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The UV protectant properties of tea extracts on entomopathogenic
fungus spores and their lethal effect on Galleria mellonella (L., 1758)
(Lepidoptera: Pyralidae)

Cay ekstraktlarinin entomopatojen fungus sporlari Uzerindeki UV koruyucu 6zellikleri ve
Galleria mellonella (L., 1758) (Lepidoptera: Pyralidae) tUzerindeki oldurtci etkileri

Zeynep BAYRAMOGLU!
Abstract

The present study aims to investigate the effectiveness of various tea extracts in providing ultraviolet (UV)
protection for entomopathogenic fungi. UV radiation could have detrimental effects on viability of these fungi, which are
important biocontrol agents against insect pests. This study was carried out in the Microbiology Laboratory of the
Department of Biology Karadeniz Technical University in 2023. We evaluated the UV protective properties of various
tea extracts in entomopathogenic fungi [Beauveria bassiana (Bals.) Vuil. (Hypocreales: Cordycipitaceae) and
Metharizium flavoviride (Gams and Rozsypal 1956) (Hypocreales: Clavicipitaceae)] and tea extracts effectiveness
against Galleria mellonella (L.,1758) (Lepidoptera: Pyralidae) larvae. Our findings demonstrate that certain tea extracts
exhibit significant UV protection for entomopathogenic fungi, suggesting their potential application in improving the
performance of biocontrol agents in outdoor environments. The highest UV-B protection was observed by adding black
and green tea extracts to fungal spores, resulting in a radial growth measurement of 14.6 mm and 14.3 mm,
respectively, at the end of 10 days of exposure for 120 minutes. These results contribute to the development of eco-
friendly strategies for pest management in agriculture.

Keywords: Beauveria bassiana, biological activity, Metharizium flavoviride, tea extracts, UV protection
Oz

Bu calisma, entomopatojenik funguslar icin gesitli ¢gay ekstraktlarinin ultraviyole (UV) korumasi etkinligini
arastirmayi amaglamaktadir. UV radyasyonu, bécek zararlilarina karsi dnemli biyokontrol etmenleri olan bu funguslarin
canlih@ (izerinde olumsuz etkilere sahip olabilir. Bu galisma 2023 yilinda Karadeniz Teknik Universitesi Biyoloji Bélimii
Mikrobiyoloji Laboratuvarinda yuratilmistir. Cay ekstraktlarinin entomopatojen funguslar [Beauveria bassiana (Bals.)
Vuil. (Hypocreales: Cordycipitaceae) ve Metharizium flavoviride (Gams and Rozsypal 1956) (Hypocreales:
Clavicipitaceae)] Uzerindeki UV koruyucu 6zelliklerini ve Galleria mellonella (L.,1758) (Lepidoptera: Pyralidae)
larvalarina karsi gay ekstraktlarinin etkinliklerini degerlendirilmistir. Bulgularimiz, belirli gay 6zlerinin entomopatojen
funguslar icin 6nemli bir UV korumasi sergiledigini gostermekte ve bu ekstraktlarin agik hava ortamlarinda biyokontrol
ajanlarinin performansini artirmada potansiyel uygulamalarina isaret etmektedir. En yiksek UV-B korumasi, fungus
sporlarina siyah ve yesil cay ekstraktlari eklenerek elde edilmis ve 10 guinliik 120 dakikalik maruziyet sonunda sirasiyla
14.6 mm ve 14.3 mm’lik bir radyal bllyiime 6lgiimi elde edilmistir. Bu sonuglar, tarimda ¢evre dostu zararli yonetimi
stratejilerinin gelistiriimesine katkida bulunacaktir.

Anahtar sézcikler: Beauveria bassiana, biyolojik aktivite, Metharizium flavoviride, cay ekstraktlari, UV koruma
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The UV protectant properties of tea extracts on entomopathogenic fungus spores and their lethal effect on Galleria mellonella (L.,
1758) (Lepidoptera: Pyralidae)

Introduction

Entomopathogenic fungi have been widely utilized for controlling insect pests, playing an incredibly
significant role in pest management (Ansari et al., 2011). As a result, they are seen as alternatives to
chemical insecticides (Zimmerman, 2007). Fungal pesticides play a crucial part in the biological control of
pathogens and insect pests in agriculture and horticulture (Magbool et al., 2016). Beauveria bassiana (Bals.)
Vuil. (Hypocreales: Cordycipitaceae), Metarhizium anisopliae (Metschn.) (Hypocreales: Clavicipitaceae),
and M. flavoviride (Gams & Rozsypal 1956) have emerged as key players in the control against many pests,
and they are found on various insects worldwide (Feng et al., 1994; Bridge et al., 2005; Faria & Wraight,
2007). Several bioinsecticide products based on entomopathogenic fungi, such as M. anisopliae, B. bassiana,
and Isaria fumosorosea (Wize) Brown y Smith (Hypocreales: Clavicipitaceae) have been effectively employed
for insect pest control (Faria & Wraight, 2007).

Applications made in the field have shown negative effects on pests exposed to direct sunlight (Faria
& Wraight, 2007; Jackson et al., 2010). The spores of the B. bassiana fungus can lose their effectiveness
when exposed to ultraviolet radiation (UV) (Fargues et al., 1996; Fernandes et al., 2007). This is considered
one of the most significant factors that bound the permanence and effectiveness of entomopathogenic fungi
in outdoor environments (Moore et al., 1993). Consequently, it is essential to develop formulations that can
extend the survival time of these fungi, which are utilized as microbial control agents. These formulations
should incorporate substances capable of providing UV protection.

Various abiotic factors in nature can impede the capability of fungal agents to biocontrol insect pests.
Among these factors, UV, including UV-A and UV-B, was considered the primary factors in the environment
that influenced the survival of fungi in pest control (Ignoffo & Garcia, 1992; Moore et al., 1993). While certain
strains of fungi that are UV-tolerant can be capable of enduring extended periods of direct exposure to solar
UV radiation, lasting for several hours, strains that are susceptible to UV could not withstand it. Furthermore,
the effects of UV-B exposure on fungi (Fargues et al., 1996; Braga et al., 2001a; Fernandes et al., 2007;
Nascimento et al., 2010) or UV-A (Fargues et al., 1997; Braga et al., 2001b) could prolong the germination
of surviving conidia and hinder fungal growth. This decrease in fungal resistance and the impact of infective
field propagules undermines the control of arthropod pests (Jaronski, 2009). To address these challenges,
efforts have been made to select strains with inherent UV tolerance and to develop formulations that
incorporate adjuvants capable of absorbing or blocking solar radiation. These strategies aim to protect fungi
from the harmful impacts of UV radiation.

Comprehensive studies have been conducted on the UV tolerance of various species of
entomopathogenic fungi, including B. bassiana (Inglis et al., 1995; Fargues et al., 1996; Morley Davies et
al., 1996; Huang & Feng 2009; Posadas et al., 2012), I. fumosorosea (Fargues et al., 1996), Metharizium
acridum (Fargues et al., 1996; Morley Davies et al., 1996; Braga et al., 2001a), and M. anisopliae (Fargues
et al., 1996; Braga et al., 2001a). These fungi are generally highly sensitive to UV radiation.

Tea is among the most widely consumed beverages globally, second only to water. The different
types of tea produced and consumed worldwide include black, green, oolong, and white teas. These teas
vary in their polyphenolic content due to the fermentation process during tea manufacturing. Numerous
studies have investigated the effects of plant material on pest control, long-term preservation, and
protection from sunlight (Abudulai et al., 2001; Shapiro et al., 2007a, b; Shapiro et al., 2008; El Salamouny
et al., 2009a, b). Among these studies, the UV protective effects of green and black tea, particularly against
nucleopolyhedroviruses, were demonstrated (Shapiro et al., 2008; El Salamouny et al., 2009a, b; El-
Husseini et al., 2012; Gifani et al., 2021). Additionally, some research have examined the UV protective
impact of tea extracts on entomopathogenic fungi (Kaiser et al., 2018).
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In this study, our objective was to evaluate the efficacy of extracts obtained from four different tea
extracts in offering protection against ultraviolet (UV) radiation, with the goal of improving the persistence
of B. bassiana and M. flavoviride spores under laboratory condition.

Materials and Methods
Fungal isolates and conidia production

The fungi used in this study, namely Beauveria bassiana and Metharizium flavoviride, were procured
from the entomopathogenic culture collection at Karadeniz Technical University, Department of Biology,
Microbiology Laboratory. In previous studies, B. bassiana (Pa4) and M. flavoviride (As-2) were isolated
from Pristiphora abietina (Christ, 1791) (Hymenoptera: Tenthredinidae) and Amphimallon solstitialis
(Linnaeus, 1758) (Coleoptera: Scarabaeidae) in Turkiye, respectively. These fungi exhibited significant
insecticidal activity on insect pests (P. abietina and A. solstitialis) (Biryol et al., 2020, 2021).

Each isolate was inoculated with Sabouraud CAF Agar medium (Liofilchem s.r.l., Italy) in flasks and
put in incubator at 25 °C for approximately 2 weeks to supply new conidia from the fungal isolates. The
growing fungal spores were harvested using 0.1% Tween 80 (AppliChem) and stock concentrations were
calculated with a Neubauer hemocytometer. A concentration of 2x107 conidia/ml was used in the trials. We
monitored the germination of conidia by introducing them onto Sabouraud CAF Agar medium and then
guantifying the count of conidia that had undergone germination following a 24-hour incubation period at a
temperature of 25°C. We defined conidia as germinated when their germ tubes reached a length equal to
or greater than the width of the conidium.

Preparation of additives

The UV protectant properties of four natural additives, namely the green tea, black tea, oolong tea,
and white tea (Cammellia sinensis L. Kuntze, Theaceae) extracts, were tested. The tea leaves were infused
in sterile distilled water at 70°C for 30 min (2 g of tea leaves with 20 ml of water). The stock solutions were
supplemented to the spore suspensions to achieve last UV protectant concentration of 10% v/v in the
assays.

Evaluation of UV protection of tea extracts on fungal isolates on agar plates

In the experiment aimed at assessing the resistance of two isolates (B. bassiana and M. flavoviride)
and their combinations with tea extracts to UV-B radiation, the following procedure was followed:

A spore suspension containing 2x107 conidia/ml was obtained. Ten microliters (ul) of this suspension
were inoculated at three different points on Sabouraud CAF agar plates. Plastic petri dishes with open lids
were placed in the sterile cabinet, 20 cm away from the UV-B lamp (15 W, 312 nm). A UV-B fluorescent
lamp (Philips, Eindhoven, Holland) with a wavelength of 260-400 nm was used as the radiation source.
Petri dishes were exposed to UV-B for 0, 30, 60 and 120 min. This exposure was applied to all Petri dishes
containing pure conidia (unformulated control) as well as those with conidia-tea extract mixtures. The radial
growth of the fungi was examined on the 5™, 71, and 10" days after incubation at 28 °C. To produce spores,
100 i of the fungal spores (2x107 conidia/ml) was plated on Sabouraud CAF agar plates. These plates
were then exposed to UV-B radiation for 0, 30, 60, and 120 min and incubated at 28 °C. Spores were
harvested from the Petri dishes 12 days after incubation, and the concentration of spores was calculated.
Trials were carried out in triplicate, with the 0-min exposure serving as the control group (Couceiro et al.,
2021). The obtained measurements were recorded and compared using graphs. To assessment the effect
of ultraviolet radiation, both the radial growth of the colonies on the agar plates and the count of conidia
were measured after exposure to UV-B radiation.
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Lethal effect of fungal spores on Galleria mellonella after UV exposure

The efficacy of fungal spores harvested after UV exposure was tested on Galleria mellonella (L.)
(Lepidoptera: Pyralidae) larvae. Laboratory-cultured G. mellonella larvae were used in the efficacy
experiments. A mixture of beeswax, bran, honey, glycerin, and distilled water was used to feeding G.
mellonella larvae. Then, the selected larvae were transferred into plastic box (15 cm wide x 8 cm deep) with
diet pieces. The fungal spore concentration was calculated as 1x107 conidia/ml and applied to the larvae
using a sterile sprayer. In the experiments, 30 healthy third instar G. mellonella larvae were used in triplicate.
All boxes were stored at 25 + 1°C, 65 + 5% RH under 12/12 photoperiod for 7 days. The larvae in the control
group were only treated with 0.01% aqueous Tween 80. After application, the experiments were monitored
for 10 days, and dead larvae were collected. In the control group of G. mellonella larvae, only sterile water
was used. The dead larvae were transferred to moistened petri dishes and their mycosis was observed. The
Schneider-Orelli formula (Puntener, 1981) was utilized to rectify the mortality and mycosis data.

Schneider-Orelli formula:
Mortality % in treated plot — Mortality % in control plot
Corrected % = ( ) * 100
100 — Mortality % in control plot

Statistical analyses

Data were analyzed using SPSS 25.0 software (IBM Corp., Armonk, NY). The effects of tea extracts
on radial growth and spore production tests for two fungal isolates and lethal effect of fungal spores on G.
mellonella were determined using one-way analysis of variance (ANOVA) and differences between groups
by the least significant difference (LSD) tests. Trials with no growth in radial growth and spore production
trials were not included in the statistical analysis.

Results

According to the results of the UV-B exposure experiment, it was observed that fungal growth
decreased with increasing exposure time. Beauveria bassiana isolate of unformulated control (pure conidia)
did not show any growth after incubation of 10 days at 120 min of exposure (Figure 1). Fungal spores
formulated with black, green, and oolong teas exhibited growth after 120 min of exposure, while fungal
spores formulated with white tea did not grow, like the unformulated control. The unformulated Metharizium
flavoviride isolate showed a radial growth of 4.2 mm at 120 min UV-B exposure, unlike the other isolate.
Likewise, the M. flavoviride isolate formulated with white tea extract had a radial growth of 4.5 mm at 120
min UV-B exposure (Figure 1). All tested tea extracts showed good compatibility and did not significantly
inhibit the growth of B. bassiana and M. flavoviride spores. The trials without UV-B exposure (0 min) showed
the best growth. The two isolates exhibited slightly different responses to UV-B exposure (Table 1).

In the radial growth study, no statistically significant difference was observed in all groups in both
isolates at 0 and 30 min exposure times (F=1.565; df=4, 23; p=0.265) (Table 1). It was determined that
there was a statistically significant difference between black and green tea and the control group in B.
bassiana and M. flavoviride after 60 min of exposure (F=77.136; df=4, 23; p<0.001). The highest UV-B
protection rate was observed with black and green tea extract supplementation to B. bassiana spores,
resulting in radial growth of 14.6 mm and 14.3 mm, respectively, at the end of 10 days of exposure for 120
min. Treatments containing oolong and white tea also showed significantly increased radial growth
compared to the unformulated control after 60 min of exposure (F=165.985; df=4, 23; p<0.001), with
measurements of 12.1 mm and 10.9 mm, respectively. Unlike the control, oolong, and white tea
formulations of the M. anisopliae isolate at 120 min of exposure, black and green tea formulations were
statistically in different groups (F=213.365; df=4, 23; p<0.001). After exposure to UV-B radiation, the conidia
treated with oolong and white tea displayed noticeably reduced radial growth compared to the control group
of unformulated isolates (Table 1).
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% ¢

Pa4 Pa4-Black tea Pa4-Green tea Pa4-Oolong tea Pa4-White tea

As-2 As-2-Black tea As-2-Green tea As-2-Oolong tea As-2-White tea

Figure 1. Radial growth of Beauveria bassiana Pa4 and Metharizium flavoviride As-2 isolates at 120 min UV-B exposure.

Table 1. Effect of UV-B on radial growth diameters (mmxSD) at various exposure times at 10th day

Funaal Exposure Unformulated
| 9 time control (pure Black tea Green tea Oolong tea White tea
solate ] N
(minute) conidia)
0’ UV-B 23.6+1.25 aA 23.0+£1.36 aA 24.3+2.34 aA 21.6+1.49 aA 24.1+42.46 aA
b 30’ UV-B 15.2+1.36 bB 20.7£1.65 abA 18.3+0.98 bcA 16.1+1.81 bcAB 15.9+1.03 abB
B. bassiana
60’ UV-B 6.3+t0.06 bcC 18.2+1.38 CcA 16.7£1.03 caB 12.1+0.38 cB 10.9+0.94 cBC
120’ UV-B NG 14.6£1.26 CcA 14.3+1.25 cdA 6.4+0.32 dB NG
0’ Uv-B 25.6+0.86 aA 245+2.06 aA 23.4+1.94 aA 23.811.32 aA 25.1+1.76 aA
30’ UV-B 19.1+41.25 bA 18.6+1.86 bA 16.1+£1.05 bA 19.65+1.77 bA 19.5+1.07 bA
M. flavoviride
60’ UV-B 10.6£1.36 cC 17.3+0.98 bcA 15.8+1.11 bA 12.7+41.68 cBC 12.4+1.09 cBC
120’ UV-B 4.2+0.85 dB 16.12+1.84 bcA 15.6+2.64 bA 5.740.85 dB 4.5+0.64 dB

Note: In radial growth, the averages of three replications are presented. The lowercase letters in the columns indicate significant
differences between the means according to LSD analysis of UV exposure times (p<0.05). Capital letters in the lines indicate
significant differences between the means according to the LSD analysis of the unformulated control and fungal spores formulated
with tea extracts (p<0.05). NG: no growth, SD: standard deviation. 0' UV-B exposure time was considered as the control group.

The effect of UV-B exposure on spore production of strains appears to be highly parallel to the effect
of UV-B on radial growth. It was determined that the strains produced the highest number of spores in the
application without exposure, and the spore production decreased in antiparallel to the increase in exposure
time. B. bassiana revealed a more UV-B resistant effect than M. flavoviride (Table 2).

The unformulated M. flavoviride exhibited higher UV-B resistance compared to B. bassiana (Figure
2). Furthermore, the extracts of black and green tea from all the samples tested showed a remarkable
protective effect against UV radiation, as evidenced by significantly higher conidial counts compared to the
control samples that were not formulated with the extracts.
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Table 2. Effect of UV-B on conidia production (conidia/mIx107+SD) at various exposure times at 12th day

Funaal Exposure Unformulated
g time control (pure Black tea Green tea Oolong tea White tea
Isolate ] g~
(minute) conidia)
0’ UV-B 2.78+1.23 aA 2.75£1.23 aA 2.76£1.52 aA 2.66+£1.09 aA 2.76£1.52 aA
b 30 UV-B 1.80+0.62 bAB 2.16+0.84 aA 2.19+1.27 aA 1.73+0.25 bAB 1.79+0.61 DbAB
B. bassiana
60’ UV-B 0.75£0.02 cC 1.47+0.86 bA 1.12+0.34 DbA 0.98£0.26 CcAB 0.91+0.18 cB
120’ UV-B 0 0.55+0.03 cA 0.46+0.11 cA 0.3740.01 dB 0
0’ UV-B 2.35+1.54 aA 2.37+2.01 aA 2.30+2.12 aA 2.43+0.95 aA 250+1.91 aA
30" UV-B 1.58+0.58 bA 1.56+1.01 aA 1.68+0.69 bA 1.63+0.37 bA 1.62+0.84 bA
M. flavoviride
60’ UV-B 0.75+0.11 CcA 0.80+0.26 CcA 0.79+0.11 cA 0.71+0.21 cAB 0.72+0.13 cAB
120°UV-B  0.09+0.01 dC 0.51+0.09 dA 0.48+0.04 dA 0.29£0.01 dB 0.11+0.02 dBC

Note: The conidia count the averages of three replications are presented. The lowercase letters in the columns indicate significant
differences between the means according to LSD analysis of UV exposure times (p<0.05). Capital letters in the rows indicate
significant differences between the means according to the LSD analysis of tea extracts (p<0.05). SD: standard deviation. 0" UV-
B exposure time was considered as the control group.
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Figure 2. Conidia number of untreated control group (pure spores), black, green, oolong and white tea formulated groups of Beauveria
bassiana and Metharizium flavoviride after UV-B exposure.

Insecticidal activity experiments were conducted using third-stage G. mellonella larvae to assess the
infectivity of spores from isolates harvested after exposure to UV-B radiation. The mortality percentages of
G. mellonella larvae infected with fungal spore suspensions (both formulated and non-formulated) following
UV-B exposure durations of 0, 30, 60, and 120 minutes are presented in Figure 3.

The study's results revealed that with increasing UV-B exposure duration, lower mortality rates were
observed in G. mellonella larvae inoculated with non-formulated fungal spores (Figure 3). This corresponded
to a decrease in spore germination and infectivity when exposed to UV radiation. In contrast, fungal spores
formulated with tea extracts exhibited higher rates of germination and infectivity on G. mellonella larvae.
This suggests that tea extracts may provide a degree of protection or enhance the survival of fungal spores
when exposed to UV-B radiation. No statistically significant difference in mortality rates was observed in
fungal spores harvested after 0 and 30 min of exposure to G. mellonella (F=2.105; df=4, 23; p=0.145).
Regarding the insecticidal activity of the B. bassiana isolate after 60 minutes of exposure, formulations
containing black tea (68.9%) and green tea (65.2%) were statistically separated from the control group
(44.3%) (F=283.990; df=4, 23; p<0.001). In contrast, formulations with oolong tea (51.3%) and white tea
(48.2%) were closer to the control group. After 60 minutes of exposure to the M. flavoviride isolate, a
statistically significant difference was observed between the black tea (62.1%) and green tea (59.2%)
formulations and the control group (38.2%) (F=183.427; df=4, 23; p=0.618). Following 120 min of exposure
to the M. flavoviride isolate, the control group exhibited a mortality rate of 11.2%, while the black tea, green
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tea, oolong tea, and white tea formulations recorded mortality rates of 37.3%, 34.6%, 29.1%, and 20.1%,
respectively. No death was observed in the control group of G. mellonella larvae (Figure 3).

These findings indicate that black tea and green tea extracts have the potential to provide UV
protection for fungal spores. In contrast, oolong tea and white tea extracts demonstrated lower UV-
protection efficacy, as evidenced by their relatively higher larval mortality rates. Additionally, it was observed
that with increased exposure to UV radiation, the radial growth and spore production of the M. flavoviride
isolate were higher compared to the B. bassiana isolate. However, the B. bassiana isolate exhibited a
higher mortality rate against G. mellonella larvae.
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Figure 3. For each isolate, different lower-case letters in each graph column for the same exposure times represent statistically
significant differences amongst mortalities according to the least significant difference (LSD) multiple comparison test
(P<0.05). Mortality indicates the mean of three replications. The bars show the standard deviation of the mean values.

Discussion

Exposure of fungal spores to UV-B radiation, without UV-protective additives, leads to a notable
decrease in viability (Kaiser et al., 2018). In the current study, we examined the effectiveness of four tea
extracts as UV protectants using B. bassiana Pa4 and M. flavoviride As-2 isolates and their mortality on G.
mellonella larvae. These isolates have demonstrated significant potential in previous studies focusing on
biological control (Biryol et al., 2020, 2021).

UV-B solar radiation is highly destructive to fungal development and has a considerable impact on
their survival and effectiveness in combating environmental insects (Ignoffo & Garcia, 1992; Inglis et al.,
2001; Fernandes et al., 2015; Acheampong et al., 2020). Previous research (Braga et al., 2001b, c;
Fernandez-Bravo et al., 2017) has indicated that a 2-hour exposure to UV-B light significantly reduces the
culturability of Metarhizium spp. spores, which supports the findings of our study.

The tea plant is widely recognized for its abundant supply of antioxidants and polyphenols, which
play a significant role in neutralizing free radicals and reactive oxygen species (Katiyar et al., 2001; Henning
et al., 2003; Caffin et al., 2004). Previous studies have demonstrated that green and black tea provide
significant UV protection against entomopathogenic viruses (Shapiro et al., 2008; ElI Salamouny et al.,
2009a, b). However, Kaiser et al. (2018) did not detect a similarly potent efficiency for B. bassiana spores
in their study. Tea extracts are rich in polyphenols, which act as antioxidants against radicals generated by
UV radiation. However, they exhibit minimal absorption of UV-A or UV-B (Yusuf et al., 2007). Research
demonstrated that the UV protection of viruses and bacteria is partially achieved due to the antioxidants
and antioxidative enzymes that counteract the DNA damage induced by radicals (Ignoffo & Garcia, 1978).
Inthe research directed by Kaiser et al. (2018), it was determined that black tea, combined with B. bassiana,
significantly increased the exposure of the fungus to UV-B in terms of colony-forming units (CFU). However,
no effect was observed with green tea. Nevertheless, in the current study, both black tea and green tea
demonstrated a significant UV-protective effect on both fungal isolates. In another study, the UV tolerance
of Metharizium species was investigated, and it was observed that fungal spores in most strains were
inactivated after a few hours of UV exposure (Braga et al., 2001b). In the present investigation, there was
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a noticeable delay in the development of fungal spores exposed to UV-B compared to the control group (0
min). Additionally, Biryol et al. (2020) examined the UV toleration of M. flavoviride As-2 by exposing fungal
spores to UV for 30 and 60 min, but significant effects were not observed. Another study result showed that
black tea and green tea extracts supply potential UV protectant for the baculovirus, however black tea has
the most protectant effect (Ibrahim et al., 2019). Similarly, in this study revealed that black and green tea
provided more UV protection in fungal spores. The fact that tea extracts had a higher mortality rate against
G. mellonella larvae compared to unformulated fungal spores after UV exposure also revealed that they
showed a significant protective potential. Ortucu & Algur (2017) reported that there were sudden changes
in both radial and spore production, especially at 30 and 60 min of UV-B application. However, in the current
study, the radial growth and spore production of fungal spores formulated with black and green tea were
higher than the control at 60 and 120 min of exposure. In this study, it was observed that both UV-affected
fungal isolates were able to grow and sporulate and maintain their infectivity on G. mellonella better than
the unformulated control group. An appropriate formulation benefits the application and processing of the
bioagent and increases its effectiveness by protecting the active ingredient from adverse environmental
factors (Nian et al., 2015).

Although numerous studies have examined the UV tolerance of B. bassiana and M. flavoviride
isolates, there is a scarcity of research on the protective effects of tea extracts as UV protectors for fungal
spores. This study presents crucial data by investigating the potential of tea extracts in enhancing the UV
protection of fungal spores. The findings of this study demonstrate that the addition of tea extracts as UV-
protective additives in formulations can effectively prolong the lifespan of B. bassiana and M. flavoviride
spores when exposed to UV-B radiation.

This study represents the first analysis of the UV-B protection of four distinct tea extracts in
laboratory, specifically focusing on their effects on the entomopathogenic fungi B. bassiana and M.
flavoviride. The present study demonstrated the advantages of black, green, oolong and white tea extracts
in UV-B protection of fungal spores and black and green tea have a potential for use as UV protectors under
laboratory conditions. The observed decrease in pest mortalities following exposure was attributed to the
loss of viable spores due to UV. Hence, the development of formulations to increase persistence of EPF
spores under exposure to UV is important in the successful use of EPFs as biological control agents in the
fields. Tea extracts have proven UV protection potential in our study and may be an important additive to
such a formulation. The developed formulation could be a further valuable tool for fostering the sustainable
control of pest insects in the fields.
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The effects of some essential oils on the life table parameters of green
peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae)

Bazi bitkisel yaglarin seftali yesil yaprakbiti Myzus persicae (Sulzer, 1776) (Hemiptera:
Aphididae)'nin yagsam cizelgesi parameterleri Uzerindeki etkileri

Ali KAYAHAN!?
Abstract

In this study, essential oils (EOs) of Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum
(L.) (Asparagales: Amaryllidaceae) and Brassica nigra (L.) (Brassicales: Brassicaceae) were evaluated for their
insecticidal effects on the green peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae). The lethal and
sublethal effects of these EOs on M. persicae were studied under laboratory conditions. This study was conducted at
Yozgat Bozok University, Faculty of Agriculture, Department of Plant Protection in 2023. The experiments were evaluated
at different concentrations for 24 hours after treatment. The lethal concentrations (LCso, LCo0) of the EOs were calculated
based on the data obtained. The life table parameters of newly born aphids were studied at sublethal concentrations (LCao,
LCs0) of EOs, and these parameters were calculated using the Euler-Lotka equation. The results show that the mortality
rate increases with growing concentration of essential oils. The lethal concentration (LCso) of essential oils were calculated
to be 3.47, 4.37, 4.51, and 5.16 uL/L, respectively. The sublethal concentrations (LCao, LC30) of essential oils caused an
increase in adult longevity, a decrease in fecundity of surviving aphids and intrinsic rate of increase. From the data
obtained, the EOs of C. limon and C. sinensis were more effective than other EOs in the study. It was found that other
essential oils (A. sativum and B. nigra) may also be effective against M. persicae, even if their effect is low.

Keywords: Green peach aphid, intrinsic rate of increase, net reproduction rate, essential oils, lethal concentration
Oz

Bu calismada, Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum (L.) (Asparagales:
Amaryllidaceae) ve Brassica nigra (L.) (Brassicales: Brassicaceae) bitkisel yagdlarinin, seftali yaprakbiti Myzus persicae
(Sulzer, 1776) (Hemiptera: Aphididae) Gizerindeki insektisidal etkileri degerlendirilmistir. Bu bitkisel yaglarin M. persicae
Uzerindeki 6ldurici ve 6ldirici olmayan etkileri laboratuvar kosullarinda incelenmistir. Bu calisma 2023 yilinda Yozgat
Bozok Universitesi, Ziraat Fakiiltesi Bitki Koruma Bélimiinde yiiriitiimiistir. Denemeler uygulamadan 24 saat sonra
farkh bitkisel yag konsantrasyonlari igin degerlendirilmistir. Elde edilen verilere gore bitkisel yaglarin letal dozlari (LCso,
LCo0) hesaplanmistir. Bitkisel yaglarin oldiriici olmayan dozlarinda (LCzo, LCa0) yasam cizelgesi parametreleri
belirlenmistir ve bu parametreler Euler-Lotka esitligine gére hesaplanmistir. Sonuglar bitkisel yag dozlarinin artmasiyla
Olim oranin arttigini géstermektedir. Bitkisel yagdlarin M. persicae lizerindeki LCso dozlari sirasiyla 3.47, 4.37, 4.51 ve
5.16 pL/L olarak hesaplanmistir. Bitkisel yaglarin 6ldiirtici olmayan dozlari ise (LCzo, LCao) ergin dmriinlin artmasina,
dogurganliginin azalmasina ve kalitsal dreme oraninin azalmasina neden olmustur. Elde edilen verilere gore C. limon,
C. sinensis bitkisel yaglarinin calismadaki diger bitkisel yaglardan daha etkili oldugu gérialmustur. Diger bitkisel yaglarin
da (A. sativum ve B. nigra) M. persicae’ye karsi disik de olsa etkili olabilecegdi belirlenmistir.
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The effects of some essential oils on the life table parameters of green peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae)

Introduction

The Green peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae) causes damage to
more than 400 plants. For this reason, it is one of the most harmful species (Blackman & Eastop, 2000).
This harmful insect can increase its population rapidly owing to its parthenogenetic reproduction and short
lifespan (Foster et al., 2000). Keeping the population of M. persicae under control is only possible with
chemical insecticides. Consequently, this harmful insect has gained resistance to different chemicals
(Elbert et al., 2008; Bass et al., 2014, Sial, 2019). The use of high amounts of insecticides on agricultural
pests creates negative effects on the environment and human health. As a result, the natural equilibrium is
disturbed and residue problems arise on the products (GrdiSa & Gr3i¢, 2013; Gill & Garg, 2014, Rother,
2018). In recent years, due to such problems of insecticides, it has been searched for compounds of plant
origin with little negative effect (Liao et al., 2017; Kunbhar et al., 2018). It is thought that insecticides
obtained from plants can be a good alternative to synthetic ones (Isman, 2000; Govindarajan et al., 2016;
Khan et al., 2017; Sammour et al., 2018). Volatile compounds in plants do not cause residue problems like
other chemicals and their half-lives are quite short in nature. For this reason, compounds derived from
plants are preferred in biological control studies (Arnason et al., 1989; Hedin et al., 1997; Regnault-Roger
et al., 2012). These compounds are non-lethal to predators, parasitoids and mammals (Scott et al., 2003).
In recent years, there have been many studies on the insecticidal activities of essential oils and their
components in plants (Isman & Miresmailli, 2011; Ntalli & Menkissoglu-Spiroudi, 2011; Regnault-Roger et
al., 2012; Miresmailli & Isman, 2014; Pavela & Benelli, 2016; Chaubey, 2019; Feng et al., 2020; Gaur &
Kumar, 2020; Sayed et al., 2021). According to studies conducted in recent years, plant species belonging
to 60 families with insecticidal effects can be used as biopesticides (Sukh & Opender, 2017; Isman, 2006).
Although there are exceptions such as nicotine, botanical pesticides have a low toxic effect on the
environment and essential oils degrade faster in nature than other synthetic chemicals (Moretti et al., 2002;
Regnault-Roger & Philogéne, 2008). Some researchers have conducted different studies to understand the
effect of sublethal concentrations of vegetable oil-based insecticides (Plata-Rueda et al., 2020; Pavela et
al., 2020, 2021; Yeguerman et al., 2020; Benelli et al., 2022). The use of essential oils in different
concentrations on insects has different effects. Essential oils and the components they contain have
different effects, as well as lethal effects, in the adult and pre-adult stages of insects (Alzogaray et al., 2011;
Alghamdi, 2018; Abdelaal et al., 2021; Sayed et al., 2022; Al-Harbi et al., 2021). Considering some studies,
it is reported that the egg laying rate decreases, adult emergence is suppressed and less damage occurs
to the crops (Keita et al., 2001; Rahman & Talukder, 2006). But some studies of citrus EOs have focused
on toxicity of aphids. Itis known that the extract prepared with lemon (Citrus limon) has an insecticidal effect
against the rose aphid (Macrosiphum roseiformis) (Gupta et al., 2017). In addition, C. aurantium, C. sinensis
and C. limon essential oils have been reported to show high toxicity against the woolly beech aphid,
Phyllaphis fagi (L., 1761) (Hemiptera: Aphididae) (Yazdgerdian et al., 2015). Similar situations apply to
vegetable oils obtained from Allium sativum and Brassica nigra. In other words, they have a toxic effect on
different insect species. Considering the studies, it is seen that A. sativum has a lethal effect on aphids
(Alghamdi, 2018), mosquitoes (Mahanta et al., 2020) and some stored pests (Omar & Zayed, 2021).

In this study, the lethal and sublethal effects of 4 different commercially available vegetable oils
[Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum (L.) (Asparagales:
Amaryllidaceae), Brassica nigra (L.) (Brassicales: Brassicaceae)] on Myzus persicae were determined.

Materials and Methods

This study was conducted at Yozgat Bozok University, Faculty of Agriculture, Department of Plant
Protection in 2023.

Essential oils (EQOs)

The vegetable oils used in this study (Citrus limon, Citrus sinensis, Allium sativum, Brassica higra)
were commercially obtained from Botalife®.
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Production of pepper plant

The bell pepper plant (Capsicum annuum L. var. grossum) used in the experiments were grown in
200 mL plastic containers with a 1: 1 soil: peat mixture. The plants were grown in a climate-controlled room
at a temperature of 27+1°C, relative humidity of 65+5% and a long daylight photoperiod of 16: 8.

Culture of Myzus persicae

The last stage nymph M. persicae individuals were transferred to the pepper plants that reached the
height (15 cm) and the number of leaves (6 pieces) to be used in the experiments, and they were reproduced
in cages (50x50x50 cm) covered with tulle. The initial population of aphids infested to clean plants was
obtained from mass production in the laboratory. Aphids were collected on pepper plants in Serik in Antalya
and identified by Prof. Dr. ismail Karaca (Isparta University of Applied Sciences, Isparta Tiirkiye) in nature
were used for the experiments. Aged and decaying plants were replaced with clean plants at weekly
intervals to ensure the continuity of mass production. Aphid rearing was performed in climate-controlled
rooms at a temperature of 25+£1°C, 65+5% proportional humidity and 16: 8 (light: dark) light conditions.

Mixture of fumigant and contact toxicity of essential oils

In the first phase of the study, the lethal effect of different concentrations (0.5, 1, 2, 4, 6, 8, 10, 12 pL/L)
of plant oils (C. limon, C. sinensis, A. sativum, B. nigra) on M. persicae was determined. Petri dishes with
filter paper of 9 cm diameter were used for the experiments. The prepared concentrations were included
as 1 ml in each Petri dish in the filter paper. The nymphs (2nd and 3rd stages) were transferred to this
paper using a thin sable brush. Then, the individuals were put in contact with the concentration on the paper
(tarsal, ventral and labial contact), assuming that the plant oils were affected by the toxicity of the fumigant.
Then, leaves of bell pepper plants were added to the Petri dish to feed the aphids. After 24 hours, the live
and dead individuals were recorded and the effects of the oils were determined. Tween20 (2%) was used
to dissolve the oils in the experiments. For each concentration, 10 Petri dishes were used and for each
Petri dish, 10 aphids were used. Tween20 (2%) was used as a control. Experiments were conducted in air-
conditioned rooms at a temperature of 25+1°C, relative humidity of 65+5%, and a long daylight photoperiod
of 16: 8. To determine mortality rates over live and dead individuals, Abbott's formula was used and the
percentage of mortality rates was calculated (Abbott, 1925). Analysis of variance (ANOVA) was applied to
the results obtained. If the difference between the means was statistically significant, Tukey HSD post-hoc
test was used to compare group means (a<0.05). The lethal concentrations of the plant oils (LCso, LCuao,
LCso, and LCo0) were determined using the mortality rates obtained in this phase of the study. Probit
analysis was used to determine these concentrations.

Number of live individuals in the control-Number of live individuals in the application

Percent effect = ( )X 100

Number of live individuals in the control

Estimating life table parameters

The effects of LC30 and LCa4o concentrations of plant oils on M. persicae were determined. The prepared
concentrations were absorbed by the filter papers in the Petri dishes, and the one-day-old individuals
transferred to the petri dish using a sable brush. Damp cotton is left on the bottom of the filter paper to prevent
the leaves from fading. Bell pepper leaves were then laid out as food for the aphids. The daily development
of individuals was then monitored; newborns were recorded and removed from the Petri dishes. Counts
continued until the aphids died. This part of the experiments was performed with 50 replicates for each
concentration. To ensure air circulation in the Petri dish, the lids of the standard size Petri dishes were opened
and covered with tulle to prevent escape of the animals. Experiments were performed in air-conditioned
rooms at a temperature of 25+1°C, relative humidity of 65+5%, and a long daylight photoperiod of 16: 8.
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The data obtained from the experiments were recorded to determine the development of age-related
life tables for each temperature used. The parameters of the life tables of Myzus persicae were calculated
using RmStat-3 software (Ozgokce & Karaca, 2010) according to the Euler-Lotka equation (Birch, 1948),
and analyzed separately. In the study, resampling was performed using the bootstrap method and the data
obtained here were compared. Tukey multiple comparison test was used to compare the periods with Minitab
(Ver. 16) at the level of significant difference p<0.05. The following equations were used to calculate the
parameters:

Age-related survival rate (Ix), Fertility rate (mx) (Birch, 1948);
Reproductive value (V)

Z(erm'y.ly.my)
y=x
[/x =

(Imura ,1987);

ly.e”TmX
Net Reproduction Rate (Ro)
Ry = X L. my (Birch, 1948);
Intrinsic Rate of Increase (rm)
YelmO| m, =1 (Birch, 1948);
Mean Generation Time (To)
T, = n;nzio (Birch, 1948);
Gross Reproduction Rate (GRR)
GRR = Ym, (Birch, 1948);
Daily maximum reproductive value (A)
A=e™m (Birch, 1948);
Doubling time (T>2)
T, = 1:72 (Kairo & Murphy, 1995).

Results

Toxicity of essential oils on Myzus persicae

It was observed that the vegetable oils used in the study were effective on Myzus persicae. In
addition, especially as the concentration increased, the mortality rate increased (p<0.05). The mortality rate
at the highest concentration (12 pl/L) of C. limon was 94.73%; The mortality rate at the lowest concentration
(0.5 pl/L) of Brassica nigra was 16.67% (Figure 1).

Considering the lethal concentrations of vegetable oils on M. persicae, the lowest LCso (3.47 pl/L)
and LCgo (9.71 pl/L) values were observed in C. limon application, depending on mortality rates. LCso and
LCe values of vegetable oils are given in Table 1.

Table 1. Toxicity of different essential oils on Myzus persicae after 24 h

LCso (ul L-l) LCaso (UI L-l) LCso (HI L-l) LCgqo (ul L-l)

b 2 c
(95% Cl)* (95% C)* (95% Cl)* (95% Cl)* Slope £SE* X7 (df)

Essential oils N

Citrus limon 900 0.91(0.26-1.46) 2.23(1.70-2.71) 3.47 (3.00-3.92)  9.71(8.93-10.68)  1.234#0.119  33.56 (7)
Citrus sinensis 900  1.61 (0.97-2.17) 3.04 (2.51-3.53) 4.37 (3.89-4.86) 11.13 (10.24-12.25) 1.218+0.118 22.78 (7)
Allium sativum 900  1.66 (0.99-2.23)  3.13 (2.59-3.64) 4.51 (4.02-5.01) 11.49 (10.55-12.67) 1.179:0.121  24.11(7)
Brassica nigra 900 2.77 (2.20-3.29)  4.19 (3.69-4.67) 5.16 (5.04-6.02) 12.21 (11.28-13.38)  1.398:0.108  13.49 (7)

2 95% confidence intervals; ® Standart error; ¢ Chi-square value (x?) (Pearson) and degrees of freedom (df).
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Figure 1. Mortality percentage of M. persicae exposed to different concentrations of different EOs (C. limon, C. sinensis, A. sativum
and B. nigra) for 24 h. Comparisons were made between the application doses of the EOs. Means above columns followed
by different letters were significantly different according to Tukey (Fcimon: 156.58; dfcimon: 8, 86; Pciimon: 0.001 / Fc sinensis:
125971 dfC.sinensis: 8: 86; PC.sinensis: 0001 / I:B.nigra: 8817, de.nigra: 81 86; PB.nigra: 0001 / FA.sativum: 8817; desativum: 8: 86, PA.sativum:
0.001, Error bars in the figure have shown standard error.).

Sublethal effects of vegetable oils on the life cycle parameters of Myzus persicae

Different lethal concentrations (LCso and LCa0) were calculated depending on the mortality rates at
the end of 24 hours in order to calculate the sublethal effects of EOs (Table 2).

Table 2. Life table parameters of Myzus persicae under influence of different concentrations of essential oils (Citrus limon, Citrus
sinensis, Allium sativum, Brassica nigra)

Citrus limon Citrus sinensis Allium sativum Brassica nigra
Parameters* Control**
LC3o LCao LC3o LCao LCso LCao LC3o LCao
'm 0.35+0.0041 e 0.27+0.0052 e 0.27+0.0049 e 0.29+0.0033 d 0.29+0.0034 d 0.30+0.0031 bc 0.30+0.0025 ¢ 0.31+0.0034 b 0.31+0.0037 b
Ro 55.95+1.2500 a 26.27+1.5400 e 25.89+1.4100 e 31.07+2.3300 d 30.68+1.9900 d 36.84+1.2100 bc 34.00+1.7600 ¢ 39.55+2.3200 b 38.37+1.5600 b
To 11.45+0.0176 h  11.93+0.0031 a 11.65+0.00284 f 11.83+0.00258 ¢ 11.62+0.002 g 11.87+0.0024 b 11.69+0.0023 e 11.89+0.0023 b  11.79+0.0024 d
GRR 62.27+0.0519 a 44.02+0.0188 f 38.59+0.0182 1 47.76+0.0561 d 40.89+0.0278 h  48.74+0.0458 ¢ 43.66+0.0357 ¢ 51.33+0.0457 b 45.97+0.0193 e
T, 1.973+0.0035 g 2.529+0.0020 b 2.545+0.0020 a 2.324+0.0011 d  2.353+0.001 c 2.281+0.0104 f 2.298+0.0011 f 2.242+0.0008 g  2.28+0.0009 f
A 1.421+0.0008 a 1.315+0.0003 g 1.313+0.0003 h 1.347+0.0002 e 1.343+0.0002 f 1.355+0.0002 ¢ 1.352+0.0002 ¢ 1.362+0.0002 b 1.356+0.0002 c
50 50 50 50 50 50 50 50 50

* ry: Intrinsic rate of increase; Ro: Net reproduction rate; To: Mean generation time; GRR: Gross reproduction rate; T,: Doubling time;
A: Finite rate of increase.

** Different letters for same parameters in the same row were significantly different according to Tukey (Mean+SE) (Fm: 8942.79; df !
8, 41; Pym: 0.001 / Fro: 34700.45; dfgo: 8, 41; Pro: 0.001 / Fro: 591.17; dfro: 8, 41; Pro: 0.001 / Forr: 32985.22; dfars: 8, 41; Pors:
0.001 / Frp: 9592.49; dfy,: 8, 41; Prp: 0.001/ Fy: 8794.18; dfy: 8, 41; P,: 0.001).

Calculated concentrations were applied to aphids and their effects were determined. Accordingly,
while intrinsic rate of increase (rm) and net reproduction rate (Ro) values show a decrease compared to the
control; mean generation time (To) was determined to be higher than the control (p<0.05). The rm (0.309
and 0.305 nymphs/female/day) and Ro (39.547 and 38.372 nymphs/female) values close to the control
application were calculated in two concentrations of B. nigra (p<0.05). The lowest rm (0.272
nymphs/female/day) and Ro (25.893 nymphs/female) values were observed in the LC4o concentration of C.
limon (p<0.05). When the gross reproduction rate GRR was calculated, it was determined that the lowest
value was at the LC4o0 concentration of C. limon, and the highest value was at the LC3zo concentration of B.
nigra after the control application (Table 2).

