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Susceptibility of Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae)
to some commonly used insecticides

Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae)'un yaygin olarak kullanilan
insektisitlere duyarlihgi

Tange Denis ACHIRI' Ekrem ATAKAN' Serkan PEHLIVAN"

Abstract

Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae), a destructive pest of maize, was recently recorded in
the Mediterranean Region of Turkey. The pest is considered to be an invasive species, displacing indigenous stem
borers in many parts of the world. The aim of the study was to determine the effect of commonly used insecticides in a
maize production system in Turkey on egg hatch and mortality of first instar larvae of C. partellus under laboratory
conditions (27+2°C, 70% RH and 14:10 h L:D photoperiod) at the Plant Protection Department, Faculty of Agriculture,
University of Cukurova. Eight insecticides registered for indigenous lepidopteran pests were used at the recommended
rates. The percentage of hatched egg masses were significantly different. The smallest percentage was 30.6% with
deltamethrin. The percentages of hatched egg masses were greater than 80% for all other insecticides. Mortality of
hatched larvae was significantly different. The highest and lowest mortalities of hatched larvae were 84.5% and 38.2%
with emamectin-benzoate and lambda-cyhalothrin, respectively. Seventy-two h after exposure of the first instar larvae
to sprayed maize leaf disks, the lowest and highest mortalities were 62.6% and 96.7% with indoxacarb and emamectin-
benzoate, respectively. Survival analyses revealed that hazard ratios ranged from 4.91 (95% CI: 1.66-14.6) to 15.6
(95% CI: 5.33-45.6) with chlorpyrifos-ethyl and emamectin-benzoate, respectively. The mortality of first instar larvae
was about 16, 10 and 9 times that of the control with emamectin-benzoate, lambda-cyhalothrin and deltamethrin,
respectively. Feeding activity of larval stage was reduced by all treatments. The implications of this study are discussed.

Keywords: Black-head stage, Chilo partellus, hatch, mortality, survival, Turkey
Oz

Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae), Turkiye’de Akdeniz Bolgesi'nde son zamanlarda
saptanan oldukca zararli bir misir zararlisidir. istilaci bir tiir olarak degerlendirilen C. partellus, diinyanin birgok
bolgesinde diger yerli misirkurtlarinin yerini almaktadir. Bu amagla, Tirkiye’de misir Gretim alanlarinda diger Lepidopter
tirlerine karsi yaygin olarak kullanilan 8 insektisidin 6nerilen dozlarinin C. partellus’'un yumurta ve birinci dénem
larvalarina etkisi, Cukurova Universitesi Ziraat Fakdltesi Bitki Koruma Bélimii laboratuvarinda 27+2°C, %70 orantili
nem, 14:10 (A: K) kosullarda arastinimistir. Bu calismayla insektisitlerin yumurtalarin agilma oranlari ve larva 6lim
oranlari Uzerinde etkili oldugu bulunmustur. En dusik agilma orani deltamethrinde %30.6 olarak belirlenmistir. Diger
tim insektisit uygulamalarinda yumurta agilma oranlari %80’nin Gzerinde saptanmistir. Larvalarin 6lim oranlarinda ise
en yuksek oran %84.5 ile emamectin-benzoat'ta belirlenirken, en distk oran %38.2 ile lambda-cyhalothrinde
belirlenmistir. insektisite daldirimis misir yaprak disklerinde ise birinci dénem larvalarin en diisiik ve en yiiksek 8liim
oranlari, 72 saat sonra indoxacarb ve emamectin-benzoat igin sirasiyla %62.6 ve % 96.7 olmustur. Hayatta kalma
analizleri, risk oranlarinin chlorpyrifos-ethyl ve emamectin-benzoat igin sirasiyla 4.9 (%95 Cl: 1.66-14.6) ile 15.6 (%95 CI:
5.33-45.6) arasinda degistigini gostermistir. Birinci ddnem larvalarinin 6lim oranlarinin kontrol ile kiyaslandiginda
emamectin-benzoate, lambda-cyhalothrin ve deltamethrinde sirasiyla 16, 10 ve 9 kat yuksek oldugu belirlenmistir.
Ayrica tim uygulamalarda larvalarin davraniglarinda azalma gézlenmistir.

Anahtar sozciikler: Siyah-bas doénemi, Chilo partellus, yumurta agilma, 6lim orani, yagam, Tirkiye
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Susceptibility of Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae) to some commonly used insecticides

Introduction

The maize spotted stem borer, Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae), originally
from the Indian subcontinent (Harris, 1989) has been reported in many parts of the world especially in Asia,
eastern and southern parts of Africa (Ndema et al., 2001; Kfir et al., 2002; Melaku et al., 2006; Mutyambi
et al., 2014), and recently in the Mediterranean Basin (Yonow et al., 2017). Owing to its ability to survive in
low and high elevations (Kfir, 1993, 1997; Guofa et al., 2001), and on a broad temperature spectrum (Kfir,
1997; Mutamiswa et al., 2017), and higher potential rate of increase and shorter life cycle (Kioko et al.,
1995; Kfir, 1997; Ofomata et al., 2000), C. partellus gains competitive advantage over other maize stem
borers. Chilo partellus is described as an invasive species displacing indigenous maize stem borers and
becoming the predominant borer pest (Overholt et al., 1994; Kfir, 1997; Ofomata et al., 2000).

Chilo partellus is known to cause severe damage to maize and sorghum wherever it is found (Kfir et
al., 2002; Arabjafari & Jalali, 2007). Not only does it damage the vegetative parts of the plant, but it also
damages the reproductive parts, causing losses between 24 and 75% (Kumar, 2002), and 80 and 100% in
severe infestation in Asia and Africa (Overholt et al., 2000; Arabjafari & Jalali, 2007). The normal damage
patterns characteristic of maize stem borers includes bored holes on stems and destroyed internal stem
tissue resulting into tunnels (Slabbert & Van den Berg, 2009) and a mixture of rotten, pungent insect and
plant tissue debris within the stems. Consequently, the damaged plant is prone to toppling and lodging from
any form of disturbance such as heavy rains, storms and strong winds. In addition, C. partellus like many
other stem borers feed and destroy the growing apex of the maize plant resulting into a condition called
deadheart; the growing central leaves die, the plant become stunted and/or dies (Rauf et al., 2017).

Several control and management methods have been employed in an attempt to reduce the damage
caused by C. partellus. Murenga et al. (2011) presented some control strategies for C. partellus and
discussed their shortcomings. Resistant maize cultivars have been tried with some success (Ajala et al.,
1995; Ahmed et al.,, 2003; Murenga et al., 2011). Parasitoids such as Cotesia spp. (Hymenoptera:
Braconidae) and Trichogramma spp. (Hymenoptera: Trichogrammatidae) have also been used for control
of C. partellus with relative success (Kfir et al., 2002; Ahmed et al., 2003). Recently, push-pull technology
has gained prominence with a huge adoptability rate especially in the eastern parts of Africa. With regards
to push-pull technology, brachiara and Napier grass are among the most commonly used grasses (Van
den Berg, 2006; Cheruiyot et al., 2018). The use of pheromones (Beevor et al., 1990), essential oils (Sing
et al., 2009) and microorganism-based products (Odindo, 1990; Poinar & Polaszek, 1998) are also gaining
grounds. Intercropping is also successfully used for reduction of infestation (Ampong-Nyarko et al., 1994;
Pats et al., 1997) up to 30% in maize/sorghum/cowpea-intercropping systems. Other cultural practices such
as manipulating planting dates (Van Hamburg, 1979), management of crop residue (Pats et al., 1997), and
fertilizer application are also being investigated and used (Van den Berg et al., 1991). However, insecticides
applied in foliar and granular formulations are also widely used as preferred solution by farmers since they
remain the most convenient control method (Rauf et al., 2017). The insecticides are most effective if applied
in the initial stages of an infestation in order to prevent egg hatch and eliminate first and second instar
larvae before burrowing in the maize stems (Kfir et al., 2002; Kumar, 2002). In Pakistan, foliar application
of fenvalerate, endosulfan, cypermethrin, monocrotophos, quinalphos, and granular application of
chlorpyrifos-ethyl and carbofuran are commonly recommended for management of maize stem borers
(Mathur & Satyadev, 1992; Katole & Mundiwate, 1995; Bhat & Baba, 2007). Entomopathogens (Odindo,
1991; Gardeze et al., 1998) and novel insecticides such as novaluron, spinosad, emamectin-benzoate have
also shown promising results against C. partellus (Rameash et al., 2012). Cypermethrin, carbofuran and
methamidophos are commercially available in India against the maize stem borers (Khan & Amjad, 2000).
According to Van den Berg & Van den Westhuizen (1995), endosulfan and deltamethrin are also used
against Chilo partellus in South Africa.
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Recently, the spotted stem borer was recorded in the Mediterranean Region of Turkey in 2014
(Sertkaya et al., 2014) causing a stir among maize farmers, who have been battling with the voracious
indigenous lepidopteran maize stem borer pests such as Sesamia nonagrioides (Lefebvre, 1827)
(Lepidoptera: Noctuidae) Ostrinia nubilalis Hibner, 1796 (Lepidoptera: Crambidae), and Spodoptera sp.
(Lepidoptera: Noctuidae) especially in the second maize growing season, July-October (Okyar & Kornosor,
1997). Farmers in Turkey rely almost entirely on insecticides to control maize stem borers. While research
is ongoing on the population dynamics and other aspects of C. partellus, preliminary results reveal that it is
present in maize in Turkey in both the first (April-June) and second (July-October) maize growing seasons,
with an infestation rate of 5 to 55% and 20 to 90%, respectively (unpublished data). There are currently no
prescribed insecticides in the Turkish market registered for C. partellus control. This study was designed to
evaluate the potential of some insecticides used against other stem borers for control of C. partellus. As
such, eight commonly used insecticides in maize production systems used against stem borers in Turkey
were screened on eggs and first instar larvae of the spotted stem borers under laboratory conditions.

Materials and Methods
Stem borer colony

The stem borer colony used in this study was the F1 generations of field-collected larvae of C.
partellus. In June 2018, larvae were collected from a maize field (not sprayed with insecticides) in the
Research and Implementation Area of Cukurova University (39°01°50.5" N; 35°21°06.7" E). The larvae were
reared on insecticide-free maize stalks (Pioneer Hybrid 1/2013) in the entomology laboratory of Plant
Protection Department, Faculty of Agriculture, University of Cukurova. The maize stalks were cut (10 cm)
and packed in plastic cups (10 x 10 x 10 cm) covered with a muslin and fitted with a rubber band. The
maize stalks were replaced every 5-6 d until pupation. Upon pupation, the pupae were kept in new plastic
jars (10 x 10 x 10 cm) lined with a Whatman filter paper for oviposition and covered with a muslin. A cotton
ball soaked in water was added in the plastic jar for the adults. Egg masses were laid on the filter paper
and these were collected daily for bioassays. The eggs and larvae from these F1 generations were used in
the study.

Insecticides used in the bioassay

Table 1 shows the list of selected insecticides commonly used in maize production systems or
registered for other lepidopteran stem borers in Turkey. The insecticides which have different mode of
actions such as nerve action, chloride channel activator and insect growth regulators were used. Pesticides
were used at the manufacturer's recommendation for other lepidopteran stem borer pests of maize, diluted
in distilled water. Topical and leaf-dip bioassay were used for the hatching and mortality studies, respectively.

Bioassay
Effect of insecticides on egg hatch

A drop (5ul) of insecticide was applied with a micropipette to egg masses (~40 eggs) when these
were at the black-head stage (4-5 d old), after which the eggs usually hatch within 24 h. The egg mass was
placed on a maize leaf disk (5 cm), and then placed on a water-soaked cotton in a cup (5 cm diam. x 2.5 cm
high). A hole (1 cm), covered with muslin, was perforated on the lid of the cup. There were three replicates
per treatment. The setup was kept in a rearing chamber (27+2°C, 70% RH and 14:10 h L:D photoperiod).
The number of eggs hatched was counted 24 h after insecticide application.

137



Susceptibility of Chilo partellus Swinhoe, 1885 (Lepidoptera: Crambidae) to some commonly used insecticides

Table 1. Tested Insecticides; description, formulations and uses

Active ingredient (ai)

/ Trade name / Firm  Con. / Form. FI?;?,,/F&)Ite ?at:f) Chemical family =~ Mode of action Crops Target
name / Country ° pp
Ingestion and Tomato, eggplant,
contact. Nicotinic pepper, potato,
Spinosad / LaserTM acet IcHoIine strawberry, Lepidoptera,
/ Dow AgroSciences 480gL"/SC 200 ml ha™ 200 Spinosyn 4 legumes, pome Coleoptera,
. ) (nAChR) receptor . )
/ United Kingdom . fruits, vegetables, Diptera
agonist. Nerve
X ornamental plants,
action.
grass
Pear, vegetables,
Deltamethrin / Ingestion and grapes, pistachio, Mites, thrips,
Decis®/ Bayer 25 g L EC 500 ml ha-" 5000 Pyrethroid contact. Paralyses lentil, chickpea, aphids,
CropScience / 9 y nervous system; maize, beet, Lepidoptera,
France knockdown effect.  cereals, sunflower, Coleoptera
hazelnut
Maize, cotton,
Lambda-cyhalothrin / Ingestion and apple, grapes, .
Karate®/ Syngenta 50g L' CS 300 ml ha' 3000 Pyrethroid contact. Paralys_es potatoes, beet, Le_p|dopter_a,
Chemicals / Belgium nervous system; tomatoes, nuts, mites, aphids
knockdown effect. cabbage, cereals,
olive
Tomato, eggplant,
Chlorantraniliprole / Ingestio_n. pepper, cucurbit
Coragen®/ DuPont/ 200gL"/SC 150 miha' 1500  Anthanilic diamide yanodine crops, leafy ) o idoptera
France receptor vegetable_s, maize,
modulator. peach, quince,
plum
Indoxacarb / Ll%?:g?nvzﬂg o Tomato (field and
Tunchii®/ Astranova 150 gL'/ SC 300 ml ha 3000 Oxadiazine y 9 greenhouse), Lepidoptera
dependent sodium .
/ Turkey hazelnut, maize
channel blocker.
Pear, vegetables,
Chlorpyrifos-ethyl / Ingestion and grapes, pistachio,
Dursban®4 / Dow 4 4 contact. Inhibits lentil, chickpea, .
AgroSciences / 480 g L/ EC 1800 ml ha 1800 Organophosphate cholinesterase. maize, beet, Lepidoptera
United Kingdom Nerve action. cereals, sunflower,
hazelnut, cotton
Emamectin- Pepper, tomato
ben_zoat_e / Pancart®/ 5%/ SG 300 g ha™! 3000 Avermectin Ingestion. C_hlorlde (field and Lepidoptera
Platin Kimya / channel activator.
Turkey greenhouse)
) Tomato (field and
Ingestion and reenhouse)
Novaluron / RIMON Benzoviohenvl contact. Insect ge or ’
SUPRA®/Adama/ 100gL"/SC  400gha' 4000 yipheny Growth Regulator-  PSPP Lepidoptera
urea o i (greenhouse),
Israel inhibits chitin
. cotton, soya,
synthesis.
cucumber

Con.: concentration; Form.: formulation; SC: suspension concentrate; SG: soluble granules; EC: emulsifiable concentrate;
CS: capsule suspension.
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Effect of insecticides on survival of emerging larvae

The first instar larvae hatched from insecticide-treated eggs were kept separately on fresh insecticide-
free maize leaf disks. The leaf disks were kept on moist cotton in plastic cups (5 cm diam. x 2.5 cm high),
and then covered with a perforated lid, sealed with a muslin for ventilation. There were three replicates per
treatment. The setup was kept in the temperature chamber (27+2°C, 70% RH and 14:10 h L:D photoperiod).
Mortality of the emerging larvae was assessed after 48 h.

Effect of insecticides on first instar larvae

Leaf-dip bioassay was used to evaluate the effect of insecticides on first instar larvae of C. partellus.
Fresh maize leaf disks (2 cm) were immersed in insecticide solution for 5 s, and then allowed to dry for 1 h
under laboratory conditions (25+2°C). The leaf disks were then placed on moist cotton in cups and covered
with a perforated lid, sealed with a muslin for ventilation. Ten first instar larvae of C. partellus, collected
from F1 generation of laboratory reared field-collected larvae were placed on the leaf disk with the help of
a fine camel hair brush. There were three replicates per treatment. The setup was kept in a climatic chamber
set to 27+2°C, 70% RH and 14:10 h L:D photoperiod. Mortality of the larvae was assessed every 12 h for
3d (72 h). Alarva was considered dead if they did not move after being touched by a fine camel hair brush.

Data analysis

Normality and homogeneity of variance tests for the data were done using Kolmogorov-Smirnov and
Levene’s test, respectively. Percentage hatch of black-head stage eggs after 24 h was subjected to one-
way analysis of variance (ANOVA) and means were separated by post hoc Duncan’s multiple range test
(DMRT) procedure at a significance level of 0.05. Mortality of emerged larvae was assessed48 h after
hatching. Mortality of hatched larvae after 48 h and first instar larval mortality on insecticide-treated leaves
after 72 h was analyzed (one-way ANOVA, DMRT, P<0.05). The mortality was also assessed every 12 h
for survival analysis.

Survival analysis, which is generally a set of methods for analyzing data where the outcome variable
is the time until the occurrence of an event of interest (mortality), was conducted. Kaplan-Meier survival
curves were used to estimate median survival times (LTso; median survival time is the time at which 50%
of the first instar larvae survive) 72 h after exposure to the insecticides and their respective 95% confidence
intervals (Cl) were determined. Hazard ratios after 72 h were estimated using Cox regression to estimate
the probability of mortality of first instar larvae occurring in the insecticide-treated leaves compared to the
water-treated (control) leaves at any given time. All analyses were done using Statistical Package for Social
Sciences (Ver. 23, 2015).

Results and Discussion
Effect of insecticides on hatch of black-head stage egg masses

The effect of various insecticides on hatch of black-head stage egg masses of Chilo partellus are
shown in Table 2. There was a significant difference (F=41.2, df=8,18, P<0.05) in the mean percentage of
hatched egg mass exposed to different insecticides. The smallest percentage hatch (30.6%) was with
deltamethrin, followed by t chlorpyrifos-ethyl (86.3%) and lambda-cyhalothrin (89.9%). The percentage of
eggs that hatched from the other insecticides was greater than 90%. It is known that the chorion layer of
lepidopteran egg is not particularly permeable to ovicidal and toxic chemicals; nevertheless, some
chemicals can pass through. In such events, these toxic chemicals can negatively affect embryonic
development and/or result in death (Trisyono et al., 2000; Galvan et al., 2005). Of all the insecticides,
deltamethrin significantly prevented hatch of the black-head stage egg masses (Table 2). On average,
hatch was about three times lower in deltamethrin relative to the other insecticides. It is not clear why there
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was inconsistency in the percentage hatch between deltamethrin and lambda-cyhalothrin as they are
members of the same chemical class.

Pineda et al. (2004) reported that spinosad diluted in water did not exhibit any ovicidal activity in
Spodoptera littoralis (Boisduval, 1833) (Lepidoptera: Noctuidae) eggs. However, when diluted in acetone,
the percentage hatch was significantly reduced from 80-89% to 36.0% in water and acetone solvents,
respectively. The effect of insecticide on hatching and other biological events in insects is affected by the
solvent used. According to Adan et al. (1996) the penetration and deposition of insecticide into insect cuticle
is facilitated by organic solvents. In another study, the number of O. nubilalis eggs hatching after treatment
with indoxacarb, novaluron, spinosad and water (control) at the black-head stage was not significantly
different (Boiteau & Noronha, 2007). However, when the insecticides were sprayed 2 d before the black-
head stage, the number of eggs that hatched was significantly reduced compared to application at the
black-head stage by 60, 80 and 8% for indoxacarb, novaluron and spinosad, respectively. Mahmoudvan et
al. (2014) also reported that indoxacarb SC (300 mg L") and spinosad (480 mg L") caused ovicidal control
of 86 and 100%, respectively on the egg masses of Plutella xylostella (L.,1758) (Lepidoptera: Plutellidae).
Hexaflumuron (200 mg L"), and lufenuron (1000 mg L") which are in the same group as novaluron, also
gave ovicidal control of 100 and 50%, respectively, in the same study. However, it should be noted that in
the experiments of Mahmoudvan et al. (2014), the egg masses used were no more than 10 h old. This
suggests that the effect of insecticides on egg hatch also depends on the age of the eggs; the younger the
eggs, the more effective the insecticide. High ovicidal effect of novaluron on other lepidopteran has been
reported in other studies (Assal et al., 1983; Chockalingam & Noorjahan, 1984).

At the commercial recommended application rate, the percentage hatch of lepidopteran egg masses
can be strongly influenced by the solvent (medium) of the insecticide and the age of egg mass. De Smedt
et al. (2015) indicated that hydrophobic compounds are more likely to absorb the intermediate and nonpolar
poly (p-phenylene) PPPs, and therefore can easily attach to the hydrophobic egg surface, causing
desiccation of the eggs. For this reason, perhaps, a decreased hatching percentage might have been
observed had a hydrophobic solvent like acetone and young egg masses (hours old) been used.

Table 2. Mean percentage hatched black-head stage eggs of Chilo partellus 24 h after application of insecticides

Treatment Replicates  Egg/mass Mean (%)+SEM  95% confidence interval (Cl)
Control 3 35-40 98.2+0.65 ¢ 97.3-99.2
Spinosad 3 30-34 91.62.07 bc 88.2-95.0
Deltamethrin 3 32-40 30.6+5.76 a 21.7-39.6
Lambda-cyhalothrin 3 30-40 89.9+1.20 bc 88.0-91.9
Emamectin-benzoate 3 30-36 95.8+0.88 bc 94.5-97 1
Indoxacarb 3 30-32 99.0+0.50 ¢ 97.9-99.0
Chlorpyrifos-ethyl 3 30-37 86.3x1.90 b 83.4-89.3
Chlorantraniliprole 3 32-40 95.1£1.85 bc 92.2-97.9
Novaluron 3 30-40 97.8¢1.02¢c 95.6-97.8

Number of eggs refers to the number of eggs per egg mass on which topical application of insecticide was made. Sem: standard error
of means. 95% confidence interval of percentage hatched eggs of means. The SEM (standard error of means) and the 95% Cl was
Bootstrapped 1000 times using the bias corrected acceleration. Means in the same column followed by the same letter are not
statistically significantly different by DMRT at p<0.05. Each replicate had 10 insects.
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Mortality of hatched larvae 48 h after hatching

The mortality rate of larvae 48 h post hatching was also compared across the different insecticides
(Figure 1). The percentage mortality was significantly different (F=34.3, df=8,18, P<0.05) across the various
insecticides. The highest percentage mortality was observed from emamectin-benzoate (84.5%), and
followed by chlorpyrifos-ethyl (84.4%). The lowest mortality was recorded from indoxacarb (23.2%),
followed by novaluron (30.5%) and lambda-cyhalothrin (38.2%). The survival of larvae hatched from the
insecticide-treated egg masses was impacted by all insecticides. Emamectin-benzoate, chlorpyrifos-ethyl,
deltamethrin, spinosad and chlorantraniliprole had higher larvicidal percentages. The dead larvae were
probably contaminated by these insecticides as they chew their way out of the egg masses through their
mouth or by contact with contaminated surfaces. Indoxacarb is reported to have ovi-larvicidal properties
against some Lepidoptera pest such as codling moth and O. nubilalis (Boiteau & Noronha, 2007), however,
this was not the case in the current study as this chemical had lowest number of dead neonate larvae
(Figure 1).
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Figure 1. Mean percentage mortality of larvae that hatched from insecticide-treated eggs after 48 h: comparing percentages of dead
and alive across different treatments. Bars with the same letter are not statistically different (DMRT, a=0.05). Arrow shows
direction of mean comparison.

Effect of insecticides on first instar larvae

The effect of the various insecticides on the first instar larvae 72 h post application is given in Figure
2. The insecticides significantly influenced (F=8.26, df=8,18, P<0.05) the percentage mortality of first instar
larvae. The highest percentage mortality was with emamectin-benzoate (96.7%), and lambda-cyhalothrin
(96.3%). The smallest percentage mortality was with indoxacarb (62.2%) and chlorpyrifos-ethyl (62.6%).
The percentage mortalities recorded in this study were greater than 60% for all insecticides. The effect of
insecticides on the first instar larvae revealed that the first instar larvae were very susceptible to many
insecticides. Emamectin-benzoate, pyrethroids and spinosad are known to adversely affect larval stages
of lepidopterans such as O. nubilalis, S. nonagrioides, Spodoptera exigua (Hibner, 1808) (Lepidoptera:
Noctuidae), P. xylostella (Pineda et al., 2004; Boiteau & Noronha 2007; Kurt & Kayis, 2014; Mahmoudvan
et al., 2014) including C. partellus (Tanwar et al., 2017; Kumar & Alam, 2017). Intoxication of the larvae
possibly came from contamination from the leaves as they moved around and during feeding.
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Figure 2. Mean percentage mortality of first instar larvae on insecticide-treated eggs 72 h post exposure to insecticide-infested leaf
disks (percentage mortality was transformed using arcsine transformation before analysis). Bars with the same letter are not
statistically different (DMRT, a=0.05).

Feeding behavior

On completion of the bioassays (72 h), the number of feeding scars made by the larvae on the
pesticide-treated leaves were counted and scored. The values were subjected to Kruskal-Wallis ANOVA.
The amount of leaves consumed; indicated by the mean rank was significantly different (y2=18.8, df=8,
P<0.05). The highest mean rank was obtained with the control and novaluron treatments. The smallest
mean ranks were recorded with deltamethrin, lambda-cyhalothrin, emamectin-benzoate and
chlorantraniliprole (Figure 3). The feeding capability experiment revealed that these insecticides reduced
the feeding activity of first instar larvae, thereby ensuring adequate photosynthesis for the plants. In this
study, deltamethrin, lambda-cyhalothrin, emamectin-benzoate exerted the greatest negative effect on the
feeding capability of the first instar larvae. In a related study, Hannig et al. (2009) investigated the effect of
chlorantraniliprole and seven other commercial insecticides on the feeding behavior of four lepidopteran
species, P. xylostella, Trichoplusia ni (Hibner, 1803) (Lepidoptera: Noctuidae), S. exigua and Helicoverpa
zea Boddie, 1850 (Lepidoptera: Noctuidae). For time to feeding cessation and reduction in feeding,
chlorantraniliprole was the fastest-acting insecticide followed of emamectin-benzoate, indoxacarb, lambda-
cyhalothrin, esfenvalerate and methomyl.
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Figure 3. Insect feeding behavior. Mean ranks with the same letter are not significantly different (Duncan’s test, a=0.05).
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Survival analysis

The mortality of the first instar larvae was assessed every 12 h. Figure 4 shows the Kaplan-Meier
curve and Table 3 shows the median time (LT50) and the hazard ratios with their corresponding 95% CI
for each insecticide.

The steepness of the slope started from 48 h for deltamethrin, with 4 larvae surviving to the end of
the study. The steepness for lambda-cyhalothrin is similar to that of deltamethrin; however, only two larvae
survived to the end of the study. The steepness began from 24 h for emamectin-benzoate with one larva
surviving to the end of the study. The steepness of the slope for indoxacarb started in the 12 h with 11
larvae surviving to the end. The steepness of the slopes for chlorpyrifos-ethyl and chlorantraniliprole started
from 36 h with 11 and 10 larvae surviving to the end, respectively. Novaluron also had a steep slope
beginning from 36 h with seven larvae surviving to the end (Figure 4). Survival analysis is widely used in
scientific research to evaluate the rate of a certain outcome (mortality) over time. The study revealed that
emamectin-benzoate had the lowest median time and the highest hazard ratio.
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Figure 4. Kaplan-Meier survival curves for first instar larvae of Chilo partellus exposed to different insecticide-treated leaf disks after 72 h.

The reference treatment in this study was the control. Since the mortality in the reference treatment
never reached 50% in any replicate, it is impossible to calculate median time values for the control. The
media time ranged from 36 to 72 h. The shortest median time was recorded with emamectin-benzoate (36h,
95% Cl: 27.3-44.7). The highest median time was recorded with indoxacarb (72 h, 95% CI: 56.7-87.3) and
chlorantraniliprole (72 h, 95% CI: 61.9-82.1). The median time for all other insecticide was 60 h. For
spinosad, the mortality slope was gentle, with 11 larvae surviving to the end of the study. The hazard ratios
in this study ranged from 4.91 (95% CI: 1.66-14.6, P<0.0001) with chlorpyrifos-ethyl to 15.6 (95% CI: 5.33-
45.6), P<0.0001) with emamectin-benzoate. The mortality of first instar larvae was about 16, 10 and 9 times
that of the control with emamectin-benzoate, lambda-cyhalothrin and deltamethrin, respectively.

