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Investigating the efficacies of the entomopathogenic nematodes on the lastinstar
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Codling moth Cydia pomonella (L.) (Lepidoptera: Tortricidae) is the main pest of
apple all over the world. Besides the usage of the broad spectrum insecticides
being the main control for the C. pomonella, also there is a potential of the usage
of the entomapathogen nematodes(EPN) for the same control. In this study, the
efficacies of four entomopathogenic nematode species [Steinernema carpocapsae
(Tokat Bakisli05), S. feltiae (Tokat-Emir), Heterorhabdlitis bacteriophora (TOK-20),
and H. bacteriophora (11KG)] have been investigated against the last instar
of C. pomonella under laboratory conditions (in vitro). Three different EPNs
concentrations [250, 500 and 1000 infective juvenile (IJ)/ml'] of the nematodes
and distilled water as a control were used. Dead larvae were counted 48, 72
and 120 h after treatment, and mortality rates were calculated. H. bacteriophora
(11KG) isolate was the most effective isolate causing 77.8% larval mortality at
the highest concentration (1000 IJs/ml") after 120 h. This was followed by S.
feltiae (76.4%), S. carpocapsae (69.5%) and H. bacteriophora (TOK-20) (65.3%).
The lowest mortality rates (respectively %5.3, 13.5, 2.7 and 10.8) were seen in
all nematode species at a concentration of 250 IJs/ml'. The isolates are found
effective on the last instar larvae of C. pomonella but should be supported with
detailed field studies.

INTRODUCTION

Apple (Malus domestica Borkh.) is a highly nutritious fruit
from the Rosaceae family that is grown in a wide territory
all over the world. It is accustomed to a broad of ecologies
(Oztemiz et al. 2017). Turkey is among the most important
apple producing countries in the world (FAOSTAT 2018).
Produced 3.878,550 tons of apples in 2020 (TUIK 2020).

One of the most important pests of apple, pear and walnut
is the Codling moth, Cydia pomonella (L.) (Lepidoptera:
Tortricidae) (Barnes 1991, Howell et al. 1992, Kuyulu
and Geng 2019). It's larvae feed directly on fruit, causing
significant quality and quantity losses. Broad spectrum

insecticides are used to control codling moth. Due to the
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Apple (Malus domestica Borkh.) is a highly nutritious fruit
from the Rosaceae family that is grown in a wide territory
all over the world. It is accustomed to a broad of ecologies
(Oztemiz et al. 2017). Turkey is among the most important
apple producing countries in the world (FAOSTAT 2018).
Produced 3.878,550 tons of apples in 2020 (TUIK 2020).

One of the most important pests of apple, pear and walnut
is the Codling moth, Cydia pomonella (L.) (Lepidoptera:
Tortricidae) (Barnes 1991, Howell et al. 1992, Kuyulu
and Geng 2019). It's larvae feed directly on fruit, causing
significant quality and quantity losses. Broad spectrum
insecticides are used to control codling moth. Due to the
environmental and health risk associated with pesticides
within the scope of Integrated Pest Management (IPM),
less harmful methods of control such as the use of
entomopathogens are in great demand (Lacey and Unruh
2005). Entomopathogenic nematodes (EPNs) live in the
soil and are used effectively in biological control. EPNs
have wide host distribution, and the ability to actively
seek and infect the host. They don't have negative
effects on the environment and human health and easy
to use and apply (Gulcu et al. 2017). After entering the
insect through the natural openings or the thin parts of
the cuticle, they release the bacteria that they carry in
their intestines. For these reasons, the usage of EPNs in
biological control applications is increasing (Kepenekci
2012).

Codling moth larvae are known to be sensitive to
EPNs (Nachtigall and Dickler 1992, Sledzevskaya
1987, Unruh and Lacey 2001, Weiser 1955). There is
not a single report studied that shows resistance to the
entomopathogenic nematodes used to control codling
moth. Entomopathogenic nematodes could be used
as a supplemental agent for reducing overwintering
populations (Kaya et al. 1984, Unruh and Lacey 2001).
Larvae that did not die from pesticide application during
the previous season could die from the application
of EPNs. For this reason, involving the EPNs in the
integrated pest management programs could cause
reduction in the population of C. pomonella (Odendaal
et al. 2018). The objective of this study was to determine
the efficacy of 4 EPN isolates on the last instar larvae of

codling moth.
MATERIALS AND METHODS
Entomopathogenic nematodes cultures

EPN  species [(Steinernema  feltiae  (Tokat-Emir),
S. carpocapsae  (Tokat-Bakigh05),  Heterorhabditis
bacteriophora (TOK-20), H. bacteriophora (11- KG)] were

obtained from the Plant Protection Department of Tokat

Gaziosmanpasa University, Turkey. The infective juveniles
were reared on Galleria mellonella (L.) last instar larvae
according to Kaya and Stock (1997). Whatman paper was
placed in small petri dishes 6 cm in diameter, soaked with
distilled water, and ten larvae were lined up on the paper.
The infective juveniles were removed from the water with
a pipette and applied to the G. mellonella larvae. Then
they were placed in the incubator at 28+2 °C and checked
regularly. The infective juveniles were obtained by the
"White trap" method (White 1927). The recovered larvae
were kept in an incubator at +10 °C.

Galleria mellonella culture

A special diet was prepared according to the relevant
literature (Haydak 1936, Mohammed and Coppel 1983).
First, the prepared diet was transferred to glass jars, and
then G. mellonella larvae were placed on it. Then the jars
with the eggs were placed in the incubator (28+2 °C, 16/8
photoperiod).

Codling moth culture

Codling moth last instar larvae using in experiment were
reared in climate cabinet (25+1 °C, 65% RH with a 16L:8D
photoperiod). The larvae were fed on artificial diet until the
last instar larvae were obtained. Artificial diet was bought
from Southland Products Incorporated, USA. 50 adults
were released in 2 1 plastic container containing adult diets.
Eggs were laid on polyethylene sheets by adults. Hatched
larvae on polyethylene sheets were placed by a brush in

artificial larval diets in petri dishes.
Laboratory bioassays of EPNs

The experiments were performed using plastic containers.
The last instar larvae of codling moth were transferred
to each container one by one with soft forceps. A piece
of corrugated cardboard (1x3 cm) was also placed in
plastic containers. Then, the EPN isolates prepared in
distilled water [250, 500 and 1000 infective juvenile (IJ)/
ml-1] and these isolates were applied into the plastic
container with a pipette. After the application, the mouth
of the container was closed with tulle and rubber. Only
distilled water was used in the control. Deltamethrin 2.5
EC (at a concentration of 25 g/l) was used as a positive
control. The containers were incubated under the same
conditions (24+5 °C and 65%+5% RH under a 16h
light/8h dark cycle). The dead larvae in plastic containers
were counted at the end of 48, 72 and 120 h. The studies
were performed with 3 repetitions and 10 replications.
Dead larvae were taken into the “White Trap” (White
1927). After one week, EPNs were obtained from infected

C. pomonella larvae.
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Table 1. Mortality (%) of Codling moth Cydia pomonella (L.) (Lepidoptera: Tortricidae) last instar larvae caused by
entomopathogenic nematode (EPN) isolates [Steinernema carpocapsae (Tokat-Bakish05), S. feltiae (Tokat-Emir), Heterorhabditis

bacteriophora (TOK-20), H. bacteriophora (11KG)] at the end of 48, 72 and 120 h

EPN Species EPN Concentration 48 Hours 72 Hours 120 Hours
250 5.3+3.5d1B? 6.7+3.5¢fB 34.7+5.0ghA
$. carpocapsac 500 9.5+3.4cdB 22.0+5.6¢c-¢B 52.745.5 d-hA
(Tokat Bakisli05)

1000 16.3+2.1cdB 37.0+6.5bcB 69.4+5.0b-dA
, 250 13.5+5.2cdB 14.9+4.6d-fB 51.3+5.0 d-hA

S. feltiae 500 23.2+2.3bcB 30.1+0.9b-dB 61.1+7.7b-fA

(Tokat Emir)

1000 34.2+2.5bB 45.2+2.4bB 76.3+5.0bcA

, 250 2.7+1.3dB 8.122.2 efB 33.3+2.4hA
H‘b‘z;tsgg)hom 500 5.4+2.7dB 13.7+1.4d-fB 40.242.7f-hA
1000 12.3+4.2cdB 24.6+2.0c-¢B 65.242.7b-eA
. 250 10.8+3.5cdB 15.0+1,2d-fB 472427 e-hA
H'ba(cé‘gllolp)h"m 500 23.2+3.3bcB 27.2+4,5b-dB 55.5+5.0c-gA

1000 34.1+4.6bB 38.3+4.8bcB 77.7+1.3bA

Control (Water) (-) 0.0+0.0dA 0.0+0. OfA 0.00+0.0iA

Control (Insecticide) (+) 97.2+1.3aA 100.0+0.0aA 100.0+0.0aA

F=58.8; df=13,2; F=48.8; df=132; F=32.9; df=13,2;
P<0.05 P<0.05 P<0.05

'Different lowercase letters following means in the same column indicate statistical significance from each other (Anova P<0.05, Tukey test)

“Different uppercase letters in the same line indicate statistically different from each other (Anova P<0.05, Tukey test

Statistical analysis:

The mortality data recorded in assays were converted
to percent mortality and then transformed by arcsine
transformation. One-way analysis of variance was used to
test the significance, and treatment means were separated
by Tukey’s multiple comparison test. The statistical analyses
were carried out on MINITAB (Release 18) computer

program.
RESULTS AND DISCUSSION

According to statistical analyzes mortality rates increased in
all entomopathogenic nematode species as the concentration
increased (Table 1).

Deltamethrin which was used as a positive control, was
in group A. In the assessments after 48 hours, 250 IJs/ml"
doses of S. carpocapsae and H. bacteriophora (TOK-20) were
included in the same group as the negative control. In all
experiments, the highest mortality rate was observed at a
concentration of 1000 IJs/ml’, while the lowest mortality
rate was obtained at the lowest concentrations of 250 IJs/
ml'. According to the results, the isolate H. bacteriophora
(KG11) (77.8%) was the most effective isolate at the highest
concentration compared to the other EPN isolates. After 120
hours, this isolate was included in group B. In addition, the
mortality rates were found for other isolates such as (76.3%)
for S. feltiae (Tokat-Emir), (69.5%) for S. carpocapsae (Tokat
Bakigh05) and (65.3%) for H. bacteriophora (TOK-20).
The mortality rates at 250 IJs /ml’ concentration were in
S. feltiae (Tokat-Emir) isolate with (51.3%), followed by

H. bacteriophora (11KG) with (47.2%), S. feltiae (Tokat
Bakighi05) with (34.7%) and H. bacteriophora (TOK-20)
with (33.3%). No mortality were observed in controls
treated with distilled water alone (Table 1).