As a result of the application of LC40 and LCs0 concentrations of the EOs applied in the study on M.
persicae, decreases in survival rate (lx), fecundities (mx) and reproduction value (Vx) were observed
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compared to the control. According to the data obtained, it was determined that the lowest Ix, mx and Vx
values were in C. limon concentrations. It was observed that these values increased in other EOs
concentrations (Figure 2).
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Figure 2. Survival rate, fecundity and reproductive value of Myzus persicae under influence of different concentrations of essential oils

378



Kayahan, Tirk. entomol. derg., 2023, 47 (4)

Discussion

The data obtained from the experiments show that the EOs used (especially C. limon and C. sinensis)
are effective against Myzus persicae. It was noted that in recent years, more studies have been conducted
to investigate the effects of plant-based pesticides (from different vegetable families) on pests.
(Schoonhoven, 1982; Jacobson, 1989; Isman, 1995; Durmusoglu et al., 2011; Sayeda & El-Mogy, 2011;
Balci et al., 2020). Although the effects of biopesticides used in the control of agricultural pests are not fully
known, they are shown to have different effects on them. For this reason, the dose, concentration, and
application frequency of the bioinsecticides used are very important (Bakkali et al., 2008). In addition, the
effects of different plant oils on aphids or other pests have been studied in recent years, and they have
been found to be effective on pests, although they vary among species (Isik & Gorir, 2009; Goérski &
Tomczak, 2010; Yazdgerdian et al., 2015; Gorski et al., 2016; Albouchi et al., 2018; Benelli et al., 2018;
Czerniewicz et al., 2018; Behi et al., 2019; Ravan et al., 2019).

In some studies, extracts from the peels of citrus fruits such as C. sinensis and Citrus paradisi (L.)
(Sapindales: Rutaceae) were found to be quite effective against aphids. It was found that particularly high
concentrations of extracts increased the mortality rate (Igbal et al., 2011; Amiri et al., 2013). Kimbaris et al.
(2010) investigated the effect of C. sinensis EOs on various aphids (Aphis fabae Scopoli 1763,
Macrosiphoniella sanborni (Gillette, 1908), Acyrthosiphon pisum Harris 1776 and Myzus persicae
(Hemiptera: Aphididae)). In the data obtained, the LCso values were reported to be 1.17, 1.25, 1.92 and
1.43 uL/L, respectively. The results have shown that the plant oil extracted from C. sinensis is effective
against aphids. Gupta et al. (2017) observed that extracts obtained from the peel of Citrus limon were
effective on Macrosiphum roseiformis (L., 1758) (Hemiptera: Aphididae). According to the LCso values
obtained by them, the highest toxicity was calculated to be 6.68 mg/ml and it was found that it could be
effective against aphids. In addition, extracts from different parts of citrus plants Rhyzopertha dominica
(Fabricius, 1792) (Coleoptera: Bostrichidae), Sitophilus oryzae Schoenherr, 1838 (Coleoptera:
Curculionidae) (Tripathi et al., 2003), Callosobruchus maculates (Fabricius, 1775) (Coleoptera:
Chrysomelidae) (El-Sayed & Abdel-Razik, 1991), Tribolium castaneum (Herbst, 1797) (Coleoptera:
Tenebrionidae), Trogoderma granarium Everts, 1898 (Coleoptera: Dermestidae) (Zia et al., 2013), Zabrotes
subfasciatus Boheman, 1833 (Coleoptera: Chrysomelidae) (Zewde & Jembere 2010), Musca domestica
(L., 1758) (Diptera: Muscidae) (Palacios et al., 2009), Planococcus ficus Ben-Dov, 1994 (Hemiptera:
Pseudococcidae) (Karamaouna et al., 2013), Thaumetopoea wilkinsoni Tams, 1924 (Lepidoptera:
Notodontidae) (Cetin et al., 2006), Attagenus fasciatus (Thunberg, 1795) (Coleoptera: Dermestidae),
Lasioderma serricorne (Fabricius, 1792) (Coleoptera: Ptinidae) (Bakr et al., 2010), and mosquitoes (Akram
et al., 2010; Effiom et al., 2012) is supported by the literature. Choi et al. (2004) determined the toxicity of
53 vegetable oils to Tetranychus urticae C. L. Koch, 1836 (Acari: Tetranychidae). They reported that two
citrus oils (bergamot and sweet orange) killed the pest 87% and 61%, respectively. Campolo et al. (2020),
in their study on the effect of citrus oils, found that the formulation obtained from sweet orange had a toxic
effect on the eggs and larvae of Tuta absoluta Stainton, 1856 (Lepidoptera: Gelechiidae). Campolo et al.
(2017) found that the effect of formulations based on mandarin and lemon EO was lower than that of orange.
When the results obtained are evaluated and compared with the literature, it is seen that the oils obtained
from plants belonging to the Citrus genus have a toxic effect, especially on aphids. For this reason, it is
thought that these oils have potential in controlling these pests.

Alghamdi (2018) determined the effect of essential oil of four different plants [Moringa oleifera Lam.,
1785 (Brassicales: Moringaceae), Eruca sativa (L.), Raphanus sativus (L.) (Brassicales: Brassicaceae),
Allium sativum (L.) (Asparagales: Amaryllidaceae)) on rose aphid (Macrosiphum rosae (L., 1758)
(Hemiptera: Aphididae)] and field bean aphid (Aphis fabae). In this study, conducted with different
concentrations, it was found that the number of deaths increased with growing oil concentration. For both
aphids, the highest mortality rate was found in arugula oil and the lowest rate in moringa oil. Based on the
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results, it was concluded that the oils used in the study could be effective against aphids. In their study,
Mahanta et al. (2020) investigated the effects of different plant oils (A. sativum, Ocimum sanctum L.
(Lamiales: Lamiaceae) and Citrus grandis (Sapindales: Rutaceae)) on Culex quinquefasciatus Say, 1823
(Diptera: Culicidae). It was found that the vegetable oil extracted from A. sativum had higher toxic effect on
C. quinquefasciatus than the others and its LCso value was 18.23 pL/L. Omar & Zayed (2021) investigated
the effect of A. sativum vegetable oil on T. castaneum and R. dominica and reported that the EO had toxic
effect on the mentioned stored pests. The LCsp values calculated via mortality rates were reported to be
0.794 and 0.380 mg/ml, respectively. The A. sativum vegetable oil used in our study showed a toxic effect
on M. persicae, although not as strong as citrus. As per previous studies, it is considered to be particularly
effective in controlling aphids.

There are also different studies on A. sativum, one of the oils used in the study. Ali & Rodina (2002),
in a study, found that a mustard extract obtained with ethanol had high toxicity on the cotton aphid Aphis
gossypii Glover, 1877 (Hemiptera: Aphididae). At the same time, studies on the effect of the same plant on
different pests are also notable. The essential oil extracted from mustard (Brassica nigra (L.) (Brassicales:
Brassicaceae) showed very high toxicity to Bruchidius incarnatus (Boheman, 1833) (Coleoptera:
Chrysomelidae), one of the pests of stored products (Sabbour & El-Aziz, 2010). Callosobruchus chinensis
L., 1758 (Coleoptera: Chrysomelidae) was found to be removed from the environment by the powder
extracted from this plant (Li et al., 2008). Ali & Mohamed (2018) determined the effect of B. nigra seeds on
Spodoptera littoralis Boisduval, 1833 (Lepidoptera: Noctuidae). It was reported that the seeds have the
ability to prevent feeding on the harmful species. Koneckal et al. (2018) reported that the vegetable oil
extracted from Brassica alba (L.) (Brassicales: Brassicaceae) has toxic effects on several Lepidoptera pests
[Cydia pomonella L., 1758 (Lepidoptera: Tortricidae), Dendrolimus pini L., 1758 (Lepidoptera: Lasiocampidae),
and Spodoptera exigua (Hiubner, 1808) (Lepidoptera: Noctuidae)]. The lethal concentration (LCso) values
were calculated as 0.422, 11.74 and 11.66 mg/ml, respectively. From the results, the vegetable oil used
causes high mortality especially in C. pomonella and can be used as a biopesticide in similar lepidopterans.
In previous studies, EOs and various substances derived from plants of the genus Brassica were found to
be particularly effective against stored pests. In our study, B. nigra EO, which is used against green peach
aphid, was found to have some toxicity, especially at high concentrations, although less than other oils and
it is suggested that it may be effective against this type of pest.

Ali & Mohamed (2018) determined the effect of B. nigra seeds on Spodoptera littoralis Boisduval,
1833 (Lepidoptera: Noctuidae). It was reported that the seeds have the ability to prevent feeding on the
harmful species. Koneckal et al. (2018) reported that the vegetable oil extracted from Brassica alba (L.)
(Brassicales: Brassicaceae) has toxic effects on several Lepidoptera pests [Cydia pomonella L., 1758
(Lepidoptera: Tortricidae), Dendrolimus pini L., 1758 (Lepidoptera: Lasiocampidae), and Spodoptera
exigua (Hubner, 1808) (Lepidoptera: Noctuidae)]. The lethal concentration (LCso) values were calculated
as 0.422, 11.74 and 11.66 mg/ml, respectively. Based on the results, it is concluded that the vegetable oil
used causes high mortality especially in C. pomonella and can be used as a biopesticide in similar
lepidopterans. In previous studies, EOs and various substances derived from plants of the genus Brassica
were found to be particularly effective against stored pests. In our study, B. nigra EO, which is used against
green peach aphid, was found to have some toxicity, especially at high concentrations, although less than
other oils and it is suggested that it may be effective against this type of pest.

There are also studies on the effects of different vegetable oils on M. persicae, which is one of the
important plant pests and the subject of our study. Kimbaris et al. (2010) studied the effect of different plant
oils (Mentha piperita L., Mentha pulegium L. Ocimum basilicum L. (Lamiales: Lamiaceae)and C. sinensis)
on M. persicae and reported that the LCso values were 0.99, 1.12, 1.20 and 1.43 pL/L, respectively. It can
be said that the essential oils of the genus Mentha are more potent than those of C. sinensis. It was found
that the plant oils, Cymbopogon citratus (DC.) Stapf (Poales: Poaceae), Cymbopogon winterianus Jowitt
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ex Bor (Poales: Poaceae) and Eucalyptus citriodora K.D. Hill & L.A.S Johnson (Myrtales: Myrtaceae) used
in different studies with M. persicae had a toxic effect on the pest and their LCso values were 2.8, 3.6 and
4.0 mL/L, respectively (Costa et al., 2013; Pinheiro et al., 2013; Costa et al., 2015). Albouchi et al. (2018)
studied the effects of Melaleuca styphelioides Sm. (Myrtales: Myrtaceae) plant oil on various aphids [A.
gossypii, Aphis spiraecola Patch, 1914 (Hemiptera: Aphididae) and M. persicae] and found that it was toxic
to them. Based on the data obtained, they calculated LCso values of 3660.99, 619.09 and 756.65 pL/L,
respectively. Gouvea et al. (2019) determined the toxicity of aqueous and ethanolic extracts of Acmella
oleracea L. (Asterales: Asteraceae) on M. persicae and Lipaphis erysimi (Kaltenbach, 1843) (Hemiptera:
Aphididae). Accordingly, ethanol extract caused the death of both aphid species by 90% within 70 hours
and reduced their fecundity. Milayim et al. (2020) studied the fumigation effect of some plant oils [thyme,
Origanum onites L. (Lamiales: Lamiaceae), anise, Pimpinella anisum L. (Apiales: Apiaceae), fennel,
Foeniculum vulgare (Apiales: Apiaceae), and lavender, Lavandula angustifolia L. (Lamiales: Lamiaceae)]
against Aphis craccivora C.L. Koch, 1854 (Hemiptera: Aphididae) and M. persicae. The mortality rate for
A. craccivora was calculated to be 96.67% in thyme oil at a dose of 60 pl/l air, one of the EOs used. Fennel
and thyme essential oils are believed to have the potential to act as biofumigants against A. craccivora and
M. persicae. Nikolova et al. (2021) determined the effects of Origanum vulgare subsp. hirtum L. (Lamiales:
Lamiaceae) on M. persicae. In their studies conducted with different concentrations, it was found that the
mortality rate increased with increasing concentration and the highest mortality rate was 3 pL/mL. Jasman
& Slomy (2021) determined the effect of plant oils from Mentha longifolia L. (Lamiales: Lamiaceae) and
Anethum graveolens L. (Apiales: Apiaceae) on M. persicae. At the end of the study, it was found that M.
longifolia EO was more toxic than A. graveolens. Based on the data obtained, it was concluded that M.
longifolia can be used to control M. persicae.

Although vegetable oils, which have a short half-life in nature, have a high toxic effect on pests, their
effects on the environment are fully known. For this reason, it is beneficial to use it in low concentrations
as in our study and repeat it under field conditions. In addition, it was concluded that the vegetable oils may
be useful in controlling the population of M. persicae and similar pests. However, the content of the plant
oil used must be determined in order to determine from which active ingredient the resulting toxicity is
derived. For this reason, it is useful to determine the content of EOs in this study as well as in other studies.
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Insecticide resistance of Aphis gossypii Glover, 1877 (Hemiptera:
Aphididae) in cotton fields in Cukurova Region (Turkiye)!

Cukurova Bolgesi (Turkiye) pamuk alanlarinda Aphis gossypii Glover, 1877 (Hemiptera:
Aphididae)’nin insektisit direncinin belirlenmesi

Selguk ULUSOY? Dogancan KAHYA?
Mustafa Gokhan BILGIN? Okan OZGUR*
Abstract

This study aimed to reveal resistance levels of Aphis gossypii Glover, 1877 (Hemiptera: Aphididae) populations
against dimethoate, A-cyhalothrin and chlorpyrifos-ethyl used in cotton fields in Adana province in Cukurova Region
(Tarkiye). Bioassay, biochemical and molecular methods were used to determine resistance on the populations
collected from 16 locations between 2020 and 2021. Six populations were resistant according to the susceptible
Toktamis population with leaf dip discriminating dose bioassays. Compared to the susceptible population, four
populations were found at decreased susceptibility (DS) resistance levels to dimethoate and one population to
chlorpyrifos-ethyl. Only two populations resistance ratio were detected in MR (Moderate resistance) category to
chlorpyrifos-ethyl. Resistance levels of other populations were observed as S (susceptible) category. Resistant
populations had higher acetylcholinesterase, glutathione-S transferase and cytochrome P450 monooxygenase enzyme
activities in biochemical analysis. The carboxylesterase gene transcription levels were higher in resistant populations.
S431F and Kdr (knockdown) mutation were determined by the PCR-RLFP method, which is effective in
organophosphate and pyrethroid insecticides resistance and 17% and 100% recessive alleles were detected in
populations. The biochemical and mutation-induced resistance to dimethoate and chlorpyrifos-ethyl was detected.
These results will contribute to developing strategies for resistance management of A. gossypii.

Keywords: Aphis gossypii, insecticide, resistance, Turkiye, organophosphate, pyrethroid
Oz

Bu calisma ile, Aphis gossypii Glover, 1877 (Hemiptera: Aphididae) populasyonlarinin Cukurova bélgesinde
(Turkiye) Adana ilinde pamuk alanlarinda kullanilan dimethoate, A-cyhalothrin ve chlorpyrifos-ethyl’e kargi direng
seviyelerinin ortaya konmasi amagclanmistir. 2020 ile 2021 yillar arasinda 16 koordinattan elde edilen populasyonlar
Uzerinde bioassay, biyokimyasal ve molekiler yontemler uygulanmistir. Yaprak daldirma metodu ile ayirici doz ¢alismalari
yapilarak 16 populasyon incelenmis ve Toktamis popilasyonu hassas popilasyon olarak belilenmistir. Hassas popilasyona
gore, dort populasyonun dimethoate'a ve bir popilasyon chlorpyrifos-ethyl’e kargi direnci distik seviye (DD) kategorisindedir.
Yalnizca iki populasyonun chlorpyrifos-ethyl'e kargi direnci orta seviye (OD) diren¢ kategorisindedir. Diger
populasyonlarin direnc oranlarinin hassas (D) seviye kategorisinde kaldi§i tespit edilmistir. Direncli populasyonlarin,
biyokimyasal analizlerde daha yilksek asetilkolinesteraz, glutatyon-S transferaz ve sitokrom P450 monooksigenaz
enzim aktivitelerine sahip olduklari gézlenmistir. Karboksilesteraz gen ifadesi seviyeleri direngli popilasyonlarda daha
yuksektir. S431F ve Kdr (knockdown) mutasyonlari, organofosforlu ve piretroit insektisitlere kargi etkili olan PCR-RLFP
yontemi ile belirlenmis olup, popllasyonlarda sirasiyla %17 ve %100 oraninda baskin alellere rastlanmistir. Bu

calismada dimethoate ve chlorpyrifos-ethyl'e karsi biyokimyasal ve mutasyon kaynakli diren¢ oldugu dustintiimektedir.
Bu sonuglar, bdlgede A. gossypii'ye karsi direng yonetimi stratejilerinin gelistiriimesinde katki saglayacaktir.

Anahtar sézcikler: Aphis gossypii, direng, insektisit, Turkiye, organikfosfatlilar, piretroit
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Insecticide resistance of Aphis gossypii Glover, 1877 (Hemiptera: Aphididae) in cotton fields in Cukurova Region (Turkiye)

Introduction

Turkiye is one of the vital cotton-growing countries with high yield, considering its ecological
characteristics, soil fertility and irrigation capacity (IRAC, 2023). Aphis gossypii Glover, 1877 (Hemiptera:
Aphididae) is a cotton pest and known as polyphagous species with a broad-spectrum host plant (Cheng
et al., 2023). Chemical pesticides, including the commonly used organophosphorus, pyrethroid and
carbamates, have been used intensely against various pests, and the resistance problem has been
revealed in recent years (Alpkent et al., 2020; Erdogan et al., 2023). It has been reported that A. gossypii
developed resistance to more than 50 active ingredients in Tirkiye and around the World (Anonymous,
2023). Aphids have rapid reproduction capability, and it is called parthenogenetic telescopic generation
(Moran, 1992). This phenomenon caused millions of aphids from one aphid in one season (Moran, 1992;
Kersting et al.,, 1999). This reproduction system has an important effect on resistance development;
therefore, rapidly growing generations are exposed to more insecticides and develop resistance fast (Roush
& McKenzie, 1987). Carbamate, organophosphate (OP’s), organochlorine, and pyrethroid are the most
used insecticide groups worldwide. Carbamate and OP’s groups are known to inhibit acetylcholinesterase
(AChE’s) enzymes. These groups impact the nervous system and cause the organism's death (Yorulmaz
& Ay, 2010). Pyrethroids affect target site proteins and cause negative activities on sodium ion channels
(voltage-gated sodium channel, VGSC) which are active for signal transmission in the nervous system. This
channel provides the displacement of sodium ions in the nerve cell membrane, causing action potential and
starting neural transmission. However, pyrethroids inhibit channel activation and cause continuous
discharge of nerve cells. This situation results with the paralysation and death of the organism (Amad et
al., 2003; Marshall et al., 2012). Although new insecticides have been developed for pest control, OP’s and
pyrethroid have been used widely and intensively. The intensive and uncontrolled use of insecticides
against aphids has been causing failure, yield loss, and high resistance development (Pan et al., 2009,
2010). Although chlorpyrifos is banned in cotton-growing areas in Tirkiye, dimethoate among the OP’s and
synthetic pyrethroids (SP’s) have been used for 40 years against aphids by farmers (Wang et al., 2021). In
resistance management, determining the level of resistance against different insecticides over time is
important for updating the integrated pest management (IPM) strategy. The introduction of new active
ingredients into the market in the last 30 years, especially the intensive use of neonicotinoid group
insecticides, has led to a decrease in the use of old actives. The level of resistance allele and susceptibility
of the harmful organism in agricultural areas is an important fact that must be followed in order to guide
resistance management strategy. For this purpose, in Cukurova region, determining the resistance status
against OP’s and SP’s insecticides, which have been used extensively, will make positive contributions to
insecticide resistance management (IRM) and IPM. According to the results of the previous studies, aphids
develop resistance against OP’s and SP’s rapidly, and this resistance occurs owing to various mechanisms
(O'Brien & Graves, 1992; Shang et al., 2012). Depending on increasing metabolic activity, carboxylesterases
(CarE’s), glutathione S-transferases (GST’'s) and cytochrome P450 enzymes may cause insecticide
resistance in A. gossypii (Pan et al., 2009; Carletto et al., 2010; Shang et al., 2012). In addition, it has been
reported that point mutations carrying AChE’s may be the reason for resistance (Li & Han, 2004; Pan et al.,
2010). Generally, CarE’s combines with OP's and hydrolyzes the insecticide esters into non-toxic products.
Thus, preventing OP’s from reaching the target zone AChE’s (Pan et al., 2009). It has been reported that
higher CarE’s levels (E4 and FE4) owing to gene duplications and amplifications cause increasing
detoxification of OP’s, carbamates, and SP’s on Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae)
(Field & Devonshire, 1998; Field, 2000). Similarly, it was reported that the increase in gene amplification or
transcription level in CarE’s played a role in OP’s resistance in A. gossypii (Devonshire & Moores 1982;
Cao et al. 2008a; Pan et al., 2009, 2010; Lokeshwari et al., 2016). In addition, the structural changes
(mutations) in the CarE’s gene have also been reported to be associated with OP’s resistance (Sun et al.,
2005; Pan et al., 2009). GST’s provide the excretion of metabolism, detoxification, and many pesticide and
plant toxins by catalyzing the conjugation of a diverse array of electrophilic compounds with glutathione,
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unlike CarE’s (Liu et al., 2006). The occurring products are less toxic, more soluble in water, and excreted
quickly from cells compared to hon-GSH conjugated substrates. GST’s and CarE’s play essential roles in
the OP’s resistance to various insecticides (Abel et al., 2004). Monooxygenases, which are catalysed by
cytochrome P450, are multifunctional and the most effective enzyme system for the detoxification of
insecticides (Pan et al., 2009). Due to the broad substrate spectrum, it can affect insecticide classes and
cause resistance (Scott, 1999). There was some report about resistance connected with monooxygenase
activity for Culex pipiens L., 1758 (Diptera: Culicidae) (Shen et al., 2003), Plutella xylostella (L. 1767)
(Lepidoptera: Plutellidae) (Bautista et al., 2009), Bemisia tabaci (Gennadius, 1889) (Homoptera: Aleyrodidae)
(Karunker et al., 2008) and M. persicae (Puinean et al. 2010). The resistance against SP’s and OP’s
associated with increasing monooxygenase activity in A. gossypii, has been reported (Shang et al., 2012).
Another insecticide resistance mechanism for A. gossypii is target site mutation that occurs at the S431F
(known as ACEL1 resistance) position on acetylcholinesterase. It causes specific and cross-resistance in
Carbamates (pirimicarb), OP’s (omethoate and dimethoate) (Andrews et al., 2004; Toda et al., 2004).
S431F mutation on the ACE1 gene causes resistance by using OP’s insecticide against A. gossypii in
Australian Cotton vegetation areas (Herron & Rophail, 2001; Herron et al., 2003; McLoon & Herron, 2009).
Similarly, Knockdown Resistance (Kdr) was first revealed against houseflies (Musca domestica) in 1951 as
a resistance mechanism based on target site insensitivity to pyrethroids (Busvine, 1951). Two point
mutations (Leul014 to Phe and Met918 to Thr) on the Voltage-Gated Sodium Channel (VGSC) gene
reduce the binding of the insecticide to its target site, resulting in the emergence of the Kdr phenotype in
some insect species (Williamson et al., 1996; Lee et al., 1999). Marshall et al. (2012) reported the
occurrence of Kdr mutations with PCR-RFLP methods in A. gossypii. Aphis gossypii populations resistance
situations from different coordinates in the Cukurova region of Adana province was studied against
dimethoate (OP’s), chlorpyrifos-Ethyl (OP’s) and A-cyhalothrin (SP’s).

The objective of this study was to determine the resistance levels and mechanisms in A. gossypii
cotton populations. For this purpose, bioassay studies with discriminant dose, metabolic enzyme assays,
the occurrence of S431F and KDR mutations, and some CarE’s gene expression levels were determined.

Materials and Methods
Collecting Aphis gossypii populations

Aphis gossypii populations were collected from 16 different Gossypium hirsutum L. (Malvaceae)
vegetation coordinates in Cukurova Region in Adana, Mersin (Turkiye) (Figure 1, Table 1). Cotton leaf
samples were plucked from cotton plants and brought with in paper bag to Adana Biological Control
Research Institute climate rooms. Populations were reared and cultured on cotton plants in cages with
insect net separately at 22+1°C, % 65+5 RH, 16:8 LD in climate rooms. A. gossypii were identified and
classified with morphological methods by Dr. Isil Ozdemir in Kocaeli University Agriculture Faculty, Plant
Protection Department, Kocaeli (Tirkiye).

Insecticides and bioassays

Commercial products of dimethoate (400 g/I:EC), chlorpyrifos-ethyl (480 g/l:EC) and A-cyhalothrin
(50 g/l:EC) were used during this study. Insecticide Resistance Action Committee (IRAC) No: 019 leaf
dipped method used in bioassay studies (IRAC, 2023). Discriminating dose bioassays were applied to
distinguish resistant and susceptible A. gossypii populations. For this purpose, the most susceptible
population against insecticides were accepted as a reference during the first-year surveys. After that, a
discriminating dose study was performed based on the LCoo (Iethal concentration to kill 90 % of the test
population) values of the reference population for resistant/susceptible distinction of all the collected
populations. The LCg dose obtained for each insecticide from the reference population was applied to all
other populations. If the mortality rate was >90%, it was considered susceptible, if the mortality rate was
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<90%, it was regarded as a resistant population. Bioassay experiments were performed on all populations
considered resistant. In insecticide bioassay studies, leaves from cotton plants were cut into 4 cm diameter
discs. These discs were dipped in the insecticide solution for 10 seconds and then placed in petri dishes
containing agar after drying. Twenty wingless individuals of aphid from the rearing colonies were taken,
placed into Petri dishes with a fine brush and then transferred into climate rooms. Bioassay studies were
done according to randomized parcel experimental design, and six different doses with three replications
were used for each insecticide in this study. Each experiment included at least three control petri; if the
mortality rate of control petri aphids was <20%, experiments were repeated. After 72 hours of application,
counting was done by touching the specimens with a fine brush under the stereo microscope to determine
if they are dead or alive. Dead /alive individuals were recorded. LCsoand LCoo values for populations were
calculated via probit analysis using the POLO Plus software (Leora Software, 1987).

Acetylcholinesterase (AChE) enzyme activity

According to Kranthi (2005), 10 individuals of wingless aphids were homogenized within 300 uL 0.05 M,
%0.1 Triton X-100 phosphate buffer (pH: 7.0) by a homogenizer. Sample tubes were centrifuged at 10000 g
+4°C for 20 minutes, and the supernatant was used as an enzyme source. 2.86 ml sodium phosphate buffer
(0.1 M pH 8.0), 10 pL 0.1 M DTNB (0.01 M, in pH 8.0 sodium phosphate buffer) and 30 pL of 0.1 M
acetylcholine iodide (0.1 M, pH 8.0, in sodium phosphate buffer) were added into the supernatant (100 pL)
and the reaction was initiated. Under the same conditions, the enzyme-free blank sample was prepared,
250 uL samples were transferred to microplates, and the alteration in absorbance was recorded at 412 nm
wavelength at room temperature for 30 minutes in Thermofisher MultiscanGo spectrophotometer device.

Glutathione S-Transferase (GST) enzyme activity

Thirty wingless adult aphids were homogenized in 300 pl 0.1 M pH 6.5 sodium phosphate buffer,
centrifuged at 10000 g +4°C for 20 minutes, and the supernatant was used as an enzyme source. 50 pl 50 mM
CDNB, 150 pl 50 mM reduced glutathione (0.1 M, pH 6.5 in phosphate buffer) were added to the 30 pl
enzyme sample. The enzyme mixture was diluted in 2.77 ml of phosphate buffer (0.1 M pH 6.5), and 250 pl
of the diluted mixture was transferred to microplates for spectrophotometer readings. The enzyme-free
blank sample was measured as a control without homogenate. The change in absorbance was recorded
by reading at 340 nm wavelength for 10 minutes in Thermofisher MultiscanGo spectrophotometer device.
(Habig et al., 1974; Kranthi, 2005).

Cytochrome P450 monooxygenase enzyme activity

Hansen & Hodgson (1971) method was used to determine P450 enzyme activity. Two hundred
wingless adult aphids were homogenized in 300 pl 0.1 M pH 6.5 sodium phosphate buffer, centrifuged at
10000 g +4°C for 20 minutes, and the supernatant was used as an enzyme source. According to this
method, 90 pl enzyme source and 100 ul 2mM p-nitroanisole (PNOD) as a substrate were mixed into each
microplate cell. The reaction was initiated by adding 10 ul 9.6 mM nicotinamide adenine dinucleotide
phosphate (NADPH) after incubating at 27°C for 2 minutes. The changes in enzyme activity were read at
27°C and 405 nm wavelength for 30 minutes with a microplate reader in Thermofisher MultiscanGo
spectrophotometer device. All protein readings and quantifications after the determination of activity were
performed according to Bradford (1976).

Detection of the presence of S431F mutation on the AChE enzyme

To detect the presence of S431F mutation on the AChE enzyme gene in A. gossypi populations,
DNA isolation was performed with a kit (Thermo Scientific) and five wingless adult aphids were used DNA
extraction. S431F mutation, which is one of the effective resistances to the CarE gene in populations, was
determined by the PCR-RLFP method. As stated in the method, 36 replications and 180 individuals were
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done from all resistant populations. Isolated DNA samples and ACE-F - (5-CAA GCC ATC ATG GAA TCA
GG-3’), ACE-R- (5-TCA TCA CCA TGC ATC ACA CC-3’) primers were performed to a polymerase chain
reaction (PCR) (Chen et al., 2013). The conditions of PCR were followed by denaturation at 94°C, 5 min 1
cycle, 40 cycles at 94°C for 30 seconds, 53°C for 30 seconds, 72°C for 45 seconds and at 72°C for 10
minutes extension. After the PCR products were visualized by agarose gel electrophoresis (1.5%), 20 pL
of PCR product was cut by incubating with four units of Sspl restriction endonuclease enzyme at 37°C for
3 hours and the condition of the bands was observed in agarose gel electrophoresis (1.5%) (Figure 4).

Detection of the presence of knockdown resistance (Kdr) mutation

According to Marshall et al. (2012) the PCR-RFLP method was applied to detect the presence of Kdr
mutation, which is effective in the resistance of pyrethroid insecticides in A. gossypii individuals. DNA
isolation was performed with the help of a kit (Thermo Scientific) with at least six replications, each including
five wingless aphid individuals. Isolated DNA samples and Kdr-DP1 (5’- TCTTGGCCCACACTTAATCTTT-
3’), Kdr-DP4 (5-CTCGCCGTTTGCATCTTATT-3’) primers were performed to a polymerase chain reaction
(PCR) (Marshall et al., 2012). PCR conditions were followed by denaturation at 94°C, 2 min one cycle, 35
cycles at 94°C for 30 seconds, 48°C for 1 minute, 72°C for 90 seconds, and final elongation at 72°C for 5
minutes. After the PCR products were visualized by agarose gel electrophoresis (1.5%), 40 pL of PCR
product was cut by incubating with five units of BstEIl cutting enzyme at 60°C for 6 hours and the condition
of the bands was observed in agarose gel electrophoresis (1.5%) (Figure 4).

Expression profiles of carboxylesterase (CarE) enzyme gene

At least eight replications and 50 wingless adult aphid individuals for each population were used to
perform the Quantitative Real-time PCR study. Fresh aphid samples were frozen at -80°C, homogenized
with the help of buffer and their total RNA was extracted according to the Thermo Scientific RNA purification
kit. After extraction, the RNA amounts of the populations were measured by nano-drop and diluted with TE
buffer to obtain equal concentrations of 50 ng/ul for each of them. In the Quantitative real-time PCR study, the
expression profile of the carboxylesterase gene was examined based on the relative activity of the CarE gene
(Accession No. AB016720). P1-F-5-CATACCCTACGCTCAACCAC-3, P2-R-5-GCAATCTTCACTTCCAACGA-3
primers were used specifically for the CarE gene (Cao et al., 2008b). Primers of Sactin gene Forward 5'-
AGCTCTATTCCAACCTTCCTTCT-3', Reverse 5-TGTATGTAGTCTCGTGGATACCG-3' were used as the
housekeeping gene. PCR temperature table 50°C 15 min 1 cycle, 95°C 15 min 1 cycle, 40 cycles at 95°C
for 20 seconds at 59°C for 30 seconds and at 72°C for 2 minutes and final elongation 72°C with one cycle
of 10 min was followed. The Quantitative Real-time PCR was performed with the help of Thermo Fisher
Scientific, One-Step gRT-PCR kit, USA. The average of Obtained Ct values recorded, and AACt
calculations were done according to susceptible populations to determine the relative activity levels of the
CarE gene (Livak & Schmittgen, 2001).

Statistical analysis

Dose-response regressions were calculated with the Polo-plus software. LCso values of resistant
populations were rated with LCso values of susceptible populations to determine the resistance rate. Other
statistical analyses were done with SPSS 23 (SPSS Inc., Chicago, IL, USA). One-way ANOVA was used
to determine the differences between means and Duncan’s multiple comparison tests were applied to
compare groups between aphid populations collected from Adana during this study (p<0.05). The
classification was done according to the World Health Organization (WHO, 1980) standards. Susceptible
(RR<3 times) (S), Decreased Susceptible (DS) (RR=3 to 5 times), Lower Resistance (LR) (RR=5 to 10
times), Medium Resistance (MR) (RR=10 to 40 times), Higher Resistance (HR) (RR=40 to 160 times) and
Extremely High Resistance (RR>160) are classified as resistance levels. The percentage of sensitive and
resistant alles rate was calculated from total PCR-RFLP analysis samples.
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Results

Aphis gossypii populations were collected from 16 different cotton fields between 2020 and 2021 in
this study (Table 1, Figure 1).
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Figure 1. a) Locations of Aphis gossypii populations from cotton fields in Adana, Turkiye; b) Cotton plant infested with Aphis gossypii
individuals.

Table 1. Aphis gossypii populations collected from cotton growing fields

Population Location Coordinate Date
1 Ciftlikler, Ceyhan g;:gigigg June, 2020
2 Hamzali, Yumurtalik gggigggg May, 2020
3 Helvaci, Karatas 220421%28?2 May, 2020
4 Karagoger, Karatas ggoggigig May, 2020
5 Karayusuflu, Seyhan ggoigggzg June, 2020
6 Kigukgildirim, Seyhan gg:gggggg May, 2020
7 Toktamig, Ceyhan g;:gg;gg June,2020
8 Yenikdynazimbey, Ceyhan ggzz;;gig June, 2020
9 Degirmendere, Ceyhan g;zggggig May, 2021
10 Gokgeler, Seyhan gg:ggijgg June, 2021
11 Hamitbeybucagi, Ceyhan 2202881(232 June, 2021
12 incetarla, Ceyhan/Adana g;:giggzg June, 2021
13 Konaklar, Tarsus 335?’:)507029545E June, 2021
14 Sokutas, imamoglu g;oigﬁgg June, 2021
15 Ucdutyesilova, Ceyhan %oiggggg June, 2021
16 Ufacikéren, Imamoglu 2;:}13%222 May, 2021
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Bioassay analysis

Dimethoate, chlorpyrifos-ethyl and A-cyhalothrin resistant aphid populations were distinguished with
discriminating dose bioassay. LCsoand LCoo values of all resistant populations were determined (Table 2).
All populations’ resistance levels were classified according to WHO (1980) scale. With discriminating dose
bioassay, except for the Toktamis population, six A. gossypii populations were identified as resistant.
Compared to the susceptible population, four populations showed DS level resistance to dimethoate, and
one population to chlorpyrifos-ethyl insecticides. Only two populations showed MR levels to chlorpyrifos-
ethyl. Other populations were observed as S levels within this study (Table 2, Figure 2). LCso: 11.4 ppm for
Dimethoate, LCso: 165.3 ppm for A-cyhalothrin and LCso: 108.7 ppm for chlorpyrifos-ethyl were found in the
Toktamis population. Ciftlikler, Helvaci, Karagécer, Hamzali, Hamitbeybucagi, incetarla, Degirmendere,
Ucgdutyesilova, Gokgeler and Konaklar populations were detected as susceptible and eliminated according
to the discriminating dose. Yenikdynazimbey, Kigikgildirnm, Karayusuflu, Sokutas and Ufacikdren
populations were detected as resistant populations. Yenikdynazimbey and Kiigikgildinm populations were
the most resistant to dimethoate and chlorpyrifos-ethyl, RRsowas found 5.81 and 10.9 times, respectively.
Sokutas population was observed as the most resistant (RRso: 3.7) population for A-cyhalothrin (Table 2).

Table 2. Bioassay of Dimethoate, A-cyalothrin, Chlorpyrifos in test populations of Aphis gossypii

Insecticide Population n LCso (mg/L) (CL) LCo0 mg/L) (CL) Slope @SE) X2 RRso Reff\‘/tzlnce
Toktamis* 360 11.4 (8-14.7) 32.1 (23.6- 56.9) 2.86£0.5 055 - -
Yenikdynazimbey ~ 380 66.5 (47.1-107) 352.3 (178.5-2397.1) 1.77+0.4 108 58 LR

, Kiiglikgildirim 365 51.2 (33.2-83.2) 293.9 (150-1523.5) 1.68+0.3 413 44 DS

Dimethoate
Karayusufiu 360 46.1 (26.5-81) 568.2 (237.2-4270.6) 1.17+0.2 219 40 DS
Sokutas 370 42.2 (32.3-55.4) 106.7 (73.8- 290.6) 3.18:0.8 122 37 DS
Ufacikéren 360 47.6 (36.3-66.6) 128.5 (83.9-439.7) 2.97+0.7 175 41 DS
Toktamis* 360  165.3 (122.3- 203.1) 337 (263.5- 578.9) 4.14+0.9 264 - -
Yenikdynazimbey 360  370.7 (240.7-508.7) 1594.7 (1013.7-4363.4) 2.02+0.4 254 22 s

\Cyhalothrin Kiiglikgildirim 365  437.0 (345.5-528.3) 797.7 (631.2-1443.1) 4.90+1.2 220 26 s
Karayusufiu 380  387.7 (259.8-536.8) 1717.9 (1066.5-4902.8) 1.98+0.4 188 23 s
Sokutas 360  370.6 (276.1-439.7) 646 (511.9-1896.8) 5.31+1.8 377 22 s
Ufacikéren 360 306.5 (201.8-413) 938 (598.8-5383.1) 2.630.8 254 18 s
Toktamis* 360 108.7 (73.9- 140.2) 335.2 (243.3-638.6) 2.62+0.5 137 - -

Chiomyrifos Yenikdynazimbey 380  1130.4 (770-1301.9)  2624.3 (1901.4-5454.5) 3.14:0.7 211  10.3 MR
Kiiglikgildirim 365  1184.8 (780.3-1454.1)  3451.6 (2268.8-8863.6) 2.52+0.5 036 10.8 MR
Karayusufiu 360 525.3 (311-746.9) 2005.6 (1299.5-5132.7) 2.20+0.5 312 48 DS

CL: Confidence Limits; *: Susceptible population; RRso: Resistance Rate Rsg ; n: Individual number

= s e
©® o N B o

Number of collected coordinates
o

dimethoate A-cyhalothrin chlorpyrifos

Sensitivity Decreased susceptibility Low resistance Moderate resistance

Figure 2. The distribution of Resistance levels for Aphis gossypii to dimethoate A-cyhalothrin and chlorpyrifos-ethyl from the 16 different
locations in Adana, Turkiye.
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The enzyme and gene expression analysis

According to the enzyme analysis, enzyme activity values were relatively lower in the Toktamig
population than other resistant populations. Activities were higher and at different rates according to the
enzyme type in other populations (Table 3). When gene expression level of the CarE gene was examined,
all populations were more regulated than the susceptible population. 1.25 times more gene regulation was
seen in the Sokutag population (Figure 3).

Table 3. Acetylcholinesterase, glutathione S-transferase (GST), cytochrome P450 monooxygenase (P450) enzyme activities of
resistant and susceptible Aphis gossypii populations

Specific Enzyme activities U.mg™*.min

Populations -
Acetylcholinesterase GST P450

Toktamis* 19.08+3.0 a 6.45t1.44 a 0.0240.01 a
Yenikdynazimbey 52.21+6.40 bc 17.02+3.42 ab 0.10+0.03 ab
Kucukgildirim 76.81+7.84 d 27.69+7.72 b 0.05+0.02 ab
Karayusuflu 32.8216.16 ab 23.3914.40 b 0.05+0.01 ab
Sokutas 65.70£7.47 cd 17.60£2.79 ab 0.13+0.05 ab
Ufacikéren 66.8949.67 cd 67.31t1.90 c 0.10+0.01 b

* Susceptible population, the difference between average number of specific enzyme activity of Aphis gossypii were statistically
significant (p<0.05), Duncan multiple comparison tests were applied; +: standart error

CarE Gen Relative Expression Level R/S

1.80
i
9]
> e
7]
-
c 1.20 d
o) C
2
1) b
s a
5 0.60

0.00

Yenikoynazimbey  Kucukcildirim Karayusuflu Sokutas Ufacikoren

Figure 3 Relative expression levels (R/S) of Carboxylesterase gen (CarE) in Aphis gossypii populations (R/S: Resistant
population/susceptible population).

The difference between average number of CarE gen relative expression levels of Aphis gossypii were statistically significant (p<0.05).
Mutation screening analysis

The recessive allele was found only in the Toktamis population (Figure 4). Approximately 17% of
recessive alleles were detected for S431F mutation. A total of 36 replications was scanned from all
populations for Kdr mutation (Table 4). It was seen that enzyme cutting occurred in all populations by PCR-
RLFP method (Figure 4). All populations were found to have 100% recessive alleles for Kdr mutation. All
populations were detected as susceptible in terms of Kdr mutation.

Table 4. S431F and KDR mutation frequency in Aphis gossypii populations

Mutation Recessive alleles % Resistant alleles %
S431F mutation 17 83
KDR mutation 100 -
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Figure 4. Aphis gossypii PCR-RFLP agarose gel electrophrosesis photograph. M: 100 bp ladder, 1: S431F PCR product (667 bp), 2:
S431F PCR cut by Sspl RLFP product (Resistant allel: 667 bp, uncut by Sspl); 3: S431F PCR cut by Sspl RLFP product
(Susceptible allel: 335 bp, cut by Sspl); 1a: Knockdown resistance (Kdr), Negative control PCR product 500 bp; 2a: Kdr PCR
cut by BstEll RLFP product (Susceptible allel: 325 bp, cut by BstEll).

Discussion

Resistance management is a key factor to prevent the development of resistance in pests and to
maintain insecticide activity against the harmful organism (Alpkent et al., 2023). Insecticide resistance is an
important problem for A. gossypii (Ulusoy et al., 2018; Ullah et al., 2020; Erdogan et al., 2023; Cheng et
al., 2023). The resistance levels of 16 populations in the Cukurova region were observed in this study; four
populations showed DS level resistance against dimethoate, and one population against chlorpyrifos-ethyl.
Only two populations against chlorpyrifos-ethyl showed MR-level resistance. Other populations were found
susceptible. Considering this aspect, moderate and low levels of resistance was observed in the region and
it was not detected at high and extremely high resistance levels (Figure 2). The reference population is of
significant importance in determining resistance levels. In this study, susceptible aphids that were cultured
in the laboratory environment for many years could not be obtained for various reasons. Instead, the
susceptible population was obtained from cotton growing areas. This may have caused resistance levels
to be lower. In addition, the fact that the Cukurova region is suitable for polyculture agriculture and extensive
agricultural practices throughout the year may bring about higher resistance level expectations. However,
the widespread use of neonicotinoids or new active groups in the last 30 years may have reduced the use
of organophosphate and pyrethroid insecticides. The reducing excessive insecticide consumption and
using different insecticide groups is an important factor that reduces resistance. Before, Ulusoy et al. (2018)
reported high-level resistance against neonicotinoid for A. gossypii owing to exposure to more insecticides
in the same region. According to the results of enzyme analysis, all activities were found to be relatively
lower in the Toktamis population compared with other populations. Activities in other populations were
observed as higher and different rates. As observed in the previous studies, AChE’s and GST enzyme
activities were found at high rates in organophosphate, carbamate and pyrethroid resistance populations
(Devonshire & Moores, 1982; Lokeshwari et al., 2016; Ulusoy et al., 2018). As in this study, monooxygenase
P450 enzyme activity, which is responsible for many metabolic activities, was observed at high levels in
each resistant population (Shang et al., 2012; Seyedebrahimi et al., 2015). There was a general increase
in metabolic enzyme activities compared to the susceptible population with the evaluation of all enzyme
analyses. Moreover, the relative expression activity of the CarE gene increased compared to the
susceptible population in this study. In parallel with this study, it has been reported that the transcription
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level increased in populations of A. gossypii, which showed a resistant organophosphate population
(Hawkes, 2002; Cao et al., 2008a; Wang et al., 2021). CarE’s have a significant role in the detoxification of
exogenous harmful ingredients in arthropods (Ma et al., 2018). Also, the overexpression of carboxylesterase
gene activity in resistant A. gossypii populations against A-cyhalothrin was reported (Sial et al., 2018; Wang
et al., 2021). Regarding the presence of S431F mutation, a high percentage of resistant alleles were found
between populations. Parallel to these findings, it was seen that dimethoate and chlorpyrifos-ethyl resistant
populations resistance levels were higher than A-cyhalothrin resistant populations. Similar studies have
reported the mutation relationship between the AChE gene with organophosphate and pirimicarb-resistant
populations (Benting & Nauen, 2004; Chen et al., 2013; Hlaoui et al., 2022; Nam et al., 2022). In this study,
recessive alleles were found in all populations in terms of Kdr mutation. The low levels of resistance to A-
cyhalothrin in all populations support this case. Similar studies have reported a relationship between Kdr
mutation and resistance to synthetic pyrethroids in A. gossypii and different aphid species (Marshall et al.,
2012; Wang et al., 2021; Valmorbida et al., 2022; Fontaine et al., 2023). It is possible that the presence of
lower resistance levels of A-cyhalothrin can be associated with metabolic resistance. The higher enzyme
activities in biochemical analysis support this phenomenon (Lokeshwari et al.,, 2016). In conclusion,
moderate and low resistance rates against dimethoate and chlorpyrifos-ethyl insecticides in A. gossypii
were observed in sixteen different populations in the Cukurova region of Adana provinces. Recessive Kdr
mutation in aphid populations overlaps with low A-cyhalothrin resistance.