This study was conducted as an initial attempt to evaluate the effectiveness of insecticides used in
maize production system in Turkey in order to develop baseline data against C. partellus, a newly recorded
pest of maize in Turkey. The findings of this study present the short-term efficacy (acute toxicity) of these
insecticides. A better understanding of these insecticides requires a long-term (indirect and subtler effect)
study on the physiology and behavior of the target pests and their natural enemies (Biondi et al., 2013;
Guedes et al., 2016).
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Table 3. Hazard ratios and median time (LTsos)

Treatment Hazard Ratio 95% ClI LTso (h) 95% ClI P values
Spinosad 5.13 1.73-15.18 60.0 47.15-72.8 .003
Deltamethrin 8.82 3.04-25.62 60.0 49.56-70.44 .0001
Lambda-cyhalothrim 10.17 3.50-29.52 60.0 55.05-64.95 .0001
Emamectin-benzoate 15.58 5.33-48.56 36.0 27.33-44.68 .0001
Indoxacarb 5.38 1.82-15.93 72.0 56.67-87.33 .002
Chlorpyrifos-ethyl 4.92 1.66-14.58 60.0 50.09 -69.91 .004
Chlorantraniliprole 5.39 1.82-15.80 60.0 50.38-69.62 .002
Novaluron 6.70 2.28-19.72 60.0 56.32-63.68 .001

Omnibus test for the hazard ratios (chi square x?2=65.6, df=8, P<0.0001), log rank for LTso (chi square x2=80.6, df=8, P<0.0001).
Cl: confidence interval.

Additional experiments are therefore recommended to determine the ecological effects of these
insecticides in field trials. Points of focus could be on the rate and time of application. There are numerous
advantages of using insecticides with ovicidal and larvicidal activity, targeting eggs, newly hatched larvae
and old larva than insecticides that are only larvicidal. Thus, the role of novaluron and chlorantraniliprole
should be considered alongside emamectin-benzoate, lambda-cyhalothrin and deltamethrin as part of an
integrated pest management plan.
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Chemical composition and insecticidal potential of different
Origanum spp. (Lamiaceae) essential oils against four stored product pests

Farkli Origanum spp. (Lamiaceae) ugucu yaglarinin kimyasal kompozisyonu ve dort
depolanmig Urun zararlisina karsi insektisidal potansiyeli

Mustafa ALKAN"
Abstract

This study was conducted to determine the contact and fumigant toxicity of plant essential oils extracted from
four Origanum spp. against four stored product pests, Rhyzopertha dominica (F., 1792) (Coleoptera: Bostrichidae),
Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera: Tenebrionidae), Sitophilus granarius (L., 1875) and Sitophilus
oryzae (L., 1763) (Coleoptera: Curculionidae). Chemical composition of the essential oils was determined using GC-
MS. The trials were conducted under laboratory conditions in 2019 at Plant Protection Central Research Institute.
Essential oils extracted from Origanum onites L. and Origanum vulgare L. var. hirtum caused 100% mortality of R.
dominica and T. confusum. The computed LDso value for O. vulgare var. verticium against R. dominica 24 h after
application was 0.046 pl/insect. Single concentration fumigant study indicated that O. onites and O. vulgare var. hirtum
essential oils cause high mortality (91 and 70%, respectively) of R. dominica within 24 h. Essential oils of O. vulgare
showed the highest activity against R. dominica with LCso and LCgqg values of 0.0052 and 0.0144 pl/ml, respectively.
The main components of O. onites essential oil were thymol (22.9%), y-terpinene (13.0%), p-cymene (12.9%) and
carvacrol (7.2%). Similarly, the essential oils of O. vulgare var. hirtum were composed of carvacrol (32.5%), thymol
(16.1%), p-cymene (12.2%) and y-terpinene (7.9%). Likewise, the essential oil of O. vulgare var. verticium had carvacrol
(35.0%), p-cymene (11.6%), y-terpinene (10.3%) and thymol (9.1%). Nonetheless, O. vulgare x O. onites essential oil
had carvacrol (15.2%), cis-sabinene hydrate (14.6%), terpinen-4-ol (14.6%) and y-terpinene (8.7%).

Keywords: Contact activity, essential oils, fumigant activity, GC-MS, Lamiaceae

Oz

Bu galismanin amaci dort Origanum tiriinden elde edilen ugucu yaglarin kontakt ve fumigant etkinliklerini
Rhyzopertha dominica (F., 1792) (Coleoptera: Bostrichidae), Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera:
Tenebrionidae), Sitophilus granarius (L., 1875) ve Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae) erginlerine
karsi belirlemektir. Ugucu yaglarinin kimyasal kompozisyonu GC-MS cihazi kullanilarak belirlenmistir. Denemeler
laboratuvar kosullarinda 2019 yilinda Zirai Miicadele Merkez Arastirma Enstitlisi’'nde yuritilmustir. Rhyzopertha
dominica ve T. confusum erginlerinde Origanum onites L. ve Origanum vulgare L. var. hirtum ugucu yaglari %100
6lime neden olmustur. Yirmi dort saat sonunda O. vulgare var. verticium bitki ugucu yaginin R. dominica igin LDsg
degeri 0.046 pl/bocek olarak hesaplanmistir. Tek konsantrasyon fumigant etki denemeleri sonucunda O. onites ve O.
vulgare hirtum ugucu yaglari 24 saat sonunda R. dominica’ya karsi yUksek aktivite (sirasiyla %91 ve %70) gostermistir.
Fumigant konsantrasyon etki denemeleri sonucunda bitki ugucu yaglarindan O. vulgare ugucu yadi R. dominica igin en
yuksek etkinligi gostermis ve 24 saat sonunda LCso ve LCq degerleri sirasiyla 0.0052 pl/ml ve 0.0144 pl/ml olarak
hesaplanmistir. Origanum onites’in ana bilesenleri, thymol %22.9; y-terpinene %13.0; p-cymene %12.9; carvacrol
%7.2, O. vulgare var. hitsitum ana bilesenleri carvacrol %32.5; thymol %16.1; p-cymene %12.2; y-terpinene %7.9, O.
vulgare var. verticium ana bilesenleri carvacrol %35.0; p-cymene %11.6; y-terpinene %10.3; thymol %9.1, O. vulgare
x O. onites’in ana bilesenleri carvacrol %15.2; cis-sabinene hydrate %14.6; terpinen-4-ol %14.6 ve y-terpinene %8.7
olarak belirlenmistir.

Anahtar sozciikler: Kontakt etkinlik, ugucu yag, fumigant etkinlik, GC-MS, Lamiaceae
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Introduction

Cereals can be infested by many pests after harvest if not kept under appropriate storage conditions.
Qualitative and quantitative losses occur in the stored products due to these pests. Different cultural,
physicomechanical and chemical control methods are used to reduce the damage caused by stored product
pests. Chemical control is the most widely and extensively used method to manage these pests globally.
The most commonly used synthetic chemicals to control these pests are methyl bromide and aluminum
phosphide (Bond, 1984; Taylor, 1994; Mutungi et al., 2014). The use of these chemicals is being prohibited
in the scope of Montreal protocol due to their toxicity against warm-blooded organisms and damage to
ozone layer but phosphide is the major fumigant in current use.

Plants employ various defense mechanisms to protect themselves from enemies. Various secondary
metabolites synthesized within the plant cells occupy an important place among these mechanisms. These
compounds having insecticidal and behavioral activities against various pests (Glincan & Durmusoglu,
2004) can be classified as alkaloids, glycosides, phenols, terpenoids, tannins and saponins (Shanker &
Solanki, 2000). The plant essential oils contain terpenic or non-terpenic volatile compounds that are
hydrocarbons and their derivatives (Baser, 2009).

Origanum (Lamiaceae) includes important medicinal aromatic plants and many studies have been
conducted on their biological activities. Different activities of Origanum spp. such as antioxidant (Dutra et
al., 2019), cytotoxic (Coccimiglio et al., 2016), antimicrobial (Lesjak et al., 2016; Reyes-Jurado et al., 2019),
anti-acetylcholinesterase (Abou-Taleb et al., 2016; Hajlaoui et al., 2016; Lopez et al., 2018), antibacterial
(da Cunha et al., 2018; Wijesundara & Rupasinghe, 2018), repellent (Govindarajan et al., 2016; La Pergola
et al., 2017; Giatropoulos et al., 2018), antifungal (Vinciguerra et al., 2018), allelopathic (Boukaew et al.,
2017), phytotoxic (Ibafiez & Blazquez, 2018; Grul'ova et al., 2019) insecticidal (Kim et al., 2016; Szczepanik
et al., 2018; Benelli et al., 2019) have been determined in a number of studies.

The studies conducted to the determine the essential oil composition of Origanum spp. have reported
that the main are carvacrol (Martucci et al., 2015; Lesjak et al., 2016), thymol (Mechergui et al., 2016), y -
terpinene (Hajlaoui et al., 2016; Lesjak et al., 2016), p-cymene (Martucci et al., 2015; Hajlaoui et al., 2016;
Mechergui et al., 2016), terpinen-4-ol (Hajlaoui et al., 2016), linalool (Aligiannis et al., 2001), sabinene
(Hajlaoui et al., 2016), a-terpinene (Hajlaoui et al., 2016), cis-sabinene hydrate (Hajlaoui et al., 2016),
terpinene , a-pinene (Martucci et al., 2015) and 4-terpineol (Couto et al., 2015).

Coleoptera is the largest insect order and includes the most common and important stored product
pests. The pests belonging to this order live in a wide variety of habitats. Stored product pests have different
behavior patterns; thus, some of them are regarded as primary pests, while others are defined as secondary
pests. The Curculionidae family includes some of the stored product pests. Sitophilus spp. belong to this
family and considered as primary pests. The Tenebrionidae family comprises of >10,000 species, of which
100 are stored product pests, and are regarded as secondary pests. Pests belonging to Tribolium are in
this family.

The contact and fumigant toxicity of essential oils extracted from four Origanum spp., Origanum
onites L., Origanum vulgare L. var hirtum, Origanum vulgare L. var verticium and O. vulgare x O. onites
(Lamiaceae) were determined against four important stored product pests, Rhyzopertha dominica (F.,
1792) (Coleoptera: Bostrichidae), Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera: Tenebrionidae),
Sitophilus granarius (L., 1875) and Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae). In addition, the
essential oil components of these species were determined by GC-MS. Many studies have been conducted
on the effect of Origanum spp. on storage pests, but the insecticidal activity of the essential oil of O. vulgare
x O. onites was studied for the first time. The results of the study will help to devise alternative and
environmentally safe management strategies for control of stored product pests.
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Materials and Methods
Plant material

Shoots of O. onites, O. vulgare var. hirtum, O. vulgare var. verticium and O. vulgare x O. onites were
collected during the flowering period July 2018 from the production area of Field Crops Central Research
Institute, Ankara, Turkey. All vegetative parts of the plant were used in the production of essential oils. The
species were identified by PhD Reyhan Bagdat Bahtiyarca. The herbaria of these species were prepared
and deposited at the Directorate of Plant Protection Central Research Institute, Ankara, Turkey.

Extraction of essential oils

The aerial parts (100 g each) of the air-dried plant samples of all the species were separately hydro-
distilled for 4 h using a Clavenger apparatus. Oils yields were 2.2, 4.6, 2.8 and 3.1% for O. onites, O.
vulgare var hirtum, O. vulgare var verticium, and O. vulgare x O. onites, respectively. The extracted oils
were stored at -20°C until analyzed.

Analysis of essential oils

The GC-MS analysis was performed with an Agilent 5975C InertXL EI/CI MSD system. In the
preparation of essential oil samples for analysis GC-MS 20 ml of essential oil and 180 ml of hexane was
added to vials. The GC-MS analysis was conducted using an Innowax FSC column (60 m x 0.25 mm)
containing helium carrier gas (1 ml/min) with temperature program. The oven temperature was kept at 60°C
for 10 min and then raised to 220°C at 4°C/min. The oven was kept at this temperature for 10 min and then
temperature was raised to 240°C at 1°C/min. Mass spectra were recorded in the 70 eVita mass range/load
ratio of 35-450. GC/FID analysis was performed simultaneously in the same column where GC-MS analysis
was conducted with same gas, gas flow and temperature used in GC-MS analysis. RRI (relative retention
index) values of the essential oil components were compared with those previously reported in the literature
(Baser et al., 1998, 2000, 2001, 2002a, b, 2009; Kirimer et al., 2000; Demirci et al., 2003, 2004, 2006; Jiang
& Kubota, 2004; Lourens et al., 2004; Kirkglioglu et al., 2006; Tabanca et al., 2006; Ozkan et al., 2008;
Bardakci et al., 2012; Maggio et al., 2012; Polatoglu et al., 2012a, b, ¢, 2013, 2017).

Insect rearing

The insect cultures were obtained from the stock cultures of the Plant Protection Central Research
Institute, Ankara, Turkey. A mixture of ground soft bread wheat and dry yeast [Saccharomyces cerevisiae
Meyen ex E. C. Hansen, 1883 (Saccharomycetales: Saccharomycetaceae)] was used to rear T. confusum
and R. dominica. The wheat was crushed to coarse size in feed crushing machine and kept in freezer at -
18°C for 72 h to eliminate possible contamination by insect and mites. Dry yeast was ground in a grinding
mill, sieved through 100 mesh sieves and added to wheat at 5% w/w. Whole wheat grains were used for
rearing S. granarius and S. oryzae. In order to obtain the adults of desired age, adult emergence was
recorded daily about 3 weeks after the eggs were taken into jars. The adults emerging between 7 and 28 d
after first emergence were used in the study.

Contact toxicity assay

In single-dose contact activity assays, essential oils were prepared with acetone at a concentration
of 0.15% v/v and applied to the ventral of each insect abdomen (1 pl/insect) with micro applicator (Hamilton,
Bonaduz, GR, Switzerland). The same amount of acetone was applied to the insects in control treatment
of the study. Twenty adult individuals were used in each replication, which were transferred to Petri dishes
(6 cm diameter) containing food, and mortality was recorded after 24 and 48 h. The insects unable to move
synchronously upon touching with a sable brush were considered as to be dead. The Petri dishes were
kept in an incubator at 25+2°C and 65% RH (Polatoglu et al., 2013). The experiment was laid out according
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in a completely randomized design with five replicates. The plant essential oils showing 70% or higher
mortality were included in the dose-response assays. The essential oils of all Origanum spp. were applied
against R. dominica, T. confusum, S. granarius and S. oryzae at different doses ranging from 0.025 to 0.2%
v/v and LDso and LDgo values were calculated.

Fumigant toxicity assay

Glass tubes (10 ml) with airtight caps were used in single concentration fumigant activity assays.
Five adult individuals were released in each tube. Discs of 10 mm diameter were cut from Whatman No1
filter paper and attached to the caps of the glass tubes with a needle. Concentrations of essential oils 0.1%
v/v were prepared with acetone and 10 ul was applied to each filter paper disc with a micropipette. The
same amount of acetone was applied to the insects in a control treatment. The tubes were kept under fume
hood for 5 min to allow the acetone to evaporate. The silicon septic caps of the tubes were then closed with
a motor creeper. The tubes were incubated in a temperature controlled climatic chamber at 25+2°C and
dying insects were recorded after 24 and 48 h of exposures (Polatoglu et al., 2013). The experiment was
laid out in a completely randomized design with 18 replicates. The plant essential oils showing 70% or higher
mortality were included in dose-response assays. The essential oils of O. onites, O. vulgare var hirtum and
O. vulgare var verticium were applied against R. dominica and S. oryzae at different doses ranging from
0.025 to 0.2% v/v and LCso and LCgo values were calculated.

Statistical analysis

The mortality data recorded in single-dose assays were converted to percent mortality and then
transformed by arcsine transformation. One-way analysis of variance was used to test the significance, and
treatment means were separated by Tukey’s multiple comparison test. The statistical analyses were carried
out on MINITAB (Release 16) computer program. The data recorded form dose-response assays were
analyzed by Polo-PC probit package program and LC/LDso and LC/LDgo values and confidence intervals
were computed. Principle component analysis (PCA) was performed with GenStat statistical software.

Results and Discussion
Composition of essential oils

A total of 54 compounds were identified from the essential oil of O. onites, which represented 99.1%
of the essential oil. Similarly, 50 compounds were recognized from O. vulgare var. hirtum essential oil,
which constituted 97.9% of the oil. The GC-MS analysis identified 43 compounds in the essential oil of O.
vulgare var. verticium, and the identified compounds represented 98.7% of the total essential oil. Likewise,
57 essential oil components of O. vulgare x O. onites were identified and represented 97.0% of the oil
(Table 1).

The major components of O. onites essential oil were thymol (22.9%), y-terpinene (13.0%), p-
cymene (12.9%) and carvacrol (7.2%). Similarly, the main components of O. vulgare var. hirtum essential
oil were carvacrol (32.5%), thymol (16.1%), p-cymene (12.2%) and y-terpinene (7.9%). Likewise, the major
components identified from the essential oil of O. vulgare var. verticium were carvacrol (35.0%), p-cymene
(11.6%), y-terpinene (10.3%) and thymol (9.1%). Nonetheless, the major essential oil components of O.
vulgare x O. onites were carvacrol (15.2%), cis-sabinene hydrate (14.6%), terpinen-4-ol (14.6%) and y-
terpinene (8.7%). PCA divided the species in two groups based on their essential oil components. The PCA
indicated that O. vulgare var. hirtum and O. vulgare var. verticium had similar essential oils, but O. onites
and O. vulgare x O. onites are different (Figure 1).
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Table 1. Essential oil composition of Origanum onites (Ao), O. vulgare var. verticium (Ovv), O. vulgare var. hirtum (Ovh) and O. vulgare
x Origanum onites (Ovo) (All components were identified by mass spectrometry database matches and comparison of relative
retention index from the literature)

Compound RRI RRI L. Ao (%) Ovv (%) Ovh (%) Ovo (%)
a-Pinene 1024 1026 0.80 1.75 1.52 0.89
a-thujene 1028 1028 2.16 0.46 2.54 1.38
Camphene 1070 1069 0.25 0.32 0.28 0.06
Hexanal 1090 1087 - - - 0.01

B-Pinene 1115 1114 0.19 0.19 0.29 0.38
Sabinene 1129 1126 - - - 4.03
5-3-carene 1156 1159 0.15 0.20 0.20 0.03
Myrcene 1171 1168 2.83 3.18 3.06 1.69
p-Mentha-1(7).8-diene 1177 1183 - - - 0.04
a-Terpinene 1187 1183 4.95 2.27 2.21 6.12
Dehydro 1.8-cineole 1197 1194 - - - 0.03
Limonene 1206 1202 0.64 0.51 0.50 0.70
1.8-Cineole (=Eucalyptol) 1214 1212 - 0.06 - 0.06
B-Phellandrene 1216 1218 0.39 0.38 0.42 0.98
(E)-2-Hexanal 1229 1232 0.18 0.07 - 0.14
-Z-ocimene 1244 1246 0.12 - 0.07 0.57
y-Terpinene 1257 1251 13.00 7.93 10.33 8.69
B-E-ocimene 1261 1265 0.10 0.08 0.08 0.10
5-Methyl-3-heptanone 1263 1265 - 0.29 0.38 -
p-cymene 1281 1277 12.94 12.17 11.62 3.54
a-Terpinolene 1292 1290 0.35 0.23 0.11 2.24
1-Octenyl acetate 1387 1386 - 0.07 - 0.16
3-Octanol 1397 1393 0.25 0.09 0.14 -
a. p-Dimethylstyrene 1451 1452 - 0.09 - -
1-Octen-3-ol 1456 1457 2.01 0.75 1.23 0.16
trans-Sabinene hydrate 1473 1469 212 0.43 0.71 4.40
a-Campholene aldehyde 1505 1500 0.14 - - 0.03
Linalool 1555 1552 0.68 1.24 0.09 1.95
cis-Sabinene hydrate 1557 1554 1.34 0.36 0.40 14.58
Linalyl acetate 1568 1565 0.85 0.34 - 0.28
trans-p-Menth-2-en-1-ol 1575 1570 0.30 0.10 - 2.24
Bornyl acetate 1596 1593 - 0.08 - 0.12
trans-f-bergamotene 1598 1594 0.11 - - -
B-Caryophyllene 1616 1609 6.82 5.77 8.71 -
Carvacrol methyl ether 1619 1614 - 0.36 0.17 -
Terpinen-4-ol 1620 1611 - - - 14.57
Aromadendrene 1625 1628 0.21 - 0.06 -
cis-Dihydrocarvone 1627 1624 0.18 0.06 0.41

p-Menth-3-en-1-ol (=Terpinen-1-ol) 1639 1638 0.13 0.07 - -
Terpinen-1-ol 1640 1628 - - - 1.37
trans-Dihydrocarvone 1647 1645 - - 0.03 -
cis-Isodihydrocarvone 1649 1645 - - - 0.48
trans-Pinocarveol 1672 1667 0.08 - - 0.06
a-Humulene (=a-Caryophyllene) 1690 1685 0.19 0.35 0.83 0.16
trans-Piperitol 1693 1688 - - - 0.59
y-Muurolene 1706 1702 - 0.14 0.08 -
a-Terpineol 1710 1706 0.67 0.62 0.25 4.37
Borneol 1717 1717 1.57 0.95 0.65 0.16
Germacrene D 1730 1726 - - - 0.05
-Bisabolene 1742 1741 5.58 0.71 1.49 0.31

Bicyclogermacrene 1756 1755 - - - 0.56
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Table 1. Continued

Compound RRI RRI L. Ao (%) Ovv (%) Ovh (%) Ovo (%)
cis-Piperitol 1759 1756 0.16 - - 0.89
Carvone 1760 1755 - 0.11 - -
Geranyl acetate 1769 1765 0.22 0.12 - 0.06
y-Cadinene 1781 1774 0.23 0.09 0.08 -
B-Sesquiphellandrene 1787 1783 0.22 - - -
trans-Carveol 1850 1845 - - - 0.10
Geraniol 1856 1852 0.21 0.11 - 0.08
p-Cymen-8-ol 1865 1860 0.09 0.08 0.08 0.06
Thymyl acetate 1870 1868 0.34 - - -
Carvacryl acetate 1894 1890 - 0.32 0.48 0.16
Piperitenone oxide 1987 1983 0.13 - 0.17 -
Isocaryophyllene oxide 2007 2001 0.13 0.41 0.52 -
Caryophyllene oxide 2022 2007 1.15 4.02 3.56 0.07
(E)-Nerolidol 2052 2045 0.13 - - -
Humulene epoxide-Ill 2080 2081 - 0.26 0.25 -
Elemol 2101 2096 0.31 - - -
Globulol 2102 2098 - - - 0.07
Cumin alcohol 2124 2113 - - 0.07 -
Spathulenol 2154 2142 0.58 0.15 0.31 0.71

Isothymol 2185 2180 0.12 0.39 0.25 -
Eugenol 2194 2187 0.08 - - -
Thymol 2203 2198 22.94 16.05 9.13 0.46
4-Isopropyl-2-methylphenol 2223 2219 0.12 0.43 0.32 -
Carvacrol 2236 2239 7.22 32.49 35.00 15.23
a-Eudesmol 2252 2242 0.54 - - -
a-Cadinol 2260 2255 - - - 0.04
B-Eudesmol 2262 2250 0.50 - - -
Conoama 228N BA gz g7 S oo
14-Hydroxy-3-caryophyllene 2362 2357 1.23 0.07 - -
Manoyl oxide 2384 2375 0.35 - - -
Canoanila2(Dedensiel ez S o
Aromadendren oxide 2406 2399 - - - 0.11

Pseudo phytol 2550 2551 - - - 0.15
Monoterpene hydrocarbons 38,87 29,76 33,23 31,44
Oxygenated monoterpenes 47,35 56,51 50,65 63,98
Sesquiterpene hydrocarbons 7,78 6,35 9,83 0,16
Oxygenated sesquiterpene 4,57 4,91 4,64 1,10
Oxygenated diterpenes 0,35 - - 0,15
Others 0,18 0,36 0,38 0,15
Total 99.10 97.89 98.73 96.98

RRI, relative retention index; RRI L., RRI of the compound at same GC column and similar GC condition.
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Scatter plot (Total - 89.84%)
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Figure 1. Principal component analysis of essential oil composition of Origanum spp. A: O. onites; B: O. vulgare var. hirtum; C: O.
vulgare var. verticium; D: O. vulgare x Origanum onites.

The chemical composition of the essential oils obtained from O. onites, O. vulgare var. verticium, O.
vulgare var. hirtum and O. vulgare x O. onites was in line with the findings of previous studies (Aligiannis
et al., 2001; Hajlaoui et al., 2016; Mechergui et al., 2016). However, the percentage of different compounds
in total oil varied. In a previous study, Tanacetum chiliophyllum (Fisch. & C. A. Mey.) Sch.Bip. var.
chiliophyllum (Asteraceae) was collected from the same region at different times. The essential oil
components of the specie as well as biological activities varied with respect to collection time (Polatoglu et
al., 2012c). On the other hand, in a previous study it was reported that the essential oil of O. vulgare,
contains pulegone, menthone, cis-isopulegone, piperitone and B-myrcene (Abdelgaleil et al., 2016). The
current study used subspecies of O. vulgare, i.e., O. vulgare var. hirtum and O. vulgare var. verticium and
the main components of essential oils were carvacrol, thymol, p-cymene and y-terpinene. Numerous
studies have suggested that plant essential oils and their main components have considerable potential to
be used in the management of different pests (Isman, 2000; Koul et al., 2008; Lopez et al., 2008; Tripathi
et al., 2009).

Contact toxicity of essential oils

Single-dose assay indicated that essential oils of all Origanum spp. exhibited >70% contact activity
against R. dominica after 24 h (F=289; df=4,24; P < 0.001). The essential oils of O. onites and O. vulgare
var. hirtum caused 100% mortality of R. dominica. Similarly, the essential oils of O. onites and O. vulgare
var. hirtum caused 100% mortality in T. confusum, whereas 18.3% and 7.7% mortality were recorded with
essential oils of O. vulgare var. verticium and O. vulgare x O. onites, respectively (F=58.3; df=4,24; P <
0.001). S. oryzae showed high sensitivity to applied essential oils as >90% mortality was recorded with the
essential oils of all species except O. vulgare x O. onites (F=150; df=4,24; P < 0.001). The essential oils
included in the study indicated high contact activity against S. granarius as >99.2% mortality was recorded
with all essential oils after 24 h except O. vulgare x O. onites which caused 21.5% mortality (F=537; df=4,24;
P < 0.001). The activity of plant essential oils was linearly increased with time after 48 h (Table 2).
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Table 2. Single-dose (0.15% v/v) contact activities of different Origanum spp. essential oils against test insect species

Mortality+SE (%)

Control Ao Ovh Owv Ovo

Rd 0.2+0.45 ¢! 100.0£0.00 a 100.0+0.00 a 99.8+0.45 a 75.7¢0.76 b

Tc 0.2+0.45¢ 99.6+0.92 a 99.2+0.68 a 18.3t5.44 b 7.7+1.45bc
24 ETH So 1.7¢1.37d 100.0£0.00 a 100.0+0.00 a 92.8+1.08 b 48.0+0.38 ¢

Sg 0.0+0.00 ¢ 100.0£0.00 a 100.0+0.00 a 99.2+0.68 a 21.5+0.43 b

Rd 0.2+0.45¢ 100.0£0.00 a 100.0+0.00 a 99.8+0.45 a 82.4+0.35b

Tc 0.2+0.45¢ 99.6+0.92 a 99.8+0.45 a 19.9+5.83 b 8.6+1.56 bc
48 ETH So 1.7¢1.37 ¢ 100.0£0.00 a 100.0+0.00 a 98.8+1.05 a 73.310.38 b

Sg 0.0+0.00 ¢ 100.0£0.00 a 100.0+0.00 a 100.0+0.00 a 25.7+0.34 b

"Values followed by the same letter within a row are not statistically different (ANOVA P < 0.05, Tukey test). Ao, Origanum onites;
Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure time (h); Rd,
Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius.

The LDso and LDgo values of essential oils included in dose-response assays were computed. The
essential oils exhibited varying activity against R. dominica. Essential oils of O. vulgare var. verticium
exhibited the highest contact activity against R. dominica with LDso value of 0.046 pl/insect, which was
followed by the essential oils of O. vulgare var. hirtum and O. onites with LDso values of 0.068 and 0.070
pl/insect, respectively. The highest contact activity against T. confusum was recorded for the essential oils
of O. onites with LDso value of 0.083 pl/insect 24 h after application, which was followed by the essential
oils of O. vulgare var. verticium and O. vulgare var. hirtum with LDso values of 0.095 and 0.103 pl/insect,
respectively. The lowest LDso value of 0.061 pl/insect against S. oryzae was recorded for the essential oil
of O. vulgare var. verticium. The highest activity against S. granarius after 24 h was determined for the
essential oil of O. vulgare var. verticium with LDso value of 0.066 pl/insect. Keeping in view the LDgo values,
the highest activity against S. granarius was recorded with the essential oil of O. vulgare var. hirtum having
LDgo value of 0.092 pl/insect (Table 3).

