory conditions (25 + 2°C, 60-70% RH and 12 h photoperiod). Adults were provided a
solid diet consisting of sucrose and hydrolyzed yeast (Condolab, Laboratorios Conda S.A., Madrid, Spain)
(3:1 w/w). Adults were kept in plexiglass cages. Eggs of C. capitata were collected through a fine-meshed
tulle on the front wall of a cage into a trough of water. The larvae were reared on a wheat bran diet (wheat
bran 65 g, sugar 30 g, yeast 20 g, hydrochloric acid (37%) 4 ml, sodium benzoate 1 g and tap water 127
ml). Individuals of the last larval stage were then placed in cages containing moist perlite to pupate.

Test insects were sexed and kept separate until use in olfactometer and wind tunnel studies. Virgin
adults were used in the experiment. Bioassay studies were conducted between 10:00 and 16:00.
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Compounds

Alpha glucose, arabinose, fructose, galactose, hydrolyzed yeast, maltose, melibiose, ribose, sucrose
and trehalose were purchased from Sigma-Aldrich (Adana, Turkiye).

Four-arm olfactometer bioassay

Attraction of C. capitata to sugars and yeast was tested in a four-arm olfactometer. The olfactometer
consisted of a central glass area (20 x 20 cm) with four arms. Each arm was connected via silicon tubing
to gas-washing bottles that contained the odor source. Silicon tubes were used to connect the vacuum
pump, activated carbon filter bottle, flow meter and gas-washing bottle containing water and compounds,
respectively. To prevent visual disturbance, a 20 W light was placed above the olfactometer in a room at
25+ 2°C and 70% RH. The bioassay studies were conducted using three-day-old adults. Test insects were
unfed for 24 h before the bioassays. A piece of filter paper containing samples diluted to 5% (20 pl) or the
control (fresh air) was placed into each of the gas-washing bottles. For each assay, one group of 10 adults
(5 females and 5 males) was introduced into the release portion and observed for 10 min using a stopwatch.
These assays were replicated four times. Flies entering an arm within this time were deemed to be
responders. Olfactometer was cleaned thoroughly with 70% ethanol and distilled water before each use.
Also, arms were rotated (90°) to minimize positional effects.

Wind tunnel bioassays

This study was conducted in a wind tunnel (45 x 80 x 220 cm). Charcoal-filtered air was passed
through the chamber at 0.20 cm/s™" with at 24 + 1°C and 70% + 5% RH. To avoid bias caused by light, the
wind tunnel was lit from above by LED lights set to 10 lux. Test insects were unfed for 24 h prior to use in
the assays. Samples for odor delivery were prepared at a concentration of 5% and transferred to a 20 ml
polypropylene vial before testing. This vial was placed on the tripod in front of a 15 cm fan. For each
treatment, we tested the landing rate of 10 separately released C. capitata that were given 10 min to
respond to the volatile chemicals. These assays were repeated four times. If the adult did not take off, we
terminated the test and deemed it to be a non-responder. Each adult was tested only once. At the end of
each treatment, the wind tunnel was cleaned with 70% alcohol and distilled water.

Statistical analysis

All statistical tests were performed on IBM SPSS 23. Data were checked for homogeneity of variance
(Levene test) and the normal distribution of all data (Shapiro-Wilk test; P = 0.05) before analysis. Data were
transformed using log1l0(x + 1) to satisfy normality assumptions prior to analysis of variance (ANOVA).
Olfactometer bioassays were conducted as completely randomized designs with the 4 test dates as
replicates. For olfactometer assays, significant differences in the number of C. capitata were analyzed using
a two-way (sex and chemicals as factors) ANOVA followed by Tukey’s multiple comparison test at P = 0.05.
Also, to further understand the effect of chemicals, data from females, males and both were subjected to
separate a one-way ANOVA (chemicals as factors). Significant ANOVAs were followed by Tukey’s test at
P = 0.05. Also, the behavior of the adults in the wind tunnel were analyzed using the Chi-square goodness-
of-fit test. Multiple comparisons were performed using Chi-squared tests with a Bonferroni correction. All
data in this study are given as mean * standard error.

Results

Fructose and galactose attracted significantly more females than alpha glucose and the control, but males
were not significantly different (Figure 1) (female, F = 4.00; df = 3, 15; P =0.035; male, F =1.73; df = 3, 15;
P = 0.214). Also, two-way analysis of the data showed that there was no significant interaction between
sex and sugars in bioassay studies (Table 1).
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uFructose = Galactose #Alpha-glucose Control

The mean number of response

Female Male

Figure 1. Mean number of Ceratitis capitata attracted to different types of sugar in a four-arm olfactometer. The data shows the
attraction of Ceratitis capitata to sugars for each of the female and male adults listed on the x-axis. Means with the same letter
are not significantly different (Tukey’s test, P: 0.05).

Table 1. The result of the two-way analysis of the variance test for the number of behavioral responses in a four-arm olfactometer

Fructose, Ribose, arabinose, Maltose, melibiose, Trehalose, yeast,
galactose, alpha sucrose, and trehalose and trehalose+ yeast,
glucose and control control control and control
df F P F [ F P F P
Attractant Compounds 3 4.750 0.010 143.597 0.000 143.597 0.000 114.535 0.000
Sex 1 0.750 0.395 1.013 1.000 1.331 0.285 0.016  0.900
Compounds *Sex 3 0.750 0.533 1.000 0.287 1.333 0.048 1.749 0.184

Two-way analysis of variance did not indicate a significant effect of interaction between the sugars
and sex for the following test compounds: arabinose, ribose, sucrose and the control (Table 1). Both females
and males were significantly more attracted to the olfactometer arm containing sugars with arabinose and
ribose in comparison to those containing sucrose and the control (female, F = 72.5; df = 3, 15; P = 0.000;
male, F = 72.5; df = 3, 15; P = 0.000) (Figure 2).

Two-way analysis of variance indicated a significant interaction between the sugars and sex on the
following test compounds:; maltose, melibiose, trehalose and the control (Table 1).

Olfactometer experiments showed that adults were significantly more attracted to the sugars
melibiose and trehalose compared to maltose and control (female, F = 9.33; df = 3, 15; P = 0.002; male,
F=11.3; df =3, 15; P = 0.001) (Figure 3).
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4 mRibose ® Arabinose % Sucrose Control

The mean number of response

Female Male
Figure 2. Mean number of Ceratitis capitata attracted to different types of sugar in a four-arm olfactometer. The data shows the

attraction of Ceratitis capitata to sugars for each of the female and male adults listed on the x-axis. Means with the same letter
are not significantly different (Tukey’s test, P: 0.05).

4 1 = Trehalose = Melibiose ®Maltose Control

The mean number of response

Female Male

Figure 3. The mean number of Ceratitis capitata attracted to different types of sugars in a four-arm olfactometer. The data shows the
attraction of Ceratitis capitata to sugars for each of the female and male adults listed on the x-axis. Means with the same letter
are not significantly different (Tukey’s test, P: 0.05).

Trehalose attracted more C. capitata than other sugars. Therefore, the response to trehalose, yeast,
and the combination of both was also tested in the four-arm olfactometer (Figure 4). Adults showed
significantly different responses to the treatments with trehalose, yeast, yeast + trehalose, and control
(female, F = 92.5; df = 3, 15; P = 0.000; male, F = 39.7; df = 3, 15; P = 0.000). In addition, two-way analysis
of the data showed that there was no significant interaction between sex and sugars (Table 1).
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Figure 4. Mean number of Ceratitis capitata attracted to yeast, trehalose, and both in a four-arm olfactometer. The data shows the
attraction of Ceratitis capitata to yeast, trehalose, and both for each of the female and male adults listed on the x-axis. Means
with the same letter are not significantly different (Tukey’s test, P: 0.05).
The percentage of upwind-oriented flights differed among different types of sugar and yeast (x2 =
3.68; P = 0.000). Wind tunnel experiments confirmed that trehalose was more attractive than the other
sugars. Also, the percentage of C. capitata attracted to yeast + trehalose was consistently higher than the
others (Figure 5).
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Figure 5. Response of Ceratitis capitata to different types of sugar and yeast in a wind tunnel. Horizontal bar plots with positive values
represent the percentage of flies responding (take off) to the compounds. If the adult did not take off, we considered it a non-
responder. Means with the same letter are not significantly different according to Chi-squared tests (P = 0.05).

Discussion

The results of the study revealed that trehalose is more attractive to C. capitata than the other sugars
tested. Also, hydrolyzed yeast + trehalose is strongly attractive to medfly adults. The strong olfactometer
and wind tunnel response suggest that the compounds contained in this mixture could influence the
behavior of the insect in the field.
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Food-based attractants are similar with nitrogen sources that provide the protein required by adults
to reach sexual maturity. The female-biased attractants are generally food lures. The reason for this is that
females have higher needs for protein acquisition than males for egg development (Christenson & Foote,
1960; Kouloussis et al., 2017). Hydrolyzed yeasts contain high protein (San Martin et al., 2020). The results
of the present study were consistent with hydrolyzed yeast is more attractive to significantly more females
than the others.

By the mid-1990s, an aqueous solution of torula yeast borax (TYB) pellets (Lopez et al., 1971) was
a food lure used in fruit fly mass trapping systems worldwide (Heath et al., 1995) and is widely used still
(Enkerlin & Reyes-Flores, 2018). For example, five TYB-baited traps per 2.59 km? are used as a component
of a fruit fly detection network that covers ca. 64,750 km? in California (Vargas et al., 2013). The present
study supported that hydrolyzed yeast is more attractive to C. capitata than the tested sugars.

With attractants for C. capitata now including both protein and sugar, different formulations of protein
hydrolysates are commercially available for C. capitata control. Biodelear, a patented, female-specific
attractant, produced by the Maillard reaction of fructose, urea and water at a ratio of 3:1:1 (Kouloussis et
al., 2022). In the present study, fructose attracted significantly more females than alpha glucose and the
control in a four-arm olfactometer. However, the adults responded significantly more to trehalose than
fructose in the wind tunnel experiments. Also, wind tunnel experiments showed that arabinose, melibiose
and ribose were more attractive to C. capitata than fructose.

Various formulations of protein hydrolysates are commercially available for C. capitata control. GF-
120 Naturalyte is a formulated mixture that contains spinosad (0.02%) in a non-toxic bait (including water,
different types of sugar and maize protein). The M3 bait station comprises a protein attractant and
insecticide housed in a plastic device. The flies feed on the bait and die soon afterward (Ware et al., 2003).

In a mass trapping control of Ceratitis spp. in Turkiye (Baspinar et al., 2013) and Nigeria (Ekesi &
Tanga, 2016), and Bactrocera dorsalis Hendel (Diptera: Tephritidae) in Kenya and Uganda (Umeh & Garcia,
2008) baits based on brewers-waste are used as a commercial hydrolyzed protein bait (e.g. NuLure).

Our study confirms that the attraction of different types of sugars and yeast can be used in mass
trapping and insecticide bait sprays to manage C. capitata. The present study demonstrates that trehalose
is more attractive to C. capitata than other sugars. Also, this study found that yeast + trehalose was more
attractive to C. capitata than the others test substances.

The present study confirmed that the attraction of C. capitata to some sugars and hydrolyzed yeast
particularly trehalose and yeast. This combination, therefore, has potential as a novel monitoring tool.
Finally, further research is needed to determine whether a combination of sugar, yeast and ammonium
odors is a more effective and species-specific novel monitoring tool than these types of odor alone.

Acknowledgments

This research was funded by the Project Development and Coordination Unit from the Cukurova
University (Grants Code: ZF202012827). This study is a part of the PhD thesis of the first author.

References

Baspinar, H., Y. Karsavuran, N. Bagpinar, T. Koglu, F. K. Apak & P. Glneyi, 2013. Determination of an adequate
attractant and its concentration in mass-trapping of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) by a
hand-made trap. IOBC-WPRS Bulletin, 95: 33-40.

Castillo, M., P. Moya, E. Hernandez & E. Primo-Yufera, 2000. Susceptibity of Ceratitis capitata Wiedemann (Diptera:
Tephritidae) to entomophatogenic fungi and their extracts. Biological Control, 19 (3): 274-282.

Christenson, L. D. & R. H. Foote, 1960. Biology of fruit flies. Annual Review of Entomology, 5 (1): 171-192.

321



Behavioral responses of Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) to hydrolyzed yeast and different types of sugars

Ekesi, S. & C. M. Tanga, 2016. “Waste Brewer’s Yeast as An Alternative Source of Protein for Use as A Bait in the Management
of Tephritid Fruit Flies, 293-306”. In: Fruit Fly Research and Development in Africa-Towards a Sustainable
Management Strategy to Improve Horticulture (Eds. S. Ekesi & S. Mohamed). Springer, Cham, 693 pp.

Elekgioglu, N. Z., 2013. Fruit flies of economic importance in Turkey, with special reference to Mediterranean fruit fly,
Ceratitis capitata (Wied.). Turk Bilimsel Derlemeler Dergisi, 6 (2): 33-37.

Enkerlin, W. R. & J. Reyes-Flores, 2018. Trapping guidelines for area-wide fruit fly programmes. FAO/IAEA, 65 pp.

Epsky, N. D., P. E. Kendra & E. Q. Schnell, 2014. “History and Development of Food-Based Attractants, 75-118". In:
Trapping and the Detection, Control and Regulation of Tephritid Fruit Flies (Eds. T. Shelly, N. Epsky, E. B. Jang,
J. Reyes-Flores & R. Vargas). Springer, Dordrecht, 654 pp.

Heath, R. R., N. D. Epsky, B. D. Dueben, J. Rizzo & F. Jeronimo, 1997. Adding methyl-substituted ammonia derivatives
to a food-based synthetic attractant on capture of the Mediterranean and Mexican fruit flies (Diptera:
Tephritidae). Journal of Economic Entomology, 90 (6): 1584-1589.

Heath, R. R., N. D. Epsky, A. Guzman, B. D. Dueben, A. Manukian & W. L. Meyer, 1995. Development of a dry plastic
insect trap with food-based synthetic attractant for the Mediterranean and Mexican fruit flies (Diptera:
Tephritidae). Journal of Economic Entomology, 88 (5): 1307-1315.

Kouloussis, N. A., P. T. Damos, C. S. loannou, C. Tsitsoulas, N. T. Papadopoulos, D. Nestel & D. S. Koveos, 2017.
Age related assessment of sugar and protein intake of Ceratitis capitata in ad libitum conditions and modeling
its relation to reproduction. Frontiers in Physiology, 8: 271.

Kouloussis, N. A., V. G. Mavraganis, P. Damos, C. S. loannou, E. Bempelou, D. S. Koveos & N.T. Papadopoulos,
2022. Trapping of Ceratitis capitata using the low-cost and non-toxic attractant biodelear. Agronomy, 12 (2):
525-536.

Liquido, N. J., R. T. Cunningham & S. Nakagawa, 1990. Host plants of Mediterranean fruit fly (Diptera: Tephritidae) on
the Island of Hawaii (1949-1985 survey). Journal of Economic Entomology, 83 (5): 1863-1878.

Liquido, N. J., R. T. Cunningham & L. A. Shinoda 1991. Host plants of the Mediterranean fruit fly, Diptera: Tephritidae,
an annotated world review. Miscellaneous Publications of the Entomological Society of America, 77: 1-52.