It has been concluded that the S431F mutation, overexpression of the CarE gene and high
biochemical metabolic activities are effective in the occurrence of higher rates of resistance levels to
dimethoate and chlorpyrifos-ethyl. These results should be taken into account in resistance management.
In chemical control, the same group of insecticides should be reduced and selection of aphid populations
with resistant alleles should be prevented. In Turkiye, resistance monitoring studies should be accelerated
and chemical control programs should be carried out regionally and temporally.
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Original article (Orijinal aragtirma)

A survey in sunflower fields in Tekirdag (Turkiye) to determine soil
health with nematode-based diversity indices

Tekirdag ili (Turkiye) aygicegi tarlalarinda nematod gesitlilik indeksleri ile toprak
saghginin belirlenmesine yonelik bir arastirma

Lerzan OZTURK! " Gurkan Giveng AVCI?
Abstract

In this study conducted in 2021-2022, nematode community structure was investigated in sunflower fields in
Tekirdag to determine sampled fields' physical characteristics based on nematode biodiversity indices. For this purpose,
soils collected from 37 sunflower fields were examined for nematode presence. In the soils, 34 genera of fungivore [3
genera, e.g., Aphelenchoides Fischer, 1894 (Aphelenchida: Aphelenchoididae)], bacterivore [9 genera, e.g., Acrobeloides
Cobb, 1924 (Rhabditida: Cephalobidae)], omnivore [4 genera, e.g., Dorylaimus Dujardin, 1845 (Dorylaimida: Dorylaimidae)],
predator [2 genera, e.g., Seinura Fuchs, 1931 (Aphelenchida: Aphelenchoididae)], and plant-parasitic [17 genera, e.g.,
Pratylenchus Filipjev, 1936 (Tylenchida: Pratylenchidae)] nematodes were recovered by the modified Baermann Funnel
method. The dominant nematodes were fungivores and plant-parasitics occurring in all fields. Among 17 plant-parasitic
nematodes identified at a species level, the most economically important species were Longidorus elongatus Mikoletzky,
1922 (Dorylaimida: Longidoridae), Ditylenchus dipsaci (Kiihn, 1857) Filipjev,1936 (Tylenchida: Anguinidae), Pratylenchus
thornei Sher & Allen 1953, and Pratylenchus zea Graham, 1951 (Tylenchida: Pratylenchidae). Maturity indices calculated
to estimate soil characteristics in fields were 2.33+0.36, and the value was determined to be <3 in most fields except for
two fields. Food web analysis revealed that 76.3% of soils had worsened physical characteristics and a high C: N ratio.
The characteristics of soils in two fields were enriched, and the others were fertile.

Keywords: Helianthus annuus, nematode community analysis, soil health
Oz

2021-2022 yillarinda ydratilen bu calismada, Tekirdag ili aycicedi tarlalarinda nematod biyogesitlilik indeksleri
kullanilarak érneklenen tarlalarin fiziksel 6zelliklerini belirlemek igin nematod kommilinite yapisi incelenmistir. Bu amagla 37
aycicegi tarlasindan toplanan topraklarda nematod varlidi incelenmistir. Toprakta 34 cins fungivor [3 cins, Ornegin
Aphelenchoides Fischer, 1894 (Aphelenchida: Aphelenchoididae)], bakterivor [9 cins, érmegin Acrobeloides Cobb, 1924
(Aphelenchida: Aphelenchoididae)], omnivor [4 cins, 6éregdin Dorylaimus Dujardin, 1845 (Dorylaimida: Dorylaimidae)],,
predatdr [2 cins, 6rnegin Seinura Fuchs, 1931 (Aphelenchida: Aphelenchoididae)] ve bitki paraziti [17 cins, 6mn.,
Pratylenchus Filipjev, 1936 (Tylenchida: Pratylenchidae)] nematodlari iceren 34 cins nematod modifiye edilmis Baermann
Huni yontemiyle izole edilmistir. Tiim alanlarda fungivor ve bakterivor turler baskin bulunmustur. Tir diizeyinde tespit edilen
17 bitki paraziti nematod arasinda ekonomik agidan en 6nemli tiirler Longidorus elongatus Mikoletzky, 1922 (Dorylaimida:
Longidoridae), Ditylenchus dipsaci (Kiihn, 1857) Filipjev,1936 (Tylenchida: Anguinidae), Pratylenchus thornei Sher & Allen
1953 ve Pratylenchus zea Graham, 1951 (Tylenchida: Pratylenchidae) olmustur. Tarlalarda toprak ézelliklerini tahmin etmek
icin hesaplanan olgunluk indeksleri 2.33+0.36 olup, iki alan disinda ¢ogu alanda deger <3 olarak belirlenmistir. Besin agi
analizi, topraklarin %76.3'Unun fiziksel o6zelliklerinin kotulestigini ve yuksek bir C:N oranina sahip oldugunu ortaya
cikarmustir. Iki tarlada ise toprak ézellikleri zenginlestiriimis, digerleri ise verimli olarak saptanmustir.

Anahtar sézclkler: Helianthus annuus, nematod komm{nite analizi, toprak saglhgi

! Viticulture Research Institute, 59200, Tekirdag, Tlrkiye
2 Atatiirk Soil and Water Agricultural Meteorology Research Institute, 39060, Kirklareli, Ttrkiye
* Corresponding author (Sorumlu yazar) e-mail: lerzanozturk@gmail.com
Received (Alinig): 31.07.2023 Accepted (Kabul edilig): 11.11.2023 Published Online (Cevrimici Yayin Tarihi): 22.11.2023

401


https://orcid.org/orcid-search/search?searchQuery=ORCID:0000-0003-2199-6807
https://orcid.org/orcid-search/search?searchQuery=ORCID:0000-0002-2760-0773

A survey in sunflower fields in Tekirdag (Turkiye) to determine soil health with nematode-based diversity indices

Introduction

Sunflower is the most-grown oil seed plant in Tirkiye with the large cultivation area. The plant is
preferred due to its adaptation to dry and irrigated soil conditions and suitability to mechanization during
the vegetation period. Sunflower oil corresponds to 69% of the vegetable oil production in the country and
constitutes 32% of the total consumed oil (Yagmur et al., 2021). Each plant has 22-55% total oil content,
and the oil contains saturated and unsaturated fatty acids (Akkaya, 2018). In addition to processing it into
oil, sunflower seeds are consumed as a snack or animal feed. An essential part of the sunflower fields
planted in Turkiye is located in provinces such as Edirne, Tekirdag, and Kirklareli in Thrace.

As with many cultivated plants, there are many organisms in sunflower soils, and soil health in
cultivation areas can be determined using their diversity and interaction with the environment. Soil health
is the soil's continuous function in the ecosystem. It is described as the continuous processing potential of
the soil to maintain biological productivity in cultural soils, improve the quality of the soil environment, and
protect living organisms. Besides affecting the development of plants, soil health affects the life cycles of
beneficial microorganisms in the soil. It causes tremendous damage to the living things that consume
sunflower products (Doran & Zeiss, 2000).

There are many indicators of soil health worldwide, and nematodes are considered among them.
Nematodes have an important place regarding the number of species and population. An average of 385
nematode species are named annually, and 25.000 identified species are included in 2.271 genera and
256 families (Anderson, 2008; Hodda, 2011). They are classified into different trophic groups according to
their feeding patterns. Nematodes with different trophic groups are associated with plants, bacteria, fungi,
and other soil faunas and are considered an essential component of the soil food web. For instance, by
moving nematodes in the soil, the permeability and water infiltration increase, allowing the soil and organic
residues to mix. Soil nematodes are responsible for recycling nutrients and minerals in the environment.
The soil physical condition was assessed using Diversity indexes such as Shannon-Weiner, Basal,
Structure, and Enrichment calculated using the trophic structures and functional guilds of nematodes
(Bongers, 1990).

Many nematode species in sunflower fields are mentioned in the literature, and the most damaging
species to plant growth are Meloidogyne (Tylenchida: Heteroderidae) species. The other genera found in
sunflower plantations include several ectoparasitic and endoparasitic nematodes like Helicotylenchus Steiner,
1945 (Tylenchida: Hoplolaimidae), Pratylenchus (Tylenchida: Pratylenchidae), Quinisulcius (Tylenchida:
Belonolamidae), and Xiphinema (Dorylaimida: Longidoridae) (Fourie et al., 2017). In our country, in the study
conducted in 2000, 30 plant-parasitic species belonging to 9 families and 24 genera were identified. Still,
free-living species have not been studied (Kepenekgci, 2001).

The current study investigated plant-parasitic and free-living nematode diversity, and the soil physical
properties were determined by calculating some diversity indices. This is the most recent study in which
nematode community structure was determined together with free-living nematodes.

Materials and Methods
The study area and soil collection

An intensive nematode survey was conducted between 2021-2022 in 11 districts in Tekirdag province
of Thrace, Turkiye. During the study, randomly selected 37 sunflower fields with at least 15km distance were
visited (Figure 1, Table 1). The latitudes of the fields were between 40°52’-41°19’S, longitudes were between
27°6’-28°0’'W, and elevations ranged between 3 and 258 meters. The large-scale non-irrigated sunflower
production was dominant in the visited fields. The weather temperature during the survey was 25-28°C,
and the average monthly total precipitation was 24.2 mm. Six soil subsamples were collected from different
points in each field by moving in a zigzag pattern. The soil depth of sampling was 0-60 cm, and an average
of 1 kg of soil was taken per field.
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Figure 1. Map representing study area in Tekirdag.

Table 1. The total production, survey locations, and total acreage of sunflower fields in Tekirdag

Provinces/ID Districts Production area (ha)  Total production (ton)
Cerkezkdy (Cer) Merkez 1.896 3.092
Corlu (Cor) Sarilar, Seymen, Yenice 12.619 21.929
Ergene (Erg) Ahimehmet, Misinli, Velimese 14.388 27.733
Hayrabolu (Hay) Dambaslar, Soylu, Susuzmisellim 36.108 69.666
Kapakli (Kap) Bahgeagil, Yanik agil 4.128 7.171
Malkara (Mal) Evrenbey, ibribey, Karamurat 33.483 64.729
Marmara Ereglisi (Mar) Turkmenli, Yakuplu, Yenigiftlik 4.782 10.1162
Muratli (Mur) Arzulu, Inanl, Kirkkepenekli, Yurtbekler 13.431 35.253
Saray (Sar) Buylkyoncali 14.351 29.060
Sileymanpasa (Siil) Barbaros, Biyikali, inecik, Késeilyas, Mahramli 31.882 61.598
Sarkdy (Sar) Beyoglu, ishakli 2.688 5.177

Nematode recovery and identification

The nematodes in each field soil were extracted from 100 cm? of the sample by the Baermann Funnel
technique. In this method, soil cores were placed in sieves with a single layer of filter paper, filled with water,
and incubated for 24 hours. The next day, nematodes that migrated to water were collected by sieving on
400 mesh sieves. The nematodes were counted with 1 ml of the extracted suspension at 10X magnification
under the microscope. Free-living nematodes were identified at the genus level, and plant parasitic and
Aphelenchids were identified at the species level by examining the female’s morphologic features like stylet
shape, vulva position, tail shape, and longitudinal striations. The slides of nematode females were prepared
by heat-killing and processing in TAF [(7%) formaldehyde + (2 %) triethanolamine + (91%) distilled water)],
Seinhorst | (1 ml glycerin + 79 ml distilled water), and Seinhorst Il (5 ml glycerin + 95 ml ethanol) solutions.
Processed nematodes were fixed on a glycerin-dropped slide by the wax ring method (Seinhorst, 1959).
Plant parasitic species were identified with published references (Geraert & Raski, 1987; Brezski, 1991;
Loof & Luc, 1993; Castillo & Volvas, 2005, Handoo et al., 2007).

The nematode trophic groups, diversity indices, nematode-soil health relation

Nematodes extracted from sunflower fields were subjected to several diversity and food web
analyses to determine the health status of soils in sampled areas. The Shannon-Weiner Diversity Index,
Evenness, and Richness were calculated to evaluate the diversity index of nematode fauna in fields. The
formulas used to calculate the indices were as follows (Pielou, 1966; Neher & Darby, 2009). Additionally,
Principal component analysis (PCA) was performed with the XSLSTAT 2022 software to the data obtained
from the soils taken from each field. Abundance and frequency were analyzed with PCA.

Shannon-Weiner Index (H"): H'==3T (pi)xlog (pi)]
Pielou's Evenness Index (J'): J'=H"In (S)
Genera Richness Index (GR): GR = S-1/InN

Pi: the proportion of individuals in genera; S: the number of genera; N: the number of all identified nematodes.
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The extracted nematodes were divided into bacterivore, fungivore, predator, omnivore, and plant-
parasitic based on the feeding habitat. Soon they were classified by colonizer-persister values. The
nematode community and soil food web were analyzed with Maturity (MI), Maturity (MI)2-5, Plant-parasite
(PPI), Basal (BI), Channel (Cl), Enrichment (El), and Structure (Sl) indices calculated according to Ferris
et al. (2001). Ml was used to assess disturbance in soil; lower values were considered as more disturbed,
and higher values as less disturbed soils. The MI2-5 value was used to indicate soil health status. Other
indices were computed to determine the state of the food web in the soil. While the El indicates nutrient
enrichment and availability, the Sl value gives information about the food web structure. The Bl also shows
the soil food web; higher values indicate worsened conditions. Cl was used to indicate whether organic
matter decomposition was related to bacterial or fungal feeder nematodes. Fungivore nematodes
dominated the decomposition at high CI values, while bacterivores played a primary role in decomposition
at low Cl values (Ferris et al., 2001).

Nematode Indicators Joint Analysis (NINJA) online software was used to prepare the c-p triangle
and soil food-web scheme (Sieriebriennikov et al., 2014). Based on nematode diversity the fields were
placed in different Quadrats (Figure 2) (Ferris, 2001)

| e |
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Fud0®) QuadrantD |/ QuadrantC
>
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Figure 2. Scheme representing soil food-web. Quadrant A. disturbed and enriched; Quadrant B: enriched and maturing; Quadrant
C: Matured; Quadrat D: Degraded (Ferris et al., 2001).

Results
The nematode genera, distribution, and trophic groups

In this study, 37 genera of nematodes were identified in 37 sunflower fields in Tekirdag. Nematodes
belonged to 8 orders (Aphelenchida, Chromadorida, Dorylaimida, Rhabditida, Mononchida, Triplonchida,
and Tylenchida), 8 suborders, and 22 families (Figure 3).
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Figure 3. The number of genera identified in sunflower fields in 11 districts.
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Specimens were classified into five trophic groups by feeding habitat. Of these, nine genera were
bacterivores, three were fungivores, six were predators, and three were omnivores. Fungivore and
bacterivores, omnivores, and predators were grouped under free-living nematodes. The plant-parasitic
nematodes belonged to 17 genera and included a plant-parasitic species (Ditylenchus dipsaci Kithn, 1857)
from the fungivore genera Ditylenchus. The most common nematodes in sunflower fields were bacterivores,
followed by fungi feeders, plant-parasitic, omnivores, and predators. In the sunflower fields, fungivores
dominated three samples, while bacterivores were prominent in five and plant feeders in eight samples. A
higher population of fungi and bacterivores were found in Stleymanpasa and Kapakli (Figure 4). The lowest
rate of plant parasitic nematodes in soil samples was 3.6%, and the highest was 69.1%. Omnivores were
found only in 86.5 % and predators in 43.2% of the fields. In some locations, the free-living nematode
population was high and plant-parasitic nematode were low in number.

90

80

70

60

50

40

30

20

10

0
BT ST RS 2P YRR LRTINNRSEYRISE
GpzzdgzisoeEEEzsEiaEesRiegoda0222
mmﬁgé ggg%IIII 880@@ DN DWN W

W W
Plant-parasitic wFungivore Bacterivore mOmnivore mPredator

Figure 4. The % proportion of nematodes with different feeding habitats in 37 sunflower fields surveyed in Tekirdag.

Identified free-living nematodes were classified under nine suborders and 14 families (Table 2). The
greater abundance of Ditylenchus Filipjev, 1936 (fungivore), Acrobeloides Cobb, 1924 (bacterivore),
Cephalobus Bastian, 1865 (Rhabditida: Cephalobidae (bacterivore), Mesodorylaimus Andrassy, 1959
(Dorylamida: Dorylaimidae) (bacterivore) was observed in sampled areas. An average of 69.3+35.8 (23-
234) free-living nematode individuals were found per 100 cm? of sail in each soil sample.

Twenty-two plant-parasitic nematode species belonging to two suborders and 11 families were
identified in sunflower fields in Tekirdag (Table 3). The abundance of plant parasitic nematodes in all soil
samples ranged from 41 to 234 individuals per 100 cm? soil. Of the recovered species, Filenchus filiformis
Ebsary, 1991 (Tylenchida: Tylenchidae), Geocenamus tesellatus (Goodey, 1952) Brzeski, 1991 (Tylenchida:
Merliniidae), Tylenchorhynchus annulatus Cobb, 1913 (Tylenchida: Belonolaimidae) and Pratylenchus
zeae Graham, 1951 were the most widespread. In contrast, Longidorus elongatus, Paratrophurus acristylus
Siddigi & Siddiqui, 1983 (Tylenchida: Telotylenchidae), and Xiphinema pachtaicum (Dorylaimida:
Longidoridae) were found to be rare.
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Table 2. Data representing taxonomic classification, c-p values, the occurrence, and abundance of free-living nematodes in sunflower
fields in Tekirdag (ba: bacterivore; fu: fungivore; om: omnivore; pr: predator)

) Abundance
Genera / species Fugttill?jnal Suborder Families OCC[(JJA:;Ence (min-ln(;gx ne3ma_todes/
cm® soil)

Achromadora Cobb,1913 Ba3 Chromadorina  Achromadoridae 5.4 1-2
Acrobeles Linstow, 1877 Ba2 Cephalobina Cephalobidae 27.0 3-21
Acrobeloides Cobb, 1924 Ba2 Cephalobina Cephalobidae 81.0 2-20
Alaimus de Man, 1880 Ba4 Dorylaimina Alaimidae 10.8 1-3
Cephalobus Bastian, 1865 Ba2 Rhabditina Cephalobidae 67.5 3-53
Cervidellus Thorne, 1937 Ba2 Cephalobina Cephalobidae 17.1 2-3
Monhystera Bastian, 1865 Ba2 Monhysterina Monhysteridae 8.1 2-5
Plectus Bastian, 1865 Ba2 Chromadorina Plectidae 2.7 2
Rhabditis Dujardin, 1845 Bal Rhabditina Rhabditidae 14.3 2-11
Wilsonema Cobb, 1913 Ba2 Chromadorina Plectidae 54 2
Aphelenchoides clarus Thorne & Malek, 1968 Fu2 Aphelenchina Aphelenchoididae 8.2 3-15
Aphelenchoides sacchari Hooper, 1958 Fu2 Aphelenchina Aphelenchoididae 35.1 7-27
Aphelenchoides obtusus Thorne & Malek, 1968 Fu2 Aphelenchina Aphelenchoididae 5.4 3-7
Aphelenchus avenae Bastian, 1865 Fu2 Aphelenchina Aphelenchidae 48.7 3-14
Ditylenchus geraerti (Paramonov, 1970) Fu2 Tylenchina Anguinidae 70.2 3-21
Aporcelaimellus Heyns, 1965 Om5 Dorylaimina Aporcelaimidae 24,3 2-3
Dorylaimus Dujardin, 1845 Oom4 Dorylaimina Dorylaimidae 40.5 1-4
Eudorylaimus Andrassy, 1959 Oom4 Dorylaimina Qudsianematidae 16.2 2-8
Mesodorylaimus Andrassy, 1959 om4 Dorylaimina Dorylaimidae 59.4 3-28
Prodorylaimus Andrassy, 1959 om4 Dorylaimina Dorylaimidae 5.4 2-3
Clarkus Jairajpuri, 1970 Pra Mononchina Mononchidae 2.7 7
Seinura Fuchs, 1931 Pr4 Aphelenchina Aphelenchoididae 8.1 2
Tripyla Bastian, 1865 Pr3 Tripylina Tripylidae 8.1 4-10

As well in Principle Component Analysis (PCA), nematode species nematodes were grouped based on
frequency as dominant (4 genera), frequent (6 genera), infrequent (15 genera), and rare (12 genera) (Figure 5).
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Figure 5. Principle component analysis (PCA) of nematode distribution pattern in sunflower fields in Tekirdag. Abundance and frequency
scheme of nematode genera. (Ach: Acromodora; Achrbls: Achrobeles; Achrbds: Achrobeloides; Ala: Alaimus; Aphl: Aphelenchoides;
Aph: Aphlenchus; Bit: Bitylenchus; Bol: Boleodorus; Cep: Cephalobus, Cer: Cervidellus; Cos: Coslenchus; Dit: Ditylenchus;
Dor: Dorylaimus; Eud: Eudorylaimus; Fil: Filenchus; Geo: Geocenamus; Hel: Helicotylenchus; Lon: Longidorus; Mes: Mesodorylaimus;
Mon: Monhystera; Pro: Prodorylaimus; Psi: Psilenchus; Par: Paratylenchus; Pry: Paratylenchus; Ple: Plectus; Pra: Pratylenchus;
Prt: Pratylenchoides; Rha: Rhabditis; Rot: Rotylenchus; Sak: Sakia; Sei: Seinura; Tyl: Tylenchorhynchus; Tri: Tripyla; Xip: Xiphinema.
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Table 3. Data representing taxonomic classification, c-p values, the occurrence and abundance of plant-parasitic nematodes in

sunflower fields in Tekirdag (Pp: Plant-parasitic; RHF: Root hair feeder)

Genera / species Fugﬁtiilgnal Suborder Families OCC[(JO;';;?nce (min-ggl:(nr?ejrggiodes/
100 cm? sail)
Bitylenchus parvus Jairajpuri 1982 Pp3/RHF Tylenchina Dolichodoridae 5.4 3-6
Boleodorus thylactus Thorne, 1941 Pp2/RHF Tylenchina Boleodorinae 16.2 2-3
Coslenchus alacinatus Siddigi, 1981 Pp2/RHF Tylenchina Tylenchidae 27.0 2-5
Ditylenchus dipsaci (Kihn, 1857) Filipjev,1936 PP2 Tylenchina Anguinidae 18.9 3-17
Filenchus filiformis Ebsary, 1991 Pp2/RHF Tylenchina Tylenchidae 51.3 7-23
Filenchus thornei (Andrassy, 1954) Andrassy, 1963 Pp2/RHF Tylenchina Tylenchidae 24.3 3-5
Filenchus cylindricus (Thorne & Malek, 1968) Pp2/RHF Tylenchina Tylenchidae 135 3-6
Geocenamus tesellatus (Goodey, 1952) Brzeski, 1991 Pp3 Tylenchina Merliniidae 43.2 2-32
Geocenamus brevidens (Allen, 1955) Siddiqi Pp3 Tylenchina Merliniidae 24.3 4-60
Helicotylenchus digonicus Perry, 1959 Pp3 Tylenchina Hoplolaimidae 21.6 8
Helicotylenchus tunisiensis Siddiqi, 1964 Pp3 Tylenchina Hoplolaimidae 5.4 3-4
Longidorus elongatus Mikoletzky, 1922 Pp5 Dorylaimina Longidoridae 2.7 2
Paratrophurus acristylus Siddiqi & Siddiqui, 1983 Pp3 Tylenchina Telotylenchidae 2.7 2
Pratylenchus thornei Sher & Allen 1953 Pp3 Tylenchina Pratylenchidae 135 2-17
Pratylenchus zeae Graham, 1951 Pp3 Tylenchina Pratylenchidae 29.7 4-7
Pratylenchoides alkani Yuksel, 1977 Pp3 Tylenchina Pratylenchidae 11.4 2-3
Psilenchus hilarulus de Man, 1921 Pp2 Tylenchina Boleodorinae 8.1 1-2
Rotylenchus buxophilus Golden, 1956 Pp3 Tylenchina Hoplolaimidae 10.8 3-4
Paratylenchus rotundicephalus Bajaj, 1988 Pp3 Tylenchina Paratylenchidae 5.4 2
Sakia allii Suryawanshi, 1971 Pp2/RHF Tylenchina Boleodorinae 5.4 5
Tylenchorhynchus annulatus Cobb, 1913 Pp3 Tylenchina Belonolaimidae 29.7 5-105
Xiphinema pachtaicum Tulaganov, 1938 P-P5 Dorylaimina Longidoridae 2.7 3

Omnivore, predator, fungivore, and bacterivore free-living nematodes recovered from sunflower
fields in Tekirdag were grouped from 1 to 5 depending on the colonizer-persister (c-p) values. Genera from
c-p2 were prominent among free-living nematodes. The % fraction of c-p2 nematodes in 37 soil samples
ranged between 43.75 and 100. In the sampled fields in Tekirdag, enrichment opportunist nematodes in
the c-pl class were found only in 6 fields (Figure 6). Furthermore, nematodes with c-p3 values were
detected in 6 areas, c-p4 in 34 areas and c-p5 values in 9 areas.

Plant-parasitic nematodes belonged to three c-p groups. The prevalence of c-p2, c-p3, and c-p5
among all sampled fields were 45.9%, 100%, and 5.4%, respectively. The nematodes in 20 fields belonged
to c-p3 only. Parallel to the frequent occurrence of the c-p3 class in survey areas, the population was also
higher in soils. Geocenamus was the dominant genus in c-p3, while Filenchus was the most common genus
in c-p2. The c-p5 nematode was detected only in two locations in Suleymanpasa, and two species

Longidorus elongatus, and Xiphinema pachtaicum, from this class were identified (Figure 7).
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Figure 6. The % proportion of free-living nematodes with different colonizer-persister values in 37 sunflower fields surveyed in Tekirdag.
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Figure 7. The % proportion of plant-parasitic nematodes with different colonizer-persister values collected from 37 surveyed sunflower
fields in Tekirdag.

Nematode diversity indices, soil food web, soil health

Several indices indicating nematode diversity and soil health were calculated for sunflower fields. As
seen in Figure 8, The Maturity index (MI) and, Maturity index (Ml)2s in fields differed; the mean value was
2.35+0.26 (2-3.12) for Ml and 2.37+0.28 (2-3.12) for (MI)2-5. The MI value of all fields was = 2 in. The
lowest value (2) was observed in two, and the highest was (3.12) in one field. Consequently, as the soils
with low MI index were examined, the abundance of bacterivore and fungivore from the c-p 1-2 group was
high compared to the other trophic groups. On the contrary, in soil with an Ml value above 3, the ratio of
plant, fungivore, and bacterivore nematodes was counted as 36%, 12%, and 16%. The mean PPI value
[2.91+0.15 (2.6-3.4)] was also found to be low in sunflower fields where endoparasitic, semi-endoparasitic,
and large-sized species like X. pachtaicum from Longidoridae are not common.

The Shannon-Weiner Diversity Index (H') was 1.9+0.3 (1-2.57). Pielou's Evenness Index (J') was
0.89£0.06 (0.7-0.98). The genera richness ranged between 4-17 (Figure 9).
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In each field, Basal (Bl), Channel (Cl), Enrichment (El), Plant parasite (PPI), and Structure (SI)
indices were calculated (Figure 10). The mean Cl was determined as 92.7+18.6 (33.3-100), which was
calculated as >50 in 91.9% of the fields. On the other hand, the average Bl was found to be 41.6+14.8
(15.2-66.7). This value was calculated as <30 in 11 fields, 30-60 in 22 fields, and =60 in five fields. The
mean El indicating nutrient enrichment was 37.49+10.2 (13.6-51.1), and 64.9% of fields had values under
40. Again, our average Structure Index value, determined as 43.13+21.3 (0-83.7), was very low in 11 fields.
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Figure 10. Channel (Cl), Basal (BI), Enrichment (El), and Structure (SI) Indices of nematode diversity of 37 sunflower fields
surveyed in Tekirdag.
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The c-p triangle plot prepared using c-p values of nematodes revealed that most of the nematodes
in sunflower fields in Tekirdag belonged to the c-p2 and c-p3-5 classes. As the soil food web scheme was
examined, the difference in the soil-food web in surveyed sunflower fields in Tekirdag can be seen. The
fields were replaced in four quadrats. Twenty-three (62.1 %) fields are located in the D quadrate. For
instance, fields in Suleymanpasa, Saray, Cerkezkoy, Malkara, and Marmara Ereglisi were placed in group
D. Based on the explanations of the scheme of Ferris et al. (2001), the soil conditions of 23 fields in this
gquadrate were considered degraded, and stressed, containing high levels of C: N and the fungal
decomposition is dominant. In this study, the species and population numbers of nematodes feeding on
fungi and bacteria have come to the fore in the fields located in the D quadrate, confirming this. Fungivore
D. geraerti, A. avenae, and Aphelenchoides species have been detected commonly in these fields.
However, seven (18.9 %) fields in quadrat C were undisturbed and fertile, containing more bacterivore and
fungivore species. On the contrary, fields in quadrat A (Hay15, Mal 11, Sul37) and quadrat B (Mar21, Siil12,
Sar29) had strongly or slightly disturbed soils with N-enriched characteristics. In these soils, bacterivore
nematodes were dominant (Figure 11).
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Figure 11. A) c-p triangle representing soil status of sunflower fields based on c-p group; B) the metabolic footprint of surveyed
sunflower fields; C) structure and enrichment status of the soil food web from sunflower fields.
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Discussion

Nematodes in Phylum Nematoda are one of the most abundant organisms in the soil ecosystem.
Their number of genera and species is also higher than other pests. Ritz et al. (2009) identified 183 biological
indicators to assess soil conditions, including parameters such as the biodiversity indices of nematodes,
number of taxa, and abundance. Since at least one genus of nematodes is present in every soil, they can
be used to measure the state of the structure of the soil food web (Pothula et al., 2022).

In the study carried out in the sunflower fields in Tekirdag province, free-living bacterivore and fungivore
nematodes, which adapt well to different soil conditions, were commonly distributed. At least one genus of
these nematodes was detected in each sunflower field. Accordingly, Acrobeloides, Cephalobus, and
Aphelenchus, a highly occurred genera in Tekirdagd, were reported to be common in agricultural areas in
several countries as well as in Turkiye (Bongers, 1990; Yildiz, 2007; Yildiz et al., 2017; Cetintas, 2017).
Identified free-living soil nematodes have been reported to have different contributions to organic material
decomposition and structure improvement in soil. Nematodes restore minerals and other nutrients to the
soil, which they decompose from bacteria, and other substrates by feeding. This affects the soil's amount
of elements like N, P, K, and Mg (Yeates et al., 1993; Yadaw et al., 2018). For instance, Tripyla and Clarkus,
which have a prevalence of 8.1% and 2.4% in sunflower fields in Tekirdag, respectively, feed on the soll
microbes and lead to N release. There is a balance in fertile, well-developed soils in the populations of
these nematodes, which are in different trophic groups and have different functions (Tahat et al., 2020).

In addition to free-living species, several plant parasitic nematodes were present in soil samples in
Tekirdag. According to the feeding strategy, nematodes were grouped as ectoparasites, semi-
endoparasites, and migratory endoparasites. Among ectoparasites Boleodorus, Filenchus, Paratylenchus,
and Sakia feed on plant root hairs, and feeding these species with several fungi has been mentioned in
several studies (Yeates, 1993). Ectoparasites, detected in 94.6% of all examined areas, were found to be
the most common in survey areas. Endoparasites were found only in 20 samples. Of the recovered species,
F. filiformis Ebsary, 1991, G. tesellatus (Goodey, 1952) Brzeski, 1991, T. annulatus Cobb, 1913 and P.
zeae Graham, 1951 were the most widespread. Commonly detected nematodes were weak plant-parasitic
species that did not cause plant damage or yield loss, while populations of all species remained below the
economic damage threshold. For example, P. zea has been reported as a poor host of sunflower
genotypes, and the population of the nematode was found low (33/250 cm? soil) in previous studies. For
this reason, rotation with sunflower is recommended in the control of P. zeae, which is very harmful to corn
plants (Bolton & Waele, 1989). Likewise, in a previous study dating back to 2001 by Kepenekgi, 19 plant
parasitic nematode species were identified in sunflower fields in Turkiye, and as in our study, G. tesellatus,
P. zeae, and C. allacinatus were the most common species in survey locations. Unlike the study of
Kepenekgci (2001), in our study, species from plant-parasitic B. thylactus, D. dipsaci, G. brevidens, and G.
tesellatus, L. elongatus, P. acristylus, P. hilarulus, and X. pachtaicum were found for the first time in
sunflower fields in Tekirdag. Among them, L. elongatus has been reported as a vector of viruses in some
plants, but no data were found about its damage in sunflowers. (Brown et al., 1995). D. dipsaci, can
parasitize more than 450 plants, especially onions and garlic (Greco et al., 1993).

The soil conditions of surveyed sunflower fields in Tekirdag were estimated based on identified soll
nematode diversity and related indices. In most of the fields calculated, Ml and MI2-5 values were under 3.
Values between 2-3 represent disturbance, stress, and a weak food web structure, and an Ml of more than
three indicates quality structured soil with a good food web (Du Preez et al., 2022). As a matter of fact, 21
fields we sampled in Tekirdag were found to have degraded structures. The Channel index (BI) value of
more than 50 in 34 fields indicates organic matter decomposition, mainly with fungivore nematodes
(Sanchez-Moreno & Ferris (2007). Indeed, in sunflower fields, fungivore nematodes such as Aphelenchus,
Aphelenchoides, and Ditylenchus genus dominate soils with a ClI value of 50 and above. Meanwhile,
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according to Sanchez-Moreno & Ferris (2007), a higher Enrichment index (El) indicates the bacterial
decomposition of organic material, and a value of around 35 was found in 24 fields. Again, Structure and
Basal indices were found to be less than 60. Even if the Sl value was 0 in two fields, assuming that an index
closes to 30 or low is considered a disrupted food web and high values as improved. In soils with higher El
and lower Sl values, fertility is high. In contrast, soils with higher Sl values are more suppressive to
opportunistic species (Sanchez-Moreno & Ferris, 2018).

According to the c-p triangle, most of the nematodes in survey areas belonged to the c-p2 group.
Short lifecycles and high reproduction characterize the identified c-p2 and c-p3 nematodes (Zhou et al.,
2023). The c-p 1 group nematodes were low in numbers and not highly distributed. The abundance of these
nematodes in the soil can be used to predict organic matter content and nitrogen mineralization in the soil
food web. Since soils with low c-p1 nematode species and individuals are characterized as poor in organic
matter (Ciobanu & Popovici, 2017). According to scheme of Ferris (2001), surveyed sunflower fields in Tekirdag
were generally located in Quadrats C and D in the soil food web scheme. Fungivores were common in
Quadrat D and fungivores/bacterivores in Quadrat C. In these sail diversity conditions C: N amount is quite
similar to the food source, and nearly half of C is consumed mostly by fungivores in respiration (Ferris,
1998). Additionally, bacterivore and fungivore nematodes increase the nitrogen content in the soil (Ferris,
2010). After the nematodes feed on organic residues, CO2 and NH4 are released, thus increasing soil fertility.
The nematodes retain 16% of the nitrogen, and 84% is released into the soil. Of the released N bacterivore
nematodes consume much more for survival (Khanum & Mahmood, 2021).

The present study provides information on the nematode community status and the relationship
between the present nematode species, soil structure, and soil food web in sunflower fields in Tekirdag.
Knowing the nematode community structure in agroecosystems will promote the development of new
policies to protect soil health.
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Original article (Orijinal aragtirma)

Contributions to the knowledge of Turkish saproxylic beetle fauna of
Anatolian sweetgum forests!

Anadolu sigla ormanlarinin Turkiye saproksilik b6cek faunasina katkilari
ismet HARMAN?" Mustafa AVCI3

Abstract

The aim of this study was to determine the saproxylic beetle species (Coleoptera) present in Anatolian
sweetgum, Liquidambar orientalis Miller (Saxifragales: Altingiaceae) forests, to reveal the contribution of this endemic
tree species to insect biodiversity. Beetles were sampled in two areas in Mugla province of Tirkiye, where L. orientalis
is the most widely distributed tree species. Five old trees (diameter at breast height 36.0-51.9 cm) were selected in
each area and two trap types were used on each tree. Traps were set on March 13, 2021, and checked once a month
for six months. At the end of the study, 1,302 individuals belonging to 108 species from 33 families were obtained. Fifteen
beetle species were new records for the fauna of Tirkiye. The families with most individuals were Curculionidae (555),
Anobiidae (325) and Tenebrionidae (104). Families with the highest number of represented species were Anobiidae
(15), Elateridae (13), Curculionidae (8) and Tenebrionidae (8). According to the IUCN Mediterranean Red List,
Ectamenogonus montandoni (Buysson, 1889) (Coleoptera: Elateridae) is classified as endangered (EN) and
Propomacrus bimucronatus (Pallas, 1781) (Coleoptera: Euchiridae) as vulnerable (VU).

Keywords: Coleoptera, dead wood, hollow trees, Liquidambar orientalis, saproxylic beetle
Oz

Bu caligmada, Anadolu sigla agaci, Liquidambar orientalis Miller (Saxifragales: Altingiaceae) ormanlarindaki
saproksilik bdcek turlerinin (Coleoptera) belirlenmesi ve endemik olan bu agag turinin bdcek biyolojik cesitliligine
katkisinin ortaya konulmasi amaglanmistir. Calisma, L. orientalis tiriiniin en genis yayilis yaptigi Turkiye’de Mugla iline
bagl iki 6rnek alanda gerceklestirilmistir. Bocekleri drneklemek amaciyla, her iki alanda beser adet yash (g6gus
yuksekligi ¢capi 36.0-51.9 cm) aga¢ segilmis ve her agagcta iki tuzak tipi kullanilmistir. Tuzaklar 13 Mart 2021 tarihinde
kurulmus ve alti ay boyunca ayda bir kere kontrol edilmistir. Calismanin sonunda 33 familyadan 108 ture ait 1302 adet
birey elde edilmistir. 15 bdcek tiriinin Tirkiye faunasi igin yeni kayit oldugu belirlenmistir. Curculionidae (555),
Anobiidae (325) ve Tenebrionidae (104) en yaygin bulunan familyalardir. Tur sayisi en yiksek familyalar ise Anobiidae
(15), Elateridae (13), Curculionidae (8) ve Tenebrionidae (8)'dir. IUCN’in Akdeniz kirmizi listesine gdre Ectamenogonus
montandoni (Buysson, 1889) (Coleoptera: Elateridae) tehdide agik (EN) ve Propomacrus bimucronatus (Pallas, 1781)
(Coleoptera: Euchiridae)’un duyarh (VU) sinifinda yer aldigi belirlenmistir.
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Contributions to the knowledge of Turkish saproxylic beetle fauna of Anatolian sweetgum forests

Introduction

The presence of dead standing trees or wood helps to increase forest productivity by providing
moisture, nutrients, organic matter and regeneration areas, and biodiversity by providing habitat and
nutrition for many species (Kirby et al., 1998; Nilsson et al., 2001; Aakala et al., 2008; Thorn et al., 2020),
reducing soil erosion and minimizing the negative impacts of climate change by sequestering carbon
(Krankina & Harmon, 1995; Chambers et al., 2000; WWF, 2004). Many species depend on the micro-
habitats formed by dead trees for their basic needs such as feeding, hiding, sheltering and nesting (Kaila
et al., 1997; WWEF, 2004). Species of saproxylic insects inhabiting these habitats are amongst the most
important groups of endangered invertebrates associated with old and dead trees in Europe (McLean &
Speight, 1993; Sama et al., 2011). Many species are also included in the European Red List (Nieto &
Alexander, 2010; Avgin et al., 2014).

Saproxylic insects contribute directly or indirectly to important ecosystem services associated with
wood fragmentation and decomposition (Stokland, 2012; Ramirez-Hernandez et al., 2019), nutrient cycling
(Samuelsson et al.,, 1994; Sverdrup-Thygeson & Ims, 2002), forest pest management and pollination
(Ulyshen, 2016; Micd, 2018). These insects bring their associated predators and fungi to the areas where
they occur (Hammond et al., 2001; Vanderwel et al., 2006; Dennis et al., 2018), thus indirectly accelerating
wood degradation (Mdller et al., 2002; Dennis et al., 2018). The IUCN European Red List gives an
assessment of 693 species of saproxylic beetles. Overall, 17.9% and 21.7% of species are considered
threatened in Europe and in the EU, respectively (Célix et al., 2018). Sixty-one species of the 320 saproxylic
beetles evaluated are threatened in the Mediterranean region, 29 species are near threatened and 131
species are data deficient (Garcia et al., 2018).

The genus Liguidambar, in the Altingiaceae, has four species globally (Ickert-Bond et al., 2005).
Liquidambar orientalis Miller (Saxifragales: Altingiaceae), Anatolian sweetgum tree is a relict and endemic
species from the third (Tertiary) period dating back to approx. 65 million years ago (Yildirim Senyer, 2014).
In Tlrkiye, it is distributed in Denizli (Ginlik Brook, Gerenis Brook, Golcik village), Antalya (Aksu Valley)
and Isparta (Sutciler), and is common in Mugla (Marmaris, Fethiye, Kéycegiz and Ula) (Efe, 1987, 2008;
Velioglu et al., 2008; Gocmen, 2010; Urker & Yalgin, 2011; Teker, 2013). Since L. orientalis is an endemic
species with a narrow distribution, it is of great importance in terms of protecting biodiversity and ensuring
the continuity of the forest ecosystem. The forest area of L. orientalis, one of the two species producing
sweetgum oil in the world (Oztiirk, 2008), has decreased from approximately 7000 hectares in 1947 to 900
hectares today (Hus, 1949; Topguoglu, 1968; Ozmen, 2011). Liquidambar orientalis was considered to be
in the category "Species under High Threat in the Medium-Term Future in Nature" in the list prepared
according to the IUCN Threat Categories in 2000, and in 2001, it was recognized by EUFORGEN as a
species that should be protected throughout Europe and included in the 'Valuable Leaves' status. In 2018,
it was upgraded from 'vulnerable-sensitive (VU-Vulnerable)' to 'threatened (EN-Endangered)' status in the
IUCN Red List, which classifies the threat status of species on a global scale (Ekim et al., 2000; Alan &
Kaya, 2003; Kavak & Wilson, 2018).

Studies on L. orientalis are a required part of the necessary measures for the conservation and
continuity of this species to future generations. As an important part of this process, Coleoptera saproxylic
insect species in L. orientalis forests in Mugla province were determined and the contribution of this
endemic tree species to insect biodiversity revealed.

Materials and Methods
Study area

The study was conducted in Mugla province in southwestern Tirkiye, where Liquidambar orientalis
has a wide distribution. Two sample areas [Kéycegiz/Kavakarasi (36°53'59.00"N, 28°42'42.00"E), Fethiye/ Ki¢uk
Kargi Nature Park (36°43'1.00"N, 29°1'17.00"E)] include dense stands of old, hollow, cavity trees and were
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found by utilizing the management plans of Mugla Regional Directorate of Forestry (Figure 1). The study
areas are at 0 to 15 meters altitude. Liquidambar orientalis is the dominant trees species in the study areas
and their surroundings. Smilax excelsa L. (Liliales: Smilacaceae), Hedera helix L. (Apiales: Araliaceae), Vitex
agnus-castus L. (Lamiales: Lamiaceae), Pinus brutia Ten. (Pinales: Pinaceae), Quercus ilex L. (Fagales:
Fagaceae), Ruscus aculeatus L. var. angustifolius Boiss (Asparagales: Ruscaceae) and Nerium oleander
L. (Gentianales: Apocynaceae) are also present in the same forests (Akbas, 2012; Anonymous, 2021).
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Figure 1. The location of study area.
Selection of trees and sampling of beetles

In the study areas, five old, hollow, cavity trees were located, and pitfall and window traps (Jansson
& Lundberg, 2000; Ranius & Jansson, 2002; Milberg et al., 2014) were set in each of them (Figure 2). The
traps were set at the beginning of the vegetation period, on 13/03/2021 and were checked once a month
for six months (April-September).

Figure 2. Window and pitfall traps used to collect saproxylic beetles in the study (a, b).

Date, location, trap type and trap number were recorded during the sampling times. In Kiigik Kargi
Nature Park, beetles were obtained by using the light trap (Stork et al., 2016) on 22/07/2021. Ultraviolet
and white light were used together in the trap (Garcia-Lopez et al., 2011). In addition, during the field
studies, the hollows, parts and other cavities of the fallen, leaning, and old trees in the field were examined
and beetles collected manually with an insect aspirator (Neumann et al., 2013). Beetles were brought to
the laboratory and placed in plastic tubes filled with 70% alcohol. The tubes were labelled by recording the
sampling area, date of collection, coordinates, trap type and number. Familial distinction was made with
the help of experts and using identification keys. Photographs of the prepared insect specimens were taken
with LEICA Z16 APO.
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The species obtained in the study were classified according to the IUCN Europa and Mediterranean
Red List (Calix et al., 2018; Garcia et al., 2018), and saproxylic beetles classified into trophic categories according
to their location in the tree and their feeding patterns (Carpaneto et al., 2015; Ulyshen, 2018) (Table 1).