The biological activity of Origanum spp. has been tested by different researchers against various
storage pests in earlier studies (Kim et al.,, 2010; Qari & Abdel-Fattah, 2017; Benelli et al., 2019).
Furthermore, some of the main components of the essential oils of this genus have been tested for their
biological activities under laboratory conditions against storage pests (Ertiirk et al., 2017; Shahriari et al.,
2018). The highest contact activity against R. dominica was recorded with the essential oil of O. vulgare
var. verticium after 24 h (LDso 0.046 pl/insect) in the current study. Two of the main constituents of the
essential oil of O. vulgare var. verticium were carvacrol and thymol. The main components of essential of
Satureja spp. are carvacrol and thymol, displayed contact activity against Tribolium castaneum (Herbst,
1797) (Coleoptera: Tenebrionidae) with LDso value of 20.1-40.6 pg/adult (Taban et al., 2017). The four
storage pests included in the study exhibited varying response to the essential oil of the same species. This
might be explained with the chemical composition of the essential oil, as well as the physiological and
biochemical differences of different pest species. Previous studies have shown that insects of the same
genus or different species to which the same plant essential oil or extract were applied showed varying
response (Negehban et al., 2007; Guo et al., 2017; Liang et al., 2017). These results are consistent with
the results of the current study.
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Table 3. The results of dose-response assays used to determine the contact activity of different essential oils against test insect

species

Essential oil - Insect ETH Slope:SE (9|5_‘I’2>5$iéﬂlgigﬁ_ci;2it) (92‘2,9$iéﬂlgir;??_?2it)
24 5.97+0.55 0.070 (0.065-0.075) 0.115 (0.105-0.129)
Rd 48 5.51+0.53 0.067 (0.062-0.073) 0.115 (0.104-0.131)
24 4.33:0.43 0.083 (0.073-0.092) 0.165 (0.143-0.202)
e 48 4.15:0.42 0.080 (0.070-0.090) 0.164 (0.141-0.204)
Ao 24 5.87+0.63 0.075 (0.067-0.082) 0.124 (0.115-0.138)
S0 48 5.26+0.48 0.054 (0.047-0.060) 0.094 (0.085-0.108)
24 9.37+0.72 0.075 (0.072-0.079) 0.103 (0.098-0.110)
59 48 9.44+0.83 0.072 (0.069-0.075) 0.099 (0.093-0.106)
24 4.400.47 0.068 (0.058-0.076) 0.132 (0.113-0.171)
Rd 48 4.26+0.46 0.065 (0.054-0.074) 0.130 (0.110-0.172)
24 9.54+0.97 0.103 (0.099-0.108) 0.141 (0.133-0.152)
e 48 9.15+0.99 0.102 (0.097-0.106) 0.140 (0.1032-0.152)
o 24 7.64+0.70 0.069 (0.065-0.073) 0.102 (0.096-0.111)
S0 48 6.91+0.64 0.065 (0.060-0.069) 0.100 (0.093-0.108)
24 10.19:0.88 0.068 (0.065-0.071) 0.092 (0.087-0.098)
59 48 10.51£0.92 0.067 (0.064-0.070) 0.089 (0.084-0.095)
24 3.78+0.53 0.046 (0.028-0.057) 0.100 (0.081-0.153)
Rd 48 3.32+0.54 0.038 (0.017-0.051) 0.093 (0.074-0.150)
24 9.55+0.83 0.095 (0.091-0.099) 0.130 (0.123-0.139)
e 48 9.93+0.86 0.093 (0.089-0.097) 0.125 (0.119-0.133)
o 24 3.15+0.46 0.061 (0.050-0.070) 0.156 (0.131-0.207)
S0 48 3.33+0.70 0.032 (0.018-0.041) 0.077 (0.065-0.096)
24 7.19+0.64 0.066 (0.062-0.071) 0.100 (0.092-0.112)
59 48 8.25+0.74 0.065 (0.061-0.068) 0.092 (0.086-0.101)
24 3.46+0.43 0.100 (0.090-0.111) 0.234 (0.192-0.317)

ovo Rd
48 3.75+0.42 0.091 (0.083-0.101) 0.200 (0.170-0.256)

Ao, Origanum onites; Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure
time (h); Rd, Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius.

Fumigant toxicity of essential oils

Single-dose (0.1 v/v) fumigant assays exhibited a varying degree of fumigant activity according to
insect species and exposure time (Table 4). The plant essential oils of O. onites and O. vulgare var. hirtum
showed 90.95% and 70.42% activity against R. dominica after 24 h (F=55.0; df=4,89; P < 0.001). The other
essential oils did not exhibit a significant activity against this pest. Among different essential oils tested,
only O. onites essential oil gave 52.7% mortality of T. confusum, which was statistically different from the
control treatment (F=48.8; df=4,89; P < 0.001). When essential oils were evaluated for fumigant activity
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against S. oryzae, essential oil of O. vulgare var. verticium gave 75.5% mortality after 24 h, followed by O.
onites essential oil which caused 70.3% mortality (F=30.9; df=4,89; P < 0.001). None the tested essential
oils had significant toxicity to S. granarius.

Table 4. Single-dose fumigant activities of different essential oils against test insect species

Mortality+SE (%)

Insect Control Ao Ovh Owv Ovo

Rd 0.0£0.00 d' 91.0£2.08 a 70.4+2.90 b 44.0+£0.93 ¢ 26.7£1.90 ¢

Tc 0.0+£0.00 b 52.7+2.05a 0.8+1.03 b 1.1£0.91b 0.4+0.84 b
24 ETH

So 1.7£1.06 c 70.3£2.50 a 64.3£1.87 a 75.5+2.09 a 32.1£2.31b

Sg 0.0+£0.00 b 0.07+0.28 b 16.4+2.82 a 3.6x1.88 b 0.0+£0.00 b

Rd 0.0+£0.00 ¢ 91.1£2.87 b 99.9+0.61 a 99.7+0.53 a 78.9+2.64 b

Tc 0.0+£0.00 ¢ 84.7+3.22 a 17.5¢1.75b 3.7x1.48 ¢ 0.1£0.28 ¢
48 ETH

So 1.7£1.06 d 99.4+0.74 a 87.242.86 b 92.9+1.48 ab 38.0£1.48 ¢

Sg 0.0+£0.00 ¢ 23.7£1.60 b 63.41£2.06 a 26.5+2.66 b 1.0¢1.31¢c

"Values followed by the same letter within a row are not statistically different (ANOVA P < 0.05, Tukey test). Ao, Origanum onites;
Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure time (h); Rd,
Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius.

In dose-response assays, essential oil of O. onites showed the highest activity against R. dominica
and LCso and LCgo values after 24 h were 0.0052 and 0.0144 ul/ml air, respectively (Table 5). These values
were 0.0047 and 0.0124 pl/ml air, respectively after 48 h. The essential oil of O. onites showed a significant
fumigant activity against S. oryzae after 24 h with LCso and LCgo values of 0.0135 and 0.0653 pl/ml air,
respectively. These LCsp and LCqo values after 48 h were 0.0101 and 0.0512 pl/ml air, respectively. The LCso
and LCgo values of O. vulgare var. hirtum against R. dominica after 24 h were 0.0080 and 0.0144 pl/ml air,
respectively. The essential oil of O. vulgare var. verticium was evaluated for fumigant activity only against S.
oryzae, and LCso and LCqo values at the end of 24 h were 0.0104 and 0.0262 pl/ml air, respectively.

Table 5. The results of dose-response assays used to determine the fumigant activity of different essential oils against test insect species

o LCso (pl/ml) LCoo (ul/ml)
Essential o Insect  ETH Slope+SE (95% fiducial Limit) (95% fiducial Limit)
24 2.91£0.27 0.0052 (0.0046-0.0058) 0.0144 (0.0122-0.0180)
Rd
48 3.03+0.28 0.0047 (0.0041-0.0052) 0.0124 (0.0107-0.0151)
Ao
24 1.87+0.38 0.0135 (0.0111-0.0200) 0.0653 (0.0345-0.0745)
So
48 1.81+0.36 0.0101 (0.0080-0.0136) 0.0512 (0.0272-0.0654)
24 5.01+0.58 0.0080 (0.0070-0.0087) 0.0144 (0.0132-0.0164)
ovh Rd
48 5.37+0.76 0.0065 (0.0051-0.0074) 0.0112 (0.0103-0.0127)
24 3.19+0.40 0.0104 (0.0092-0.0119) 0.0262 (0.0201-0.0435)
Owv So
48 2.76+0.38 0.0087 (0.0074-0.0099) 0.0252 (0.0190-0.0446)

Ao, Origanum onites; Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure

time (h); Rd, Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius.
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Origanum spp. used in the study showed significant fumigant activity against S. oryzae and R.
dominica. Several earlier studies determined the fumigant of plant essential oils against S. oryzae (Kim et
al., 2003; Kim & Park 2008; Cardiet et al., 2012) and R. dominica (Shaaya et al., 1991; Lee et al., 2004).
The current study indicated that the essential oil of O. onites var. hirfum had the strongest fumigant activity
against R. dominica, while O. vulgare had the strongest fumigant activity against S. oryzae. Lee et al.,
(2001) indicated that essential oil of eucalyptus exhibited fumigant activity with LDso of 28.9 ul/ml air against
tested insect species. Previously, several studies have determined the insecticidal activity of essential oils
of the Lamiaceae family against storage pests (Chu et al., 2011; Conti et al., 2011; Kim et al., 2016). The
main components of the essential oils exhibiting the highest fumigant activity in the current study are thymol
and carvacrol. Previous studies with these two essential oil components or essential oils containing high
percentage of these components have found a high fumigant activity against different storage pests (Erler,
2005; Kim & Park, 2008).

In this study, insecticidal effects of essential oils obtained from Origanum spp. against four important
stored product pests that cause significant damage in warehouses were tested under laboratory conditions
and main components of plant essential oils were determined. As a result of the study, it was determined
that these plant essential oils have both contact and fumigant activity. It was also concluded that the activity
varies depending on the chemical composition of plant essential oils and the insect species applied. This
study is a basic study and its future applicability will be demonstrated with the studies to be done.
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Abstract

Many soil bacteria can degrade the synthetic insecticides chlorpyrifos and deltamethrin by their esterase
enzymes and/or by using them as carbon and energy sources. The hypothesis tested was that similar degradation
potential could be found in Lactobacillus plantarum (Orla-Jensen, 1919) (Lactobacillales: Lactobacillaceae) which is
used in food fermentations. This study was conducted in-vitro in Bursa Uludag University laboratories during 2017-
2018 to demonstrate the two degradation mechanisms of L. plantarum strains LB-1 and LB-2, 4 d after inoculation.
Significant growth in LB-1 found in mineral salt (MS) medium containing chlorpyrifos and deltamethrin compared with
MS medium without insecticide and any carbon source. This strain also exhibited significantly enhanced hydrolysis
activity. These capacities were found lower in LB-2 than LB-1. Based on periodically GC-MS analysis, degradation of
chlorpyrifos and deltamethrin in MS medium proceeded by strains LB-1 and LB-2 reached the values of 96 and 90%
and 24 and 53% after 3 d, respectively. Significant degradation of deltamethrin with both strains (86-82%) determined
after 10 d. The study demonstrated that some L. plantarum strains could degrade chlorpyrifos and deltamethrin. Further
studies should be conducted to show their effectiveness in the fermentation process of some fruits and vegetables and
different bacteria inoculation rates.

Keywords: Degradation, esterase, insecticides, lactic acid bacteria, organophosphates, synthetic pyrethroids
Oz

Bircok toprak bakterisi chlorpyrifos ve deltamethrin gibi sentetik insektisitleri esteraz enzimleriyle ve/veya bunlari
karbon ve enerji kaynagi olarak kullanarak pargalayabilmektedir. Bizim bu galismadaki hipotezimiz gida fermantasyonu
asamalarinda kullanilan Lactobacillus plantarum (Orla-Jensen, 1919) (Lactobacillales: Lactobacillaceae)'un benzer bir
insektisit pargalama potansiyelinin gosterilmesidir. Bu galisma, L. plantarum’'un iki farkh susunun (LB-1 ve LB-2)
asllamadan sonraki 4 giin iginde, iki farkli insektisit pargalama mekanizmasini géstermek amaciyla 2017-2018 yillarinda,
Bursa Uludag Universitesi laboratuvarlarinda, in-vitro kosullarda gergeklestiriimistir. Herhangi bir karbon ve eneri
kaynagi icermeyen mineral tuz (MS) ortami ile karsilastinldiginda, chlorpyrifos ve deltamethrin iceren MS ortaminda
onemli dizeyde LB-1 gelisimi saptanmistir. Ayrica, bu sus icin Snemli diizeyde artan hidroliz aktivitesi de gdzlemlenmigtir.
Bu 6zellikler LB-2'de bir miktar daha disuk bulunmustur. GC-MS cihazi ile yapilan periyodik analizler sonucunda, LB-1
ve LB-2 inokiile edilmis MS ortami icinde chlorpyrifos ve deltamethrin’in pargalanma oranlari, 3 giin sonra chlorpyrifos
icin sirasiyla %96 ve 90, deltamethrin icin %24 ve 53 olarak belirlenmistir. Deltamethrin icin 6nemli dizeyde bir
pargalanma (%86-82) inkubasyondan 10 gun sonra gergeklesmistir. Bu galisma, denemede kullanilan L. plantarum
suslarinin chlorpyrifos ve deltamethrin pargalanma potansiyellerinin oldugunu géstermistir. ileride bazi meyve sebzelerin

fermentasyon siireglerinde kullanimi ve bu suslarin farkli inokllasyon oranlarinda etkinliginin belilenmesi amaciyla daha
fazla galisma yapilmasi gerekmektedir.

Anahtar sozciikler: Pargalanma, esteraz, insektisitler, laktik asit bakterileri, organik fosforlular, sentetik piretroitler
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Introduction

Although the use of environmentally-friendly and target-specific pesticides have become widespread
around the developed and the developing world in recent years, the broad-spectrum synthetic insecticides,
organophosphorus and synthetic pyrethroids, are the most commonly used compounds for the control of
the critical pests of many cultivated plants with 13 and 4% usage rates, respectively, among all insecticides
(FAO, 2019). Also, chlorpyrifos and deltamethrin are the most commonly-used insecticides around the
world (Maya et al., 2011; Cycon et al., 2014). Although a number of organophosphorus insecticides
including chlorpyrifos have been banned due to hazard on the human, environment and non-target
organisms in European Union Countries and Turkey, the use of these compounds has continued in a large
part of the world (Anonymous, 2019; EC, 2019). Chlorpyrifos has been commercially used since the 1960s
for the control of many insect pests in agriculture areas, is a moderately toxic compound having an acute
oral LDso of 135-163 mg/kg for rats and have a relative risk for lung cancer in human (Cho et al., 2009).
Although the synthetic pyrethroids are much less toxic to mammals than organophosphorus, they have
adverse health effects to human such as lymph node and splenic damage, carcinogenesis, and hormonal
activity. The half-life (DTso) of chlorpyrifos is between 27 and 386 d, and 386 d under laboratory conditions
at 20°C. In the presence of hydroxyl radicals, this can be as short as 6 h. Sunlight, water content and/or
soil microorganisms effect chlorpyrifos degradation (Anonymous, 2020; Eaton et al., 2008). The key
metabolites are 3,5,6-trichloro-2-pyridinol and 2,3,5-trichloro-6-methoxypyridine, other known metabolite is
0O-ethyl-0O-(3,5,6-trichloro-2-pyridyl) phosphorothioic acid.

Deltamethrin has been used widely since the 1980s on various crops including all cultivated plants
and human-disease vectors. The acute toxicity of deltamethrin was calculated orally as LDso of 114-168
mg/kg for rats (Wu et al., 2006). Depending on the combined effects of some factors such as pH,
temperature, microbial activity, metabolism and photolysis, approximately half-life of chlorpyrifos and
deltamethrin is 36-46 d and 11-19 d, respectively (Roberts et al., 1998; Simon, 2014). The residues of the
two compounds would be found on various foods depending on the degradation duration of the insecticide.
The DTso of deltamethrin changes between 21-58 d, and 28 d under laboratory conditions at 20°C. The key
metabolites are decamethrinic acid and 3-phenoxybenzoic acid, other known metabolites are 3-(4-
hydroxyphenoxy) benzoic acid, 4-hydroxydeltamethrin, 3-phenoxybenzoic acid (Anonymous, 2020).

Previous studies have shown that many soil bacteria could metabolize broad-spectrum synthetic
insecticides, i.e., organophosphorus and synthetic pyrethroids by their esterase enzymes and/or by using
the insecticides as carbon and energy sources (Lu et al., 2006; Singh & Walker, 2006; Yang et al., 2006;
Lakshmi et al., 2008; Chen et al., 2011a, b, c, d, 2012a, b; Fenner et al., 2013). Chlorpyrifos degradation in
soil and water occurred with both chemical hydrolysis and microbial activity. In that case, some aerobic
bacteria can transform the compound by hydrolysis to produce diethyl thiophosphoric acid and 3,5,6-
trichloro-2-pyridinol (Lu et al., 2006; Yang et al., 2006). Similarly, deltamethrin is degraded via both
hydrolysis and microbial activity in soil, but slower under anaerobic conditions (Cycon et al., 2014).
Deltamethrin degraded firstly to a-hydroxy-3phenoxy-benzeneacetonitrile and 3-phenoxybenzaldehyde
with various genera soil bacteria using carboxyl ester. The latter compound is oxidized to 2-hydroxy-4-
methoxy benzophenone (Chen et al., 2011b).

Similarly, some lactic acid bacteria (LAB) in some genera such as Lactobacillus (Cho et al., 2009;
Islam et al., 2010; Zhao & Wang, 2012; Dordevic et al., 2013) and Leuconostoc (Cho et al., 2009) can
metabolize insecticides by their specific enzymes such as esterase and/or by using these compounds as
carbon and energy sources (Choi et al., 2004; Cho et al., 2009; Islam et al., 2010; Kumral & Kumral, 2013).
LAB have gained much interest for their health benefits and are widely used as probiotics and starter culture
for fermented products because of their generally recognized as safe status (Maragkoudakis et al., 2006).
Mainly, the bacteria in fermented product play various roles during fermentation and the primary benefit of
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its use is the preservative effect, by suppressing harmful bacterial growth during fermentation or storage
periods. Biodegradation of pesticides is a promising technology since its potential for the removal of
residues from food and agricultural products (Maragkoudakis et al., 2006). Some previous studies showed
that some LAB including Lactobacillus spp. are involved in the degradation of insecticides but there is
limited information about their potential to be used for the decontamination of foodstuff.

This study aimed to monitor the insecticide degradation potential and mechanisms of two
Lactobacillus plantarum (Orla-Jensen, 1919) (Lactobacillales: Lactobacillaceae) strains isolated from
fermented table olives. To demonstrate the use of insecticides as an energy/carbon source, the growth of
the L. plantarum strains was monitored by plate counts in mineral salt (MS) medium supplemented with
nitrogen, and containing chlorpyrifos or deltamethrin as the sole carbon sources. Metabolic capacities of
the strains were determined by spectrophotometric esterase enzyme activity tests in the presence and
absence of the insecticides. Insecticide degradation potentials of the strains were detected by GC-MS
analysis in MS medium periodically.

Materials and Methods
This study was conducted in-vitro in Bursa Uludag University laboratories during 2017-2018.
Test Microorganisms

Lactobacillus plantarum strains LB-1 and LB-2 used in this research were previously isolated from
the fermentation brines of naturally fermented black olives of Gemlik variety in Bursa (Turkey). Strains were
identified by 16s rRNA technique (Kumral et al., 2012) and differentiated from other group members
according to Torriani et al. (2001). These strains were selected according to their survival potential in MS
medium containing insecticides as sole carbon sources (Kumral & Kumral, 2014, 2016).

Chemicals and Reagents

Chlorpyrifos (O,0-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothioate) and deltamethrin ([(S)-cyano-
(3-phenoxyphenyl) methyl] (1R,3R)-3-(2,2-dibromoethenyl)-2,2-dimethyl cyclopropane-1-carboxylate) were purchased
from Sigma-Aldrich Chemical Company. All other reagents were of analytical grade.

Monitoring the Growth of Test Strains

The growth media used during the tests were De Man, Rogosa and Sharpe (MRS) broth, the optimum
growth medium for LAB, and mineral salt (MS) medium containing no carbon source (Table 1). The growth
of both test strains was monitored in; (i) MRS broth, (i) MS medium, (iii) MRS broth supplemented with
insecticides (chlorpyrifos and deltamethrin), (iv) MS medium supplemented with insecticides (chlorpyrifos
and deltamethrin). Sterilized MRS broth and MS media tubes supplemented with filter sterilized insecticides
at 100 mg/L. All the trials were inoculated with 18-24 h old test strains at a concentration of 108-10° colony
forming units (CFU)/mL and left for incubation at 30°C for 4 d (Cho et al., 2009). Microbial changes were
monitored periodically using the spiral plating method.

Esterase Activity

The esterase activity of the test strains was detected by using a-naphthyl acetate (a-NA) as the
substrate using the method which adapted in part from Morichi et al. (1968). Esterase activity was detected
in MS media in the presence and absence of insecticides. MS media without insecticides were used as
controls for both test strains. After 16 h of incubation, bacteria cultures were harvested by centrifugation at
10 000 g for 10 min at 4°C. Bacteria cells were washed twice with 0.1 M phosphate buffer (pH 7.0) and
resuspended with the same buffer. The assay mixture contained 60 ul of 100 mM sodium phosphate buffer,
pH 7.0, 20 ul of a-naphthyl acetate (10 mM in dimethyl sulphoxide), 100 pl of cell suspension and 20 pl of
fast blue RR (1.5 g/L). The absorbance change was kinetically measured at 500 nm at 23°C in a Bio-Tek
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Kinetic Microplate Reader (Winooski, USA) for 60 min. To determine the enhanced esterase activity of the
strains, the assays performed in the presence and absence of the insecticides as an activator. The amount
of protein in the enzyme source was determined according to the original procedure of Bradford (1976).
The formation of the 1-naphthol-Fast Blue RR dye complex was measured at 500 nm and converted to
specific activity using a standard curve of 1-naphthol and Fast Blue RR. All of the analysis was done in
triplicate and the results were given as pmol p-nitrofenol per minute per mg protein.

Table. 1. Chemical composition of media (de Man et al., 1960; Cho et al., 2009)

Concentration (g/L)

Ingredients
MS Medium MRS broth

Potassium dihydrogen phosphate 2.27 2.0
Sodium dihydrogen phosphate dodecahydrate 5.97 -
Sodium chloride 1 -
Magnesium sulfate heptahydrate 0.5 0.2
Calcium chloride dihydrate 0.01 -
Manganese sulfate tetrahydrate 0.02 0.05
Ferrous sulfate heptahydrate 0.05 -
Pepton from casein 0.01 10
Meat extract - 8.0
Yeast extract - 4.0
Glucose - 20.0
Sodium acetate - 5.0
Di-potassium hydrogen phosphate 2.0
Di-ammonium hydrogen citrate 2.0
Tween 80 1.0

Insecticide Residue Analysis

Extraction and purification of chlorpyrifos and deltamethrin were carried out based on the method of
Aksu (2007). Liquid MS medium samples (5 mL) added with anhydrous MgSO4 (2 g) and NaCl (0.25 g)
were extracted with 5 mL of acetonitrile-dichloromethane (1:1, v/v) by vortexing for 2 min, and centrifuged
at 7000 g for 5 min. The supernatant (2 mL) and MgSOa (0.15 g) were transferred to a new tube, and
vortexed for 2 min, and centrifuged at 7000 g for 5 min. The liquid phase was used for further GC-MS
analysis. Concentrations of chlorpyrifos and deltamethrin were measured using Perkin Elmer Clarus 680
Gas Chromatography-Clarus SQ8T Mass Spectrometry (Ohio, USA). Analyses were performed with a
capillary column (PerkinElmer Elite-5MS, 30 m, 0.25 mm ID, film thickness 0.25 pm) and using Helium
(1 mL/min) as a carrier gas. The injection temperature was 220°C, and the injection volume was 1 pL. The
oven temperature was increased linearly from 70 to 150°C by 25°C/min, and 150 to 200°C by 2.7°C/min
and 200 to 285°C by 6°C/min. Retention time for chlorpyrifos and deltamethrin under these
chromatographic conditions was 20.8 and 39.5 min, respectively (Figure 1). Five concentration levels from
0.01 to 100 mg/L were analyzed in the GC to show the linear range of detection of the insecticides or to
calculate the standard curve by linear regression analysis.

The instrument was operated in SIR mode, and three selected ions for each compound for
identification and quantification were monitored (chlorpyrifos, 97, 197 and 199 m/z; deltamethrin 181, 253
and 77 m/z). These ions were selected following the criteria of highest relative abundance, characteristic
fragment ions and no interferences with the nearby peaks. Typical GC-MS peaks and selected ions of
chlorpyrifos and deltamethrin standards are given in Figure1.
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Statistical Analysis

Two-way analysis of variance (ANOVA) (two-way) was performed on mean values for each detection
time. The effects of time, LB strains, medium on bacteria growth were analysis fit model of SAS. Then post
hoc testing (p<0.05) of multiple comparisons was performed by Tukey test (SAS 2007).

Results and Discussion
Growth of bacteria

LAB is used as starter cultures during industrial food processing to control the overall fermentation
process, to reduce the risk of fermentation failure and fermentation period, to improve end product quality and
to standardize the process (Kavitake et al., 2018). Especially they are of great industrial significance in that
they play a vital role in the manufacturing, flavor, and texture development of fermented dairy foods.
Furthermore, additional interest in starter bacteria has been generated because of the data accumulating on
the potential health benefits of these organisms (Cogan et al., 2007). The effects of different groups of soil
bacteria on pesticide degradation has reported previously (Lu et al., 2006; Singh & Walker, 2006; Yang et al.,
2006; Lakshmi et al., 2008; Chen et al. 2011a, b, c, d, 2012a, b; Fenner et al., 2013), but there is scarce
information about the potential of LAB. The results of this study showed that, the growth of bacterial strains
(LB-1 and LB-2) in the presence and absence of chlorpyrifos and deltamethrin (at 100 mg/L) in MS and MRS
medium are shown in Figure 2. In the MS medium containing chlorpyrifos and deltamethrin as the only carbon
sources, after 2 d, an increase in the cell numbers of LB-1 was detected compared with that of control without
insecticides (Figure 2) (Fs11=40.3, P<0.01). In MRS medium containing alternative carbon and energy
sources, in both of the insecticide containing treatments, a decline was observed in the cell growth of LB-1 in
all treatments and control, probably as a result of decreasing energy sources. However, there is no significant
difference between MS and MRS media containing insecticides with LB-1 after 4 d (Fs11=13.6, P<0.01). This
result may be evidence for the use of both chlorpyrifos and deltamethrin as a carbon and energy source by
LB-1, in the absence of main nutrient sources (Figure 2).

For LB-2 strain, in MS media both with presence and absence of chlorpyrifos and deltamethrin,
significant declines were observed in cell numbers after 2 and 4 d compared with those of MRS media
(F5,11=690, P<0.01). In MS medium containing deltamethrin, a slower declining trend was observed between
2 and 4 d (Figure 2). In MRS media containing both insecticides, a significant decline was observed in the
cell number of LB-2 compared with that of control (Figure 2) (Fs11=125, P<0.01). Bacteria growth models
for LB-1 and LB-2 were significant (F17,35-53.4, P<0.01; F17,35-321, P<0.01). According to the fit model of
LB-1 and LB-2, while MRS media significantly increased the growth of the bacteria (F1,1=98.3, P<0.01;
F11=1720, P<0.01), addition of deltamethrin to both media was enhanced only the growth of LB-1 compared
with no deltamethrin containing media (F22-9.6, P<0.01).