There are numerous studies demonstrating the success
of EPNs as a biological control agent. Orchard pests are
also considered in these studies (Gaugler 2002, Kaya et
al. 1984, Shapiro-Ilan et al. 2005, Unruh and Lacey 2001).
S. feltiae has been shown to be effective against codling
moth larvae in March or mid-October (Lacey et al. 2006a,
2006b, Reggiani et al. 2008). S. carpocapsae (Nemasys®
C) provides a high level of efficacy in controlling C.
pomonella overwintering in apple orchards (Curto et. al.
2008, Unruh and Lacey 2001). Lacey and Unruh (1998)
conducted a study with S. carpocapsae, S. riobrave, and H.
bacteriophora and reported that the most effective species
was S. carpocapsae with 99%, followed by S. riobrave (83%)
and H. bacteriophora (80%).

In another study on C. pomonella conducted by Odendaal
et al. (2016), S. feltiae and H. bacteriophora (Hb1 and Hb2)
(commercial preparations) and two indigenous species
(S. jeffreyense and S. yirgalemense) were used. As a result
of the study, it was reported that S. jeffreyense was 67%
effective, followed by H. bacteriophora (Hb1) with 42% and
S. yirgalemense with 41%. In laboratory bioassays involving
spray application under simulated field conditions, it was
found that the most effective EPN was S. feltiae (67%)
followed by S. yirgalemense (58%) (Odendaal et al. 2016).
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Heterorhabditis pakistanensis NBAIR H-05 strain was
found to be effective against diapause larvae of codling
moth (Ahmad et al. 2020). In another study investigating
the efficacy of EPNs on C. pomonella, it was reported that
pupal susceptibility was low and cocoon larvae were more
susceptible than non-cocoon larvae (Navaneethan et al.
2010). S. feltiae was applied to C. pomonella larvae in four
different apple fields. At the end of the study, damage was 33%
less when a lower dose was applied and, correspondingly,
the higher the dose, the less damage (Peters et al. 2008). It is
thought that entomopathogenic nematodes can be used in
biological control programs against C. pomonella, but more
detailed field studies are needed.

The mortality data recorded in assays were converted
to percent mortality and then transformed by arcsine
transformation. One-way analysis of variance was used to
test the significance, and treatment means were separated by
Tukey’s multiple comparison test. The statistical analyses were

carried out on MINITAB (Release 18) computer program.
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OZET

Elma ickurdu Cydia pomonella (L.) (Lepidoptera: Tortricidae)
diinya genelinde elmanin baglica zararlisidir. Miicadelesinde
agirhikli olarak genis spektrumlu insektisitler kullanilmakla
birlikte, zararliya karsiuygulanan biyolojik miicadele etmenleri
arasinda entomopatojen nematodlarin (EPN) kullanilabilme
potansiyelleri bulunmaktadir. Bu ¢aligmada, dort adet EPN
izolat1 [Steinernema carpocapsae (Tokat Bakisli05), S. feltiae
(Tokat-Emir), Heterorhabditis bacteriophora (TOK20) ve
H. bacteriophora (11KG)]'nin C. pomonellanin son donem
larvalar1 tzerindeki etkinligi laboratuvar kosullarinda (in
vitro) aragtirlmigtir. Denemelerde nematodlar ¢ farkli
konsantrasyonda [250, 500 ve 1000 enfektif larva (EL)/
ml!] hazirlanmis ve uygulanmustir. Kontrol olarak saf su
kullanilmigtir. Nematod uygulamasindan 48, 72 ve 120 saat
sonra Olil larvalar sayillmis ve 6liim oranlar1 hesaplanmugtir.
H. bacteriophora (11KG) izolat1 120 saat sonra en yiiksek
konsantrasyonda (1000 EL/ml"') %77.8 6lime neden olan
en etkili izolat olmustur. Bu izolat1 sirasi ile S. feltiae (Tokat-
Emir) (%76.4), S. carpocapsae (Tokat Bakisli05) (%69.5)
ve H. bacteriophora (TOK20) (%65.3) izlemistir. En diisiik
6liim oranlari (sirastyla %5.3, 13.5, 2.7 ve 10.8) tiim nematod
tiirlerinde 250 EL/ml' konsantrasyonunda goriilmiistiir.
Izolatlar C. pomonellanin son dénem larvalari iizerinde etkili
bulunmus ancak, detayl arazi ¢alismalar1 ile bu sonuglarin

desteklenmesi gerekmektedir.

Anahtar kelimeler: biyolojik miicadele, Cydia pomonella,

entomopatojen nematodlar, Heterorhabditis, Steinernema
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Ten species belonging to the tribe Osmiini were collected and identified from the
east of Turkiye during 2017-2021. The specimens were identifed as Chelostoma
1856), 1890, Hoplitis
leucomelana (Kirby, 1802), Hoplitis tridentata (Dufour and Perris, 1840, Hoplitis
(Anthocopa) serainae Miller, 2012, Hoplitis (Hoplitis) sp., Osmia aurulenta
(Panzer, 1799), Osmia gallarum Spinola, 1808, Osmia (Helicosmia) signata

emarginatum (Nylander, Heriades rubicola Pérez,
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Erichson, 1835 and Osmia viridana Morawitz, 1874. Distributions, illustrations

and brief descriptions of all species are added to the study. No new records were
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obtained but new localities for some species have been reported.

INTRODUCTION

Megachilidae

classified into seven tribes and more than 70 genera (Ascher

comprises approximately 4000 species
and Pickering 2020, Michener 2007). This group is a large
family with specialized characteristics but they possess
morphologically uniformity, as well. They can be found in a
wide diversity of habitats on all continents except Antarctica,
ranging from lowland tropical rain forests to deserts to
alpine environments (Litman et al. 2011). There has been
an unique pollen-collecting adaptation in which the scopa
(the pollen collecting hairs) of a female is located on the
ventral side of the metasoma in the family Megachilidae
(Banaszak and Romasenko 1998). It has been reported that
some species belonging to the Megachilidae are effective
pollinators in some plants (Bosch and Blas 1994, Vicens and
Bosch 2000). The osmiine bees constitute a tribe Osmiini
within the family Megachilidae (Hymenoptera), which
is one of the nine currently recognized families of bees
(Engel 2005, Michener 2007). The tribe Osmiini Newman,
1834 which comprise 15 genera and roughly 1200 species
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worldwide, occur in North America, Africa and Eurasia
(Miiller 2019). They are especially diverse in Mediterranean
and xeric climates of southern Africa, southwestern North
America and the Palaearctic region. The Palaearctic Osmiine
bee fauna is quite diverse with 10 genera and about 700
species (Proshchalykin and Maharramov 2020). In Tiirkiye,
the tribe Osmiini comprises approximately 247 taxa from
eight genera (Ozbek 2013, Proshchalykin and Maharramov
2020). The osmiine bees have special importance for their
often spectacular and very diverse nest-building behaviors
as well as for their close relationships with flowering plants
(Cane et al. 2007, Miiller et al. 1997, Sedivy et al. 2008).
Some Osmia species such as O. cornuta in Europe, O.
cornifrons in Asia and Osmia lignaria in North America
are commercially used to pollinate the flowers of fruit trees
(Bosch and Kemp 2002).

In this study, we tried to assess the specimens belonging to

this tribe from eastern Tiirkiye.
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MATERIALS AND METHODS

The study was conducted in Diyarbakir and Bingol
provinces of eastern Tiirkiye (Figure 1). Osmiine bees were
collected using insect net in the different flowering seasons
during 2017-2021. Determinations of all species were
made by Andreas Miiller. Photographs of morphological
characters and male genitalia of adults were taken by using a
digital camera attached to a stereomicroscope. All collected
specimens are deposited in the individual collection of

Department of Plant Protection, Faculty of Agriculture,

Bing6l University (Bingol, Tiirkiye).
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Figure 1. Map of the investigated area in Tiirkiye

RESULTS

Totally ten species from four genera (Chelostoma Latreille,
1809, Heriades Spinola, 1808, Hoplitis Klug, 1807, Osmia
Panzer, 1806) of tribe Osmiini were listed. The list of species,
distributional data and brief description are given below
alphabetically.

Family: Megachilidae

Subfamily: Megachilinae

Tribe: Osmiini

Genus: Chelostoma Latreille, 1809

Chelostoma (Chelostoma) emarginatum (Nylander, 1856)

Material examined: Bingol: Cayagzi, N 38° 47' 57.65", E 40°
33'40.63", 999 m, 19.V.2021, @; Ekinyolu, N 380 54' 00.00",
E 40° 34' 17.58", 1036 m, 22.V.2021, @; Adakl, Kamisgiili,
N 39° 13' 04.16", E 40° 25' 56.89", 1215 m, 29.V.2021, 9;
Diyarbakar: Egil, Yatir, N 38°48' 21.94", E 40° 33' 16.56", 721
m, 24.1V.2021, Q.

Description. Female: Length: 8-9 mm. Colour: Black. Head:
Mandible long with two apical teeth and inner margin
brownish hairy; labrum short; face slight white hairy (Figure
2b, d). Thorax: Pronotal lobes dense hairy; scutum and
scutellum moderately punctuated; propodeum completely
dull and punctuated (Figure 2a). Metasoma: Apical margin
of terga 1-5 with white hair bands; pygidial plate V-shaped;
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sterna with dense grayish hairy (Figure 2a, ¢, e).

Previous records: Adiyaman, Afyonkarahisar, Amasya,
Ankara, Antalya, Aydin, Bingol, Bursa, Bilecik, Canakkale,
Corum, Istanbul, Konya, Mersin, Mugla, Sanlurfa, $irnak,
Yozgat (Ozbek 2011, Giiler et al. 2014).

Figure 2. Chelostoma emarginatum, Q; a) Dorsal view, b)

Face, c) Pydigial plate, d) Lateral view of head, e) Sterna

Genus: Heriades Spinola, 1808
Heriades (Heriades) rubicola Pérez, 1890

Material examined: Bingol: Biiylikterkéren, N 380 49'
54.31", E 400 34' 21.97", 1008 m, 05.V1.2021, &.

Description. Male: Length: 6 mm. Colour: Black. Head:
Mandible long and slender; labrum short; face dense white
hairy (Figure 3b). Thorax: Pronotal lobes dense hairy;
scutum and scutellum punctuated; propodeum completely
dull (Figure 3a). Metasoma: Apical margin of terga 1-2 with
white hair bands laterally; terga dense deep punctuated;
pygidial plate V-shaped; sterna with slight whitish hairy in
places (Figure 3a, ¢, d). Genitalia: Length 0.9 mm, brownish,
paramere narrow and broad on the upper and inferior sides
respectively; aedeagus slender, penis valve dilated and with

a widely central entrance (Figure 3e).