Table 1. Trophic category of saproxylic insects (Carpaneto et al., 2015)

CO Commensal of SX/XY or of other saproxylic insects

MB Mycetophagous on carpophora of large fungi (mostly Polyporales) growing on veteran trees or on old stumps

MM Myrmecophilous or melittophagous inside hollow trees or stumps hosting colonies of ants or of other social Hymenoptera

MY Mycophagous (developing on ifae of saproxylic fungi or on micromycetes, yeasts and Myxomiceta)

NI other cavities in dead wood

Commensal in bird or small mammal nests, feeding on parts of dead animals including other insects inside hollow trees or

PR Predator (as larvae or imagoes) of SX/XY or of other saproxylic insects

SF XY, fungi or wounded by external physical agents

Feeding on fermented sap and exudates (usually including a mixture of bacteria and yeasts) produced by trees attacked by

SP Saprophytophagous on rotting vegetal matter associated with dead wood and wood debris

SX Saproxylophagous in dead wood during the whole process of its decomposition, including the wood mould inside hollow trees

UN Trophic category unknown

XY Xylophagous (fresh wood or bark but also developing on healthy trees)

Results and Discussion

During sampling, 108 species and 1 302 individuals belonging to 33 families of Coleoptera were
obtained (Table 2). Fifteen species were new records for Turkiye (Figure 3). Publications, especially Avgin
et al. (2014); Kogak (2014); Lébl & Smetana (2006, 2007, 2008, 2010, 2011, 2013); Lobl & Lobl (2015,
2016, 2017); Gulpergin & Tezcan (2016); Tezcan (2020) and Alonso-Zarazaga et al. (2017) were utilized
to determine whether the species had been recorded previously in Tirkiye. The Dorcatoma sp. was
determined to be a new species to science and identification studies continue. The newly recorded species
of saproxylic beetle fauna for Turkiye were from 11 families; the Curculionidae (Scolytinae) and
Eucnemidae (Macraulacinae and Melasinae) had three species each and the Scraptiidae (Anaspidinae and

Scraptinae), with two species, were particularly notable.

Table 2. Species and individual numbers by family (*New records for Tirkiye)

Family / Species Name Nur_n_ber of Presence IUCN CaFegory Trophic
Individuals Rate (%) Europa (Mediterranean) Category

ADERIDAE
Aderus populneus (Creutzer in Panzer, 1796) 1 0.08 SX
Gompelia ruficollis (Rossi, 1794) 5 0.38

ANOBIIDAE

Anobiinae
Anobium punctatum (De Geer, 1774) 132 10.14 XY
Dorcatoma farbiaki Zahradnik, 1998 8 0.61 MB
Dorcatoma sp. 18 1.38 MB
Falsogastrallus unistriatus (Zoufal, 1897) 15 1.15 XY
Lasioderma sp. 20 1.54
Mesocoelopus niger (P. W. J. Muller, 1821) 28 2.15 XY
Metholcus phoenicis (Fairmaire, 1859) 27 2.07 XY
Oligomerus ptilinoides Wollaston, 1854 4 0.31 XY
Ptilinus pectinicornis (L., 1758) 1 0.08 XY
Stagetus elongatus (Mulsant & Rey, 1861) 27 2.07 SX
Xyletinus sp. 1 0.08 XY
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Table 2. Continued

Number of Presence IUCN Category Trophic

Tl i EEeenes NEmE Individuals Rate (%) Europa (Mediterranean) Category

Ptininae
Dignomus frivaldszkyi (Reitter, 1884) 1 0.08
*Dignomus urbanus Borowski, 1999 40 3.07
Ptinus (Bruchiptinus) sp.1 2 0.15
Ptinus (Bruchoptinus) sp.2 1 0.08
ANTHRIBIDAE
Anthribinae
Noxius curtirostris (Mulsant & Rey, 1861) 8 0.61 XI/I(YS)X’

BOSTRICHIDAE

Bostrichinae

Scobicia chevrieri (Villa & Villa, 1835) 3 0.23 LC XY

CERAMBYCIDAE

Cerambycinae

Axinopalpis gracilis (Krynicki, 1832) 1 0.08 LC XY
Gracilia minuta (Fabricius, 1781) 1 0.08 LC XY
Stromatium unicolor (Olivier, 1795) 1 0.08 LC XY
Lamiinae
Anaesthetis testacea (Fabricius, 1781) 1 0.08 XY
Niphona picticornis Mulsant, 1839 1 0.08 XY
Prioninae
Aegosoma scabricorne (Scopoli, 1763) 2 0.15 LC XY
Rhaesus serricollis (Motschulsky, 1838) 16 1.23 NT
CIIDAE
*Cis tomentosus Mellié, 1849 4 0.31 MB
Cis villosulus (Marsham, 1802) 1 0.08
CLERIDAE
Clerinae
Clerus mutillarius Fabricius, 1775 8 0.61 PR
Tillinae
Denops albofasciatus (Charpentier, 1825) 1 0.08 PR
COLYDIDAE
Colydiinae
*Colydium filiforme Fabricius, 1792 1 0.08
Synchita mediolanensis Villa & Villa, 1833 3 0.23

CORYLOPHIDAE

Corylophinae

Arthrolips sp. 1 0.08 MY
CURCULIONIDAE
Cossoninae
Melicius cylindrus (Boheman, 1838) 6 0.46 SX
Stenoscelis (Stenoscelis) submuricata (Schoenherr, 1832) 33 2.53 SX
Scolytinae
*Ambrosiodmus rubricollis (Eichhoff, 1875) 2 0.15 MY
Hypothenemus eruditus (Westwood, 1834) 5 0.38
Kissophagus vicinius (Comolli, 1837) 3 0.23
*Scolytus orientalis Eggers, 1910 1 0.08
Xyleborinus saxesenii (Ratzeburg, 1837) 492 37.79 MY
*Xylosandrus crassiusculus (Motschulsky, 1866) 13 1.00 MY
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Table 2. Continued

Number of Presence IUCN Category Trophic

Tl i EEeenes NEmE Individuals Rate (%) Europa (Mediterranean) Category

DASYTIDAE
Dasytinae
Dasytes (Dasytes) tardus Schaufuss, 1872 8 0.61
Rhadalinae
Aplocnemus (Aplocnemus) rufipes Miller, 1862 2 0.15 PR

DERMESTIDAE

Megatominae

Anthrenus (Florilinus) verbasci (L., 1767) 7 0.54

Thorictus grandicollis grandicollis Germar, 1842 1 0.08

Trogoderma glabrum (Herbst, 1783) 3 0.23

ELATERIDAE
Agrypninae
Adelocera pygmaea (Baudi, 1871) 2 0.15 EN
Lacon punctatus (Herbst, 1779) 2 0.15 LC PR
Dendrometrinae

Elathous emrei Platia et al., 2011 1 0.08

Elathous rufobasalis Wurst, 1994 6 0.46

*Hypnoidus riparius (Fabricius, 1792) 2 0.15

Elaterinae

Ampedus cinnabarinus Eschscholtz, 1829 1 0.08 LC PR
Agriotes acuminatus (Stephens, 1830) 1 0.08

Agriotes brevis Candéze, 1863 16 1.23

Agriotes paludum Kiesenwetter, 1859 1 0.08

Agriotes sputator (L., 1758) 13 1.00

Ectamenogonus montandoni (Buysson, 1889) 1 0.08 NT (EN) PR
Haterumelater fulvago (Marseul, 1868) 28 2.15

Pittonotus theseus (Germar, 1817) 26 2.00

ENDOMYCIDAE

Anamorphinae

Symbiotes gibberosus (Lucas, 1846) 3 0.23 MB
EUCHIRIDAE
Euchirinae
Propomacrus bimucronatus (Pallas, 1781) 5 0.38 NT (VU)
EUCNEMIDAE
Macraulacinae
*Dromaeolus simplicifrons Otto, 2016 2 0.15
Melasinae
*Brevisegmentus miyatakei (Hisamatsu, 1955) 3 0.23
*Melasis balwanti Fleutiaux, 1934 2 0.15
HISTERIDAE
Dendrophilinae
Cyclobacanius soliman (Marseul, 1862) 1 0.08 PR
Histerinae
Platysoma (Platysoma) compressum (Herbst, 1783) 3 0.23 PR
Tribalinae
Epierus comptus Erichson, 1834 2 0.15 PR
Tribalus anatolicus Olexa, 1980 1 0.08
Pseudepierus italicus (Paykull, 1811) 1 0.08 PR
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Table 2. Continued

Number of Presence IUCN Category Trophic

Tl i EEeenes NEmE Individuals Rate (%) Europa (Mediterranean) Category

LANGURIIDAE
Cryptophilinae
*Cryptophilus integer (Heer, 1841) 2 0.15
LATRIDIIDAE
Corticariinae
Corticaria sp. 1 0.08 MY
Melanophthalma (Melanophthalma) distinguenda (Comolli, 1837) 4 0.31 MY
Latridiinae
Enicmus rugosus (Herbst, 1793) 1 0.08 MY
Latridius minutus (L., 1767) 5 0.38 MY
LUCANIDAE
Lucaninae
Dorcus parallelipipedus (L., 1785) 12 0.92 LC SX
MALACHIIDAE
Malachiinae
Troglops sp. 2 0.15
MONOTOMIDAE
Monotoma sp. 1 0.08 MY
MORDELLIDAE
Mordellinae
Mordellistena sp.1 5 0.38 SX
Mordellistena sp.2 2 0.15 SX
Tomoxia bucephala (Costa, 1854) 1 0.08 SX

MYCETOPHAGIDAE

Mycetophaginae

Mycetophagus decempunctatus Fabricius, 1801 1 0.08 LC MY
NITIDULIDAE
Nitidulinae
Amphotis orientalis Reiche, 1861 3 0.23 MM
Omosita discoidea (Fabricius, 1775) 5 0.38

OEDEMERIDAE

Oedemerinae

Oedemera (Oncomera) flavicans (Fairmaire, 1860) 9 0.69 SX
PHALACRIDAE
Phalacrinae
Stilbus sp. 1 0.08
PYROCHROIDAE
Hemidendroides ledereri (Ferrari, 1869) 3 0.23
SCIRTIDAE
Prionocyphon ornatus Abeille de Perrin, 1881 8 0.61
SCRAPTIIDAE
Anaspidinae
Anaspis (Anaspis) lurida Stephens, 1832 12 0.92 SX
Anaspis (Anaspis) thoracica (L., 1758) 2 0.15
*Anaspis (Silaria) varians Mulsant, 1856 6 0.46
Scraptiinae
*Scraptia ferruginea Kiesenwetter, 1861 1 0.08
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Table 2. Continued

Number of Presence IUCN Category Trophic

Tl i EEeenes NEmE Individuals Rate (%) Europa (Mediterranean) Category

SPHINDIDAE
Sphindinae
Aspidiphorus orbiculatus (Gyllenhal, 1808) 4 0.31 MY
*Sphindus dubius (Gyllenhal, 1808) 3 0.23 MY
STAPHYLINIDAE
Pselaphinae
Batrisodes sp. 1 0.08
Staphylininae
Hesperus auricomus Schillhammer et al., 2007 3 0.23
Quedius (Raphirus) sp.1 1 0.08
Quedius (Raphirus) sp.2 3 0.23
Tachyporinae
Tachinus laticollis Gravenhorst, 1802 6 0.46
Tachyporus hypnorum (Fabricius, 1775) 3 0.23
Tachyporus nitidulus (Fabricius, 1781) 1 0.08
Xantholininae
Xantholinus sp. 3 0.23
TENEBRIONIDAE
Alleculinae
Allecula estriata Seidlitz, 1896 24 1.84
Mycetochara quadrimaculata (Latreille, 1804) 59 4.53 NT SX
Prionychus ater (Fabricius, 1775) 10 0.77 LC SX
Diaperinae
Diaperis boleti (L., 1758) 2 0.15 LC MB
Tenebrioninae
Bolitophagus reticulatus (L., 1767) 2 0.15 MB
Nalassus plebejus (Kister, 1850) 2 0.15 SX
*Uloma ferruginea (Piller & Mitterpacher, 1784) 5 0.38
TOTAL 1302 100

Dignomus urbanus Borowski, 1999 (Coleoptera: Anobiidae) was first identified in Saudi Arabia and
described in 1999 (L6bl & Smetana, 2007). With this study, Tirkiye became the second known country of
distribution of this species, particularly notable because a high number of individuals (40 individuals) were
found among the new records.

Cis tomentosus Mellie, 1848 (Coleoptera: Ciidae) is distributed in Europe, Asia, and North Africa
(Jelinek, 2008; Amini et al., 2020). It appears to be associated with fungi in the genus Trichaptum and
reports from Alnus sp. (Betulaceae) and Fagus sp. (Fagaceae) are available (Amini et al., 2020). Colydium
filiforme Fabricius, 1792 (Coleoptera: Colydidae) is distributed in Europe and Asia (Wegrzynowicz, 1999;
Otero & Ghahari, 2020). No data on host records were found.

Three species of the subfamily Scolytinae are new records for the fauna of Turkiye. Among these
species, Ambrosiodmus rubricollis (Eichhoff, 1875) is commonly found in the Far East and is endemic to
Asia, although it also occurs in Australia (Wood & Bright, 1992), North America (Bright, 1968) and Europe
(Italy and Slovenia) (Faccoli et al., 2009; Gomez et al., 2018). It has a wide host range and is mostly found
on broad-leaved trees and shrubs (Faccoli et al., 2009; EPPO, 2023). It has been detected on Liquidambar
styraciflua L. (Saxifragales: Altingiaceae) in the state of Florida in the United States of America (You et al.,
2015). Scolytus orientalis Eggers, 1910 has been reported from Russia, Bulgaria, Ukraine, Iran, and
Turkmenistan (Petrov, 2021; Alonso-Zarazaga et al., 2017). It was detected on Ulmus glabra Huds., U.
laevis Pall., U. pumila L. (Rosales: Ulmaceae) and Zelkova carpinifolia (Pall.) (Rosales: Ulmaceae) in
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European Russia (Petrov, 2021). Xylosandrus crassiusculus (Motschulsky, 1866) has been recorded in
Europe, Africa, Asia, and America (Atkinson et al., 2011; Gomez et al., 2018; Alonso-Zarazaga et al., 2017).
This species, which is polyphagous, including coniferous and broadleaf species, was also found in L.
styraciflua in Florida (Schedl, 1963; Wood, 1982; Pennacchio et al., 2003; Atkinson et al., 2011).

Some of the species newly recorded in Turkiye were previously detected mostly in Europe.
Hypnoidus riparius (Fabricius, 1792) (Coleoptera: Elateridae) has been recorded in Europe and Asia (Lobl
& Smetana, 2007) and is reported to be rarely seen in agricultural areas (EPPO, 2023). Cryptophilus integer
(Heer, 1841) (Coleoptera: Languriidae) has been detected in Europe, Asia, Africa and South America
(Ljubarsky, 1995; Ljubarsky, 1997; Ott6, 2004). Anaspis (Silaria) varians Mulsant, 1856 of the Scraptiidae
family has been found in many countries in Europe and in Cyprus and Syria in Asia, while Scraptia
ferruginea Kiesenwetter, 1861 was previously reported in Slovakia, Slovenia and Switzerland in Europe
(L6bl & Smetana, 2008). Sphindus dubius (Gyllenhal, 1808), of the Sphindidae, has been reported from
many countries in Europe, Algeria and the Canary Islands in North Africa (L6bl & Smetana, 2007). The
species Uloma ferruginea (Piller & Mitterpacher, 1784) (Coleoptera: Tenebrionidae) has been detected in
Europe; it was found in Albania, Bosnia and Herzegovina, Croatia, and Romania (de Jong et al., 2014).

Three species from the family Eucnemidae identified in the study are also among the species new
for the fauna of Turkiye. These species have been reported to spread from Laos, Thailand, Japan, and
India in the Eastern Palearctic Region. It was stated that these species [Dromaeolus simplicifrons Otto,
2016, Brevisegmentus miyatakei (Hisamatsu, 1955) and Melasis balwanti Fleutiaux, 1934 (Coleoptera:
Eucnemidae)] are rare species. Brevisegmentus miyatakei occurs on broad-leaved trees and M. balwanti
on Gynocardia odorata R. Br. (Malpighiales: Achariaceae) (Otto, 2016).

Figure 3. Examples of species of saproxylic beetle new to the fauna of Tiirkiye: a) Dignomus urbanus, b) Cis tomentosus, c) Colydium
filiforme, d) Ambrosiodmus rubricollis, €) Scolytus orientalis, f) Xylosandrus crassiusculus, g) Hypnoidus riparius, h) Dromaeolus
simplicifrons, i) Brevisegmentus miyatakei, j) Cryptophilus integer, k) Anaspis (Silaria) varians, I) Sphindus dubius.
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individuals (Figure 5).

Figure 4. The number of saproxylic beetle species per family caught in studies of Liquidambar orientalis in Turkiye.

Figure 5. The number of individuals per family of saproxylic beetle caught in studies of Liquidambar orientalis in Turkiye.
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Although the number of species in the family Buprestidae was high in saproxylic beetle studies
conducted on different tree species (oak, cedar-oak, beech) in different areas (Adana-Kozan, Mersin-
Gilnar, Kahramanmaras-Andirin) in Turkiye (Glrkan, 2011; Laz, 2015; Varh et al., 2021; Goktepe, 2022),
no species in this family were detected in our study. These differences may be due to regional differences
or the tree species examined (Mufioz-Lopez et al., 2016). However, other studies and the families with high
number of species in this study and other studies are similar (Gurkan, 2011; Atay et al., 2012; Laz, 2015;
Varli et al., 2021; Goktepe, 2022).

Examining numbers of species according to trap types, 1219 individuals of 97 species were obtained
from window traps and 38 individuals of 19 species from pitfall traps. Of these species, 15 were found in
both trap types. Four species [Ptinus (Bruchoptinus) sp.2 (Coleoptera: Anobiidae), Stromatium unicolor
(Olivier, 1795) (Coleoptera: Cerambycidae), Lacon punctatus (Herbst, 1779) (Coleoptera: Elateridae) and
Tribalus anatolicus Olexa, 1980 (Coleoptera: Histeridae)] were caught only in pitfall traps. Eighty two of 97
species were found only in window traps. Seven species [Ptinus (Bruchiptinus) sp.1 (Coleoptera:
Anobiidae), S. orientalis, Ectamenogonus montandoni (Buysson, 1889) (Coleoptera: Elateridae), Epierus
comptus Erichson, 1834 (Coleoptera: Histeridae), Pseudepierus italicus (Paykull, 1811) (Coleoptera:
Histeridae), Stilbus sp. (Coleoptera: Phalacridae), Diaperis boleti (L., 1758) (Coleoptera: Tenebrionidae)]
were collected only by light trap and hand; these species were not detected in window or pitfall traps. In
places where pitfall traps were set, disturbance problems such as filling of the traps with soil and removal
of the traps were encountered. The fact that some larger animal species also use the hollow trees where
pitfall traps were located and that the cavities are secluded and sheltered are thought to explain the low
number of individuals recovered, compared to window traps. In addition, the larger surface area of the
window traps may also affect the results (Peuhu et al., 2019). In studies where these types of traps were
used, it was reported that the number of species caught was lower in pitfall traps (Ranius & Jansson, 2002;
Milberg et al., 2014; Peuhu et al., 2019).

A comparison of insect numbers caught in the different sampling areas showed that 72 species and 765
individuals were caught in Kdycegiz, with 71 species and 492 individuals caught in Fethiye. Although it was
expected that the number of species and individuals would be higher in Fethiye due to its protected status,
more individual insects were obtained in Kdycegiz. A possible reason for this effect is that the insect population
is negatively affected by human tourism activities in the protected area. Since sweetgum oil is produced by
peeling and wounding the bark of the trees in the area in Kdycegiz, the trees are weakened. For this reason,
more individuals of Scolytinae (Curculionidae) were obtained, which includes secondary pest species.

In Fethiye, 23 saproxylic beetles belonging to 10 species of Cerambycidae [Rhaesus serricollis
(Motschulsky, 1838), 8 individuals] and Elateridae (Elathous rufobasalis Wurst, 1994, 5 individuals) families
were caught with light traps. In addition, 20 individuals of 7 species in Fethiye and 2 individuals of 2 species
in Kdycegiz were found in fallen trees by hand collection. Dorcus parallelipipedus (L., 1785) (Coleoptera:
Lucanidae) in the Lucanidae family was the most common species with 9 individuals.

In the study, X. saxesenii from the subfamily Scolytinae was the most common species found, with
492 individuals, representing approximately 38% of the total number of individuals. Of the individuals
obtained from this species, 445 were from Kdycegdiz and 47 from Fethiye. This situation is also possibly
related to the production of sweetgum oil by peeling and injuring the bark of trees in the area in Kéycegiz.
In several studies on bark and ambrosia beetle species conducted in Tirkiye (Sarikaya, 2013a, b; Sarikaya
& Sayin, 2016, Sarikaya, 2019), X. saxesenii has been the most common species found. One of these
studies was conducted on L. orientalis (Sarikaya, 2013b). In a study conducted in the USA on L. styraciflua,
a high number (566 individuals) of X. saxesenii was also detected (Ulyshen & Hanula, 2009).

Sixteen species found in this study are included in the Red List of the IUCN Europaea (Carpaneto et
al., 2015). Adelocera pygmaea (Baudi, 1871) (Elateridae) is considered endangered (EN). Ectamenogonus
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montandoni, R. serricollis, Mycetochara quadrimaculata (Latreille, 1804) (Coleoptera: Tenebrionidae) and
Propomacrus bimucronatus (Pallas, 1781) (Coleoptera: Euchiridae) are classified as near threatened (NT).
Of these species, 11 are classified as low risk (LC). According to IUCN Mediterranean Red List, E.
montandoni and P. bimucronatus are endangered (EN) and vulnerable (VU), respectively. Ectamenogonus
montandoni (Jansson & Coskun, 2008; Avci et al., 2010; Atay et al., 2012) and P. bimucronatus (Onucar &
Ulu, 1986; Tezcan & Pehlivan, 2001; Jansson & Coskun, 2008; Goktepe, 2022) were also detected in some
saproxylic beetle studies conducted in Tirkiye.

The trophic category classification for 57 of the 108 species identified in the study was determined.
While some species of Cerambycidae (XY: Xylophagous), Histeridae (PR: Predator), Latridiidae (MY:
Mycophagous) were in one category, certain species from, for example, the Curculionidae (MY, SX:
Saproxylophagous), Anobiidae (MB: Mycetophagous, SX, XY), Tenebrionidae (MB, SX) are in two or more
categories. When examined at the taxon level, 15 species were classified as XY, 13 species as SX, 12
species as MY, 10 species as PR, 6 species as MB and 1 species as MM (Myrmecophilous or
melittophagous). Xyleborinus saxesenii, with the highest number of individuals found in the study, is in the
MY category. Ectamenogonus montandoni is also in the PR trophic category, which is categorized as
endangered (EN) in the IUCN Mediterranean Red List (Carpaneto et al., 2015).

Conclusion

Understanding biodiversity has a crucial role in the conservation and management of forest areas
with a sustainability approach. In particular, creatures living naturally in micro-habitats, such as tree hollows,
are indicators of sustainable forest management. When the results of the study and the related literature
were examined, the importance of L. orientalis forests to biodiversity in Turkiye and even globally becomes
clear. Only 15 of the 108 insect species obtained in this study are new to the fauna of Turkiye. There is no
doubt that this number will increase with further studies. The protection of this tree species, the distribution
area of which is decreasing in Tirkiye, will ensure the protection of the biodiversity it contains. However,
tourism activities, sweetgum oil production activities, illegal cutting and clearing activities in some areas
pose a risk to the future of the species. The main purpose of overall management in sweetgum oil
production areas should be the protection of these trees rather than oil production. In these areas, the
sustainability of the forest can be ensured by leaving old trees in the field. Moreover, oil production can be
continued in these areas. In addition, the presence of old trees is very important for protecting biodiversity
and ensuring the continuity of the ecosystem. In this way, it will be possible to transfer this tree species and
the biodiversity it supports to future generations.

Acknowledgements

We thank Sikran Oguzoglu for her help with sorting and classification of the beetle material, and
Steve Woodward for editing and valuable comments. Our special thanks are also for; Nicolas Gompel
(Aderidae), Vladimir Novak (Alleculinae), Thomas Barnouin (Anobiidae), Andrei Legalov (Anthribidae),
Jerzy Borowski (Bostrichidae), Pierpaolo Rapuzzi (Cerambycidae), Roman Krélik (Ciidae), Nicklass
Jansson (Cleridae, Colydidae, Endomycidae, Euchiridae, Mycetophagidae), Vitaly Alekseev
(Corylophidae), José Carlos Otero Gonzalez (Cryptophagidae, Latridiidae), Mahmut Erbey (Cossoninae),
Gianfranco Liberti (Dastyidae), Jifi Hava (Dermestidae), Giuseppe Platia and Mahmut Kabalak (Elateridae),
Robert Otto (Eucnemidae), Stawomir Mazur (Histeridae), Georgy Y. Ljubarsky (Languriidae, Phalacridae),
Robert Constantin (Malachiidae), Josef Jelinek (Nitidulidae), Enrico Ruzzier (Scraptiidae, Mordellidae),
Stanislav Snall (Oedemeridae), Dmitry Telnov (Pyrochroidae), Konstantin Base (Anaspidinae), Milo3
Knizek (Scolytinae), Jerzy Borowski (Ptininae), Rafal Ruta (Scirtidae), Roman Krolik (Sphindidae), Sinan
Anlag (Tachyporinae, Pselaphinae), Senem Ozdemir (Xantholininae, Staphylininae) and Fabien Soldati
(Tenebrionidae) for identification of the beetles.

426



Harman & Avci, Turk. entomol. derg., 2023, 47 (4)

References

Aakala, T., T. Kuuluvainen, S. Gauthier & L. De Grandpré, 2008. Standing dead trees and their decay-class dynamics
in the northeastern boreal old-growth forests of Quebec. Forest Ecology and Management, 255 (3-4): 410-420.

Akbas, K., 2012. Mugla ilinde Dogal Yayilis Gésteren Liquidambar orientalis Mill. Ormanlarinin Floristik Ozellikleri.
Mugla Universitesi, Fen Bilimleri Enstitiisii, (Unpublished) Yilksek Lisans Tezi, Mugla, Tirkiye, 110 pp (in
Turkish with abstract in English).

Alan, M. & Z. Kaya, 2003. Technical Guidelines for Genetic Conservation and Use for Oriental Sweet Gum (Liquidambar
orientalis). EUFORGEN, Bioversity International, 6 pp (Web page:
https://cgspace.cgiar.org/bitstream/handle/10568/104348/923.pdf?sequence=3&isAllowed=y) /_(date
accessed: May 2023).

Alonso-Zarazaga, M. A., H. Barrios, R. Borovec, P. Bouchard, R. Caldara, E. Colonnelli, L. Giltekin, P. Hlavap, B.
Korotyaev, C. H. C. Lyal, A. Machado, M. Meregalli, H. Pierotti, L. Ren, M. Sanchez-Ruiz, A. Sforzi, H.
Silfverberg, J. Skuhrovec, M. Tryzna, A. J. Velazquez de Castro & N. N. Yunakov, 2017. Cooperative Catalogue
of Palaearctic Coleoptera Curculionoidea. Monografias Electrénicas SEA, Zaragoza, Spain, 729 pp.

Amini, S., R. Krolik, J. Nozari, M. E. Farashiani & F. Kazerani, 2020. A survey of Ciidae Leach, 1819 (Coleoptera:
Tenebrionoidea) of the Hyrcanian Forest (Iran) with new faunistic records. Zoodiversity, 54 (4): 317-328.

Anonymous, 2021. Kigukkargl Tabiat Parki. (Web page: http://kucukkargi.tabiat.gov.tr/) (Date accessed: November
2022) (in Turkish).

Atay, E., N. Jansson & T. Gurkan, 2012. Saproxylic beetles on old hollow oaks (Quercus spp.) in a small isolated area
in southern Turkey: (Insecta: Coleoptera). Zoology in the Middle East, 57 (1): 105-114.

Atkinson, T. H., J. L. Foltz, R. C. Wilkinson & R. F. Mizell, 2011. Granulate ambrosia beetle, Xylosandrus crassiusculus
(Motschulsky) (Insecta: Coleoptera: Curculionidae: Scolytinae): EENY131/IN288, rev. 3/2011. EDIS, 5 (6): 4 pp.

Avci, M., O. Sarikaya, N. Jansson & M. Coskun, 2010. “The beetle fauna on old oaks (Quercus spp.) in Kasnak Forest
east of Isparta in Turkey, 118”. The Oak-Ecology, History, Management and Planning II. (01-03 June 2010,
Isparta/TURKEY), Suleyman Demirel University, Isparta, Turkiye, 130 pp.

Avgin, S. S., I. Dertli & A. BarSevskis, 2014. A review of Turkish saproxylic beetles from the European Red List. Journal
of Entomological Science, 50 (1): 13-50.

Bright, D.E., 1968. Review of the tribe Xyleborini in America North of Mexico (Coleoptera: Scolytidae). The Canadian
Entomologist, 100 (12): 1288-1323.

Cdlix, M., K. N. A. Alexander, A. Nieto, B. Dodelin, F. Soldati, D. Telnov, X. Vazquez-Albalate, O. Aleksandrowicz, P.
Audisio, P. Istrate, N. Jansson, A. Legakis, A. Liberto, C. Makris, O. Merkl, R. Mugerwa Pettersson, J.
Schlaghamersky, M. A. Bologna, H. Brustel, J. Buse, V. Novak & L. Purchart, 2018. European Red List of
Saproxylic Beetles. IUCN, Brussels, Belgium, 12 pp.

Carpaneto, G. M., C. Baviera, A. B. Biscaccianti, P. Brandmayr, A. Mazzei, F. Mason, A. Battistoni, C. Teofili, C.
Rondinini, S. Fattorini & P. Audisio, 2015. A Red List of Italian Saproxylic Beetles: taxonomic overview,
ecological features and conservation issues (Coleoptera). Fragmenta Entomologica, 47 (2): 53-126.

Chambers, J. Q., N. Higuchi, J. P. Schimel, L. V. Ferreira & J. M. Melack, 2000. Decomposition and carbon cycling of
dead trees in tropical forests of the central Amazon. Oecologia, 122 (3): 380-388.

De Jong, Y., M. Verbeek, V. Michelsen, P. de Place Bjarn, W. Los, F. Steeman, N. Bailly, C. Basire, P. Chylarecki, E.
Stloukal, G. Hagedorn, F. T. Wetzel, F. Gléckler, A. Kroupa, G. Korb, A. Hoffmann, C. Hauser, A. Kohlbecker,
A. Miiller, A. Guntsch, P. Stoev & L. Penev, 2014. Fauna Europaea-all European animal species on the web.
Biodiversity Data Journal, 2: e4034.

Dennis, R. W., J. R. Malcolm, S. M. Smith & M. I. Bellocq, 2018. Response of saproxylic insect communities to logging
history, tree species, stage of decay, and wood posture in the central Nearctic boreal forest. Journal of Forestry
Research, 29 (5): 1365-1377.

Efe, A., 1987. Liquidambar orientalis Mill.'in morfolojik ve patolojik 6zellikleri iizerine arastirmalar. i.U. Orman Fakdltesi
Dergisi, 37 (2): 84-114 (in Turkish with abstract in English).

Ekim, T., M. Koyuncu, M. Vural, H. Duman, Z. Ayta¢c & N. Adiglizel, 2000. Turkiye Bitkileri Kirmizi Kitabi. Turkiye
Tabiatini Koruma Dernegi, Ankara, Turkiye, 246 pp (in Turkish).

427



Contributions to the knowledge of Turkish saproxylic beetle fauna of Anatolian sweetgum forests

EPPO, 2023. European and Mediterranean Plant Protection Organization Documentation. (Web address:
https://www.eppo.int/media/uploaded_images/ACTIVITIES/plant_protect_products/zonal_assessment/20-
25719 zonal_example_wireworms.pdf) (Date accessed: November, 2021).

Faccoli, M., G. Frigimelica, N. Mori, E. Petrucco Toffolo, M. Vettorazzo & M. Simonato, 2009. First record of
Ambrosiodmus (Hopkins, 1915) (Coleoptera: Curculionidae, Scolytinae) in Europe. Zootaxa, 2303 (1): 57-60.

Garcia-Lopez, A., E. Micd, M. A. Zumbado & E. Galante, 2011. Sampling scarab beetles in tropical forests: The effect
of light source and night sampling periods. Journal of Insect Science, 11 (1): 95 (1-14).

Garcia, N., C. Numa, L. Bartolozzi, H. Brustel, J. Buse, M. Norbiato, J. I. Recalde, J. L. Zapata, B. Dodelin, E. Alcazar,
V. Barrios, A. Verdugo, P. Audisio, E. Mico, J. C. Otero, P. Bahillo, A. Vifiolas, L. Valladares, M. Méndez, S. El
Antry & G. Eduardo, 2018. The Conservation Status and Distribution of Mediterrenean Saproxylic Beetles.
IUCN, Malaga, Spain, 58 pp.

Gomez, D. F., R. J. Rabaglia, K. E. Fairbanks & J. Hulcr, 2018. North American Xyleborini north of Mexico: a review
and key to genera and species (Coleoptera, Curculionidae, Scolytinae). ZooKeys, 768 (3): 19-68.

Gocmen, B., 2010. Turkiye'deki Relikt Endemik Sigla Adaci (Liquidambar orientalis Mill. var. ve L. orientalis Mill. var.
integriloba Fiori) Populasyonlarinda Genetik Cesitliligin Izoenzimler ve RAPD (Rastgele Uretilen Polimorfik
DNA) Belirtecleri Yardimiyla Saptanmasi. TUBITAK Tovag-1040529, Project Unpublished Report, 144 pp (in
Turkish with abstract in English).

Goktepe, S., 2022. Mersin Yoresinde Farkl Yaslardaki Mese Ormanlarinda Megcere Yapisi ile Saproksilik Bocekler ve
Kuglar Arasindaki lligkiler. Isparta Uygulamali Bilimler Universitesi, Lisanststu Egitim Enstitisti, (Unpublished)
Doktora Tezi, Isparta, Turkiye, 217 pp (in Turkish with abstract in English).

Gllpercin, N. & S. Tezcan, 2016. Turkiye orman ekosistemlerinin Elateridae (Insecta: Coleoptera) faunasi tizerinde bir
degerlendirme. Bartin Orman Fakultesi Dergisi, 18 (1): 132-144.

Gurkan, T., 2011. Adana-Kozan-Eskimantas Koy Mevkiinde Yasli Mese Agaclarindaki Coleoptera Faunasinin
Belirlenmesi. Mustafa Kemal Universitesi, Fen Bilimleri Enstitiist, (Unpublished) Yuksek Lisans Tezi, Hatay,
Tirkiye, 68 pp (in Turkish with abstract in English).

Hammond, H. E. J., D. W. Langor & J. R. Spence, 2001. Early colonization of Populus wood by saproxylic beetles
(Coleoptera). Canadian Journal of Forest Research, 31 (7): 1175-1183.

Hus, S., 1949. Sigla agacinin Liquidambar orientalis Mill. ormancilik bakimindan énemi ve sidla yaginin kimyasal
arastirimasi. Orman Genel Mudurligi Yayini, 83: 7-61 (in Turkish).

Ickert-Bond, S. M., K. B. Pigg & J. Wen, 2005. Comparative infructescence morphology and anatomy in Liquidambar
L. (Altingiaceae) and its evolutionary significance. American Journal of Botany, 92 (8): 1234-1255.

Jansson, N. & M. Coskun, 2008. How similar is the saproxylic beetle fauna on old oaks (Quercus spp.) in Turkey and
Sweden? Revue d’Ecologie (Terre et Vie) 10 (1): 91-99.

Jansson, N. & S. Lundberg, 2000. Beetles in hollow broadleaved deciduous trees-Two species hew to Sweden and the
staphylinid beetles (Coleoptera: Staphylinidae) Hypnogyra glabra and Meliceria tragardhi found again in
Sweden. Entomologisk Tidskrift, 121 (3): 93-97.

Jelinek, J., 2008. “Family Ciidae Leach, 1819, 55-62". In: Catalogue of Palaearctic Coleoptera, Vol. 5, Tenebrionoidea
(Ed. L6bl, I. & A. Smetana). Apollo Books, Stenstrup, Denmark, 670 pp.

Kaila, L., P. Martikainen & P. Punttila, 1997. Dead trees left in clear-cuts benefit saproxylic Coleoptera adapted to
natural disturbances in boreal forest. Biodiversity & Conservation, 6 (1): 1-18.

Kavak, S. & B. Wilson, 2018. Liquidambar orientalis. The IUCN Red List of Threatened Species 2018:
€.T62556A42326468. (Web address: http://dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T62556A42326468.en)
(Date accessed: January 2023).

Kirby, K. J., C. M. Reid, R. C. Thomas & F. B. Goldsmith, 1998. Preliminary estimates of fallen dead wood and standing
dead trees in managed and unmanaged forests in Britain. Journal of Applied Ecology, 35 (1): 148-155.

Kogak, A., 2014. List of the 23773 Pterygot species in Turkey based upon the info-system of the Cesa. Priamus, 32: 1-876.

Krankina, O. N. & M. E. Harmon, 1995. Dynamics of the dead wood carbon pool in northwestern Russian boreal forests.
Water, Air, and Soil Pollution, 82 (1-2): 227-238.

428


https://www.eppo.int/media/uploaded_images/ACTIVITIES/plant_protect_products/zonal_assessment/20-25719_zonal_example_wireworms.pdf
https://www.eppo.int/media/uploaded_images/ACTIVITIES/plant_protect_products/zonal_assessment/20-25719_zonal_example_wireworms.pdf
http://dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T62556A42326468.en

Harman & Avci, Turk. entomol. derg., 2023, 47 (4)

Laz, B., 2015. Kahramanmaras ili Andirin llgesinde 3 Farkli Orman Tipinde Bazi Coleoptera Familyalarinin Cesitliligi
Uzerine incelemeler. Kahramanmarags Siitcii imam Universitesi, Fen Bilimleri Enstitiisii, (Unpublished) Doktora
Tezi, Kahramanmarasg, Turkiye, 200 pp (in Turkish with abstract in English).

Ljubarsky, G. Y., 1995. Cryptophagidae and some Languriidae from Palearctic China. Russian Entomological Journal,
4 (1-4): 45-53

Ljubarsky, G. Y., 1997. Cryptophagidae and Languriidae from India (Coleoptera, Clavicornia). Entomofauna, 18 (5): 49-60.

L6bl, I. & A. Smetana, 2006. Catalogue of Palaearctic Coleoptera. Volume 3. Scarabaeoidea- Scirtoidea- Dascilloidea-
Buprestoidea- Byrrhoidea. Apollo Books, Stenstrup, Denmark, 690 pp.

Lébl, 1. & A. Smetana, 2007. Catalogue of Palaearctic Coleoptera. Volume 4. Elateroidea- Derodontoidea-
Bostrichoidea- Lymexyloidea- Cleroidea-Cucujoidea. Apollo Books, Stenstrup, Denmark, 935 pp.

L&bl, 1. & A. Smetana, 2008. Catalogue of Palaearctic Coleoptera, Volume 5. Tenebrionoidea. Apollo Books, Stenstrup,
Denmark, 670 pp.

L&bl, I. & A. Smetana, 2010. Catalogue of Palaearctic Coleoptera. Volume 6. Chrysomeloidea. Apollo Books, Stenstrup,
Denmark, 924 pp.

L&bl, 1. & A. Smetana, 2011. Catalogue of Palaearctic Coleoptera, Volume 7. Curculionoidea I. Apollo Books, Stenstrup,
Denmark, 373 pp.

L&bl, I. & A. Smetana, 2013. Family Curculionidae Il. Catalogue of Palaearctic Coleoptera. Apollo Books, Stenstrup,
Denmark, 699 pp.

Lébl, I. & D. Lébl, 2015. Catalogue of Palaearctic Coleoptera. Volume 2. Hydrophiloidea-Staphylinoidea. Revised and
updated edition. Brill, Leiden, Boston, USA, 941 pp.

L&bl, I. & D. Lébl, 2016. Catalogue of Palaearctic Coleoptera. Volume 3. Scarabaeoidea-Scirtoidea-Dascilloidea-
Buprestoidea-Byrrhoidea. Revised and Updated Edition. Brill, Leiden, Boston, USA, 982 pp.

L&bl, 1. & D. Lébl, 2017. Catalogue of Palaearctic Coleoptera. Volume 1. Archostemata-Myxophaga-Adephaga. Revised
and updated edition. Brill, Leiden, Boston, USA, 1443 pp.

McLean, I. F. G. & M. C. D. Speight, 1993. Saproxylic invertebrates-the European context. Dead wood matters: the
ecology and conservation of saproxylic invertebrates in Britain. English Nature Science, 7: 21-32.

Micé, E., 2018. “Saproxylic Insects in Tree Hollows, 693-727”. Saproxylic Insects-Diversity, Ecology and Conservation
(Zoological Monographs, Volume 1) (Ed. M. D. Ulyshen). Springer, Cham, 904 pp.

Milberg, P., K. O. Bergman, H. Johansson & N. Jansson, 2014. Low host-tree preferences among saproxylic beetles:
a comparison of four deciduous species. Insect Conservation and Diversity, 7 (6): 508-522.

Mufioz-Lépez N.Z., A.R. Andrés-Hernandez, H. Carrillo-Ruiz & S.P. Rivas-Arancibia, 2016. Coleoptera associated with
decaying wood in a tropical deciduous forest. Neotropical Entomology, 45 (4): 341-50.

Miiller, M. M., M. Varama, J. Heinonen & A. M. Hallaksela, 2002. Influence of insects on the diversity of fungi in decaying
spruce wood in managed and natural forests. Forest Ecology and Management, 166 (1): 165-181.

Neumann, P., J. D. Evans, J. S. Pettis, C. W. Pirk, M. O. Schafer, G. Tanner & J. D. Ellis, 2013. Standard methods for
small hive beetle research. Journal of Apicultural Research, 52 (4): 1-32.

Nieto, A. & K. N. A. Alexander, 2010. European Red List of Saproxylic Beetles. Publications Office of the European
Union, Luxembourg, 56 pp.

Nilsson, S. G., J. Hedin & M. Niklasson, 2001. Biodiversity and its assessment in boreal and nemoral forests.
Scandinavian Journal of Forest Research, 16 (3): 10-26.

Otero, J. C. & H. Ghahari, 2020. An updated catalogue of the Iranian Zopheridae (Coleoptera Tenebrionidae). Redia,
103: 41-45.

Ott6, M., 2004. Cryptophilinae and Xenoscelinae of Hungary, with a check-list of Hungarian Erotylidae (Coleoptera).
Folia historico-naturalia Musei Matraensis, 28: 123-134.

Otto, R. L., 2016. The false click beetles (Coleoptera: Eucnemidae) of Laos. Entomologica Basiliensia et Collectionis
Frey, 35: 181-427.

429



Contributions to the knowledge of Turkish saproxylic beetle fauna of Anatolian sweetgum forests

Onucar, A. & O. Ulu 1986. A little-known, endemic species which has been found in the chestnut plantations around
Izmir, Propomacrus bimucronatus Pall. (Coleoptera: Scarabaeidae: Euchirinae). Turkish Journal of Entomology,
10 (4): 231-235.

Ozmen, K., 2011. Sigla Agacinin (Liquidambar orientalis Miller) in vitro Kosullarda Cogaltim Ozelliklerinin Aragtiriimasi.
Akdeniz Universitesi, Fen Bilimleri Enstitiisii, (Unpublished) Yiiksek Lisans Tezi, Antalya, Tiirkiye, 48 pp (in
Turkish with abstract in English).

Ozturk, E., 2008. Turkiye'deki Relikt Endemik Sigla Agaci (Liquidambar orientalis Mill. var. orientalis ve L. orientalis
Mill. var. integriloba Fiori) Populasyonlarinda izoenzim Polimorfizminin Polyakrilamid Jel Elektroforezi (Page)
Yoéntemi ile Saptanmasi. Mugla Universitesi, Fen Bilimleri Enstitiisii, (Unpublished) Yiiksek Lisans Tezi, Mugla,
Tirkiye, 104 pp (in Turkish with abstract in English).

Pennacchio, F., P. F. Roversi, V. Francardi & E. Gatti, 2003. Xylosandrus crassiusculus (Motschulsky) a bark beetle
new to Europe (Coleoptera, Scolytidae). Redia, 86 (2): 77-80.

Petrov, A. V., 2021. A key to and annotated list of the species of the bark-beetle genus Scolytus Geoffroy, 1762
(Coleoptera, Curculionidae: Scolytinae) from European Russia. Entomological Review, 101 (9): 1400-1415.

Peuhu, E., P. M. Thomssen & J. Siitonen, 2019. Comparison of three trap types in sampling saproxylic beetles living
in hollow urban trees. Journal of Insect Conservation, 23 (1): 75-87.

Ramirez-Hernandez, A., A. P. Martinez-Falcén, E. Micé, S. Almendarez, P. Reyes-Castillo & F. Escobar, 2019.
Diversity and deadwood-based interaction networks of saproxylic beetles in remnants of riparian cloud forest.
PloS one, 14 (4): e0214920.

Ranius, T. & N. Jansson, 2002. A comparison of three methods to survey saproxylic beetles in hollow oaks. Biodiversity
& Conservation, 11 (10): 1759-1771.

Sama, G., N. Jansson, M. Avcl, O. Sarikaya, M. Cogkun, T. Kayis & H. Ozdikmen, 2011. Preliminary report on a survey
of the saproxylic beetle fauna living on old hollow oaks (Quercus spp.) and oak wood in Turkey (Coleoptera:
Cerambycidae). Munis Entomology & Zoology, 6 (2): 819-831.

Samuelsson, J., L. Gustafsson & T. Ingelég, 1994. Dying and Dead Trees. A Review of Their Importance for
Biodiversity. Swedish Threatened Species Unit, Uppsala, 109 pp.

Sarikaya, O., 2013a. Bark and ambrosia beetles collected from Turkey oak (Quercus cerris L.) forests in Isparta
Province of Turkey. Journal of Animal and Veterinary Advances, 12 (11): 1038-1043.

Sarikaya, O., 2013b. Notes on bark and wood-boring beetles (Coleoptera: Bostrichidae; Curculionidae: Platypodinae
and Scolytinae) of the Sweetgum (Liquidambar orientalis Mill.) Forest Nature Protection Area, with a new record
for Turkish fauna. Journal of Food Agriculture and Environment, 11 (3-4): 2178-2185.

Sarikaya, O. & H. Sayin, 2016. Use of the red winged sticky traps for collecting bark and ambrosia beetles [Scolytinae
(Coleoptera: Curculionidae)] on deciduous trees of Kasnak oak nature protection area in Isparta, Turkey.
Research Journal of Biotechnology, 11 (9): 79-85.