In the present study, significant cell growth in one of the L. plantarum strains (LB-1) was detected in
MS media containing chlorpyrifos and deltamethrin as the only carbon source compared to control (MS
media without insecticide and any carbon source). Additionally, the growth capacity of LB-2 strain of L.
plantarum was found weaker compared with LB-1. These results confirm that some strains of L. plantarum
are capable of using chlorpyrifos and deltamethrin as carbon and energy source. Cho et al. (2009) reported
that four LAB [Lactobacillus brevis (Orla-Jensen, 1919), L. plantarum, Lactobacillus sakei Katagiri et al.,
1934 and Leuconostoc mesenteroides (Tsenkovskii, 1878) van Tieghem, 1878] that they isolated from
kimchi fermentation, grew well in the first day, but decreased slowly by day 2, and then increased gradually
at day 6 in media containing 30 mg/L of chlorpyrifos. In accordance with our results, the authors showed
that chlorpyrifos could be utilized by the strains as the sole carbon source. Additionally, it was reported that
some soil bacteria [e.g., Bacillus pumilus Meyer & Gottheil, 1901, Pseudomonas spp., Serratia liquefaciens
(Grimes & Hennerty, 1931) Bascomb et al., 1971, Serratia marcescens Bizio, 1823] metabolized chlorpyriphos
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or other organophosphorus insecticides even in the presence of adequate nutrients in environment and its
degrading ability was positively influenced by the presence of the supplementary nutrient sources (Nawab
et al., 2003; Anwar et al., 2009; Cycon et al., 2009). Similarly, Cycon et al. (2014) showed that culturing
bacteria in MS media containing two strains of soil originated S. marcescens were capable of using
deltamethrin as sources of carbon and energy. Furthermore, pyrethroid-degrading soil bacteria were
reported in various genera such as Bacillus, Micrococcus, Ochrobactrum, Pseudomonas, Sphingobium,
Stenotrophomonas and Streptomyces (Madiha et al., 2013; Cycon et al., 2014). Our results are similar to
those of other bacteria studies on deltamethrin, the findings obtained from this study are the first attempt of
degradation of deltamethrin with L. plantarum strains.
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Figure 2. Mean bacterial growth of two Lactobacillus plantarum strains, LB-1 and LB-2, in the presence and absence of chlorpyrifos
(CHL) and deltamethrin (DEL) in MS and MRS media (CFU, colony forming units).

Esterase Activity

The esterase activities in two L. plantarum strains at the presence and absence of chlorpyrifos and
deltamethrin were given in Table 2. Based on the two-way ANOVA, the effects of strains and pesticide
addition on the esterase activity were significant (Fs17=17.6, P=0.01). There are no significant differences
between esterase activities of both strains in the absence of the insecticides (Table 2). When chlorpyrifos
or deltamethrin was added to the medium containing LB-1, the level of the esterase activity did not change
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significantly (F2,2=8.29, P=0.006). However, the esterase activity of LB-1 was inhibited 1.8% and 20% with
deltamethrin and chlorpyrifos, respectively, and the effects were not significant. In LB-2, when deltamethrin
added to the medium, the level of esterase activity decreased significantly. Similarly, the activity of LB-2
was affected by the addition of chlorpyrifos to the medium, but the effect (39.6%) was not found significant.
The esterase activity of LB-1 was found significantly higher than that of LB-2 (F1,1=53.4, P<0.01).

Table 2. The esterase activity in two Lactobacillus plantarum strains with and without chlorpyrifos (CHL) and deltamethrin (DEL) in

MS medium

Treatments Esterase a.ctivity . Inhibition rate
(umol p-nitrofenol/min/mg protein)* (%)**

LB-1 20532+2002 a -

LB-1 + DEL 20165.4+3099 a 1.78

LB-1 + CHL 163891110 ab 20.18

LB-2 15667.8+1054 ab -

LB-2 + DEL 3002.7+481 ¢ 80.84

LB-2 + CHL 94704851 bc 39.56

* Means are not significantly different with same letters (Tukey, P<0.01);
** Inhibition rate was shown the inhibition of esterase activities of LB strains by insecticides as percentage.

In the present study, LB-1 grew faster and also had higher esterase activity. It is well known that
some bacteria can metabolize insecticides by their specific enzymes such as esterase (Cycon et al., 2009).
Enzymes initiate the significant mechanism for degradation, which depends upon the nature and type of
substrates (Kumral & Kumral, 2013; Simon, 2014). Several studies have shown that many organophosphorus
compounds, include esters of phosphoric acid, and can be hydrolyzed by carboxylesterase and
phosphotriesterase (Simon, 2014). Cho et al. (2009) pointed out that some strains of L. brevis, L.
mesenteroides, L. plantarum and L. sakei were capable of hydrolyzing five organophosphorus compounds,
viz., chlorpyrifos, coumaphos, diazinon, parathion and methyl parathion. Similarly, Islam et al. (2010)
demonstrated that one strain of L. brevis isolated from kimchi was capable of biodegrading chlorpyrifos.
The researchers also pointed out that the L. brevis strain can hydrolyze chlorpyrifos with some enzymes
including esterase and use the hydrolyzed products as their sole source of carbon. Accordance with our
results, some investigators demonstrated that the purified recombinant esterase enzyme obtained from some
bacteria species, viz., Bacillus licheniformis (Weigmann, 1898) Chester, 1901, Bacillus stearothermophilus
Donk, 1920 and Lactobacillus casei (Orla-Jensen, 1916) Hansen & Lessel, 1971, can hydrolyze cypermethrin,
permethrin, fenvalerate, deltamethrin, and malathion (Kim et al., 1998; Alvarez et al., 1999; Sogorb &
Vilanova, 2002; Choi et al., 2004). Therefore, our results showed that some L. plantarum strains can utilize
organophosphorus and synthetic pyrethroids through hydrolysis using bacterial enzyme-esterase.

Insecticide Residues

Changes in the chlorpyrifos levels of MS media inoculated with LB-1 and LB-2 strains detected with
GC-MS analysis are given in Figure 3. During the first 3 d of incubation, the concentration of chlorpyrifos
decreased quickly in media inoculated with LB-1 and LB-2 (96 and 90% reduction, respectively). Although
there was no significant difference between the two test strains, the degradation rate in control was lower
compared to test strains (F2,9-13.3, P=0.002). After 7 d, a large portion of the chlorpyrifos (93-98%) was
degraded in all media including control. Although the reduction rate (98%) in medium contains LB-2 strain
was higher than the rates of LB-1 (97%) and control (93%), the differences were not significant (F29-2.53,
P=0.14). According to the fit model, LB strains have affected the degradation of chlorpyrifos (Fs31=22.2;
P<0.01). However, in these analysis time and time-treatment interactions were significant (time: F2,2-88.7;
P<0.01; time-treatment: F4.4-0.55, P=0.69).
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Changes in the deltamethrin levels of MS media inoculated with LB-1 and LB-2 strains detected with
GC-MS analysis were given in Figure 3. Deltamethrin decomposed rapidly in medium containing LB-1 and
LB-2 after 3 d (24 and 53% reduction, respectively). There is a significant difference among media
inoculated with LB strains and control (no inoculation) (F2,9-2.48, P=0.01). After 10 d, in media inoculated
with the two strains, deltamethrin was degraded by a large proportion (86 and 82% for LB1 and LB2,
respectively). The reduction (59%) in control was significantly lower compared to the media containing LB
strains (F2,9=11.7, P=0.003). Similarly, based on the fitted model, LB strains were affected to the degradation
of deltamethrin (F11,38-6.25, P<0.01). The effects of both time and treatment independently were found
significant (time: F2,2-16.2, P<0.01; treatment: F2,2-5.59, P=0.007).
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Figure 3. Effects of Lactobacillus plantarum strains LB-1 and LB-2 on degradation of chlorpyrifos (CHL) and deltamethrin (DEL) in
MS media.
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In the present study, degradation of chlorpyrifos and deltamethrin in MS media incubated with the
LB-1 and LB-2 reached the values of 96 and 90% and 24 and 53% after 3 d, respectively, based on GC-
MS analysis. Significant degradation of deltamethrin by LB-1 and LB-2 strains (86-82%, respectively) was
determined after 10 d. This result was consistent with a previous study (Cho et al., 2009) reporting the
effects of four LAB (L. brevis, L. mesenteroides, L. plantarum and L. sakei) on chlorpyrifos degradation. In
that study, chlorpyrifos was degraded quickly within 3 d (83.3%), and then complete degradation occurred
after 9 d during the fermentation of kimchi at 25°C for 6 h. Additionally, Lakshmi et al. (2008) showed that
some aerobic bacteria isolates obtained from soil samples [Bacillius subtilis (Ehrenberg, 1835) Cohn, 1872,
Brucella melitensis (Hughes, 1893) Meyer & Shaw, 1920, Pseudomonas aeroginosa (Schroeter, 1872)
Migula, 1900 and Pseudomanas fluorescens Migula, 1895] were capable of degrading chlorpyrifos (50
mg/mL) by an enrichment technique, significantly more (45, 50, 69 and 68%) compared with to control (5%)
after 6 h of incubation and further increased to 69, 76, 100 and 93% after 12 h respectively. Dordevic et al.,
(2013), showed that the residue of bifenthrin, one of the synthetic pyrethroids, was reduced rate of 63% in
wheat samples fermented with L. plantarum within 24 d at 30°C. The findings obtained from this study are
the first evidences about degradation rate of deltamethrin with L. plantarum.

Conclusion

In conclusion, it was shown that some strains of L. plantarum can metabolize insecticides by the
esterase enzyme and use these compounds as carbon and energy sources. The results are consistent with
other publications on the role of bacteria in insecticide degradation in different food commodities (Sogorb
& Vilanova, 2002; Wu et al., 2006; Cho et al., 2009; Islam et al., 2010; Zhao & Wang, 2012; Dordevic et al.,
2013). Also, the results demonstrated that L. plantarum strains have potential for the degradation of the
residues. According to our results, there are some differences between strains in terms of growth rate,
esterase activity and degradation potential. This could be due to the preadaptation of the bacteria to
insecticides, pesticide concentration or bacteria population (Boethling, 1993). In the future, additional LAB
species and strains having higher biodegradation capacity should be examined. Also, the potentials of the
test strains on the degradation of other insecticides should be studied. Considering the adverse effects of
insecticides on human health, to decrease insecticide residues in contaminated foods, experimental studies
on the degradation potential of these in some food fermentation processes should be conducted.
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Original article (Orijinal arastirma)

Thrips species associated with medicinal and aromatic plants in Adana
(Turkey) with first record of Bregmatothrips bournieri Pelikan, 1988
(Thysanoptera: Thripidae)'

Adana (Turkiye)'da tibbi ve aromatik bitkilerdeki thrips turleri ile Bregmatothrips
bournieri Pelikan, 1988 (Thysanoptera: Thripidae)'nin ilk kaydi

Naime Ziilal ELEKCIOGLU?
Abstract

Medicinal and aromatic plants are used primarily in the medicine, food and cosmetic industries. Thrips are pests
which feed on medicinal and aromatic plants, reducing the yield and commercial value of these crops. This study aimed
to determine thrips species on medicinal and aromatic plants, and to contribute new species and hosts in Adana
Province (Turkey). Thrips were collected by shaking of vegetative and generative plant parts on medicinal and aromatic
plants. Samples were collected from 80 plant species belonging to 33 families in 2017 and 2018. A total of 32 thrips
species belonging to four families; Thripidae (20 species), Aeolothripidae (5 species), Melanthripidae (2 species) and
Phlaeothripidae (5 species) were identified. The most common and abundant species (with the number of samples
and specimens found) were Frankliniella occidentalis (Pergande, 1895) (120 and 1379), Thrips tabaci Lindeman, 1889
(73 and 507) and Thrips hawaiiensis (Morgan, 1913) (42 and 503). Of the predatory thrips, Aeolothrips collaris Priesner,
1919 (48 and 144), was the most prevalent one. Most of the thrips species were obtained from plants of Lamiaceae (25
species) and Asteraceae families (15 species). Bregmatothrips bournieri Pelikan, 1988 collected on Cymbopogon citratus
(DC.) Stapf (Poaceae) and Lavandula angustifolia Mill. (Lamiaceae) is a newly recorded species for fauna of Turkey.

Keywords: Aromatic plant, Bregmatothrips bournieri, Frankliniella occidentalis, Lamiaceae, medicinal plant
0z

Tibbi ve aromatik bitkiler oOncelikle ilag, gida ve kozmetik endustrisinde kullaniimaktadir. Thripsler
beslenmeleriyle bu bitkilerin verimini ve ticari degerini disiiren zararlilardir. Bu galismada Adana ili'nde (Tiirkiye) tibbi
ve aromatik bitkilerdeki thrips tirlerini belirlemek ve yeni thrips ve konukgu tirlerine katkida bulunmak amaglanmistir.
Thripsler tibbi ve aromatik bitkilerin vejetatif ve generatif bitki kisimlarinin silkelenmesi ile toplanmistir. Ornekler 33
familyaya bagh 80 bitki tiriinden 2017 ve 2018 yillarinda toplanmistir. Dort familyaya bagh toplam 32 thrips tird;
Thripidae (20 tur), Aeolothripidae (5 tir), Melanthripidae (2 tur) ve Phlaeothripidae (5 tlr) belirlenmistir. En yaygin ve
yogun turler (6rnekleme sayisi ve toplanan birey sayisi), Frankliniella occidentalis (Pergande, 1895) (120 ve 1379),
Thrips tabaci Lindeman, 1889 (73 ve 507) ve Thrips hawaiiensis (Morgan, 1913) (42 ve 503) olmustur. Avci thripslerden
Aeolothrips collaris Priesner, 1919 (48 ve 144), en yaygin tir olarak saptanmistir. Thrips tiirlerinin gogu Lamiaceae (25
tir) ve Asteraceae (15 tur) familyalarindaki bitkilerden elde edilmistir. Cymbopogon citratus (DC.) Stapf (Poaceae) ve
Lavandula angustifolia Mill. (Lamiaceae) dan toplanan Bregmatothrips bournieri Pelikan, 1988 Tirkiye faunasi igin yeni
kaydedilen bir turdar.
Anahtar sozciikler: Aromatik bitki, Bregmatothrips bournieri, Frankliniella occidentalis, Lamiaceae, tibbi bitki
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Thrips species associated with medicinal and aromatic plants in Adana (Turkey) with first record of Bregmatothrips bournieri Pelikan, 1988
(Thysanoptera: Thripidae)

Introduction

Thrips (Thysanoptera) are one of the most important insect groups which damage plants by sucking
plant juices and scraping at fruits, flowers and leaves. Some are virus vectors and predators (Marullo & De
Grazia, 2017). The order Thysanoptera currently consists of 6271 species in the world (ThripsWiki, 2019)
of which about 200 species were recorded from Turkey (Tung & Hastenpflug-Vesmanis, 2016).

Turkey, situated at the junction between Europe and Asia, is one of the richest countries for flora
and fauna due to its diverse climatic and topographical conditions. Despite this richness and characteristic
features, knowledge of thrips fauna of Turkey is still limited compared to neighboring countries located in
the same zoogeographic region. For example, the thrips fauna of Bulgaria and Iran are known to consist
of 155 and 270 species, respectively, despite these countries having lower floristic diversity than Turkey
(Karadjova & Krumov, 2015; Mirab-Balou, 2018). Adana Province is located in the south part of Turkey, in
the Mediterranean region. The region has a Mediterranean climate and known to have a high endemic
floristic diversity. Of the nearly 12,000 plant taxa in Turkey, 1/3 of them are endemic (Arslan et al., 2015)
and in Adana, 470 endemic species were recorded (Uygur et al., 2018). Turkey is one of the world's richest
countries in terms of medicinal and aromatic plants; 30% of the plant species in the natural flora poses
medicinal and aromatic properties (Bayram et al., 2010). These plants have been used as drugs to prevent
disease, maintain health and wellness in traditional and modern medicine for many years (Demirci Kayiran
& Kirici, 2019). Besides medicinal industry, medicinal and aromatic plants are used in the food, beverage,
perfume and cosmetic industries (Ylcer & Altintas, 2012). In order to evaluate sustainable production and
market potential as competently in these plants, these products must be of the required quantity and quality.
Studies on these plants in Turkey are mostly carried out on the cultivation of them. Pests are one of the
major factors limiting the production (Simova-Tosia et al., 1997; Abro et al., 2016). They have adverse
effects on the secondary metabolites in the plant parts used as drugs, as well as on the loss of productivity
(Milek & Simala, 2010; Taskin, 2015). Also, they cause direct damage such as shortening between nodes,
color change in flower and other plant parts, decrease in number and diameter of flowers, leaf curling and
leaf deformation. Thrips are one of the harmful pests feeding on the medicinal and aromatic plants (Popov,
1973; Czepiel, 2003; Pobozniak & Sobolewska, 2011).

This study aimed to determine thrips species on medicinal and aromatic plants in Adana Province,
contribute new species and to understand their adaptations to different habitats. Such knowledge is of
basic importance to explain the introduction and spread of species, particularly pest species. Also, to
provide a detail of host plants, description of the new thrips records in order to support comprehensive and
specific studies of thrips in Turkey.

Materials and Methods
Study sites

The studies were conducted in Karaisali and Saricam districts located at Adana province, Turkey.
Thrips species associated with medicinal and aromatic plants were collected from the experimental field of
Cukurova University, Karaisall Vocational School (37°15”12.96’ N; 35°4"7.28’ E) (Karaisal) with a 1 ha sampling
area and Ali Nihat Gokyigit Botanical Garden (37°372.53’ N; 35°21715.49’ E) (Sarigam) with 0.85 ha sampling
area. Thrips collections were carried out with non-periodical surveys during 2017 and April-July 2018.

Sampling and laboratory processing of specimens

Thrips were collected by shaking of vegetative (leaves and branches) and generative (flowers) plant
parts. Five to ten plants from each medicinal and aromatic plant species (according to plant density) were
randomly selected every sampling date. Five branches with/without flowers from each of the plants were
tapped together into a white container (37 x 28 x 7 cm) for 15 s. The samples collected by fine brush were
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then placed separately in plastic vials containing 60% ethanol (Atakan & Uygur, 2005). 178 medicinal and
aromatic plant species from Saricam and 30 species from Karaisali were checked. A total of 2795 thrips
adults were collected from both districts during the two years. At the laboratory, specimens were extracted,
labeled with information regarding their locations, host plants and date of collections. Specimens were
identified by Prof. Dr. Ekrem Atakan (Plant Protection Department, Faculty of Agriculture, University of
Cukurova, Adana, Turkey).

Results and Discussion
Thrips species

Totally 32 thrips species belonging to Thripidae (20 species), Aeolothripidae (5 species),
Melanthripidae (2 species) and Phlaeothripidae (5 species) families were identified (Table 1). Of these,
Bregmatothrips bournieri Pelikan, 1988 is a newly recorded species for the Thysanoptera fauna of Turkey.

Collection data are presented on a plant species basis. After each semicolon comes the collection
date and after each date comes the number of collected specimens in brackets. Species are given in
separate paragraphs by districts and years. Data on taxonomic information, world distribution and hosts
are provided only for the new record species. Locality, collection date and host plants for the determined
thrips species are given below.

Aeolothripidae

Aeolothrips albicinctus Haliday, 1836

Material examined. Sarigam, 10.1V.2017 (7), Glebionis coronaria (L.) Tzvelev (Asteraceae).
Aeolothrips collaris Priesner, 1919

Material examined. Sarigam, 05.1IV.2017 (1), Mentha arvensis L. (Lamiaceae); 10.1V.2017 (1),
Euryops pectinatus Cass. (Asteraceae); 17.1V.2017 (1), Dianthus sp. L. (Caryophyllaceae); 03.V.2017 (1),
Echinacea purpurea (L.) Moench (Asteraceae); 08.V.2017 (2), Lavandula stoechas L. (Lamiaceae); (3), G.
coronaria; (5), Nigella sativa L. (Ranunculaceae); 15.V.2017 (1), Matricaria chamomilla L. (Asteraceae);
(5), Perovskia atriplicifolia Benth. (Lamiaceae); (6), Achillea asplenifolia Vent. (Asteraceae); (4),
Dracocephalum moldavica L. (Lamiaceae); (5), Melissa officinalis L. (Lamiaceae); (1), Thymus serpyllum
L. (Lamiaceae); 17.V.2017 (1), Trigonella foenum-graecum L. (Fabaceae); 22.V.2017 (3), D. moldavica;
(4), Carthamus tinctorius L. (Asteraceae); (5), Dianthus sp.; (2), Santolina chamaecyparissus L.
(Asteraceae); 26.V.2017 (2), Thymbra spicata L. (Lamiaceae); (1), Ocimum basilicum L. (Lamiaceae);
29.V.2017 (1), P. atriplicifolia; (3), Senecio sp. L. (Asteraceae); (1), D. moldavica; 05.V1.2017 (2), Salvia
fruticosa Mill. (Lamiaceae); (8), M. officinalis; (1), Phytolacca americana L. (Phytolaccaceae); (1), S.
chamaecyparissus; (1), Lavandula angustifolia Mill.; 12.V1.2017 (1), Cistus salviifolius L. (Cistaceae); (7),
Hypericum perforatum L. (Hypericaceae); (2), Senna floribunda (Cav.) H.S. Irwin & Barneby (Fabaceae);
19.V1.2017 (1), E. purpurea; (2), T. serpyllum; (1), D. moldavica; 22.V1.2017 (2), L. angustifolia; (5),
Origanum vulgare L. (Lamiaceae); 03.VI.2017 (1), Salvia sclarea L. (Lamiaceae); 06.VI.2017 (1), H.
perforatum; (1), Calendula officinalis L. (Asteraceae); (3), Cistus creticus L. (Cistaceae).

Karaisali, 16.11.2017 (2), Rosmarinus officinalis L. (Lamiaceae); 23.VI1.2017 (3), E. pectinatus;
06.V11.2017 (28), Mentha spicata L. (Lamiaceae).

Sarigam, 03.V.2018 (1), D. moldavica; 10.V.2018 (2), A. asplenifolia; (2), L. stoechas.
Karaisali, 20.1V.2018 (1), Pimpinella anisum L. (Apiaceae); 17.V.2018 (6), M. spicata.
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Aeolothrips ericae Bagnall, 1920

Material examined. Sarigam, 10.1V.2017 (2), Teucrium chamaedrys L. (Lamiaceae); 01.V.2017 (8),
Nigella damascena L.; 08.V.2017 (1), E. pectinatus; 22.V.2017 (4), Salvia officinalis; (1), D. moldavica;
12.V1.2017 (2), Sedum album L. (Crassulaceae); 21.V1.2017 (1), Erysimum cheiri Crantz (Brassicaceae).

Karaisall, 16.111.2017 (1), R. officinalis.

Aeolothrips gloriosus Bagnall, 1914

Material examined. Karaisali, 11.IV.2017 (1), S officinalis.
Aeolothrips intermedius Bagnall, 1934

Material examined. Sarigam, 10.1V.2017 (1), E. pectinatus; 17.1V.2017 (2), Dianthus sp.; 21.1V.2017
(1), Origanum majorana L.; 24.1V.2017 (3), Achillea millefolium L.; 01.V.2017 (1), Linum usitatissimum L.
(Linaceae); 08.V.2017 (1), Ranunculus flammula L. (Ranunculaceae); 22.V.2017 (1), Artemisia
dracunculus L. (Asteraceae); 26.V.2017 (1), O. basilicum; 29.V.2017 (5), E. purpurea; (1), D. moldavica.

Karaisall, 29.VI.2017 (1), Tagetes erecta L. (Asteraceae).
Melanthripidae
Melanthrips fuscus Sulzer, 1776

Material examined. Sarigam, 10.1V.2017 (2), Brassica rapa subsp. nipposinica (L. H. Bailey) Hanelt
(Brassicaceae); 17.V.2017 (1), T. foenum-graecum.

Melanthrips pallidor Priesner, 1919

Material examined. Sarigam, 01.V.2017 (1), L. usitatissimum; 08.V.2017 (1), Peganum harmala L.
(Nitrariaceae); 15.V.2017 (2), M. chamomilla; 10.V1.2017 (1), Datura innoxia Mill. (Solanaceae);
18.X11.2017 (1), Hyssopus officinalis L. (Lamiaceae).

Karaisall, 08.V.2017 (2), R. officinalis; 05.V1.2017 (2), S. fruticosa.

Thripidae

Bregmatothrips bournieri Pelikan, 1988

Material examined. Sarigam, 21.VI.2017 (283, Cymbopogon citratus (DC.) Stapf (Poaceae).
Karaisali, 03.VI.2017 (13), L. angustifolia.

The identification keys of the Bregmatothrips species in Turkey is recognized as follows (zur
Strassen & van Harten, 2007; Elimem et al., 2012; Minaei, 2017):

— Body uniformly brown. Antennae seven segmented, segment | with two dorso-apical setae, Ill and
IV each with forked sense cones. Forewing first vein with two setae on distal half, clavus with three or four
veinal and one discal setae. Abdominal sternites with no pore plate............... B. willcocksi (Priesner, 1939)

— Body brown to dark brown. Antennae eight segmented, 1l and Ill more or less symmetric. Tergites
[I-VIII with a flange at the hind margin. Pronotum with two pairs of long postero-angular setae, and by the
uniformly pale fore wings. Sense cones on antennal segments Ill and IV are simple not forked ..................
....................................................................................................................... B. dimorphus (Priesner, 1919)

— Body bicolored (Figures 1a, b). Antennae 8 segmented (Figure 1c), Il and IV with simple sense
o7 ] 01 PP B. bournieri
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Description. Female large-winged (Figure 1a). Body bicolored, head, prothorax and abdominal
tergites (II-X) brown (sometimes prothorax and abdominal tergites (lI-VI) yellowish brown), antennal
segments (I-1l brown, 11I-V yellow, VI-VIII shaded, fore wings pale (Figure 1c). Head longer than wide with
three pairs of ocellar setae present and projecting in front of compound eyes (Figure 1d); maxillary palps
two-segmented. Antennae eight segmented (Figure 1c), segment | with two dorso-apical setae, Il and IV
each with simple sense cones. Pronotum trapezoidal with two pairs of well-developed posteroangular setae
(Figure 1e). Mesonotum with weakly transverse sculpture, with no campaniform sensilla (Figure 1f).
Metanotum reticulate (Figure 1f), median setae close to the anterior margin; campaniform sensilla absent.
Prosternal ferna complete medially. Forewing first vein with three setae on distal half, clavus with 3 or 4
veinal and one discal setae. Abdominal tergite | weakly striate, I-VIIl with campaniform sensilla close to
posterior margin (Figure 1g), IX with two pairs of campaniform sensilla; X with dorsal split incomplete.
Sternites without discal setae. Male microptera, similar in color and structure to female but smaller (Figure
1b). Tergite IX posterior without stout thornlike setae (Figure 1h). Abdominal sternites with no pore plate
(Figure 1).

Distribution. Iran, Tajikistan and Turkmenistan.

Comments. The genus Bregmatothrips (Hood, 1912) is a common genus in tropical and subtropical
areas (Mound & Marullo, 1996; Mound, 2011; ThripsWiki, 2019). Most of the species belonging to the
genus are from Asia. In the genus, head protruding considerably in front of the eyes. This genus is closely
related to Sorghothrips by having antennal segment | with paired median dorsoapical setae, and the
abdominal tergites with posteromarginal craspeda and the median campaniform sensilla close to the
posterior margin (Masumoto & Okajima, 2006). The damage belonging to the genus is characterized by
white and silvery marks on the leaves caused by the cell contents being sucked out (Lewis, 1973). The
genus, Bregmatothrips consists of 11 species worldwide. Of these only B. willcocksi and B. dimorphus
have been recorded in Turkey (Tung & Hastenpflug-Vesmanis, 2016). Bregmatothrips bournieri is newly
defined. This species was originally described from Iran and its neighboring country, Turkmenistan from
flowers of Cynodon dactylon (L.) Pers. (Pelikan, 1988). Some specimens occasionally also were collected
on Sorghum halepense (L.) Pers. (Poaceae) (Minaei, 2017). In this study pest adults were collected from
leaves of C. citratus and flowers of L. angustifolia. There is limited data about this species in literature.
Further studies are needed to understand its distribution and host plants in Turkey.

Chirothrips aculeatus Bagnall, 1927

Material examined. Sarigam, 22.V.2017 (2), Thymus vulgaris L. (Lamiaceae); 10.VI.2017 (1), C.
officinalis.

Chirothrips manicatus Haliday, 1836
Material examined. Sarigam, 12.V1.2017 (1), C. salviifolius.
Frankliniella intonsa (Trybom, 1895)

Material examined: Sarigam, 08.V.2017 (2), N. sativa; 22.V.2017 (4), T. vulgaris; 29.V.2017 (8), E.
purpurea; (4), D. moldavica.