Lopez, D. F., L. F. Steiner & F. R. Holbrook, 1971. A new yeast hydrolysate-borax bait for trapping the Caribbean fruit
fly. Journal of Economic Entomology, 64 (6): 1541-1543.

Navarro-Llopis, V., S. Vacas, J. Sanchis, J. Primo & C. Alfaro, 2011. Chemosterilant bait stations coupled with sterile
insect technique: an integrated strategy to control the Mediterranean fruit fly (Diptera: Tephritidae). Journal of
Economic Entomology, 104 (5): 1647-1655.

Placido-Silva, M. D. C., F. S., Zucoloto & I. S. Joachim-Bravo, 2005. Influence of protein on feeding behavior of Ceratitis
capitata Wiedemann (Diptera: Tephritidae): comparison between immature males and females. Neotropical
Entomology, 34 (4): 539-545.

San Martin, D., M. Orive, B. Ifiarra, J. Castelo, A. Estévez, J. Nazzaro, I. lloro, F. Elortza & J. Zufia, 2020. Brewers’
spent yeast and grain protein hydrolysates as second-generation feedstuff for aquaculture feed. Waste and
Biomass Valorization, 11 (10): 5307-5320.

Tiring, G. & S. Satar, 2017. Population fluctuation of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) in some fruit
orchards. Turkish Bulletin of Entomology, 7 (3): 29-37.

Tiring, G. & S. Satar, 2021. Annual population fluctuations of Mediterranean fruit fly in the Eastern Mediterranean
Region of Turkey; Problem of non-marketing fruit. Phytoparasitica, 49 (5): 807-817.

Umeh, V. C. & L. E. Garcia, 2008. Monitoring and managing Ceratitis spp. complex of sweet orange varieties using
locally made protein bait of brewery waste. Fruits, 63 (4): 209-217.

Vargas, R. |., D. Haviland, B. Faber, J. Kabashima, B. Grafton-Cardwell & J. Morse, 2013. Improving trapping systems
for early detection and eradication of fruit flies (Diptera: Tephritidae) in California. Citrograph, 4 (4): 28-34.

Ware, T., G. Richards & J. H. Daneel, 2003. The M3 bait station. A novel method of fruit fly control. SA Fruit Journal, 2
(1): 44-47.

White, . M. & M. M. Elson-Harris, 1992. Fruit Flies of Economic Significance: Their Identification and Bionomics. CAB
International, Wallingford, 601 pp.

322



Tark. entomol. derg., 2022, 46 (3): 323-333 ISSN 1010-6960
DOI: http: //dx.doi.org/10.16970/entoted.1098172 E-ISSN 2536-491X

Original article (Orijinal aragtirma)

Distribution and identification of important plant parasitic nematodes in
anise growing areas?

Anason yetistirilen alanlarda 6nemli bitki paraziti nematodlarinin dagilimi ve tanimlanmasi

ibrahim MISTANOGLU? Gulstm UYSALS3 Zubeyir DEVRAN*
Abstract

Anise, Pimpinella anisum L. (Apiales: Apiaceae) is an important medicinal aromatic plant and can be attacked
by different pests and pathogens. Plant parasitic nematodes are important pests that can be confused with nutrient
deficiency or symptoms of various diseases or pests. Therefore, rapid and accurate identification of these pests is
essential for integrated nematode management and rotation. In 2021, a survey was conducted in Bolvadin District of
Afyonkarahisar Province, which is one of the most important anise production areas of Turkiye. Forty-two soil samples
were collected from the anise growing areas in the district and 16 species-specific primers were used for molecular
identification of plant parasitic nematodes. In the samples, Meloidogyne hapla Chitwood, 1949 (Tylenchida: Heteroderidae),
Pratylenchus neglectus (Rensch, 1924) Filipjev & Schuurmans Stekhoven, 1941, Pratylenchus thornei Sher & Allen, 1953
(Tylenchida: Pratylenchidae) and Aphelenchoides besseyi Christie, 1942 (Aphelenchida: Aphelenchoididae), were
detected at the rates of 57% (24), 52% (22), 36% (15) and 7% (3), respectively. Plant parasitic nematodes were found
in both single and mixed populations. In addition, A. besseyi was found for the first time in anise growing areas.

Keywords: Anise, identification, PCR, plant parasitic nematodes
Oz

Anason, Pimpinella anisum L. (Apiales: Apiaceae) 6nemli bir tibbi aromatik bitkidir ve farkli zararlilar ve patojenler
tarafindan saldinya ugrayabilmektedir. Bitki paraziti nematodlar, zararlari besin eksikligi veya cesitli hastalik veya
zararlilarin semptomlari ile karistirilabilen dnemli zararlilardir. Bu nedenle, entegre nematod miicadele programlari ve
Urdin rotasyonu i¢in bu organizmalarin hizh ve dogru tanimlanmasi esastir. 2021 yilinda Turkiye'nin en énemli anason
uretim alanlarindan biri olan Afyonkarahisar Ili Bolvadin llgesi'nde siirvey calismasi yapilmistir. Bélgedeki anason
alanlarindan 42 toprak 6rneg@i alinmis ve bitki paraziti nematod tirlerinin molekiler tanimlanmasinda tire 6zglu 16
primer kullaniimistir. Orneklerde Meloidogyne hapla Chitwood, 1949 (Tylenchida: Heteroderidae), Pratylenchus neglectus
(Rensch, 1924) Filipjev & Schuurmans Stekhoven, 1941, Pratylenchus thornei Sher & Allen, 1953 (Tylenchida: Pratylenchidae)
ve Aphelenchoides besseyi Christie, 1942 (Aphelenchida: Aphelenchoididae) sirasiyla %57 (24), %52 (22), %36 (15)
ve %7 (3) oranlarinda belirlenmistir. Bitki paraziti nematodlar hem tek hemde karigik populasyonlar halinde
bulunmustur. Ayrica A. besseyi, anason Uretim alanlarinda ilk kez belirlenmistir.

Anahtar sézcikler: Anason, tanimlama, PCR, bitki paraziti nematodlar
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Distribution and identification of important plant parasitic nematodes in anise growing areas

Introduction

Anise, Pimpinella anisum L. (Apiales: Apiaceae) is an annual and aromatic herb belong to the Apiaceae
family (Ghorbanpour et al., 2017; ITIS, 2021). The flowers of the plant are umbrella-shaped and white color,
while the fruits are greenish yellow and hairy (Orav et al., 2008; Shojaii & Abdollahi, 2012; Karik, 2020).
Plants belonging to the order Apiales are generally rich in essential oil. In addition, this oil is extremely valuable
in terms of vitamins and minerals (Keskin & Baydar, 2016). Many are of pharmaceutical importance in
making herbal medicines. Anise which is one of the most important plants in this family as an example
cumin [Carum carvi L. (Apiales: Apiaceae)], coriander [Coriandrum sativum L. (Apiales: Apiaceae)] and
fennel [Foeniculum vulgare Miller (Apiales: Apiaceae)], is an ancient cultivar originated from the eastern
Mediterranean Basin. Anise is cultivated in countries such as China, Egypt, Greece, India, Russia, Spain,
Syria and Turkiye (Demirayak, 2002). In 2019, about 2 Mt of fennel, star anise and coriander was harvested
from about 2 Mha globally, with an average yield of 0.95 t ha' (FAOSTAT, 2019). The countries with the
highest production areas were India, Syria, Tlrkiye, Russia and China (in decreasing order of production)
(FAOSTAT, 2019). In Turkiye, 10.7 kt of anise was produced on 15 kha, according to 2020 data, and the
average yield is 0.69 t ha? (TUIK, 2021). Afyonkarahisar is one of the main anise growing provinces of
Turkiye (TUIK, 2021).

In the production of anise, different diseases, organisms, nematodes and various weeds can cause
significant losses (Anonymous, 2008). However, among these factors plant parasitic nematodes (PPNSs)
are very important pests but their damage is mostly confused with the symptoms of other factors or can be
misidentified as nutrient deficiencies (Singh & Phulera, 2015). Globally, studies on anise have been limited.
Meloidogyne arenaria (Neal, 1889) Chitwood, 1949 (Tylenchida: Heteroderidae) has only reported in anise
production areas in Nepal (Bhardwaj & Hogger, 1984). There are various studies on other medicinal
aromatic plants such as cumin, fennel and coriander. In the cumin production areas of India, it was found
that these areas were infested with Pratylenchus thornei Sher & Allen, 1953 (Tylenchida: Pratylenchidae),
Hoplolaimus indicus Sher, 1963 (Tylenchida: Hoplolaimidae) and Meloidogyne incognita (Kofoid & White,
1919) (Tylenchida: Heteroderidae) (Kant et al., 2017). In another study, M. incognita was found in fennel
production areas in Egypt (Ibrahim & Mokbel, 2009). Similarly, fennel production areas in Iran, PPNs in the
genera Meloidogyne, Helicotylenchus, Tylenchorhynchus, Tylenchus and Xiphinema was reported
(Nasresfahani et al., 2015). In a study conducted on the coriander in Pakistan, Tylenchorhynchus annulatus
(Cassidy, 1930) Golden, 1971 (Tylenchida: Belonolaimidae), Hoplolaimus pararobustus (Schuurmans
Stekhoven & Teunissen, 1938) Sher, 1963 (Tylenchida: Hoplolaimidae) and Xiphinema sp. were detected
(Khan et al., 2021).

In Tarkiye there is only one report of PPNs in anise production areas and 15 plant parasitic nematode
species, including Ditylenchus dipsaci (Kuihn, 1857) Filipjev, 1936 (Tylenchida: Anguinidae), Helicotylenchus
dihystera (Cobb, 1893) Sher, 1961 (Tylenchida: Hoplolaimidae), M. arenaria and Pratylenchus zeae
Graham, 1951 (Tylenchida: Pratylenchidae) were identified (Kepenekci, 2003). Also, in fennel, another
important plant of the Apiaceae family, 10 PPNs have been identified, including P. thornei, P. zeae and H.
dihystera (Evlice & Kepenekci, 2006). Crop rotation is extensively practiced in anise production in Turkiye
and cereals are generally used in the rotational crop. Pratylenchoides alkani Yiksel, 1977, Pratylenchus
crenatus Loof (1960) (Tylenchida: Pratylenchidae), Pratylenchus neglectus (Rensch, 1924) Filipjev &
Schuurmans Stekhoven, 1941 (Tylenchida: Pratylenchidae), P. thornei and Pratylenchus vulnus Allen &
Jensen, 1951 (Tylenchida: Pratylenchidae) have been reported in cereal growing fields of Turkiye (S6gut
et al.,, 2011; Yavuzaslanoglu et al., 2012; Kasapoglu Uludamar et al., 2018; Dababat et al., 2019;
Yavuzaslanoglu et al., 2020; Géze Ozdemir et al., 2021). Therefore, identification of PPNs is needed for
anise fields. This study was conducted in Bolvadin District of Afyonkarahisar Province which has an
important province in anise growing in Turkiye.
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Materials and Methods
Sampling

To detect harmful PPNs in anise, sampling was done from anise areas in Bolvadin District, where
production is made within the scope of organic or good agriculture in June 2021 (Figures 1 & 2). The
samples were taken with a shovel along zigzag transects in the fields. Each sample consisted of 5-10 spade
slices (3 cm thick, 15-20 cm deep and 15 cm wide). Forty-two samples were taken in total. Global
positioning system coordinates of the sampled sites are given in Table 1.
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Figure 2. A typical anise crop in Bolvadin District.

325



Distribution and identification of important plant parasitic nematodes in anise growing areas

Table 1. Morphological-molecular analysis results and location information of samples obtained from anise growing areas in Bolvadin, Tirkiye
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A-10  38°47'56 / 31°17'15 M, P Ce e e s oo
A1l 38°44'29° | 31°013'33 P S L.
A-12  38°44'28 | 3101332 M, P e e oo
A-13  38°47'34” | 31°16'43 M, P e e v oo
A-14 38°47°38" / 31°16’44” P e
A-15  38°45'46” | 31°16'00” M, P Ce o e oL oo
A-16  38°47°41" 3101802 P e oo
A17  38°47'46" | 31°18'04” M, P e oo e o
A-18  38°47°44” | 31°18'07 M, A C e e oo
A-19 38°48°08” / 31°20°00” No PPN oo oL oL oo
A-20 38°48°05” / 31°20°03” No PPN oo Lo oL oo
A-21 38°48°03” / 31°20°05” No PPN oo oL oL oo
A22  38°47°08 / 31°16'26 P C e o oo oo
A23  38°48'43 | 31°20°59” P C e oo e
A-24  38°48'41" | 31°20°56 M, P Ce o e e Lo
A25  38°48'43" [ 31°20'55" P o
A26  38°48'44” | 31°21°00” M, P e e v oo
A-27 38°49°00” / 31°21’17” M, P T .
A28  38°48'57 /3102120 M C e o .o
A-30  38°49'24” | 3102143 M e e oo
A31  38°4921 | 312147 M, P e e oo
A-32 38°49°'16” / 31°21'50” M, P e
A-33  38%47'52" 311716 M, P C e e oo
A-34  38°49'14” | 3102149 M, P C e o oo oo
A-35 38°49°19” [ 31°21°55” No PPN - ..o oo
A36  38°4921” | 3121’57 M, P C e e e
A37  38°4923" / 31°21'53" M, P .
A-38  38°49'45 | 31°22'06" P o
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Table 1. Continued

)
Q
[
< —~
s . :
2 S _f5 28
= o = —
; 2 —_ > m Q9 T EE gL g
4 Coordinates 8 ~ S =~ = 85 Py Q g I ¢ % @ E o
3 ° g 8320wz o0d7rg2 S ¢
8 L L IS dgozgz=2a? 85 L <
2 S o ST 2 @ Wi S wnwkE L 23
@ S EX 382 ZzZafakEs8Eo G
g 2 2L =2a2ca3fELzza
& 5 Pr e BEEL L L ERE Lot
= S S55>5aa0aadd& 8T ITT I I <
A-41  38°49'58" / 31°22'14” No PPN T T T - -
A-42  38°50°00” / 31°22’17” P T - -
A-43  38°50°00” / 31°22’'19” P T T T
A-46  38°49'55" [ 31°22'22" M T R
A-47  38°49'54" | 31°22'25” M T
A-50  38°49'52" [ 31°22'32" No PPN T T T
Mit - M. incognita + + - - - - - - - e e e e e -
Mjt - M. javanica S T T T
Mat - M. arenaria L -
Mh? - M. hapla L T
Pn? - P. neglectus S R T T -
Pp? - P. penetrans S L T T I R SR SRR S T -
Pt - P. thornei S T T T S TR S
Hf - H. filipjevi S T T T T TR
Ha® - H. avenae S T R R T
HI® - H. latipons S
Ab* - A. besseyi T R
AP - A. fragariae S L T T T T T S
Ar® - A.ritzemabosi - - - - - - - - - - - - - - - 4
* Morphological identification indicates M: Meloidogyne spp. P: Pratylenchus spp. A: Aphelenchoides spp., PPN: Plant parasitic

nematodes;

** Mi: Meloidogyne incognita; Mj: M. javanica; Ma: M. arenaria; Mh: M. hapla; Pn: Pratylenchus neglectus; Pp: P. penetrans; Pt: P.
thornei; Hf: Heterodera filipjevi; Ha: H. avenae; HI: H. latipons; Ab: Aphelenchoides besseyi; Af: A. fragariae; Ar: A. ritzemabosi;
! Positive control from laboratory culture (Devran & S6gut, 2009);

2 Positive control from previous study (Sert Celik et al., 2019);

3 Positive control from Bolu Abant Izzet Baysal University, Turkiye (by Mustafa Imren);
4 Positive control from previous study (Devran et al., 2017);

5 Positive control from National Plant Protection Organization, Netherlands (by Gerrit Karssen).

Nematode extraction

Nematodes in the soil samples were extracted by using the modified Baermann funnel technique

(Hooper, 1986).