Sarikaya, O., 2019. Kahramanmaras-Andirin Yéresi relikt dogu kayini (Fagus orientalis Lipsky) ormanlarinda kirmizi
renkli yapiskan tuzaklarla tespit edilen kabuk ve ambrosya bdcekleri (Col.: Curculionidae: Scolytinae ve
Platypodinae) Uzerine notlar. Akademik Platform Muhendislik ve Fen Bilimleri Dergisi, 7 (1): 149-154 (in Turkish
with abstract in English).

Schedl, K. E., 1963. Scolytidae und Platypodidae Afrikas. Il. Revista de Entomologia de Mocambique, 5: 1-594.

Stokland, J. N., 2012. “Wood Decomposition, 10-28”. Biodiversity in Dead Wood (Ed. J. N. Stokland, J. Siitonen & B.
G. Jonsson). Cambridge University Press, Cambridge, 524 pp.

Stork, N. E., M. Stone & L. Sam, 2016. Vertical stratification of beetles in tropical rainforests as sampled by light traps
in North Queensland, Australia. Austral Ecology, 41 (2): 168-178.

Sverdrup-Thygeson, A. & R. A. Ims, 2002. The effect of forest clearcutting in Norway on the community of saproxylic
beetles on aspen. Biological Conservation, 106 (3): 347-357.

Teker, N., 2013. Sigla Agaci (Liquidambar orientalis Mill.) Yaginin Bilesiminin Belirlenmesi, Karakterizasyonu ve Bazi
Bilesenlerinden Kokulu Turevlerin Sentezlenmesi. Trakya Universitesi, Fen Bilimleri Enstitlist, (Unpublished)
Yuksek Lisans Tezi, Edirne, Tirkiye, 91 pp (in Turkish with abstract in English).

430



Harman & Avci, Turk. entomol. derg., 2023, 47 (4)

Tezcan, S. & E. Pehlivan, 2001. Evaluation of the Lucanoidea and Scarabaeoidea (Coleoptera) fauna of ecological
cherry orchards in Izmir and Manisa provinces of Turkey. Ziraat Fakiiltesi Dergisi, 38 (2-3): 31-38.

Tezcan, S., 2020. Analysis of the insect fauna of Turkey and suggestions for future studies. Munis Entomology &
Zoology, 15 (2): 690-710.

Thorn, S., S. Seibold, A. B. Leverkus, T. Michler, J. Miiller, R. F. Noss, N. Stork, S. Vogel & D. B. Lindenmayer, 2020.
The living dead: acknowledging life after tree death to stop forest degradation. Frontiers in Ecology and the
Environment, 18 (9): 505-512.

Topguoglu, A., 1968. Sigla ormanlarinin islahi, bakimi, sidla yadi istihsali ve kiymetlendiriimesi. Orman Genel
Mudurligu Teknik Haberler Bilteni, 7 (28): 3-23.

Ulyshen, M. D. & J. L. Hanula, 2009. Habitat associations of saproxylic beetles in the southeastern United States: A
comparison of forest types, tree species and wood postures. Forest Ecology and Management, 257 (2): 653-
664

Ulyshen, M. D., 2016. Wood decomposition as influenced by invertebrates. Biological Reviews, 91 (1): 70-85.

Ulyshen M. D., 2018. Saproxylic Insects-Diversity, Ecology and Conservation (Zoological Monographs, Volume 1).
Springer, Cham, 904 pp.

Urker, O. & S. Yalgin, 2011. Kdycegiz'de biterse Diinya’da da biter sigla ormani. Tiibitak Bilim ve Teknik Dergisi, 4: 58-
61 (in Turkish).

Vanderwel, M. C., J. R. Malcolm, S. M. Smith & N. Islam, 2006. Insect community composition and trophic guild
structure in decaying logs from eastern Canadian pine-dominated forests. Forest Ecology and Management,
225 (1-3):190-199.

Varl,, S. V., A. Tuven, H. Surgut & N. Jansson, 2021. Cataldag Karsiyaka Sefligine bagl (Balikesir) farkl biyotoplarda
yayilig gosteren polyphaga tirlerinin gukur tuzak yéntemi ile belirlenmesi. Kahramanmaras Sit¢ti Imam
Universitesi Tarim ve Doga Dergisi, 24 (2): 401-413 (in Turkish with abstract in English).

Velioglu, E., G. Kandemir, Y. Tayang, B. Cengel, M. Alan & Z. Kaya, 2008. Turkiye'deki Sigla Liquidambar orientalis
Miller Populasyonlarinin Genetik Yapisinin Molekiler Belirteglerle Belirlenmesi ve Koruma Stratejileri
Geligtiriimesi. Orman Agagclari ve Tohumlari Islah Arastirma Mudurligu Teknik Bilten, 20 (339): 43 pp (in
Turkish with abstract in English).

Wegrzynowicz, P., 1999. A revision of the genus Colydium FABRICIUS, 1792 (Coleoptera: Zopheridae: Colydiinae).
In Annales Zoologici (Muzeum and Institute Zoology PAN), 49 (3): 265-328.

Wood, S. L., 1982. The Bark and Ambrosia Beetles of North and Central America (Coleoptera: Scolytidae), A
Taxonomic Monograph. Great Basin Naturalist Memoirs, Utah, 6, 1359 pp.

Wood, S. L. & D. E. Bright, 1992. A catalog of Scolytidae and Platypodidae (Coleoptera). Part 2: Taxonomic Index.
Great Basin Naturalist Memoires, 13: 1-1553.

WWF, 2004. Olii Agaglar-Yasayan Ormanlar raporu. (Web address: https://wwftr.awsassets.panda.org/downloads/
oluagaclaryasayanormanlarraporu_tr_pdf.pdf?6260/olu-agaclar-yasayan-ormanlar) (Date accessed: 06.2022)
(in Turkish).

Yildirnm Senyer, G., 2014. Endemik Olan Bazi Tirlerin (Centaurea tchihatcheffii, Thermopsis turcica, Liquidambar
orientalis ve Sideritis amasiaca) Mineral Madde Iceriklerinin ICP-OES ile Belirlenmesi. Afyon Kocatepe
Universitesi, Fen Bilimleri Enstitiisii, (Unpublished) Yiiksek Lisans Tezi, Afyon, Tiirkiye, 84 pp (in Turkish with
abstract in English).

You, L., D. R. Simmons, C. C. Bateman, D. P. Short, M. T. Kasson, R. J. Rabaglia & J. Hulcr, 2015. New fungus-insect
symbiosis: culturing, molecular, and histological methods determine saprophytic Polyporales mutualists of
Ambrosiodmus ambrosia beetles. PLoSOne, 10 (9): e0137689.

431






ROMOg;
PSS

=~
)F,f/}'
o

@ f{“-‘ Tark. entomol. derg., 2023, 47 (4): 433-440 ISSN 1010-6960
lﬂa; &) DOl http://dx.doi.org/10.16970/entoted.1303183 E-ISSN 2536-491X
N S/

o @ /

Qgi{g?w m}‘f@/

Original article (Orijinal aragtirma)

Allelopathic effect of Origanum syriacum var. bevanii (Holmes)
(Lamiales: Lamiaceae) and Rhododendron ponticum L. (Ericales:
Ericaceae) essential oils and extracts on Meloidogyne incognita (Kofoid &
White, 1919) (Rhabditida: Meloidogynidae)?!

Origanum syriacum var. bevanii (Holmes) (Lamiales: Lamiaceae) ve Rhododendron
ponticum L. (Ericales: Ericaceae) bitkilerinin ugcucu yag ve ekstraktlarinin Meloidogyne
incognita (Kofoid & White, 1919) (Rhabditida: Meloidogynidae) tzerinde allelopatik etkisi

Taylan CAKMAK?" Zubeyde Filiz ARSLANS3
Salih YURTTAS? Murat Emin TAS?
Abstract

In this study, the nematicidal activity of essential oils and extracts of Origanum syriacum var. bevanii (Holmes)
(Lamiales: Lamiaceae) and Rhododendron ponticum L. (Ericales: Ericaceae) against the second-stage juveniles (J2s)
of Meloidogyne incognita (Kofoid & White, 1919) (Rhabditida: Meloidogynidae) were evaluated in Petri dish and pot
experiments. The essential oils and extracts were applied directly to J2s at concentrations of 5 and 10% (w/v). The
mortality of J2s of M. incognita was recorded 24, 48, and 72 hours after treatments. The results showed that a 100% mortality
rate was obtained from both concentrations (5 and 10%) of O. syriacum var. bevanii essential oil application. Moreover,
the pot experiment showed that O. syriacum var. bevanii essential oil (5%) (w/v) and O. syriacum var. bevanii extract
(10%) was more effective against the J2s of M. incognita on tomato plants. Results were promising in terms of testing
the effects of essential oil and extracts obtained from the determined plants in laboratory conditions against M. incognita.

Keywords: Antagonistic plants, biopesticides, Root-knot nematodes, susceptibility
Oz

Bu calismada, dag kekigi, Origanum syriacum var. bevanii (Holmes) (Lamiales: Lamiaceae), ve ormangil,
Rhododendron ponticum L. (Ericales: Ericaceae) bitkilerinden elde edilen ugucu yag ve ekstraktlarinin Kok-ur
nematodu, Meloidogyne incognita (Kofoid & White, 1919) (Rhabditida: Meloidogynidae) ikinci ddnem larvalari (izerinde
allelopatik etkisini, petri ve saksi denemelerinde belirlemek amaglanmistir. Laboratuvar denemelerinde Iki farkli dozda dag
kekigi yagi (%5-10), dag kekigi ekstrakti (%65-10), ormangilil ekstrakti (%5-10) ve bu iki bitkinin karisim ekstraktinin M.
incognita larvalar (izerine dogrudan uygulanmasi sonrasinda 24, 48 ve 72 saat araliklarla nematodlarin 6lim oranlar
hesaplanmigtir. Saksi denemelerinde ise dag kekigi yagdi (%5-10), dag kekigi ekstrakti (%5-10), ormangli ekstrakti ve
dag kekigi + orman gulu ekstrakti (%5-10) uygulamalarinin bitki boyuna, koklerde urlanma seviyeleri ve yumurta paket
sayilar lzerine etkisi degerlendirilmistir. Calismalar sonucunda, laboratuvar denemesinde kekik yaginin her iki
dozunda da (%5 ve %10) %100 6lim orani tespit edilmistir. Saksi denemelerinde ise %5’lik kekik yagi ve %10’luk kekik
ekstrakti diger uygulamalara gore daha etkili bulunmustur. Bu ¢alisma ile dag kekigi ve ormanguli yag ve ekstraktlarinin
M. incognita ikinci ddnem larvalarina biyolojik etkisi agisindan Gimitvar sonuglar elde edilmigtir.

Anahtar sdzcukler Antagonistik bitkiler, biyopestisitler, Kék-ur nematodlari, duyarlihk
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Allelopathic effect of Origanum syriacum var. bevanii (Holmes) (Lamiales: Lamiaceae) and Rhododendron ponticum L. (Ericales:
Ericaceae) essential oils and extracts on Meloidogyne incognita (Kofoid & White, 1919) (Rhabditida: Meloidogynidae)

Introduction

The need for safe food resources, which has increased due to the rapid increase in the world
population in recent years, is directly related to the sustainability principle of agricultural production. Thus,
countries are searching for innovative solutions by reviewing their agricultural policies. Root-knot nematodes
(RKNSs), Meloidogyne spp. (Rhabditida: Meloidogynidae) are organisms that live as obligate parasites on
plants, with a wide distribution and host range worldwide especially in tropical and semi-tropical climate
zones causing harmful results in agricultural production areas (Whitehead, 1997). Due to their complex
biology, the development of plant roots slows down or is irregular and finally these plants cannot develop
healthily and become stunted. Plants with extensive RKNs infestation can dry out completely (Thorne,
1961). It is common that synthetic pesticides are frequently used in the control of RKNs. This situation
poses a threat to the environment and human health. Resistance develops in nematodes against pesticides
and at the same time, the pesticide residues accumulate on crops and move to underground freshwater in
the long term (Moens et al., 2009). For such reasons, the importance given to alternative methods that do
not harm nature and can be used instead of common chemical applications has increased in recent years
against RKNs. Plants are natural sources containing many active substances within their rich structure, and
more than two thousand plants have been shown to have the potential to be used as bio insecticides so far
(Ahmed & Grainge, 1988; Prakash & Rao, 1996; Onciier, 2000). Furthermore, allelochemicals which are
produced by plants are secondary metabolites and have an important place since they have direct or
indirect effects on inducing pests and harmful organisms (Gursoy et al., 2013). To date, there are at least
120 allelochemicals according to Fahey et al. (2001), which are known to have antagonistic interactions
with bacteria, nematodes, fungi, and herbivores.

The aim of this study was to assess the effectiveness of thyme, Origanum syriacum var. bevanii
(Holmes) (Lamiales: Lamiaceae) essential oil and extracts, and rhododendron, Rhododendron ponticum L.
(Ericales: Ericaceae) extracts in vitro conditions against second-stage infective juveniles of Meloidogyne
incognita (Kofoid & White, 1919) (Rhabditida: Meloidogynidae) both in laboratory and pot experiments.

Materials and Methods
Identification and obtaining nematodes pure culture

Root-knot nematodes were obtained from a greenhouse infested RKNs. Samples were collected at
04/07/2022 in Antalya Serik (36°55'34”N, 31°6'17"W), where tomato plants were being cultivated . Once
the infested tomato plants were brought to the laboratory, egg masses were collected from infected tomato
roots using forceps and were put into incubation for the hatching of second-stage juveniles (J2s). After 48
hours in a modified Baermann funnel, (using 8 cm high, 10-12 cm wide Petri dishes with a sieve inside),
the emerging J2s were obtained to be used for plant infestation, with the aim of establishing a pure
nematode culture. This process was repeated for 10 days during which the larvae continued to emerge
from the egg masses. Initial nematodes were obtained and counted. Ten tomato plants were placed in
sterilized sand in a climatic chamber set at 25+1°C, 65+5% relative humidity, and a 16:8 photoperiod, and
were infested with 1000 J2s for having a pure culture of M. incognita. Pure M. incognita populations were
obtained after 60 days of the plantation. Nematode-infested roots were washed in water in the laboratory
and these roots were cut into 1-3 cm and observed under a light microscope. Female nematodes were
once more separated and incubated using the modified Baermann funnel technique to allow J2s emergence
over a period of ten days. In order to obtain nematode larvae from RKN-infested tomato plant roots. The
sieve on which the egg masses were placed on the filter paper was placed in the Petri dish and was filled
with sterile water, and the J2s were allowed to hatch and sink to the bottom in the water, and after 48 hours,
after J2s emerged from egg masses, the water in the Petri dish was transferred to the 50 ml tubes. This
process was repeated for 10 days during which the J2s continued to emerge from the egg masses.
Collected J2s of M. incognita were left for six hours to sink to the bottom of the tube. After six hours, the
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water was diluted to 15 ml. The collected nematodes were stored in the refrigerator at +4°C. Nematode
counts in 1 ml of water was made to calculate the number of larvae when the nematodes were to be used
in the experiments. The nematode count was repeated three times. The average number of nematodes
was calculated by multiplying the amount of water by the average number of larvae. For the Petri dish
experiment, 400 M. incognita J2s were used in each application.

Laboratory experiment
Obtaining plant essential oils and extracts

In the study, the essential oils and extracts of Thyme (O. syriacum var. bevanii) and Common
rhododendron (R. ponticum L.) were applied at two concentrations (%5-10) (w/v). The Thyme and
Rhododendron plants were collected from the natural areas of Antalya province, Serik district (37.128695,
30.961959) and morphological identification was made in the Herbology Laboratory of Diizce University.
Different parts of the tested plants were taken to prepare their extracts. The chosen parts were stem parts,
flowers, and leaves of thyme. These plant origins were washed with distilled water to remove any dust and
air-dried in direct sunlight. The dried plant materials were powdered and passed through a 60-mesh sieve.
Samples of plant powders were homogenized with a laboratory blender used at 30 g from each plant
material in one liter of distilled water for 10 min., and then left in dark glass bottles for 72 hr for tissue
disintegration. The extracts were filtered with a Whatman filter paper to get the clear extract. The obtained
extracts were dissolved as Thyme and Rhododendron at a rate of 5% and 10% (w/v) and stored in the
refrigerator at +4°C. Nematicidal activities of separate and combined applications of Thyme (O. syriacum
var. bevanii) and Common rhododendron (R. ponticum L.) were tested on J2s of M. incognita as follows:
OSEO: O. syriacum var. bevanii essential oil (%5-10) (w/v), OSE: O. syriacum var. bevanii extract (%5-10)
(w/v) RPE: R. ponticum extract (%5-10) (w/v), OSE+RPE: O. syriacum var. bevanii and R. ponticum extract
(%5-10) (w/v). This study was conductedin Duzce University, Herbology, and Nematology Laboratories in
2022 and 2023.

The trials were established according to the Random Plots Trial Design with 10 characters (8
treatments + 2 controls), with 3 replications. Plant essential oils and prepared plant extracts were adjusted
as 10 ml of solution added to 400 M. incognita J2s in 1 ml of water placed in glass Petri dishes at room
temperature (Oka et al., 2000). For control trials, only pure water was included into Petri dishes with J2s.
The laboratory experiment was repeated twice in 2022 and 2023 at Diizce University, Faculty of Agriculture,
Department of Plant Protection Laboratory.

Pot experiment

The M. incognita J2s used in bioassays and field trials were obtained from a laboratory-reared M.
incognita inoculum originally sourced from an infected greenhouse (04/07/2021) in Serik, Antalya, Turkiye
(36°55'34”N, 31°6'17"W). The colony was purified and maintained in Dizce University, Faculty of
Agriculture, Department of Agricultural Biotechnology at 6+1°C, 60+80% relative humidity. The pot
experiment was repeated twice in 2022 and 2023 at Diizce University, Faculty of Agriculture, Department
of Agricultural Biotechnology Laboratory under controlled climatic conditions in the laboratory (at 25+1°C,
60+80% relative humidity and a photoperiod of 16:8 h light: dark). Essential oil-sand mixture containing
70% sand and 30% potting essential oil was prepared and sterilized in an autoclave at 121°C for 90 minutes.

For each application, 10 tomato plants were grown in 1-liter pots. Four-week-old BT 236 tomato plants
were planted in a controlled climatic condition. Afterwards, each pot was inoculated homogeneously with 1000
M. incognita J2s in 30ml of distilled water, at four plots with a distance of 3-4 cm from each other near the root
stem. Three replicates were applied for each experiment. After M. incognita inoculation to tomato plants, in order
to assess the efficiency on the control of M. incognita, essential oil, extracts at different concentrations (OSEO:
O. syriacum var. bevanii essential oil (%5-10) (w/v), OSE: O. syriacum var. bevanii extract (%5-10) (w/v) RPE:
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R. ponticum extract (%5-10) (w/v), OSE+RPE: O. syriacum var. bevanii and R. ponticum extract (%5-10) (w/v)
were applied to the pots with a volume of 30 ml of solution on the same day and compared with two control
(infected and uninfected) applications. The plants were kept in climate chambers for 10 weeks at a constant
temperature of 27+3°C, 70% humidity and 16 hours of light per day. The plants were irrigated on a daily basis.
Tomato plants were removed from the pots 10 weeks (70+3 days) after the application of M. incognita and
plant essential oil and extracts. The roots of the plants were thoroughly washed with water and essential oil
debris were removed gently. Egg mass counts were made under a stereo microscope with the aid of a fine
needle. Then, the root-knot scale and plant height of each plant were determined according to Feldemesser
& Feder (1955), Zeck (1971) and Taylor & Sasser (1978) (Table 1).

Table 1. The infection scale of Meloidogyne incognita in the root system (Feldemesser & Feder, 1955; Zeck, 1971)

Root development

. 0 1 2 3 4
categories
Root side section profile m ’:
root development index No galling Slightly infected Reasonably infected  Intensely infected  Extremely infected
gall number index (%) 0 0-25 25-50 50-75 75-100

Counting and evaluation

After the laboratory experiments, live nematodes were counted with the help of an Olympos® light
microscope at 24-48-72 hours after the application.

Data analysis

The data were statistically evaluated using the JMP 11 package program of the SAS Institute (SAS,
2013). The results from the laboratory experiments (M. incognita death/viability ratios) were subjected to a
one-way ANOVA with mean percentages of death at 24-48-72 hours post application. The square root
transformation was applied to the calculated median values related to the root-knot index values and the
original data were given in tables. Because of the variances were homogeneous, the data obtained from
two years were subjected to the analysis of variance and "LSD Multiple Comparison Test" was used for
comparison of the means at a 0.05 significance level.

Results and Discussion
Laboratory experiment

As a result of the morphometric and morphological analysis of the species identification, the
nematode species was determined as M. incognita. In the evaluations made at the 24-hour post-application
counts of the laboratory trials, the minimum number of alive M. incognita J2s was determined in 10% (w/v)
application of O. syriacum var. bevanii essential oil (Table 2).

Based on the two-year average values of laboratory experiment, it was determined that the J2s
mortality rate of M. incognita was highest with a 10% concentration of O. syriacum var. bevanii essential oil
(i) application, followed by 5% (w/v) O. syriacum var. bevanii essential oil (ii), 10% (w/v) O. syriacum var.
bevanii extract (i), 5% (w/v) O. syriacum var. bevanii + R. ponticum extract (iv), 10% (w/v) O. syriacum
var. bevanii + R. ponticum extract (v), 5% (w/v) O. syriacum var. bevanii extract (vi), 10% (w/v) R. ponticum
extract (vii), 5% (w/v) R. ponticum extract (viii). In the 24-hour count evaluations, the highest number of live
larvae was determined in 5% R. ponticum extract after the control.
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Table 2. Effect of treatments on Meloidogyne incognita J2s at laboratory condition (2022-2023 mean)*

% Mortality**

Treatments**

24 h 48 h 72h
OSEO 5% 100.0+0.1 a 100.0+0.0 a 100.0+0.0
OSEO 10% 100.0+0.0 a 100.0+0.0 a 100.0+0.0 a
OSE 5% 66.9+2.8 a 70.1#38 b 71.5+6.1 cd
OSE 10% 95.01+1.9 b 99.8+0.1 a 99.7+0.1 a
RPE 5% 254492 d 39,4105 d 51.6x9.0 e
RPE 10% 36.4+11.7 ¢ 54,2+15 ¢ 64.8+9.3
OSE 5% + RPE 5% 95.1+16 a 96.0+2.1 a 77.948.4 Dbc
OSE 10% + RPE 10% 725+44 b 76.1+7.1 b 84.7+26 b
F 73,3003 60,9626 50,0427
P <,0001 <,0001 <,0001
DF Total 23 23 23
DF Error 14 14 14

* Means separation within columns using LSD comparison test at 0=0.05, Data given + are STDEV (standard deviation);
** Abbreviations: OSEO, O. syriacum var. bevanii essential oil; OSE, O. syriacum var. bevanii extract; RPE, R. ponticum extract.

In the evaluations made at the 48-hour counts of the laboratory experiment, the minimum number of
alive J2s among the applications was O. syriacum var. bevanii essential oil at 10% (w/v) and 5% (w/v) O.
syriacum var. bevanii essential oil with 100% mortality. At the trial counts of 48-hours post application, the
highest efficacy was determined as follows: 10% (w/v) O. syriacum var. bevanii essential oil (i), 5% (w/v)
O. syriacum var. bevanii essential oil (ii), 10% (w/v) O. syriacum var. bevanii extract (iii), 5% (w/v) O.
syriacum var. bevanii + R. ponticum extract (iv), 10% (w/v) O. syriacum var. bevanii + R. ponticum extract
(v), 5% (w/v) O. syriacum var. bevanii extract (vi), 10% (w/v) R. ponticum extract (vii) and 5% (w/v) R.
ponticum extract (viii).

In the 48-hour counting evaluations, the highest number of alive J2s was determined in the 5% (w/v)
R. ponticum extract after the control. In the evaluations made at the 72-hour post application, the minimum
number of alive J2s among all applications was 10% (w/v) O. syriacum var. bevanii essential oil and 5%
(w/v) O. syriacum var. bevanii essential oil with 100% mortality. Mortality levels were detected respectively
as follows; 10% (w/v) O. syriacum var. bevanii essential oil (i), 5% (w/v) O. syriacum var. bevanii essential
oil (i), 10% (w/v) O. syriacum var. bevanii extract (iii), 10% (w/v) O. syriacum var. bevanii + R. ponticum
extract (iv), 5% (w/v) O. syriacum var. bevanii + R. ponticum extract (v), 5% (w/v) O. syriacum var. bevanii
extract (vi), 10% (w/v) R. ponticum extract (vii) and 5% ( w/v) R. ponticum extract (viii). In the 72-hour
counting evaluations, the highest number of alive J2s after the control was determined in the 5% (w/v) R.
ponticum extract.

Pot experiment

Three characters were evaluated for each plant which were determined as follows: (i) Plant height
(cm), (ii) egg package index (number of M. incognita eggs found on each plant), and (iii) gall number index
which refers to the severity level of the infection and gall occurrence of each tomato plant. In the evaluations
of plant height, egg package index, and gall number index of the pot experiment, O. syriacum var. bevanii
essential oil (OSEO) (5%) and (OSEO) (10%) were statistically found to be significantly different than other
applications (OSEO 5%: Plant height: 56.6+2.3 cm Egg package index: 0.51+0.56; Gall number index:
0.08+0.14), (OSEO 10%: Plant height: 53.61+4.2; Egg package index: 0.43%£0.18; Gall number index:
0.08+0.14) Also, O. syriacum var. bevanii extract (OSE) of 10% was found to be close to uninfected control
(OSE 10%: Plant height: 56.78+1.2; Egg package index: 2.0+£0.59; Gall number index: 0.33+0.29). These
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three applications of O. syriacum var. bevanii essential oil and extract were found to be the most effective
applications against M. incognita J2s on tomato plants followed by: OSE 5%: Plant height: 54.38+1.0; Egg
package index: 1.8+0.78; Gall number index: 0.33+0.29; RPE 10%: Plant height: 51.0+2.5; Egg package
index: 3.3+1.03; Gall number index: 1+0.0; OSE 5% + RPE 5%: Plant height: 50.2+3.7; Egg package index:
3.65+0.95; Gall number index: 0.58+0.14; RPE 5%: Plant height: 47.31+6.9; Egg package index: 3.9+0.83b;
Gall number index: 0.75+0.43; OSE 10% + RPE 10%: Plant height: 46.9+1.3; Egg package index: 3.3+0.25;
Gall number index: 0.83+0.29) (Table 3-4).

Table 3. Plant height (cm), egg package index and gall number index ratio (2022-2023 mean) (Feldemesser & Feder, 1955; Zeck, 1971)

Treatments** Plant height (cm) Egg package index Gall number index
OSEO 5% 56.60+2.30 ab 0.51+0.56 cd 0.08+0.14 de
OSE 5% 54.3841.00 bc 1.80+0.78 bc 0.33+0.29 cde
RPE 5% 47.31+6.90 de 3.90+0.83 b 0.75+0.43 abc
OSE 5% + RPE 5% 50.20£3.70 cd 3.65+0.95 b 0.58+0.14 bcd
OSEO 10% 53.61+4.20 bc 0.43+0.18 cd 0.08+0.14 de
OSE 10% 56.78+1.20 ab 2.0£0.59 b 0.33+0.29 cde
RPE 10% 51.00+2.50 cd 3.30+1.03 b 1.00+£0.00 ab
OSE 10% + RPE 10% 46.90+1.30 de 3.30+0.25 b 0.83+0.29 ab
Control (+) 43.30+2.00 e 6.18+1.06 a 1.25+0.25 a
Control (-) 59.20+1.30 a 0.00+0.00 d 0.00+£0.00 e

F 8,3932 2,9131 2,9131

P <,0001 0,0020 0,0020

DF Total 59 59 59

DF Error 38 38 38

* Means separation within columns using LSD comparison test at 0=0.05, Data given + are STDEV (standard deviation);
** Abbreviations: OSEO, O. syriacum var. bevanii essential oil; OSE, O. syriacum var. bevanii extract; RPE, R. ponticum extract.

Table 4. Plant height (cm), egg package index and gall number index (2022 and 2023) (Feldemesser & Feder, 1955; Zeck, 1971)

Treatments* Plant height (cm) Egg package index Gall number index

2022 2023 2022 2023 2022 2023
OSEO 5% 59.97 ab* 53.23 a* 0.47 cd* 0.57 ef* 0.17 c* 0.00 e*
OSE 5% 58.90 ab* 49.87 abc* 1.97 bcd* 1.63 bc 0.33 bc* 0.33 cde*
RPE 5% 48.93 cd 45.70 cde 347 b 437 ab 0.67 abc 0.83 abc
OSE 5% + RPE 5% 55.63 bc 44.90 cde 403 b 3.27 Dbc 0.67 abc 0.5 de
OSEO 10% 55.50 bc 51.60 ab* 0.43 cd* 0.43 def* 0.00 c* 0.17 de*
OSE 10% 61.00 ab* 52.57 ab 290 b 1.27 cde 0.50 bc* 0.17 de*
RPE 10% 54.30 bc 47.83 bcd 250 bc 410 abc 1.00 ab 1.00 ab
OSE 10% + RPE 10% 51.00 cd 42.80 de 387 b 2.80 abc 1.00 ab 0.67 abcd
Control (+) 4467 d 4193 e 6.40 a 597 a 133 a 1.17 a
Control (-) 63.53 a 55.00 a 0.00 d 0.00 f 0.00 c¢ 0.00 e
F 5,1474 7,1204 5,4811 7,3045 3,0949 4,4533
P 0,0011 0,0001 0,0008 0,0001 0,0164 0,0026
DF Total 29 29 29 29 29 29
DF Error 19 19 19 19 19 19

* Means separation within columns using LSD comparison test at a=0.05;
** Abbreviations: OSEO, O. syriacum var. bevanii essential oil; OSE, O. syriacum var. bevanii extract; RPE, R. ponticum extract.
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The unconscious use of pesticides and non-compliance with the rules in practice destroy the
ecological balance. At the same time, intensive use of pesticides causes the extinction of many beneficial
species. RKNs are among the most important plant pests in agriculture worldwide.

Chemical origin plant protection products are used for controlling RKNs, but studies on alternative
control methods have gained momentum in recent years due to the negative effects of these nematicides,
most of which have systemic effects, on the environment and human health. In this process, it has been
revealed that biochemical compounds obtained from plants can be used in the control of RKNs.

In this context, nematicides of plant origin can be investigated more intensively and their application
areas can be expanded and they have a high potential to be used as a general control agent in suppressing the
population of not only RKNs but also other plant parasitic nematodes in the essential oil. Thanks to the data
obtained from these studies, an environmentally friendly control strategy against nematodes can be followed.

As a result of the laboratory trials conducted in this study, O. syriacum var. bevanii essential oil and
O. syriacum var. bevanii extracts were the most effective applications with a 100% mortality rate in both
concentrations (5-10%) (w/v) applied to the J2s M. incognita larvae. Some thyme species (T. capitatus, O.
vulgare, O. dictamnus, O. majorana) have antagonistic relation with Fusarium solani, along with essential
oils of lavender, rosemary, sage, and watermelon (Daferera et al., 2003). The extract obtained from the
dried mint plant showed a significant nematicide effect against M. incognita J2s (Caboni et al., 2013).

With respect to the potential of using some plant extracts in the control of RKNs, Walker & Melin
(1996) found that when the extracts of some mint cultivars were used, this caused significant reductions in
root gall formation despite high nematode infestation, and that these mint cultivars were host to M. incognita
and M. arenaria. In addition, they found that after growing the thyme plant in nematode-infested essential
oil for a period of 12 weeks, the rate of galling was reduced by 90% in sensitive tomato roots planted,
compared to tomatoes grown in the control group.

When the results from the previous studies and the current study are evaluated together, it is thought
that the nematode population can be suppressed as a result of the thyme plant being grown in nematode-
infested areas before the cultivated plant to be produced and mixed with the essential oil as green manure.
The plant essential oils and extracts, whose effectiveness was evaluated in this study, are widely distributed
in our country and can be easily obtained.

This study has yielded promising results with the potential to be an alternative to chemical nematicides
used in the control of RKNs as more economical and environmentally friendly applications. It is essential to
conduct comprehensive studies including pot and field trials in the future regarding the research subject.
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Original article (Orijinal aragtirma)

Assessing residues of some insecticides during household
processing of lemon?

Limonun evde islenmesi sirasinda bazi insektisitlerin kalintilarinin degerlendiriimesi
Biisra ACOGLU GELIK? Perihan YOLCI OMEROGLU? 3
Abstract

The goal of this study was to assess the residues of some insecticides (abamectin, buprofezin, etoxazole)
applied on the lemon fruits during its cultivation and to investigate the consequence of household processing such as
peeling, jam production, freezing and storage on the residues. A multi-residual analysis method based on QUEChERS
(Quick, Easy, Cheap, Effective, Rugged, and Safe) procedure and liquid chromatography coupled with triple quadrupole
mass spectrometry was used. Mean recovery (measure of trueness; 70-120%), precision (as repeatability and interim
precision relative standard deviation <20%) and limit of quantification (0.01 mg/kg < MRLSs) were in accordance with
the criteria set in the international guideline. Lemon samples were purchased from Bursa markets in April 2018. The
experimental studies and statistical evaluations were conducted at Bursa University Agriculture Faculty (Bursa -Turkiye)
between 5 May 2018-30 July 2022. The results revealed that pesticide residues mostly dispersed on the peel, therefore,
peeling step decreased the residue level by 90-100% in the pulp of the fruit. Fruit juice and jam production operations
decreased the residue level by 87- 100%. Processing factors were less than 1 for fruit juice and jam processing, on the
other hand, it was greater than 1 for the separation, grating, freezing and storage of the peels.

Keywords: Household food processing, insecticide residue, lemon, processing factor
Oz

Bu galismanin amaci, limon meyvelerinin yetistirimesi sirasinda (izerlerine uygulanan bazi insektisit (abamectin,
buprofezin ve etoxazole) kalintilarinin degerlendirilmesi ve soyma, recel tretimi, dondurma ve depolama gibi evde yapilan
islemlerinin kalintilar Gzerindeki etkisinin arastinimasidir. QUEChERS (Hizli, Kolay, Ucuz, Verimli, Saglam ve Guvenli)
prosediriine ve Ucli kuadropol sivi kromatografi kiitle spektrometresine dayali bir coklu kalinti analiz yéntemi kullanilmistir.
Ortalama geri kazanim (gergekligin bir 6lcisu olarak; %70-120), kesinlik (tekrarlanabilirlik ve ara kesinlik bagil standart
sapma <%20 olarak) ve ydntemin 6l¢iim limiti (0.01 mg/kg < MRLs) uluslararasi kilavuzda belirlenen kriterlere uygun olarak
elde edilmistir. Nisan 2018'de Bursa marketlerinden limon drnekleri satin alinmistir. Deneysel calismalar ve istatiksel
degerlendirmeler 5 Mayis 2018-30 Temmuz 2022 tarihleri arasinda Bursa Uludag Universitesi Ziraat Fakiiltesi'nde (Bursa-
Turkiye) gerceklestirilmistir. Elde edilen sonuglara gore, pestisit kalintisinin gogunlukla meyvenin kabuklar Uzerinde
dagildigi, dolayisiyla soyma asamasinin meyvenin posasindaki kalinti miktarini %90-100 oraninda azalttigi gézlenmistir.
Meyve suyu ve regel Uretimini iceren isleme adimlari nihai triinde kalinti seviyesini %87-100 oraninda azaltmistir. Sonug
olarak isleme faktorleri (Pf), meyve suyu ve regel isleme icin 1'den kugciik olarak, meyve kabuklarinin ayrimasi,
rendelenmesi, dondurulmasi ve saklanmasi icin ise 1'den biyik olarak elde edilmistir.

Anahtar sézcukler: Evsel gida iglemleri, insektisit kalintisi, limon, isleme faktorl
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Assessing residues of some insecticides during household processing of lemon

Introduction

Citrus fruits, known for their extensive nutritional value and health benefits, are grown in more than
80 countries and are among the most popular fruits consumed worldwide (Cicero et al., 2015; Calvaruso et
al., 2020). The lemon fruit is the third most produced citrus fruit after oranges and tangerines (Gonzalez-
Molina et al., 2010). Lemon production in Turkey was reported as 1.4 million tons in 2022. Due to the
increased consumption demand, it is aimed to reach 9.5 million tons in lemon production with an increase
of 4% in Turkey, America and Mexico (USDA, 2022). Lemon has health-promoting effects due to its high
content of flavonoids, vitamin C, citric acid, minerals, dietary fiber, essential oils and carotenoids
(Anagnostopoulou et al., 2006; Gonzalez-Molina et al., 2009; Gonzalez-Molina et al., 2010; Guimaraes et
al., 2010; Lorente et al., 2014; Hassan et al., 2022). Therefore, it constitutes a very important place in a
daily diet, having a role in the prevention of obesity, diabetes, cardiovascular diseases, and some of the
cancer types and lowering blood lipid (Gonzalez-Molina et al., 2009). Lemon is an extremely juicy and
aromatic fruit and is popular with its color and flavor. It has smooth peels with medium thickness and each
fruit contains seeds up to nine (Kafa, 2015). Lemon are consumed as fresh fruit, moreover it can be
processed into jam, marmalade, fruit juice and frozen form for household or industrial applications (Uysal
& Polatdz, 2017; Ayyildiz, 2018). In addition, it is known that lemon is commonly used in salad dressings
and pickles as a flavor enhancer and preservatives.

Various pests such as thrips, mites and aphids can attack citrus trees during the fruit growth and
development (Li et al., 2020). Like other citrus, the lemon crop is prone to pests so pesticides must be
applied at various stages of agricultural production (Ortelli et al., 2005; Kariathi et al., 2016; Carvalho, 2017,
Elgueta et al., 2017; Rodrigues et al., 2019). Insecticides and acaricides are common type of pesticides
used for citrus (Li et al., 2022). Abamectin, buprofezin and etoxazole are common active compounds of
different type of commercial formulations used for citrus production as insecticides for curing pests including
passer citrus rust mite Phyllocoptruta oleivora (Ashmead, 1879) (Acari: Eriophyidae), citrus leaf miner
Phyllocnistis citrella (Stainton, 1856) (Lepidoptera: Gracillariidae), citrus whitefly Dialeurodes citri (Ashmead,
1885) (Hemiptera: Aleyrodidae), oriental yellow scale Aonidiella citrina (Craw, 1890) (Hemiptera: Diaspididae),
citrus red scale Aonidiella aurantii (Maskell, 1879) (Hemiptera: Diaspididae), and citrus red mite Panonychus
citri (McGregor, 1916) (Acari: Tetranychidae) (Anonymous, 2023a).

The application of pesticides throughout the agricultural production in the field or at the post-harvest
stage dramatically increase the yield of crops. However, the misuse of pesticides can result in excess
amount of residue in or on the crops which can cause health problems to the consumer and contaminates
environment (Rodrigues et al., 2019; Philippe et al., 2021). Moreover, raw agricultural crops (RAC) are
likely to contain pesticide residues above the maximum residue level (MRL) set at the national and
international regulations in case they are harvested and consumed before the harvest period. The majority
of RACs are processed before consumption (OECD, 2008). Concentration of pesticide residues in foods
can be decreased by simple processing techniques such as washing, peeling, juicing, boiling, drying,
fermentation or cooking (Shabeer et al., 2015; Lozowicka et al., 2016; Han et al., 2016; Acoglu et al., 2018;
Catak et al., 2020; Maden & Yildirm Kumral, 2020; Polat & Tiryaki, 2020; Yildirim Kumral et al., 2020;
Acoglu & Yolci Omeroglu, 2021; Duman et al., 2021; Balkan & Yilmaz, 2022; Polat 2021; Tiryaki & Polat,
2023; Luyinda & Yildirim-Kumral, 2023). On the other hand, toxic by-products or metabolites may also be
formed at some specific food processing conditions (Han et al., 2013, 2016). The processing factor (Py) is
the ratio of the residue levels in processed products to residue level in raw agricultural crops (OECD, 2008).
Pt is the main value that represents processing efficiency on the pesticide residue level. Physicochemical
properties of pesticides (solubility in water, log Po/w, etc.) and application time can explain the differences
in processing factor (Bonnechére et al., 2012; Scholz et al., 2017). Prvalues should be taken into account
for compliance of processed products (Anonymous, 2016).
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There are some reported studies in literature dedicated to analysis of pesticide residue level in the
lemon fruit and lemon products. Based on those studies, registered insecticides including abamectin and
buprofezin and non-registered insecticide residues were reported in lemon fruits (Andrascikova &
Hrouzkova, 2013; Bakirci et al., 2014; Cicero et al., 2015; Dincay & Civelek, 2017; Besil et al., 2019; Chen
et al., 2021; Aslantas et al., 2023; Karaagagcli, 2023). Moreover, the number of Rapid Alert System for Food
and Feed (RASFF) notifications in 2021 for Turkey which was the most reported origin, increased from 191
to 361. Those numbers were mainly due to non-compliances for citrus fruits including lemons. Therefore,
except for grapefruits, mandatory checking at the border was increased by 20% in October 2021 (EU,
2021). On the other hand, studies on the effect of household or industrial processing of lemon on pesticide
residue levels are limited (Vass et al., 2015; M’hiri et al., 2018; Kowalska et al., 2022).

Pesticides having various modes of action can act in different ways after contact with the agricultural
crops. Therefore, the fate of the residues depends on the physicochemical properties of the active
ingredients in addition to the type of the matrix. Accordingly, Pr values for each combination should be
determined separately (Han et al., 2016; Ma et al., 2019). Pesticides having systemic effect are diffused
through leaves, stems or roots and are then moved within the plant by its circulatory system. Contact type
of pesticides are directly applied to the outer surfaces of plants (Rodrigues et al., 2017, 2019). Therefore,
the behavior of pesticides is associated not only with the processing methods, but also with their mode of
action, application time, climate during plantation and physicochemical properties of the product (Lozowicka
et al., 2016). The legal processing factor data base in Turkey does not provide any Ps values for abamectin
and etoxazole residues in lemon products. On the other hand, the list covers only the processing factor of
buprofezin for lemon juice as 0.58 (Anonymous, 2023b). To the best of our knowledge, this research was
the first to determine the processing factors of those pesticides for lemon products.

The goal of this study was to assess the residues of some insecticides (abamectin, buprofezin and
etoxazole) applied on the lemon fruits during cultivation and to investigate the effect of common household
processing including peeling, heat treatments (blanching and boiling during jam production), freezing and
storage on the fate of the residue.

Materials and Methods
Chemicals and solutions

QUEChERS extraction kits including 6000 mg anhydrous magnesium sulfate (MgSQ4) and 1500 mg
anhydrous sodium acetate and QUEChERS clean-up kits consisting of 1200 mg MgSO4 and 400 mg
primary and secondary amines (PSA, 40 um particle size) were provided from Chromabond (Germany).
Solvents (acetonitrile, glacial acetic acid, methanol, formic acid), which are proper for pesticide residue
analysis, were purchased from Merck (Germany) to be used in the study. Neat standards of abamectin,
buprofezin and etoxazole (purity >99%) certified for pesticide residue analysis were purchased from Dr.
Ehrenstorfer (Germany). Stock solutions of 1 mg/mL in acetonitrile containing 1% acetic acid were used to
prepare working solutions at a concentration ranging between 20 and 800 ug /L through series of dilutions.
Seven different levels of matrix matched calibration standards covering the concentrations of the target
analytes in sample were diluted from working standards. Stock solutions were stored at deep-freezer
(—18°C) in sealed brown glass bottles for 1 year. The other solutions were kept at 4°C for maximum 1 week.
Deionized distilled water was used in the analysis (National Q purification system, Merck, Germany).

Equipment

A LC-MS-MS (Agilent 1260 Il model LC-MS-MS-6470A) equipped with a 2.1 mm x 150 mm x 2.7 ym
(Agilent Poroshell C18) analytical column was used for the analysis. At mass detector, heat block temperature,
drying gas temperature, spray gas in ion source (N2), drying gas in ion source (N2), gas flow, nebulizer gas,
and capillary voltage are 325°C, 400°C, 10 L/min, 11 L/min, 14 L/min, 40 psi, and 3000 V, respectively.
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Positive electron spray ionization (ESI) mode was used for each pesticide. The mobile phase with 0.3
min/mL flow rate consisted of 5 mM ammonium acetate (A) and methanol in 0.1% formic acid water (B).
The gradient program started with 80% A and 20% B for 0.5 min, increased linearly to 95% B in 10 minutes,
hold at 95% B for 3 min. After the 13-min run time, 3-min post run followed using the initial 20% of B. The
flow rate was 0.5 mL/min and the injection volume was 1 pL.

The other main equipment used in the study were homogenizator (Recht GM 200, Haan, Germany),
refrigerated centrifuge (Sigma 2-16P, Osterode, Germany) top-loading balances (Shimadzu ATX224,
Japan), polytetrafluoroethylene (PTFE) syringe (5mL), PTFE filter with 0.45um diameter, Eppendorf
automatic pipettes (10, 100, 1000 pyL) and LC-MS-MS vials (1.5 mL).

Sample

Approximately 30-40 kg of the lemon samples (Citrus lamas) were obtained from a market in Bursa
in April 2018. The experimental studies and statistical evaluations were conducted at Bursa Uludag
University Agriculture Faculty (Bursa-Turkiye) between 5 May 2018 and 30 July 2022.

The samples were stored at 5-7°C and 90-95% relative humidity conditions until the further analysis.
Since the mass of each lemon unit in the bulk sample ranged between 156 g and 185 g, laboratory samples
not less than 1 kg and covering at least 10 units were taken from the bulk sample to comply with the criteria
set in the legal legislation (EC, 2002). Except three laboratory samples separated as “non-treated control
sample (C)” from the bulk sample, all laboratory samples were exposed to pesticide treatment step as
explained follows.