Karaisali, 16.111.2017 (4), M. spicata; (2), P. anisum; (8), Foeniculum vulgare Mill. (Apiaceae);
04.V.2017 (2), S. fruticosa.
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Figure 1. Bregmatothrips bournieri: a) female; b) male; c) antenna; d) head; e) pronotum; f) meso and metanotum; g) tergites II-1V;
h) tergites VIII-X (male) (from Minaei, 2017).
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Frankliniella occidentalis Pergande, 1895

Material examined. Sarigam, 08.111.2017 (1), O. basilicum; 16.111.2017 (1), N. sativa; 17.IV.2017 (15),
Dianthus sp.; 24.1V.2017 (8), Cynara scolymus L. (Asteraceae); 01.V.2017 (10), N. damascena; 03.V.2017
(7), E. purpurea; 08.V.2017 (15), R. flammula; (6), L. stoechas; (14), P. harmala; (12), Nicotiana tabacum
L. (Solanaceae); (1), O. vulgare; (30), Senecio sp.; (1), N. sativa; 13.V.2017 (2), L. usitatissimum,;
15.V.2017 (1), M. chamomilla; (22), P. atriplicifolia; (24), A. asplenifolia; (9), D. moldavica; 22.V.2017 (1),
T. vulgaris; (1), N. sativa; (25), C. tinctorius; (43), D. moldavica; (5), S. officinalis; (34), A. dracunculus; (7),
Tulbaghia violacea Harv. (Amaryllidaceae); (1), Helichrysum italicum (Roth) G. Don (Asteraceae); (10),
Alcea rosea L. (Malvaceae); (17), Dianthus sp.; (31), S. chamaecyparissus; 26.V.2017 (2), O. basilicum;
(3), Passiflora edulis Sims. (Passifloraceae); (7), Myrtus communis L. (Myrtaceae); 29.V.2017 (12),
Pelargonium crispum (P. J. Bergius) L'Hér. (Geraniaceae); (5), Ricinus communis L. (Euphorbiaceae); (36),
A. millefolium; (31), E. purpurea; (64), P. atriplicifolia; (13), Ecballium elaterium. A. Rich. (Cucurbitaceae);
(4), P. harmala; (12), Momordica charantia L. (Cucurbitaceae); (7), L. stoechas; (20), T. erecta; (26), D.
moldavica; (16), Senecio sp.; 05.VI1.2017 (1), C. tinctorius; (27), M. officinalis; (4), T. serpyllum; (11), T.
erecta; (6), P. americana; (6), S. fruticosa; (11), Silybum marianum (L.) Gaertn. (Asteraceae); (3), S.
chamaecyparissus; (18), L. angustifolia; 10.V1.2017 (2), A. rosea; 12.V1.2017 (20), N. damascena; (14), H.
perforatum; (38), Hemerocallis sp. L. (Asphodelaceae); (18), S. floribunda; (5), T. violacea; (13), S. album;
17.V1.2017 (2), S. chamaecyparissus; 19.V1.2017 (11), M. officinalis; (43), P. atriplicifolia; (15), E. purpurea;
(5), Salvia transsylvanica Schur (Lamiaceae); (1), T. serpyllum; (11), D. moldavica; 21.V1.2017 (39), S.
marianum; (4), Capparis spinosa L. (Capparaceae); 22.VI.2017 (12), O. vulgare; 03.VI.2017 (3), Leonurus
cardiaca L. (Lamiaceae); (1), L. angustifolia; 06.VI.2017 (12), H. perforatum; (17), S. album; (1), C.
creticus; (3), M. officinalis; (15), Eschscholzia californica Cham. (Papaveraceae); (1), P. crispum; (32),
Oenothera biennis L. (Onagraceae); 10.VI.2017 (3), T. violacea; (2), C. officinalis; (3), Koelreuteria
paniculata Laxm. (Sapindaceae); (1), Hemerocallis sp.; (3), R. flammula; (6), S. transsylvanica; (5), D.
innoxia; 17.VI1.2017 (9), S. officinalis; (1), D. moldavica; 21.V11.2017 (1), C. citratus; 24.V11.2017 (3), H.
perforatum; 10.VII1.2017 (4), O. biennis.

Karaisall, 22.11.2017 (1), Coriandrum sativum L. (Apiaceae); 28.11.2017 (1), C. sativum; 16.111.2017
(1), M. spicata; (2), F. vulgare; 18.1V.2017 (1), Origanum onites L.; 02.V.2017 (5), C. spinosa; 04.V.2017
(12), S. fruticosa; 14.V1.2017 (56), C. spinosa; 22.V1.2017 (12), M. arvensis; (21), M. spicata; 23.V1.2017
(32), E. pectinatus; 29.V1.2017 (13), T. erecta; 06.VI11.2017 (37), M. spicata; 12.V11.2017 (2), P. anisum.

Sarigam, 28.111.2018 (3), N. sativa; 19.1V.2018 (1), M. chamomilla; 18.V.2018 (9), A. asplenifolia;
25.V.2018 (7), A. millefolium; (3), A. dracunculus; 17.V111.2018 (1), H. officinalis.

Karaisali, 19.1V.2018 (5), S. officinalis; 20.1V.2018 (7), S. fruticosa; 04.V.2018 (3), F. vulgare;
17.V.2018 (12), C. spinosa; 18.V.2018 (5), C. tinctorius; 22.V.2018 (3), M. charantia; 08.V1.2018 (2), C.
officinalis; 04.VI1.2018 (4), M. spicata; 06.V11.2018 (39), C. officinalis.

Kakothrips pisivorus (Westwood, 1880)

Material examined. Karaisali, 04.V.2017 (1), S. fruticosa.
Limothrips cerealium Haliday, 1836

Material examined. Karaisali, 30.V.2017 (2), O. vulgare.

Limothrips denticornis (Haliday, 1836)

Material examined. Sarigam, 29.V.2017 (1), P. crispum.

Karaisali, 30.V.2017 (5), O. vulgare.

Scolothrips longicornis Priesner, 1926

Material examined. Sarigam, 17.1V.2017 (1), Pelargonium graveolens; 24.1V.2017 (1), O. onites.
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Taeniothrips inconsequens (Uzel, 1895)

Material examined. Karaisali, 11.IV.2017 (3), S. officinalis.

Tenothrips discolor (Karny, 1907)

Material examined. Sarigam, 17.VI.2017 (1), M. spicata.

Thrips atratus Haliday, 1836

Material examined. Karaisali, 05.VI.2017 (2), S. fruticosa.

Thrips australis (Bagnall, 1915)

Material examined. Sarigam, 02.VI1.2017 (1), Origanum vogelii Greuter & Burdet (Lamiaceae).
Thrips hawaiiensis (Morgan, 1913)

Material examined. Sarigam, 10.1V.2017 (1), E. pectinatus; 24.IV.2017 (6), C. scolymus; 03.V.2017
(1), E. purpurea; 08.V.2017 (2), N. tabacum; (1), R. flammula; (1), N. sativa; 15.V.2017 (60), P. anisum;
22.V.2017 (6), A. dracunculus; (1), S. chamaecyparissus; (1), A. rosea; (5), D. moldavica; 26.V.2017 (36),
M. communis; (40), P. edulis; (2), T. spicata; (53), R. communis; 29.V.2017 (1), E. elaterium; (2), A.
millefolium; (4), P. harmala; (29), N. tabacum; 05.V1.2017 (5), M. officinalis; (29), P. americana; (1), S.
chamaecyparissus; (6), T. erecta; (1), C. tinctorius; 12.V1.2017 (8), S. floribunda; (20), H. perforatum; (1),
N. damascena; 19.V1.2017 (6), O. vulgare; (38), S. transsylvanica; 21.V1.2017 (27), C. spinosa; 06.VI1.2017
(7), Plumeria alba L. (Apocynaceae); 10.VI.2017 (1), S. transsylvanica; 10.VIIl.2017 (12), O. biennis;
25.X11.2017 (62), P. alba.

Karaisali, 02.V.2017 (1), C. spinosa; 08.V.2017 (13), R. officinalis; 14.V1.2017 (4), C. spinosa;
06.V11.2017 (1), C. officinalis.

Sarigam, 18.V.2018 (2), D. moldavica; 01.V1.2018 (2), T. erecta ; 08.V1.2018 (2), M. officinalis.
Karaisali, 07.V.2018 (3), O. basilicum.
Thrips major Uzel, 1895

Material examined. Sarigam, 21.1V.2017 (2), O. majorana; 10.VII.2017 (1), Portulaca oleracea L.
(Portulacaceae); 17.VII.2017 (1), H. officinalis.

Karaisall, 16.111.2017 (1), R. officinalis.

Thrips meridionalis (Priesner, 1926)

Material examined. Karaisali, 28.11.2017 (5), R. officinalis.

Thrips minutissimus Linnaeus, 1758

Material examined. Karaisali, 16.111.2017 (3), R. officinalis.
Thrips physapus Linnaeus, 1758

Material examined. Sarigam, 05.VI.2017 (4), S. marianum.
Thrips tabaci Lindeman, 1889

Material examined. Sarigam, 08.111.2017 (1), O. basilicum; 05.IV.2017 (1), M. arvensis; 10.1V.2017
(8), E. pectinatus; (16), T. chamaedrys; (3), B. rapa subsp. nipposinica; (7), G. coronaria; 17.1V.2017 (12),
Dianthus sp.; (5), P. graveolens; (10), A. asplenifolia; 24.1V.2017 (6), A. millefolium; 01.V.2017 (19), L.
usitatissimum; (4), N. damascena; 08.V.2017 (6), O. vulgare; (1), G. coronaria; 13.V.2017 (2), L.
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usitatissimum; 15.V.2017 (10), M. chamomilla; 17.V.2017 (10), T. foenum-graecum; 22.V.2017 (2), S.
officinalis; (6), A. rosea; (23), T. violacea; (2), S. chamaecyparissus; (2), H. italicum; 26.V.2017 (2), O.
basilicum; 29.V.2017 (2), Cardiospermum halicacabum L. (Sapindaceae); (1), N. sativa; (18), M. charantia;
(2), E. elaterium; 05.V1.2017 (6), L. angustifolia; (2), T. erecta; (4), C. tinctorius; (2), M. officinalis; (16), S.
chamaecyparissus; 10.V1.2017 (2), Althaea officinalis L. (Malvaceae); 12.VI1.2017 (6), S. album; (14), T.
violacea; 17.V1.2017 (19), S. chamaecyparissus; 21.V1.2017 (8), E. cheiri; (3), S. marianum; 03.VI.2017
(1), L. cardiaca; 06.V11.2017 (9), C. creticus; (1), E. californica; 10.VI1.2017 (3), C. officinalis; (2), D. innoxia;
(17), T. violacea; (16), P. anisum; (1), R. flammula; 17.VI.2017 (2), D. moldavica; (1), Mentha piperita L.
(Lamiaceae); 02.V111.2017 (2), P. anisum; 10.VI11.2017 (1), O. biennis.

Karaisali, 02.11.2017 (7), F. vulgare; 22.11.2017 (17), P. anisum; (25), C. sativum; 28.11.2017 (24), R.
officinalis; 16.111.2017 (8), R. officinalis; (10), P. anisum; 18.IV.2017 (2), O. onites; 02.V.2017 (3), C.
spinosa; 30.V.2017 (4), O. vulgare; 22.V1.2017 (8), C. tinctorius; 12.V11.2017 (36), P. anisum.

Sarigam, 20.1V.2018 (3), T. erecta; 10.V.2018 (3), M. officinalis; (4), C. sativum; 01.V1.2018 (2), L.
usitatissimum; 08.V1.2018 (8), S. chamaecyparissus; 22.V1.2018 (6), T. violacea.

Karaisali, 01.111.2018 (2), N. sativa; 13.IV.2018 (5), R. officinalis; 19.1V.2018 (2), C. officinalis;
20.1V.2018 (7), P. anisum; 27.1V.2018 (2), F. vulgare.

Thrips vulgatissimus Haliday, 1836

Material examined. Sarigam, 21.VI.2017 (3), S. marianum.

Phlaeothripidae

Haplothrips aculeatus (Fabricius, 1803)

Material examined. Sarigam, 29.V.2017 (2), Senecio sp.; 06.VI1.2017 (1), C. creticus.
Karaisall, 29.V1.2017 (1), T. erecta.

Haplothrips distinguendus Uzel, 1895

Material examined. Sarigam, 05.V1.2017 (1), C. tinctorius; 22.V1.2017 (1), O. vulgare.
Haplothrips flavicinctus (Karny, 1910)

Material examined. Saricam, 05.IV.2017 (1), M. arvensis; 26.V.2017 (1), P. edulis ; 19.V1.2017 (1),
D. moldavica; 17.VI.2017 (3), M. piperita.

Karaisali, 30.V.2017 (3), O. vulgare.
Haplothrips gowdeyi (Franklin, 1908)

Material examined. Sarigam, 08.V.2017 (1), N. tabacum; 05.V1.2017 (15), M. officinalis; (14), P.
anisum; (2), P. americana; 19.V1.2017 (3), M. officinalis; (1), S. transsylvanica; 10.VI.2017 (2), K.
paniculata; 21.VI1.2017 (1), P. oleracea.

Haplothrips reuteri (Karny, 1907)

Material examined. Sarigam, 10.1V.2017 (1), G. coronaria; (1), T. chamaedrys; 15.V.2017 (1), A.
asplenifolia; 22.V.2017 (4), C. tinctorius; 26.V.2017 (5), T. spicata; 29.V.2017 (1), E. purpurea; 05.V1.2017
(1), T. serpyllum; (1), M. officinalis; (7), S. marianum; (1), C. tinctorius; 21.V1.2017 (24), S. marianum,;
06.V11.2017 (1), E. californica.
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Karaisali, 11.1V.2017 (1), S. officinalis; 17.1V.2017 (1), Dianthus sp.; 04.V.2017 (9), S. fruticosa;
26.V.2017 (6), Chamaedrys polium (L.) Raf. (Lamiaceae); 30.V.2017 (1), O. vulgare; 05.V1.2017 (2), S.
fruticosa; 23.V1.2017 (1), E. pectinatus; 06.VI.2017 (1), C. officinalis.

The most common and abundant species (with the number of samples-specimens found) were F.
occidentalis (120 and 1379), T. tabaci (73 and 507) and T. hawaiiensis (42 and 503). Of the predatory
species, A. collaris (48 and 144), was the most common and abundant one (Table 1).

Table 1. Frequency and abundance of thrips species found in Adana Province of Turkey in 2017 and 2018

Thysanoptera species f! a? a (%)
Aelothripidae

Aeolothrips albicinctus 1 7 0.25
Aeolothrips collaris* 48 144 5.15
Aeolothrips ericae 8 20 0.71
Aeolothrips gloriosus 1 1 0.04
Aeolothrips intermedius™ 11 18 0.64
Melanthripidae

Melanthrips fuscus™* 2 3 0.11
Melanthrips pallidior** 7 10 0.36
Thripidae

Bregmatothrips bournieri 2 3 0.11
Chirothrips aculeatus 2 3 0.11
Chirothrips manicatus 1 0.04
Frankliniella intonsa 8 34 1.21
Frankliniella occidentalis 120 1379 49.34
Kakothrips pisivorus 1 1 0.04
Limothrips cerealium 1 2 0.07
Limothrips denticornis 2 6 0.21
Scolothrips longicornis* 2 2 0.07
Taeniothrips inconsequens 1 3 0.11
Tenothrips discolor 1 1 0.04
Thrips atratus 1 2 0.07
Thrips australis 1 1 0.04
Thrips hawaiiensis 42 503 18.00
Thrips major 4 5 0.18
Thrips meridionalis 1 5 0.18
Thrips minutissimus 1 3 0.11
Thrips physapus 1 4 0.14
Thrips tabaci 73 507 18.14
Thrips vulgatissimus 1 3 0.11
Phlaeothripidae

Haplothrips aculeatus 3 4 0.14
Haplothrips distinguendus 2 2 0.07
Haplothrips flavicinctus 5 0.32
Haplothrips gowdeyi 8 39 1.39
Haplothrips reuteri 20 70 2.50
TOTAL 2795 100.00

"Frequency - number of samples in which the species was found;

2abundance - total number of individuals of the species collected; a (%): percentage of total individuals;
* predatory thrips species;

** pollen feeder species.
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As shown in Table 1, nearly half of the total specimens (49%) were F. occidentalis individuals.
Frankliniella occidentalis was collected from 61 medicinal and aromatic plants and the highest number was
collected on P. atriplicifolia (129 individuals), D. moldavica (90 individuals) and C. spinosa (77 individuals).
The second abundant species, T. tabaci (18%) was collected from 47 medicinal and aromatic plant species,
which was frequently found on P. anisum (88 individuals), T. violacea (60 individuals) and S.
chamaecyparissus (45 individuals). Thrips hawaiiensis was collected from 33 species of medicinal and
aromatic plants and was 18% of the specimens. It was mostly collected from P. alba (69 individuals), P.
anisum (60 individuals) and R. communis (53 individuals). Aeolothrips collaris was collected from 32
medicinal and aromatic plant species, visiting them to feed upon various arthropods. The highest number
of specimens was collected on M. spicata (34 individuals) feeding on F. occidentalis.

The total numbers of four common thrips species on some medicinal and aromatic plants in Adana
Province is shown in Table 2. A few thrips specimens were collected from Turkish oregano (O. onites)
which is one of the most cultured and exported medicinal and aromatic plants in Turkey. Another one anise,
(P. anisum) was mostly infected by T. tabaci followed by T. hawaiiensis. Rosemary (R. officinalis), which
is mostly obtained from nature was infected mostly by T. tabaci and F. occidentalis. English lavender, L.
angustifolia, which the Ministry of Agriculture encouraged farmers to produce, is mostly infected by F.
occidentalis. Plumeria alba was only infected with T. hawaiiensis. Thrips damage on the leaves of S.
officinalis, S. fruticosa, O. basilicum, M. officinalis, M. spicata, P. anisum, L. usitatissimum and N. tabacum
were remarkable. Tiny pale spots or bronze scars were observed on the leaves. It is thought that essential
oil as well as the photosynthetic capacity of the infected leaves were reduced. It is possible that thrips
preferred the other plants for nectars and pollens more than for reproduction.

Frankliniella and Thrips species are the most harmful genera and present on all continents (Moritz,
2002; Mound, 2012; Pizzol et al., 2014). Western flower thrips, F. occidentalis is distributed worldwide and
characterized as invasive, polyphagous and occurring on at least 250 plant species from more than 65
families, nearly every species of flowering plants (fruit, vegetable, ornamental, field crops and many weed
species). Of the medicinal and aromatic plants F. occidentalis was collected on Capsicum annuum L.
(Solanaceae), Rosa spp. (Rosaceae), Salvia spp., O. majorana, M. piperita, Pelargonium spp., N. tabacum,
C. tinctorius (Anonymous, 2019). This species is mainly found in flowers but may occur elsewhere on
plants. Blumthat et al. (2005) determined that F. occidentalis is more common on yellow flowering and
nectar-rich plants. Adults of the pest live and feed on flowers and they choose new leaves as food when
flowers are absent. They also reproduce more when pollen is present (Hulshof et al., 2003). Frankliiniella
occidentalis became the most dominant and prevalent species within three years after its first introduction
in Adana region in 1994 (Atakan et al., 1998). As Tung¢ & Hastenpflug-Vesmanis (2016) reported, F.
occidentalis seems to have become the predominant thrips species on many crops and wild plants in
Turkey. It is thought that one of the reasons of this population growth is the increasing resistance of the
pest to the pesticides used for control (Dagli, 2018). Onion thrips, T. tabaci is known to feed on many
vegetable species and field crops as well as on a wide variety of weeds (Doederleini & Sites, 1993). Itis a
potential pest of cotton and some vegetables (onion, garlic and leek) in Turkey. It is also the vector of
TSWV (Tomato spotted wilt virus) (Boonham et al., 2002). Hawaiian flower thrips, T. hawaiiensis is a
polyphagous, flower-dwelling thrips which was introduced into Turkey in 2015 (Atakan et al., 2015). It was
detected on lemon first but recorded also on some vegetables, ornamentals and field crop plants. This
indicates that the invasive capacity and its population will increase in the upcoming years. Elekcioglu (2018)
determined 13 thrips species from 35 medicinal and aromatic plants during 2015-2016 at the same
localities. Frankliniella occidentalis, T. tabaci and T. hawaiiensis were the prevalent species which the
results are in conformity with data collected in this study. Atakan & Pehlivan (2018) determined 11
Thysanoptera species on 9 medicinal and aromatic plant species grown naturally in Balcali Campus of

187



Thrips species associated with medicinal and aromatic plants in Adana (Turkey) with first record of Bregmatothrips bournieri Pelikan, 1988
(Thysanoptera: Thripidae)

Cukurova University. Thrips tabaci, T. major and F. occidentalis were the most prevalent pest thrips
species. They found only A. collaris as the predator thrips species and at very low numbers.

Table 2. Some plants associated with four common thrips species in Adana Province of Turkey during 2017-2018

Plant species Lifespan Individual numbers of thrips**

A, P* Fo Tt Th Ac Total
Lamiaceae
Perovskia atriplicifolia (Russian sage) P 129 0 0 6 135
Dracocephalum moldavica (Moldavian balm) P 90 2 7 10 109
Mentha spicata (Spearmint) P 63 0 0 34 97
Melissa officinalis (Lemon balm) P 41 5 7 13 66
Lavandula angustifolia (English lavender) P 19 6 0 3 28
Salvia officinalis (Common sage) P 19 2 0 0 21
Salvia fruticose (Anatolian sage) P 25 0 0 2 27
Salvia transsylvanica (Transylvania sage) P 11 0 39 0 50
Ocimum basilicum (Basil) A 3 3 3 1 10
Origanum onites (Turkish oregano) P 2 0 0 3
Rosmarinus officinalis (Rosemary) P 0 37 13 2 52
Asteraceae
Echinacea purpurea (Purple coneflower) P 53 0 1 2 56
Silybum marianum (Milk thistle) A 50 3 0 0 53
Senecio sp. (Ragwort) P 46 0 0 3 49
Achillea millefolium (Common yarrow) P 43 6 2 0 51
Santolina chamaecyparissus (Cotton lavender) P 36 45 2 3 86
Tagetes erecta (French marigold) A 24 5 8 0 37
Cappariaceae
Capparis spinosa (Caper) P 77 3 32 0 112
Cucurbitaceae
Calendula officinalis (Pot marigold) A 43 5 1 1 50
Apiaceae
Pimpinella anisum (Anise) A 2 88 60 2 152
Foeniculum vulgare (Fennel) P 5 9 0 0 14
Passifloraceae
Passiflora edulis (Purple passionflower) P 3 0 40 0 43
Apocynaceae
Plumeria alba (White frangipani) P 0 0 69 0 69
Amaryllidaceae
Tulbaghia violacea (Society garlic) P 15 60 0 0 75
Euphorbiaceae
Ricinus communis (Castor bean) P 5 0 53 0 58
Linaceae
Linum usitatissimum (Flax) A 2 23 0 0 25
Solanaceae
Nicotiana tabacum (Tobacco) A 12 0 31 0 43
Ranunculaceae
Nigella sativa (Black cumin) A 6 3 1 5 15
Total 823 307 369 87 1586

* A, Annual; P, Perennial;
** Fo, Frankliniella occidentalis; Tt, Thrips tabaci; Th, Thrips hawaiiensis; Ac, Aeolothrips collaris.
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In the present study thrips individuals were collected from 80 medicinal and aromatic plant species
belonging to 33 families; which 25 of them from Lamiaceae, 15 species from Asteraceae, three species
from Ranunculaceae and Apiaceae families each, two species from Solanaceae, Malvaceae, Fabaceae,
Geraniaceae, Cucurbitaceae and one each from the other families. Many species found in the present
study are known as pests of various crops in different parts of the world. The number of thrips species and
total number of specimens collected from medicinal and aromatic plants from the Lamiaceae and
Asteraceae families were higher, respectively. The same plant families were reported in a previous study
dealing with host plant associations of Thysanoptera (Atakan, 2019). High host-specificities were recorded
for F. occidentalis and T. tabaci more restricted on Asteraceae and Lamiaceae in that study. The author
determined that the thrips fauna was dominated by F. occidentalis, contributing 81% of the specimens.
According to Inoue & Sakurai (2007) some taxonomic groups are known to be preferred by thrips such as
Asteraceae, Fabaceae, Rosaceae and Solanaceae in France. In a study in Crotia, thrips species from
Aeolothripidae family were mostly found on plants from families Fabaceae, Asteraceae and Brassicaceae.
Specimens from Thripidae family were the most abundant on Asteraceae and Fabaceae and family
Phlaeothripidae was present, mainly on Poaceae, Asteraceae, and Fabaceae (Raspudi¢ et al., 2009). The
essential oils from species within the Lamiaceae family and their volatile constituents have been found to
have a broad spectrum of biological activities against F. occidentalis and T. tabaci (Koschier et al., 2000;
De Kogel & Koschier, 2002).

Secondary metabolites are known to work as important feeding stimulants in the selection of host
plants by phytophagous insects (Jolivet, 1992). Plants secrete essential oils or protective chemical oils
when they are attacked by pests (Rhoades, 1985). The nectar and pollens of flowers and their chemical
contents and chemicals secreted by vegetative parts are attractive to pest species in turn of the natural
enemies (Riudavets, 1995; Atakan & Pehlivan, 2018). It is thought that this is why flower-inhabiting thrips
species are abundant between May and July. In this study, numbers of thrips peaked in May when numbers
of flowering plant species were highest. From May, the total number of individuals decreases regularly until
July and lowered when most of the annual medicinal and aromatic plant species started to senesce or
harvest. However secondary plant metabolites of medicinal and aromatic plants have a wide spectrum of
action on arthropod pests, including direct toxicity toward different stages of development, antifeedant,
repellent, deterrent and attractive effects, and inhibition of development and oviposition (Chermenskaya et
al., 2009; Costa et al., 2013; Zoubiri & Baaliouamer, 2014; Stepanycheva et al., 2018).

Data on thrips host plants in literature is generally lacking (Marullo, 2009). Determination of the host
plant of a thrips can be difficult, with many host records being no more than transitory resting places of
adults of these highly dispersive insects and a specific host association cannot be assumed just because
large numbers of adult thrips are found on a plant (Mound, 2013). A particular plant may be used as a
mating or feeding site, but not used for breeding, or a species may breed on various different plants under
laboratory conditions, but be host-specific under field conditions (Garms et al., 2013). Comparison of data
and that of previous studies revealed that most of the plant species in the present study are reported for
the first time as the hosts or the plant associations of the thrips species in Turkey. Further studies are
needed to understand the host plant diversity of the thrips species recorded in this study.

The present study shows that the regional faunal studies of thrips are important for reporting new
records and to better understand their relationship with host plants. Medical and aromatic plants are
becoming increasingly important in Turkey because of their potential to be used in alternative cropping
systems, as raw material supply to the food industry and for use in complementary environment in
alternative wards, therefore their production has become more widespread in recent years. Thrips are one
of the important agents affecting yield and quality in cultivated medical and aromatic plants. Data obtained
from this study show that local faunal studies should be conducted in different habitats and host plants to
increase the knowledge of thrips species of Turkey. The large number of thrips and their host plants should
be a useful guide to other researchers studying detailed taxonomic and faunal studies of thrips in different
parts of Turkey.
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Diet-mediated modulation on the development and phenoloxidase
activity in the Alder leaf beetle larvae, Agelastica alni (L., 1758)
(Coleoptera: Chrysomelidae)’

Kizilagag yaprak bocegdi, Agelastica alni (L., 1758) (Coleoptera: Chrysomelidae)
larvalarinin fenoloksidaz aktivitesi ve gelisiminde diyet etkenli degisiklikler

Rukiye SIVRIKAYA? Nurver ALTUNZ Ozlem FAiz?

Abstract

Food-induced changes in the phenoloxidase activity and development of Agelastica alni (L.,1758) (Coleoptera:
Chrysomelidae) larvae reared on unbalanced artificial diets were examined. The study was conducted between 2015-
2016. Food quality had an impact on the phenoloxidase activity and growth performance of alder leaf beetle. The
maximum pupal mass was recorded in the 0.5:1 P:C (protein:carbohydrate) diet and the minimum pupal mass was
recorded from the larvae fed on the 3:1 P:C diet. The amount of carbohydrate consumed affected the pupal mass
positively, whereas the amount of protein consumed negatively affected the pupal mass. The highest amount of pupal
lipid was found in the 0.5:1 P:C diet and the lowest pupal lipid amount in the 1:3 P:C diet. Also, imbalance diets affected
phenoloxidase activity. There was a positive relationship between P ratio of the diet and phenoloxidase activity.
Phenoloxidase activity decreases as the amount of carbohydrate consumed by larvae increases. As a result,
unbalanced diet affects the immune system of larvae. Carbohydrate also has a significant effect on immune defenses
as much as protein. In addition, larvae increase their body size with excessive consumption of carbohydrate.