Morphological identification

Plant parasitic nematode species were checked as morphologically in genus level with the stereo
binocular microscope according to Jepson (1987), Handoo & Golden (1989) and EPPO (2021).
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Molecular identification
DNA isolation

Isolation of total genomic DNAs from nematodes was performed using a High Pure PCR Template
Preparation Kit (Roche Diagnostics, Mannheim, Germany) following the manufacturer’s instructions.

PCR amplification

PPNs were determined using species-specific primers (Table 2). The PCR reactions were carried
out on the SimpliAmp™ (Applied Biosystems, San Francisco, CA, USA) using the reaction conditions
specified in former studies for different plant parasitic nematode species (Waeyenberge et al., 2000; Zijlstra
et al., 2000; Wishart et al., 2002; Al-Banna et al., 2004; Gleason et al., 2008; Troccoli et al., 2008; Yan et
al., 2008; Devran et al., 2018). PCR outcomes were analyzed on a 1.5% agarose gel in 1X TAE and
visualized with Xpert Green DNA Stain using the Gel iX Imager (Intas Science, Gottingen, Germany).

Results
Morphological identification

Morphological analysis indicated PPNs belonging to the genera Aphelenchoides, Meloidogyne and
Pratylenchus were present in the samples. PPNs were not found in nine samples (Table 1).

Molecular identification

Molecular analysis of the samples were performed with 16 species-specific primer sets that could
identify PPNs belonging to P. thornei, P. neglectus, Pratylenchus penetrans (Cobb, 1917) Filipjev & Schuurmans
Stekhoven, 1941 (Tylenchida: Pratylenchidae), Heterodera avenae Wollenweber, 1924, Heterodera filipjevi
(Madzhidov, 1981), Heterodera latipons Franklin, 1969 (Tylenchida: Heteroderidae), Aphelenchoides besseyi
Christie, 1942, Aphelenchoides fragariae (Ritzema-Bos, 1891) Christie, 1932, Aphelenchoides ritzemabosi
(Schwartz, 1911) Steiner & Buhrer, 1932 (Aphelenchida: Aphelenchoididae), Meloidogyne javanica (Treub,
1885) Chitwood, 1949, M. incognita, M. arenaria and Meloidogyne hapla Chitwood, 1949 (Tylenchida:
Heteroderidae) (Table 2).

Both PTHO/D3B and 18sInt/26sInt primer sets were used to identify P. thornei. DNA fragments were
obtained of about 288 bp and 828 bp, respectively (Table 2). Pratylenchus thornei was detected in 15
samples in total (Table 1). DNA fragments of about 150 bp and 300 bp were obtained with primer sets
PNEGF1/D3B5 and PNEG/D3B, respectively, which were used for identification of P. neglectus, which was
found in 22 samples (Table 1). The PPENA/AB28 primer sets (Table 2) were used for the detection of P.
penetrans, however, no DNA band was obtained in the samples analyzed.

In all identification of samples species specific primer sets were used, HalTS-F6/R4, Hlat-act F/R, Hf
ITS-F1/R1 that identified H. avenae, H. latipons and H. filipjevi positive controls respectively; however,
primers did not give any DNA fragments from the samples assayed (Table 1).

To detect foliar nematodes, primer sets AbF5/AbR5, BSF/ArtR and AfragF1/AfragR1 were used to
identify A. besseyi, A. ritzemabosi and A. fragariae, respectively (Table 2), with only A. besseyi detected in
three samples (Table 1).

Species-specific primers MincF/MincR-Inck14F/Inck14R, Far/Rar and Fjav/Rjav were used for
identification of M. incognita, M. arenaria and M. javanica, respectively. However, these root-knot
nematodes (RKNs) were not detected in the samples assayed (Table 1). Samples were assayed with IMV1,
JMV2 and JMV hapla primer sets (Table 2). Meloidogyne hapla was detected in 24 of the 42 samples
(Tables 1 & 2).
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Distribution of PPNs

Meloidogyne hapla, P. neglectus, P. thornei and A. besseyi were detected at the rates of 57, 52, 36
and 7%, respectively, in the anise production areas in Bolvadin District. Meloidogyne hapla was the most
prevalent species and A. besseyi was the least common in sampled areas. Similarly, P. thornei and P.
neglectus were also determined a moderate number of sampling sites. In addition, these species were
found as mixed populations in the fields. PPNs were mixed in 50% of the samples analyzed (Table 1).

Table 2. Species-specific primer pairs used in molecular analyses of samples obtained from anise production areas in Bolvadin,

Turkiye

Species Primer name Amplicon (s) size (bp) References
_ ' ' IncK14-F / IncK14-R ~399 Randig et al., 2002
Meloidogyne incognita MincF / MincR ~150 Devran et al., 2018
Meloidogyne javanica Fjav / Rjav ~670 Zijlstra et al., 2000
Meloidogyne arenaria Far / Rar ~420 Zijlstra et al., 2000
Meloidogyne hapla JMV1/JIMV2 / IMVhapla ~440 Wishart et al., 2002
Aphelenchoides besseyi AbF5 / AbR5 ~340 Devran et al., 2017
Aphelenchoides fragariae AFragFl / AFragR1 ~169 McCuiston et al., 2007
Aphelenchoides ritzemabosi BSF / ArtR ~208 Cui et al., 2010
Heterodera filipjevi HfITS-F1/HfITS-R1 ~170 Yan et al., 2013
Heterodera avenae HalTS-F6 / HalTS-R4 ~242 Yan et al., 2013
Heterodera latipons Hlat-actF / Hlat-actR ~204 Toumi et al., 2013
PNEG / D3B ~290 Al-Banna et al., 2004
Pratylenchus neglectus PNEGF1 / D3B5 144 Yan et al., 2008
Pratylenchus penetrans PPENA / AB28 ~660 Waeyenberge et al., 2000
PTHO / D3B ~288 Al-Banna et al., 2004
Pratylenchus thorne 18siInt / 26sint ~828 Troccoli et al., 2008

Discussion

Medicinal aromatic plants are unique plants that have many uses such as food, spice, medicine and
cosmetics and are known to have been used for similar purposes since the beginning of humanity (Ullah et
al., 2015). Some of these plants can be collected directly from nature, while others are cultivated
professionally. Anise is known as the most important medicinal and aromatic plants cultivated for using
agricultural and cosmetic industries (Demirayak, 2002). However, many pests and diseases can cause
yield losses in anise including PPNs, the damage of which can be confused with nutrient deficiency
(Anonymous, 2008; Singh & Phulera, 2015). Morphological and morphometric identifications of PPNs are
time-consuming and require expertise. In addition, mixed plant parasitic nematode species can be found in
agricultural production areas. Therefore, rapid, correct and easier identification of plant parasitic nematode
species in production areas is important for the management of these pests. For these reasons, molecular
identification techniques can be used intensively to identify the pests in question. In this study, species-
specific primer sets were used to detect economically important RKNs, only M. hapla was detected in anise
production areas. Adam et al. (2007) reported that M. incognita, M. arenaria and M. javanica are common
in tropical regions, while Meloidogyne chitwoodi Golden, O'Bannon, Santo & Finley, 1980 (Tylenchida:
Heteroderidae), M. hapla and Meloidogyne fallax Karssen, 1996 (Tylenchida: Heteroderidae) are mostly
distributed in cooler areas. Our sampling area has an elevation of 995-1100 m and is a relatively cooler
area. Therefore, our results are consistent with previous reports on the geographical distribution of
Meloidogyne spp. However, M. arenaria was reported in anise production areas in Nepal (Bhardwaj &
Hogger, 1984). Also, in a study conducted in Pakistan, M. javanica and M. incognita were determined in
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about 12% of the production areas of coriander from the same family as anise (Anwar & McKenry, 2010).
Similarly, Singh & Gupta (2011) show that RKNs (M. incognita and M. javanica) were detected in coriander
and ginger production areas in India. The reason for the differences may be climatic conditions.

In Tarkiye, no previous work has been done on the identification of PPNs in the areas surveyed.
However, a study was conducted in anise production areas in Burdur, which is also located in the Lakes
Region of Turkiye, 15 PPN species were morphologically determined (Kepenekci, 2003). However, cereals
are used for rotation in anise fields in Turkiye. Some studies were conducted to identify PPNs in cereal
growing areas. Pratylenchus thornei and P. neglectus were reported as mixed populations (Sahin et al.,
2008; Yavuzaslanoglu et al., 2012; Géze Ozdemir et al., 2021). In the present study, P. neglectus and P.
thornei were found as mix populations in the area sampled. Our results were consistent with previous
studies. The population densities and prevalence of PPNs may be due to variations in crop rotation and
soil conditions (such as humidity and temperature) (Wallace et al., 1993; Yavuzaslanoglu et al., 2020). In
cereal production fields of Turkiye, H. filipjevi, H. latipons and H. avenae can cause significant crop damage
(Imren et al., 2012; Yavuzaslanoglu et al., 2012, Dababat et al., 2015). However, these species were not
found in the anise growing areas surveyed. It is thought that the reason why Heterodera spp. could not be
found in the samples examined may be due to the sampling time. Aphelenchoides besseyi is reported to
occur in rice fields of Turkiye (Ozturk & Enneli, 1997; Tulek & Cobanogdlu, 2010). Recently, studies were
conducted on molecular identification of A. besseyi and estimation of the number of it in paddy rice (Devran
et al. 2017; Sert Celik & Devran, 2019; Sert Celik et al., 2020). In this study, A. besseyi was identified for
the first time in anise production areas of Tlrkiye. However, there is no published information about the
suitability of anise as a host for foliar nematodes (Aphelenchoides spp.) (CABI, 2021; Nemaplex, 2021;
EPPO, 2021). However, Avena sativa L. (Poales: Poaceae) is a known host for A. besseyi (Nemaplex,
2021). In Turkiye, oats can be grown in rotation with anise in the area surveyed. Therefore, this nematode
may have originated from oats.

In conclusion, this is the first study on the identity of PPNs in anise growing areas in Afyonkarahisar
Province of Tirkiye. These results could prove useful for integrated pest management practices and crop
rotation to decrease the yield loses and increase the quality in anise growing areas.
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Original article (Orijinal aragtirma)

A rare and endemic species distributed in the Black Sea Region of
Turkiye with first description of its female: Agatharchus ponticus
Belousova, 1999 (Hemiptera: Heteroptera: Pentatomidae)

Tarkiye'nin Karadeniz Bolgesi'nde yayilis gosteren nadir ve endemik bir tir ve disinin ilk
tanimi: Agatharchus ponticus Belousova, 1999 (Hemiptera: Heteroptera: Pentatomidae)

Ahmet DURSUN!? Meral FENT?Z

Abstract

During a study conducted in Amasya and Corum Provinces of Turkiye between 2020-2021, the endemic species
Agatharchus ponticus Belousova, 1999 (Hemiptera: Heteroptera: Pentatomidae) was recorded for the first time in the
Black Sea Region. The female of the species, whose original description was based on a male specimen, is described
here for the first time. In addition, new locality information has been added to the distribution area of the species, which
have previously been known to be rare in Anatolia, and male and female genitalia with photographs are given to verify
the identification of the species.

Keywords: Agatharchus ponticus, endemic, female description, Turkiye

Oz
Amasya ve Corum illerinde 2020-2021 yillari arasinda yapilan ¢alismada, endemik bir tir olan Agatharchus
ponticus Belousova, 1999 (Hemiptera: Heteroptera: Pentatomidae), Karadeniz Bélgesi'nde ilk kez kaydedilmistir. Tek
erkek drnege dayanilarak orijinal tanimi yapilmis olan turtin disisine ait ilk tanimlama bu g¢alismada verilmistir. Ayrica

daha 6nce Anadolu'da nadir oldugu bilinen tirtin yayilis alanina yeni lokalite bilgileri eklenmis, erkek ve disiye ait genital
organ fotograflari verilerek tirtin ayirt edici karakterleri ortaya konmustur.

Anahtar sézcikler: Agatharchus ponticus, endemik, disi tanimi, Tirkiye
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A rare and endemic species distributed in the Black Sea Region of Turkiye with first description of its female: Agatharchus ponticus
Belousova, 1999 (Hemiptera: Heteroptera: Pentatomidae)

Introduction

The suborder Heteroptera (Hemiptera) is currently known to be represented by more than 45,000
described species in more than 10 subfamilies globally, and more than 9,365 described species belonging
to 1,632 genera are distributed in the Palaearctic Region (Aukema et al., 2013; Henry, 2017; Rider et al.,
2018). The species of family Pentatomidae are known from all terrestrial biomes except Antarctica and it
has 940 genera and 4,949 species belonging to 10 subfamilies (Rider et al., 2018). Pentatomidae is the
third largest family of the suborder Heteroptera includes four subfamilies, 219 genera, 841 species and 19
subspecies in the Palaearctic and 61 genera and 174 species/subspecies in Tirkiye (Henry, 2017; Fent &
Dursun, 2022). However, Roca-Cusachs et al. (2021) reported that some tribes belonging to the subfamilies
Podopinae and Pentatominae are not monophyletic. The recent studies in Turkiye revealed presence of 14
species from nine genera of Asopinae, 125 species from 39 genera of Pentatominae, one species from one
genus of Phyllocephalinae and 34 species from 12 genera of Podopinae. Among these species, the type
localities of 37 species, of which 15 are endemic, from 16 genera of Pentatomidae were given in Tlrkiye
(Lodos et al., 1978, 1998; Onder et al., 1981, 1984, 2006; Lodos & Onder, 1983; Ahmad & Onder, 1990;
Belousova, 1999; Fent & Aktac, 1999; Tezcan & Onder, 1999, 2003; Awad, 2000; Awad & Pehlivan, 2001;
Beyaz & Tezcan, 2002; Kivan, 2004; Kiyak et al., 2004, 2019; Kment & Jindra, 2005; Ozgen et al., 2005a,b;
Bolu et al., 2006; Fent & Aktag, 2007; Kulekgi et al., 2009; Dursun & Fent, 2010, 2013, 2015, 2017, 2018;
Fent, 2010; Fent et al.,, 2010; Matocq et al., 2014; Yazici et al., 2014; Cerci & Kogak, 2017; Cerci &
Goziagik, 2019; Cerci, 2021; Cerci & Ozgen, 2021; Fent & Dursun, 2022).

The Carpocorini Mulsant & Rey, 1866 one of largest tribes of family Pentatomidae are distributed
worldwide and 120 species belonging to 29 genera have been identified in the Palaearctic Region and 39
species belonging to 16 genera in Turkiye (Aukema et al.,, 2013; Fent & Dursun, 2022). The genus
Agatharchus Stal, 1876 belonging to tribe Carpocorini has two subgenera (Agatharchus s. str., and
Afghanotharchus Belousova, 1999) and 12 species are currently recognized within the genus, all limited to
the Palaearctic Region. Agatharchus s. str. contains eleven species and Afghanotharchus have a single
species. A detailed study of the genus Agatharchus in Turkiye without A. ponticus was given by Awad
(2000). Five species of the genus Agatharchus have been reported from Turkiye. Of these species, the
type localities of Agatharchus tritaenia Horvath, 1897, Agatharchus escalerae Horvath, 1901 and Agatharchus
ponticus Belousova, 1999 are located in Turkiye, the latter two species being endemic (Rider, 2006).