Pesticide treatment

Active ingredients for lemon fruits were selected based on their popularity on the agricultural farming
applications and their residue occurrence frequency (Andrascikova & Hrouzkova, 2013; Bakirci et al., 2014;
Cicero et al., 2015; Dincay & Civelek, 2017; Besil et al., 2019; Chen et al., 2021; EU, 2021; Aslantas et al.,
2023; Karaagacli, 2023). The commercial formulations of abamectin, buprofezin and etoxazole were
selected as Asmition (18 g/L, emulsified concentrate), Korfezin (400 g/L, suspension concentrate) and
Novamite (110 g/L, suspension concentrate), respectively and purchased from a local market. For
calculation of processing factors, the important criteria include to have detectable level of the residues in
RAC, therefore it is allowed to apply plant protection products more than the recommended dose and the
RACs can be harvested before the harvest period (OECD, 2008). Based on the preliminary studies
approximately one to four times of the recommended dose of the formulations were prepared (Acoglu &
Yolci Omeroglu, 2021; Yolci Omeroglu et al.,, 2022). The laboratory samples were dipped into
homogeneous solution of the formulations for 30 minutes to ensure a homogeneous distribution within and
between samples and to obtain detectable residue level in the samples (Hassan et al., 2022). Accordingly,
treated samples were left under sun light for 3-4 hours on polypropylene sheets allowing drying of fruit outer
surface. Samples were kept at +4°C for 1 day till the further step.

Household processing

After treating samples with commercial formulations, three laboratory samples were kept as control
samples (TC) without exposing any household processing (Figure 1). The experimental details were shown
in Figure 2 and explained as follows. Each processing steps were repeated three times with three different
treated laboratory samples. Prior to processing, each fruit unit in the laboratory samples were gently
washed under tap water for 2-3 minutes.

444



Acoglu Celik & Yolct Omeroglu, Tiirk. entomol. derg., 2023, 47 (4)

Processing into lemon peels (LP) and pulp (LPu):

The peels were removed from the fruits with a knife. It has been determined that the mass of peel to
pulp ranged between 26% and 32% in lemons (Figure 1b, c).

Processing into lemon juice (LJ):

Lemon samples were gently divided into two equal parts with a kitchen knife and lemon juice was
produced by a kitchen processor (Arzum, Turkey). The mean pH of the juices was determined as 2.2+0.05
(Mettler Toledo Seven compact pH/lon pHmeter, Canada) (Figure 1d).

Processing into lemon zest (LZ) and storage at frozen conditions:

Lemon peels were zested and stored at -20°C for three months. Analytical samples were taken
monthly throughout the storage period (Figure 1f).

The lemon peels, pulps, juice and zest were stored in polypropylene sample vessels at -20°C till
further analysis.

Processing into lemon jam (LJ):

The recipe described by Yolci Omeroglu et al. (2022) was applied for jam production. The average
pH of the jams obtained was 3.45 +0.06 and the water-soluble dry matter (Brix) was 72.65+0.64 g/100 g
(RA-500 Model Kyoto Electronics Manufacturing Co. Ltd., Japan) (Figure 1le). Lemon jam was stored at
room temperature till further analysis.

Figure 1. Household processing of lemon; a) Pesticide treatment, b) Lemon peel (LP), ¢) Lemon pulp (LPu), d) Lemon juice (LJ),
e) Lemon jam (LJ), f) Lemon zest (LZ).
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Laboratory Sample Homogenization

The laboratory sample of each treatment was separately homogenized and subjected to residue analysis
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Number of analytical sample (m=2)
Pesticide residue analysis Clean -up I

LC-MS- MS Analysis I } Number of injections (h=2)

Figure 2. Experimental pattern (“n” represents the replicate number of the processing and the number of the laboratory samples”;
“p” represents number of storage period” (* Samples were taken each month during three months of frozen storage period).

Pesticide residue analysis

Each laboratory samples were handled separately throughout the pesticide residue analysis
explained below.

Lemon jams (LJ) were homogenized thoroughly with a food chopper (RechtGM 200, Haan,
Germany). Lemon pulp (LPu), lemon peel (LP) and control samples (C, TC) were homogenized with the
chopper till obtaining particle size of 2-3 mm. Lemon juice and lemon zest did not go through a sample
processing step. Analytical samples taken from the laboratory sample were kept in PTFE sample vessels
at -20°C for till extraction and cleanup step as explained in Figure 2.

Pesticide residue analysis including extraction, clean-up and LC-MS-MS steps was based on a
validated standard multi-residue method, namely QUEChERS (AOAC, 2007). The details of the method
were provided in Figure 2 and Figure 3. The information on LC-MS-MS identifications are given in Table 1.

Table 1. LC-MS-MS identification details

Cone  Collusion

Molecular . MRL LOQ? Retention time Precursorion Product ions

Analyte formula  Mode Of Action ) (mgrka) (min) (mf2) (m/2) Vogage Erz\e;)gy
. . . 895.9 751.4 100 -48
Abamectin = C15H7,014 Semi-Systemic  0.04 0.01 12.822 895.9 3272 8
. 306.2 201.1 150 -6
Buprofezin  Ci6H23N;OS  Contact 0.01 0.01 11.815 306.2 116.1 9
360.3 141.1 140 -15
Etoxazole C21H23F2NO, Contact 0.1 0.01 12.147 360 3 3402 .30

2L.0Q represents limit of quantification.
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Homogenization (Except LZ and LJ)

$

Weighing 15 + 0.1 g samle in to 50 mL Teflon tube
Except for LJ: 52 0.1 g sample+ 10 mL deionized water |———

-

Add 15 mL of acetonitril solution containing 1% glacial
acetic acid

-

Mix with vortex 1 min

EXTRACTION

-
|

QuEChERSs Extraction (6 g MgSO4 and 1.5 g NaOAc)

-

Mix with vortex 1 min

-

Centrifuge at 5000 rpm for 5 minutes -

-

QuEChERSs clean-up (Transfer 8 mL extract to the —_
tube with 1200 mg MgSQO4 and 400 mg PSA)

-

Mix with vortex 30 sec ——— CLEAN-UP

-

Centrifuge at 5000 rpm for 5 minutes _

L 2

Filtering with 0.45 ym diameter PTFE filter in to
1.5 mL LC-MS-MS vial

' CHROMATOGRAPHY

Detection and determination with LC-MS/MS

Figure 3. Pesticide residue analysis method based on QUEChERS extraction (AOAC, 2007).

447



Assessing residues of some insecticides during household processing of lemon

Method verification study was conducted in our laboratory prior to application of the analytical method
for the analysis of the sample, and quality control studies during each batch of analysis were performed
according to principles recommended by European SANTE/11312/2021 Guidance Document (SANTE,
2021) and EURACHEM guidelines (EURACHEM, 2012, 2014).

Processing factor (Pr)

The processing factor (P) is the ratio of the pesticide amount in the processed product (PP) to raw
agricultural crops (RAC) (OECD, 2008; Claeys et al., 2011; Scholz et al., 2017). A factor less than or greater than
1 indicates decrease or concentration, respectively. The equation of the processing factor is given in equation 1.

PP

= @)

F ™ pac

Where PP refers to the residue level in the processed lemon samples (GP, HJ, LJ, LP, and LPu).
RAC refers to residue level in raw agricultural crops (TC). PP in Equation 1 was replaced with LOQ of the
method if its nominal value was lower than LOQ. Accordingly, Ps value was expressed with an asterisk “<”.

Experimental design and statistical analysis

Experimental design was illustrated at Figure 2. Each process was repeated three times with three
different laboratory samples (n=3). Two analytical portions from each laboratory sample was taken for
further pesticide residue analyses (m=2). Subsequently, from each analytical portion’s duplicate
measurements with LC-MS-MS (h=2) were performed. At Table 2 and Table 3, results were expressed as
mean + standard deviation (n=3). One-way analysis of variance (ANOVA) followed by a Tukey post hoc
test was used to compare significance differences among household process in terms of pesticide residue
levels and processing factors. The SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA) was used
for statistical analysis, and p < 0.05 was considered as statistically significant.

Results and Discussion

Method verification and quality control studies

Prior to application of a validated method into a routine analysis laboratory, method verification study
should be performed to provide evidence that the validated method can be applied by the laboratory. In this
context, the reliability of the method was successfully proved at our laboratory conditions and reported
previously by Yolci Omeroglu et al. (2022) for orange matrix. Based on the results, mean recovery (as a
measure of trueness; 70-120%), precision (as repeatability and interim precision relative standard
deviation-RSDr and RSDwr <20%) and LOQ of the method (0.01 mg/kg< MRL) were in accordance with
the criteria set European SANTE/11312/2021 Guidance Document (SANTE, 2021). Moreover, measurement
uncertainty complied with the maximum default relative expanded measurement uncertainty set as 50%.
To specify the linearity of the method and to determine the residue level in each of the sample, seven level
matrix -matched calibration curve covering the concentrations of sample ranging between 10 ug/kg and
1500 pg/kg was constructed at each batch of analysis. Matrix matched calibration curve was prepared from
the extract of control lemon samples (C) with a residue level lower than LOQ of the method. A weighted
linear calibration function (R?) > 0.9990) was obtained to determine the concentrations of the residues in
the samples as pg/kg (Yolci Omeroglu et al., 2018).

Since both orange and lemon fruits are typical representative commodities for citrus fruits which are
categorized under the commodity group with high acid content and high water content, the method
verification study reported previously by Yolci Omeroglu et al. (2022) for orange matrix was considered as
appropriate for lemon matrix (SANTE, 2021). On the other hand, during routine analysis of each of analytical
batch, quality control studies including deviation of calculated concentration, recovery and duplicate
samples were also conducted. Deviation of calculated concentration of the calibration standards by the
calibration function from the true concentrations was calculated at each batch of the analysis for quality
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control purposes. It changed between -7.30% and 19.87%, which complied with the range (x20) specified
at the SANTE/11312/2021 Guidance Document (SANTE, 2021). Moreover, recoveries of all analytes within
the scope of the study measured at each batch of analysis were determined by spiking the blank lemon
samples at LOQ level of the method. Individual recoveries ranged between 83% and 103% (n=7) and were
compatible with the practical default range of 60-140% stated in the guideline (SANTE, 2021). The
difference between the duplicate measurements of each analytical sample were less than the repeatability
limit (r) at 95% confidence level (EURACHEM, 2014), which was based on the average RSDr value (3%,
n=72) obtained during method verification study.

Assessing residue of insecticides during household processing of lemon

Average concentration of abamectin, buprofezin, and etoxazole residues in pesticide treated control
lemon samples (TC) were obtained as 0.011, 0.246, and 0.246 mg/kg, respectively. After processing of TC
samples into LP, LPu, LJ, LZ, the levels of aforementioned pesticide residues changed from <LOQ to
0.043 mg/kg, 0.020 to 1.060 mg/kg, <LOQ to 0.593 mg/kg, respectively. Based on the statistical results
shown in Table 2, different type of household processing changed the residue levels significantly (p <0.05)
from the levels found in TC samples.

Processing into lemon peels (LP) and pulp (LPu):

Peeling process increased the residue concentrations in lemon peels significantly (p <0.05)
compared to control samples (TC). The increase in concentration changed from 3.3 to 8.5 fold. Pesticide
residues were reduced as a result of the separation of the lemon peels from the fruit pulp. Peeling process
eliminated totally abamectin residue in the pulp, while it reduced buprofezin concentration by 90%. In line
with our findings, a study reported by Li et al. (2012) revealed that residues of imidacloprid, carbendazim,
abamectin and cypermethrin in orange decreased by peeling process. Liu et al. (2016) concluded that
spirotetramate, and its metabolites B-enol, B-glu and B-keto accumulated on the peel of citrus. Moreover,
Calvaruso et al. (2020) reported that 43% of the fenhexamid residue in lemon peel was transferred from
the peel to albedo, and 18% from albedo to the pulp resulting a low penetration through the pulp.

Similarly, other studies in the literature revealed that peeling substantially reduced pesticide residues
in fruits (Boulaid et al., 2012; Reiler et al., 2015; Yolci-Omeroglu et al., 2015). For instance, it was reported
that the reduction of pesticide residues by peeling of tomatoes accounted as 70% for pyridaben and 100%
for pyrifenox and tralomethrin (Cengiz et al., 2007). Liu et al. (2014) prevailed a decrease in thiophanate-
methyl by 84.2% with the peeling of tomatoes, while its metabolite carbendazim decreased by 87.3%.
Naman et al. (2022) reported that mancozeb residue decreased by 72.59% by the peeling of apple.
Likewise, Peng et al. (2014) reported that imidacloprid, pyraclostrobin, azoxystrobin and fipronil residues in
jujube fruits decreased in the pulp of the fruit and the residues remained on the peel. In the same manner,
residues of chlorpyrifos-methyl, phenitrothion and procymidone in peach (Balinova et al., 2006),
thiophanate-methyl and carbendazim in tomato (Liu et al.,, 2014), chlorothalonil, difenoconazole and
azoxystrobin residues in tomatoes (Rodrigues et al., 2017) remained on the peel after peeling process.

Peeling is an important step in the processing of many fruits and vegetables. Since the majority of
pesticides are applied directly to crops, peeling is one of the most effective ways to reduce pesticide
residues penetrated into the cuticle layer (Dordevi¢ & Durovic¢-Pejev, 2016; Chung, 2018). The increase
in residue concentration can be related to the physical and chemical properties of pesticides especially to
the octanol-water coefficient (log Po/w) in addition to their mode of action. Abamectin has a semi-systemic
effect while buprofezin and etoxazole have a contact effect. Abamectin, buprofezin and etoxazole have low
water solubility but high log Po/w values (4.4, 3.8 and 5.6, respectively). Therefore, they tend to adhere to
the cuticular waxes or deeper layers rather than diffusing through the pulp of the fruit (Holland et al., 1994;
Kaushik et al., 2009). Kimbara et al. (2012) reported that cutin and waxes on the outer surface of the citrus
have important functions on the protection of pesticide residues physically. Liu et al. (2016) reported that
spirotetramate residue in citrus peels increased compared to the initial concentration. In a study reported

449



Assessing residues of some insecticides during household processing of lemon

by Peng et al. (2014), it was observed that residues of imidacloprid, pyraclostrobin, azoxystrobin and fipronil
deposited on the peels of jujube fruits rapidly penetrated into the epicuticular waxes and the cuticle, so that
the concentration of pesticide residues on the peels increased compared to the pulp of the fruit. Yolci
Omeroglu et al. (2022) concluded the same findings for abamectin, buprofezin and etoxazole in orange.
They attributed to these findings to the cuticular waxes which thought to be acted as a transport barrier to
prevent forming residual deposits in the citrus pulp.

Table 2. The effect of different processing techniques on pesticide residue in lemon samples (n=3)*

Pesticides (mg/kg, averagetstandard deviation)

No Process Abamectin®? Buprofezin?* Etoxazole??
1 Treated control lemon sample (TC) 0.011+0.001 c¢ 0.246+0.030 d 0.040+0.003 e
2 Lemon peel (LP) 0.036+0.003 a 0.660+0.017 c 0.343+0.032 d
3 Lemon pulp (LPu) <LOQ 0.024+0.001 e <LOQ
4 Lemon juice (LJ) <LOQ 0.035+0.001 e <LOQ
5 Homemade jam (HJ) <LOQ 0.020£0.001 e <LOQ
6 Frozen lemon zest (1% month of storage) (LZ,) 0.043+0.005 a 1.060+0.034 a 0.593#0.011 a
7 Frozen lemon zest (2" month of storage) (LZ,) 0.042+0.009 a 0.910+0.020 b 0.530+0.010 b

8 Frozen lemon zest (3™ month of storage) (LZs) 0.019+0.002 b 0.650+0.036 ¢ 0.490+0.010 c¢

1 “n” represents the replicate number of the laboratory samples”; “m” refers to the number of analytical samples taken from each
laboratory sample; “h” refers to the number of injections made for each analytical sample;

2There is a difference between the averages indicated by different lowercase letters in the same column (P <0.05);

3 Since the abamectin and etoxazole concentrations of pulp, juice and jam <LOQ of the method, they were excluded from the statistical
analyses. Therefore, degrees of freedom (df) between group = 5-1= 4; df within group = (5 x3)-5=10;

4 Degrees of freedom (df) between group = 7-1= 6; df within group =(7 x3)-7=14.

Processing into lemon juice (LJ):

Consumption of fruit juice is a very convenient way to consume more fruits (Lozowicka et al., 2016).
During the extraction of juice from the plant tissues, the diffusion of the residues throughout the fruit juice
is based on the distribution behavior of the residue between the peel and pulp in addition to their
physicochemical properties (Dordevic & Durovic-Pejcev, 2016). In this study, for non-polar compounds (log
Po/w = 5.6), complete disappearance of abamectin and etoxazole residues were observed in lemon juice,
while a reduction of 86% of buprofezin residue was prevailed (Table 1). Since any heat treatment process
for sterilization/pasteurization of homemade juice was not included in the production step, the reduction of
the pesticide residues in juice can only be attributed to deposition of the residues on the wax and cuticular
section of the outer surface, which is related with their higher octanol-water partition coefficient (log Po/w).
Yolci Omeroglu et al. (2022) observed the same findings for orange juice. Furthermore, Tang et al. (2023)
stated that degradation or dissipation of five pesticides including etoxazole occurred at a rate of at least
37.6 % in sterilized citrus juice compared with the residual levels in raw citrus. On the other hand, for
concentrated citrus juice due to the heat concentration, the degradation rate was diverse compared to
sterilized citrus juice.

In line with our findings, Athanasopoulos & Papas (2000) reported that azinphos-methyl residues
totally disappeared in lemon juice during processing step. In another study, it was found that abamectin,
residue decreased by 46.0% during fruit juice production (Li et al., 2012). Naman et al. (2022) determined
that chlorpyrifos residue reduced by 100% in pear juice. Likewise, mancozeb residue in apple juice was
reduced by 100%. The findings reported by Hendawi et al. (2013) prevailed that reduction of imidacloprid
residue in strawberry juice was related with its lower water solubility (514 pug/mL) and higher octanol-water
coefficient (2.7). Moreover, the other studies in the literature supported the relation between the fate of the
pesticide during fruit juice production and the physicochemical properties of pesticide (Rasmusssen et al.,
2003; Martin et al., 2013; Kwon et al., 2015; Li et al., 2015; Lozowicka et al., 2016; Hassan et al., 2022).

Processing into lemon zest (LZ) and storage at frozen conditions:

Lemon peels are processed into zest form and commonly used for baking purposes to provide
pleasant aroma. Lemon zest can be stored in frozen forms to prolong the shelf life. Freezing, as one of the
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most widely used food preservation methods, provides better preservation of taste, texture and nutritional
value in foods than other methods (Kaushik et al., 2009). In Table 1, the changes of pesticide residues during
production of lemon zest and throughout the storage period at -20°C were shown. After processing into
lemon zest, concentration of abamectin, buprofezin and etoxazole residues were found to be significantly
more compared to their concentration in control lemon samples (TC) (P <0.05). This observation can be
attributed to the accumulation of the pesticide on the exocarp of the lemon fruit. Higher oil solubility affinity
of the pesticides analyzed within the scope of the study lead to absorption of their residues by waxy outer
surface of the lemon. The findings reported by Yolci Omeroglu et al. (2022) supported our conclusions.
According to results shown in Table 1, throughout the frozen storage period for three months, pesticide
residue level decreased significantly (P<0.05) with a ratio ranged between 17% and 55%. Similarly, it has
been reported in literature for different type of pesticide and matrix combinations, even though storage of
agricultural crops at frozen conditions, pesticide residue level decreased throughout the increasing storage
period (Abou-Arab, 1999; Hamilton et al., 2004; Chauhan et al., 2012; Ogit et al., 2014; Bouzari et al., 2015).
On the other hand, study reported by Oliva et al. (2017) revealed that after freezing and during storage of
the zucchini, residue levels of trifloxystrobin and myclobutanil decreased less than 1%. In the same study,
the losses in imidaclorpid and diethofencarb were observed much greater (31.7 and 9.8%, respectively), with
no significant variations observed between the storage period of 15 days and 30 days.

Processing into lemon jam (LJ):

Jam is a product obtained by cooking the fruit to a certain consistency using sucrose and other
additives. The recipe used in the scope of the study included the removing of the outer layer of the fruit
gently by grating followed by the boiling of pulps in water 3 times for 15 min. To overwhelm the bitter taste
of the outer layer, each time water was replaced with the fresh one. The other steps in the production were
similar to common jam processing including cooking step at 95°C for 30 min (Yolci Omeroglu et al., 2022).
In the scope of the study, abamectin and etoxazole residues was not detected in the final product, while
92% reduction in buprofezin residue was revealed. In line with our findings, Liu et al. (2016) reported that
one of the metabolite forms of spirotetramat, namely B-keto, in marmalade was reduced by 68% compared
to the initial concentration, while the other metabolites (B-enol, B-glu and B-mono) were completely
removed. The more recent study by Naman et al. (2022) determined that the mancozeb residue decreased
by 100% in apple jam. Those findings were mainly due to the steps included in the jam production as
explained above. Moreover, it can be attributed to their chemical and thermal degradation during heat
treatment process in addition to their water solubility (Kaushik et al., 2009; Bajwa & Sandhu, 2014; Dordevic
& Durovic-Pejcev, 2016; Lozowicka et al., 2016).

Processing factor

Food processing may reduce or increase the level of the residues in final products compared to their
initial level in raw agricultural crops depending on the physicochemical properties of the pesticide, type of
the matrix and the operations included in the processing (Shabeer et al., 2015; Oliva et al., 2017). The
effects of different type of household processing on the processing factors were summarized in Table 3.

Table 3. The effect of different processing techniques on average processing factors (n=3)2

Average processing factor (Pf) * std deviation

No Process Abamectin Buprofezin Etoxazole

1 Fruit peel separation (P) 3.307+0.448 Ba 2.701+0.327 Cb 8.598+0.646 Ab
2 Fruit pulp separation (LPu) <0.050+0.001 Bc 0.101+0.017 Ac <0.050+0.001 Bc
3 Fruit juice processing (FJ) <0.862+0.080 Abc 0.146+0.010 Bc <0.251+0.023 Bc
4 Homemade jam production (HJ) <0.862+0.070 Abc 0.081+0.010 Bc <0.251+0.023 Bc
5 Frozen storage of lemon zest (1% month) (GP,) 3.752+0.740 Ba 4.329+0.399 Ba 14.921+1.530 Aa
6 Frozen storage of lemon zest (2" month) (GP,) 3.624+0.775 Ba 3.732+0.526 Ba 13.333+1.448 Aa
7 Frozen storage of lemon zest (3™ month) (GP3) 1.669+0.184 Cb 2.649+0.177 Bb 12.315+1.122 Aa

! There is a difference between the means indicated by different lowercase letters in the same column (P<0.05); degrees of freedom (df)
between group= 7-1= 6; df within group= (7 x3)-7=14);

2There is a difference between the means shown with different capital letters in the same row (P<0.05); degrees of freedom (df) between
group=3-1= 2; df within group= (3 x3)-3=6.
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Since concentration of pesticide residue in TC samples ranged from 0.011 mg/kg to 0.246 mg/kg
(Table 2) was higher than the LOQ of the analytical method, calculation of processing factors met the criteria
set in the OECD guideline (OECD, 2008).

It has been observed that there was a remarkable effect on the removal of pesticide residues by
processing of lemon fruit into pulp, juice and jam. Therefore, Pt values for those steps for all of the three
pesticides were determined to be less than 1. Psvalues were found to be more than 1 due to the increase
in the concentration of pesticide residues in the peel part and frozen grated peel part. These results were
attributed to log Po/w values of pesticides. The highest processing factors were obtained for etoxazole and
in addition, in some studies in the literature, processing factors have been calculated and it has been
reported that the processing factor is bound on the type of the active ingredient, its physicochemical
properties in addition to type of the carriers used in the formulation (Li et al., 2012; Han et al., 2013; Tiryaki
& Ozel, 2019; Polat & Tiryaki, 2020; Tiryaki & Polat, 2023). It can be indicated that the results of those
studies are compatible with our findings.

Conclusions

Pesticides as plant protection products constitute an important place in boosting agricultural production.
Even though pesticides can increase yield of the agricultural products at a limited extent, an abuse use may
cause health risk both to human being and the environment. Therefore, to control products on the market
with legal limits, extensive studies should be conducted to reveal the effects of processing on pesticide
residue and to calculate related processing factors. In the light of needs, the current work was conducted
to investigate effect of some representative household processing on insecticide residues in lemon. In the
study, the required method performance criteria were met. The QUEChERS method was successfully applied
for analysis of abamectin, buprofezin and etoxazole residue in lemon and its products. It was concluded
that fate of pesticide residues depended on the type of treatment to be applied to the food, the physicochemical
structure of pesticides and nature of the product. It was determined that the pesticide residue levels in
lemon pulp, juice and jam obtained from lemon fruits were significantly reduced. It was observed that the
insecticide residues were commonly distributed on the lemon peel due to the physicochemical properties
of the pesticides and nature of the crop. Processing factors vary according to the physicochemical
properties of pesticides and processing methods; therefore, future studies should be conducted for different
combinations of pesticide, matrix and processing methods. Moreover, effect of pre-harvest interval on the
fate of the pesticide should be examined in future risk assessment studies. Additionally, if possible, field
treated samples should be used for the estimation of processing factor accurately.
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Original article (Orijinal aragtirma)

The diversity and host interactions of aphids (Hemiptera: Aphididae) on
different plant communities in an urban ecosystem?

Kentsel bir ekosistemde farkli bitki komuniteleri Gzerindeki afitlerin (Hemiptera: Aphididae)
cesitliligi ve konukcu bitki etkilesimleri

Berna YILMAZ?2 Sahin KOK?3#"

Abstract

The aim of this study was to reveal the diversity and host interactions of aphids on different plant communities in an
urban ecosystem in the northwest of Turkiye between April and October from 2021 to 2022. From the sampling, 55 aphids
from 26 genera in the family Aphididae (Hemiptera) on 65 host plant of 26 families were determined. From the aphids,
Capitophorus archangelskii Nevsky, 1928 and Uroleucon leontodontis (Hille Ris Lambers, 1939) are found to be new to the
aphid fauna of Turkiye. In the urban ecosystem, 108 interactions between aphids and hosts, including the new records of the
interactions for Turkiye were identified on different plant communities. Also, we revealed the biodiversity of aphids and hosts
interactions in various plant communities in the urban ecosystem. Our results showed that the species richness and abundance
of aphids were significantly higher on the herbaceous plants compared to other communities. Also, interactions between
aphids and their hosts in the herbaceous plants were more diverse than the trees and shrubs. Accordingly, the results of our
study revealed that biodiversity of interactions between aphids and their hosts was higher on the herbaceous plants compared
to other plant communities in the urban ecosystem.

Keywords: Aphid, diversity, host plant community, interaction, urban ecosystem

Oz

Bu ¢alismada 2021 ve 2022 yillarinda Nisan ve Ekim aylari arasinda kuzeybati Tirkiye’de bir kentsel ekosistemde
farkli bitki komuniteleri Gzerindeki afitlerin cesitliligi ve konukcu etkilesimlerinin ortaya c¢ikarilmasi amagclanmistir.
Orneklemelerin sonucunda 26 familyaya bagl 65 konukgcu bitki {izerinde Aphididae (Hemiptera) familyasindan 26 cinse bagl
55 afit tespit edilmistir. Afitlerden, Capitophorus archangelskii Nevsky, 1928 ve Uroleucon leontodontis (Hille Ris Lambers,
1939) Turkiye afit faunasi i¢in yeni kayitlardir. Kentsel ekosistemde, farkli konukgu bitki komuniteleri tizerinden Turkiye icin
yeni etkilesim kayitlarini da iceren afitler ve konukcu bitkileri arasinda 108 etkilesim tespit edilmistir. Ayrica, kentsel bir
ekosistemdeki farkl bitki komuniteleri tizerindeki hem afitlerin hem de afit-konukgu etkilesimlerinin biyogesitlilik degerleri de
ortaya cikariimistir. Sonuglarimiz, afitlerin tir zenginlidi ve bollugunun yabanci otlar Gizerinde diger bitki komdinitelerine kiyasla
onemli 6l¢iide daha yuksek oldugunu gdstermistir. Benzer sekilde, yabanciotlar tGizerindeki afit-konukgu etkilesimleri de agaclar
ve calilar Uzerinde oldugundan daha fazla gesitlilik gdstermistir. Bu dogrultuda, calismamizin sonuglari kentsel bir ekosistemde
yabanciotlar Gzerindeki afitlere ve konukgulari arasindaki etkilesimlerin biyogesitliliginin diger bitki kominitelerine goére daha
yiksek oldugunu ortaya koymustur.

Anahtar sézcukler: Afit, gesitlilik, konukgu bitki kominitesi, etkilesim, kentsel ekosistem
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The diversity and host interactions of aphids (Hemiptera: Aphididae) on different plant communities in an urban ecosystem

Introduction

Urban areas including parks, landscaped areas, green spaces, roadsides, green roofs, and the gardens of
homes and buildings in the world are important biodiversity hotspots for many species. These areas play an
important role in the conservation and sustainability of plant and animal biodiversity (Threlfall et al., 2016; Dura et
al., 2023). Also, park ecosystems in urban areas can be home to many rare species, and support the population
development of vulnerable species. It is widely known that the abundance and species richness of certain
arthropod species change in urban ecosystems compared to their surrounding natural habitats. Plant diversity in
urban ecosystems can be higher, and even more diverse than in adjacent natural habitats (Hope et al., 2003;
Smith et al., 2006). Variations in host plant communities in urban ecosystems may affect the diversity of
herbivorous arthropods and their abundance, species richness, host plant preference and natural enemies
(Kareiva, 1983; Shrewsbury & Raupp, 2006; Bennewicz & Barczak, 2016). The diversity of plant communities is
known to have a significant positive correlation with the species richness of pest insects. In addition, many studies
have demonstrated that due to their richer vegetational diversity or complexity, urban ecosystems support the
greater abundance or richness of natural enemies, especially predators and parasitoids with a wide variety of prey
(Tooker & Hanks, 2000; Frank & Shrewsbury, 2004; Shrewsbury et al., 2004; Tomanovi¢ et al., 2006, 2009;
Kavallieratos et al., 2013, 2016).

Some species described as urbanophiles show considerable success in urban ecosystems (Shochat et al.,
2010). Aphids (Hemiptera Aphididae), one of the most important examples of these arthropod urbanophile
species, are one of the most destructive pest insect groups in both agricultural and urban ecosystems. The
common presence of aphids in urban ecosystems is supported by their cyclical parthenogenesis (Simon et al.,
2002), as well as different levels of urbanisation and land cover (Barczak et al., 2021). Also, water availability
gradient and vegetation diversity in urban ecosystems positively affects the increase in the abundance and
breeding of aphids (Andrade et al., 2017).

It is evident that host plant communities have largely influenced the diversity of aphid species.
Approximately 40% of known aphid species live on trees, with the other 55% preferring to feed on host herbaceous
plants and shrubs (the remaining 5% live on unknown hosts). Some aphids, about 10% of them, have a
heteroecious life cycle. In this cycle, aphids migrate to secondary hosts consisting of flowering herbaceous hosts
in the summer after spending all the seasons except summer on primary hosts (Blackman & Eastop, 2006).
Therefore, investigating the preferences of aphids for different host plant communities within an ecosystem is
important both in terms of obtaining data on the host plant selection of aphids and in gaining a better understanding
of their biology, life cycles, and management. Some studies have been carried out on aphid-host interactions on
all plant communities in different areas in urban ecosystems (Borowiak-Sobkowiak & Wilkaniec, 2010; Bennewicz
& Barczak, 2014; Barczak et al., 2021). However, it is clear that the data on the biodiversity of aphid-host plant
interactions on different plant communities such as trees, shrubs, and herbaceous plant, needs to be collected
and studied separately.

As can be understood from the above, numerous studies investigating aphid-host plant interactions in urban
ecosystems have commonly focused on plant communities such as trees and shrubs in parks and landscaped
areas. Based on the fact that herbaceous host plants represent an important stage in the life cycles of many aphid
species, we were interested in how the biodiversity of aphid-host interactions on different host plant communities
would change in all urban ecosystems including parks, landscaped areas, roadsides, and the gardens of homes
and buildings. In this context, we aimed to reveal the diversity of aphid species and their host plant interactions on
different plant communities such as trees, shrubs and herbaceous plants in an urban ecosystem in northwest Turkiye.

Materials and Methods
Sampling site

Our sampling area consists of the city centre of the Canakkale Province including the central district of
Kepez (Figure 1). Approximately 198,000 people live here, in an area of 12 km2. There are also many urban areas
in the Canakkale Province, including park-landscaped areas such as Halkbahcgesi Park, Sarigay Park, the
Terzioglu Campus, Esenler Ozgiirliik Park, the Dardanos Campus, Osnabriick Park, street medians and roadsides,
as well as the gardens of homes and buildings, which contain numerous different plant communities.
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Figure 1. Map showing our sampling area in the Canakkale Province of northwest Turkiye.
The sampling method and identification of the aphids and their hosts

In order to determine the diversity and interactions of aphids on different plant communities in the urban
ecosystem, aphid sampling was conducted from the host plants such as trees, shrubs and herbaceous plants in
parks, landscaped areas, roadsides, and gardens of homes and buildings in the city centre of Canakkale located
in the northwest of Tirkiye. For the homogeneous sampling, all the areas here were visited once a week or
sometimes more between April and October from 2021 to 2022. To determine the presence of aphid colonies,
different parts of all the plant species were checked. The individuals of the aphid colonies on the host plants were
put in cryotubes filled with 70% ethanol. Afterward, these specimens were clarified and prepared according to the
protocol proposed by Hille Ris Lambers (1950). The identification of sampling specimens was carried out by the
second author based on the keys of Blackman & Eastop (2006, 2023) using a LEICA DM 2500 microscope with
LAS software and an HD camera. The scientific names of the identified aphids were provided and checked from
Favret (2023). For the identification of host plants, trees or shrubs were photographed during the aphid sampling,
and herbaceous plants were brought to the laboratory for the herbarium. The slide materials of the identified aphid
species were kept in the Plant Protection Department of Agricultural Faculty in Canakkale Onsekiz Mart University.

Data analysis

For visualization of the network of aphids-hosts interactions on different plant communities such as trees,
shrubs and herbaceous plants in the urban ecosystem, the interaction graphs were constituted by using the "plotweb"
function of the Bipartite software based on the relative abundance data of aphids and their hosts. For the calculation
of the biodiversity values of the aphids-hosts interactions on different plant communities, i.e. Shannon’s diversity
index (H’), interaction evenness (E), H2, linkage density, links per species and connectance, were used for the
"networklevel" function of the Bipartite software. Also, the modularity (M) and nestedness (N) values of the aphids-
hosts interaction networks were calculated using the functions of “metaComputeModules” and “nested” (Beckett,
2016) in the Bipartite (Dormann et al., 2021). In addition, the “diversityresult” function in the BiodiversityR of R
software (3.6.1) (Kindt & Kindt, 2019; R Core Team, 2023) was used to calculate the biodiversity values such as
the richness (S) and abundance (N) of the aphids on the trees, shrubs and herbaceous plants.
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Results and Discussion
The diversity of the aphids in the urban ecosystem

This study has revealed the diversity of the aphids and the interactions of aphid-host plants in different plant
communities in a specific urban area, and determined 55 aphid species from 26 genera in the family Aphididae
(Hemiptera) on 65 host plant species belonging to 26 plant families. Of these aphids, Capitophorus archangelskii
(A23) and Uroleucon leontodontis (A54) are new to the aphid fauna of Turkiye. Also, Brachycaudus tragopogonis
setosus (A21), Cinara neubergi (A29) and Lipaphis lepidi (A36), which are only reported in a few regions, are rare
aphid species recorded in Tlrkiye. In addition to these species, Aphis cytisorum (A4), Chaetosiphon tetrarhodum
(A24), Chaitophorus populeti (A26), Rhopalosiphum nymphaeae (A46) and Uroleucon cichorii (A52) were
recorded for the first time in the Canakkale Province, where this study was conducted. In terms of the genera
diversity of the aphids, the most aphid species were identified in the genera Aphis with fifteen species, followed
by the genera Uroleucon with five species. On the other hand, only one species from the genera Brevicoryne,
Capitophorus, Chaetosiphon, Eucallipterus, Hyperomyzus, Liosomaphis, Lipaphis, Macrosiphoniella, Myzus,
Panaphis, Phorodon, Rhodobium, Sarucallis, Sitobion, Tinocallis and Trama were identified. The aphid species
identified in this study are presented in Table 1.

Table 1 The aphid species determined in the urban ecosystem

Code Aphid Species Code Aphid Species Code Aphid Species

Al

Acyrthosiphon gossypii Mordvilko,1914 A20 Brachycaudus sp. A39 Macrosiphum rosae (Linnaeus, 1758)

Brachycaudus tragopogonis setosus (Hille

A2 Acyrthosiphon lactucae (Passerini, 1860) A21 Ris Lambers, 1948) A40 Macrosiphum sp.

A3 Aphis craccivora Koch, 1854 A22 Brevicoryne brassicae (Linnaeus, 1758) A41 Myzus persicae (Sulzer, 1776)

A4 Aphis cytisorum Hartig, 1841 A23 Capitophorus archangelskii Nevsky, 1928 A42 Panaphis juglandis (Goeze, 1778)

A5  Aphis fabae Scopoli, 1763 A24 Chaetosiphon tetrarhodum (Walker, 1849) A43 Phorodon humuli (Schrank, 1801)

A6  Aphis gossypii Glover, 1877 A25 Chaitophorus leucomelas Koch, 1854 A44  Rhodobium porosum (Sanderson, 1900)

A7  Aphis hederae Kaltenbach, 1843 A26 Chaitophorus populeti (Panzer, 1801) A45 Rhopalosiphum maidis (Fitch, 1856)

A8  Aphis nasturtii Kaltenbach, 1843 A27 Cinara cedri Mimeur, 1936 A46 Rhopalosiphum nymphaeae (Linnaeus, 1761)
A9  Aphis nerii Boyer de Fonscolombe, 1841 A28 Cinara fresai Blanchard, 1939 A47 Sarucallis kahawaluokalani (Kirkaldy, 1907)
A10 Aphis pomi De Geer, 1773 A29 Cinara neubergi (Arnhart, 1930) A48 Sitobion avenae (Fabricius, 1775)

A1l Aphis punicae Passerini, 1863 A30 Cinara tujafilina (Del Guercio, 1909) A49 Tinocallis saltans (Nevsky, 1929)

A12 Aphis ruborum (Borner & Schilder, 1931) A31 Eucallipterus tiliae (Linnaeus, 1758) A50 Trama caudata Del Guercio, 1909

A13 Aphis rumicis Linnaeus, 1758 A32 Hyalopterus amygdali (Blanchard, 1840) A51 Uroleucon aeneum (Hille Ris Lambers, 1939)
Al14 Aphis solanella Theobald, 1914 A33 Hyalopterus pruni (Geoffroy, 1762) A52  Uroleucon cichorii (Koch, 1855)

A15 Aphis sp. A34 Hyperomyzus lactucae (Linnaeus, 1758)  A53 Uroleucon jaceae (Linnaeus, 1758)

A16 Aphis spiraecola Patch, 1914 A35 Liosomaphis berberidis (Kaltenbach, 1843) A54 Uroleucon leontodontis (Hille Ris Lambers, 1939)
Al17 Aphis umbrella (Borner, 1950) A36 Lipaphis lepidi (Nevsky, 1929) A55  Uroleucon sonchi (Linnaeus, 1767)

A18 Brachycaudus cardui (Linnaeus, 1758) A37 Macrosiphoniella sanborni (Gillette, 1908)

A19 Brachycaudus helichrysi (Kaltenbach, 1843) A38 Macrosiphum euphorbiae (Thomas, 1878)

Of the aphids new for Turkiye, C. archangelskii (A23), which feeds on the undersides of the leaves of
Elaeagnus spp. (Elaeagnaceae), is distributed in Afghanistan, the Caucasus, India, Iran, Kazakhstan, Pakistan,
and Uzbekistan. Another new species, U. leontodontis (A54), is distributed on Leontodon spp. in Europe
(Blackman & Eastop 2023). In this study, C. archangelskii (A23) was identified from Elaeagnus angustifolia
(Elaeagnaceae) and U. leontodontis (A54) from Leontodon sp. (Asteraceae).

Detailed descriptions and slides of the new aphid species for Turkiye are provided below:
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Capitophorus archangelskii Nevsky, 1928
Specimens examined. Tirkiye: 4 apterous viviparous ¢, Canakkale, 07.VI.2022, on E. angustifolia.

Color of body of living apterous viviparous female is light green, oval shaped, about 1.725 mm. Body parts
are densely bearing long and thick capitate hairs: 5 on antenna segment |, 4 on antenna segment I, 8 on antenna
segment lll, 16 on dorsal each abdominal segment 1-4 (Figure 2a, €). Apterous viviparous female specimens on the
slide; whole antenna is pale (Figure 2b), 1.548 mm length, and about 0.898 x body length. Processus terminalis of
antenna segment VI 5.579 x base part of antenna segment VI (Figure 2d). Antenna segment Ill about two times
shorter than segment VI, antenna segment IV and V are close in length. Length of antenna segments (I-VI) 0.098-
0.060-0.305-0.245-0.230-0.608 mm. Maximum hair length on antenna segment Il about 0.933 x basal diameter of
same segment Il (Figure 2¢). Width of head about 0.372 mm, and pale. Rostrum is pale (Figure 2g), the length of
ultimate rostral segment (RIV+V) 0.189 mm and has only two hairs, RIV+V 2.039 x hind tarsus segment Il. Whole
segments of legs are pale. Femur with long capitate hairs (Figure 2h), hind tarsus segments | and Il are 0.023 mm
and 0.092 mm (Figure 2i). Siphinculi is 0. 625 mm, pale, cylindrical, not swollen, distinctly imbricated and not
reticulated zone (Figure 2f). Siphinculi 4.092 x cauda, 0.362 x body length, 2.052 x length of antenna segment III.
Cauda with an average of six hairs is pale, broadly and very shorter than siphinculi (Figure 2f). Lenght of cauda is
0.153 mm, about 0.813 x RIV+V, 0.504 x length of antenna segment I, 1.276 x width of cauda.

Figure 2. Capitophorus archangelskii: a) the body of an apterous viviparous female; b) whole antenna; c) hair on the antenna segment lll;
d) antenna segment VI (base + processus terminalis); e) capitate hairs on the dorsal abdominal segments; f) siphinculi and cauda;
g) rostrum and ultimate rostral segment; h) capitate hairs on the femur; 1) hind tarsus segments | and Il; j) the body of an alatae
viviparous female, k,l) secondary rhinaria on the antennal segment Ill, IV, V.

Specimens examined. Turkiye: 1 alatae viviparous ¢, Canakkale, 07.VI.2022, on E. angustifolia.

Color of body of living alatae viviparous female is light green. Alatae viviparous female specimens on the
slide; body is 1.686 mm (Figure 2j). Antenna is dark, 1.396 mm length, and about 0.827 x body length. Processus
terminalis of antenna segment VI 5.891 x base part of antenna segment VI. Antenna segment Il longer than 1V,
and shorter than VI. Length of antenna segments (I-VI) 0.077-0.056-0.314-0.200-0.177-0.572 mm. Secondary
rhinaria of antenna segments: 24 on segment lll, 11 on segment 1V, 3 on segment V (Figure 2k, 1). Width of head
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about 0.304 mm, and dark. Length of ultimate rostral segment (RIV+V) 0.165 mm and has only two hairs, RIV+V
1.918 x hind tarsus segment Il. Mesothorax is deep brown or dark. Abdomen has a largely square dark green
patch in front of siphinculi. Siphinculi is 0.398 mm, cylindrical and not swollen. Siphinculi 3.790 x cauda, 0.236 x
body length, 1.267 x length of antenna segment Ill. Cauda with an average of six hairs is bluntly pointed, 0.105 mm,
about 0.636 x RIV+V, 0.334 x length of antenna segment Ill, 1.500 x width of cauda.

Uroleucon leontodontis (Hille Ris Lambers, 1939)
Specimens examined. Turkiye: 8 apterous viviparous @, Canakkale, 26.V.2021 and 24.V1.2021 on Leontodon sp.

Color of body of living apterous viviparous female is dark brown-shiny, and body length is 3.068 mm.
Apterous viviparous female specimens on the slide; whole antenna is dark (Figure 3c) and about 1.328 x body
length (Figure 3a, b), processus terminalis of antenna segment VI 5.868 x base part of the same segment (Figure
3e), length of antenna segments (I-VI) 0.193-0.119-1.265-0.685-0.591-1.269 mm. Antenna segment IIl has
average 46 secondary rhinaria (Figure 3d), maximum hair length on antenna segment Ill about 0.756 x basal
diameter of the ame segment. Width of head about 0.619 mm, and dark. Antennal tubercle well developed (Figure
3a). Rostrum is dark, the length of ultimate rostral segment (RIV+V) 0.250 mm and has 7-9 hairs (Figure 31),
RIV+V 1.384 x hind tarsus segment Il. Dorsal abdomen has distinctive dark markings mostly with hairs (Figure
3b, f). Segments of legs; coxa dark, trochanter and basal part of femur pale, apical part of femur and whole tibia
dark. Segments | and Il of hind tarsus are 0.046 and 0.180 mm, and dark (Figure 3g). First tarsal segment of legs
has 5-5-5 hair number (Figure 3j). Siphinculi is 0.991 mm, wholly dark and with reticulated zone (Figure 3b, h).
Siphinculi 1.507 x cauda, 0.321 x body length, 0.779 x length of antenna segment Ill. Cauda with an average of
16 hairs is tongue-shaped, and paler than siphinculi (Figure 3b, h). Lenght of cauda is 0.656 mm, about 2.614 x
RIV+V, 0.518 x length of antenna segment Ill, 2.701 x width of cauda.

‘7,4', S 15 s

Figure 3. Uroleucon leontodontis: a,b) the body of an apterous viviparous female; c)whole antenna; d) secondary rhinaria on the antennal
segment Ill; e) antennal segment VI (processus terminalis and the basal part of the antennal segment VI); f) dark markings on the
abdomen; g) hind tarsus segments; h) siphinculi and cauda; 1) ultimate rostral segment; j) first tarsal segment.