Figure 3. Heriades (Heriades) rubicola, J; a) Dorsal view, b)
Face, c) Sterna, d) Pydigial plate, e) Male genitalia

Previous records: Antalya, h;el (Ozbek and Zanden 1992b,
Ozbek 2013).

Figure 3. Heriades (Heriades) rubicola, s a) Dorsal view, b)
Face, ¢) Sterna, d) Pydigial plate, e) Male genitalia
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Genus: Hoplitis Klug, 1807
Hoplitis (Alcidamea) leucomelana (Kirby, 1802)

Material examined: Bing6l: Ekinyolu, N 380 54' 00.00",
E 400 34' 17.58", 1036 m, 01.V1.2021, &; Diyarbakir:
Dicle, Meydan, N 380 19' 14.62", E 400 13' 54.99", 730 m,
24.1V.2021, 3 Egil, Yatir, N 380 48' 21.94", E 400 33' 16.56",
721 m, 24.1V.2021, &.

Description. Male: Length: 6-8 mm. Colour: Black. Head:
Mandible and labrum short; face dense yellowish hairy
(Figure 4b). Thorax: Pronotal lobes yellowish hairy; scutum
and scutellum punctuated; propodeum completely dull
(Figure 4a). Metasoma: Apical margin of terga 1-5 with
white hair bands laterally; terga slight shallow punctuated;
pygidial plate V-shaped; Apical margin of sterna 2-4 with
brownish hairy (Figure 4a, ¢, d). Genitalia: Length 1.2 mm,
yellowish, paramere narrow on the upper and inferior
sides; aedeagus slender, penis valve dilated and with a slight

central entrance (Figure 4e).

Previous records: Artvin, Bilecik, Erzincan, Erzurum,
Hakkari, Igdir, Kars, Konya, Nevsehir (Ozbek 1979a, Ozbek
and Zanden 1992a, Ozbek 2013).

Figure 4. Hoplitis (Alcidamea) leucomelana, &5 a) Dorsal
view, b) Face, ¢) Sterna, d) Pydigial plate, e) Male genitalia

Hoplitis (Alcidamea) tridentata (Dufour and Perris, 1840)

Material examined: Bingdl: Geng, Dilektasi, N 380 46'
06.45", E 400 46' 27.64", 1653 m, 09.V.2021, 3.

Description. Male: Length: 11 mm. Colour: Black. Head:
Mandible and labrum short; face dense long brownish
hairy (Figure 5b). Thorax: Pronotal lobes and pleuron long
brownish hairy; scutum shallow punctuated; scutellum,
metanotum and propodeum long brownish hairy (Figure
5a). Metasoma: terga and sterna with long brownish hairy
in places; basal margin of terga dense shallow punctuated;

pygidial plate groove-shaped (Figure 5c¢).

Previous records: Amasya, Artvin, Bilecik, Bitlis, Erzurum,
Kars, Konya, Nevsehir, Tunceli (Ozbek 1979a, Zanden 1980,
Ozbek and Zanden 1992a, Ozbek 2013).
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Figure 5. Hoplitis (Alcidamea) tridentata, J; a) Dorsal view,
b) Face, ¢) Pydigial plate Hoplitis (Anthocopa) serainae
Miiller, 2012

Material examined: Diyarbakir: Dicle, Sergenli, N 380 19'
30.64", E 400 13' 38.46", 750 m, 24.1V.2021, J.

Description. Male: Length: 7 mm. Colour: Black. Head:
Mandible and labrum short; face dense yellowish hairy
(Figure 6b). Thorax: Pronotal lobes yellowish hairy; scutum
and scutellum shallow punctuated; propodeum completely
dull and long whitish hairy (Figure 6a). Metasoma: Apical
margin of terga with white short hair bands; terga dense
shallow punctuated; pygidial plate with two teeth; sterna
with whitish hairy in places (Figure 6a, ¢, d). Genitalia:
Length 1.1 mm; brownish, paramere narrow and broad on
the upper and inferior sides respectively, apically pointed;
aedeagus slender, penis valve dilated and with a slight

central entrance (Figure 6e).

Previous records: Antalya, Kiitahya, Nevsehir, Siirt, Hakkari
(Miiller 2012)

Figure 6. Hoplitis (Anthocopa) serainae, &5 a) Dorsal view,
b) Face, ¢) Sterna, d) Pydigial plate, e) Male genitalia

Hoplitis (Hoplitis) species

Material examined: Diyarbakir: Hani, Cardakli, N 380 18'
56.31", E 400 24' 06.29", 1057 m, 12.V.2017, &.

Description. Male: Length: 8 mm. Colour: Brownish
black. Head: Mandible short and labrum long; face dense
whitish hairy (Figure 7b). Thorax: Pronotal lobes whitish
hairy; scutum and scutellum shallow punctuated and
dull; propodeum completely dull and long whitish hairy
(Figure 7a). Metasoma: Apical margin of terga with white
hair bands; terga dense shallow punctuated; pygidial plate
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U-shaped; apical margin of sterna brownish (Figure 7a, c,
d). Genitalia: Length 1.3 mm; brownish, paramere very
slender on upper sides and broad on the inferior; aedeagus
robust and wide, penis valve dilated and with a slight

central entrance (Figure 7e).

Figure 7. Hoplitis (Hoplitis) species, J; a) Dorsal view, b)
Face, c) Sterna, d) Pydigial plate, ) Male genitalia

Genus: Osmia Panzer, 1806
Osmia (Helicosmia) aurulenta (Panzer, 1799)

Material examined: Bingol: Adakli, Kamisgili, N 390 13'
04.16", E 400 25' 56.89", 1215 m, 29.V.2021, ¢; Yayladere,
Yaylabag, N 390 10" 42.04", E 400 05' 45.14", 1170 m,
30.V.2021, J.

Description. Male: Length: 11-12 mm. Colour: Black. Head:
Mandible and labrum short; face dense yellowish hairy
(Figure 8b). Thorax: Pronotal lobes yellowish hairy; scutum,
scutellum and propodeum brownish hairy and completely
dull (Figure 8a). Metasoma: Apical margin of terga and
sterna 2-5 with white brownish hairy; pygidial plate flat and
wide (Figure 8a, ¢, d). Genitalia: Length 1.6 mm; brownish
black paramere narrow and broad on the upper and inferior
sides respectively; aedeagus slender, penis valve dilated and
with a widely central entrance (Figure 8e).

Previous records: Agri, Ankara, Artvin, Bayburt, Bilecik,
Bitlis, Burdur, Erzincan, Erzurum, Eskisehir, Hakkari,
Hatay, Karaman, Kayseri, Konya, Mersin, Nevsehir, Siirt,
Tokat, Tunceli (Friese 1921, Ozbek 1979b, Ozbek and
Zanden 1992a, Giiler and Cagatay 2006, Ozbek 2014).

L

Figure 8. Osmia (Helicosmia) aurulenta, d; a) Dorsal view,

b) Face, ¢) Sterna, d) Pydigial plate, e) Male genitalia
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Osmia (Pyrosmia) gallarum Spinola, 1808

Material examined: Bing6l: Cayagzi, N 380 47' 57.65", E 400
33'40.63",999 m, 05.V1.2021, §.

Description. Female: Length: 6 mm. Colour: Black. Head:
Mandible and labrum short; face slight whitish hairy
(Figure 9b, d). Thorax: Pronotal lobes whitish hairy;
scutum and scutellum shallow punctuated; propodeum
shiny and slightly hairy (Figure 9a). Metasoma: First
abdominal tergite with white hair in laterally; terga dense
shallow punctuated; pygidial plate V-shaped and hairy;
sterna with whitish long hairy in places (Figure 9a, c, e).

Previous records: Ankara, Antalya, Artvin, Aydin, Bilecik,
Erzincan, Erzurum, Eskisehir, Gumishane, Hakkari,

Isparta, Istanbul, Izmir, Kars, Konya, Mersin, Mugla, Mus,
Nevsehir, Nigde, Siirt, Sanlurfa (Ozbek 1979a, Warncke
1992, Giiler et al. 2014, Ozbek 2014).

Figure 9. Osmia (Pyrosmia) gallarum, @; a) Dorsal view, b)
Face, c) Pydigial plate, d) Lateral view of head, e) Sterna

Osmia (Helicosmia) signata Erichson, 1835

Material examined: Diyarbakir: Dicle, Meydan, N 380 19'
14.62", E 400 13' 54.99", 730 m, 24.1V.2021, %.

Description. Male: Length: 11 mm. Colour: Black. Head:
Mandible long with three apical teeth and labrum short;
apical margin of clypeus dense brownish hairy; face
dense whitish hairy (Figure 10b, c). Thorax: Pronotal
lobes yellowish hairy; scutum and scutellum punctuated
with dense brownish hairy; propodeum completely dull
(Figure 10a). Metasoma: Apical margin of terga with
white hair bands; terga dense deep punctuated; pygidial
plate flat; sterna with dense blackish hairy (Figure 10a,
c,e)

Adana,
Ankara, Antalya, Aydin, Bayburt, Bingdl, Birecik, Bitlis,

Canakkale,
Eskisehir, Hakkari, Hatay, Istanbul, Igdir, Kahramanmaras,

Previous records: Afyonkarahisar, Aksaray,

Bursa, Diyarbakir, Erzincan, Erzurum,
Karaman, Kars, Kayseri, Kilis, Konya, Mardin, Mersin,
Mus, Nevsehir, Sanliurfa, $irnak, Usak, Van, Yalova (Friese
1921, Alfken 1935, Zanden 1980, Warncke 1988, Ozbek

and Zanden 1992a, Ozbek 2014).
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Figure 10. Osmia (Helicosmia) signata, §; a) Dorsal view, b)

Face, c) Pydigial plate, d) Mouth parts, e) Sterna

Osmia (Pyrosmia) viridana Morawitz, 1874

Material examined: Bingol: Solhan, Arakonak, N 380
56' 49.39", E 4lo 07" 40.76", 1639 m, 20.VIL.2017, &;
Diyarbakur: Lice, Angiil, N 380 24' 23.81", E 400 33' 50.23",
866 m, 25.1V.2021, &.

Description. Male: Length: 6-7 mm. Colour: Metallic greenish.
Head: Mandible with two apical teeth and labrum short; face
long yellowish hairy (Figure 11b). Thorax: Pronotal lobes
yellowish hairy; scutum and scutellum deep punctuated;
propodeum shiny (Figure 11a). Metasoma: First abdominal
tergite with white hair in laterally; pygidial plate with two
teeth; sterna with slight whitish hairy in places (Figure 11a,
¢, d). Genitalia: Length 1.1 mm; brownish; paramere narrow
and broad on the upper and inferior sides respectively; upper
part of paramere notched; aedeagus slender, penis valve

dilated and with a widely central entrance (Figure 11e).