Agatharchus ponticus Belousova, 1999 was described from Erzurum-Pazaryolu (Belousova, 1999)
based on a male specimen and since then, a male specimen was recorded in Elazi§-Haroglu by Cer¢i &
Ozgen (2021). One female, from Corum is described below with the aim of presenting new information
about A. ponticus.

Material and Methods

The study material was collected between 2020-2021 under Astragalus sp. (Fabaceae) in provinces
Amasya and Corum. The male genitalia (pygophore, paramere and aedegus) were used for the species
identification. For the preparation of genital organs, the sample was softened in hot water and the genitalia
were extracted. Genitalia of male and female were examined using a Leica SZX stereoscopic microscope
and body Canon 70D, ring flash, 69 mm. Macrotube, Canon 100 mm. IS USM 2.8L (Figures 1-12).
Belousova (1999) and Cerci & Ozgen (2021) were followed in identification of the specimens. The material
is deposited in the collection of Amasya University, Faculty of Science and Arts, Department of Biology. In
addition, the localities where A. ponticus was detected in previous studies and in this study are shown on
the map (Figure 13).
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Results and Discussion

Pentatomidae Leach, 1815

Pentatominae Leach, 1815

Carpocorini Mulsant & Rey, 1866

Agatharchus Stél, 1876

Agatharchus (Agatharchus) ponticus Belousova, 1999

Material examined. Amasya: Gumushacikéy-Maden, 40°52’14" N 35°12’50" E, 810 m, 7.1X.2021,
243, leg. A. Dursun; Corum: Osmancik-Sarpunkavak, 40°56’47" N 34°41°47" E, 640 m, 19.X.2020, &, N.
Akman; Yaylabasi Bahceler, 41°02'47" N 35°00°08" E, 1065 m, 8.111.2020, ¢, &, leg. N. Akman (det. A.
Dursun and M. Fent).

Distribution in Tiirkiye. Erzurum-Pazaryolu (Belousova, 1999) and Elazi§-Haroglu (Cerci & Ozgen
2021).

Distribution in Palaearctic Region. Turkiye (Rider, 2006).
Host plant. The specimens were collected under Astragalus sp. (Fabaceae).

Redescription of male (Figures 1-7). Surface of body black, rugose and punctures (Figure 1). Clypeus
shorter than mandibular plates. Antennae black with short and long yellowish hairs. Lengths of
antennomeres |-V (mm): 0.70, 1.0, 0.83, 1.08 and 1.25 (Figure 2). Labium blackish brown, with yellowish
hairy and extends to metacoxa. Posterior edge of bucculae protrusive (Figure 3). Median of pronotum with
intermittent yellowish carina. Pronotum posteriorly with transverse impression, sublaterally with roundish
impression. Scutellum black, posterior area with yellowish callosity. Hemelytra, connexivum and abdominal
dorsum black. Thoracic pleuron and sternum blackish brown, abdominal venter black with sparse, short,
yellowish hairs. Peritreme of scent gland ostiole short and rounded apically, evaporatorium large, matte
and rugose (Figure 4). Legs black, with short yellowish hairs, tibia with both short and sparse long hairs.

Pygophore black with yellowish hairs, the ventral rim (infolding) of pygophore is deeply incised
medially, the rounded incision is limited by pair of submedial rectangular projections. Posterolateral
projection of pygophore prominent, triangular in outline, distinctly projecting over the submedial projections
(Figure 5). Basal plate large. Blade of paramere widely rounded dorsally, towards tip nearly straight; tip of
paramere subquadrangular; ventral outline bisinuate. Outer surface of hypophysis with several setae
(Figure 6). Apex of the ventro-lateral lobes of the conjunctiva narrowly hooked, vesica appearing as a rather
long and curved (Figure 7).

Description of female (Figures 8-12). Surface of body black, rugose and punctured (Figure 8).
Clypeus shorter than mandibular plates. Head with gray short hairs. Posterior part of head with yellowish
callosity, lateral margins of anteocular part slightly upturned. Antennae black with short and long yellowish
hairs. Lengths of antennomeres |-V (mm): 0.80, 1.15, 0.92, 1.28 and 1.22 (Figure 9). Labium blackish
brown, labiomere I, yellowish brown with yellowish hairs and extending to metacoxae. Lengths of
labiomeres I-IV (mm): 1.70, 1.90, 0.90 and 1.0. Bucculae yellowish brown with short yellowish hairs and
posterior edge only slightly protrusive (Figure 10). Surface of pronotum, scutellum, clavus, corium and
exocorium with very shallow black punctured. Pronotum medially with intermittent yellowish carina. Pronotal
surface posteriorly with transverse impression and with one roundish impression sublaterally on each side.
Pronotum with sparse, short gray hairs. Anterior and posterior parts of scutellum with yellowish callosity.
Membrane blackish brown, abdominal dorsum black, connexivum blackish brown.
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Figures 1-7. Agatharchus ponticus male: 1) Dorsal view; 2) Antennae; 3) Bucculae; 4) Evaporatorium surface; 5) Pygophore (ventral
view); 6) Paramere; 7) Aedegus (ev: evaporatorium of metathoracic scent gland; o: ostiole; pe: peritreme; prc: proctiger of
genital capsule; plp: posterolateral lobes of genital capsule; smp: submedial projection; vr: ventral rim).

Thoracic pleuron and sternum and abdominal venter blackish brown with very shallow black
punctures. Peritreme of scent gland ostiole short and rounded apically, evaporatorium large and folds with
prominent, fold-like gyrification, laterally narrowed (Figure 11).

Legs blackish brown with yellowish hairs. Tibia black with yellowish and black hairs, inner surface
densely covered with short spines. Tarsus blackish brown with dense hairs. Surface of laterotergites IX and
valvifers VIII black, rugose with black hairs. Lateral and posterior margins of valvifers VIII convex,
laterotergites 1X in apical half parabolic, broadly rounded of external genitalia of female (Figure 12).

Measurements (mm). Total length 11. Length of head 3, width of head 2.9, intraocular width 1.5.
Length of pronotum 2.8, width of pronotum 6. Length of scutellum 4.3 and width of scutellum 3.9.

The type locality as well as the second record of Agatharchus ponticus were given from the Eastern
Anatolia Region from Tiirkiye (Belousova, 1999; Cerci & Ozgen, 2021).). In the present study, new faunistic
record of A. ponticus from Black Sea Region are given and the previously unknown female is described.
Agatharchus ponticus is a rarely distributed and endemic species in Anatolia. It is characterized by the
second antennomere 1.2 times as long as the third and by clypeus shorter than mandibular plates in males.
In the female, the clypeus is shorter than mandibular plates, but the second antennomere is 1.25 times
longer than third. Evaporatorium of metathoracic scent gland of male and female are large, with large fold-
like gyrification, laterally narrowed. As reported in the original description of the species based on a single
male specimen (holotype) by Belousova (1999), there is no yellowish-white medial longitudinal stripe on
pronotum and scutellum (dorsum entirely black). In the second male record of Cerci & Ozgen (2021) from
Elazig, on the other hand, the medial part of pronotum and scutellum bear a continuous yellowish-white
stripe. Males reported in the present study lack the median stripe in accordance with Belousova (1999),
while only a small yellowish-white callose spot is present apically on scutellum. In the female specimen,
anterior half of pronotum bears a distinct pale median stripe (less distinct in posterior part) and scutellum

338



Dursun & Fent, Turk. entomol. derg., 2022, 46 (3)

is both anteriorly and apically bearing yellowish-white callose spot (Figures 1 & 8). Morphological characters
of pygophore are given for the first time in this study (Figure 5). The morphological characters of bucculae,
vesica and parameres fit with the description of holotype by Belousova (1999).

Figures 8-12. Agatharchus ponticus female: 8) Dorsal view; 9) Antennae; 10) Bucculae; 11) Evaporatorium surface; 12) Genitalia.
(ev: evaporatorium of metathoracic scent gland; 1t8-9, laterotergites 8-9; o: ostiole; pe: peritreme; t8: tergite 8; vf 8-9: valvifers
8-9; x: segment X).
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Original article (Orijinal aragtirma)

Monitoring and distribution of kdr and ace-1 mutation variations in
Culex pipiens L., 1758 (Diptera: Culicidae) in artificial sites and agricultural
fields in the central and eastern Black Sea Region of Tirkiye?!

Turkiye'nin Orta ve Dogu Karadeniz Bolgesi tarimsal ve yapay alanlarda yayilim
gOsteren Culex pipiens L., 1758 (Diptera: Culicidae)’te kdr ve ace-1 mutasyon
varyasyonlarinin izlenmesi ve dagilimi

Elif KILICARSLAN? Murat OZTURK? Fatih Saban BERI$?
Ridvan DEMIRTAS? Muhammet Mustafa AKINER?*

Abstract

Culex pipiens L., 1758 (Diptera: Culicidae) is one of the most important pests and disease vectors in the world.
It is of major importance to monitor the development of insecticide resistance in order to effectively control. This study
investigated the presence of mutations in specific loci of the Vgsc (kdr L1014F/C) and ace-1 (G119S, F290V) gene,
associated with insecticide resistance in Culex pipiens collected from nine provinces in central and eastern Black Sea
Region of Turkiye in the 2020 active season. For kdr, L1014F mutation was determined for each region with three
different silent mutations for wild and resistant type alleles, while L1014C was not recorded in any of the analyzed
populations. For ace-1, substitution F290V was detected at a low frequency in heterozygosity, while G119S was more
widespread, in the analyzed populations. For ace-1, G119l (6 populations) and G119A (5 populations) substitution was
firstly described. Types of mutations differences related to the resistance between artificial sites and agricultural fields
were not significantly different.

Keywords: ace-1 resistance, common house mosquito, insecticide resistance, kdr resistance
Oz

Culex pipiens L., 1758 (Diptera: Culicidae) diinyadaki en dnemli ve hastalik vektdri olan tlrlerden biridir. Efektif
bir kontrol yapilabilmesi igin insektisitlere karsi gelisen direnci takip etmek blyiik 5neme sahiptir. Bu galismada Tirkiye
Orta ve Dogu Karadeniz Bdélgesi'nde 2020 aktif sezonunda dokuz ilden toplanan Cx. pipiens ¢rneklerinde vgsc (kdr
L1014F/C) ve ace-1 (G119S, F290V) spesifik bdlgelerinde direng ile ilgili mutasyonlarin varligr aragtinlmistir. kdr icin,
her bdlgede L1014F mutasyonu belirlenirken, yabanil ve direngli tip aleller icin ¢ farkli sessiz mutasyon tespit edilirken
caligilan popilasyonlarin hi¢birinde L1014C mutasyonu saptanmamistir. ace-1 bolgesi icin, ¢alisilan populasyonlarda
F290V degisimi heterozigot ve disuk oranlarda saptanirken, G119S degisimi daha yaygin bulunmustur. ace-1 bolgesi
icin G119I (6 popilasyon) ve G119A (5 popilasyon) degisimleri ilk defa tespit edilmistir. Dirence neden olan mutasyon
tiplerinde yapay ve tarimsal alanlar arasinda anlaml fark bulunamamistir.

Anahtar sézcikler: ace-1 direnci, ev sivrisinegi, insektisit direnci, kdr direnci
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Monitoring and distribution of kdr and ace-1 mutation variations in Culex pipiens L., 1758 (Diptera: Culicidae) in artificial sites and
agricultural fields in the central and eastern Black Sea Region of Tirkiye

Introduction

Mosquito-borne diseases pose a significant threat to public health, as they affect half of the
population around the globe, leading to millions of fatal outcomes. Those caused by arboviruses are
increasingly emerging or re-emerging in Europe. For example, West Nile virus disease cases have been
reported from southeastern Europe and the Mediterranean Basin since the first large epidemic in 1996 in
Romania (Ceianu et al., 2001; Rezza, 2014; Martinet et al., 2019). The epidemic potential of such diseases
has been enhanced in the Palearctic Region by the spread of invasive mosquitoes (Marshall, 2000). Culex
pipiens L., 1758 (Diptera: Culicidae) species complex, commonly known the house mosquito, are a pest
and can also serve as vector for several arboviruses like West Nile virus (WNV), Rift Valley fever, and
Dirofilaria immitis (Leidy, 1856) (Spirurida: Onchocercidae) (Diaz-Badillo et al., 2011; Akiner & Eksi, 2015;
Grigoraki et al., 2018; Zakhia et al., 2018). WNV was first detected in Turkiye in the 1970s and has since
spread to different areas of the country (Ari, 1972; Ozkul et al., 2006; Kalaycioglu et al., 2012; Ergunay et
al., 2014; Akiner et al., 2019). There is no cure or efficacious vaccine for most vector-borne diseases.
Therefore, the main control method to prevent these diseases is vector control. In the past organochlorine
insecticides were used, but now pyrethroids, organophosphates and carbamates insecticides are most
commonly used for mosquito control in Tirkiye. However, the overuse of chemical insecticides imposes
selection pressure for resistance genes, leading to mosquitoes becoming resistant to insecticides over time.

Two main insecticide resistance mechanisms are important in mosquitoes: (1) metabolic resistance
arising from an increase in detoxification activity of enzyme families, namely glutathione S-transferases,
mixed-function oxygenases, and carboxyl-esterase (Kasai et al., 1998; Hemingway et al., 2004; Whalon et
al., 2008; Akiner & Eksi, 2015); and (2) target-site insensitivity deriving from point mutations related to the
nervous system proteins (Hemingway et al., 2004; Shi et al., 2015).

Pyrethroid and DDT insecticides affect the voltage-gated sodium channels (vgsc) of insects (Donnely
et al., 2009). However, single nucleotide polymorphisms [SNP] or multiple substitutions occurring in the
Vgsc genes reduce or eliminate the binding affinity of these insecticides to the sodium channel protein.
There are more than 30 resistance-associated single nucleotide polymorphisms in sodium channel protein
encoding genes (Wang et al., 2012; Lol et al., 2013). Knockdown resistance (kdr) resistance, the most
important and well-known single nucleotide polymorphisms, involves the replacement of leucine (TTA) to
phenylalanine (TTT) (L-to-F) at codon 1014 in domain Il (Shi et al., 2015). This genetic locus in
homozygosity (1014F/1014F) combined with the P450 metabolic resistance could produce highly resistant
phenotype (Edi et al., 2012). In addition, kdr-type resistance mutations, such as L1014H/C/S/W have been
identified in previous studies (Rinkevich et al., 2013; Scott et al., 2015; Taskin et al., 2016).

Organophosphates and carbamates target the acetylcholinesterase (AChE) which hydrolyzes the
neurotransmitter acetylcholine (ACh) to acyl-enzyme and free choline to terminate nerve impulses of
insects (Colovic et al., 2013). These insecticide groups are structurally similar to ACh, which is the substrate
of the AChE enzyme, so inhibit AChE irreversibly by competing with ACh (Alout et al., 2008). Three different
point mutations in the ace-1 gene are responsible for resistance to organophosphates and carbamates.
However, in ace-1, only Gly-to-Ser at codon 119 (G119S) and Phe to Val (F290V) at codon 290 were
detected in Cx. pipiens species complex (Alout et al., 2008).