The interactions of the aphids and host plants in the urban ecosystem

A total of 108 aphid-host plant interactions, including new interaction records were revealed in the urban
ecosystem in the northwest Turkiye. From the different plant communities in the urban ecosystem, the highest
aphid-host plant interactions were determined on the herbaceous plants with 52 interactions, followed by the trees
with 32 interactions and the shrubs with 24 interactions. Among these, the interactions of Aphis cytisorum (A4) -
Spartium junceum (Leguminosae) (H54), Aphis spiraecola (A16) - Cercis siliquastrum (Leguminosae) (H9) and
Kerria japonica (Rosaceae) (H19), Aphis solanella (A14) - Mirabilis jalapa (Nyctaginaceae) (H29), C. archangelskii
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(A23) - E. angustifolia (H13), C. neubergi (A29) - Pinus pinea (Pinaceae) (H34), and U. leontodontis (A54) -
Leontodon sp. (H22) were recorded for the first time in Turkiye. The host plant species of the aphids identified in
this study are presented in Table 2.

Table 2 The host plant species of the aphids determined in the urban ecosystem

Code Host Plant Code Host Plant Code Host Plant
H1 Asteraceae H23 Lepidium draba L. (Brassicaceae) H45 Robinia pseudoacacia L. (Leguminosae)
H2  Berberis thunbergii DC. (Berberidaceae) H24 Malus floribunda Sicbold ex Van Houtie H46 Rosa sp. (Rosaceae)
(Rosaceae)
H3 Brassica sp. (Brassicaceae) H25 Malva sylvestris L. (Malvaceae) H47 Rubus sp. (Rosaceae)
. . Rumex conglomeratus Murray
H4  Capsella rubella Reut. (Brassicaceae) H26 Malva vulgaris Fr. (Malvaceae) H48 (Polygonaceae)
H5  Capsicum annuum L. (Solanaceae) H27 Medicago sativa L. (Leguminosae) H49 Rumex crispus L. (Polygonaceae)
H6  Carduus pycnocephalus L. (Asteraceae) H28 Medicago sp. (Leguminosae) H50 Rumex patientia L. (Polygonaceae)
H7 Ce_drus deodora (Roxb. ex D.Don) G.Don H29 Mirabilis jalapa L. (Nyctaginaceae) H51 Rumex sp. (Polygonaceae)
(Pinaceae)
. Silybum marianum (L.) Gaertn.
H8 Centaurea sp. (Asteraceae) H30 Nerium oleander L. (Apocynaceae) H52 (Asteraceae)
H9  Cercis siliquastrum L. (Leguminosae) H31 Oenothera biennis L. (Onagraceae) H53 Sonchus sp. (Asteraceae)
H10 Chrysanthemum sp. (Asteraceae) H32 Photinia serrulata Siebold & Zucc. (Rosaceae) H54 Spartium junceum L. (Leguminosae)
. Phragmites australis (Cav.) Trin. ex Steud. Spiraea x vanhouttei (Briot) Zabel
H11 Citrus sp. (Rutaceae) H33 (Poaceae) H55 (Rosaceae)
H12 Dasypyrum villosum (L.) Borbas (Poaceae) H34 Pinus pinea L. (Pinaceae) H56 Tanacetum sp. (Asteraceae)
H13 Elaeagnus angustifolia L. (Elaeagnaceae) H35 Pittosporum tobira (Thunb.) W.T. Aiton H57 Tilia cordata Mill. (Malvaceae)

(Pittosporaceae)

H14 Euonymus japonicas Thunb. (Celastraceae) H36

Platycladus orientalis (L.) Franco H58 Tragopogon porrifolius L. (Asteraceae)

(Cupressaceae)
H15 Hedera helix L. (Araliaceae) H37 Populus alba L. (Salicaceae) H59 Tribulus terrestris L. (Zygophyllaceae)
H16 Hibiscus syriacus L. (Malvaceae) H38 Portulaca oleracea L. (Portulacaceae) H60 Ulmus minor Mill. (Ulmaceae)
H17 Juglans regia L. (Juglandaceae) H39 Prunus cerasifera Ehrh. (Rosaceae) H61 Viburnum tinus L. (Adoxaceae)
H18 Juniperus Sabina L. (Cupressaceae) H40 Prunus domestica L. (Rosaceae) H62 Vicia faba L. (Leguminosae)
H19 Kerria japonica (L.) DC. (Rosaceae) H41 Prunus persica (L.) Batsch (Rosaceae) H63 Vicia villosa Roth (Leguminosae)
H20 I(_:;:tt;caa::\éiagi)nea (L.) J. Presl & C. Presl H42 Prunus sp. (Rosaceae) H64 \(/I\_/iesgt]irri‘:;}ns(i)r;zr;?is (Sims) Sweet
H21 Lagerstroemia indica L. (Lythraceae) H43 Punica granatum L. (Lythraceae) H65 Zea mays L. (Poaceae)
H22 Leontodon sp. (Asteraceae) H44 Pyracantha coccinea M. Roem. (Rosaceae)

Considering the aphid-host interactions on trees in the urban ecosystem, Hyalopterus pruni (A33) fed on
four tree species and was the most common aphid. Also, Aphis craccivora (A3), A. spiraecola (A16) and
Hyalopterus amygdali (A32) preferred three tree species for feeding. On the other hand, the remaining aphids
were mostly determined on only one tree species. As for the host trees, Prunus domestica (Rosaceae) (H40) and
Prunus sp. (Rosaceae) (H42) visited by four aphid species were the most preferred host trees. These were
followed by Citrus sp. (Rutaceae) (H11) and Prunus persica (Rosaceae) (H41), each preferred by three aphid
species (Figure 4). When taking results for the shrubs into consideration, it becomes clear that diversity of the
aphids, host plants and their interactions are significantly less than in the other plant communities. Aphis
spiraecola (A16), collected from eight host shrubs species, was the most common aphid, and it was followed by
Aphis gossypii (A6), collected from five host shrubs. As for the host shrubs, Rosa sp. (Rosaceae) (H46) was the
most visited shrub species preferred by five aphids (Figure 5). Among all the plant communities, greatest diversity
of aphids, host plants and their interactions were found for the herbaceous plants. In terms of aphids, A. craccivora
(A3) and Aphis fabae (A5) fed on eight host herbaceous plants and were the most common. In this interaction
network, each of the 19 aphid species was determined on only one host herbaceous plant. As for the host
herbaceous plants, Sonchus sp. (Asteraceae) (H53) hosted the most aphids with five species (Figure 6).
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Figure 4. The graph showing the network of the aphids (upper part) - host trees (lower part) interactions in the urban ecosystem. The black
bars and the grey bars show the abundance and interactions of the species, respectively.
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Figure 5. The graph showing the network of the aphids (upper part) - host shrubs (lower part) interactions in the urban ecosystem. The black
bars and the grey bars show the abundance and interactions of the species, respectively.
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Figure 6. The graph showing the network of the aphids (upper part) - host herbaceous (lower part) interactions in the urban ecosystem. The
black bars and the grey bars show the abundance and interactions of the species, respectively.
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In our study of the species richness of aphids in different plant communities in an urban ecosystem, the
results showed that the aphids on the host herbaceous plants have higher species richness than those on the
host trees and shrubs (S= 29 on HH, S=22 on HT, S= 13 on HS). Similarly, the abundance of aphids on the host
herbaceous plants was also higher than in the other plant communities (N= 2170 on HH, N=1502 on HT, N= 1674
on HS) (Table 3). To reveal more detailed information on the aphid-host plant interactions on the different plant
communities in the urban ecosystem, we also obtained data on the biodiversity of these interactions. The
connectance value, i.e. the realised proportion of possible links, was higher in the host shrubs than the other plant
communities. Similarly, while the highest value of links per species was recorded for the host shrubs, the lowest
value was found for the host trees. Also, the results of the analysis of the nestedness and modularity values of
the interactions in different plant communities clearly showed that the network of interactions in the host trees was
more nested than those on the host shrubs and herbaceous (N= 17.412 on HT, N= 13.712 on HS, N= 8.492 on
HH). But, the network of interactions on the host herbaceous was more modular than those on the host trees and
shrubs (M= 0.777 on HH, M= 0.717 on HT, M= 0.628 on HS). The biodiversity of the aphid-host plant interactions
on the different plant communities in the urban ecosystem clearly showed that the interactions on the host
herbaceous plants were more diverse than those on the host trees and shrubs (H= 3.720 on the HH, H’= 3.150
on the HT, H’= 2.821 on the HS). Concordantly, the interaction evenness value for the host herbaceous plants
was more balanced compared to the other plant communities (E= 0.547 on HH, E= 0.542 on HS, E= 0.517 on
HT). The values of H2, which is defined as a network-level measure of specialisation, revealed that the
specialisation in the network of aphid-host trees and aphid-host herbaceous plants was higher than in that of
aphid-host shrubs (Table 3). The results thus clearly showed that in the urban ecosystem, diversity of the network
of aphid-host herbaceous plants was higher than that in the host trees and shrubs.

Table 3 The biodiversity values of aphids and their host interactions on different plant communities in the urban ecosystem

Biodiversity of aphids Biodiversity of interactions of aphids - different plant communities
Shannon Interaction
Networks Richness Abundance Connectance Links per Linkage Nestedness Modularity diversity of evenness  H2
(S) (N) species density (N) (M) interactions
L ®
(H)
Network of aphids - 22 1502 0.073 0762 2023 17.412  0.717 3.150 0517 0.859
host trees (HT)
Network of aphids - 13 1674 0.131 0.889 2683 13712  0.628 2.821 0542 0.717
host shrubs (HS)
Network of aphids -
host herbaceous 29 2170 0.057 0.866  2.557 8.472 0.777 3.720 0.547 0.841
plants (HH)
Discussion

Urban areas are home to many ecosystems such as parks, landscaped areas, roadsides, and the gardens
of homes and buildings with different plant communities. Furthermore, urbanisation can support biodiversity thanks
to rich habitat diversity, providing new shelter and food sources for many invertebrates (Weller & Ganzhorn, 2004;
Breuste et al., 2008; Bennewicz & Barczak, 2014). Urban ecosystems are known to affect populations of aphids
in certain plant communities (Jaskiewicz, 2005). In addition, aphids, which are one of the important groups of sucking
insects, can provide an important food source for parasitoids, predators and other animals in both crop and non-
crop habitats. Therefore, any increase or decrease in aphid populations can affect the presence and numbers of
these organisms in urban ecosystems (Kaminski et al., 2016; Tena et al., 2016). In this regard, detailed data on
the presence, species richness, relative abundance, host plant communities’ preferences and biodiversity of aphids
in urban ecosystems will contribute to a better understanding of the aphid-host plant interactions in these areas.

In their study on aphids in urban ecosystems, Bennewicz & Barczak (2016) investigated the diversity of
aphids in two different plant communities, i.e. the so-called southern slope and downtown in the city of Bydgoszcz
in Poland. As a result, they revealed a total of 39 aphid species with 32 aphids on 31 hosts in the southern
neighbourhood and 24 aphid species on 23 hosts in the other area. Six aphid species were also determined on
the genera of Prunus, i.e. Prunus cerasifera (Rosaceae) and P. domestica, in the sampling area. Similar results
were obtained in our study, where seven aphid species, namely A. spiraecola, Brachycaudus helichrysi, H. pruni,
Myzus persicae, Phorodon humuli and R. nymphaeae were identified on host trees belonging to the genera
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Prunus. Hence, it may be interpreted that some plants from host trees in the genera Prunus are very attractive to
aphids in both urban and crop ecosystems since urban ecosystems comprise not only ornamental plants in parks
and landscaped areas, but also crop trees such as cherry, peach and plum in areas including roadsides and the
gardens of homes and buildings. In another study, Borowiak-Sobkowiak & Wilkaniec (2010) identified 67 aphids
on 56 host shrubs and host trees in the Park of Cytadela in the city of Poznan in Poland, which included one of
the host plant ecosystems we focused on in our study. In our study, 32 aphid species were determined on 34
trees and shrubs in areas containing all urban ecosystems. However, it should be noted that in addition to aphid
species on the trees and shrubs in urban ecosystems, our study also focused on the host herbaceous plants in
these areas. From this perspective, the result of the determination of 29 aphid species on 31 host herbaceous
plants in our study showed that aphid diversity is quite high on herbaceous plants as well as trees and shrubs in
urban areas. Also, Borowiak-Sobkowiak & Wilkaniec (2010) emphasised that certain aphid species reduced the
decorative value of ornamental plants by causing damage such as the discoloration, leaf curling, and drying of
plant parts. In parallel with this, our study yielded some similar observations, although our data is not quantitative.
Our observations showed that Aphis nerii and A. spiraecola, A. craccivora, Liosomaphis berberidis and Macrosiphum
rosae caused serious decorative damage to the stems, leaves and flowers of Nerium oleander (Apocynaceae),
Robinia pseudoacacia (Leguminosae), Berberis thunbergii (Berberidaceae) and Rosa sp., respectively. In another
study, which investigated plant communities and associated aphid communities in different urban park
ecosystems, 66 aphid species were identified on 75 plant species (Barczak et al., 2021). The results of the study
emphasised that the differences between the aphid assemblages were closely related to the plant diversity in
urban park plantations. The results from our study, revealing 52 aphid-host interactions on herbaceous plants, 32
aphid-host interactions on trees and 24 aphid-host interactions on shrubs, strongly support these data.

The studies presented above as well as the results of our study clearly demonstrate that urban ecosystems
harbour rich aphid biodiversity and aphid-host plant interactions. Although many studies have been carried out on
aphid interactions on all host plant communities in urban areas, the lack of data on the biodiversity of aphid-host
plant interactions on different plant communities such as trees, shrubs, and herbaceous plants separately was
considered an important gap. Considering that some aphid species have a heteroecious life cycle (Blackman &
Eastop, 2023), it is clear that discovering more about these pests and their interactions on different plant
communities is necessary in order to gain a better understanding of the biology and control strategies of aphids.
In this regard, our results supporting this phenomenon showed that A. gossypii and Macrosiphum euphorbiae,
which are important polyphagous aphid species, were determined on all three plant communities, as well as A.
craccivora, H. pruni, and M. persicae on both the host trees and herbaceous plants in the urban ecosystem in in
the northwest of Turkiye. Furthermore, the fact that the aphid species mentioned here are important ornamental
plant pests in landscaped areas supports the need for a more detailed investigation of aphid - host plant
interactions on different plant communities in urban ecosystems. Such a detailed investigation of aphid diversity
and their host plant interactions in urban ecosystems will contribute not only to determining the control strategies
of pest aphids after their infestation of plants, but also to the selection of trees and shrubs with high resistance to
aphid damage thus enhancing the pest control programmes of ornamental plants. Additionally, different host plant
communities in urban ecosystems can host the interactions of aphids’ natural enemies, especially parasitoids.
Numerous studies on this subject have shown that some host plants such as B. thunbergii, Euonymus sp.
(Celastraceae), Hibiscus syriacus (Malvaceae), N. oleander, Rosa sp., Salix alba (Salicaceae), Tamarix chinensis
(Tamaricaceae), and Viburnum sp. (Adoxaceae) are reservoirs for numerous parasitoid-aphid interactions
(Lumbierres et al., 2005; Tomanovic¢ et al., 2006, 2009; Kavallieratos et al., 2013, 2016). These reserve hosts can
contribute significantly to the biocontrol of aphid pests in urban areas where the use of chemicals is undesirable
due to the density of human populations.

For the reasons presented here, it may be concluded that investigation of aphid-host interactions in different
plant communities in urban ecosystems will contribute to closing an important gap. The results we present in this
study show that urban ecosystems host a very rich aphid diversity, and these areas have significant potential to
reveal new aphid species and aphid-host interaction records for cities and countries. Since not only certain landscape
and ornamental plants, but also many herbaceous or cultivated plants such as tree species are commonly
distributed in urban ecosystems, it is believed that the results of the host plant preference of aphids among the
different plant communities in the urban ecosystems in our study have the potential to serve as an important guide
in the design of landscape plants, pest control management and biological control of pest aphids in these areas.
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Efficiency of temperature and storage duration on some morphological
measurements and reproductive capacity of the entomopathogenic
nematode Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida:

Heterorhabditidae)’s Turkish HBH hybrid strain?

Entomopatojen nematod Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida:
Heterorhabditidae)’'nin Turk HBH hibrit irkinin bazi morfolojik 6zellikleri ve Greme kapasitesi
tizerinde sicakhgin ve depolama suresinin etkisi

Alperen Kaan BUTUNER? ismail Alper SUSURLUK?
Abstract

Entomopathogenic nematodes (EPNs) are successfully used in the biological control of agricultural insect pests. This
study aims to determine the body length of hermaphrodite individuals, egg diameter and reproductive capacity obtained from
Infective Juveniles (1Js) stored at different temperatures and durations. Heterorhabditis bacteriophora Poinar, 1976
(Rhabditida: Heterorhabditidae)’s Hybrid Strain HBH was used in the study. IJs stored at 15, 25 and 35°C for 7, 14 and 21
days were inoculated onto Galleria mellonella L., 1758 (Lepidoptera: Pyralidae) last instar larvae at a dose of 100 IJs. On the
2" day of infection, hermaphrodite individuals and eggs were obtained by dissecting the larvae. The reproductive capacity
was determined 10-12 days after infection. The study was conducted in Bursa Uludag University, Faculty of Agriculture, Plant
Protection Department, Nematology Laboratory in 2023. In conclusion, the longest hermaphrodite individuals and egg diameter
were obtained as 6207.22 pm and 55.65 pm, respectively from the IJs stored for 7 days at 15°C. The highest reproductive
capacity was also observed as 167.500 1Js per G. mellonella larva in 1Js stored under the same conditions with respect to
temperature and time. This study is important for assessing the morphological effects of different temperature values and
storage durations on EPNSs.

Keywords: Body length, egg diameter, hermaphrodite, Heterorhabditis bacteriophora, reproductive capacity
Oz

Entomopatojen nematodlar (EPN), tarimsal zararllarin biyolojik micadelesinde basariyla kullaniimaktadir. Bu
calismanin amaci farkh glin ve sicakliklarda depolanmis olan Infektif Juvenillerden (13) elde edilen hermafrodit bireylerin viicut
uzunlugunun, yumurta ¢apinin ve Ureme gicinin belirlenmesidir. Bu galismada Heterorhabditis bacteriophora Poinar, 1976
(Rhabditida: Heterorhabditidae)’'nin Hibrit Irki HBH kullaniimistir. 15, 25 ve 35°C'de 7,14 ve 21 giin depolanmigs olan IJ’ler 100
IJ dozunda Galleria mellonella L., 1758 (Lepidoptera: Pyralidae)’nin son dénem larvasi Gizerine inoktle edilmistir. Enfeksiyonun
gergeklestigi 2. giin sonunda larvalar disekte edilmig, hermafrodit bireyler ve yumurtalar elde edilmistir. Ureme giicii ise
enfeksiyon gergeklestikten 10-12 giin sonra belirlenmistir. Bu galisma 2023 yilinda Bursa Uludag Universitesi, Ziraat Fakiiltesi,
Bitki Koruma Bélim, Nematoloji Laboratuvarr’'nda yuritilmastir. Sonug olarak, en uzun hermafrodit bireyler ve yumurta gapi
15°C’'de 7 gin muhafaza edilmis olan IJ’lerden elde edilmistir. Bu degerler sirasiyla 6207.22 um ve 55.65 um olarak
belirlenmistir. En yiksek Greme giicide ayni sicaklik ve giinde tutulmus olan 1J’lerde gorilmustir. Bu deger 167.500 1Js/G.
mellonella larva olarak belirlenmistir. Bu ¢alisma farkli sicaklik degerlerinin ve depolama siresinin EPN’lerin Uzerindeki
morfolojik etkilerin belirlenmesini iceren énemli bir calismadir.

Anahtar sézcikler: Viicut uzunlugu, yumurta ¢api, hermafrodit, Heterorhabditis bacteriophora, tireme giici
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Efficiency of temperature and storage duration on some morphological measurements and reproductive capacity of the entomopathogenic
nematode Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae)'s Turkish HBH hybrid strain

Introduction

Entomopathogenic nematodes (EPNs) are highly effective biological control agents against insect pests.
These organisms are natural enemies of many economically important insect species, and in recent years,
restrictions on pesticide usage have increased the importance of these organisms in the control of pests (Ehlers,
1996; Shapiro-llan et al., 2006; Susurluk & Ehlers, 2008; Dede et al., 2022).

Entomopathogenic nematodes which belong to the families Heterorhabditidae and Steinernematidae, are
organisms that predominantly spend their life cycles searching for hosts in the soil (Boemare et al., 1996). The
life cycle of individuals belonging to the Heterorhabditidae family is expressed as egg, juvenile 1, juvenile 2,
juvenile 3 (Infective Juvenile), juvenile 4, and adult stages. In the first generations of this family, the adults are
composed of hermaphroditic individuals (Johnigk & Ehlers, 1999). EPNSs, in their Infective Juveniles (1Js) form,
possess the ability to search for hosts for months without feeding (Susurluk & Ehlers, 2008). The 1Js penetrate
the host tissue through natural openings such as the mouth, spiracles, anus, or through wounds formed on their
bodies. After entering the host tissue, the 1Js release the symbiotic bacteria with which they live in a symbiotic
relationship into the host tissue, leading to host septicaemia and eventual death within approximately 36-48 hours
(Kaya & Gaugler, 1993; Ehlers, 2001; Ehlers & Shapiro-llan, 2005; Ulu & Susurluk, 2014). The EPNs Kkill their
hosts with the help of gram-negative bacteria belonging to the Enterobacteriaceae family, with whom they have a
symbiotic relationship within their bodies, and they are able to multiply within the host (Ehlers, 2001; Lewis et al.,
2006). The 1Js of the Heterorhabditidae family carry scattered gram-negative bacteria belonging to the species
Photorhabdus spp. in their hemolymph, whereas the 1Js of the Steinernematidae family carry Xenorhabdus spp.
within a specialized vesicle inside their bodies (Boemare et al., 1996; Forst & Nealson, 1996; Susurluk, 2008).

Environmental factors significantly affect the lives and activities of EPNs. Additionally, they determine the
distribution, mobility, infection potential and population dynamics of these organisms. Among these environmental
factors, temperature is one of the most crucial factors for EPNs (Kahel-Raifer & Glazer, 2000; Shapiro-llan et al.,
2006; Ulu & Susurluk, 2014). The increase in temperature can enhance the metabolic rate and infective abilities
of EPNs while reducing their developmental periods. However, excessively high temperatures can have a
detrimental effect on the activity and survival capabilities of these organisms. Similarly, low temperatures can also
reduce the activity and slow down the development of EPNs (Bilgrami & Gaugler, 2007; Shaurub et al., 2015;
Lillis et al., 2023). Temperature tolerance can vary among each EPN species, often being associated with their
geographic distribution. While some species are more easily adapted to hot climate regions, others are better
suited to cooler areas. This adaptability allows EPNs to achieve more successful results on hosts in their natural
habitats and in agricultural applications (Kahel-Raifer & Glazer, 2000; Stuart el al., 2006; Vashisth et al., 2013;
Lillis et al., 2023).

The main objective of this study is to determine the length of hermaphrodite individuals of H. bacteriophora
HBH hybrid strain after its 1Js are stored at different temperatures (15, 25, and 35°C) and specific time intervals
(7, 14, and 21 days). Additionally, the aim is to determine the length of egg diameter and reproductive capacity.

Materials and Methods
Entomopathogenic nematode species

In this study, a single species of EPN was employed. The species under investigation was Heterorhabditis
bacteriophora, specifically the HBH hybrid strain, which was developed and patented (TPMK Patent No: TR 2013
06141 B) at the Nematology Laboratory, Department of Plant Protection, Faculty of Agriculture, Bursa Uludag
University. HBH hybrid strain was harvested on Galleria mellonella L., 1758 (Lepidoptera: Pyralidae) last instar
larvae and subsequently stored at a temperature of 4°C (Kaya & Stock, 1997; Ulu & Susurluk, 2014) until further
utilization. For this study, three-day-old isolates were utilized. The HBH hybrid strain is described as a specially
adapted strain to the climatic conditions of Turkiye (Ulu & Susurluk, 2014, 2021; Sahin et al., 2018). 1Js of the
HBH hybrid strain were incubated at temperatures of 15, 25, and 35°C for durations of 7, 14, and 21 days.
Subsequently, their reproductive capacities were determined. Additionally, the body lengths and egg diameters
of the hermaphroditic individuals derived from the incubated 1Js were measured. A temperature of 4°C was
designated as the control group.
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Experimental design

In the experiments, the hybrid strain HBH was preserved in 60 ml of Ringer's solution (Ringer, 1882) within
a 250 ml culture flask with a filter cap, capable of accommodating approximately 1000+20 1Js. The study
encompassed different temperature conditions, namely 4, 15, 25 and 35°C, with storage durations of 7, 14 and
21 days for each temperature setting. Specifically, designated days were assigned for the storage periods at each
temperature. Typically, EPNs are stored at 4°C due to their ability to maintain viability over an extended period
(Ehlers, 2001). Hence, 4°C was utilized as the control temperature in this study to establish a baseline reference.
The reproductive capacity, hermaphrodite length, and determination of egg diameter were assessed using last
instar (6" stage) larvae of G. mellonella, which were employed to be hosts during the inoculation stage. The larvae
were placed in 24-well tissue culture plates, with each well measuring 1.5 cm in diameter and 3 cm in depth. The
plates were covered with 10% moist alluvial soil, and the inoculation process was conducted.

Measurement of hermaphrodite length and egg diameter

Heterorhabditis bacteriophora HBH hybrid strain was kept in incubators with the specified temperatures
and selected days then applied to 24-well tissue culture plates containing G. mellonella larvae. The plates were
covered with 10% moist alluvial soil, and the inoculation process was conducted. Three days after this treatment,
insect larvae were transferred from 24-well tissue culture plates to white traps and two days later, the infected
larvae were dissected to obtain the hermaphrodites contained within. The lengths of hermaphrodites were
measured. The sizes of the eggs were also measured. The identification of obtained hermaphrodite individuals
and eggs was conducted using the Leica DM500® Binocular microscope. The images captured from the
microscope were instantly transferred to a computer using the integrated Leica DFC295® Digital Color Camera.
Subsequently, the analyses performed on the real-time images were conducted using the Leica Application Suite
Version 3.6° (LAS V3.6°) software.

Determining the reproductive capacity of HBH hybrid strain

Heterorhabditis bacteriophora HBH hybrid strain was kept at the specified temperatures (15, 25, and 35°C)
for the indicated days (7, 14, and 21 days) and the reproductive capacity of these strains on G. mellonella was
determined. This phase of the study was generally conducted as follows. Firstly, infection was performed on the
last larval stage of G. mellonella and 1Js obtained as a result of infection were stored at 4°C for 3 days.
Subsequently, these IJs were removed from the storage condition and kept in an incubator at 15°C for 7 days,
after which infection was performed by applying 100 1Js on G. mellonella. After 10-12 days, the reproductive
capacity was determined on white trap. At other temperature values, these strains were kept in incubators for the
specified days and experiments were implemented in the same way. The reproductive capacity was assessed
using last instar G. mellonella larvae, which had an average weight of approximately 300+£10 mg and a length of
approximately 2 cm. The quantity of emerging 1Js was determined as the total number obtained from the larvae
with these characteristics.

Statistical analyses

JMP® Pro 16 software was used to perform analysis of variance on hermaphrodite body length, eggs
diameters and reproductive capacity. Furthermore, the least significant difference test (p < 0.05) was used to
determine the difference between means. All assessments were performed four times, with five measurements
taken at each repetition.

Results
The length of hermaphrodite and eggs diameters of the HBH hybrid strain

According to the results of the study, the longest body length value observed in hermaphrodite individuals
of H. bacteriophora HBH hybrid strain was found in hermaphrodite individuals derived from IJs incubated for 7
days at 15°C. This length value was determined to be 6207.22 um. On the 14" and 21t days at 15°C, these
values were obtained to be 6199.29 um and 5637.46 um, respectively. When the body lengths of hermaphrodite
individuals derived from 1Js incubated for 7, 14, and 21 days at 25°C in the incubator were examined, these values
were found to be 5336.15 um, 5335.98 um, and 5433.51 um, respectively. The body lengths of hermaphrodite
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individuals derived from IJs incubated at 35°C for the specified days were examined, and the longest length value
was observed in hermaphrodite individuals derived from 1Js kept at 35°C for 7 days, and this value was determined
to be 5268.51 um (Figure 1). The body lengths of hermaphrodite individuals derived from 1Js incubated for 14 and
21 days at 35°C were found to be 5213.63 um and 4898.82 um, respectively. Finally, the body lengths of
hermaphrodite individuals derived from 1Js stored at 4°C as a control were determined as a reference. This value
was obtained to be 5253.41 um. Based on all the obtained data, a statistically significant difference was observed
among the values (F=12.79; df= 9,190; p <0.0001) (Table 1).

Table 1. The lengths of hermaphrodite individuals were obtained from the incubation of 1Js at the specified days and temperatures
(MeanzS.E.). There is no statistically significant difference between the values represented by the same letters

EPN Temperatures (°C) Time (day) Hermaphrodite Length (um)+SE F (df); p
4 5253.41+44.32 c
15 6207.22+164.20 a
25 7 5336.15+71.11 bc
35 5268.51+97.51
Heterorhabditis 15 6199.29+225.04 a
bacteriophora HBH 14 F (9,190)=12,79; p <0.0001
Hybrid Strain 25 5335.98+71.10 bc
35 5213.63+111.51 cd
15 5637.46+103.33 b
25 21 5433.51+94.43 bc
35 4898.82+97.04 d

The diameters of the eggs within the hermaphrodite individuals derived from the stored IJs at the specified
days and temperatures were also determined. According to the obtained results, the longest egg diameter was
found within the hermaphrodite individuals derived from 1Js kept for 7 days at 15°C. This diameter value was
determined as 55.65 um. When all the specified days and temperatures were examined, a statistically significant
difference was only observed between the 7" day at 15°C and the 215t days of all temperature values used in the
experiment. No statistically significant difference was found among the other temperature values and days
(F=1.71; df=9,190; p=0.089).

Figure 1. The microscopic image of a hermaphroditic individual derived from 1Js (infective juveniles) stored for 21 days at 35°C.
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The reproductive capacity of the HBH hybrid strain

The 1Js of HBH hybrid strain were kept at the specified temperatures for the indicated days and
subsequently, the reproductive capacity of these individuals was determined on the last instar larvae of G.
mellonella. According to the results, the reproductive capacity was found to be higher in IJs stored for 7 days at
15°C. This value was determined to be 167.500 IJs per G. mellonella larva. At 15°C, on the 14" and 21t days,
these values were obtained to be 157.750 and 149.500 1Js, respectively. The highest reproductive capacity at
25°C was observed in individuals kept in the incubator for 7 days, with a value of 144.500 IJs. The amounts of 1Js
obtained on the 14" and 215 days, at 25 °C were found to be 139.000 and 129.000 1Js, respectively. In this study,
the lowest reproductive capacity was observed in individuals kept for 21 days at 35°C. This value was determined
to be 103.750 1Js. For individuals incubated at this temperature for 7 and 14 days, these values were obtained to
be 133.500 and 118.750 1Js, respectively. Finally, when examining the reproductive capacity of 1Js stored at 4°C
as a control, this value was found to be 119.250 1Js. Statistically significant difference was found between the
obtained values (F= 57.78; df=9,190; p < 0.0001) (Table 2).

Table 2. The reproductive capacity of H. bacteriophora HBH Hybrid Strain 1Js were obtained from the incubation of IJs at the specified days
and temperatures (MeanzS.E.). There is no statistically significant difference between the values represented by the same letters

EPN Temperatures (°C) Time (day) Reproductive Capacity 1J+S.E. F (df); p

4 119.250+2839.50 ¢
15 167.500+3213.86 a
25 7 144.500£2111.99 cd
35 133.500+2812.09 ef

Heterorhabditis 15 157.75042129.83 b

bacteriophora HBH 14 F (9,190)= 12,79; p <0.0001

35 118.7504+2711.45 ¢
15 149.500+1810.06 ¢
25 21 129.000+2039.09 f
35 103.7504£3262.12 h

Discussion

Entomopathogenic nematodes are commonly used in agricultural fields for the purpose of pest control
through biological control (Gaugler, 1988; Gaugler et al., 1997; Shapiro-llan et al., 2006; Campos-Herrera et al.,
2012). However, due to their physiological and morphological characteristics, EPNs are highly susceptible to
extreme temperature and humidity conditions (Kung et al., 1991; Grant & Villani, 2003; Lillis et al., 2022; Lillis et
al., 2023). Such environmental factors can significantly impact their various attributes, including their efficacy on
the host, thereby weakening their overall effectiveness (Shapiro-llan et al., 2011; Ulu & Susurluk, 2014; Zhang et
al., 2019). Temperature, being one of the most prominent environmental factors, plays a crucial role during the
storage and transportation of EPNs. These conditions can greatly influence the survival and quality of the
nematodes; therefore, temperature is recognized as one of the most influential environmental factors affecting
EPNSs (Susurluk & Ehlers, 2008; Ulu et al., 2016; Dede et al., 2022; Dziegielewska et al., 2023).

Recent studies have mainly focused on the effects of temperature on the efficacy of EPNs on the host, their
survival abilities under different temperature conditions, optimal temperature ranges, and longevity at different
temperatures (PGza & Mracek, 2007; El-Lakwah & Yousef, 2013; Ulu & Susurluk, 2014; Lephoto & Gray, 2020;
Ulu et al., 2021; Nouh, 2022). However, there is limited research on the effects of long-term exposure to different
temperatures on their reproductive capacity, the characteristics of hermaphroditic individuals, and eggs (Griffin,
1996; Boff et al., 2000; Mejia-Torres & Saenz, 2013).

Similarly, in a study conducted by Boff et al. (2000) changes in the characteristics (including activity,
reproductive capacity, and body length) of 1Js belonging to a specific strain of Heterorhabditis megidis (Rhabditida:
Heterorhabditidae), stored at different temperature values for nearly 70 days, were determined at biweekly
intervals. The results revealed that individuals kept at 10 and 15°C exhibited the highest activity, reproductive
capacity, and body length. Mejia-Torres & Saenz (2013) conducted a study in which 1Js derived from a specific
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isolate of the Heterorhabditidae family were incubated at different temperatures for up to 16 weeks. Subsequently,
the reproductive capacity, viability, and efficacy of these 1Js were determined. It was determined that the optimal
temperature range for this isolate was between 20 and 25°C. This finding appears to be in line with the results of
the present study.

In the study conducted by Fitters et al. (2001), a specific isolate belonging to the species H. megidis was
incubated at different temperatures for up to three weeks. This study focused on the efficacy and reproductive
capacity of IJs on Otiorhynchus sulcatus (Coleoptera: Curculionidae). The findings of this study revealed that
species stored below 20°C exhibited higher efficacy and reproductive capacity compared to those stored at or
above 20°C. Similarly, in a study conducted by Wang & Grewal (2002), a specific isolate of H. bacteriophora was
exposed to stress factors such as temperature and drought. Subsequently, the reproductive capacity and viability
of the IJs in stock were examined. Based on the obtained data, it was determined that H. bacteriophora is sensitive
to environmental conditions such as high temperature and drought. A decrease in the reproductive capacity of
this species was revealed when exposed to prolonged periods of high temperatures. The results obtained in the
present study are in accordance with these findings. The study conducted by Butliner et al. (2023) the effect of
high temperature and storage duration on H. bacteriophora, Steinernema carpocapsae, and S. feltiae (Rhabditida:
Steinernematidae) isolates was examined. The results of the study revealed that prolonged storage at high
temperatures led to a decrease in the efficacy of these species on their hosts. Additionally, it was observed that
the mortality rates in the 1Js (infective juveniles) increased proportionally with the duration of exposure to high
temperatures. Particularly, the 1Js of H. bacteriophora were significantly negatively affected by high temperatures
and extended storage durations. The results obtained in the present study align with these findings.

According to these results, it has been observed that high temperatures and long-term storage have a
negative effect on the body length of hermaphrodite individuals and egg diameters obtained from IJs preserved
at different temperatures and days. However, it has been determined that the body lengths of hermaphrodite
individuals and egg diameter values obtained at certain temperature values and days are longer than those values
in the control group. While there have been studies examining the impact of high temperatures and long-term
storage on the reproductive capacity of I1Js, no study has been encountered to date regarding the effects of high
temperatures and long-term storage on hermaphrodite individuals and eggs. In this respect, the present study
has provided valuable data for future studies.
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Acute and chronic exposure risks of insecticide residues in fresh
commodities collected from Bursa (Turkiye) province markets during
winter season?

Kis sezonunda Bursa ili (Turkiye) satis noktalarindan toplanan farkl taze tuketim
drunlerindeki insektisit kalintilarinin akut ve kronik risk degerlendirmesi

Merve CAKI? Aysegill KUMRAL?®"
Abstract

This study shows the findings about pesticide residues and the associated acute and chronic exposure risks of
different fresh commaodities collected from different markets located in Bursa province (Turkiye) during 2023 winter
season. For this purpose, pesticide residue levels of the collected samples were analysed with LC-MS/MS. Highest
levels of insecticide and acaricide residues were detected in some lettuce, parsley, dill, carrot, pear, mandarin and
banana samples and they were exceeded the maximum residue limit (MRL). The acute and the chronic exposures to
pesticides were assessed by using the highest and the average redidue levels of each pesticide respectively. Highest
acute exposure was calculated as acute reference dose (ARfD) exceedance rate and it was 104.27% for indoxacarb
in apples, 107.06% and 137.11% for lambda-cyhalothrin in pears and mandarins, and 158.2% for phosmet in pears.
For all commodity types, none of the pesticide residues displayed chronic hazard. When the cumulative long-term
exposure evaluated, none of the insecticides was found to be risky for adults. The findings showed that the levels of
insecticide residues on lettuce, parsley, dill, carrot, apple, pear, mandarin, orange and banana samples collected from
Bursa markets in winter 2023 could not be considered as an important public health risk.

Keywords: Acute, chronic, insecticide residues, risk assessment
Oz

Bu galisma, 2023 yili kis sezonunda Bursa ili (Turkiye) yerel satis noktalarindan toplanan farkli taze tiiketim
urdnleri Uzerindeki pestisit kalintilari ve bunlarin tiiketiciler Gzerine olan akut ve kronik maruziyet risklerine ait bulgular
rapor etmektedir. Bu amacla toplanan drneklerin LC-MS/MS kullanilarak kalinti diizeyleri tespit edilmistir. Bulgulara
gore, toplanan bazi marul, maydanoz, dereotu, havug, armut, mandalina ve muz érneklerinde tespit edilen en yiiksek
insektisit ve akarisit kalintilari maksimum kalinti limitlerini (MRL) asmistir. Akut ve kronik maruziyetler, pestisitlerin
ortalama ve en yuksek kalinti konsantrasyonlari kullanilarak dederlendirilmistir. En yiiksek akut tehlike, akut referans
doz asimi (ARfD) olarak hesaplanmistir ve bu deder indoxacarb i¢in elmada %104.27, lambda-cyhalothrin icin armut ve
mandalinada sirasiyla %107.06 ve %137.11 ve phosmet i¢in armutta %158.2 olarak bulunmustur. Tum Urtinlerde her
bir pestisit kalintisi icin kronik tehlike gézlenmemistir. Kimulatif uzun sireli maruz kalma degerlendirildiginde,
yetiskinler i¢in hicbir insektisitin risk olugturmadigi tespit edilmistir. Bulgular, 2023 yilinda Bursa pazarlarindan toplanan
marul, maydanoz, dereotu, havug, elma, armut, mandalina, portakal ve muz 6rneklerinde insektisit kalintilarinin
gorulmesinin buyuk bir halk saghg riski olarak degerlendirilemeyecegini gostermektedir.

Anahtar sézclkler: Akut, kronik, insektisit kalintilari, risk degerlendirmesi
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Acute and chronic risks for consumers of acaricide and insecticide residues in fresh commodities collected from Bursa province markets
during winter season

Introduction

Tarkiye is one of the largest fruit and vegetable producer, following China, India, Brazil and the USA
(FAO, 2021). According to the data from Turkish Statistical Institute, 19.5 million tons of fruits and 25.6 million
tons of vegetables were produced in 2021 in Turkiye. Previous studies have showed that some vegetables
and fruits have protective impacts against the development of serious human diseases such as cardiovascular
problems, diabetes, obesity and cancer (Ferretti et al., 2010). Their protective roles could be originated
from the various nutrients which contain fiber, vitamins and phytonutrients (Prior, 2003). For these reasons,
health authorities encourage that consumers eat at least five portions of fresh fruit and vegetables daily
(TUBER, 2019). Besides health benefits of fruit and vegatables, the agricultural chemicals which are widely
used to control pests during their cultivations may lead to health problems for consumers (Baldi et al., 2001;
Lozowicka, 2015). Some insecticides have been related with a wide range of human health hazards, ranging
from acute to chronic impacts (Calvert et al., 2001; Bhanti & Taneja, 2007). Chronic health effects (such
as, various types of cancers, disorders in the endocrine, reproductive system, and embryonic development)
may occur years after even minimal exposure to pesticides in the environment, food and water (Berrada et
al., 2010; Yousefi et al., 2022). The long-term health problems are particularly serious when these
commodities are consumed continuously as fresh and processed foods (Solecki et al., 2005).

In order to protect public health, regular monitoring of insecticide residues and dietary risk assessment
are important tasks for human health. For this reason, based on the maximum residue limits (MRL) for each
insecticide and commodity, their residues are regularly monitored in fresh foods as they are eaten raw
(Ambrus et al., 2023). Nevertheless, the insecticide residues above their MRL may be detected on fresh fruits
and vegetables. The reasons for the residues are (1) paying insufficient attention to pre-harvest Interval
(PHI), (2) the use of very high dose of pesticides due to development of resistance in pests, (3) the use of
pesticide mixtures in order to provide broad spectrum protection against several pests, (4) the application
mistakes during pesticide spraying (Waichman et al., 2007; Darko & Akoto, 2008). Recently, European
markets are requesting particular specifications such as application of pesticide residues below MRL as
well as limitations for multi-residues and indexes for acute and chronic risk assessments. Although the
establishment of MRLs is based on good agricultural practices (GAP) data on fresh foods derived from
commodities, these are not toxicological limits (Blasco et al., 2006). Nevertheless, exceedance of MRLs is
significant violations of GAP, and MRLs can not be considered as reliable tools for the assessment of the
acute and chronic risks alone. Therefore, dietary risk assessment of insecticides has recently gained a
great attention (Nasreddine & Parent-Massin, 2002; Gebara et al., 2011; Marete et al., 2020; Chen et al.,
2011; Balkan & Yilmaz, 2022b). The long term (chronic) dietary risk assessments are made based on daily
food consumption and detected pesticide residue data on each commodity. Then, the estimated chronic
dietary exposure is compared with the acceptable daily intake (ADI) value which gives the concentration of
a chemical that can be consumed over a long period without adverse health effects. For the short-term
(acute) dietary risk assessment, the Acute Reference Dose (ARfD) is used to identify possible consumer
health risks. The ARfD gives the concentration of a chemical that can be ingested over a short period of
time (one meal, one day) without significant risks. For acute assessments one should focus on the edible
portion of food commaodities on the market, whereas for chronic assessments one should focus on raw
agricultural commodities (Brancato et al., 2018).

Some commodities, namely carrot, lettuce, parsley, dill, apple, banana, pear, mandarin and orange
are commonly consumed as main fruits and vegetables for Turkish consumers during the winter season.
Therefore, assessing the risk of pesticide residues in these commodities intended for human consumption
is necessary. One of the significant parameters in the evaluation of acute or chronic dietary risks is the
frequency of exposure. The more the consumer is exposed to the chemical, the faced risk is higher. For
this reason, in this study, it is desired to focus on the fruits and vegetables that people living in Bursa province
consume frequently during the winter period. For this purpose, 223 people were asked about their consumption
preferences in the winter period before the study. According to the results of the survey, the most commonly
consumed items among Bursa consumers are 5 fruits (apple, pear, banana, mandarin and orange) and 4
vegetables (lettuce, parsley, dill and carrot), which were accepted as the research material. This study,
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which analyzes the exposure of consumers during the winter period, has a unique value in this respect.
The aims of the current study were to investigate pesticide residues in widely consumed seasonal fruit and
vegetable samples collected from the Bursa markets and to conduct acute and chronic health risk
assessments for human, based on exposure to the detected residue concentrations determined in 5 fruits
and 4 vegetable commodities.

Materials and Methods
Chemicals and reagents

Insecticide standarts (Dr. Ehrenstorfer GmbH, Wesel, Germany) and other solvents and reagents
used are of analytical grade. Chemical and toxicological properties of acaricides and insecticides are shown
in Table S1 (PPDB, 2023; EU Pesticide Database, 2023). Quick Easy Cheap Effective Rugged Safe
(QUECHhERS) extraction kits [6 g anhydrous magnesium sulfate (MgSOa4) + 1 g anhydrous sodium acetate
(NaOAC)] and clean-up kits [1.2 g MgSO4, 0.4 g primary and secondary amines (PSA, 40 pm patrticle size)
+ 0.4 g Cig] were used.

Instruments and LC-MS/MS conditions

LC-MS/MS device was used for chromatographic analyses (Agilent 1260 Infinity Il HPLC System
and Agilent 6470 Triple Quadrupole Liquid-Mass Spectrometry). The device is connected with Agilent
Poroshell SB-C1s (3 mm x 100 mm x 2.7 um) column. Flow rate, injection volume and total run time were
0.5 mL/min, 1 yL and 15 minutes, respectively. Two mobile phases were used namely A (0.1% formic
acid+1mM ammonium fomat in water and B (Metanol). Following gradient program is used: 0-0.05 min.
70% A; 8 min. 5%; 8-12.5 min. 5% A; 12.6 min. 70% A; 12.6-15 min 70% A. Retention times (tR), precursor
ion and fragment ions of each acaricides and insecticides are given in Table 1. The other instruments used
in the current study are blender (Retsch, GM 300), precise balance (Ohaous, AV812), centrifuge
(OHAOUS, FC5706), orbital shaker (Biosan, PSU-10i), vortex (FAITHFUL, MX-S), micropipets (Eppendorf,
K493211, L17301I, M32978lI), and ultra pure water machine (MX-S).