Previous records: Adana, Adiyaman, Ankara, Antalya,
Aydin, Diyarbakir, Erzurum, Hakkari, Kahramanmaras,
Mardin, Mersin, Mugla, Nevsehir, Siirt, Sanlurfa (Zanden
1984, Ozbek and Zanden 1992a, Warncke 1992, Giiler et al.
2014, Ozbek 2014).

Figure 11. Osmia (Pyrosmia) viridana, J; a) Dorsal view, b)
Face, ¢) Sterna, d) Pydigial plate, e) Male genitalia

DISCUSSION

In the present publication, Osmiine bees collected from
eastern Tiirkiye are morphologically diagnosed, and the
male genitalia was explained. Among the identified species,
six species are the first record for the study area: Heriades
rubicola Pérez, 1890, Hoplitis leucomelana (Kirby, 1802), H.
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tridentata (Dufour and Perris, 1840), H. serainae Miiller,
2012, Osmia aurulenta (Panzer, 1799), O. gallarum Spinola,
1808. Other species (Chelostoma emarginatum (Nylander,
1856), O. signata Erichson, 1835 O. viridana Morawitz, 1874)
are an additional record for the study area. The results of
this research (with ten species) together with other works on
tribe Osmiine of Tiirkiye (e.g. Ozbek 2013, Proshchalykin
and Maharramov 2020) indicate that eastern Tiirkiye is
quite rich in terms of insect diversity. Although the fauna of
Osmiine of Tiirkiye was studied rather well (see references),
the fauna of provinces Bingdl and Diyarbakir eastern of
Tiirkiye was poorly studied. With the diverse flora in eastern
Tiirkiye, we expect much more species of Osmiine in this
area. Osmiine bees are both ecologically and economically
important; they include many pollinators of natural, urban
and agricultural vegetation (Gonzalez et al. 2012). It has
also been reported in previous studies that these species
can be used commercially as first pollinators in some cases.
(Giiler and Cagatay 2006, Richards 1997,). However, many
osmiin species are still unidentified, as the identification
and classification of many important pollinator groups is
inadequate. Consequently, identifying these bees which are
quite considerable in plant pollination from the study area

will guide future studies.
ACKNOWLEDGEMENTS

I would like to thank Dr. Andreas Miiller (Ziirich,

Switzerland) for the identification of all species.
OZET

Tirkiye'nin dogusundan 2017-2021 yillar1 arasinda
Osmiini tribiisiine ait on tiir toplanmis ve tanimlanmigtir.
Ornekler Chelostoma emarginatum (Nylander, 1856),
Heriades rubicola Pérez, 1890, Hoplitis leucomelana (Kirby,
1802), Hoplitis tridentata (Dufour and Perris, 1840, Hoplitis
(Anthocopa) serainae Miiller, 2012, Hoplitis (Hoplitis) sp.,
Osmia aurulenta (Panzer, 1799), Osmia gallarum Spinola,
1808, Osmia (Helicosmia) signata Erichson, 1835 ve Osmia
viridana Morawitz, 1874 olarak tanimlandi. Caligmaya
tim tiirlerin dagilimlari, illiistrasyonlar: ve kisa tanimlar:
eklenmigstir. Yeni kayit elde edilmemis ancak bazi tiirler

i¢in yeni lokaliteler bildirilmistir.
Anahtar kelimeler: Hymenoptera, Megachilidae, Osmiini,
dagilim, fauna, sistematik, Tiirkiye
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Ceratitis capitata (Wiedemann,1824) (Diptera: Tephritidae) is a species which is
known as one of the most important quarantine pests with a zero-tolerance. Due
to its high capacity of reproduction and direct damages on fruits, it is not possible
to reach higher yield rates without management of this pest. Mass trapping,
which is a biotechnical control method, is an alternative control method that is
considered to be successful in low populations of this pest. This study carried out
in peach orchards simultaneously and the effectiveness of traps were determined
according to population differences between Aegean and Mediterranean regions.
Experiments were conducted in 2018 in Kusadasi (Aydin), Selcuk (izmir)
and Erdemli (Mersin) in peach orchards. The population dynamics and the
effectiveness of mass-trapping were detected during this study. Pheromone traps,
Decis Trap (Bayer), were used to monitor the population change of the pest. The
daily number of adult individuals was 4.8, 149.1 and 166.9 in Kusadasi, Selguk
and Erdemli, respectively, in July. Accordingly, effectiveness of traps was 94.19%
in Kusadasi, 95.6% in Selgcuk and 56.35% in Erdemli. Due to the higher population
in the Mediterranean region than the Aegean region and longer duration of the
peach vegetation in the Mediterranean Region, required control level of success
was not provided.

INTRODUCTION

The  Mediterranean  fruit fly

Ceratitis  capitata

causes economically important damages on hundreds of

(Wiedemann,1824) (Diptera: Tephritidae), has been causing
economic losses by spreading to all tropical and subtropical
regions since 1829 it was first noticed as a pest (Headrick
1996) until nowadays. Several researchers have reported

that the Mediterranean fruit fly is a polyphagous species and
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agricultural products (Elekgioglu 2009, 2013, Orono 2006,
Satar and Tiring 2016, Satar et al. 2016). Ziimreoglu (1986)
reported that this species was found in 21 host plant species
and varieties in Turkey, and it causes significant damages

in 17 products. Among these 17 plant species and varieties,
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it is the main pest of citrus fruits. Peaches, apples, quinces,
apricots, persimmons, plums, pomegranates and avocados
are among its hosts (Demirdere 1961, Demirel 2016, {leri
1961, Karsavuran et al. 1988, Kaya and ipekdal 2018, Tiring
and Satar 2017, Tungytirek 1972, Ziimreoglu 1986, 1990),
while it leads to significant economic losses in these products.
Today, this pest may cause widespread epidemics especially in
Mediterranean and Aegean regions in Turkey, and it may cause
significant economic losses in almost unexpected locations
(Satar et al. 2016). According to Tleri (1961), C. capitata has
entered Turkey in the 1890s, according to CABI (2019) citing
Fimiani (1989) and 1915 according to Demirdere (1961) citing
Bodenheimer (1951). Ceratitis capitata is a quarantine pest,
and its tolerance is assumed to be zero. Due to the suspicions
that there was the Mediterranean fruit fly on mandarin fruits
exported to the Russian Federation, the products were sent
back to Turkey (Ozbay 2011). It is not possible to achieve

production without the control of this pest.

There are four different approaches to control the
Mediterranean fruit fly. These are sterile insect technique,
mass trapping, protein bait spraying and foliar pesticide
applications (Yayla and Satar 2017). The control methods
that are prevalently used in Turkey are chemical pesticide
application and mass trapping. In chemical control, in the
case that insecticides are not applied at the suitable dose
and on time, issues of residues in fruits are encountered.
In residue screenings of insecticides that were used to
control Mediterranean fruit fly in Satsuma mandarin and
pomegranate, the residue value of Malathion was found
to be higher than the MRL levels of the European Union
(Dingay et al. 2017). High MRL values of insecticides firstly
pose a risk for human health, and they lead to problems in
international trade. In addition to these control methods, for
the first time in Turkey, the infestation of the pest could be
prevented by perimetric trapping around the transportation
and attachment source of the pest outside agricultural areas
in the district of Civril in Denizli (Tolga et al. 2018).

Instead of traditional chemical control, biotechnical
methods integrated with alternative control programs have
been studied and utilized all over the world for years. The
biotechnical methods that are the most frequently used
against this pest and provide successful results from the
mass trapping, and attract and kill methods. The objective of
mass trapping and ‘Attract and Kill is to eliminate the usage
of insecticides or minimizing the number of insecticide
applications by combining the method with other control
methods within the framework of an integrated control

program (Layik and Kismal1 1994).

To increase the usage of alternative control methods, starting
with 2010, the Turkish Ministry of Agriculture and Forestry
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has been providing producers with incentives in different
products under the declaration of "Payment for Supporting
Biological and/or Biotechnical Control in Plant Production”
(Declaration no.: 2018/22)". However, utilization of the
assistance by producers and usage of traps are not on the
desired level. There are several studies conducted in Turkey
on trapping against Mediterranean fruit fly (Akman and
Ziamreoglu 1973, Akyol 2014, Bagpinar et al. 2009, Delrio
and Ziimreoglu 1983, Elek¢ioglu et al. 2011, Kahyaoglu and
Giirkan 2010, Satar and Tiring 2016, Sierras et al. 2012, Yayla
and Satar 2017). However, these studies were carried out at
different times, in different regions and separately. There are
no data on which results were shared in the same year that
were studied simultaneously in two different regions. This
study aimed to determine the usability of traps employed in
the same numbers per hectare at peach orchards in {zmir,
Aydin and Mersin in Turkey. Additionally, trials of biological
effectiveness were conducted to contribute the increase in

usage of traps and minimization of costs.
MATERIALS AND METHODS
Determination of the population of the Mediterranean fruit fly

The trials were carried out on the peach variety of extreme
Great in 1 ha of area in Kusadas1 (Aydin) and 2 ha of area
in Selguk (izmir) and on the Hale variety of peach in
1 ha of area in Erdemli (Mersin) in 2018. The trials were
conducted according to ‘Large Parcel’ experimental design.
The characters of experiments were Mass Trapping and
Control parcels. Experiments were 10 da and the numbers
of traps were determined as 5 traps per da. Control parcel
was determined as 1 da and there was at least 100 m distance

between control and trial parcels (Anonymous 2020).

The land was divided into 10 plots of 0.1 ha each, and trial
traps were placed in Kusadasi-Aydin. A total of 50 Decis
traps were installed and there would be 50 traps per ha. The
counting was done on a total of 25 trial traps, including at
least 2 in each plot. A control plot of 0.1 ha was left at a 100
m of distance from the Decis trap plots, and one delta-type
pheromone (Trimedlure) trap was hanged for observation
purposes. All traps were hanged on 11 June 2018 when the
fruits were in their green period, and with the harvest on 19
July 2018, the trial was ended.

The land was divided into 20 plots of 0.1 ha each, and trial
traps were placed in Selguk-izmir. A total of 100 Decis
traps were hanged therefore there would be 50 traps per ha.
Counting was made on a total of 40 trial traps. A control
plot of 0.1 ha was left at a 100 m of distance from the Decis
trap plots, and one delta-type pheromone (Trimedlure)
trap was hanged for observation purposes. All traps were

hanged on 13 June 2018 when the fruits were in their green
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period, and with the harvest on 25 July 2018, the trial was
ended.

The land was divided into 10 plots of 0.1 ha each, and trial
traps were placed in Erdemli-Mersin. A total of 50 Decis
traps were installed so that there would be 50 traps per ha.
Counts were made on a total of 10 trial traps, including 1
in each plot. A control plot of 0.1 ha was left at a 100 m
of distance from the Decis trap plots, and one delta-type
pheromone (Trimedlure) trap was hanged for observation
purposes. All traps were hanged on 6 June 2018 when the
fruits were in their green period, and with the harvest on 13
August 2018, the trial was ended.