This study investigated of the target site mutations of Cx. pipiens species complex, which are
widespread in parts of the Black Sea Region. For this purpose, L1014F, G119S and F290V mutations
related to the insecticide resistance were screened in Cx. pipiens species complex and the variation of the
mutation types in artificial sites and agricultural fields were also investigated.
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Materials and Method
Mosquito collection and field classification

Thirty-three locations from nine provinces in the Black Sea Region were selected as the study areas.
Mosquito collection was performed according to field sampling methods for mosquitoes described by
European Center of Disease Control (Medlock et al., 2018). Briefly, larval mosquito samples were collected
using 250 ml standard larval dipper and adult mosquito samples were collected using EVS trap with COx.
The collections were performed in the active season of 2020 (May to October). Collection sites were
classified artificial (man-made containers, inside usage tires, discarded metal and plastic containers,
buckets, basement water puddles, marble, irrigation canals and ponds) and agricultural fields. Coordinates
of sampling areas were recorded in decimal degrees with the help of GPS device (eTrex Vista HCx, Garmin,
Olathe, KS, USA).

Sampling sites classification was performed by embedding the coordinates obtained in the field
studies into CORINE (coordinated information on the environment) land cover (obtained from EEA, 2018)
with a resolution of 1 km, and the CORINE equivalents of the coordinates were determined on the ArcGIS
10.5. The first level CORINE was used as the class of the samples (Table 1).

Table 1. Mosquito collection locations and features

Latitude Longitude CORINE code

Province Location N) CE) (class level 1) Stage Habitat
Amasya 40.6674  35.8462 112 (artificial) Larvae Used tires
Amasya  Merzifon 40.8710 35.4639 111 (artificial) Larvae Puddle
Saluca 40.7841  35.6817 242 (agricultural) Larvae Irrigation canal
Arhavi 41.3586  41.3184 112 (artificial) Larvae Roadside puddle
) Artvin 41.1810 41.8308 112 (artificial) Larvae Used tires
Arvn Borgka 41.3832  41.6909 222 (agricultural) Larvae Used tires
Hopa 41.3876  41.4378 121 (artificial) Larvae and adults  Used tires
Corum Osmancik 40.9691  34.8042 112 (artificial) Larvae Pond
Giresun  Gorele 41.0374  38.9839 222 (agricultural) Larvae Metal container
Gllyali 40.9668  38.0572 112 (artificial) Larvae Roadside puddle
Ordu Turnasuyu 40.9803  38.0019 222 (agricultural) Larvae Puddle
Unye 41,1229  37.2947 111 (artificial) Larvae Used tires
Ardesen 41.1893  40.9701 112 (artificial) Larvae Used tires
Cayeli 41.0720 40.7152 121 (artificial) Larvae Roadside puddle
Findikli 41.2801  41.1527 112 (artificial) Larvae Used tires
) Hamidiye  41.1832  40.9535 222 (agricultural) Larvae Marble
Rize Ikizdere 40.7740  40.5577 242 (agricultural) Larvae Used tires
lyidere 40.9880 40.3309 112 (artificial) Larvae Used tires
Pazar 41.1820 40.8932 112 (artificial) Larvae and adults  Used tires. Near the larval habitat
Rize 41.0416  40.5771 121 (artificial) Larvae Puddle
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Table 1. Continued

Latitude Longitude CORINE code

Province Location
(°N) (°E) (class level 1)

Stage Habitat

Bafra 41.6177  35.8746 212 (agricultural) Larvae and adults Irrigation canal

Samsun Carsamba 41.2052  36.7417 242 (agricultural) Larvae and adults  Puddle and tunnel

Engiz 41.4941  36.0854 212 (agricultural) Larvae Irrigation canal
Boyabat 41.4654  34.8217 213 (agricultural) Larvae Irrigation canal
Sinop Dikmen 41.6508 35.2678 242 (agricultural) Larvae Irrigation canal
Lagin 40.7751  34.8870 112 (artificial) Larvae Puddle
Akgaabat  41.0122  39.5935 111 (artificial) Larvae Used tires
Arsin 40.9631  39.9889 112 (artificial) Larvae Metal container
Cargibasi  41.0877 39.3859 112 (artificial) Larvae Used tires
Trabzon  Simela 40.7307  39.6374 243 (agricultural) Larvae Plastic container
Sirmene 40.9086  40.1078 112 (artificial) Larvae Roadside puddle
Trabzon 40.9766  39.7480 121 (artificial) Larvae Used tires
Vakfikebir  41.0402  39.2802 112 (artificial) Larvae and adults ~ Marble. Near the larval habitat

Species identification

Identification of Cx. pipiens species complex specimens was conducted using a computer-assisted
Leica Microsystem EZ4 stereomicroscope (Leica Microsystems, Wetzlar, Germany) and a mosquito
identification key prepared by Schaffner et al. (2001).

Molecular studies
DNA isolation

DNA isolation from Cx. pipiens samples individually was performed with the Gene JET genomic DNA
isolation Kit (Thermo Fisher Scientific Baltics UAB, Vilnius, Lithuania). Isolation was performed according to
the manufacturer’s instructions. Obtained DNA was labeled and stored at -20°C until the PCR was performed.

Identification of species complex members

The ace-2 gene second intron region was amplified according to Smith & Fonseca (2004) to detect Cx.
pipiens. The primers of ACEquin (5-CCTTCTTGAATGGCTGTGGCA-3'), ACEpip (5-GGAAACAACGACGTATGTACT-
3’), ACEtorr (5-TGCCTGTGCTACCAGTGATGTT-3') and B1246 (5-TGGAGCCTCCTCTTCACGGC-3)
were used for species complex identification. The PCR conditions were as described by Smith and Fonseca
(2004). Amplified DNA regions were visualized using 1.5% agarose gel.

Molecular assays
kdr mutations (L1014) diagnostic assays

kdr mutation assays were performed according to the PCR method described by Martinez-Torres et
al. (1998). PCR process was performed in two parallel reactions; the first reaction included forward-Cgd1
(5-GTGGAACTTCACCGACTTC-3) reverse-Cgd2 (5-GCAAGGCTAAGAAAAGGTTAAG-3) and forward-
Cgd3 (5’-CCACCGTAGTGATAGGAAATTTA-3’) primers, and the second reaction included forward-Cgd1,
reverse-Cgd2 and forward-Cgd4 (5-CCACCGTAGTGATAGGAAATTTT-3’) primers. Amplified PCR
products were run on the 1.5% agarose. The samples were classified according to base size using PCR
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amplification of specific alleles (PASA). The sample subset consisting of 330 samples was sequenced using
primers Cgdl and Cgd2 (Macrogen Europe, Amsterdam, Netherlands).

Ace-1 mutations (F290V and G119S) diagnostic assays

Ace-1 mutations assays were performed using two different primer sets. For F290V mutation, Valdir
5-ACGCTGGGGATCTGCGAGG-3’, Valrev 5-TCCACAACCGGAACGAACGGAAA-3’, CxExbdir 5'-
GTCTGGCCGAGGCCGTCA-3', CxKrev2 5°-TGCTTCTGTGCGTGTACAGG-3’ primers described by Weill
et al. (2004) were used. PCR was performed according to the Weill et al. (2004). Amplified PCR products
were run on 1.5% agarose gel, the samples were classified according to base size using PCR PASA
method. Three hundred and thirty-three samples arbitrarily selected from the sample subset were amplified
and sequenced using the CxEx5 and CxKrev2 primers covering the entire region (Macrogen).

For G119S mutation, molecular assays were performed using CxEx3dir (5-CGACTCGGACCCACT
GGT-3) and CxEx3rev (5-GTTCTGATCAAACAGCCCCGC-3’) primer set described by Weill et al. (2004).
PCR was performed according to the Weill et al. (2004). The amplicons were sequenced (Macrogen). After
the obtained sequences were aligned, each complementary sequence was cut virtually from the Alu-1
restriction site by using ClustalX2 program.

Data analysis

The frequencies were determined by the PASA method (L1014F and F290V) and sequencing
(G119S) results were compared with Hardy-Weinberg expectations in the GenAlEx (ver 6.5) software.
Differences between frequencies from the artificial sites and agricultural fields were examined using the
AMOVA test (calculated in the Arlequin program using resistance codons and obtained frequencies). Raw
sequence data were processed with Mega 7 (Kumar et al., 2016). Single nucleotide polymorphism points
in the gene regions were determined according to the methods determined by Martinez-Torres et al. (1998),
Alout et al. (2007a), and Weill et al. (2004), and the frequencies of the SNPs were calculated. Discrimination
of species belonging to the Cx. pipiens species complex was based on different bands size upon PCR
amplification of an ace-2 region.

Results
Species identification

One thousand six hundred and fifty Cx. pipiens species complex field samples were analyzed. Culex
pipiens species complex specimens were collected as larvae from all sampling points and as adults in some
areas. The majority of the larvae were collected from the insides of used tires (~39%).

After morphological and molecular identification, the samples were determined to belong to the Cx.
pipiens species complex. All samples produced approximately 600 bp bands on the agarose gel.

DDT and Pyrethroids resistance mutations

The most common L1014F mutation in Cx. pipiens species complex were screened using the PASA
method. The scans included different frequencies for all three alleles, wild-type, heterozygous, and
homozygous, of 33 populations from nine provinces. The frequency of the kdr wild-type allele (1014L) in
the populations ranged up to 0.7 and the highest frequency denoted in Arsin population. Dikmen population
was showed lowest degree of the wild-type allele frequency. The heterozygous frequency ranged up to
0.75, while the lyidere population had the highest heterozygous allele frequency. Heterozygous genotypes
were not observed in the Findikli population. The resistance allele frequency was zero in some populations
(i.e., Borgka, Arhavi, Ardesen, Pazar, lyidere, Ikizdere, Arsin, Vakifkebir, Boyabat and Lacin populations).
Most of the population genotype frequencies were not suitable for Hardy-Weinberg equilibrium (P < 0.05)
(Table 2).
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Table 2. Genotype and variant allele frequencies (VAF) Hardy-Weinberg equilibrium (x2) and P-values for L1014 kdr mutation in Culex
pipiens according to PASA method (n = 50)

Genotype frequency

Provinces Location X2 P
L1014L L1014L/F L1014F VAF
Amasya 0.545 0.364 0.091 0.273 0.347 0.556
Amasya Merzifon 0.411 0.214 0.375 0.482 16.3 0.000*
Saluca 0.333 0.222 0.444 0.556 151 0.000*
Artvin 0.368 0.474 0.158 0.395 0.004 0.951
Arhavi 0.471 0.529 0.000 0.265 6.48 0.011*
Artvin
Borcka 0.385 0.615 0.000 0.308 9.88 0.002*
Hopa 0.264 0.415 0.321 0.528 1.40 0.237
Corum Osmancik 0.250 0.250 0.500 0.625 10.9 0.001*
Giresun Gorele 0.625 0.250 0.125 0.250 5.56 0.018*
Glyali 0.275 0.275 0.450 0.588 9.36 0.002*
Ordu Turnasuyu 0.448 0.172 0.379 0.466 21.4 0.000*
Unye 0.308 0.500 0.192 0.442 0.009 0.924
Ardesen 0.556 0.444 0.000 0.222 4.08 0.043*
Cayeli 0.176 0.765 0.059 0.441 15.2 0.000*
Findikli 0.286 0.000 0.714 0.714 50.0 0.000*
) Hamidiye 0.333 0.375 0.292 0.479 3.09 0.079
Rize Ikizdere 0.667 0.333 0.000 0.167 2.00 0.157
lyidere 0.250 0.750 0.000 0.375 18.0 0.000*
Pazar 0.600 0.400 0.000 0.200 3.12 0.077
Rize 0.275 0.319 0.406 0.565 6.17 0.013*
Bafra 0.484 0.226 0.290 0.403 141 0.000*
Samsun Carsamba 0.111 0.111 0.778 0.833 18.0 0.000*
Engiz 0.286 0.429 0.286 0.500 1.02 0.312
Boyabat 0.500 0.500 0.000 0.250 5.56 0.018*
Sinop Dikmen 0.000 0.250 0.750 0.875 1.02 0.312
Lacin 0.600 0.400 0.000 0.200 3.12 0.077
Akcaabat 0.417 0.333 0.250 0.417 4.94 0.026*
Arsin 0.700 0.300 0.000 0.150 1.56 0.212
Carsibasi 0.444 0.333 0.222 0.389 4.46 0.035*
Trabzon Simela 0.250 0.500 0.250 0.500 0.00 1.000
Surmene 0.514 0.257 0.229 0.357 9.68 0.002*
Trabzon 0.556 0.222 0.222 0.333 125 0.000*
Vakfikebir 0.333 0.667 0.000 0.333 125 0.000*

* significant at P < 0.05.
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Organophosphate/carbamate resistance mutations

Screening for the F290V mutation, which causes organophosphate/carbamate resistance, was
performed using the PASA method. The frequency of the wild-type genotype frequency was high, while the
frequencies of the resistant alleles were quite low. Wild-type genotype frequencies varied between 0.6 and
1 (except Amasya, Findikli, Stirmene populations) and the highest allele frequency was observed for four
populations (Ardesen, Cayeli, Unye and Merzifon). The resistant allele frequency ranged up to 0.05 and the
highest allele frequency was observed in the Arsin population. The variant allele was found in most of the
populations except in Ardesen, Cayeli, Unye and Merzifon populations. All population genotype frequencies
were suitable for Hardy-Weinberg equilibrium except for Findikli, Arsin and Stirmene populations (Table 3).

Table 3. Genotype and variant allele frequencies (VAF) Hardy-Weinberg equilibrium (x2) and P-values for F290 ace-1 mutation in
Culex pipiens according to PASA method (n = 50)

Genotype frequency

Provinces Location X2 P
F290F F290F/V F290v VAF
Amasya 0.660 0.300 0.040 0.190 0.032 0.858
Amasya Merzifon 1.000 0.000 0.000 0.000 - -
Saluca 0.840 0.160 0.000 0.080 0.378 0.539
Arhavi 0.840 0.160 0.000 0.080 0.378 0.539
Artvin 0.700 0.280 0.020 0.160 0.087 0.768
Artvin
Borcka 0.640 0.340 0.020 0.190 0.547 0.459
Hopa 0.860 0.140 0.000 0.070 0.283 0.595
Dikmen 0.780 0.200 0.020 0.120 0.140 0.708
Corum
Osmancik 0.820 0.160 0.020 0.100 0.617 0.432
Giresun Gorele 0.800 0.180 0.020 0.110 0.326 0.568
Gilyali 0.840 0.140 0.020 0.090 1.05 0.304
Ordu Turnasuyu 0.860 0.140 0.000 0.070 0.283 0.595
Unye 1.000 0.000 0.000 0.000 - -
Ardesen 1.000 0.000 0.000 0.000 - -
Cayeli 1.000 0.000 0.000 0.000 - -
Findikli 0.020 0.960 0.020 0.500 42.3 0.000*
_ Hamidiye 0.94 0.060 0.000 0.030 0.047 0.827
Rize Ikizdere 0.920 0.080 0.000 0.040 0.087 0.768
lyidere 0.660 0.340 0.000 0.170 2.10 0.148
Pazar 0.920 0.080 0.000 0.040 0.087 0.768
Rize 0.860 0.140 0.000 0.070 0.283 0.595
Bafra 0.920 0.080 0.000 0.040 0.086 0.768
Samsun Carsamba 0.620 0.340 0.040 0.210 0.030 0.861
Engiz 0.820 0.160 0.020 0.100 0.617 0.432
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Table 3. Continued

Genotype frequency

Provinces Location X2 P
F290F F290F/V F290v VAF

] Bovabat 0.760 0.200 0.040 0.140 1.44 0.231
Sinop Lacin 0.720 0.260 0.020 0.150 0.019 0.890
Akcaabat 0.720 0.260 0.020 0.150 0.019 0.890
Arsin 0.800 0.150 0.050 0.130 7.26 0.007*
Carsibasi 0.780 0.200 0.020 0.120 0.140 0.708
Trabzon Sumela 0.680 0.280 0.040 0.180 0.132 0.716
Sirmene 0.380 0.620 0.000 0.310 10.1 0.001*
Trabzon 0.86 0.14 0.000 0.070 0.283 0.595
Vakfikebir 0.840 0.160 0.000 0.080 0.378 0.539

* significant at P < 0.05.