Verification of the analysis

Verification studies were performed in an accredidated analysis laboratory based on the criteria of
Analytical Quality Control and Method Validation Procedures for Pesticide Residues Analysis in Food and
Feed SANTE 11312/2021, such as linearity, recovery, precision and limit of quantification (LOQ).
Calibration (matrix match standards) was performed on blank tomato representing fresh vegetables and
fruits (CAC, 2003; SANTE, 2021). Blank tomato samples of 1 kg were homogenized with a blender. For
recovery tests, 15 g blank samples were spiked with 100 pL of insecticide spike solutions (in MeCN). Tests
were conducted in five replicates (five replicate analytical portions). Linearity was evaluated using six levels
ranging from 5 pg to 250 ug L prepared with MeCN. Matrix matched calibration curve was used to quantify
insecticides. Recovery and precision parameters were determined for two spiking concentrations (10 and
50 pug kg?t) across five different time points and by two different analysts. Calibration analysis results,
retention times (tR) and selected ion groups of the analyzed insecticides were given in Table 1. Matrix-
matched calibration curves of the 38 insecticides were linear (R? = 0.998-0.999). The retention times (tR)
ranged between 0.99-10.83 min. The regression equations of the matrix-matched calibration curves were
used for quantification of the insecticides. Trueness and precision were assessed based on recovery,
repeatability and reproducibility parameters (Tiryaki, 2016; SANTE, 2021). Detection limits (LODs), LOQs,
recovery rates (%) and relative standart deviations for repeatability and reproducibility (RSDr and RSDwr
%) of all insecticides were found compatible with SANTE 2021 criteria. The LOQ values were quite lower
than the MRLs of each insectides (Table 5). The recovery rates of the insecticides for two spike levels were
calculated between 90.46-117.41 and 96.16-115.55, respectively. The highest RSDr and RSDwrwere 12.64
and 17.56 for 10 pg kg and 7.50 and 8.30 for 50 pg kg™ respectively. All vertification parameters were
compatible with SANTE 11312/2021 criteria (SANTE, 2021).
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Table 1. Calibration analysis results, retention times (tR) and selected ion groups and their collision energies of the analyzed pesticides

Pesticide rtnFTn Callbre;tlzc;rlgguatlon ;%?égg;ﬁlogz Prn:fzu Ef:oé*lf;n' Fragment ion, m/z (CE)
Acetamiprid 2.67  y=18094.5x+15269.9 0.9999 223.1 126.1 (17), 56.2 (11)
Abamectin 9.95 y=466.678172x+480.11 0.9993 895.2 327.3 (50), 449.3 (48)
Bifenazate 7.45  y=21034.5x+9728.6 0.9996 301.2 170.0 (20), 198.0 (5)
Bifenthrin 10.25 y=2251.4x+2674.5 0.9992 440.2 166.1 (20), 181.1 (7)
Chlorantraniliprole 573  y=1256.6x+1590.5 0.9994 484.0 283.9 (21), 285.9 (21)
Chlorfenvinphos 8.21  y=853.35x+6375.48 0.9996 359.1 155.1 (7), 99.1 (29)
Chlorpyrifos 9.26  y=4163.3x+827.61 0.9997 351.9 199.9 (15), 197.9 (15)
Chlorpyrifos methyl 8.58  y=1450.84x-511.92 0.9980 321.9 125 (17), 289.9 (11)
Clofentezine 8.39  y=7331.31x-3939.88 0.9988 303.1 102.1 (37), 138.1 (9)
Clothianidin 271  y=1586.6x-1078.8 0.9993 250.1 132 (15), 169.1 (13)
Cypermethrin 8.77 y=805.29x-670.28 0.9994 433.0 126.8 (34), 191.0 (12)
Cyromazine 0.99 y=12507.8x-1505.7 0.9994 167.3 85.2 (17), 125.2 (15)
Deltamethrin 8.76 y=436.67x-846.63 0.9996 522.8 280.6 (12), 505.8 (6)
Diflubenzuron 7.81  y=1993.8x+2330.67 0.9997 310.9 141 (15), 158 (6)
Emamectin Bla 8.81 y=18167.36x-2108.51 0.9991 886.5 126.0 (40), 158.0 (40)
Ethoprophos 7.68  y=13696.7x+12063.0 0.9998 243.0 130.9 (20), 172.9 (10)
Etoxazole 9.37  y=12903.5x+8505.09 0.9996 360.0 113.0 (23), 141.0 (15)
Fenbutatin oxide 10.83 y=-3261.8x-4249.4 0.9987 519.3 197 (55), 351.1 (35)
Fenvalerate 9.67  y=252.2x+37.99 0.9996 439.0 167 (14), 169 (10)
Flubendiamide 7.91 y=2762.65x+3704.33 0.9994 681.0 253.9 (40), 273.9 (24)
Imidacloprid 2.54  y=2626.98x+2617.6 0.9994 256.1 175.0 (12), 209.0 (10)
Indoxacarb 8.55 y=708.68x+67.82 0.9990 528.1 150.0 (16), 203.0 (36)
Lambda cyhalothrin 7.88  y=425.78x-65.61 0.9993 467.1 225.0 (14), 450.0 (6)
Malathion 6.33 y=6662.9x-116.79 0.9995 330.9 127.0 (4), 285.0 (38)
Metaflumizone 8.90  y=9023.9x+25059.9 0.9998 505.0 117.0 (48), 302.0 (10)
Methoxyfenozide 7.23  y=8824.6x-2323.0 0.9993 369.1 133.1 (28), 149 (14)
Novaluron 8.65 y=1028.11x-1218.79 0.9975 492.7 140.7 (46), 158.0 (12)
Phosmet 6.64  y=950.85x+292.58 0.9998 317.9 133 (28), 160 (21)
Primicarb 488  y=21360.3x-20650.8 0.9995 239.2 72.1 (15), 182.1 (11)
Pirimiphos methyl 8.40  y=45364.5x-2259.3 0.9981 360.2 108.1 (31), 164.1 (19)
Pyridaben 9.75  y=34981.4x+19361.8 0.9988 365.2 147.1 (23), 309.1 (7)
Pyriproxyfen 9.18  y=50164.4x+21561.5 0.9992 322.2 96.1 (11), 185.0 (19)
Spinosad 7.32  y=3266.3x-3304.6 0.9989 7325 98.2 (55), 142.1 (35)
Spirodiclofen 8.66  y=5572x-8635.00 0.9985 411.0 71.0 (16), 313.0 (11)
Spirotetramat 754  y=4124.6x-1872.5 0.9992 3741 302.1 (23), 330.1 (21)
Quinalphos 8.49 y=5142.1x-3133.1 0.9997 146.1 91 (24), 118 (10)
Tau fluvalinate 8.92 y=2080.2x+3139.7 0.9997 503.1 181.1 (25), 208.1 (15)
Thiacloprid 3.09 y=18017.3x-13317.1 0.9994 253.0 90.0 (35), 126.0 (16)

*R, retention time (min); ** CE, Collision Energy (V)

Consumer surveys

Both online and face to face questionnaire surveys applied in Bursa province between November
2022 and February 2023. For online surveys, the google form link was shared via mails and various social
media networks. The survey consisted of 223 respondents. The respondents consisted of 68% females and
32% males (age 16 to 70) and the largest proportion (74%) was comprised of middle-aged respondents (age
23 to0 45). Mean body weight of female and male respondents determined as 64.86 kg and 81.16 kg respectively
(female and male mean body weight 70.05 kg). The survey questions were provided in the Table 2.
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Table 2. Questions in consumer questionnaire surveys

Questions Answers
Do you consume X commodity? Yes: ........ No:.......
If yes; What is your consumption frequency? everyday day:...  per week:... days per month: ...
Specify your individual daily consumption amount for X commodity in portions: ... portions*
Specify the maximum amount of X commodity that you can consume at one time ... portions

* The following data were used in the grammatical translation of the survey results (TUBER 2019):

2 cups or 2 fists or 1 large bowl = 1 standard portion=75 g of dill; 2 cups or 2 punches or 1 large bowl = 1 standard portion= 75 g of lettuce/or parsley; 1
medium size or 1 cup or 1 punch = 1 standard portion= 150gr of carrots; 1 medium size; 7 cm in diameter or 1 fist size = 1 standard portion= 150gr
apples/oranges; 1 small size or 5 pieces = 1 standard portion= 150gr pears; 2 medium size-6 cm diameter = 1 standard portion= 150gr mandarins; 1
hand length or sliced 2/3 small bowl= 100g of banana.

Collecting samples

The agricultural commodity samples, namely carrot, lettuce, parsley, dill, apple, banana, pear, mandarin
and orange, were collected from different local open markets and supermarkets of Bursa province for 4
weeks during February 2023. Each commodity sample (totally 99) of about 1 kg were homogenized and
15 g analytical portions (in triplicates) were obtained for the analysis. Extraction and cleaning procedures
are shown in Figure 1 (Lehotay, 2007). Spiked and collected samples were analysed in LC-MS/MS system.

Homogenized 1 kg of sample
Weight 15 g of sample
Add 15 mL of acetonitrile containing 1% acetic acid
Vortex 1 min
Add extraction kit
Shake vigorously
Centrifuge for 1 min at 4000 g
Take 8 mL of supernatant layer
Add clean up kit

Vortex 1 min

Centrifuge for 1 min at 4000 g

Use upper supernatant layer after filtering (0.2 pm)

Figure 1. Analytical steps for extraction and cleaning (QUEChERS-AOAC Official Method 2007.01).

Methodology for assessing dietary intake of insecticides

Estimation of acute and chronic risks to consumer health were performed based on the previous
studies (Chen et al., 2011; Kazar Soydan et al., 2021). The dietary exposure to insecticides has been
calculated in order to assess the acute consumer health risk for adults.
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The following input values are required to calculate the actual acute exposure:

« Maximum residue level of each insecticide obtained from analysis of the above-mentioned samples of
5 fruits and 4 vegetables in 2023

- Annual fruit/vegetable consumptions per person (97.5th percentile of eaters) were determined based
on the survey results of present study (Table 3).

» The average body weight of an adult is taken as 70 kg based on our survey and TUIK data (2022).

The estimated short-term intake (ESTI) was calculated based on the following formula:
LP x MRL x CF x PF x VF

ESTI = e )

Where, LP, Large portion reported (kg day) (97.5th percentile of eaters); MRL, Maximum residue
level for each commodity (mg kg?); CF, Conversion factor residue definition enforcement to residue
definition risk assessment; PF, Processing factor or peeling factor; VF, Variability factor was used as 7 for
orange, mandarin, apple, pear, banana; 5 for carrot and lettuce; 1 for parsley and dill according to Brancato
et al. (2018); BW, mean body weight for the subgroup of the population related to mean consumption (kg).

An estimate of pesticide intake in the diet was compared to the ARfD of each insecticide (Table S1).
The acute hazard index (aHI) was calculated as follows:

~ ARfD 2)

aHI < 100% indicates that adverse effects are not likely to occur and thus can be considered to have
negligible hazard.

The dietary exposure to pesticides has been calculated in order to assess the chronic consumer
health risk for the adults indicated in EFSA PRIMo revision 3 (Brancato et al., 2018).

The estimated daily intake (EDI) of pesticide residues was calculated with the following formulas:

Cavg.pos.p.f x Npos.p. f 3
Cp.f = Np, f ©
EDI = Cp; . MCf (4)

Where: Cpy, the average content (mg kg?t) of pesticide p in commodity f; Cavgpospi, the average
content (mg kg?) of pesticide p in commodity f with detected residues; Npos,pf, the number of samples with
detected residues; Nps, the number of commodities analyzed for the pesticide EDI: the estimated daily
intake (mg kg* bw day?) for each combination of pesticide p and commodity f; MCs, is the average
consumption rate of that commodity (g-* bw day') from obtained present study survey results.

The chronic risk assessment of intakes compared to pesticide toxicological data was performed by
calculating the Chronic Hazard Quotient (cHQ) by dividing EDI by the relevant acceptable daily intake (ADI):

EDI (5)
= — 0,
cHQ = —— 100%

The level of concern for cHQ value was set as 1. Therefore, cHQ < 1 indicates that adverse effects
are not likely to occur and thus can be considered to have negligible hazard.
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Results and Discussion
Consumer survey

The survey results on vegetable and fruit consumption behaviour of Bursa community were given in
Table 3. This survey was conducted due to the lack of food consumption data for Turkish citizen and the
obtained data was used in the assesment of chronic and acute dietary risks. Two significant data were
provided from this survey for chronic and acute dietary risk assesments, respectively: (1) Daily consumption
data (gr/person/day) and (2) Maximum consumption amount in a single meal (g/person). When daily
consumption rates for each commodity were compared with the Turkish Statistical Institute (TUIK) database
(TUIK, 2021), the values for carrot, pear and apple were similar, where as lettuce, orange, mandarin and
banana values were higher. When the results were compared with the EU community, consumption rates
for lettuce, parsley, orange and banana were similar but carrot, apple and pear consumption of Bursa
community was lower (Brancato et al., 2018). Maximum consumption in single meal values could not be
compared with the TUIK database since there is no data regarding the Turkish community. However,
maximum consumption results for all commodites were found lower compared with those consumed by EU
communities (Table 3). The discrepancy of consumption data from EU commodity, could be due to the
differences in factors like consumption habits, geographical origin and availability of the product, nutrition
regimes, enjoyment of food (Kapoor & Kar, 2022), and also sociodemographic characteristics such as age,
gender, education and income (Mata et al., 2023). Since there is limited data about the comsumption habits
of the Turkish community, a simple questionnaire like the one used in this research has upgraded the
accuracy and reliability of the acute and chronic risk assessment for the community.

Table 3. Consumer preferences for fruits and vegetables in Bursa province

Daily consumption Daily . Maximum consumption cmzﬁlm;t?c])n
consumption in single meal L
(g/person/day) (g/bwiday)* Joerson in single meal**
9 Y, (9/p ) (kg/day)

' Bursa EU community Turkish Bursa Bursa EU community Bursa

Commodity community (ilr'afnz%aig)et (?riJTlin lgg%) community  community (E"ﬁr‘z%afg)et community
Lettuce 25.03 36.69 14.79 0.357 93.35 159.80 0.09
Parsley 15.48 2.54 unknown 0.221 57.82 79.90 0.03
Dill 5.76 37.13 unknown 0.082 33.96 unknown 0.24
Carrot 52.93 29.93 14.25 0.756 238.61 259.40 0.06
Apple 61.60 202.18 85.45 0.879 217.22 664.00 0.22
Pear 13.65 44.26 13.15 0.195 121.66 781.70 0.12
Orange 67.57 65.124 26.85 0.965 263.68 996.50 0.26
Mandarin 75.28 10.64 21.09 1.075 283.30 720.94 0.28
Banana 48.83 54.78 24.93 0.697 184.53 611.00 0.18

*MCH, is the average consumption rate of that commodity; **LP, Large portion.
Residues in the different commodities

The co-occurrence of insecticide residues is given in detail in Table 4. Among fruit samples, highest
rate of samples with insecticide residues were calculated in apple (100%), pear (90.91%) and lettuce
(90.91%). Except banana samples, residues of two or more insecticides were found in all other commaodities.
The five commodities, namely parsley, dill, apple, pear and mandarin, contained 4 and more insecticide
residues with the ratios of 18.18, 36.36, 36.36, 36.36 and 27.27%, respectively. Three commodities, such
as, dill, pear and mandarin, were contaminated with seven pesticide residues (with 9.1, 18.2 and 9.1%,
respectively). Similarly, survey studies conducted in other countries reported presence of multiple pesticide
residues (four or more) in different commodities such as pear, parsley, mandarin, orange, banana, apple
(Chen, 2011; Ersoy et al., 2011; Esturk et al., 2014; Al-Shamary et al., 2016, El Hawari et al., 2019; Al-
Nasir et al., 2020; Kazar Soydan et al., 2021; Kottadiyil et al., 2023). In accordance with previous studies,
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the most frequent combinations of pesticides detected in the same sample were acetamiprid, cypermethrin,
deltamethrin and imidacloprid (Chen, 2011; Ersoy et al., 2011; Jallow et al., 2017; El Hawari et al., 2019;
Kumari, 2019; Kazar Soydan et al., 2021; Kottadiyil et al., 2023).

Table 4. Number of samples with multiple insecticide residues for each commodity

Commodity Rate of samples with multiple residues (%)
0 1 2 3 4 5 6 7 Total (%)

Lettuce 9.09 63.64 27.27 - - - - 90.99
Parsley 54.55 9.09 - 18.18 9.09 9.09 - - 45.45
Dill 36.36 9.09 9.09 9.09 18.18 9.09 - 9.09 63.64
Carrot 63.64 27.27 9.09 - - - - 36.36
Apple - - 36.36 27.27 18.18 9.09 9.09 100.00
Pear 9.09 18.18 9.09 27.27 9.09 9.09 - 18.18 90.99
Orange 72.73 9.09 18.18 - - - - - 27.27
Mandarin 4545  18.18 - 9.09 18.18 - - 9.09 54.55
Banana 5455 4545 - - - - - - 45.45

MRL levels of 38 insecticides for each commodity and MRL exceedance rate (fold) were given in
Table 5. The most of the MRL levels were provided from Turkish Food Codex (TGK, 2021). Since some
insecticides used in certain commodities in Turkiye are not registrated, their MRL levels were obtained from
the EU authorities (EU Pesticide Database, 2023). In the present study, insecticide residues in some of
samples exceeded their MRL levels. In our study, 16.2% of the samples exceeded the approved MRL
levels of detected insecticide and acaricides. Considering the highest residue concentrations detected in
the current study, fenbutatin oxide and imidacloprid residues in lettuce exceeded their MRLs 2.6 and 2.8
folds, respectively. Imidacloprid MRL exceedance was also reported in nectarin samples (Serbes & Tiryaki,
2023). In parsely, chlorpyrifos and pirimiphos methyl residues was detected above 1.30 and 5.75 folds of
their MRLs, respectively. The highest MRL exceedance was observed in dill with cypermethrin (1.26 folds),
ethoprophos (4.85 folds), imidacloprid (1.26 folds), malathion (5.85 folds) and spirotetramat (1.08 folds). In
carrot, one of the two insecticides exceeded MRL level (Imidacloprid 2.80 folds). In fruits, there were
relatively fewer instances of insecticides exceeding their MRL levels: diflubenzuron (4.50 folds) in pear;
chlorpyrifos (9.50 folds) and fenvalerate (1.35 folds) in mandarin and tau-fluvalinate (2.90 folds) in banana
(Table 6). Previous studies reported that 8.4-22% of fruit and vegetable samples contained pesticide
residues above the approved MRL levels (Chen et al., 2011, EL-Saeid & Selim, 2013; Jallow et al., 2017;
Mebdoua et al., 2017; Algharibeh & Al Fararjeh, 2019; Gondo et al., 2021; Balkan & Kara, 2022; Wang et
al., 2022). Similarly, Estirk et al. (2014) and Balkan & Yilmaz (2022a) also reported MRL exceedance in
some pesticides detected in lettuce, parsley and various leafy vegetables.

Table 5. MRLs of insecticides

- LOQ MRL (mg kg)*
Pesticide Moksy L PA__ D c A _ PE__ O M B
Acetamiprid 5.55 15 3.0 0.05 - 0.8 0.4 0.9 0.9 -
Abamectin 4.37 - - 0.05 - - 0.03 -
Bifenazate 6.50 - - 0.7 - - -
Bifenthrin 6.86 - - - - 0.05
Chlorantraniliprole 7.97 - 0.5 0.5 - -
Chlorfenvinphos 9.79 - - - - 0.01
Chlorpyrifos 6.97 - 0.01 - - - 0.01
Chlorpyrifos methyl 9.03 - - 0.01 0.04 - - -
Clofentezine 8.03 - - 0.5 -
Clothianidin 6.57 - 0.2 - - - - -
Cypermethrin 6.63 - 0.1 - 1 1.0 - 2.0
Cyromazine 5.58 0.01 - - - - - -
Deltamethrin 7.39 0.5 2.0 0.1 - 0.2 0.1
Diflubenzuron 9.68 - - - 5 0.01
Emamectin Bla 6.63 - 0.2 - - -
Ethoprophos 6.75 - - 0.02 -
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Table 5. Continued

- LOQ MRL (mg kg)*
Pesticide woks — L PA_ D c A _ PE__ O M B
Etoxazole 7.63 - - - - - - - 0.1 -
Fenbutatin oxide 7.08 0.01 0.02 - - - - - - -
Fenvalerate 9.04 - - - - 0.05 - - 0.02 -
Flubendiamide 6.93 - - - - 0.8 - - - -
Imidacloprid 5.68 0.01 0.05 0.05 o0.01 - 0.5 - - -
Indoxacarb 9.95 - - 0.5 - - - -
Lambda cyhalothrin 7.90 - - 0.3 - - 0.08 0.2 - -
Malathion 8.69 - - 0.02 - - - - 2.0 -
Metaflumizone 9.24 - - 0.1 - - - - - -
Methoxyfenozide 6.63 - - - - 2 - - - -
Novaluron 7.70 - - - - 0.01 0.01 - - -
Phosmet 9.78 - - - - 0.5 - - -
Pirimicarb 5.70 - 3.0 5.0 0.5 - - - -
Pirimiphos methyl 5.96 - 0.02 3.0 - - - - - -
Pyridaben 5.94 - 0.02 0.9 - - 0.3 -
Pyriproxyfen 5.98 - - - - - 0.2 - 0.6 0.7
Spinosad 6.84 10 - - - - - - -
Spirodiclofen 6.20 - - - - 0.8 0.8 - 0.4 -
Spirotetramat 7.91 - 4.0 0.1 - - 1.0 - -
Quinalphos 7.36 - - - - - - 0.01 - 0.01
Tau fluvalinate 8.58 - - - - 0.3 0.4 0.4 -
Thiacloprid 5.53 - - - - 0.3 0.3 - - -

*MRL levels were obtained from TGK or from EU database: -: not detected in this commaodity, L: lettuce, PA: parsely, D: dill, C: carrot,
A: apple, PE: pear, O: orange, M: mandarin, B: banana.

Table 6. MRL exceedance rate of the highest insecticide residues
MRL exceedance rate (fold)

Pesticide

L PA D C A PE (0] M B
Acetamiprid 0.11 0.03 5.44 - 0.02 0.04 0.01 o0.01 -
Abamectin - - 0.32 - - 0.17 - - -
Bifenazate - - - - 0.02 - - - -
Bifenthrin - - - - - - - 0.88 -
Chlorantraniliprole - - - - 0.04 0.02 - - -
Chlorfenvinphos - - - - - - - 0.90 -
Chlorpyrifos - 1.30 - - - - - 9.50 -
Chlorpyrifos methyl - - 410 053 - - - - -
Clofentezine - - - 0.09 - - - -
Clothianidin - - 0.04 - - - - - -
Cypermethrin - - 1.26 - 0.02 0.01 - 0.01 -
Cyromazine 0.40 - - - - - - - -
Deltamethrin 0.13 0.01 0.21 - 0.03 0.05 - - -
Diflubenzuron - - - - 0.01 4.50 - - -
Emamectin Bla - 0.22 - - - - - - -
Ethoprophos - - 4.85 - - - - - -
Etoxazole - - - - - - - 0.05 -
Fenbutatin oxide 2.60 0.35 - - - - - - -
Fenvalerate - - - - 0.08 - - 1.35 -
Flubendiamide - - - - 0.01 - - - -
Imidacloprid 280 0.18 1.26 2.80 - 0.09 - - -
Indoxacarb - - - - 0.05 - - - -
Lambda cyhalothrin - - 0.17 - - 0.55 0.13 - -
Malathion - - 5.85 - - - - 0.08 -
Metaflumizone - - 0.26 - - - - - -
Methoxyfenozide - - - - 0.01 - - - -
Novaluron - - - - 1.00 0.70 - - -
Phosmet - - - - - 0.03 - - -
Pirimicarb - 0.01 0.08 - 0.02 - - - -
Pirimiphos methyl - 575 0.17 - - - - - -
Pyridaben - 0.75 - - 0.02 - - 0.06 -
Pyriproxyfen - - - - - 0.33 - 0.01 0.01
Spinosad 0.05 - - - - - - - -
Spirodiclofen - - - - 0.01 0.07 - 0.01 -
Spirotetramat - 0.01 1.08 - - - 0.01 - -
Quinalphos - - - - - - 0.40 - 2.90
Tau fluvalinate - - - - 0.01 - 0.02 0.03 -
Thiacloprid - - - - 0.09 0.15 - - -

-, not detected in this commodity: L: Lettuce, PA: parsely, D: dill, C: carrot, A: apple, PE: pear, O: orange, M: mandarin, B: banana.
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Chronic and acute dietary risk assessments in different commodities

For the risk assessment of insecticide and acaricide residues in each commaodity, Cpf (the average
content of pesticide p in commaodity f) and HR (highest residue) for fruits and vegetables were given in
Tables 7 and 8 respectively. The ARfD and ADI values for each pesticide were previously given in Table
S1. The other important parametres, daily consumption (MCf) and maximum consumption in single meal
(LP) were also shown in Table 3. Using all these parameters, the estimated daily intake (EDI) for chronic
risk and the estimated short-term intake (ESTI) for acute risk were calculated. Thus, the chronic hazard
quotient (cHQ) and acute hazard index (aHlI) for adults were listed in Tables S2 and S3. According to the
findings of the current study, the chronic hazard was not observed for any of the insecticides in all
commodities. The cHQ of many pesticides were close to zero or <0.010. The highest cHQ values were
0.1286 for emamectin Bla in parsley, 0.1813 for ethoprophos in dill and 0.1368 in chlorfenvinphos for
mandarin. Moreover, when the cumulative long-term exposure (total cHQ) was evaluated, none of the
insecticides was found risky for adults.

Table 7. Mean and highest insecticide residue levels detected in fruits

Commodity
Pesticide Apple Pear Orange Mandarin Banana
Cp.f HR Cp.f HR Cp.f HR Cp.f HR Cp.f HR
Acetamiprid 0.001 0.019 0.001 0.017 0.001 0.012 0.001 0.005 - -
Abamectin - - 0.001 0.005 - - - - - -
Bifenazate 0.001 0.011 - - - - - - - -
Bifenthrin - - - - - - 0.004 0.044 - -
Chlorantraniliprole 0.001 0.019 0.001 0.009 - - - - - -
Chlorfenvinphos - - - - - - 0.001  0.009 - -
Chlorpyrifos - - - - - - 0.009 0.095 - -
Chlorpyrifos methyl - - - - - - - - - -
Clofentezine 0.004 0.044 - - - - - - - -
Clothianidin - - - - - - - - - -
Cypermethrin 0.001 0.017 0.001 0.008 - - 0.001 0.008 - -
Cyromazine - - - - - - - - - -
Deltamethrin 0.001 0.006 0.001 0.005 - - - - - -
Diflubenzuron 0.005 0.057 0.005 0.045 - - - - -
Emamectin Bla - - - - - - - - - -
Ethoprophos - - - - - - - - - -
Etoxazole - - - - - 0.001  0.005 - -
Fenbutatin oxide - - - - - - - - - -
Fenvalerate 0.001 0.004 - - - - 0.003  0.027 - -
Flubendiamide 0.001 0.011 - - - - - - - -
Imidacloprid - - 0.003  0.047 - - - - - -
Indoxacarb 0.001 0.024 - - - - - - - -
Lambda cyhalothrin - - 0.002 0.044 0.002 0.026 - - - -
Malathion - - - - - - 0.006 0.155 - -
Metaflumizone - - - - - - - - - -
Methoxyfenozide 0.001 0.015 - - - - - - - -
Novaluron 0.001 0.01 0.001 0.007 - - - - - -
Phosmet - - 0.001 0.013 - - - - - -
Pirimicarb 0.001 0.009 - - - - - - - -
Pirimiphos methyl - - - - - - - - - -
Pyridaben 0.001 0.011 - - - - 0.002 0.018 - -
Pyriproxyfen - - 0.003 0.065 - - 0.001 0.006 0.001 0.005
Spinosad - - - - - - - - - -
Spirodiclofen 0.001 0.008 0.003 0.052 - - 0.001 0.005 - -
Spirotetramat - - - - 0.001 0.010 - - - -
Quinalphos - - - - 0.001 0.004 - - 0.002 0.029
Tau fluvalinate 0.001 0.004 - - 0.001 0.006 0.001 0.013 - -
Thiacloprid 0.002 0.029 0.003 0.044 - - - - - -
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Table 8. Mean and highest insecticide residue levels detected in vegetables

Commodity
Pesticide Lettuce Parsley Dill Carrot
Cp.f HR Cp.f HR Cp.f HR Cp.f HR

Acetamiprid 0.009 0.171 0.007 0.103 0.014 0.272 - -
Abamectin - - - - 0.002 0.016 - -
Bifenazate - - - - - - - -
Bifenthrin - - - - - - - -
Chlorantraniliprole - - - - - - - -
Chlorfenvinphos - - - - - - - -
Chlorpyrifos - - 0.001 0.013 - - - -
Chlorpyrifos methyl - - - - 0.002 0.041 0.002 0.021
Clofentezine - - - - - - - -
Clothianidin - - - - 0.001  0.008 - -
Cypermethrin - - - - 0.012 0.126 - -
Cyromazine 0.001 0.004 - - - - - -
Deltamethrin 0.002 0.066 0.002 0.024 0.001 0.021 - -
Diflubenzuron - - - - - - - -
Emamectin Bla - - 0.003 0.043 - -
Ethoprophos - - - - 0.009 0.097 - -
Etoxazole - - - - - - - -
Fenbutatin oxide 0.0024 0.026 0.001 0.007 - - - -
Fenvalerate - - - - - - -
Flubendiamide - - - - - - -
Imidacloprid 0.003 0.028 0.001 0.009 0.006 0.063 0.002 0.028
Indoxacarb - - - - -
Lambda cyhalothrin - - - - 0.004 0.05 - -
Malathion - - - 0.006 0.117 - -
Metaflumizone - - - 0.002 0.026 - -
Methoxyfenozide - - - - - - -
Novaluron - - - - - - -
Phosmet - - - - - - -
Pirimicarb - - 0.003 0.029 0.021 0.396 - -
Pirimiphos methyl - - 0.006 0.115 0.045 0.496 - -
Pyridaben - - 0.001 0.015 - - - -
Pyriproxyfen - - - - - - -
Spinosad 0.0424 0.466 - - - - -
Spirodiclofen - - - - -
Spirotetramat - - 0.002 0.025 0.009 0.108 - -
Quinalphos - - - - - - -
Tau fluvalinate - - - - - - -
Thiacloprid - - - - - - -

The highest total cHQ values were observed for chlorfenvinphos (0.1368), chlorpyrifos (0.1189),
emamectin Bla (0.1286), ethoprophos (0.1813), lambda cyhalothrin (0.1233), pirimiphos methyl (0.1268)
when all the commodities were considered together. Among these insecticides, chlorfenvinphos and chlorpyrifos
were banned in Turkiye in 2010 and 2020, respectively (BKU, 2023). Similarly, the chronic risks for the
detected residues of these insecticides were also found negligible for human health with the previous studies
conducted with peach, apple, pepper, tomato and cucumber by different reserchers (Mebdoua et al., 2017;
El Hawari et al., 2019; Camara et al., 2020; Catak & Tiryaki 2020; Dulger & Tiryaki 2021; Zhang et al.,
2021). The highest acute hazard index values obtained with this study exceeded ARfD for adults and
calculated as 104.27% for indoxacarb in apples, 158.2% for phosmet in pears and 107.06% and 137.11%
for lambda cyhalothrin in pears and mandarin, respectively. Acute toxicity risks of indoxacarb, phosmet and
lambda-cyhalothrin were also reported by different previous studies (Mebdoua et al., 2017; El Hawari et
al., 2019). Based on the WHO hazard classification, indoxacarb, lambda-cyhalothrin and phosmet are
moderately hazardous insecticides (Classs Il, Table S1). Although the highest residues of some insecticides,
namely chlorpyrifos, cypermethrin, diflubenzuron, ethoprophos, fenbutatin oxide, fenvalerate, imidacloprid,
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tau-fluvalinate, malathion, pirimiphos methyl and spirotetramat exceeded their MRL levels, the risk assessment
in the present study showed that there were no acute and chronic dietary risks for these agricultural
commodities. Acute risk assessments of chlorantraniliprole, chlorfenvinphos, clofentezine, diflubenzuron,
etoxazole, fenvalerate, novaluron, pyriproxyfen, spirodiclofen and quinalphos could not perform due to the
lack of ARfD values of these compounds in the EU Pesticide and PPDB Databases (Table S1).

Although insecticide residues detected in some products in this study exceeded the MRL levels
determined for them; none of these compounds displayed a serious health risk for the consumer. No
chronic risk has been determined for any insecticide, either on a product basis or cumulatively. Acute
dietary risks were calculated for only 3 crops and 3 insecticides. This has shown that risks may arise from
time to time due to wrong agricultural practices in the field. For this reason, it is important for public health
to carry out monitoring studies regularly and to reveal the risks, as in this study.
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Supplementary Tables

Table S1. Chemical and toxicological properties of acaricides and insecticides

. Acute for mammals for mammals
- . Apceptable da_llly reference oral acute dermal LDso 'for ma}mmals WHO
Pesticide Mode of action intake (mgkg d kol LD kot ko inhalation LDsg |asificati
bwday!) ose (mgkg 50 (Mg kg (mgkg (mgkg™ bw) clasification
bwday?) bwday?) bwday?)
Acetamiprid Insecticide 0.025 0.025 >1.15 2000 146 1]
Abamectin Acaricide/Insecticide 0.0012 0.005 8.7 1914 >0.021 1]
Bifenazate Acaricide 0.01 0.1 >4.4 2000 >5000 U
Bifenthrin Acaricide 0.015 0.03 54.5 2000 1.01 1]
Chlorantraniliprole  Insecticide 1.56 - >5.1 5000 >5000 U
Chlorfenvinphos Insecticide 0.0005 - 12 31 0.05 1]
Chlorpyrifos Insecticide 0.001 0.005 66 1250 0.1 1]
Chlorpyrifosmethyl  Insecticide 0.01 0.1 >0.67 2000 5000 11}
Clofentezine Acaricide 0.02 - >5200 2100 >5.2 1}
Clothianidin Insecticide 0.097 0.1 >500 2000 >5.54 1}
Cypermethrin Insecticide 0.05 0.2 3.56 2000 287 1]
Cyromazine Insecticide 0.06 0.1 3387 3100 >3.6 1]
Deltamethrin Insecticide 0.01 0.025 0.6 2000 87 ]
Diflubenzuron Insecticide 0.1 - >4640 2000 >2.5 1]
Emamectin Bla Insecticide 0.01 0.01 0.582 439 81.5 NL
Ethoprophos Insecticide 0.0004 0.01 40 7.9 0.123 11}
Etoxazole Acaricide 0.04 - >1.09 2000 >5000 NL
Fenbutatin oxide Acaricide 0.05 0.1 >3000 2000 0.046 1}
Fenvalerate Insecticide 0.02 - 451 1000 >0.101 1}
Flubendiamide Insecticide 0.017 0.1 >0.0069 2000 >2000 1]
Imidacloprid Insecticide 0.06 0.08 >0.069 5000 131 1]
Indoxacarb Insecticide 0.005 0.005 >4.2 5000 179 1]
Lambdacyhalothrin  Insecticide 0.0025 0.005 0.066 632 56 1]
Malathion Insecticide 0.03 0.3 >5 2000 1778 11}
Metaflumizone Insecticide 0.03 0.13 >5.2 5000 >5000 NL
Methoxyfenozide Insecticide 0.1 0.1 >5000 5000 >4.3 I}
Novaluron Insecticide 0.01 - 5.15 2000 >5000 U
Phosmet Insecticide 0.01 0.045 113 1000 >1.52 1]
Pirimicarb Insecticide 0.035 0.1 142 2000 >0.75 ]
Pirimiphos methyl  Insecticide 0.004 0.1 >4.7 2000 1414 1]
Pyridaben Acaricide 0.01 0.05 0.62 2000 161 1]
Pyriproxyfen Insecticide 0.1 1.0 >1.3 2000 >5000 U
Spinosad Insecticide 0.024 0.1 >5.18 5000 >2000 11}
Spirodiclofen Acaricide 0.015 - >5.03 2000 >2500 NL
Spirotetramat Insecticide 0.05 1.0 >2000 2000 >4.18 1]
Quinalphos Insecticide - - 71 1750 0.45 1]
Tau fluvalinate Insecticide 0.005 0.05 >0.56 2000 546 ]
Thiacloprid Insecticide 0.01 0.03 >1.2 2000 177 1]

Class II: Moderately hazardous; Class llI: Slightly hazardous; NL: Not listed; U: Unlikely to present an acute hazard.
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Acute and chronic risks for consumers of acaricide and insecticide residues in fresh commodities collected from Bursa province markets
during winter season

Table S2. Chronic risk assessments of insecticides for fruits and vegetables in Bursa province

cHQ - long-term dietary risk (chronic)

3 ) _ B Q@ - > £ g 5O
Pesticide 2 Iz 3 = s o g S g 5T

5 g o < . 6 g g F°
Acetamiprid 0.012 0.0059 0.0046 - 0.0037 0.0011 0.0042 0.0019 - 0.0334
Abamectin - - 0.0470 - - 0.0035 - - - 0.0505
Bifenazate - - - - 0.0088 - - - - 0.0088
Bifenthrin - - - - - - - 0.0286 - 0.0286
Chlorantraniliprole - - - - 0.0001 0.0001 - - - 0.0002
Chlorfenvinphos - - - - - - - 0.1368 - 0.1368
Chlorpyrifos - 0.0261 - - - - - 0.0928 - 0.1189
Chlorpyrifos methyl - - 0.0014 0.0140 - - - - - 0.0154
Clofentezine - - - - 0.0176 - - - - 0.0176
Clothianidin - - 0.0001 - - - - - - 0.0001
Cypermethrin - - 0.0188 - 0.0216 0.0028 - 0.0156 - 0.0588
Cyromazine 0.0002 - - - - - - - - 0.0002
Deltamethrin 0.0073 0.0033 0.0011 - 0.0048 0.0007 - - - 0.0172
Diflubenzuron - - - - 0.0046 0.0009 - - - 0.0055
Emamectin Bla - 0.1286 - - - - - - - 0.1286
Ethoprophos - - 0.1813 - - - - - - 0.1813
Etoxazole - - - - - - - 0.0011 - 0.0011
Fenbutatin oxide 0.0017 0.0003 - - - - - - - 0.0020
Fenvalerate - - - - 0.0026 - - 0.0211 - 0.0237
Flubendiamide - - - - 0.0052 - - - - 0.0052
Imidacloprid 0.0015 0.0003 0.0008 0.0019 - 0.0009 - - - 0.0054
Indoxacarb - - - - 0.0183 - - - - 0.0183
Lambda cyhalothrin - - 0.0144 - - 0.0177 0.0912 - - 0.1233
Malathion - - 0.0015 - - - - 0.0212 - 0.0227
Metaflumizone - - 0.0019 - - - - - - 0.0019
Methoxyfenozide - - - - 0.0007 - - - - 0.0007
Novaluron - - - - 0.0079 0.0012 - - - 0.0091
Phosmet - - - - - 0.0230 - - - 0.0230
Pirimicarb - 0.0017 0.0049 - 0.0021 - - - - 0.0087
Pirimiphos methyl - 0.0341 0.0927 - - - - - - 0.1268
Pyridaben - 0.0030 - - 0.0088 - - 0.0176 - 0.0294
Pyriproxyfen - - - - - 0.0010 - 0.0025 0.0006 0.0035
Spinosad 0.0631 - - - - - - - - 0.0631
Spirodiclofen - - - - 0.0037 0.0034 - 0.0033 - 0.0104
Spirotetramat - 0.0010 0.0017 - - - 0.0018 - - 0.0045
Quinalphos - - - - - - * - * -
Tau fluvalinate - - - - 0.0064 - 0.0105 0.0244 - 0.0413
Thiacloprid - - - - 0.0164 0.0049 - - - 0.0213

ARfD and ADI values were taken from EU Pesticide Database (2023); -: Residue not detected in this commodity, *: Not allocated for
this insecticide, there was no specified ARfD and/or ADI in EU Pesticide Database (2023).
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Table S3. Acute risk assessments of insecticides for fruits and vegetables in Bursa province

aHI -short-term dietary risk (acute)

(0] >
- S 2 =
Pesticide £ [ a
o} IS
4 o

Carrot
Apple
Pear
Orange
o | Mandarin
Banana

Acetamiprid 4561 340 5.28 - 16.51 827 12.66 5.67
Abamectin - - 1.55 - - 12.17 - - -
Bifenazate - - - - 2.39 - - 41.55 -
Bifenthrin - - - - - - - - -
Chlorantraniliprole - - - - * * - - -
Chlorfenvinphos - - - - - - - * -
Chlorpyrifos - 2.15 - - - - - 53.83 -
Chlorpyrifos methyl - - 0.19 5.01 - - - - -
Clofentezine - - - - * - - - -
Clothianidin - - 0.04 - - - - -
Cypermethrin - - 12.23 - 73.86 19.47 - 45.33 -
Cyromazine 0.27 - - - - - - - -
Deltamethrin 4401 198 1.02 - - 6.08 - - -
Diflubenzuron - - - - * * - - -
Emamectin Bla - 3.55 - - - - - - -
Ethoprophos - - 4.71 - - - - - -
Etoxazole - - - - - - - * -
Fenbutatin oxide 1.73 0.06 - - - - - - -
Fenvalerate - -

Flubendiamide - - - - 2.39 - - - -
Imidacloprid 233 009 038 835 - 7.15 - - -
Indoxacarb - - - - 104.27 - - - -
Lambda cyhalothrin - - 4.85 - - 107.06 137.11 - -
Malathion - - 0.19 - - - - 14.64 -
Metaflumizone - - 0.09 - - - - - -
Methoxyfenozide - - - - 3.26 - - - -
Novaluron - - - - * * - - -
Phosmet - - - - - 158.2 - - -
Pirimicarb - 024 192 - 1.95 - - - -
Pirimiphos methyl - 0.63 1.60 - - - - - -
Pyridaben - 0.25 - - 4.78 - - 10.19 -
Pyriproxyfen - - - - - 0.79 - 0.16 0.09
Spinosad 31.07 - - - - - - - -
Spirodiclofen - - - - * * - - -
Spirotetramat - 0.02 0.52 - - - 0.26 - -
Quinalphos - - - - - - * - *
Tau fluvalinate - - - - 1.74 - 3.16 7.37 -
Thiacloprid - - - - 31.49 26.77 - - -

ARfD and ADI values were taken from EU Pesticide Database (2023); -: Residue not detected in this commodity, *: Not allocated for
this insecticide, there was no specified ARfD and/or ADI in EU Pesticide Database (2023).
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Tiirkiye Entomoloji Dergisi Yayin ilkeleri

Derginin yayin ilkeleri asagida Ozet olarak sunulmustur. Ayrintilar igcin web adresine
(www.entomoloji.org.tr) bakiniz.

Dergi, entomoloji ve tarimsal zooloji bilim dallariyla iligkili konulara agiktir.

Dergide Tiirkge veya ingilizce yazilmis orijinal aragtirmalar yayimlanir.

3. Yayimlanmasi istenilen eserlerin kismen veya tamamen herhangi bir yerde yayinlanmamis veya

10.

yayimlanmayacak olmasi zorunludur.

Daha 6nce Kongre/Sempozyum vs. de sozli/poster bildiri olarak sunulmus ancak sadece kisa 6zet
olarak basiimis eserler, dipnotta belirtiimesi kosusuyla kabul edilir.

Lisansiisti tezleri veya TUBITAK, DPT, BAP gibi gesitli kurumlarca desteklenen proje bulgularindan
kisimlar iceren eserler ilgililerinden gerekli izinler alindiktan sonra hazirlanmali, ilgi durum dipnotta
mutlaka belirtiimelidir.

Turkiye veya herhangi bir bolge icin, basta karantina listesinde bulunan turler olmak Uzere, yeni tur
kayitlarini iceren eserler gonderiimeden 6nce mutlaka ilgili kurumlara bilgi verilmis olmalidir.

Dergide yayimlanmasi istenilen eserler, web sayfasinda sunulan “eser bagvurusu” bdliminde
aciklandigi gibi hazirlanarak, Ust yazi, imzal telif haklari formu ve bagvuru Ucreti dekontu ile dergi e-
posta adresine génderilmelidir.

Yayimlanmasi istenilen eserler web sayfasinda sunulan “6rnek makale tasladi” kullanilarak, gereksiz
tekrar, sekil ve cetvellerden kaginilarak, 6zden uzaklagsmayacak sekilde hazirlanmali ve 16 sayfadan
fazla olmamalidir.

Yayin ilkelerine uygun olmayan eserler istenilen gsekle gore yeniden duzenlenmek Uzere yazara geri
gonderilir. Detaylar igin web sayfasinda sunulan “eser degerlendirme sureci” ne bakiniz.

Bir eser yayima kabul edildiginde, telif haklari formu tim yazarlar tarafindan imzalanip dergimize
gonderiimeden yayimlanmaz. Sorumlu yazara eserin pdf formatinda hazirlanmis hali e-posta ile
gonderilir, ayrica telif tGcreti 6denmez. Yayimlanan eserlere ait sekil disi sorumluluklar yazarlarina aittir.

Turkiye Entomoloji Dergisi

Turkiye Entomoloji Dergisi, Turkiye Entomoloji Dernegi tarafindan yilda dort kez yayinlanir.
Dergide, entomoloji ve tarimsal zooloji bilim dallariyla iliskili konularda, Tirkge veya ingilizce
yazilmis orijinal aragtirmalaryayimlanir.
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Turkiye Entomoloji Dergisi

Ege Universitesi Kampiisii PTT Subesi, PK. 10, 35100 Bornova, izmir
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Bu dergide yayimlanan eserlerin tim haklari Turkiye Entomoloji Dernegi'ne aittir. Yayimlanan
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