For biological activity, counting were made and recorded
weekly in the trial traps, and the individuals of C. capitata
in the trap were removed after counting. In the pheromone
traps, the capsules were replaced once every 4-5 weeks, and
the trays were replaced every two weeks. All traps were
installed at a height of 1.5-1.8 meters from the ground and
on the southern side of the trees. Counting was done at the
pheromone traps weekly, and it was aimed to determine the
population change of the pest. The results of the pheromone
traps and Decis traps were presented in figures.

Determination of the effectiveness of the mass trapping product

One or two trees in the middle of each plot were marked,
and dents were checked on an average of 50 fruits on the
tree and all fruits that fell off the tree in trial areas (Kusadasi/
Aydin, Selguk/izmir, Erdemli/Mersin). The counts were
carried out by checking the fruits of 12 trees in Kusadast,
40 trees in Selguk and 10 trees in Erdemli. In the control
plots, the fruits on and those that fell off one or two trees
were checked each week, and the dented and intact ones
were recorded. The effectiveness in percent was determined
with Abbott’s formula [(Percentage effect = (% intact in
control - % intact in trap plot)/(% intact in control) x 100)]
(Abbott 1925, Karman 1971), while the statistical difference
was determined with the Chi-Squared analysis method. The
SPSS 23.0 package software was utilized for the statistical

analyses.
Comparison of populations among the districts

The daily numbers of flies (DNF) per pheromone and Decis
trap in the trial orchards of each district were calculated with
the formula given below. The calculations that were made
to determine the population differences among the districts
were statistically analysed. The results that were obtained
based on the DNF values were subjected to ANOVA in the
SPSS 20.0 package software. The statistical differences were
determined by using Tukey's HSD test (P=0.05) (Radonjic
etal. 2013).
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DNF=TNF/NTxNDT

DNF: the daily number of flies caught per each trap
TNF: total number of flies caught in all traps

NT: total number of traps

NDT: number of days traps stay in the orchard
RESULTS AND DISCUSSION
Population change of the Mediterranean fruit fly

The population changes were shown based on the mean
numbers of adult individuals per trap in the Decis traps in
all studied districts and the Mediterranean fruit fly numbers
in all pheromone traps hanged at the control plots. The
population changes in Kusadasi, Selguk, and Erdemli were

given in Figure 1, 2, and 3, respectively.
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Figure 1. Population changes based on the mean number of
adults in Decis traps and the number of adults in pheromone

traps in the control plot in the district of Kusadasi

The mean of adults was 10.4 in Decis traps and 12.0
adults in the pheromone trap in the control plot were
counted on 18 June 2018 in Kusadasi. The population
raised to the highest level on 2 July 2018 in Decis traps
and control plot pheromone trap respectively as 179.2
individuals/trap and 232.0 individuals/trap during this
study (Figure 1).

The mean number of adults was 0.7 individuals/trap
counted in Decis traps on 20 June 2018 in Selguk, while
there was no adult in the pheromone trap on the same
date. The population raised to the highest level on 25 July
2018 in Decis traps (the number of the adult was 78.2 per
trap). The control plot reached the highest level with 49
individuals/trap on 1 August 2018 in the pheromone trap
(Figure 2).
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Figure 2. Population change based on the mean number of
adults in Decis traps and the number of traps in pheromone

traps in the control plot in the district of Selguk

The mean of adults was 57.5 individuals/trap on 11 June
2018 in the Decis traps and 250 individuals/trap in the
pheromone trap in the control plot in Erdemli. The highest
population was observed in the pheromone trap on 09
July 2018 by 1025 individuals/trap. The highest level of
population in Decis traps was found as 132.5 individuals/
trap on 30 July 2018 (Figure 3).

To reveal the differences among the populations, the
daily numbers of flies caught in the Decis and pheromone
traps were calculated. The calculations were made based
on the counts made during the trial months of June and
July in Kusadas: and Sel¢uk and June, July and August in
Erdemli.
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Figure 3. Population change based on the mean number of
adults in Decis traps and the number of traps in pheromone
traps in the control plot in the district of Erdemli
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Figure 4. Daily numbers of flies caught in the Decis and
pheromone traps

The daily numbers of flies in the pheromone traps for
Kusadasi and Selcuk were 2.9 and 0.1 in June and 16.4 and
4.8 in July, respectively. These numbers for June, July and
August were 54.8, 149.1 and 166.9, respectively, in Erdemli.
In July, where the population increased, the number of flies
caught per day in Selguk was lower than that in Kusadasi.
The numbers of flies in the traps in Erdemli were much
higher than those in the other districts, and 9-18 times more

flies were caught per day within the season (Figure 4).
Fruit infestation rates and effects of traps

The results of fruit counting in Kusadasi, Sel¢uk and Erdemli
were given respectively in Tables 1, 2 and 3.

As a result of the counting in Kusadasi, the infestation rate
in the Decis trap plots was (N:3328) 0.9%, while that in the
control plot was (N:756) 15.5% (Table 1). Accordingly, the

Table 1. Crosstabs on fruit counts, infestation rates in treatments
in Kusadasi (fruit*treatment Crosstabulation)

treatment Total
trap control
Count 3298 639 3937
% within fruit 83.8% 16.2% 100.0%
non- %within
damaged 99.1% 84.5% 96.4%
treatment
% of Total 80.8% 15.6% 96.4%
fruit Count 30 117 147
% within
. 20.4% 79.6% 100.0%
fruit
damaged Sowithin
ow 00.9% 15.5%  3.6%
treatment
% of Total 0.7% 29% 3.6%
Count 3328 756 4084
% within fruit 81.5% 18.5% 100.0%
Total  %withi
otal - Y%within 00% 100.0% 100.0%
treatment
% of Total 81.5% 18.5% 100.0%
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effectiveness of the trap was calculated as 94.19%. It was
determined that there was a significant difference between
the treatment plots and the control plot in the trial area (x2:
377.14; P < 0.05; df:1).

As a result of the counting in Selguk, the infestation rate in
the Decis trap plots was (N:6740) 0.9%, while that in the
control plot was (N:622) 18.6% (Table 2). Accordingly, the
effectiveness of the trap was calculated as 95.16%. It was
determined that there was a significant difference between
the treatment plots and the control plot in the trial area (x2:
747.95; P < 0.05; df:1).

Table 2. Crosstabs on fruit counts, infestation rates in treatments
in Selguk (fruit*treatment Crosstabulation)

treatment Total
trap  control
Count 6676 639 7182
9% within fruit  93.0%  7.0% 100.0%
non- %within
damaged " 99.1% 81.4% 97.6%
treatment
% of Total 90.7% 6.9%  97.6%
fruit Count 64 116 180
Y
% within 35.6% 64.4% 100.0%
fruit
damaged %within
° 00.9% 1.6%  2.4%
treatment
% of Total 0.7% 2.9% 3.6%
Count 6740 622 7362
9% within fruit 91.6%  8.4% 100.0%
Total  %withi
otal - %within 100.0% 100.0% 100.0%
treatment
9% of Total 91.6% 8.4% 100.0%

As a result of the counting in Erdemli, the infestation rate
in the Decis trap plots was (N:6392) 15.89%, while that in
the control plot was (N:4195) 36.2% (Table 3). Accordingly,
the effectiveness of the trap was calculated as 56.35%. The
effectiveness of the control trap in the counts made in
Erdemli was lower than those of the other districts. The
main reason for this situation was the population densities
and numbers of offspring were different among the regions.
The population density in Erdemli was higher than Kugadasi
and Selguk. It was determined that there was a significant
difference between the treatment plots and the control plot
in the trial area (x2: 582.47; P < 0.05; df:1).

The mean numbers of flies caught in Erdemli in terms of
both the Decis traps and the pheromone trap were higher
than Kusadasi and SelguK’s results. As it can be seen in
the data that were obtained here, it was also reported by
El-Gendy (2014) that population could increase in peach

orchards between regions and years based on the presence
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Table 3. Crosstabs on fruit counts, infestation rates in treatments
in Erdemli (fruit*treatment Crosstabulation)

treatment Total
trap  control
Count 5383 2675 8058
% within fruit 66.8% 33.2% 100.0%
non- %within
damaged 84.2% 63.8% 76.1%
treatment
% of Total 50.8% 25.3% 76.1%
fruit Count 1009 1520 2529
o
% within 39.9% 60.1% 100.0%
fruit
damaged %within
’ 15.8% 362% 23.9%
treatment
% of Total 9.5% 14.4% 23.9%
Count 6392 4195 10587
% within fruit 60.4% 39.6% 100.0%
Total  %withi
otal - Yowithin 100.0% 100.0% 100.0%
treatment
% of Total 60.4% 39.6% 100.0%

of hosts and prevalence of offspring. The population of the
pest in Erdemli showed an increase in July and August in
this study. Different researchers have reported in Adana,
which has similar climate characteristics to those in the
studied regions, that populations of the pest increased
in peach orchards between the last week of May and the
first week of July, in grapefruit orchards between May and
September, in persimmon orchards in July, September and
November and in pomegranates in September, October and
November (Kasap and Aslan 2016, Satar et al. 2016, Tiring
and Satar 2017). In a different study that we carried out in
Karaburun and Menderes districts of {zmir, it was observed
that the pest was seen between April and November, and its
population increased especially in August and September
(Tolga et al. 2019).

The control process with traps provided success rates of
94.19% in Kugadast and 95.15% in Selguk, while it provided
a success rate of only 56.35% in Erdemli. As a result of
examining these data, it was determined that the success
of control decreases in areas where populations are high
levels. Likewise, Hafsi et al. (2016) examined the activities
of two different bait stations in early and mid-late peach
varieties and reported that the number of adult flies on the
late varieties was two times higher than those caught in the
early varieties, and therefore, the effectiveness dropped in
late varieties. Additionally, they recommended increasing
the number of traps per hectare for the control process to
be successful due to the high populations observed in the
late varieties. Tiring and Satar (2017) determined that the
population of the pest was not dense in the varieties that

were harvested in June-July, and there was no problem, but
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populations increased in the varieties that were harvested
later, and this constituted a thread for peaches. Penarrubia
(2010) reported that control processes carried out in peach
orchards in Spain by mass trapping were successfully
effective on low populations, but these should be supported
with chemical control in the case of high populations.
They also recommended increasing the number of traps
to be used in the control process so that there would be
no damage in years where the population increases by two
times. Elek¢ioglu et al. (2011) found that the population
of the pest was high in Adana in August and September,
and in the study, they carried out with traps containing
Trimedlure and DDVP capsules, they managed to decrease
the number of control processes with insecticides from
nine to five. Papadopoulos et al. (2001) investigated the
effects of low-density (1.5 traps/ha) and high-density
(15 traps/ha) by using traps containing attractants with
the same properties as Decis traps. They reported that
traps hanged in peach orchards with high intensity
attracted more individuals, traps that were hanged with
high density at fruit areas caught Mediterranean fruit fly
earlier, and the type of trap and the host were key factors
in early monitoring of the pest. In parallel to the results
and recommendations proposed by different researchers,
in areas like Erdemli where the population is constantly
high or in years where the population is determined
to increase, the number of traps per hectare should be
increased to prevent damage in the fruits. In cases where it
is not possible to increase the number of traps, the control
process should be supported by at least one application of
insecticides. Yayla and Satar (2017) emphasized that there
is a need to apply integrated fruit fly control techniques
in cases of high population levels. The traps were kept in
the land for 5 weeks in Kugadasi, 6 weeks in Sel¢uk and
10 weeks in Erdemli, and during these times, these traps
were observed to catch the adults of C. capitata. As in the
case that was observed during our study, dry traps such
as Decis trap and similar ones that are used against the
Mediterranean fruit fly are effective for 6-10 weeks (Jang
et al. 2007).