Keywords: Agelastica alni, imbalance diet, insect immunity, nutritional ecology, phenoloxidase
Oz

Bu calismada gida bakimindan dengesiz diyetlerle beslenen Agelastica alni (L.,1758) (Coleoptera:
Chrysomelidae) larvalarinin fenoloksidaz aktivitesi ve gelisiminde meydana gelen besin kaynaklh degisiklikler
arastinimigtir. Calisma 2015-2016 yillar arasinda gergeklestirilmistir. Besin kalitesi kizilagag yaprak boceginin gelisim
performansinda ve fenoloksidaz aktivitesinde ©nemli bir etkiye sahiptir. En fazla pupa kutlesi 0.5:1 P:C
(protein:karbonhidrat) besininde ve en az pupa kutlesi ise 3:1 P:C besininde beslenen larvalarda kaydedilmistir. Tiketilen
karbonhidrat miktari pupa kitlesini pozitif olarak etkilerken, tiiketilen protein miktari pupa kutlesini negatif olarak
etkilemektedir. Pupa lipid miktari diyetler arasinda farklilik géstermektedir. En fazla pupa lipid miktari 0.5:1 P:C diyetinde
kaydedilirken, en az lipid miktan 1:3 P:C diyetinde kaydedilmistir. Dengesiz diyetler fenoloksidaz aktivitesini de
etkilemistir. Besinin protein oraniyla fenoloksidaz aktivitesi arasinda pozitif bir iligki vardir. Fenoloksidaz aktivitesi
larvalarin tiketmis oldugu karbonhidrat miktarinin artisiyla azalmaktadir. Sonug olarak, dengesiz diyetler larvalarin
fenoloksidaz aktivitesini etkilemektedir. Karbonhidrat savunma sistemi tizerinde protein kadar 6nemli bir etkiye sahiptir.
Ek olarak, larvalarin vicut buyuklugu asiri karbonhidrat tiketimiyle artmaktadir.
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Introduction

As all organisms, insects need energy for growth and reproduction over their life span. Every
organism meets the energy from their diets. The nutritional value of diet for animals varies according to the
amount of nutrients in the diet and the amount of secondary metabolites of diet (Simpson & Raubenheimer,
2001). Food quality affects the growth (Joern & Behmer, 1997; Prasad & Mukhopadhyay, 2015, Rios et al.,
2016), survival, reproductive success and immunity (Yang & Joern, 1994; Ponton et al., 2011) of animals.
If the diet does not meet the needs of the organism, it is considered to be an unbalanced diet. Diets with
unbalanced macronutrient affect the immune systems and development of larvae (Klemola et al., 2007;
Lee et al., 2008; Cotter et al., 2011; Ponton et al., 2013). Immune defenses are important biological features
that affect the fitness and development of organisms (Singer et al., 2014; Vogelweith et al., 2015).
Invertebrates have a primitive immune system compared to vertebrates (Klemola et al., 2007). The innate
system in insects contains specific and nonspecific responses to foreign agents. Phenoloxidase (PO) is
one of the most important enzymes in these responses (Gonzalez-Santoyo & Alex Cérdoba-Aguilar, 2012).
The PO enzyme is responsible for the activation of melanization in invertebrates. Melanization is
responsible for the repair of tissues, defense against other pathogens such as bacteria, fungi and viral
agents (Cerenius & Sdderhall, 2004). PO is also an enzyme used against various pathogens (Santoyo &
Aguilar, 2011). In insects, PO activity in the hemolymph is used to predict resistance to diseases (Adamo,
2004; Vogelweith et al., 2015; Srygley, 2017). That is, it is associated with resistance to some
parasites/pathogens between species (Nigam et al., 1997). Dietary quality may also affect PO activity
(Cotter et al., 2011; Kangassalo et al., 2018). Studies indicate that the food component that affects immunity
is the amount of protein in diets (Lee et al., 2008, Singer et al., 2014). However, there may be differences
between species. In addition to the individual effects of nutrients, the rate of macronutrient in the diet is one
of the parameters affecting the development and immunity (Cotter et al., 2011). Every organism and growth
stage of any organisms require a complex of the nutrient. In the literature, there is no report of a relationship
between development parameters of larvae and PO activities.

Agelastica alni (L., 1758) (Coleoptera: Chrysomelidae) is an oligophagous leaf insect that usually
occurs at a significant population density in alder (Alnus sp.) and willow (Salix sp.). Aimost every year, a
significant amount of leaf assimilation surface loss occurs in alder. In some years all the leaves of alder are
consumed by A. alni (Firidin & Mutlu, 2009). In this study, the effect of unbalanced diets on the PO activity
and the development of A. alni, which is an important forest pest, was investigated. Therefore, it will make
a contribution to the literature and reveal the factors affecting the immunity and development of this species.

Materials and Methods
Study organism and diets

Agelastica alni larvae were collected from alder leaves in Magka Catak Village, Trabzon, Turkey in
2015. The larvae were brought to the laboratory and fed on artificial diets. The artificial diets used in feeding
experiments were modified from the study of Yamamoto (1969). Artificial diets were wheat germ-base
supplemented with casein. The contents of the base diet developed by Yamamoto (1969) are given in Table
1. In this study, additional total of eight artificial diets were used, with different protein and carbohydrate
ratios. The protein and carbohydrate ratios of diets added to the based artificial diet are as follows: 1:1, 2:1,
1:0.5, 1:3, 1:5, 0.5:1, 3:1 and 5:1 P:C (protein:carbohydrate). P:C ratio in the diet was used to create nutrient
imbalanced diets.
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Table 1. Content of base diet (for 1 kg formula)

Content Quantity (g/ml)
Wheat germ 80g
Casein 30g
Sucrose 3049
Yeast Brewers 169
Vanderzant Vitamine Mixture 1049
Wesson salt mixture 8¢
Cholesterol 0.2g
Sorbic acid 29
Methyl parapen 19
Linseed oil 1ml
Agar 20g
Distilled water 800 ml

Larval growth performance

Trials were performed in two groups. In the first experimental group, the growth performance of larvae
and the duration from the larval stage to the pupal stage were recorded. The pupal mass, pupa lipid and
protein content of pupa were determined for growth performance. For this purpose, 10 larvae were used
for each diet. Individuals were weighed on an electronic balance sensitive to 0.0001 mg; then each one
was placed singly into a plastic cup with a cover. Each food block (about 1 g) prepared as described was
pre-weighed before being presented to the larva for each treatment. Every second day, any uneaten food
by the larvae remaining in the larval chamber was collected and replaced with fresh pre-weighed food block.
The uneaten food left by the larva from each feeding chamber was collected separately and dried in an
oven (50°C) and weighed after it reached a constant weight. Every other day, each larva was weighed.
This procedure was repeated until all of the larvae entered the pupal stage (Lee et al., 2002).

The total lipid amount was calculated using formula from Loveridge (1973) and Simpson &
Raubenheimer (2001). The total lipid amount stored in each pupa was determined with three times
chloroform extraction (Simpson & Raubenheimer, 2001). The pupae were dried to a constant weight at
50°C. The dry weights of the pupal are noted. Each of the dry pupae was placed in tubes and chloroform
was added. The tubes were placed in an automatic shaker for 24 h, then chloroform in tubes evacuated
and chloroform re-added to the tubes. This process was repeated three times. At the end of the third
chloroform extraction, the pupae were redried and reweighed to calculate their per cent lipid contents.

The lipid free pupae obtained by the chloroform extraction were analyzed for their nitrogen content
using Thermo Scientific Flash 2000 series-NCS analyzer instrument and Dumas method (Yi et al., 2013).
The ground dry samples weighed approximately 2.5 mg were placed in a thin tin capsule and the capsule
was sealed. The capsules were then placed in the autosampler portion of the device. When the sample
enters the combustion reactor, it enters into a special furnace heated to 900-1000°C and a small amount
of pure oxygen and helium gas is added to the system to allow the samples to burn. In this case, the
samples turn into elemental (simple) gases. Element separation is determined without the need for a
complex separation system by means of TCD detector and separation in the column. The gas generated
by the TCD detector is transferred to the column and the N values are calculated by the peaks formed in
the column. At the end of this process, the percentage of nitrogen was multiplied by the constant of 6.25 to
convert to the crude protein quantities (Oonincx et al., 2015).

Phenoloxidase activity

The second experimental group was established to determine the specific PO activity. In this
experimental group, larvae were fed collectively in each food group. Four days after ecdysis to the final
larval stage, hemolymph was collected from individuals by piercing the final proleg with a sterile needle.
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Hemolymph was collected in Eppendorf tubes and frozen at -20°C until needed. PO activity and the amount
of protein were measured according to Lee et al. (2008). For the PO activity assay 100 yL of 10 mM L-
Dopa (substrate) was added to 100 uL of buffered hemolymph (400 pL of ice-cold phosphate-buffered
saline (PBS, pH 7.4) and the absorbance of the mixture was measured at 492 nm on a Versamax tunable
microplate reader after 20 min (no full stop) of incubation at 25°C. PO activity is expressed as PO units, in
which one unit represents the amount of enzyme required to increase the absorbance by 0-001/min.
Hemolymph protein content was quantified by the method of Bradford (1976). Triplicate samples were used
for examining PO activity and protein level.

Statistical analysis

The amount of food intake by each larva fed on each artificial diet, the pupal mass, the protein
contents of the pupae, the lipid contents of the pupae, duration of growth and PO activity were analyzed
statistically using SPSS Version 17. A normality test was performed to determine whether the variables
were normally distributed. In order to determine the differences between the groups, ANOVA and Tukey
test were performed in the data with normal distribution. Correlation testing was performed to determine
whether there was a correlation between the amount of food consumed, the amount of pupae protein, the
amount of pupae lipid, pupal mass and PO activity. Regression analysis was performed after the
relationship was determined.

Results and Discussion
Growth performance

Diets affect the amount of food intake and growth performance of larvae. In the feeding experiments,
1:1 P:C group was accepted as the control group. The maximum amount of consumption was found for
larvae fed on 2:1 P:C diet and the least amount of consumption was found for larvae fed on 1:5 P:C diet
(Figure 1). There was a significant difference in point of food intake between diets (ANOVA, F=545, p<0.00).
However, there was no significant difference between the 1:0.5 P:C diet and the 3:1 P:C diet according to
the Tukey test. Dietary carbohydrate ratio (R=-0.68, p<0.01) has a negative effect on food intake. However,
the 1:1 P:C ratio of the diet or protein ratio of the diet had no effect on the amount of food intake (p>0.05)
(Figure 1).

50 g

Consumption (mg)

P.0.5C P:3C P:5C 2pP.C

Diet protein:carbohydrate ratio

Figure 1. Food intake on different artificial diet. Diets with the same letter are not significantly different (p=0.05).
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Diets affect pupal mass (ANOVA, F=11.74, p<0.00). The highest pupal mass was found for
individuals fed on 0.5:1 P:C diet and the lowest pupal mass was found for individuals fed on 3:1 P:C diet
(Figure 2). The P:C ratio of the diet did not affect pupal mass (p>0.05). However, the amount of
carbohydrate consumed and the amount of protein consumed affected pupal mass. While the amount of
carbohydrate consumed affects the pupal mass positively (R=0.28, p<0.05), the amount of protein
consumed negatively affects pupal mass (R=-0.24, p<0.05), (Figure 2).

Pupal Mass (mg)

P:0.5C P:3C P:5C 2P:.C 3pP.C 5P.C

Diet protein:carbohydrate ratio

Figure 2. Pupal mass on different artificial diet (mg). Diets with the same letter are not significantly different (p=0.05).

Differences were also found between the pupal lipid for different diets (ANOVA, F=28.7, p<0.01).
The highest amount of pupal lipid was determined in the 0.5:1 P:C diet and the lowest pupal lipid amount
in the 1:3 P:C diet (Figure 3). The amount of carbohydrate consumed positively affected the amount of
pupal lipid (R=0.41, p<0.01). Similarly, the dietary carbohydrate ratio positively affected the amount of pupal
lipid (R=0.22, p<0.05). However, there was no effect of the amount of protein consumed to pupal lipid
amount (p>0.05). The P:C ratio of the diet negatively affected the amount of pupal lipid (R=-0.26, p<0.05).

Pupal Lipid Content (mg)

P:0.5C P:3C P:5C 2P.C 3pP.C 5P:.C

Diet protein: carbohydrate ratio

Figure 3. Pupal lipid content on different artificial diet (mg). Diets with the same letter are not significantly different (p=0.05).
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The pupal crude protein also varies between diets (F=3.66, p<0.02). The highest pupa crude protein
was found from individuals fed on 5:1 P:C diet, while the minimum pupa crude protein was determined from
individuals fed on 3:1 P:C diet (Figure 4). However, the P:C ratio of the diet did not affect the pupa crude
protein (p>0.05).

ab

Pupal Crude Protein Concentration (mg)

P:0.5C P:3C P:5C 2P.C

Diet protein:carbohydrate ratio

Figure 4. Pupal crude protein concentration on different artificial diet. Diets with the same letter are not significantly different (p=0.05).
Phenoloxidase Activity

PO activities of the experimental groups have been affected by diets used (ANOVA, F=21264.6
p<0.01). The highest specific PO activity (U/mg protein) was found for larvae fed on 1:0.5 P:C diet and the
lowest PO activity was found for larvae fed on 2:1 P:C diet (Figure 5). The P:C ratio of the diet affected the
PO activities of the larvae. There was a positive relationship between P ratio of diet and PO activity (R=0.31,
p<0.01). The amount of protein consumed did not affect the PO activity (p>0.05). A negative correlation
was found between the C ratio of the diet and PO activity (R=-0.39, p<0.01). Similarly, when the amount of
carbohydrate consumed was increased, PO activity decreased (R=-0.68, p<0.01). A positive relationship
was found between P:C ratio and PO activity of diet (R=0.52, p<0.01). The amount of pupal lipid also affects
the PO activity. PO activity decreased with increasing of pupal lipid amount (R=-0.26, p<0.05).

Our main finding was that nutrient imbalance has an impact on pupal lipid amount and PO activity of
alder leaf beetle. Unbalanced diets are known to affect the growth of larvae. According to nutritional
ecology, animals develop mechanisms to regulate nutritional imbalances in their diet (Cotter et al., 2011;
Prasad & Mukhopadhyay, 2015; Rho & Lee, 2015). Even herbivores can change the amount of
consumption to compensate for nutritional imbalance (Waldbauer & Friedman, 1991; Bernays, 1998; Cotter
et al., 2011; Ravenscraft & Boggs, 2016). Also, for A. alni larvae, food intake varies between artificial diets.
However, as the carbohydrate content of the diet increased, it was shown that the amount of food intake
decreased. Other factors related to diet had no direct effect on consumption. A. alni larvae may have
regulated the intake of nutrient by reducing the food intake to ingest amount of carbohydrates required for
the development. In addition, carbohydrates are nutritional stimulants for many species (Bernays et al.,
2004; Juma et al., 2013). However, for this species sucrose may have a role as a feeding deterrent over a
certain concentration.
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16000 h

140007

120004

10000

80007

60007

Phenoloxidase Activity (U/mg protein)

4000

2000

05pP.C p:C P.0.5C P:3C P:5C 2p.C 3p.C 5p.C

Diet protein:carbohydrate ratio

Figure 5. Phenoloxidase activity of larvae on different artificial diet. Diets with the same letter are not significantly different (p=0.05).

As the amount of protein consumed by A. alni larvae increases, the pupal mass decreased. This
result is consistent with Honek (1993) and Lee et al. (2002). Excess protein ingested along with diet may
have increased metabolic activity (Schroeder, 1986). The catabolizing of the excess protein and the
removal of the feces from the body can lead to decreased pupal mass. However, insects maintain the
balance of pupal crude protein while they fed on diets restricted to protein content. Given the amount of
pupal crude protein is an important parameter for the development of insects, larvae may have managed
to convert and use nutrition even though the diet is unbalanced (Joern & Behmer, 1997). The amount of
pupal lipid increases with the amount of carbohydrates consumed and the carbohydrate rate of the diet.
This result is consistent with the literature by Raubenheimer & Jones (2003). Increasing the protein:
carbohydrate ratio of the diet resulted in a decrease in the amount of lipid. One way to avoid overly ingesting
food is to increase metabolic rate through dietary thermogenesis as seen in some herbivores and omnivores
(Trier & Mattson, 2003). This way, lipids can be used as energy reserves in a long-term starvation
(Warbrick-Smith et al., 2006).

Lipid has an ecological and evolutionary effect on developmental performance which also relates to
immunity of the species (Klemola et al., 2007; Cotter et al., 2011; Ponton et al., 2011; Singer et al., 2014).
Studies have shown that diet quality is more effective than the amount of food intake in immune defenses
of insects (Siva-Jothy & Thompson, 2002; Klemola et al., 2007; Singer et al., 2014). In our study, there was
no significant effect of food intake on PO activity of A. alni larvae. However, the P:C ratio of the diet have
been found to be important for the PO activities of the larvae. The invertebrate immune system includes
the PO-profenoloxidase (PO-PPO) system. PO is a defense component of oxidative and melanism used
against eukaryotic parasites (Cerenius & Soderhall, 2004; Lee et al., 2008; Santoyo & Aguilar, 2011;
Vogelweith et al., 2015). This activity is an important component of the innate immune system (Lee et al.,
2008). PO activity in hemolymph can be used to measure disease resistance (Adamo, 2004). Therefore,
high PO activity can be interpreted as high resistance to pathogens. The increase in P:C ratio of the diet
also causes an increase in PO activity. Therefore, nutritional imbalance may be perceived as a stress
condition by larvae and may cause an increase in PO activity. PO may also increase due to population
density or response to parasites (Klemola et al., 2007). Low-quality diets cause to undergo stress on
autumn moths, Epirrita autumnata (Borkhausen, 1794) (Lepidoptera: Geometridae) and thus show high PO
activity (Klemola et al., 2007). For A. alni larvae, the increase in the P:C ratio of the diet increases the PO
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activity. Protein deficiency in the diet can affect the immune system of insects (Lee et al., 2008; Srygley et
al., 2009). Therefore, an increase in the rate of PO activity with an increase in protein ratio is expected.
However, one of the interesting results in study is that the increase in the C ratio of the diet and the amount
of carbohydrates consumed causes the PO activity of the larvae to decrease. Srygley et al. (2009)
suggested that protein is more important than carbohydrate in immune defenses. According to our results,
carbohydrate might play n important roles in immune defense as well as protein. The amount of
carbohydrates consumed and the carbohydrate rate of the diet has a positive effect on the level of lipids in
the pupae. Pupal lipid content also suppresses the PO activity. Adamo et al. (2008) reported that the high
lipid level in the hemolymph caused a decrease in the concentration of apolipophorin Il protein.
Apolipophorin protein also has a role in the activation of pro-PO cascade (Adamo et al., 2008; Zdybicka-
Barabas & Cytrynska, 2010). Therefore, consumption of large amounts of carbohydrates increases the
amount of pupal lipids, and the increase in the amount of pupal lipids reduces the concentration of
apolipophorin 11l protein and suppresses the PO activity. However, the effect of the amount of lipid in
hemolymph is reported (Adamo et al., 2008; Zdybicka-Barabas & Cytrynska, 2010). According to the results
of our study, it must have concluded that the increase in the amount of storage lipid causes the
concentration of apolipophorin Il protein to decrease. This has another advantage for larvae. With the
increase in the amount of carbohydrates consumed, the larvae used nutrition for growth rather than
immunity. Syrgley (2017) stated that protein consumption has a more important role in the determinant of
fitness than carbohydrate. On the contrary, the amount of protein consumed decreases the pupal mass.
The amount of protein consumed has no effect on the amount of pupal lipid. The excess C ratio in the diet
may have encouraged the use of nutrient for the development of larvae. In the evolutionary process, larvae
must have developed a strategy, that by increasing its body size, they have developed fecundity in order
to increase fitness rather than strengthen immune defense to increase fitness, because for many insects,
body size is associated with fecundity (Garrad et al., 2016; Srygley, 2017; Togashi & Yamashita, 2017).

As a result, unbalanced diets may impair immune function and affect defenses against pathogens
(Amar et al., 2007; Vogelweith et al., 2015). In addition, limiting nutrition can stress insects. This situation
leads to the suppression or increase of immune defenses. When considered the results obtained from
different experimental diets in the present study, carbohydrates also might be an important compound in
insect immunity. For example, the diet 3:1 and 2:1 P:C did not show high PO activity despite the increased
protein content. All of these data suggest that the insect immunity might be a result of complex feeding
containing enough of the essential macronutrients.
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Resilience of breeding Coccotrypes dactyliperda Fabricius, 1801
(Coleoptera: Curculionidae: Scolytinae) to ingestion by vertebrates’

Omurgalilar tarafindan yutulan Coccotrypes dactyliperda Fabricius, 1801 (Coleoptera:
Curculionidae: Scolytinae)'y1 yetistirmenin esnekligi

Dirk H. R. SPENNEMANN?
Abstract

Volant and terrestrial predators consume a wide range of palm drupes, some of which may be infested by
spermatophagus beetles. Field observations suggest that the larvae of some beetle species survive the passage
through the gastrointestinal tract. To assess the resilience of the date stone beetle, Coccotrypes dactyliperda Fabricius,
1801 (Coleoptera: Curculionidae: Scolytinae) to ingestion by vertebrates, specimens reared from infested Phoenix
canariensis (Chabaud, 1882) (Arecales: Arecaceae) seeds were exposed in vitro to simulated gastric and intestinal
fluids in a laboratory setting at Charles Sturt University (Albury, Australia) in 2018. The observed mortality among
beetles protected in their galleries inside the seeds was low (11-24%). The continued breeding success was affected
by numerous beetles abandoning the seeds after immersion. Total mortality occurred among unprotected beetles
exposed for 12 h or longer. This study demonstrates that as mortality of adult beetles inside ingested seeds is very
low, vertebrate vectors may aid in the medium- to long-distance dispersal of the species.

Keywords: Biogeography, digestion-resistant insects, endochory, insect pests, physiology
0z

Kanath ve karada yasayan predatorler, bazilari spermatofag bdcekler ile bulasik olabilen ¢ok sayida palmiye
meyvesini tuketmektedirler. Arazi gdzlemleri, bazi bdcek turlerinin larvalarinin mide-bagirsak kanalindan gegiste
hayatta kaldiklarini géstermektedir. Bu makale, Hurma bdcegi, Coccotrypes dactyliperda Fabricius, 1801 (Coleoptera:
Curculionidae: Scolytinae)’nin omurgalilar tarafindan yutulmaya karsi direncini dederlendirmek amaciyla, enfekte
olmus Phoenix canariensis (Chabaud, 1882) (Arecales: Arecaceae) tohumlarindan yetistirilen bocek érnekleri 2018
yilinda Charles Sturt Universitesi (Albury, Avustralya)ndeki bir laboratuvar ortaminda in vitro da simiile edilmis mide
ve bagirsak sivilarina maruz birakilmistir. Galerilerinde tohumlarin icinde korunan bdcekler arasinda gozlenen 6lim
orani dusik (%11-24) saptanmistir. Surekli yetistirme basarisi, daldirmadan sonra tohumlar terk eden ¢ok sayida
bdcekten dolayi etkilenmigtir. Toplam 6lim orani, 12 saat veya daha uzun sire maruz kalan korunmasiz bdcekler
arasinda meydana gelmistir. Bu ¢alisma, yutulan tohumlar igindeki ergin béceklerin 81im orani ¢ok disuk oldugundan,
omurgali vektorleri sayesinde bu tirlerin orta ila uzun mesafe dagilimina yardimci olabilecegini gostermektedir.

Anahtar so6zciikler: Biyocografya, sindirime direncli bocekler, endokori, zararli bécekler, fizyoloji

" This study was supported by the Institute for Land, Water and Society, Charles Sturt University.
2 Charles Sturt University, Institute for Land, Water and Society, PO Box 789, Albury NSW 2640, Australia
* Corresponding author (Sorumlu yazar) e-mail: dspennemann@csu.edu.au
Received (Alinis): 19.09.2019 Accepted (Kabul edilis): 30.01.2020 Published Online (Cevrimigi Yayin Tarihi): 07.02.2020

203



Resilience of breeding Coccotrypes dactyliperda Fabricius, 1801 (Coleoptera: Curculionidae: Scolytinae) to ingestion by vertebrates

Introduction

The dispersal success of palms is enhanced by volant and terrestrial vectors which not only effect
medium- to long-range transport of the seed away from the host tree (Zona & Henderson, 1989;
Spennemann, 2018e), but also causes scarification of the seed coat during the passage through the
gastrointestinal system which increases the likelihood of germination (Traveset, 1998; Rodriguez-Perez et
al., 2005; Silverstein, 2005). The dispersal success of some palms, such as Phoenix sp., is affected by the
presence and extent of infestation with date stone beetles, Coccotrypes dactyliperda Fabricius, 1801
(Coleoptera: Curculionidae: Scolytinae). Experiences during a seed germination experiment showed that
Phoenix canariensis (Chabaud, 1882) (Arecales: Arecaceae) seeds infested by these scolytids germinated
(as evidenced by an emergent radicle), but that much of the albumen of the pericarp was consumed, thus
dramatically reducing the viability of the developing hypocotyl to develop into a viable seedling
(Spennemann et al., 2018).

Coccotrypes dactyliperda, is a spermatophagus beetle which is closely associated with the date
palm, Phoenix dactylifera L., 1783 (Arecales: Arecaceae) complex and can be considered endemic to the
Middle East and North Africa. Due to the trade in dates as fruit for consumption, and during the nineteenth
century also due to the distribution of palm seeds for horticultural endeavors and as vegetable ivory for
button manufacture, C. dactyliperda has become a true cosmopolitan species that can be found in most
subtropical and temperate zones (Spennemann, 2018b).

As with other crypto-parasites, the entire life cycle of C. dactyliperda occurs inside the seed. Mated
females start to lay eggs 3 to 5 d after inhabiting a new seed. Unmated C. dactyliperda females are able to
lay eggs that produce male offspring and then proceed to mate with these to produce offspring of mixed
sex. Depending on the size of the seed, multiple broods and even generations of beetles can hatch and
reproduce inside a seed before emerging. A single date seed can concurrently house large numbers of
eggs, larvae, pupae and imagines, with in excess of 80 individuals (females, males, pupae, larvae and
ova). On record is the development period of a full life cycle from egg to adult for females which is
temperature- and humidity-dependent, and has been reported as ranging from 22 d (at 28°C) to 49 d (at
20°C). During the winter period imagines of female C. dactyliperda enter a hibernation or dormancy period
inside the seed in which they hatched. After emergence from hibernation and subsequent oviposition, the
first generation of female beetles to leave the brood chamber emerge during late-June to early-July (in the
northern hemisphere) (Spennemann, 2019a).

Coccotrypes dactyliperda tend to either colonize within fallen seeds, or bore into fresh drupes on the
infructescence causing their abscission. A study in Israel found that C. dactyliperda were responsible for
about 20% of the annual seed bank found underneath palms due to feeding-induced abscission (Bar-
Shalom & Mendel, 2001). At the end of the breeding season in October, some 10% of the seeds on the
ground were colonized, but after hibernation and the first generation in March, 95% of the seeds that had
remained on the ground showed evidence of infestation (Bar-Shalom & Mendel, 2001).

Setting aside the random event that an infested drupe might be consumed by a bird during the short
period prior to abscission, any dispersal of Coccotrypes-infested drupes will be due to birds (Spennemann,
2018d, 2019b) as well as terrestrial vertebrates, primarily canids and ursids (Spennemann, 2018e) feeding
on fallen drupes.

The infested seed may either be exposed to mastication and subsequent ejection from the oral cavity
(e.g., fruit bats; Spennemann, 2018c); to partial digestion and subsequent regurgitation from the
crop/gizzard (e.g., currawong; Spennemann, 2018d); or to partial digestion and subsequent defecation
(e.g., canids). The survival of a Coccotrypes female and its brood will depend on the duration of exposure
to gastrointestinal liquids (e.g., saliva, gastric acid and intestinal fluids), during gastrointestinal transit as
well as the nature of ingestion and duration of mastication (if any).
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The broader literature shows that while insect-infested fruit were rejected by birds (Manzur &
Courtney, 1984) as well as primates (Benitez-Malvido et al., 2016), infestations of the seed, without
significantly spoiling the pericarp (flesh) had a lesser adverse effect. Hernandez (2011) reviewed instances
where seeds infested by insects had passed partially (regurgitated) or fully (defecated) through the digestive
system of birds (Nalepa & Piper, 1994; Guix & Ruiz, 1995, 1997; Hernandez & Falco, 2008), ungulates such
as tapirs (Olmos et al., 1999; Giombini et al., 2009), marsupials (Rouco & Norbury, 2013), as well as primates
(Bravo & Zunino, 1998; Bravo, 2008). Seed-inhabiting adult beetles in particular, had a high survival chance.
However, in other examples, such as bruchid beetles, the ingestion and immersion in gastric fluids kills off
large proportions of larvae inside the seeds (Lamprey et al., 1974; Coe & Coe, 1987; Or & Ward, 2003).

The extant literature is silent on the extent that mastication and ingestion of affected palm drupes
might kill the beetles, pupae or larvae in the seed itself. The latter, in particular, have a permeable skin and
therefore are susceptible to chemicals even in low concentrations, compared with the chitinous exoskeleton
of adult beetles. In favor of survival are the comparatively short gastrointestinal transit times (see below),
and the small diameter of the access hole (<1 mm) which can easily be clogged by masticated matter.
Moreover, female C. dactyliperda exhibit the behavior to block the entrance/exit of the brood chamber with
their body to prevent larvae from falling out and stray matter to ingress (Spennemann, 2019a). As the bore
hole is only marginally bigger than the diameter of the female beetle itself, that blocking may be very
effective, as long as the beetle is resistant to the fluids it is exposed to.