The G119S mutation screening was performed by sequence analysis. The frequency of the wild-type
genotype was high, while the frequencies of the resistant alleles were quite low. Wild-type genotype
frequencies varied between 0.3 and 0.8 and the highest allele frequency was observed in Rize, lyidere,
Arsin, Carsibasi, Unye. The resistant genotype frequency ranged up to 0.5 and the highest allele frequency
was observed in the Merzifon population. The variant allele was found in all of the populations. Population
genotype frequencies were suitable for Hardy-Weinberg equilibrium except for Bafra, Dikmen, Osmancik
and Amasya populations (Table 4).

Table 4. Genotype and variant allele frequencies (VAF) Hardy-Weinberg equilibrium (x2) and P-values for G119 ace-1 mutation in
Culex pipiens according to sequence data (n = 10 unless noted)

Genotype frequency

Province Location X2 P
G119G G119G/S G119S VAF:
Amasva 0.600 0.100 0.300 0.350 6.09 0.014*
Amasya Merzifon 0.300 0.200 0.500 0.600 3.40 0.065
Saluca 0.600 0.200 0.200 0.300 2.74 0.098
Arhavi 0.500 0.300 0.200 0.350 1.16 0.281
Artvin 0.700 0.300 0.000 0.150 0.311 0.577
Artvin
Borcka 0.600 0.400 0.000 0.200 0.625 0.429
Hopa 0.600 0.400 0.000 0.200 0.625 0.429
Corum Osmancik 0.700 0.000 0.300 0.300 10.0 0.002*
Giresun Gorele 0.600 0.300 0.100 0.250 0.400 0.527
Gulvali 0.600 0.200 0.200 0.300 2.74 0.098
Ordu Turnasuyu 0.600 0.400 0.000 0.200 0.625 0.429
Unye 0.800 0.200 0.000 0.100 0.123 0.725
Ardesen 0.500 0.300 0.200 0.350 1.16 0.281
Rize Cayeli 0.600 0.300 0.100 0.250 0.400 0.527
Findikh 0.600 0.200 0.200 0.300 2.74 0.098
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Table 4. Continued

Genotype frequency

Province Location X2 P
G119G G119G/S G119S VAF:
Hamidive 0.600 0.200 0.200 0.300 2.74 0.098
Ikizdere 0.700 0.300 0.000 0.150 0.311 0.577
Rize lyidere 0.800 0.200 0.000 0.100 0.123 0.725
Pazar 0.500 0.400 0.100 0.300 0.023 0.880
Rize 0.800 0.200 0.000 0.100 0.123 0.725
Bafra 0.700 0.000 0.300 0.300 10.0 0.002*
Samsun Carsamba 0.600 0.200 0.200 0.300 2.74 0.098
Engiz 0.500 0.300 0.200 0.350 1.16 0.281
Bovabat (n = 9) 0.667 0.222 0.000 0.222 1.15 0.284
Sinop Dikmen 0.700 0.100 0.200 0.250 5.38 0.020*
Lacin 0.500 0.400 0.100 0.300 0.023 0.880
Akcaabat 0.700 0.200 0.100 0.200 141 0.236
Arsin 0.800 0.200 0.000 0.100 0.123 0.725
Carsibasi 0.800 0.200 0.000 0.100 0.123 0.725
Trabzon Simela 0.600 0.200 0.200 0.300 2.74 0.098
Sirmene (n =9) 0.667 0.333 0.000 0.167 0.360 0.549
Trabzon 0.600 0.200 0.200 0.300 2.74 0.098
Vakfikebir 0.600 0.200 0.200 0.300 2.74 0.098

* significant at P < 0.05.
Mutation combinations

We examined the different codon combinations in the loci of interest associated with insecticide
resistance, in particular kdr L1014 and ace-1 G119, F290. We identified six different genotype combinations
at the L1014F mutation point. For all locations, the TTA (leucine) codon had a highest frequency (0.679).
Frequencies of TTA/C (leucine/phenylalanine), TTG (leucine), TTT/G (phenylalanine/leucine) codons were
quite low and their values were 0.009, 0.006, and 0.009, respectively. In addition, the TTG codon encoding
the amino acid leucine was a silent mutation. The frequencies of the determined gene combinations are
given in Table 5.

We identified four different codons in the ace-1 gene locus G119S. Among all the sequences, the
GGC (glycine) codon and AGC (serine) codon frequencies followed, and their values were 0.709 and 0.079,
respectively. Heterozygote frequency of the point mutation (RGC) was 0.176. The frequencies of ATC and
ARC mutations were quite low in the population and their values were 0.018 and 0.015 respectively.
Glycine/isoleucine (6 populations) and glycine/asparagine (5 populations) substitutions frequencies quite
low and found around 0.1 for all determined populations. These types of substitutions were firstly described
in G119 locus. TTT (phenylalanine) and G/TTT (valine/phenylalanine) codon combinations were determined
at the F290V mutation point, which is the other ace-1 resistance mutation point, and the frequency values
were 0.842 and 0.158, respectively (Table 5).
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Table 5. Codon combinations in kdr L1014F and ace-1 G119S, F290V mutation sites and their frequencies (W:A or T, M:A or C, K:G
or T, and R:A or G; n = 10 per location)

) L1014F G119s F290V

Location
TTA TTW TTT TT™M TTG TTK GGC AGC RGC ATC ARC TTT KTT

Amasya 0.8 0.1 0.1 - - - 0.6 0.3 0.1 - - 0.9 0.1
Merzifon 1.0 - - - - - 0.5 0.3 0.1 0.1 - 1.0 -
Saluca 0.9 - 0.1 - - - 0.6 0.1 0.2 0.1 - 1.0 -
Arhavi 0.7 0.3 - - - - 0.6 0.1 0.2 0.1 - 0.9 0.1
Artvin 0.4 0.3 0.1 - 0.1 0.1 0.8 - 0.1 0.1 - 0.8 0.2
Borcka 0.5 0.3 0.1 - - 0.1 0.8 - 0.2 - - 0.9 0.1
Hopa 0.7 0.3 - - - - 0.7 - 0.2 - 0.1 0.9 0.1
Osmancik 0.5 0.3 0.2 - - - 0.8 0.2 - - - 0.9 0.1
Gorele 0.7 0.3 - - - - 0.8 - 0.2 - - 0.7 0.3
Glyali 0.7 0.2 0.1 - - - 0.7 - 0.3 - - 0.9 0.1
Turnasuyu 0.7 0.2 0.1 - - - 0.8 - 0.1 - 0.1 0.8 0.2
Unye 0.9 0.1 - - - - 0.8 - 0.2 - - 1.0 -
Ardesen 0.9 0.1 - - - - 0.5 0.2 0.3 - - 1.0 -
Cayeli 0.9 0.1 - - - - 0.6 0.1 0.3 - - 1.0 -
Findikh 0.2 0.7 0.1 - - - 0.8 - 0.2 - - 0.8 0.2
Hamidiye 0.8 0.1 0.1 - - - 0.7 0.1 0.2 - - 0.8 0.2
Ikizdere 1.0 - - - - - 0.8 - 0.2 - - 0.8 0.2
lyidere 0.5 0.2 0.2 0.1 - - 0.8 - 0.2 - - 0.7 0.3
Pazar 0.8 0.2 - - - - 0.6 0.1 0.3 - - 0.9 0.1
Rize 0.7 0.2 - 0.1 - - 0.8 - 0.2 - - 0.8 0.2
Bafra 0.6 0.2 - - 0.1 0.1 0.8 0.1 - - 0.1 1.0 -
Carsamba 0.5 0.4 0.1 - - - 0.6 0.2 0.2 - - 0.7 0.3
Engiz 0.7 0.2 0.1 - - - 0.6 0.1 0.3 - - 0.9 0.1
Bovabat 0.5 0.4 0.1 - - - 0.8 - 0.1 - - 0.7 0.3
Dikmen 0.6 0.2 0.2 - - - 0.7 0.2 0.1 - - 0.8 0.2
Lacin 0.6 0.3 0.1 - - - 0.5 0.1 0.3 0.1 - 0.8 0.2
Akcaabat 0.6 0.3 0.1 - - - 0.8 - 0.1 - 0.1 0.7 0.3
Arsin 0.8 0.1 0.1 - - - 0.8 - 0.2 - - 0.9 0.1
Carsibasi 0.7 0.2 0.1 - - - 0.9 - 0.1 - - 0.8 0.2
Sumela 0.6 0.2 0.2 - - - 0.7 0.1 0.1 0.1 - 0.7 0.3
Sirmene 0.4 0.5 - 0.1 - - 0.7 - 0.2 - 0.1 0.6 0.4
Trabzon 0.7 0.2 0.1 - - - 0.7 0.2 0.1 - - 0.9 0.1
Vakfikebir 0.8 0.2 - - - - 0.7 0.1 0.2 - - 0.8 0.2
Total 0.679 0.224 0.073 0.009 0.006 0.009 | 0.709 0.079 0.176 0.018 0.015 | 0.842 0.158
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Amova analyses

We conducted AMOVA analysis to determine the kdr and ace-1 resistance among the CORINE land
cover in level 1. The analysis of the kdr resistance variance component among groups was found to be low
(0.61%) and FCT distance was 0.242 (P > 0.05). The difference between the populations was high and the
FST value revealed a low distance of 75.3% (P < 0.005). The AMOVA analysis by ace-1 F290V region
resistance among the CORINE land cover in level 1 results was similar to kdr resistance analysis. Variance
between groups -0.98% and FCT value was 0.218 (P > 0.05). Variance component among populations
within groups and within populations was 0.003 (21.0%) and 0.012 (79.0%) respectively and FSC and FST
values was 0.210 and -0.010, respectively (P > 0.05). For G119S region analysis did not revealed any
significant differences among groups and populations. FCT, FSC and FST statistics were the lowest of the
tested locations and no significant differences (Table 6).

Table 6. Analysis of Molecular Variance (AMOVA) of the two groups (artificial sites and agricultural fields) of the Culex pipiens L1014F
and F290V, G119S mutations

Variance components (% of variation) F-statistics
Cross
comparison Among groups Among pcg);:glua;ls?ns within Within populations FCT FSC FST
L1014F 0.00057 (0.61%) 0.02269 (24.9%) 0.07090 (75.3%) 0.24242 0.24705* 0.00610*
F290v -0.00015 (-0.98%) 0.00343 (21.0%) 0.01229 (79.0%) 0.21798 0.21032* -0.00980*
G119S -0.00053 (-0.64%) 0.00024 (0.29%) 0.08260 (100%) -0.00650 0.00294 -0.00354

* significant at P < 0.05.
Discussion

Culex pipiens are biting pests and are vectors of many pathogens important to human and animal
health. Therefore, vector control studies generally target this species in many areas. However, vector
control studies restrict to the development of insecticide resistance. Rapid identification of target-site
resistance mutations in Cx. pipiens wild populations can improve control operations through effective
resistance management. In this study, mutations in the vgsc and ace-1 genes, related to insecticide
resistance, were monitored in Cx. pipiens populations in the central and eastern Black Sea Region of
Tirkiye. Insecticide application related to the agricultural purposes supported the selection pressure in
many agricultural areas for mosquito species (Awolola et al., 2007; Akiner et al., 2013). Therefore, different
areas vgsc and ace-1 genes frequencies may be different according to the insecticide selection pressure
from different areas. Secondly, we investigated frequencies of different alleles that are related to insecticide
resistance and possible differences in artificial (constructed or changed by human) sites and agricultural
fields. In addition, we screened the presence of new mutation types in the genetic loci related to the
insecticide resistance.

Voltage-gated sodium channels are an important for membrane exitability and are responsible for
the depolarization phase of action potential in all types of exitable cells (Yu & Catterall, 2003). It is important
to get basic data about frequencies of different allele combinations related to the pyrethroid and DDT
resistance on local and regional scales (Wang et al., 2012). The L1014F mutation was firstly discovered in
Musca domestica L related to the Pyrethroid group insecticides and DDT (Chandrasiri et al., 2020). The
Vgsc L1014 (TTA) codon which encodes leucine and is known as a wild type, was present in all populations,
and varied various degrees. The TTT codon encodes phenylalanine and has been reported by many sources
to cause resistance (Martinez-Torres et al., 1998; Scott et al., 2015; Shi et al., 2015; Wang et al., 2015;
Bkhache et al., 2016; Taskin et al., 2016). Our results revealed three different silent mutations for wild-type
and resistant genotypes. While one of them encodes leucine, other genotypes displayed heterozygote
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properties (L/F). Our study identified genotypes with TTA homozygote susceptible, TTW (A/T) heterozygote
resistance, TTT homozygote resistance, TTM (A/C) heterozygote resistance with silent mutations, TTG
homozygote susceptibility with silent mutations and TTK (G/T) heterozygote resistance with silent
mutations. Ponce et al. (2016) reported several substitutions with cysteine, histidine, serine or tryptophan
in Culex quinquefasciatus (Say, 1823) (Diptera: Culicidae) populations. Although our results revealed six
mutation types, only one amino acid substitution was observed. The substitution of A to T and A to C and
A to G was found in our study and incidence of the A to T was found at a high rate. Although Roberts &
Andre (1994) reported the predominance A to C mutations in Sri Lankan Cx. quinquefasciatus, Chandrasiri
et al. (2020) found A to T mutations predominance in Cx. quinquefasciatus populations of Sri Lanka in
subsequent years. These results indicated that mutation frequencies can change over time and insecticide
resistance dynamic process. A to T or A to C mutation types in third position of codon (1014) is also
described in Turkish Cx. pipiens populations (Taskin et al., 2016). They also reported predominance of A
to T mutations like our study. TTG codon mutation encoding leucine was determined as homozygosity and
heterozygosity in some populations of the study (Artvin, Borcka and Bafra populations). It has also been
detected in Anopheles sinensis (Wiedemann, 1828) (Diptera: Culicidae) in China in previous studies (Zhong
et al., 2013; Wang et al., 2015). However, there has been no previous report of this mutation type in Cx.
pipiens species complex. The average frequency of the wild-type, susceptible allele (L1014) was comparably
high (0.2-0.9) in our study. Heterozygote and homozygote resistance type substitutions frequency may be
supported moderate or low level of resistance in the middle and eastern Black Sea populations in Turkiye.
Taskin et al. (2016) reported high frequencies of two types substitutions (L1014F and L1014C) in Cx.
pipiens Aegean Region populations in Turkiye. Although they found high frequency of L1014C substitution,
we did not observe this type of substitutions. They indicated the possibility of kdr as an important
mechanism of insecticide resistance in Tlrkiye Cx. pipiens species complex (Taskin et al., 2016). Many
factors affect pyrethroid and DDT resistance such as P450 mediated enhanced metabolism. Therefore,
real resistance ratio should estimate all types of mechanisms together when using this type of insecticides.