Biotechnical methods are some of the most significant
practices that are among the integrated control methods.
However, it was presented with this study that biotechnical
control alone would not be sufficient in cases where pest
populations are higher levels. However, the number of
traps may be increased to reduce damage levels of this pest.
Similarly, in this study, it was determined that the density
of the pest was high during this study especially in the
Erdemli district of the province of Mersin in Turkey, and
trap control was not sufficient by itself. It is considered

that usage of different numbers of traps (traps/ha) in areas
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where the population of the pest is high and those where
it is low may be effective in suppressing this population.
In cases where it is not possible to increase the numbers of
traps, it is recommended to carry out the control process
by combining biotechnical control with methods such as
chemical control, early harvest, and especially cultural
control. The rates of damages, especially on the economic
concerns of the producers, may increase in products that
are harvested late. For this reason, the harvesting process
should be completed without delay, and the pest should be

controlled with an integrated approach.
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OZET

Ceratitis capitata karantina zararlist ve toleransi sifir
olarak kabul edilen bir tiirdiir. Ureme kapasitesinin
yitksek olmasi ve dogrudan meyvede zarar yapmasi
nedeniyle zararli ile miicadele yiritilmeden iretim
yapmak miimkiin olamamaktadir. Kimyasal miicadeleye
alternatif olarak biyoteknik miicadele yéntemi olan
kitle halinde tuzakla yakalama, zararlinin ¢ok yiiksek
olmayan popiilasyonlarinda basarili sayilan bir miicadele
seklidir. Tuzaklar ile miicadelede farkli besin cezbedici
materyaller kullanilarak bireylerin tuzaga ¢ekilmesi
sonucu oldirilmesi saglanmaktadir. Bu ¢aliyma, Ege ve
Akdeniz Bolgelerinde seftali bahgelerinde es zamanl
yuritillmis ve bolgeler arasindaki popiilasyon farkliligina
gore tuzaklarin etkinliginin belirlenmesi amaglanmigtir.
Denemeler 2018 yilinda Kugadast (Aydin), Selcuk (Izmir)
ve Erdemli (Mersin) ilgelerinde yuriitilmistir. Zararlinin
feromon tuzaklar ile popiilasyon degisimi ve kitle halinde
yakalama tuzaklarinin etkinligi saptanmigstir. Miicadele
tuzag: olarak Decis Trap (Bayer) isimli tirtin kullanilarak
tuzagin etkinlikleri saptanmistir. Temmuz ayinda Kugadast,
Selguk ve Erdemli ilgelerinde sirasiyla 4.8, 149.1 ve 166.9
adet/tuzak ergin birey yakalamistir. Buna gore Kusadasi
ilcesinde %94.19, Sel¢uk ilgesinde %95.6 oranlarinda etkili
bir bagari saglarken Erdemli ilgesinde %56.34 oraninda
etkili olmustur. Akdeniz Bolgesi popiilasyonunun Ege
Bolgesine gore daha yiiksek seyretmesi ve seftali iiretim
sezonun daha uzun siirmesinden dolayi istenilen diizeyde

basari saglanamadig1 belirlenmistir.

Anahtar kelimeler: biyoteknik miicadele, Ceratitis capitata,

{zmir, Mersin, seftali
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This study was carried out to determine the pesticide residue levels and health risk
assessments in tomato, pepper, and cucumber grown in Tokat province of Turkey. A
residue analytical method was verified to determine 260 pesticides by using a liquid

chromatography-tandem mass spectrometry (LC-MS/MS). Pesticide solutions at
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method verification, QUEChERS

10 and 50 ug kg doses were fortified with the pesticide-free cucumber matrix for
verification of the method. The linearities (R?), the limit of detection (LODs), the
limit of quantification (LOQs), and mean recovery values of the pesticides ranged
between 0.990-0.999, 0.71-2.96 pg kg”', 2.36-9.86 pg kg and 77.25-117.61%,
respectively. Pesticide residue levels of 28 vegetable samples collected from

* Corresponding author: Tartk BALKAN

X4 tarik.balkan@gop.edu.tr Tokat province were determined using the verified method. Seventeen different

pesticides were detected in 16 samples, and pesticide concentrations in 3 samples
were higher than the allowable limits of the European Union Maximum Residue
Limits (EU-MRL). The pyridaben level in 1 pepper sample, metrafenone in 2
cucumber samples were higher than the threshold values stated by the EU-MRL.
The results of health risk assessments indicated that famoxadone and pyridaben
have chronic toxicity potential for consumers.

INTRODUCTION

Vegetables are an important part of the human diet as they
provide essential specific nutrients for the human body
(Keikotlhaile and Spanoghe 2011). Their consumption is
recommended not only to prevent avitaminosis, but also to
reduce the incidence of important diseases such as cancer,
cardiovascular diseases, and obesity. Rapid urbanization
and increase in human population caused changes in
lifestyle and eating habits, and the food demands of the
consumers have diversified. These approaches have strongly
impressed food production and consumption; therefore,

the producers have more carefully adopted plant protection
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measures to control pests. Pesticides are commonly used
in pest management due to their rapid action, easy use,
and affordability. However, misuse or unconscious use of
pesticides may damage plants, the environment, wildlife,
and public health. Because pesticides used in agricultural
production often lead to residues. Contamination of
crops, especially fruits and vegetables, is one of the
current important issues. The majority of consumers are
not familiar with pesticide residue in the food; therefore,
monitoring the residue levels of pesticides in food is vital

for human health.
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Detailed studies on pesticide residue levels in vegetables
have been reported in Turkey. Bakirci et al. (2014), Balkan
and Kara (2019), Catak and Tiryaki (2020), Cift¢i (2019),
Durmugoglu (2002), Ersoy et al. (2011), Golge and Kabak
(2018) reported residue concentrations over MRL threshold
in cucumber, tomato, and pepper samples. In contrast, the
residue concentration in vegetables reported by Hepsag
(2019), Kaya and Tuna (2019), Polat and Tiryaki (2018),
Zengin and Karaca (2017) were lower than the MRL
threshold values.

Exposure to pesticides can cause health problems, such
as nausea and headaches in a shorth term. In addition,
neurotoxicity, cytogenetic damage, infertility, and endocrine
system problems may occur chronically (Baldi et al. 2001),
and leukemia, non-Hodgkin lymphoma, brain, bone, breast,
ovarian, prostate, testicular, and liver cancers in the long
term (Cantor et al. 1992). Therefore, health risk assessment
is very important for pesticide residues. Although studies
on detection of pesticide residues for important vegetables
in Turkey have increased, the studies on health risk
assessment are not at the desired level. Golge and Kabak
(2018) determined no health risk in tomato, Soydan et al.
(2021) stated no health risk in tomato and pepper. Catak
and Tiryaki (2020) noted no risk of chronic exposure in

cucumber.

The increase in living standards raised the awareness on
pesticide residues in agricultural products. In addition,
ensuring safe pesticide residue level is important in
promoting agricultural product export of Turkey. Increasing
residue studies is essential for both local agricultural
development and raising awareness for consumers. This
study aimed to determine the pesticide residue levels and
the health risk assessments in tomato, pepper, and cucumber
grown in Tokat province, which has a high agricultural
potential.

MATERIALS AND METHODS
Sample collection and storage

Samples were collected in accordance with the Commission
Directive 2002/63/EC on sampling for the official control of
pesticide residues in and on products of plant and animal
origin (EC 2002). Ten cucumbers, 8 tomatoes, and 10
peppers were collected randomly in Tokat province, Turkey.
Collected samples were transported immediately to the

laboratory and stored at -18°C.
Reagents and chemicals

Pesticide reference standards were purchased from Dr.
Ehrenstorfer (Augsburg, Germany). Acetonitrile (MeCN >
99% purity), methanol (MeOH > 99% purity), anhydrous
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magnesium sulfate (MgSO, > 99% purity), ammonium
formate (CH,NO, > 99% purity), sodium acetate (NaOAc
> 99% purity), and acetic acid (AcOH > 99% purity) were
supplied by Merck. Primary-secondary amine (PSA) was

obtained from Supelco analytical.
Chromatographic analysis

This study was carried out using an LC-MS 8050 model
(Shimadzu®) equipped with a UPLC: LC-30AD pump x
2, SIL-20A autosampler, a DGU-20A3R degasser, a CTO-
20ACV column oven, and a triple quadrupole MS/MS
detector. The LC column was inertsil (ODS IV) C18 column
(2.1 mm x 150 mm, 3 pm particle size) of GL Sciences
Inc (Tokyo, JAPAN). Chromatographic separation was
performed using a gradient elution program with eluent
A consisting of distilled H,O + 5 mM ammonium formate
and eluent B consisting of methanol + 5 mM ammonium
formate. The analysis started with 5% eluent B, which was
increased linearly to 60% in 3 min, 70% in 4 min, 80% in
6 min, and 95% in 7 min. The gradient elution was started
with 5% of B (held 1 min), then increased linearly to reach
95% of B in 4 min (held 2 min), and decreased to the initial
stage (5% of B) at 6 min, and kept until 9 min. The flow rate
was 0.40 mL min™, and the injection volume was set to 10
pL. The column and autosampler temperatures were set
to 35 °C and 4 °C, respectively. For MS/MS detection, the
electrospray ionization (ESI) interface was used for positive
polarity with the following: 3 kV of capillary voltage, 3V
of extractor voltage, 350 °C of heat block temperature, 250
°C of desolvation line (DL) temperature, nitrogen (N,) as
nebulizer gas of 2.9 L min™” and drying gas of 10 L min™.
Nitrogen gas of 99% purity produced by a Peak Scientific
nitrogen generator (Billerica, MA, USA) was used in the ESI
source and the collision cell. Collision-induced dissociation
(CID) gas was argon (Ar, 99.999%) of 230 kpa with a flow
rate of 0.15 mL min’. All parameters of the instrument
were controlled using LabSolution® software (version 4.91)
(Balkan and Yilmaz 2022).