While no experimental data exist that shed light on the ability of C. dactyliperda to survive ingestion,
one anecdotal example, dating to the first half of the nineteenth century, has been documented in the
literature. Hippolyte Lucas reports from Algeria in 1846 that the ingestion of infested Chamerops humilis L.
seeds by Golden Jackals, Canis aureus L., 1758, (Carnivora: Canidae), which in North Africa are widely
noted as feeding on fallen dates of P. dactylifera and other palms (Spennemann, 2018e), was reputedly
not detrimental to the survival of C. dactyliperda beetles and their larvae (Lucas in Anonymous, 1846;
Lucas, 1849).

Coccotrypes dactyliperda have shown a great resilience to adverse external environmental
conditions. In previous work, the author exposed cohorts of C. dactyliperda to insecticides (Spennemann
et al., 2018) as well as subzero temperatures (Spennemann, 2019c). While the galleries could not provide
sufficient protection to prolonged exposure to freezing (80% mortality after 7 h at -8°C), the beetles were
surprisingly resilient to some but not all insecticides. While mortality was only 14.3% following a 20 min
immersion in 10% bleach, the morality was 33.3% among seeds that had been immersed in the synthetic
pyrethroid Cyhella®. An exposure to the organophosphate Fenitrothion®, however, caused 87.5% mortality
(Spennemann et al., 2018).

This paper will report on the findings of experiments designed to simulate the ingestion of C.
dactyliperda by vertebrates and the exposure of breeding females to gastric and intestinal fluids.

Materials and Methods

To simulate ingestion by predators, beetles in their seeds were exposed to an immersion in simulated
gastric and intestinal fluids (for composition see below). The experiment did not simulate the mechanical
mixing and potential grinding action that occurs in the crop or stomach, nor the movement the seeds would
experience in the intestinal tract. Two sets of samples were prepared, one which was immersed in 50 mi
clear fluids and one that was immersed in a simulated masticated pulp comprised of 50 g fruit pulp mixed
with 50 ml simulated gastric fluid (SGF) or simulated intestinal fluid (SIF). Samples using plain tap water
served as a control.

The experiment was conducted in October 2018 in the PC2 laboratory of the Peter Till Laboratories,
Faculty of Science, Charles Sturt University (Albury, Australia).

205



Resilience of breeding Coccotrypes dactyliperda Fabricius, 1801 (Coleoptera: Curculionidae: Scolytinae) to ingestion by vertebrates

Source of the beetles

The beetles used here were drawn from a population bred a for multifactorial experiment, assessing
food choices and emergence times (Spennemann, 2018a). The original beetle population originated from
P. canariensis seeds collected at Alma Park, NSW, Australia (Spennemann et al., 2018).

Preparing seed used in the experiment

For the exposure experiments, beetles were either used unprotected (i.e., by themselves in a vial)
or protected in their galleries (to simulate real conditions). In order to avoid previous experiences with
collective exposures, where single seeds were penetrated by multiple beetles (Spennemann, 2018a),
single beetles were placed with a single seed each into 7.5 ml plastic vials. These beetles were allowed to
tunnel for 6 to 9 d. As mated females start to lay eggs between 1 and 3 d after inhabiting a new seed (Herfs,
1950; Zchori-Fein et al., 2006), the eight-day period was deemed sufficient for each beetle to establish a
breeding gallery. As some beetles refused to take to a seed and had to be replaced after 3 d, the seeds
were then extracted and, as cohorts of 10, were subjected to various treatments (see below). Common to
all seeds were single penetration holes of 1 mm diameter (Figure 1a).

Figure 1. Examples of penetrated seeds used for the experiment: a) single penetration hole (at bottom of image); b) single penetration
hole (bottom) and two exit holes (top of image).

The actual depth of the penetration was not ascertained at the start of the immersion. Some had
commenced tunneling but had abandoned these tunnels. This was not noticed at the commencement of
the experiment and was only recognized when the seeds were cut open at the end of the experiment. This
accounts for the smaller sample numbers in Table 3.

The beetle-infested seeds used for the long-term immersion in simulated intestinal fluid mixed with
pulp (12 and 24 h) were drawn from a breeding population where many of the beetles were already in a
more advanced stage of development and the seeds already exhibited multiple exit holes (Figure 1b).
These seeds had, therefore, a greater probability of moisture intrusion into the gallery.

206



Spennemann, Turk. entomol. derg., 2020, 44 (2)

Simulated gastric and intestinal fluids

Simulated gastric and intestinal fluids are commonly used to study questions such as the digestibility
and performance of foods (Fu et al., 2002; Stappaerts et al., 2014), the solubility and dissolution behavior
of drugs (Khadra et al., 2015; Wang et al., 2015) and drug delivery methods (Chen et al., 2018). The
composition of the simulated gastric and intestinal fluids used in this experiment follows the formulation
described by Wang et al. (2015):

Simulated gastric fluid - 0.8 g of sodium chloride was dissolved in 100 ml of reverse osmosis (RO)
water. 2.8 ml of 10M HCI was then added to the NaCl solution to adjust the pH 1.2. To this, 1.28 g of Pepsin
was added and gently stirred. The volume was then made up to 400 ml with RO water. The solution had a
final pH of 1.55.

Simulated intestinal fluid - 2.72 g of monobasic potassium phosphate was dissolved in 100 ml of RO
water, then 44.7 ml of 0.2 N NaOH was added to adjust the pH to 6.8. To this, 4 g of Pancreatin was added
and gently stirred. The volume was then made up to 400 ml with RO water. The solution had a final pH of 6.84.

To create simulated masticated fruit pulp, the flesh was removed, from 300 fresh P. canariensis
drupes (peeled in toto or flesh cut off in strips), which yielded 319 g of flesh. The sample of flesh pieces
was mixed thoroughly. 25% were retained as peeled and the remaining 75% were chopped in a domestic
kitchen blender. 50% of this mass was removed, with the remainder pureed. All three fractions (Figure 2)
were then combined.

50 mm

Figure 2. Fractions of palm flesh pulp. From left: as peeled; chopped; pureed.

The minimum time of exposure of the beetles to the clean seeds was 7 d and the maximum time
was 10 d. To ensure that these time differences did not affect the outcomes in a systematic fashion, the 80
vials were randomly allocated to one of eight cohorts of 10 [numbers 1-80 allocated at random, then groups
in sets of 10 (A-H)]. These eight cohorts were then randomly allocated to the experiments.
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At the time of exposure to the experimental fluids or pulp mixtures, a cohort of ten live beetles was
directly added to the container to simulate the incidental ingestion of crawling specimens. Once exposed
to the sample solution, the samples were vigorously shaken for 10 s at 5-min intervals, but were otherwise
left to sit on the lab bench.

Duration

Assessed was the survival of C. dactyliperda at intervals from 0.3 to 24 h. The duration of exposure
to the fluids was informed by data on gastrointestinal transit times in the primary vectors. Among birds there
appears to be not only a correlation between body size (and thus gape size) and the size of fruit consumed,
but also between body size and retention time in the crop until regurgitation, with larger birds retaining
larger seeds for longer periods (Levey, 1987). Among Pied Currawongs, Strepera graculina (Shaw, 1790)
(Passeriformes: Artamidae) for example, it takes between 5 to 15 min after ingestion to regurgitate the
rough and indigestible matter (e.g., seeds, epicarp, fibrous parts of pericarps, bones and feathers) in the
form of pellets (Bass, 1995). Among canids, gastrointestinal transit time appears to be related to body size.
It is significant that not all stomach content is necessarily defecated at the same time, with some content
delayed up to 30 h. Observed transit times range from 3 h [Red Foxes, Vulpes vulpes L., 1758 (Carnivora:
Canidae)] to 55 h [large domestic dogs, Canis familiaris L., 1758 (Carnivora: Canidae)] (Neseni et al., 1955;
Szuman & Skrzydlewski, 1962; Weber, 2006; Boillat et al., 2010).

Exposure time for each liquid was set at 20 min, with the exception of a sequential exposure to both
simulated gastric and intestinal fluid (20+20 min). To assess the effects of longer gastrointestinal transit times,
isolated beetles (in cohorts of 10) were placed into 7.5-ml vials and exposed to SGF and SIF for up to 24 h.

Assessment and disposal of survivors

At the end the respective set time intervals the samples were drained on filter paper, and the seeds
extracted. The residue was searched to assess the survival of the isolated beetles. Any specimens found
alive were killed in 90% alcohol. The entire pulp residue was then placed into a freezer at -12°C for 5d to
kill any beetles that had not been located. A similar procedure was followed for the beetles emerging from
the seeds (see below) and the final disposal of the infested seeds. At the termination of the experiment 27
d after immersion (34-37 d after commencement), all seeds that had not yielded two emergences were cut
open and inspected. Given the life cycle of C. dactyliperda comprised of an egg incubation period (6-10 d),
larval stage (12-15 d) and pupal stage (3-4 d) (Spennemann, 2019a), the presence of pupae was
interpreted as evidence of successful breeding.

The extracted seeds were placed in numbered vials to observe the emergence success and timing.
At the time of exposure, the brood chamber would have comprised of the adult female as well as eggs and
some larvae (for life cycle times see Spennemann, 2019a). The emergence of more than one adult beetle
was taken as evidence of successful continued breeding as the second individual must have developed
from eggs (or larvae) present at the time of immersion, or from subsequent oviposition events.

Statistical analysis

Statistical analysis of the small sample was limited to exploratory analysis (Tukey, 1980), primarily
using the statistical functions in MS Excel and the two-proportion z-test (Stangroom, 2019).

Results

The results of the simulated ingestion by drupe predators are set out in Table 1. Note that despite
diligent searching, one beetle each could not be located in the pulp samples H20 and SGF (indicated by
the + sign). At least in the instance of the control sample (H20) it must be assumed that the missing beetle
was alive. As anticipated, all isolated beetles survived the control experiment despite the vigorous shaking.
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Intriguingly, the survival rate of the beetles exposed to SGF was likewise high, where exposure to liquid
SIF resulted in 50% mortality. The presence of pulp buffered the effects of SIF, with nil mortality in the
sample of SIF alone, and 30% mortality in the sequential SGF-SIF experiment. The higher mortality in the
latter experiment may have been caused by the greater volume of liquid in that sample (50 g of pulp
immersed in 50 ml of SGF and SIF each) as exposed to the stand-alone SIF experiment (50 g of pulp
immersed in 50 ml of SIF).

Table 1. Resistance of Coccotrypes dactyliperda to ingestion (in % of seeds) using simulated gastric fluid (SGF) and simulated
intestinal fluid (SIF) (Statistically significant (p < 0.05) difference from the control shown in bold italics)

liquid pulp
20 min 40 min 20 min 40 min 12h 24 h

single in single in single in single in single in single in
seed seed seed seed seed seed

H20 100 71.4 — — 90+ 62.5 — — — — — —

SGF 90 66.7 — — 90+ 85.7 — — — — — —

Treatment

SIF 50 62.5 — — 100 44 .4 — — 0 88.9 0 87.5

SGF/SIF — — 50 66.7 — — 70 44 .4 — — — —

A subsequent experiment examined the effects of longer exposure of single beetles to both
simulated fluids. Notably, the mortality among the beetles exposed to SIF was much less in this experiment,
at least in the early stages (Table 2). Although it is possible that, despite repeated vigorous mixing, the
increased surface tension in the smaller vial contributed to the beetles remaining partially afloat, the beetles
were fully exposed to the fluids. All beetles immersed in tap water were alive after a 24 -h period. In a
different experiment with an identical methodology, C. dactyliperda, were alive even after a 48-h immersion
in tap water (Spennemann et al., 2018). Beetles immersed in SGF survived to a large degree until more
than 6 h had passed and then mortality increased (Table 2; Figure 3). The observed differences between
the control and SGF became statistically significant (two proportion z-test; p < 0.05) only after 12 h of
immersion (24 h, z=2.58, p=0.01). Immersion in SIF had a much greater impact, mortality remained low
until 1 h after immersion, when it dropped dramatically. At 1.5 h only 30% were still alive, which was a
statistically significant decrease (z=3.28, p=0.001). Mortality remained at the 30% level until after 9 h of
immersion, when it rose to 100%.

Table 2. Resistance of single Coccotrypes dactyliperda to ingestion (immersion in liquid) using simulated gastric fluid (SGF) and
simulated intestinal fluid (SIF) (Statistically significant (p < 0.05) difference from the control shown in bold italics)

Exposure time (h)

Treatment
0.5 0.75 1 1.5 2 3 4 6 9 12 24

H20 10 0 10 10 10 10 10 10 9 10 10
SGF 10 9 10 8 8 8 8 9 6 7 5
SIF 10 10 8 3 2 3 3 3 3 o0 0

The beetles that resided in the seeds when exposed to fluids exhibited a low mortality (Table 3).
Only in the case of an immersion in SGF and SIF mixed with pulp did some beetles die (22.2%). That rate
of mortality was not statistically significantly different from immersion in H20 (x?=1.66; p=0.197), or SIF
(x?=2.12; p=0.145) or SGF (x?=1.67; p=0.197) alone. The continued breeding success, however, was
affected by numerous beetles that abandoned the seeds after immersion. As this also occurred in the H20
controls (Table 3), it was caused by environmental factors in the vials rather than the exposure per se.
Indeed, the observed differences in the rate of abandonment (Table 3) are not statistically significant (Table 4).
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Figure 3. Resistance of single Coccotrypes dactyliperda to ingestion using simulated gastric fluid (SGF) and simulated intestinal fluid
(SIF) over time (24 h).

Table 3. Resistance of Coccotrypes dactyliperda breeding in seeds to ingestion using simulated gastric fluid (SGF) and simulated
intestinal fluid (SIF) (in % of seeds)

Success Abandoned Mortality n
H,0 clear 71.4 28.6 0.0 7
pulp 62.5 37.5 0.0 8
SGF clear 66.7 33.3 0.0 6
pulp 85.7 14.3 0.0 7
SGE/SIE clear 66.7 33.3 0.0 9
pulp 44.4 33.3 22.2 9
clear 62.5 37.5 0.0 8
SIE pulp 44 .4 55.6 0.0 9
pulp 12 88.9 11.1 0.0 9
pulp 24 87.5 12.5 0.0 8
Table 4. Differences in percentages of abandoned seeds between the control and simulated gastric fluid (SGF) or simulated intestinal
fluid (SIF)
H20 SGF SIF SGF/SIF
— x2=0.031;  x2=0.124; x2=0.038;
H20 p=0.8604  p=0.7245  p=0.038
SGF x2=0.959; — x2=0.027;  x2=0.001; i
p=0.3275 p=0.8699 p=0.9805 @
SIF x2=0.524;  x2=2.686; — x2=0.023; °
p=0.4691 p=0.1013 p=0.8807
SGF/SIF x2=0.023; x2=0.750;  x2=0.809; —

p=0.8807 p=0.3865  p=0.3683
pulp
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Discussion

The literature reports a number of instances where insects successfully hatched from ingested
infested seed. The base assumption is that the seeds were infested when the drupe still had a substantial
amount of pericarp adhering, which acted as an attractant to the fruit disperser. Some species, such as
Revena rubiginosa (Boheman, 1836), (Coleoptera: Curculionidae) will perforate a developing drupe for
oviposition in the seed, but will not inhabit the seed itself (Martin et al., 2009). Larvae emerged successfully
from R. rubiginosa-infested Syagrus romanzoffiana (Cham.) Glassman (Arecales: Arecaceae) drupes
regardless of whether the seeds were regurgitated (Guix & Ruiz, 1995) or defecated by birds (Guix & Ruiz,
1997) or defecated by ungulates (tapirs) (Olmos et al., 1999).

While R. rubiginosa in S. romanzoffiana seeds seem to survive the passage through a tapir’s
digestive tract (Olmos et al., 1999), Pachymeris cardo (Fahraeus, 1839) (Coleoptera: Chrysomelidae) (a
bruchid beetle) in Maximiliana maripa (Aubl.) Drude (Arecales: Arecaceae) seed exhibited a high mortality
in tapir guts (Fragoso, 1997). This is supported by other examples of bruchid beetles, where the ingestion
and immersion in gastric fluids kills a large proportion of larvae inside seeds (Lamprey et al., 1974; Coe &
Coe, 1987; Or & Ward, 2003). The high mortality among bruchids can be explained by the fact that
oviposition, and subsequent early larval development, occurs on the surface of the drupe/seed rather than
inside (Ernst et al., 1990) and that the damage to the epicarp is more extensive (due to numerous
penetration holes by multiple larvae).

Coccotrypes dactyliperda, as described, will penetrate a drupe (or seed) and will complete is entire
life cycle inside the seed. This results in a single penetration hole, limiting the ingress of gastric acids.
Moreover, it can be speculated that adult beetles, with their chitinous exoskeleton, are more resilient to the
impact of low-concentration acidity than larvae with their soft and moisture-dependent skin. Even if larvae
were to die due to exposure, but if the adult beetle survives, the female may either lay fresh eggs or
abandon the seed and recommence breeding elsewhere. The data presented here support this conceptual
model. It could be shown that C. dactyliperda inside seeds will survive ingestion and subsequent
regurgitation or defecation by vertebrates. Some will continue breeding, while others will abandon their
seed to search for a new seed. The experiments also indicate that C. dactyliperda will survive exposure to
gastric and intestinal fluids for a short time even if they are not protected by the seed. This suggests that
while they may be killed prior to defecation by terrestrial mammals, they might survive the comparatively
short period between ingestion and regurgitation among birds.

As these were in vitro rather than in vivo experiments, the experiments could neither take into
account the mechanical action during mastication, nor that which takes place in the crop and gizzard of the
birds or the stomach on terrestrial vertebrates. It is speculated that such action might crush or otherwise
affect beetles crawling among the food mass and that the action may push some of the food mass into the
tunnel. Among mammals, seed damage caused by mastication is usually low (Koike et al., 2008), unless
the seeds have been hollowed out so far that they can be crushed easily (Or & Ward, 2003).

Conclusions

Based on the experiments, it is clear that C. dactyliperda breeding in P. canariensis seeds, and
presumably seeds of other palm species, will survive ingestion and passage through the gastrointestinal
tract and may be transported and dispersed by vertebrates with long gastrointestinal transit times, such as
canids. Thus, vertebrate vectors may aid in the medium- to long-distance dispersal of the beetle. While the
beetles may survive the gastrointestinal passage and may successfully reproduce after defecation, the
ultimate success of the population will depend on whether the emerging beetles will be able to find suitable
host seeds at the new locality.
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A new species and a new record of Tephritis Latreille, 1804 (Diptera:
Tephritidae) from Turkey

Turkiye'den Tephritis Latreille, 1804 (Diptera: Tephritidae)’in yeni bir tirl ve yeni bir kaydi

Murat KUTUK" Mehmet YARAN?

Abstract

Tephritis Latreille, 1804 is one of the largest genera of Tephritini (Diptera: Tephritidae), which includes about
190 described species. Forty species of this genus have been recorded up to date from Turkey. In the summer 2018,
a previously undescribed species of Tephritis was collected by sweeping from Scorzonorea tomentosa L. (Asteraceae:
Cichorieae), in Erzurum Province of Turkey, described herein as Tephritis turkeri sp. nov. Also, other Tephritid species
Tephritis zernyi Hendel, 1927 is recorded for the first time from Turkey. Material is kept in the collection of Gaziantep
University Entomology Laboratory.

Keywords: Erzurum, new record, new species, Tephritidae, Tephritis, Turkey

Oz
Tephritis Latreille, 1804 tanimlanmis 190 tirl ile Tephritini (Diptera: Tephritidae)'nin en buyUk cinslerinden bir
tanesidir. Bugiine kadar, Turkiye’den bu cinsin kirk turt kaydedilmistir. 2018 yazinda, daha 6nce tanimlanmamis
Tephritis tirG Turkiye’'nin Erzurum ilinden Scorzonorea tomentosa L. (Asteraceae: Cichorieae) bitkisinden supurulerek
toplanmis ve bu makalede Tephritis turkeri sp. nov olarak tanimlanmistir. Ayrica, diger Tephritid tira Tephritis zernyi
Hendel, 1927 Tirkiye'den ik kez kaydedilmistir. Ornekler Gaziantep Universitesi Entomoloji Laboratuvari
koleksiyonunda muhafaza altina alinmistir.
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Introduction

Fruit flies are high profile insects among commercial fruit and vegetable growers, marketers,
exporters, government regulatory agencies, and the scientific community. Locally, producers face huge
losses without some management scheme to control fruit fly populations. At the national and international
levels, plant protection agencies strictly regulate the movement of potentially infested products (McPheron
& Steck, 1996). Some species of the Tephritidae infest the flower heads of the Asteraceae host plants,
collectively belonging to several tribes, with or without the induction of galls (Freidberg, 1984).

Tephritis Latreille, 1804 is one of the largest genera of the tribe Tephritini (Diptera: Tephritidae) which
includes about 168 described species (Norrbom et al., 1999). More than 20 species of Tephritis have been
described from the Middle Eastern and Central Asian areas of Palearctic Region in the last 20 years
(Korneyev & Korneyev, 2019). Larvae of Tephritis flies feed on Asteraceae (Merz, 1999). For most
comprehensive list of host plants see Korneyev, 2016. Most species live in flower heads, but a few species
have been reared from stem or even stem-base galls (Merz, 1999).

Species of Tephritis have wide range distribution in Turkey and 40 species have been recorded or
described from Turkey (Kogak & Kemal, 2013; Korneyev, 2016; Korneyev & Korneyev, 2019).

Main purpose of this study was to contribute to Turkish fruit fly fauna with new species and new
record. In the paper, Tephritis turkeri sp. nov. is described and illustrated, and Tephritis zernyi Hendel, 1927
is recorded for the first time from Turkey.

Materials and methods
Collection of specimens

Adult specimens were collected in the summer of 2018 in Erzurum Province of Turkey (Figure 1).
Specimens of T. turkeri sp. nov. were swept with insect net over possible host plant Scorzonera tomentosa
L. (Asteraceae) which is an endemic plant for Turkey. Tephritis zernyi was swept from Arctium minus Bernh.
(Asteraceae). Collected samples are pinned and deposited in the collection of the Entomology Laboratory,
Department of Biology, Faculty of Arts and Sciences, Gaziantep University, Gaziantep, Turkey (GUGT).
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Figure 1. Map of the sampling site (*) in Turkey.
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Preparation of specimens

Both male and female genitalia were prepared using following procedure: the abdomen was excised
from specimen, boiled in NaOH solution (10%) for 45 min, washed with distilled water and genitalia was
removed from abdomen. For deporting water, genitalia were held in 96% alcohol during the following 15
min. For deporting alcohol, genitalia were held in xylene 3-5 min. Then, genitalia were placed between
microscope slide glass cover slip and were pasted with Entellan.

Terminology and abbreviations generally follow White et al. (1999); additional abbreviations used
are: AL, aculeus length; BL, body length; WL, wing length.

Results

Tephritis Latreille, 1804

Type species: Musca arnicae Linnaeus, 1758

See Hendel (1927), Merz (1994), and Korneyev & Korneyev (2019) for diagnosis and description.
Tephritis turkeri sp. nov.

Type material. Holotype 9: Turkey, Erzurum, Askale, Kop Mountain, 39°54' N, 41°14' E, 2400 m,
28.06.2018. leg. M. Kiitik and M. Yaran. Paratypes 422, 368J: same locality and date as the holotype
leg. M. Kltuk and M. Yaran. Materials deposited at Gaziantep University, Gaziantep, Turkey (GUGT).

Diagnosis

Tephritis turkeri sp. nov. can be distinguished by the following combination of characters: wing with
moderately developed pattern not extending into anal cell and anal lobe, brown spots at the end of vein
Ra4+s5and M joined to each other and widened as typical apical fork but separated from main dark area (as
in Tephritis bimaculata Freidberg, 1981); cell r4+s at the level of dm-cu with one large hyaline spot and with
four round small hyaline spots; cell m with three large hyaline area separated two narrow dark rays; dark
rays of cell m reach hind margin of wing; abdomen with white setae; aculeus incised on tip.

The new species is very similar to Tephritis crepidis Hendel, 1927 in having wing with wide,
subrectangular spots at apices of Rs+s and M either separated or narrowly fused to each other or remaining
dark pattern, pterostigma with yellowish or hyaline spot, anal cell and anal lobe mostly or entirely hyaline,
crossvein r-m with four small dots surrounding it, oviscape entirely dark setulose without white setulae even
in basiventral part, aculeus incised at apex, but very shallowly, spermathecae moderately long, and male
phallus without spinulae on the preglans. It differs from T. crepidis by having cell r2+3 with two hyaline spots,
without the third subapical spot (in T. crepidis, third spot usually present), four small dots surrounding
crossvein r-m separated (in T. crepidis, as a rule, fused forming a pair of hyaline bars), anal cell without
dark spots (in T. crepidis, usually with two conspicuous gray spots at vein A2 and cell apical half) and
somewhat smaller size (mean wing 3.7 in T. turkeri vs. 4.5 in T. crepidis).

The new species is also similar to T. bimaculata, Tephritis jabeliae Freidberg, 1981, Tephritis spreta
(Loew, 1862), and some specimens of Tephritis dioscurea (Loew, 1856) in having two hyaline spots in Rz+3
combined with the spots on the apices of veins Rs+5 and M separated from the remaining wing pattern,
clearly differing from them by having the subbasal hyaline spot in the cell ra+5 8-shaped or split into two
smaller spots (subrectangular in T. bimaculata, T. jabeliae, T. spreta and T. dioscurea) and oviscape much
shorter, usually as long as or slightly longer than tergites 5 and 6 combined.
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Description

Head. Yellow to brown, except ocellar triangle black, occiput black and wide v-shaped; frons as wide
as long; eye 1.25 times as high as long; ocellar, frontal and orbital setae dark brown, other setae and
setulae yellowish white; first flagellomere of antenna 1.25 times as long as wide; antenna yellow to brown;
arista dark brown to black; gena yellow with black setulae; palpus yellow with black setulae (Figure 2c-d).

Thorax. Ground color black, densely gray microtrichose; setulae white and acuminate; all setae
brown and acuminate, except posterior notopleural setae whitish; basal scutellar setae two times as long
as apical scutellar setae; halter yellow (Figure 2e).

Wing. Pattern brown, apical fork developed and separated from main dark area; three of examined
specimens have apical spots isolated from each other (as shown Figure 3a). Basal cells bc, bm and bcu
hyaline, cell ¢ hyaline with narrow brown spot at middle; pterostigma brown with yellowish hyaline spot; cell
r1 brown from posterior to pterostigma with two trapeziform hyaline spots; hyaline spots of cell r1 separated
by narrow dark ray; apex of ri1 brown, without hyaline spot; cell r2+3 hyaline at base, with dark area posterior
to pterostigma; in cell r2+3 three hyaline spots posterior to spots of r1 separated by narrow dark rays or partly
merged one small hyaline spot under the distal spot; apical half of cell br dark, usually with two small hyaline
spots and tiny dot; crossvein r-m dark and two side of vein with two small hyaline spots at the level of vein
R2+3; vein Ra+s bare; cell r4+5 at the level of dm-cu with one large hyaline spot and with four round small
hyaline spots; brown spots at the end of vein Rs+sand M joined each other and widened as typical apical fork
but separated from main dark area; basal half of cell dm hyaline, rest part of cell is brown, with one large
hyaline spot and two smaller hyaline spots in near the crossvein dm-cu; cell m with three large hyaline area
separated two narrow dark rays; dark rays of cell m reach hind margin of wing; cell cu with pale dark irregular
pattern; rest of cell almost hyaline; vein A darkened at base, anal cell otherwise hyaline; anal lobe hyaline.

Legs. Brown; femora with dark bands and brown and whitish mixed setulae.

Abdomen. Ground color black; densely gray microtrichose and white setulose; male tergite 5 with
and female tergites 5 and 6 black marginal setae. Male terminalia: Epandrium oval and wide as in other
Tephritis (Figure 3b). Phallus glans moderately short and membranous (Figure 3c); preglans bare. Female
terminalia: Oviscape shining dark brown to black, widely white setulose on basal part and, brown setulose
and setose posteriorly, as long as tergites 4-6 combined (Figure 2f); aculeus 5.5 times as long as wide,
moderately narrowed towards apex(Figure 3d); apex of aculeus abruptly narrowed at apex, almost
truncated, with two apical lobes, separated by a very shallow (half as deep as lobe width) incision on tip
(Figure 3f); spermathecae 6-7 times as long as wide, papillose (Figure 3e). Measurements: Male: BL = 4.7-
4.9 mm; WL = 3.5-3.7 m (n = 10). Female: BL = 5.2-5.4 mm; WL = 3.7-4.0 mm (n = 5); AL = 1.6 mm.

Host plant. Unknown. Adults of T. turkeri sp. nov. were swept from S. tomentosa, an endemic plant
in Turkey, which is its possible host plant.