The kdr allele frequencies in the studied populations were generally not suitable for Hardy-Weinberg
expectation and the difference was statistically significant (P < 0.05). This situation can be associated with
resistance selection pressure in these areas. In Borgka, Arhavi, Ardesen, lyidere, Vakfikebir, Boyabat and
Cayeli populations, homozygous resistance genotype frequencies were zero or quite low, and the
frequencies of heterozygous genotypes were high. This may indicate that there is a balance selection in
these locations. High resistant genotype frequencies (Rize, Giilyali, Findikli, Carsamba and Osmancik
populations) may explain selection pressure continues in these areas. Low or moderate rate of L1014F
mutations may explain long term use of DDT in Turkiye for malaria eradication campaign and agriculture in
many areas. Taskin et al. (2016) reported the same situation in Aegean Region of Turkiye where they found
another mutation, L1014C, in high frequency. They associated these results with permethrin and another
novel insecticide (pyrethroid) usage in those areas. They additionally highlighted the prolonged and
excessive use of pyrethroids and the imposing selection pressure against Cx. pipiens in that region.

Three distinct mutations in ace-1 region were described related to the organophosphate and
carbamate resistance (Massouli et al., 1992). Most common resistance mutation type in mosquitoes
(including Cx. pipiens) was identified G119S in the ace-1 gene region around the catalytic site (Weill et al.,
2003). F290V was described in Cx. pipiens strain collected in Cyprus (Wirth & Georghiou, 1996) and has
been found around in Mediterranean areas several times (Alout et al., 2009; Osta et al., 2012; Taskin et
al., 2016) Another point mutation (F331W) related to the resistance was described in East Asian Culex
tritaeniorhynchus (Giles, 1901) (Diptera: Culicidae) populations (Nabeshima et al., 2004; Alout et al., 20073,
b). Four combinations were found in ace-1 G119 position in our study: GGC (glycine) homozygote
susceptible, AGC (serine) homozygote resistant, RGC (GGC/AGC) heterozygote resistant, and different
codon combinations encoding isoleucine and serine, asparagine ARC (AGC/AAC). Although four
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combinations were found, homozygote susceptible frequencies were dominant (0.709). Homozygote
resistant frequencies were found around half of the tested populations but frequencies were quite low
(0.079). Heterozygote resistant genotypes were detected across all analyzed populations except Artvin,
Hopa, Borcka, Bafra and Osmancik. The other types frequencies were quite low, encoding for isoleucine
(ATC) or asparagine/serine (AAC/AGC). Many studies on Cx. pipiens and other mosquito species have
reported that the frequency of the GGC codon is high, and the frequency of the AGC codon is low (Alout et
al., 2007b; Dabire et al., 2014; Taskin et al., 2016; Bkhache at al., 2019; Major et al., 2020). Our results are
consistent with the findings of studies conducted in Mediterranean countries (Osta et al., 2012; Kioulos et
al., 2014). The high mutation frequencies found could reflect the history of insecticidal interventions around
the Mediterranean Basin, possibly implying that selection pressure still occurs. Taskin et al. (2016)
described the same situation in Aegean Region of Turkiye. In addition, no records were found for the ATC
and AAC codons determined in other studies of Cx. pipiens and other mosquito species. The effect of the
new codon type on the species needs to be determined. In this regard, their contribution to insecticide
resistance should be investigated. Second mutation in the ace-1 gene combination F290V was found in the
study area. These mutation types were described in Cyprus Cx. pipiens populations (Alout et al., 2007b;
Alout et al., 2009). Although G119S mutation were described around the world, F290V was rarely recorded
in Mediterranean countries such as Greece, Morocco, Tunisia, and Turkiye (Alout et al., 2007b; Kioulous
et al.,, 2014; Ben Cheikh et al., 2009; Taskin et al., 2016; Arich et al., 2021). Two different codon combinations
were identified at the F290 mutation point causing organophosphate/carbamate resistance in this study,
and these combinations were TTT codon (wild type) and GTT codon (encoding valine). The frequency of
the TTT codon in all populations was high and its value was 0.842. The GTT codon was found only as
heterozygous in the populations. The results obtained in the study correlated with the results obtained in
the Aegean Region of Turkiye (Taskin et al., 2016). For all AChE mutations, studied populations showed
tendencies towards an excess of heterozygotes. Similar results were obtained by some authors (Taskin et
al., 2016; Arich et al., 2021).

Our results revealed different degrees of the target-site mutation related to the insecticide resistance.
Target-site mutations showed heterozygosity in the field the degree of the mutations still low in the field.
This situation will be problematic for the future control application in the field due to the nature of the
insecticide resistance. In the AMOVA analyses made with the resistance frequencies obtained, the
resistance differences between artificial sites and agricultural fields were determined to be low. However,
there was substantial variation within populations. This situation shows that insecticide resistance did not
differ in terms of area (constructed/modified or temporary growing areas by changing human and
agricultural areas) and that insecticide resistance could be related to whether or not insecticide was used
in the areas.
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Distribution and prevalence of root-knot nematode species in
greenhouse vegetables in northern Iraq?

Kuzey Irak’'taki sera sebzelerinde kék-ur nematodu turlerinin dagilimi ve yayginhgi
Hoshang HAMAD?3 Gokhan AYDINLI# Sevilhan MENNAN?3

Abstract

The objective of the study was to determine the distribution and prevalence of root-knot nematodes
(Meloidogyne spp.) in greenhouse vegetables in Sulaymaniyah, Erbil and Duhok Provinces of northern Irag. One
hundred and eighty-seven greenhouses were surveyed during November and December 2018. Meloidogyne spp. were
identified by perineal patterns and esterase phenotype. Meloidogyne were detected in 37% of the greenhouses
surveyed and the prevalence were 40% in Sulaymaniyah, 38% in Duhok and 34% in Erbil. Meloidogyne javanica Treub,
1885 and Meloidogyne incognita Kofoid & White, 1919 (Tylenchida: Meloidogynidae), were found in 64 and 36% of the
greenhouses infested with Meloidogyne, respectively. By province surveyed, M. incognita and M. javanica were
detected in 23 and 15% of greenhouses in Duhok, 12 and 22% of greenhouses in Erbil, 10 and 30% of surveyed
greenhouses in Sulaymaniyah, respectively. Meloidogyne spp. were found in arugula, cauliflower, cucumber, eggplant,
lettuce, tomato and zucchini. The highest prevalence of Meloidogyne spp. were in cucumber (58%) and tomato (33%),
which are the most commonly grown vegetables in greenhouses in the study area.

Keywords: Esterase, greenhouse, identification, Iraq, Meloidogyne

Oz

Bu galismanin amaci, Kuzey Irak'in Sileymaniye, Erbil ve Duhok illerindeki sera sebzelerinde kok-ur
nematodlarinin (Meloidogyne spp.) dagihminin ve yayginhiginin belirlenmesidir. Yiz seksen yedi serada 2018 yili
Kasim ve Aralik aylarinda sirvey yapilmistir. Meloidogyne spp., perineal patternler ve esteraz fenotipi kullanilarak
teshis edilmistir. Strvey yapilan seralarin %37’sinde Meloidogyne varligi tespit edilmis ve yayginlik Stleymaniye’de
%40, Duhok’da %38 ve Erbil'de %34’dur. Meloidogyne ile bulasik seralarin %64’iinde Meloidogyne javanica (Treub,
1885) ve %36’sinda Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida: Meloidogynidae) bulunmustur. Stirvey
yapilan ile gére, M. incognita ve M. javanica, sirasiyla Duhok’da seralarin %23 ve %15’de, Erbil'de seralarin %12 ve
%22’de, Siileymaniye’de seralarin %10 ve %30’da tespit edilmistir. Meloidogyne spp., roka, karnabahar, hiyar, patlican,
marul, domates ve kabakta bulunmustur. Meloidogyne spp.’nin en yiiksek yayginligi, calisma alanindaki seralarda en
yogun yetistirilen sebzeler olan hiyar (%58) ve domates (%33)'de tespit edilmistir.

Anahtar sdzcukler: Esteraz, sera, teshis, Irak, Meloidogyne
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Distribution and prevalence of root-knot nematode species in greenhouse vegetables in northern Irag

Introduction

Agricultural production has made significant progress in Iraq over the past few years (Hilal et al.,
2022). Especially, northern Irag has shifted from being a smallholder-based, food-producing region that
met its basic needs to being significant food importer (Jongerden et al., 2019). Greenhouses, which can
increase productivity and profitability and extend crop production season, contribute valuable to agricultural
production (Omer, 2016; Hilal et al., 2022). This vegetable production system is expanding in northern Iraq
and total area of the greenhouses in 2021 reached ~112 ha in this region, where Sulaymaniyah is the leader
province with 71%, followed with Erbil 18% and Dohuk 10% (MoAWR, 2022). However, one of the main
obstacles to the continued expansion of greenhouse production of vegetables is the greater need for plant
protection practices, since greenhouses have suitable conditions for the development of pests and
diseases. In contrast to open fields, populations of plant-parasitic nematodes in greenhouse soil rapidly
develop in the root zone due to stable microclimate, continuous plant cultivation, and the use of nematode-
infested planting material by uniformed growers (Phani et al., 2021).

Root-knot nematodes (RKNs), Meloidogyne Goldi, 1887 (Tylenchida: Meloidogynidae), are considered
to be some of the most harmful groups of plant-parasitic nematodes, and a limiting factor in the yield of
greenhouse vegetable production globally (Sikora & Ferndndez, 2005). These obligate endoparasites feed
within plant roots and induce root galls, which is the primary symptom of RKN infection on many plants.
Due to the damaged root system, the capacity of the plant to absorb nutrients and water from the soil is
reduced. In addition, nematode feeding sites, called giant cells, disrupt the plant metabolism and
photosynthesis products are directed to these differentiated cells that provide nutrients for the nematode
(Carneiro et al., 1999; Williamson & Gleason, 2003). As a result, the growth of infested plants is retarded
and a reduction in crop yield and product quality occurs. In heavy nematode infestations, especially the
seedlings, rapidly wilt and usually die (Sikora & Fernandez, 2005).

Of more than 100 RKN species so far described (Ghaderi & Karssen, 2020), five have been found in
Iraq (Hasan et al., 2020). Four of these species (Meloidogyne arenaria Neal, 1889, Meloidogyne hapla
Chitwood, 1949, Meloidogyne incognita Kofoid & White, 1919 and Meloidogyne javanica Treub, 1885) have
been present in this country for many years (Katcho, 1972; Katcho et al., 1976; Stephen et al., 1977, 1985;
Al-Saaedy & Stephan, 1986; Stephan, 1997) whereas Meloidogyne cruciani Garcia-Martinez, Taylor &
Smart, 1982 was only recently recorded as a new species for Iraq (Hasan et al., 2020). These species have
been reported to infest vegetable crops in various regions of Iraq (Al-Saaedy & Stephan, 1986; Al-Sabie &
Ami, 1990; Stephan, 1997; Al-Kubaicy & Al-Sabe’a, 2014; Ami et al., 2018; Kandouh et al., 2018; Hasan et
al., 2020). Of these studies, only one was conducted in greenhouses (Ami et al., 2018), while other studies
were in open fields. Consequently, there is a lack of information on the distribution and identification of
RKNs in the greenhouses in Irag. In most of these studies, which were conducted to detect Meloidogyne
spp. in Iraq, species identification was only made by microscopic examination of perineal patterns of the
females (Al-Saaedy & Stephan, 1986; Al-Sabie & Ami, 1990; Ali et al., 2014; Al-Kubaicy & Al-Sabe’a, 2014;
Ami et al., 2018; Kandouh et al., 2018; Aljuboori & Al-Hakeem, 2020). More recently, a few reports indicated
that molecular methods were used for species identification combined with the perineal patterns (Hasan &
Abood, 2018; Hanoon et al., 2018; Hasan et al., 2020). However, no studies have used biochemical methods
(isozyme analysis) for the identification of RKNs.

The objective of the study was to determine the prevalence of RKNs in the greenhouses of
Sulaymaniyah, Erbil and Dohuk Provinces of northern Iraq, and to identify Meloidogyne species collected
from infested greenhouses in this region using morphological (perineal pattern morphology) and biochemical
(esterase phenotype) methods.
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Materials and Methods
Survey and sample analyses

The survey was conducted during November and December 2018 in greenhouse vegetables in
Sulaymaniyah, Erbil and Duhok Provinces of northern Iraq (Figure 1). A total of 187 greenhouses arbitrarily
selected from 30 districts were surveyed at the end of the season, whenever plants were at least 3 months
old post planting. In each greenhouse, 5 to 8 plants with the aboveground symptoms of RKN (yellowing,
wilting and stunting) were sampled. Root zone soil and root samples were taken and combined to obtain a
composite sample for each greenhouse. These samples were placed into plastic bags, labeled and taken
to the laboratory for assessment where the samples were kept at 4°C and processed within 3 days.

In composite samples, the roots were washed with water, and rated on a scale of 0 to 5: 0, no galling;
1, trace infestation with some minor galls; 2, <25% galled roots; 3, 25-50% of galled roots; 4, 51-75%; and
5, >75% of galled roots (Hussey & Janssen, 2002). The RKN severity in each greenhouse was determined
based on the roots with highest gall rating in each composite sample. The prevalence of RKN for each
province was calculated as the number of greenhouses with RKN divided by total number of greenhouses
surveyed x 100 (Carrillo-Fasio et al., 2021).
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Figure 1. Distribution map of Meloidogyne spp. in vegetable greenhouses in northern Iraq. Each dot represents a single population.
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Nematode extraction and identification

RKN populations were obtained by planting tomato (Solanum lycopersicum L.) cv. Falcon as
individual seedlings into pots filled with 450 cm?® of composite soil samples from each greenhouse (Aydinl,
2018). Pots were maintained at 25 + 2°C in the greenhouses and plants were uprooted after 60 days.
Females were randomly picked from roots and used for morphological (perineal pattern) and biochemical
(esterase phenotype) identification. Ten mature females from each population were arbitrarily selected for
morphological identification. Females were transferred into 45% lactic acid and their perineal areas were
cut and cleaned, then mounted in glycerine on glass slides (Hartman & Sasser, 1985). Perineal patterns
were examined with a light microscope. Twenty-one young females from each population were used for
biochemical identification. A single female was transferred to a bottom-sealed microhematocrit tube with 5
pL of extraction solution (20% sucrose with 1% Triton X-100) and crushed with a pestle. The specimens
were stored at —20°C. Electrophoresis was performed according to Aydinli & Mennan (2016). The
polyacrylamide gels were stained for esterase activity with the substrate a-naphthyl acetate in the dark at
37°C for 20-30 min. Protein of females obtained from pure laboratory cultures of M. javanica was included
in each gel as reference samples.