Sample extraction and clean up

The official QUEChERS AOAC Method 2007.01 was used for
the extraction and clean-up procedures (Lehotay 2007). The
steps in Figure 1 were followed for the QuEChERS process.
Each sample was analyzed in triplicate with LC-MS/MS.

Calculation of risk assessment

In assessing the acute and chronic risk of pesticide residues;
estimated dietary exposure was compared to toxicological
values known as acute reference dose (ARfD, mg kg bw day™)
and acceptable daily intake (ADI, mg kg* bw day?). The
acute/short-term consumer health risk (aHI) was calculated
based on the estimated short-term intake (ESTI, mg kg day™)
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EXTRACTION CLEAN-UP CHROMATOGRAPHY

Homogenize 1 kg 8 mL supernatant By syringe filtered
laboratory samples transfer to the 15 mL (0.22 um pore size)
A 4 tube including 50 mg and transfer into 2 mL
Weight 15 g of PSA, 150 mg MgSOx glass vial
homogenized product into per mL of extract A 4
a clean falcon tube (50 mL) 4 Analyse with
v Shake vigorously by LC-MS/MS
Add 15 mL in acetonitrile hand for 30 seconds
containing 1% acetic acid 4
and shake vigorously by Centrifuge 5 min at
hand for 1 minute 5000 rpm
v
Pour salts 6 g MgSOas and
1.5 g NaAc into the
extraction tube and shake
vigorously by hand for
1 minute

\ 4
Centrifuge 5 min at

Figure 1. Analytical steps of the QUEChERS-AOAC Official Method 2007.01
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Figure 2. Calibration curves for five compounds in matrix-matched calibration
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and the acute reference dose (ARfD). The chronic/long-
term consumer health risk (chronic hazard index, cHI) was
calculated based on the estimated daily intake (EDI, mg kg
day') and the acceptable daily intake (ADI). The relevant

formulas were as follows (Liu et al. 2016);
ESTI=(high residue level x food consumption)/body weight (1)

aHI=ESTI/ARfD x 100 )

EDI=(mean residue level x food consumption)/body weight (3)

cHI=EDI/ADI x 100 (4)

The food is considered a risk to the consumers when the
health risk index >1. The food is considered acceptable when
the index is <1 (Darko and Akoto 2008, Soydan et al. 2021).
The average body weight of an adult was considered 73.5 kg.
(TUIK, 2019). Daily consumption of cucumber, tomato, and
pepper for the general population in Turkey were used as
0.05, 0.31, and 0.07 kg'day!, respectively (TUIK 2021).

RESULTS AND DISCUSSION
Method verification

The matrix calibration curves and calibration equations of
260 pesticides in the LC-MS/MS system were linear (R* >
0.990) in the calibration range of 5-200 pg mL"'. Correlation
coefficient (R?) over 0.990 is an important criteria of linearity
(Tiryaki et al. 2008). Calibration curves of metrafenone,
pyridaben of which the concentration was over MRL, and
acetamiprid, azoxystrobin, boscalid of which the residue

concentration was lower than the MRL, were shown Figure 2.
Detection and quantification limit

The LOD and LOQ values in all target analytes of the
representative cucumber matrix were extremely low (EC
2019). The LOD values ranged from 0.71 to 2.96 pg kg?,
while LOQs were between 2.36 and 9.86 ug kg'. The lowest
LOD and LOQ values were recorded in the methomyl,
while the highest value was determined in the fenthion
active substance. The LOD and LOQ values of acetamiprid,
azoxystrobin, boscalid, metrafenone, and pyridaben were
0.99-3.32, 2.35-7.84, 1.98-6.61, 1.57-5.22, and 1.74-5.79 pg
kg, respectively (Figure 2). The values for all pesticides were
lower than the MRL values determined by the European
Union for pepper, tomato, and cucumber.

Precision and accuracy

Method of precision and accuracy is evaluated by
repeatability (%RSD) and recovery (%Q) (EC 2019,
Magnusson and Ornemark 2014, TURKAK 2019). The
recovery tests were carried out using five replicates at two
fortification levels of 10 and 50 pg kg, respectively. The

recovery rates of acetamiprid, azoxystrobin, boscalid,
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metrafenone, and pyridaben are given in Table 1. Figures
obtained for the other 255 pesticides were within the values
stated by SANTE recovery limits (70% < Q < 120%) and
repeatability (< 20%) (EC 2019).

Current findings on recovery rates are consistent with
method validation parameters for pesticide residue analysis
(EC 2019, Magnusson and Ornemark 2014). The accuracy
values, which are expressed as the closeness of the measured
values to the actual values (Tiryaki 2016), are given in Table
1. The results showed that QUEChERS provides efficient
recovery rates for 260 pesticides. Therefore, the current
analytical method could offer a fast and accurate method for

residue analysis in the studied matrices.
Residues of samples

Two hundred sixty pesticides belonging to different groups
Table 1. QUEChERS method verification data

Concentration o, RSD %
(ug ke) Recovery % (Asa
Analyte He %8 (As a tool tool for
Spiked Measured® for trueness) .
precision)
L 10 11.18 111.83 7.41
Acetamiprid
50 56.39 112.78 4.05
. 10 10.48 104.78 10.48
Azoxystrobin
50 51.92 103.83 7.20
. 10 10.57 105.67 6.50
Boscalid
50 54.08 108.15 2.69
10 7.94 79.40 5.15
Metrafenone
50 53.25 106.49 3.45
10 10.56 105.60 6.90
Pyridaben
50 49.05 98.09 5.03

* Mean of three analytical portions

used in Turkey were discussed in the study. Analysis of 260
pesticides was carried out using an LC-MS/MS device. The
LOD, LOQ, and EU-MRL values of 17 pesticides detected
are given in Table 2.

A total of 28 samples were analyzed. The residue levels were
between 7.93 and 1501.30 pg kg. The results and frequency

of pesticides are presented in Table 3.

Acetamiprid, azoxystrobin, and boscalid were the active
substances detected in all three vegetables (Table 3). The
concentration of acetamiprid, azoxystrobin, and boscalid
were between 9.90- 51.53, 11.46- 56.69, and 16.39-664.88 ug
kg', respectively.

Bifenazate and kresoxim-methyl were detected in
pepper and cucumber, pyridaben in pepper and tomato,
penconazole in tomato and cucumber, pyrimethanil in
pepper, famoxadone in tomato and clofentezine, fluopyram,
hexythiazox,

metrafenone, pirimicarb+pirimicarb-

desmethy, tebuconazole and thiacloprid in cucumber. The
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Table 2. LOQ and EU-MRL values

LOD LOQ EU-MRL pg kg™ ADI*(mgkg!  ARfD* (mgkg
Analyte ] ) _ ‘

pugkg' pgkg' pepper tomato cucumber bw day™) bw day™)
Acetamiprid 0.99 3.32 0.3 0.5 0.3 0.025 0.025
Azoxystrobin 2.35 7.84 3 3 1 0.2 /
Boscalid 1.98 6.61 3 4 0.04 /
Bifenazate 1.61 5.36 3 0.5 0.01 /
Clofentezine 2.24 7.45 0.2 0.02 /
Famoxadone 2.02 6.73 2 0.012 0.2
Fluopyram 1.92 6.39 0.5 0.012 0.5
Hexythiazox 2.30 7.66 0.5 0.03 /
Kresoxim-methyl 2.26 7.52 0.8 0.5 0.4 /
Metrafenone 1.57 5.22 0.5 0.25 /
Penconazole 2.31 7.72 0.1 0.06 0.03 0.5
Pirimicarb+
Pirimicarb- 141 4.70 1 0.035 0.1
desmethy 1.08 3.59
Pyridaben 1.74 5.79 0.3 0.15 0.01 0.05
Pyrimethanil 2.26 7.52 2 0.17 /
Tebuconazole 2.21 7.38 0.6 0.03 0.03
Tetraconazole 1.84 6.13 0.2 0.004 0.05
Thiacloprid 1.60 5.32 0.5 0.01 0.03

*ARfD and ADI were adopted from IUPAC pesticides properties database (IUPAC 2022)

The symbol of “/” represented that there was no authorized value for ARfD

results were evaluated according to the threshold values
stated by the EU-MRL. The residual values from 1 (10%) of
pepper and 2 (20%) of cucumber samples were over MRL.
Metrafenone and pyridaben concentrations were higher
than the MRL values.

Metrafenone is used against powdery mildew, and pyridaben
is used against plant-feeding mites and whitefly. Eleven
samples contained more than one pesticide, and 8 of them
contained more than three pesticide active ingredients.
These samples (10.7%) had pesticide residues above EU-
MRL values. The residue level in tomato samples was not
higher than the EU-MRL values. Similarly, Szpyrka et
al. (2015) reported that the residual values detected in 40
cucumbers and 42 tomato samples collected in southeast
Poland were below the MRL values. Adeniyi et al. (2016)
reported that the residual values detected in 6 tomato
samples in Louisiana, USA was below the MRL values.
Zengin and Karaca (2017), Polat and Tiryaki (2018), and
Hepsag (2019) indicated that the residue levels in tomato
samples were collected from open and greenhouse tomato
growing areas in Usak, Canakkale, and the Mediterranean
region, respectively were below the MRL. The residue values
in tomato and cucumber samples from Izmir province
were below the MRL, while no pesticides were detected in
pepper samples (Kaya and Tuna 2019). Algharibeh and Al
Fararjeh (2019) reported that the residual values detected
in 40 tomato samples were below the MRL, while pesticide

content in 17 of 32 pepper samples in Jordan was above the
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MRL. Velioglu et al. (2019) stated that the residual values
in tomato samples taken from Tekirdag province, Turkey
were close to the EU-MRL values. Golge and Kabak (2018)
determined that the pesticide content of 5 tomato samples
from Mersin and Antalya provinces was higher than the
MRL value. Loughlin et al. (2018) reported that the residue
level in 2 of 10 tomato samples and 7 of 23 pepper samples in
Argentina were above the MRL. Elmastas (2018) determined
that the residual values of 2 tomato samples from Diyarbakir
province, Turkey were above the MRL, and the residue
level in cucumber samples was lower than the MRL values.
Salamzadeh et al. (2018) reported that the residue levels
in 4 of 150 tomato samples in Iran were above the MRL.
Ciftci (2019) detected residues in 10 tomato samples and
14 pepper samples from Canakkale province, Turkey higher
than the maximum residue limits (MRL) specified in the
Turkish Food Codex (TGK 2021). Hu et al. (2020) reported
that the residual values detected in 22 dried cucumbers and
40 pepper samples in Jilin, China were below the MRL,
while the residue level in 3 of 31 tomato samples were above
the MRL. Yi et al. (2020) reported that the residue values in
638 cucumber samples in Korea were below the MRL, and
1 of 149 tomato and 638 pepper samples had residue above
the MRL. Osaili et al. (2020) reported that the residue levels
in 87 of 233 cucumber samples, 41 of 205 tomato samples,
and 130 of 316 pepper samples in the United Arab Emirates
were above the MRL value. Ramadan et al. (2020) indicated
that detectable pesticide residues in 44 samples (20.9%)
were above MRLs, and residue level in 145 samples (68.7%)
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Table 3. Pesticide residue levels and frequencies

. No. of samples No. of samples . Frequency of  Pesticide residue No. of
Matrix detectable o Pesticides . 0 samples
residues (%) >MRL (%) detection (ng kg™ SMRL
- 14.58- 27.33-
6 (60) 1(10) Acetamiprid 3 28.83
Azoxystrobin 1 11.46
Bifenazate 1 21.23
Pepper Boscalid 2 16.39- 664.88
Kresoxim methyl 1 53.35
. 11.06- 37.61-
Pyridaben 4 44.18- 684.36 !
Pyrimethanil 1 60.07
3 (37.5) - Acetamiprid 1 21.74
Azoxystrobin 1 34.17
Boscalid 1 37.21
Tomato
Famoxadone 1 58.99
Penconazole 1 10.87
Pyridaben 2 13.73- 40.43
7 (70) 2(20) Acetamiprid 2 9.90- 51.53
. 17.36- 35.45-
Azoxystrobin 3 56.69
Bifenazate 2 18.71- 28.21
Boscalid 1 522.95
Clofentezine 2 25.95- 67.54
18.20- 37.02-
Fluopyram 3 4935
Cucumber Hexyfthiazox 1 8.47
Kresoxim-methyl 2 107.30- 419.48
Metrafenone 2 1412.11- 1501.30 2
Penconazole 1 12.76
Pirimicarb+
Pirimicarb- 1 65.73
desmethy
Tebuconazole 2 7.93-22.70
Tetraconazole 2 45.37-60.19
Thiacloprid 1 7.68

was lower than MRLs. The MRL values in chili pepper (14
samples) and cucumber (10 samples) were high. Soydan et
al. (2021) found the residual values determined in peppers
grown in the Aegean region lower than the MRL. The
residue values in 2 cucumber samples were above the MRL.
Catak and Tiryaki (2020) determined the MRL value of 1
cucumber sample collected from Canakkale open markets
was above the MRL.

Residues of samples

Risk analysis was carried out for 27 pesticides and the results

are given in Table 4.

The short-term risk assessment revealed that pyridaben level
possesses high risk with a value of 1.3139, while all other
aHI values were less than 1 which indicates a negligible

acute risk. In the long-term risk assessment, the chronic
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risk index (cHI) values were considerably higher than the
aHI values. The results indicate that the chronic risk from
pesticide exposure through the consumption of peppers,
tomatoes, and cucumbers should be considered. The risk
assessment considering the pesticide exposures in tomato
and cucumber vegetables showed that the pesticide residues
would not pose a risk for the Kazakh people (Lozowicka et
al. 2015). However, the estimated dietary pesticide exposures
considered only tomato and cucumber exposures. Yi et al.
(2020) stated that pesticide residues may not be considered
a serious public health problem in Korea. Theoretical
maximum daily intake evaluation of Catak and Tiryaki
(2020) showed that the pesticides in cucumber did not pose
a risk of chronic exposure. Soydan et al. (2021) reported
that pesticide residue levels detected cannot be considered
a serious public health problem. Darko and Akoto (2008)
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Table 4. The results of long-term and short-term risk assessments

Long-term risk

Short-term risk

Matrix Pesticide EDI (mg kg'day™) cHI ESTI (mg kg'day) aHI
Acetamiprid 2.26211E-05 0.0905 2.76751E-05 0,1107
Azoxystrobin 1.0994E-05 0.0055 1.10009E-05 /
Bifenazate 2.03667E-05 0.2037 2.03795E-05 /
Pepper Boscalid 0.000326783 0.8170 0.000638245 /
Kresoxim-methyl 5.11805E-05 0.0128 5.12128E-05 /
Pyridaben 0.000186399 1.8640 0.000656944 1.3139
Pyrimethanil 5.76272E-05 0.4802 5.76636E-05 /
Acetamiprid 9.25963E-05 0.3704 2.08691E-05 0.0835
Azoxystrobin 0.000145539 0.0728 3.28011E-05 /
Tomato Boscalid 0.000158487 0.3962 3.57194E-05 /
Famoxadone 0.000251254 2.0938 5.66268E-05 0.0283
Penconazole 4.62981E-05 0.1543 1.04345E-05 0.0021
Pyridaben 0.000115341 1.1534 3.88104E-05 0.0776
Acetamiprid 2.13811E-05 0.0855 4.94657E-05 0.1979
Azoxystrobin 2.54122E-05 0.0127 5.4419E-05 0.1814
Bifenazate 1.63334E-05 0.1633 2.70799E-05 /
Boscalid 0.000364091 0.9102 0.000502 /
Clofentezine 3.25415E-05 0.1627 6.48343E-05 /
Fluopyram 2.42634E-05 0.2022 4.7373E-05 0.0095
Hexythiazox 6.085E-06 0.0203 8.38987E-06 /
Cucumber Kresoxim-methyl 0.000183379 0.0458 0.000402675 /
Metrafenone 0.001014191 0.4057 0.001441157 /
Penconazole 8.88383E-06 0.0296 1.22488E-05 0.0024
Pirimicarbt 4.57629E-05 0.1308 6.30968E-05 0.0631
Pirimicarb-desmethy
Tebuconazole 1.06592E-05 0.0355 2.17906E-05 0.0726
Tetraconazole 3.67467E-05 0.9187 5.77788E-05 0.1156
Thiacloprid 5.34701E-06 0.0535 7.37234E-06 0.0246

The symbol of “/” represented that there was no authorized value for ARfD, and the corresponding risk index could not be computed.

reported that some health risks may occur due to the OP
residues detected in tomatoes and eggplants collected from
a market in Ghana Kumasi. Bolor et al. (2018) stated that the
residues on vegetables consumed by children may pose both
carcinogenic and non-carcinogenic health risks, while the
residue level detected may not pose health risks for adults.
Kumari and John (2019) reported that methyl parathion
and triazophos residues detected in fruit and vegetable
samples collected from the West Indian Himalayan region
pose a potential threat to human health, especially in
children. Odewale et al. (2021) reported that a-HCH and
y-HCH in tomato and watermelon samples may pose
carcinogenic health risks in child consumers, and a-HCH
in adult consumers. Odewale et al. (2021) reported that
the consumption of tomatoes and watermelon containing
a-HCH and y-HCH may pose carcinogenic health risks in

child consumers, and a-HCH in adult consumers.

This study was conducted to reveal the pesticide residues
in tomatoes, cucumbers, and peppers produced in Tokat
province, and the health risk assessments related to pesticide

residues. Seventeen different pesticides were detected in 16 of
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28 samples. The residue content of 2 pesticides exceeded the
MRL levels. Risk analysis was conducted for 27 pesticides in
the study. The short-term risk assessment revealed that the
highest risk was in pyridaben with a 1.3139 aHI value, and
aHI values for other active substances were at a negligible
level. The long-term risk assessment showed that cHI values
were much higher than the aHI values. The results indicated
that the chronic risk arising from pesticide exposure in
tomatoes and cucumbers should be taken into account.
Potential risks are possible due to prolonged dietary exposure;
therefore, reside level should constantly be monitored. Some
precautions should be taken into account to minimize such
risks. The precautions suggested can be listed as follows.
Adopting IPM and GAP approaches to producers is important
to reduce both pesticide residue and health risks. Pest control
should be carried out regularly by experts, and appropriate
doses and application time between the last spraying and
harvest should be determined. Farmers should be trained and
precautions should be taken regarding the sale of pesticides.
Manufacturers should be informed of the consequences of

incorrect pesticide use. The use of banned preparations should



Bitki Koruma Biilteni / Plant Protection Bulletin, 2022, 62 (2) : 26-35

be strictly avoided. The use of highly toxic pesticides should
be limited. Agricultural products should be marketed after
the residue analysis. Products with residue problems must
be destroyed, and dealers who advise these manufacturers
should be punished. To monitor appropriate measures
and thus minimize the associated health risks, a national
monitoring program and database should be established for
locally consumed agricultural products and processed food.
Agricultural production cannot be carried out without using
pesticides. However, pesticide residue levels should be kept
at values below the MRL. Compounds used in agricultural
activities have a high tendency to accumulate in human
tissues as biomass. Since vegetables are widely consumed,
pesticide residues in vegetables may cause serious health
problems. Overall, the findings of the study are important as a

reference point for future research.
OZET

Bu calisma, Tokat ve cevresinde iiretilen domates, biber
ve hiyarda pestisit kalint1 diizeylerini tespit etmek ve bu
triinler igin saglk risk degerlendirmelerini belirlemek
amactyla yapilmistir. Sivi kromatografi-tandem Kkiitle
spektrometresi (LC-MS/MS) ile bu sebzelerdeki 260
pestisit kalintisinin  belirlenmesi i¢in analitik metot
dogrulamasi yapilmigtir. Bunun igin, pestisit icermeyen
salatalik matrisine 10 ve 50 pg kg seviyelerinde pestisit
¢Ozeltisi eklenmistir. Pestisitlerin dogrusalliklar1 (R?),
tayin limitleri (LOD), tespit limitleri (LOQ) ve ortalama
geri kazanimlari sirasiyla 0.990-0.999, 0.71-2.96 pg kg’,
2.36-9.86 pg kg' ve %77.25-117.61 arasinda bulunmustur.
Bu yontemle, Tokat (Tiirkiye) ilinden toplanan 28 sebze
ornegi analiz edilmistir. 16 6rnekte 17 farkli pestisit tespit
edilmis ve bunlarin 3’tinde pestisit konsantrasyonlari
Avrupa Birligi Maksimum Kalinti Limitlerinden (AB-
MRL) yitksek bulunmustur. 1 biber 6rneginde pyridaben
ve 2 hiyar 6rneginde metrafenone i¢in AB-MRL degerleri
asilmistir. Orneklerde tespit edilen pestisitlere y&nelik
risk degerlendirmesinde famoxadone ve pyridaben'in
titketiciler i¢in kronik toksisite potansiyeline sahip oldugu

kanaatine varilmistir.

Anahtar kelimeler: akut risk, kronik risk, LC-MS/MS, metot
dogrulama, QUEChERS
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