Results

RKNs was found in the three provinces surveyed (Figure 1). Of the 187 greenhouses, 70 (37%) were
infested with RKN. The occurrence of RKN was greater in Sulaymaniyah (40%) than Duhok (38%) and
Erbil (34%) Provinces (Table 1).

Eighty-eight greenhouses from 11 districts in Sulaymaniyah Province were surveyed and RKN was
detected in eight districts. RKNs were not found in Tasluja, Tainal and Takia districts. The highest number
of surveyed greenhouses was located to the Allai district (20 greenhouses) with RKN found in 55% (11
greenhouses), so in combination about one-third of greenhouses were infested with RKNs in this province.
The prevalence of RKN in other districts varied from 25 to 50% (Table 1).

In Erbil Province, which ranks second in terms of greenhouse area after Sulaymaniyah in northern
Irag, the survey included 59 greenhouses from 11 districts. Meloidogyne was not detected in greenhouses
in Choman, Gomaspan, Mamajalka and Grdarasha districts, while 20 to 63% of greenhouses in other
districts of Erbil were found to be infested with RKNs (Table 1).

In Duhok Province, 40 greenhouses in eight districts were surveyed. RKNs were not found in Ble
and Bardarash districts, but in the other districts the prevalence of RKN varied from 20 to 66.7% (Table 1).

When the perineal patterns of the females in 70 populations multiplied on tomatoes were examined,
the morphology of perineal patterns was very similar to those of the original descriptions of M. incognita or
M. javanica. Perineal patterns of females of 45 populations showed a district lateral field apparently
separated from striae by parallel lines similar to that of M. javanica (Figure 2). Additionally, the patterns of
these females were oval-shaped or rounded with a low dorsal arch. When the individual females of these
populations were analyzed for their esterase phenotypes, M. javanica specific esterase phenotype (J3) was
only detected (Figure 3). Perineal patterns of females in the remaining 25 populations had a high and
squarish dorsal arch without lateral lines, representing M. incognita (Figure 2). The esterase phenotypes I1
and |12 observed in these populations confirmed the occurrence of M. incognita (Figure 3). In contrast to the
phenotype 12 detected as the most common esterase phenotypes in these populations, phenotype 11 was
only found in three populations from Erbil (ER6 and ER13) and Duhok (DU7) Provinces.
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Table 1. Distribution and prevalence of root-knot nematodes (Meloidogyne spp.) in greenhouse vegetables in northern Iraq

Province District Grsjrr;r;c;/lézes Prez(;a:;nce Por;gldaéion Host plant Gl (0-5)* Species
DU1 Tomato 5 M. incognita
Qasrok 6 50.0 DU2 Cucumber 2 M. incognita
DU3 Cucumber 1 M. javanica
Chammah 3 66.7 DuU4 Lettuce 1 M. javanica
DU5 Cucumber 3 M. incognita
DU6 Tomato 5 M. javanica
Shifazan 7 42.9 DU7 Tomato 4 M. incognita
DU8 Cucumber 3 M. incognita
Duhok DU9 Cucumber 4 M. javanica
Bjl 5 40.0
DU10 Cucumber 4 M. javanica
Shiladz 5 20.0 DU11 Zucchini 2 M. incognita
DU12 Cucumber 2 M. incognita
Spimar ; 571 DU13 Cucumber 1 M. javanica
DU14 Tomato 2 M. incognita
DU15 Tomato 5 M. incognita
Ble 3 0 - - - -
Bardarash 4 0 - - - -
Soran 5 20.0 ER1 Cucumber 1 M. incognita
Harir 3 33.3 ER2 Cucumber 2 M. javanica
ER3 Cucumber 1 M. incognita
Qaryatakh 8 375 ER4 Cucumber 5 M. javanica
ER5 Tomato 1 M. javanica
ER6 Tomato 3 M. incognita
Bnberz 6 50.0 ER7 Lettuce 2 M. incognita
ER8 Lettuce 3 M. javanica
ER9 Cucumber 3 M. javanica
ER10 Tomato 3 M. javanica
Mastawa 8 62.5 ER11 Cucumber 5 M. javanica
. ER12 Cucumber 2 M. javanica
Erbl ER13 Zucchini 3 M. incognita
ER14 Cucumber 1 M. javanica
Qushtapa ; 571 ER15 Lettuce 1 M. javanica
ER16 Cucumber 4 M. javanica
ER17 Cucumber 5 M. incognita
ER18 Cucumber 2 M. incognita
Pirdawd 5 60.0 ER19 Cucumber 2 M. javanica
ER20 Cucumber 3 M. javanica
Mamajalka 4 0 - - - -
Gomaspan 5 0 - - - -
Grdarasha 4 0 - - - -
Choman 4 0 - - - -
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Table 1. Continued

Greenhouses Prevalence Population

Province District surveyed (%)* code Host plant Gl (0-5)**  Species
Sul Tomato 3 M. javanica
Su2 Tomato 4 M. incognita
SuU3 Cucumber 5 M. incognita
Su4 Cucumber 3 M. javanica
SuU5 Cucumber 4 M. incognita
Allai 20 55.0 SuU6 Zucchini 4 M. javanica
SuU7 Cucumber 2 M. javanica
su8 Cucumber 1 M. javanica
SuU9 Cucumber 2 M. javanica
Su10 Cucumber 5 M. incognita
Sulil Cucumber 4 M. incognita
Su12 Eggplant 2 M. javanica
Mahmudia 8 37.5 SuU13 Cucumber 3 M. incognita
Su14 Cucumber 4 M. javanica
SuU15 Cucumber 5 M. javanica
SuU16 Tomato 4 M. javanica
Qushgaya 10 50.0 SuU17 Cucumber 1 M. javanica
SuU18 Tomato 2 M. incognita
Sulaymaniyah SuU19 Cucumber 1 M. javanica
SuU20 Cucumber 3 M. javanica
Halai 9 414 Su21 Arugula 1 M. javanica
SuU22 Eggplant 5 M. javanica
Su23 Cucumber 1 M. javanica
Su24 Cucumber 4 M. javanica
SuU25 Zucchini 5 M. javanica
Bazian 10 50.0 SuU26 Cauliflower 5 M. javanica
sSu27 Cucumber 1 M. incognita
Su28 Tomato 1 M. javanica
SuU29 Cucumber 5 M. javanica
SuU30 Cucumber 3 M. javanica
Piramagron 9 44.4
SuU31 Arugula 1 M. javanica
SuU32 Cucumber 5 M. javanica
Dokan 4 25.0 SuU33 Cucumber 1 M. javanica
Rania 5 40.0 SuU34 Tomato 5 M. incognita
SuU35 Tomato 3 M. javanica
Tasluja 5 0 - - - -
Tainal 4 0 - - - -
Takia 4 0 - - - -

* Number of greenhouses with Meloidogyne spp. divided by total number of greenhouses surveyed x 100. **Gall index: 0, no galling;
1, trace infestation with some minor galls; 2, <25% galled roots; 3, 25-50% of galled roots; 4, 51-75%; and 5, >75% of galled roots
(Hussey & Janssen, 2002).
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Figure 2. Perineal patterns of Meloidogyne incognita (a) and Meloidogyne javanica (b) from greenhouses in northern Iraq.

J3 11 J3 12 J3 13

Figure 3. Esterase phenotypes of Meloidogyne incognita (I1 and 12) and Meloidogyne javanica (J3) from greenhouses in northern Iraq.

Based on the identification results obtained perineal pattern and esterase phenotypes of females, M.
javanica and M. incognita were detected in 64 and 36% of the greenhouses infested with RKN, respectively.
Considering the distribution of RKN species, both RKN species were found in the three provinces surveyed
in northern Iraq (Table 1). In Duhok, M. incognita and M. javanica were detected in 23 and 15% of surveyed
greenhouses, respectively. Both species occurred in all districts infested with RKN of this province, except
in Bjil and Shiladz (Figure 1). In Erbil, M. javanica was the most common RKN species detected in 22% of
the surveyed greenhouses, but M. incognita was found in 12% of the greenhouses. Both species were
found in most districts infested with RKN in Erbil, except in Soran and Harir districts. In Sulaymaniyah, M.
javanica was found in 30% of greenhouses surveyed and in all districts with RKNs. Meloidogyne incognita
was found in 10% of surveyed greenhouses and was not detected in Halai, Piramagron and Dokan districts,
where M. javanica occurred.

Eight vegetable species including cucumber (72 greenhouses), tomato (45 greenhouses), lettuce (20
greenhouses), zucchini (19 greenhouses), arugula (10 greenhouses), eggplant (8 greenhouses),
cauliflower (7 greenhouses), broccoli (6 greenhouses) were sampled in the greenhouses surveyed and
RKNs were found in all these vegetable species, except broccoli. The highest prevalence of RKNs was in
cucumber (58%), which was cultivated in 39% of the greenhouses surveyed. The prevalence of M. javanica
and M. incognita in cucumber were 39 and 19%, respectively. The prevalence in tomato was the second
highest at 33%, of which 18 and 16% were M. incognita and M. javanica, respectively. RKN prevalence
was 25% in eggplant, 20% in arugula and 14% in cauliflower with only M. javanica found in these species.
Meloidogyne javanica and M. incognita were found in 15 and 5% on lettuces surveyed respectively, and
both at 11% in zucchini.
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Discussion

This study constitutes a comprehensive survey of RKN on vegetables in greenhouses in northern
Irag. Except for the study of Ami et al. (2018), the previous RKN surveys of vegetables in Iraq were
conducted in open fields (Al-Saaedy & Stephan, 1986; Al-Sabie & Ami, 1990; Al-Kubaicy & Al-Sabe’a,
2014; Kandouh et al., 2018). Ami et al. (2018) reported the occurrence of M. javanica in cucumber in 16
greenhouses from four locations in Semel district of Duhok Province. RKN survey in open fields in various
locations in northern Irag found M. javanica and M. incognita in tomato in Duhok, M. javanica in eggplant
in Erbil (Al-Sabie & Ami, 1990). In our study, M. incognita occurred more frequently than M. javanica in the
greenhouses surveyed in Duhok Province than in Erbil and Sulaymaniyah. Meloidogyne javanica was the
most common species found (24%) across all greenhouses surveyed, but M. incognita was found in 13%
of greenhouses surveyed. Our results confirm earlier reports on the occurrence of RKN in several parts of
Iraq (Al-Saaedy & Stephan, 1986; Al-Sabie & Ami, 1990; Al-Kubaicy & Al-Sabe’a, 2014; Kandouh et al.,
2018). Meloidogyne javanica, which was detected in 80% of the eggplant fields surveyed in 17 provinces
in Irag, was the most abundant species, followed by M. incognita (Al-Saaedy & Stephan, 1986). Al-Kubaicy
& Al-Sabe’a (2014) reported similar results on the occurrence and prevalence of both species in eggplant
fields in Nineveh Province in northern Irag. In these surveys of eggplant fields, M. arenaria was detected
only in a few locations (Al-Saaedy & Stephan, 1986) or mixed with M. javanica (Al-Kubaicy & Al-Sabe’a,
2014). A similar pattern for these two species was also observed in okra fields of Najaf Province in southern
Iraq, with 69% M. javanica and 31% M. incognita (Kandouh et al., 2018).

Globally, M. arenaria, M. incognita and M. javanica, with particularly wide host ranges, are the most
prevalent RKN species. These species are mainly found in tropical and subtropical regions as well as in
glasshouses in temperate regions (Zijlstra et al., 2000). According to the International Meloidogyne Project,
which provides an overview of the global distribution of RKN species, M. incognita and M. javanica are
more prevalent species than M. arenaria despite possessing similar temperature requirements (Van Gundy,
1985). Earlier reports, which indicate a rare occurrence of M. arenaria in Iraq, are in agreement with this
global trend, and this species was only found in crops in open field (Katcho, 1972; Al-Saaedy & Stephan,
1986; Al-Sabie & Ami, 1990; Al-Kubaicy & Al-Sabe’a, 2014), so this is consistent with M. arenaria not being
detected in the present study.

In the present study, RKNs were found in seven economically-important vegetable species
(cucumber, tomato, lettuce, zucchini, arugula, eggplant and cauliflower), with prevalence was particularly
high in cucumber and tomato, the most commonly grown vegetables in the study area. These results
indicate that RKNs are a potential threat to greenhouse vegetable production in Irag, and suitable control
techniques should be developed and applied. Accordingly, accurate identification of RKNs is required to
determine the most appropriate control methods (Coyne et al., 2009). In the past, perineal patterns have
been frequently used for the identification of RKN in Iraq (Katcho, 1972; Al-Saaedy & Stephan, 1986; Al-
Sabie & Ami, 1990; Al-Kubaicy & Al-Sabe’a, 2014; Ali et al., 2014; Ami et al., 2018; Kandouh et al., 2018;
Aljuboori & Al-Hakeem, 2020). Although the identification of Meloidogyne spp. has relied on this morphology
for many years, the value of this has decreased with the increasing number of RKN species described (Hunt
& Handoo, 2009). Also, species-level identification is difficult due to variation in perineal patterns within and
between populations (Garcia & Sanchez-Puerta, 2012). In our study, the perineal patterns of M. javanica
had clear lateral lines separating the pattern into ventral and dorsal areas, this characteristic allowed for
confident species determinations (Janati et al., 2018). The remaining populations had the typical perineal
pattern of M. incognita. However, this does not provide reliable species-level identification because incognita-
type perineal patterns have been observed in a considerable number of species, with some of them
consequently being misidentified as M. incognita (Hunt & Handoo, 2009). The isozyme analyses, especially
esterase phenotypes, have been widely used over many years as a reliable diagnostic technique for
distinguishing RKN species from diverse geographical areas worldwide (Dickson et al., 1970; Esbenshade
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& Triantaphyllou, 1985; Pais & Abrantes, 1989; Carneiro et al., 2000; Cofcewicz et al., 2004; Brito et al.,
2008; Kolombia et al., 2017). In the present study, esterase enzyme phenotypes of females were also used
for the diagnosis of Meloidogyne spp. Combining perineal pattern morphology and esterase phenotypes
allowed for more reliable identification. Three esterase phenotypes, J3, 11 and 12, were obtained. The
phenotype J3 is species-specific for M. javanica, and 11 and 12 for M. incognita. These phenotypes have
consistently been associated with populations of these species from other parts of the world (Esbenshade
& Triantaphyllou, 1985; Pais & Abrantes, 1989; Carneiro et al., 2001, Brito et al., 2008; Aydinli & Mennan,
2016; Kolombia et al., 2017). To our knowledge, this exploration is the first study on esterase phenotypes
of Meloidogyne populations from Iraq.

The occurrence of M. javanica and M. incognita has been commonly reported in studies conducted
in open vegetable fields in Iraq (Al-Saaedy & Stephan, 1986; Al-Sabie & Ami, 1990; Al-Kubaicy & Al-Sabe’a,
2014; Kandouh et al., 2018). The prevalence of both RKN species in greenhouse vegetable production in
northern Iraq confirms that these species are currently the dominant species of RKN in Iraq. This study
provides evidence that these species are a significant threat in Iraqg, with the potential considerable losses
in both quality and quantity of vegetables. Consequently, further studies should focus on management
approaches that will be needed to reduce this threat and the potential damage.
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