Etymology
This species is named after Mustafa Turker Kutik, the son of first author.
Zoobank number

This work and the nomenclatural acts it contains have been registered in the ZooBank. The ZooBank
Life Science Identifier (LSID) for this publication is urn:Isid:zoobank.org:pub:79B3937C-8581-4E0A-9AE2-
019DE7E38A84.
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Tephritis zernyi Hendel, 1927

Specimens examined. 399, Turkey, Erzurum, Kop Mountain, 40°01" N, 40°31' E, 2378 m,
28.06.2018. leg. M. Kutlk and M. Yaran.

Host plant. A. minus.

Comment. Detailed description and diagnosis of T. zernyi were provided by Korneyev & Korneyev,
2019. In this study, T. zernyi was recorded for the first time from Turkey (Figure 4a-c).

.

Figure 2. Adult figures of Tephritis turkeri sp. nov. a) holotype Q; b) paratype J; c) head (lateral); d) head; e) thorax; f) female abdomen
(Scale bar=1 mm).
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0,2mm

Figure 3. Wing and genitalia of Tephritis turkeri sp. nov. a) wing; & b) epandrium; c) glans; d) aculeus; e) spermatheca; f) apex of
aculeus.

1 mm

Figure 4. Tephritis zernyi a) adult; b) wing; c) aculeus (scale bar=1 mm).
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Discussion

Tephritis turkeri new species is very similar to T. bimaculata, T. jabeliae and some populations of
Tephritis conyzifloliae Merz, 1992 and with apical fork separated from main dark area. It can be easily
distinguished from T. bimaculata with dark wing pattern, small hyaline spots in cell rs+s and cell dm and
three large hyaline area in cell m (in T. bimaculata posterior hyaline area of cell m separated with dark ray)
and can be easily distinguished from T. jabeliae with larger hyaline spot on apex of wing, unique hyaline
spots in cell r1, r2+3and cell rs+5 and apex of aculeus (in T. turkeri sp. nov. aculeus incised on tip). Also, it is
similar to T. conyzifloliae and T. crepidis with incised aculeus on tip and separated apical fork (some
populations see Korneyev & Korneyev, 2019). In addition to that, it can be easily distinguished from T.
conyzifloliae and T. crepidis with different size and type hyaline areas of wing cells and completely hyaline
anal cell and anal lobe.

Freidberg & Kiitiik (2002) revised Tephritis pulchra (Loew, 1844) group and only the species of T.
pulchra group were associated with genus Scorzonera. Tephritis turkeri sp. nov. were swept from S.
tomentosa which is an endemic plant from Turkey. Although any biological has not been conducted for this
paper, we suppose that this plant can be a host for T. turkeri sp. nov.

The new species, however, shows strong similarity with T. crepidis, which develops in flower heads
of Crepis spp., the genus of the tribe Cichorieae of the family Asteraceae, to which Scorzonera also
belongs.

Tephritis zernyi was recorded in this study for the first time from Turkey. One hundred and seventy
species of fruit flies had previously been described or recorded from Turkey (Korneyev, 2016; Gérmez &
Kituk, 2020). Together with those reported here, the number of the fruit flies determined in Turkey is 172.

It is clear that Turkey has many different biotopes and ecological conditions. Many species, genera
and families will be waiting to be discovered in Turkey, and some species might become extinct before they
can be collected and described (Yaran, 2019).
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Occurrence and abundance of cereal nematodes in Konya and
Karaman Provinces in Turkey'’

Konya ve Karaman (Turkiye) illerinde tahil nematodlarinin dagihmi ve populasyon yogunlugu
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Abstract

Distribution and populations of cereal nematodes in Konya and Karaman Provinces were investigated in 2016 and
2017. Root lesion nematodes, Pratylenchus thomei Sher & Allen, 1953, Pratylenchus neglectus Rensch, 1924 and
Pratylenchus vulnus Allen & Jensen, 1951 (Tylenchida, Pratylenchidae), were found at 69, 7 and 17 locations, respectively.
Cereal cyst nematode, Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984 (Tylenchida, Heteroderidae), was found at 33
locations. Stem and bulb nematode, Ditylenchus dipsaci (Kuhn, 1857) Filipjev, 1936 (Tylenchida, Anguinidae), was not found
in any samples. Pratylenchus spp. were found in 40.5% (6+1 nematodes 100 g dry soil') and Heterodera spp. in 29%
(3+1cysts 250 g dry soil") of the soil samples. Ditylenchus spp. (32.6%, 18+3 nematodes 100 g dry soil"') and Tylenchus
spp. (21.4%; 12+3 nematodes 100 g dry soil'') were widely distributed. Paratylenchus spp. (0.9%; 1+1 nematodes 100 g dry
soil") and Pratylenchoides spp. (0.5%; 11 nematodes 100 g dry soil") were found in few locations and in low abundance.
Aphelenchus spp. (39.1%; 335 nematodes 100 g dry soil™") and Aphelenchoides spp. (51.2%; 52+7 nematodes 100 g dry
soil'') were identified as the fungal-feeding nematodes. Acrobeloides (65.1%; 109+13 nematodes 100 g dry soil™") and
Cephalobus (19.1%; 7+1 nematodes 100 g dry soil ') were the most abundant bacterial-feeding nematode genera.

Keywords:Free living nematodes, Heterodera spp., morphometrics, Pratylenchus spp., species-specific PCR
Oz

Konya ve Karaman illerinde tahil alanlarinda nematodlarinin dagihmi ve populasyonlari 2016 ve 2017 yillarinda
arastirnimistir. Kok yara nematodlari; Pratylenchus thornei Sher & Allen, 1953, Pratylenchus neglectus Rensch, 1924
ve Pratylenchus vulnus Allen & Jensen, 1951 (Tylenchida, Pratylenchidae) sirasiyla 69, 7 ve 17 lokasyonda tespit
edildi. Tahil kist nematodu Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984 (Tylenchida, Heteroderidae) 33
lokasyonda bulunmustur. Sogan sak nematodu, Ditylenchus dipsaci (Kuhn, 1857) Filipjev, 1936 (Tylenchida,
Anguinidae) incelenen 6rneklerde bulunmamistir. Pratylenchus spp. toprak orneklerinde %40.5 (6+1 nematod 100 g
kuru toprak') ve Heterodera spp. %29 (311 kist 250 g kuru toprak') oraninda tespit edilmistir. Ditylenchus spp. (%32.6;
18+3 nematod 100 g kuru toprak™) ve Tylenchus spp. (%21.4, 12+3 nematod 100 g kuru toprak')'nin yaygin olarak
dagildigi belirlenmistir. Paratylenchus spp. (%0.9, 1£1 nematod 100 g kuru toprak-') ve Pratylenchoides spp. (%0.5;
1+1 nematod 100 g kuru toprak™') birkag lokasyonda ve dustik yogunlukta bulunmustur. Aphelenchus spp. (%39.1;
3315 nematod 100 g kuru toprak™) ve Aphelenchoides spp. (%51.2; 52+7 nematodes 100 g kuru toprak') fungal
beslenen tlrler olarak belirlenmistir. Acrobeloides (%65.1; 109+13 nematod 100 g kuru toprak™) ve Cephalobus
(%19.1; 71 nematod 100 g kuru toprak™') en yogun bulunan bakteriyel beslenen nematod cinsleridir.

Anahtar sozciikler:Serbest yasayan nematodlar, Heterodera spp., morfometrik dlgtimler, Pratylenchus spp., tire 6zgii PCR

' This study was supported by Karamanoglu Mehmetbey University Scientific Research Projects Commission, Karaman, Turkey,
Project No: 17-YL-17.

2 Karamanoglu Mehmetbey University, Technical Sciences Vocational School, Department of Plant and Animal Production, 70100,
Karaman, Turkey

3 Ministry of Agriculture and Forestry, International Bahri Dagdas Agricultural Research Institute, Department of Plant Protection,
42050, Konya, Turkey

4 Karamanoglu Mehmetbey University, Faculty of Engineering, Department of Bioengineering, 70100, Karaman, Turkey

5 Ministry of Agriculture and Forestry, Ataturk Horticultural Central Research Institute, Department of Plant Health, 77102, Yalova, Turkey

6 Cukurova University, Faculty of Agriculture, Department of Plant Protection, Saricam, 01330, Adana, Turkey

7 Ministry of Agriculture and Forestry, Central Research Institute for Field Crops, Department of Geographic Information Systems,
06560, Yenimahalle, Ankara, Turkey

* Corresponding author (Sorumlu yazar) e-mail: eyavuzaslanoglu@kmu.edu.tr
Received (Alinis): 07.01.2020 Accepted (Kabul edilis): 26.02.2020 Published Online (Cevrimici Yayin Tarihi): 26.03.2020

223



Occurrence and abundance of cereal nematodes in Konya and Karaman provinces in Turkey

Introduction

Cereals have an important place in the human diet and in animal feed throughout the world. Konya
Province has the highest cereal production on the Central Anatolian Plateau of Turkey. Excluding maize,
cereals are produced over 1.2 Mha, which is the 11.7% of Turkey production area (about 10 Mha) in Konya
and Karaman Provinces. Cereal production in the provinces is about 3.5 Mt, 12.5% of the total production
in Turkey (28 Mt) (TUIK, 2019).

Nematodes are round worms that include parasitic and free living species found in the rhizosphere
region of the soil. Nematodes are grouped according to their feeding characteristics (Yeates et al., 1993).
Around the world, the most damaging nematode species in cereals are root lesion and cereal cyst
nematodes, and likewise in Turkey (Nicol et al., 2003; Imren et al., 2012; Abd-Elgawad & Askary, 2015;
Toktay et al., 2015). The yield losses in wheat caused by cereal cyst and root lesion nematodes were
reported up to 50% on the Central Anatolian Plateau of Turkey (Nicol & Ortiz-Monastterio, 2004). Cereal
cyst nematodes of Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984, Heterodera latipons Franklin, 1969
and Heterodera mani Mathews, 1971 (Tylenchida, Heteroderidae) were found in cereals on the Central
Anatolian Plateau (Enneli et al., 1994; Rumpenhorst et al.,1996; Ozturk et al., 1998; Abidou et al., 2005;
Yavuzaslanoglu et al., 2012). Pratylenchus thornei Sher & Allen, 1953 and Pratylenchus neglectus Rensch,
1924 (Tylenchida, Pratylenchidae) were prevalent species of root lesion nematodes on the Central
Anatolian Plateau (Yavuzaslanoglu et al., 2012).

Morphology and morphometrics are the basic methods in nematode diagnosis. However, generally
there is considerable variation between the specimens investigated witin a species; the studies require
experience and are time consuming. In particular, Pratylenchus spp. has considerable intraspecific
variation. Additionally, the low number of diagnostic features, depending on the reproductive strategy of
the species necessitates molecular identification (Castillo &Vovlas, 2007). Molecular characterization is a
practical and reliable method, and supports nematode diagnosis studies. To date, data on root lesion
nematodes on the Central Anatolian Plateau of Turkey were based on morphological and molecular
identification. The study aimed to investigate the root lesion nematodes using molecular methods in
addition to morphology and morphometrics.

The long-term assessment of nematode communities in cereal growing areas provides important
information on the damaging potential of parasitic nematodes and also effect of free living nematodes on
soil fertility and sustainability. Hence, monitoring nematode communities in regulated terms is required;
especially nematode communities on the production areas of strategic plant species. For this purpose, the
occurrence and abundance of nematodes in cereal production areas in Konya and Karaman Provinces
which represent the largest cereal production area of Turkey were investigated in 2016-2017. The most
damaging plant-feeding nematode species were identified using the species-specific PCR technique.

Materials and Methods
Sampling locations

Wheat and barley planted fields in Konya and Karaman Provinces on the Central Anatolian Plateau
were sampled for the prevalence and population estimation of the nematodes in the years of 2016 and
2017. A total of 215 plant and soil samples were collected representing the districts systematically stopping
every 3-4 km. Sixty-one samples were collected from Karaman Province and 154 samples were collected
from Konya Province. The sampling was performed in April 2016 and 2017 for migratory nematodes. Cereal
cyst nematode (CCN) cysts were sampled from the same locations with migratory nematodes in July-
August 2017. The samples were taken every 15-20 paces in a zigzag pattern from 15-20 points constituting
two kg of a bulk sample in a field. A 2.5 cm diameter soil corer was used for soil sampling to a depth of 30
cm. The plant samples were collected from the same points as the soil cores. The sampled cereal fields
were mapped using a GPS.
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Nematode extraction and population estimation

The nematodes were extracted from the plant and soil samples using a modified Baermann funnel
technique (Hooper, 1986a). Three plants were used for the nematode extraction which was performed
separately for each plant. The nematode counts from the plant samples were presented as average number
per plant. These plant samples were incubated for 1 d and the soil samples for 2 d for the nematode
extraction. The percentage of the moisture of each soil samples was calculated drying 10 g of fresh soil in
an oven at 90°C for 2 d. The nematode counts from the soil samples were converted to the number of
nematodes 100 g of dry soil’". The nematodes obtained from the soil samples were divided into trophic
groups according to Yeates et al. (1993).

The cysts of the CCN were extracted using a flotation technique (Kort, 1960) from a 250 g soil
sample. Number of cysts in each soil sample was counted under a stereo microscope. The plant roots were
washed gently with water and evaluated for the cyst formation under the stereo microscope.

Species identification of key plant-feeding nematodes

The nematodes obtained from the plant and soil samples were counted at genus level and divided
into trophic groups according to Yeates et al. (1993). The permanent slides of the plant-feeding nematodes
for the morphological species identification were prepared using all the available specimens (Hooper;
1986b). Measurements and morphometric calculations were compared with the literature.

Five species of Pratylenchus spp. [P. thornei, P. neglectus, Pratylenchus vulnus Allen & Jensen,
1951, Pratylenchus scribneri Steiner, 1943 and Pratylenchus penetrans (Cobb, 1917) Filipjev &
Schuurmans-Stekhoven, 1941(Tylenchida, Pratylenchidae)], three species of Heterodera spp. [H. filipjevi,
H. latipons and Heterodera avenae Wollenweber, 1924 (Tylenchida, Heteroderidae)] and Ditylenchus
dipsaci (Kuhn, 1857) Filipjev, 1936 (Tylenchida, Anguinidae) were investigated using the species-specific
PCR in addition to morphological diagnosis. This molecular method was applied as described by Karaca
(2018) and Yavuzaslanoglu et al. (2018). Species-specific primers used for identification of root lesion
nematodes multiplying D3 expansion regions of 26S-rDNA were presented on Table 1. Nematodes were
identified obtaining the specific bands at 290, 278, 286, 288 and 287 bp for P. neglectus, P. penetrans, P.
scribneri, P. thornei and P. vulnus, respectively (Al-Banna et al., 2004).

Table 1. Species of root lesion nematodes (Pratylenchus spp.) identified using 26S-rDNA D3 elongation regions, short name of used
primers, 5’-3’ forward sequences, annealing temperature, PCR product size and references obtained

Nematode Short name ) A D Annealing PCR product
. . 5'-3’ Primer sequence o . Reference
species of primer temperature (°C) size (bp)
P. neglectus PNEG ATGAAAGTGAACATGTCCTC 63 290 Al-Banna et al., 2004
P. penetrans PPEN TAAAGAATCCGCAAGGATAC 62 278 Al-Banna et al., 2004
P scribneri PSCR AAAGTGAACGTTTCCATTTC 63 286 Al-Banna et al., 2004
P. thornei PTHO GAAAGTGAAGGTATCCCTCG 68 288 Al-Banna et al., 2004
P. vulnus PVUL GAAAGTGAACGCATCCGCAA 68 287 Al-Banna et al., 2004

Primers specific to rDNA-ITS regions of cereal cyst nematodes are shown in Table 2. Hetferodera
filipjevi, H. avenae and H. latipons were identified with obtained specific bands at 170, 242 and 204 bp,
respectively (Toumi et al., 2013; Yan et al., 2013).

Molecular identification of D. dipsaci were performed using nine species-specific primers suggested
by Vrain et al. (1992); Marek et al. (2005); Zouhar et al. (2007); Marek et al. (2010) and Vovlas et al. (2011)
(Table 3). Specific bands for identification of D. dipsaci were investigated at 327, 396, 517, 263, 333, 967,
256, 325, 245 bp, for PF1-PR1, PF2-PR2, DdpS1-rDNA2, DitNF1-rDNA2, DipU F-DipU R, 18S-26S, DipU
F-Dip1 R, DIT2 F-DIT2 R, DIT5 F-DIT5 R primers, respectively.

225



Occurrence and abundance of cereal nematodes in Konya and Karaman provinces in Turkey

Table 2. Species of identified cereal cyst nematodes (Heterodera spp.) using rDNA-ITS regions, short name of used primers, 5'-
3’sequences, annealing temperature, PCR product size and references obtained

Nematode Short name ) o D Annealing PCR product
. . 5-3’ Primer sequence o . Reference
species of primer temperature (°C) size (bp)
o HfITS-F1 F: CCCGTCTGCTGTTGAGA
H. filipjevi 58 170 Yan et al., 2013

HfITS-R1 R: ACCTCAGGCTTTTATTATCAC

HalTS-F F: ATGCCCCCGTCTGCTGA
H. avenae 64 242 Yan et al., 2013
HalTS-R R: GAGCGTGCTCGTCCAAC

. Hlat-actF F: ATGCCATCATTATTCCTT )
H. latipons 50 204 Toumi et al., 2013
Hlat-actR R: ACAGAGAGTCAAATTGTG

Table 3. The primers and sequences, PCR product size, target regions on nematode genome and references used for species-
specific detection of Ditylenchus dipsaci

Primer 5-3’ Primer sequence PCR product size (bp) Target region Reference
PF1 5-AACGGCTCTGTTGGCTTCTAT-3 . )

327 Flanking ITS regions  Marek et al., 2005
PR1 5-ATTTACGACCCTGAGCCAGAT-3'
PF2 5-TCGCGAGAATCAATGAGTACC-3' . )

396 Flanking ITS regions  Marek et al., 2005

PR2 5-AATAGCCAGTCGATTCCGTCT-3'
DdpS1  5-TGGCTGCGTTGAAGAGAACT-3'

517 5.8S rDNA Vrain et al., 1992
rDNA2  5-TTTCACTCGCCGTTACTAAGG-3'
DitNF1  5-TTATGACAAATTCATGGCGG-3' )
263 18S rDNA - ITS1 Vrain et al., 1992
rDNA2  5-TTTCACTCGCCGTTCTAAGG-3'
DipUF 5 -CCCATTTTTGAACTTTTTTACAAG-3’ . )
) 333 Flanking ITS regions  Vovlas et al., 2011
DipUR 5 -CTAGATTAGCAAAGACGTATATC-3’
18S 5 -TTGATTAGGTCCCTGCCCTTT-3’
967 ITS1-5.8S-ITS2 Marek et al., 2010
26S 5 -TTTCACTCGCCGTTACTAAGG-3’
DipUF 5 -CCCATTTTTGAACTTTTTTACAAG-3’
) 256 ITS1-ITS2 Marek et al., 2010
Dip1t R 5 -GAAAAGCACCCAACCAGTACC-3
DIT2F 5-GCAATGCACAGGTGGATAAAG-3' . )
325 Flanking ITS regions  Zouhar et al., 2007
DIT2R 5-CTGTCTGTGATTTCACGGTAGAC-3'
DIT5F 5-GAAAACCAAAGAGGCCGTAAC-3' . )
245 Flanking ITS regions  Zouhar et al., 2007

DITSR 5-ACCTGATTCTGTACGGTGCAA-3'

Statistical analysis

Statistically significant differences of the population densities of the nematode genera among
districts were investigated using analysis of variance and Student’s t-test. Statistical analyses were
performed using the JMP5.01.a program (JMP, 2009).

Results and Discussion

The occurrence and abundance of the nematodes on wheat and barley fields in Konya and Karaman
Provinces, which is the largest cereal production area of Turkey was investigated in detail in all the districts
represented with 215 samples. Seventy-six percent of the samples contained plant-feeding nematodes.

The occurrence of the economically important nematode species of Pratylenchus spp. was 40.5%,
supporting previous reports (Yavuzaslanoglu et al., 2012) (Table 4). The maximum Pratylenchus spp.
population was recorded in Karapinar District of Konya Province with a mean of 14+14 nematodes 100 g
dry soil". The plant samples contained a higher number of nematodes in Kadinhani, Selguklu and
Cihanbeyli Districts of Konya Province; a mean of 13+8, 16+16 and 9+4 nematodes 100 g dry soil™,
respectively (Table 5). However, the population density was relatively lower in comparison to previous
reports. It was a maximum 111 nematodes 100 g dry soil™" in the current study, while it had been reported
to be up to 274 nematodes in 100 g dry soil in 2003 (Yavuzaslanoglu et al., 2012).
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Table 4. Prevalence of individual nematode genera and feeding groups identified in samples
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Table 5. Meanzstandard error of mean and (range) population densities of nematode genera and order Dorylaimida in the samples
collected from Konya and Karaman Provinces in Turkey. All values are (100 g dry soil)", except where indicated
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*highest population density.

Three species of root lesion nematodes were found in the cereal fields surveyed. Pratylenchus
thornei was the most widely distributed root lesion nematode, identified from 69 sampling locations in
Cumra, Karatay, Karapinar, Central, Guneysinir, Bozkir, Yalihdylk, Seydisehir, Beysehir, Hiylk,
Doganhisar, ligin, Aksehir, Tuzlukgu, Yunak, Kulu, Cihanbeyli, Altinekin, Selguklu, Sarayoni and
Kadinhani Districts in Konya and Central, Ayranci, Bagyayla, Ermenek Districts in Karaman Province using
D3b-R/Ptho-F primer set (Figure 1). The species-specific bands were obtained at 288 bp as suggested by
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Al-Banna et al. (2004) (Figures 2 and 3). The morphology and morphometricss for P. thornei agreed with
the previous literature (Sher & Allen, 1953; Elekcioglu, 1992; Kepenekgi, 1999; Osmanoglu, 2006; Imren &
Elekcioglu, 2008) (Table 6).
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Figure 1. Root lesion nematodes identified in the sampling locations.
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Figure 2. Identification of P. thornei in plant samples using PTHO primer in Konya and Karaman provinces. L, 100-bp ladder; PK: positive
control; NK, negative control; numbers are survey samples numbers.
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Figure 3. Identification of P. thornei in soil samples using PTHO primer in Konya and Karaman provinces. L, 100-bp ladder; PK, positive
control; NK, negative control; numbers are survey samples numbers.

Table 6. Morphometrics of Pratylenchus thornei identified in this study and in references

Measurements* This study  Sher & Allen, 1953 Kepenekci, 1999 Osmanoglu, 2006 Imren & Elekcioglu, 2008
n 5 20 8 14
L (mm) 0,54 0,45-0,77 0,48-0,63 0,50-0,68 0,48-0,60
a 29,64 26-39,6 26,9-34 4 33,28-38,83 29,9-36,6
B 6,13 5,5-8,0 4,7-5,9 4,26-6,18 4,8-6,2
b' 5,36 4,2-5,1 6,16-8,26

c 18,8 18-22 16,6-21,0 16,64-25,5 16,0-26,6
c' 2,5 2,3-2,9 2,07-3,36 2,01-2,72
MB (%) 49,37 51,7-57,6 40,51-51,30

Stylet (um) 14,75 17-19 16-18 15,68-16,90 16,2-18,5
Tail (um) 28,78 25-36 21,56-36,26 22,5-30,0
V (%) 77,54 73-80 73,8-79,2 73-77 71,6-79,0

* L (mm), total body length; a, body length/the largest width part of body; b, body length/distance from esophagus intestine overlapping
part to anterior end of body; ¢, body length/tail length; c’, tail length/body width at anus; MB (%), distance from anterior to median
bulb/esophagus length x 100; V (%), distance from anterior end of body to vulva/body length x 100.

Pratylenchus neglectus species was found in seven locations in Karapinar, ligin, Tuzlukgu and Kulu
Districts in Konya and Bagyayla and Central Districts in Karaman Province using D3b-R/Pneg-F primer set
at 290 bp as suggested by Al-Banna et al. (2004) (Figures 1, 4 and 5). One specimen of P.
neglectusinvestigated by morphology and morphometricss agreed with the literature (Sher & Allen, 1953;
Akgul & Okten, 1997; Kepenekci, 1999; Imren & Elekcioglu, 2008) (Table 7).

Pratylenchus vulnus was found in 17 locations in Cumra, Giineysinir, Bozkir, Yalihdyik, Beysehir,
Yunak, Kulu, Cihanbeyli, Karatay and Kadinhani Districts in Konya and Central and Ayranci Districts in
Karaman Province using D3b-R/Pvul-F primer set at 287 bp (Figures 1, 6 and 7).

Pratylenchus vulnus was recorded for the first time in cereals in Turkey in addition to the reported
root lesion nematode species of P. thornei and P. neglectus (Yavuzaslanoglu et al., 2012). It was second
most common species of root lesion nematodes in survey area after P. thornei. The prevalence of P.
neglectus was lower than expected on Central Anatolian Plateau based on earlier reports (Yavuzaslanoglu
etal., 2012).
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Figure 4. Identification of P. neglectusin plant samples using PNEG primer in Konya and Karaman provinces. L, 100-bp ladder; PK,
positive control; NK, negative Control; numbers are survey samples numbers.
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Figure 5. Identification of P. neglectusin soil samples using PNEG primer in Konya and Karaman provinces. L, 100-bp ladder; PK,
positive control; NK, negative control; numbers are survey samples numbers.

Table 7. Morphometrics of Pratylenchus neglectus identified in this study and in references

Measurements*  Thisstudy ~ Sher & Allen (1953)  Akgill & Okten (1997)  Kepenekgi (1999)  Imren & Elekcioglu (2008)

n 1 8 20 6
L (mm) 0,51 0,31-0,55 0,34-0,46 0,38-0,51 0,398-0,460
a 25,75 18-25 18,9-32,2 21,7-27,8 18,2-26,1
B 5,02 4,0-6,3 3,75-6,52 4,1-6,0 4156
b 4,58 3,53-5,92 3,9-4,8

c 17,68 16-22 16,7-31,7 14,9-23,3 14,01-23,00
¢ 2,26 1,8-2,3 1,5-3,1 1,9-2,6
MB (%) 46,86 41,0-59,4 43,0-63,1

Stylet (um) 15,38 16-18 11,7-16,2 16-20 14,2-19
Tail (um) 29,04 13,5-20,7 20-31 20,0-28,4
V (%) 79,45 80-88 74,8-81,3 79,7-84,8 77,0-86,4

* L (mm), total body length; a, body length/the largest width part of body; b, body length/distance from esophagus intestine overlapping
part to anterior end of body; ¢, body length/tail length; c’, tail length/body width at anus; MB (%), distance from anterior to median
bulb/esophagus length x 100; V (%), distance from anterior end of body to vulva/body length x 100.

The study showed the value of molecular studies which are useful for differentiation of
morphologically similar and difficult to distinguish species. Morphologically P. vulnus is quite similar to P.
thornei and is difficult to differentiate. Also, P. vulnus has high intraspecific morphometric variation and low
number of diagnostic features so requires molecular identification (Castillo & Vovlas, 2007).

Pratylenchus penetrans and Pratylenchus scribneri were not found in any of the samples using the
species-specific primers (D3b-R/PPEN-F and D3b-R/PSCR-F).
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Figure 6. Identification of P. vulnus in plant samples using PVUL primer in Konya and Karaman provinces. L, 100-bp ladder; numbers
are survey samples numbers.
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Figure 7. Identification of P. vulnus in soil samples using PVUL primer in Konya and Karaman provinces. L, 100-bp ladder; numbers
are survey samples numbers.

The prevalence of cereal cyst nematodes was about 29%.Cereal cyst nematode cyst numbers were
the highest in Altinekin and Saray6nii Districts of Konya Province; a mean of 1511 and 1449 cysts 250 g
dry soil™!, respectively. The number of cysts from the plant samples was between 0-4 cysts (Table 5).

Population density of Heterodera spp. was found higher in comparison to the previous report in 2003
(Yavuzaslanoglu et al., 2012).

Heterodera filipjevi was found in 33 locations in Gumra, Karatay, Central, Beysehir, Hlyuk, ligin,
Tuzlukgu, Yunak, Cihanbeyli, Altinekin, Sarayoni and Kadinhani Districts in Konya Province and in Central
and Ayranci Districts in Karaman Province using the HfITS-R/HfITS-F primer set at 170 bp as suggested
by Yan et al. (2013) (Figures 8 and 9). Heterodera filipjevi was identified by morphology and morphometrics
of the vulval region and these measurements agreed with previous reports (Subbotin, 1999; Abidou, 2005;
Handoo, 2002; Imren et al., 2012) (Table 8).The study showed that H. filipjevi was the main cereal cyst
nematode in this part of the Central Anatolian Plateau (Enneli et al., 1994; Rumpenhorst et al.,1996; Ozturk
et al., 1998; Abidou et al., 2005; Yavuzaslanoglu et al., 2012).

Heterodera latipons and H. avenae were not found in the samples using the species-specific primers
(HalTS-R, HalTS-F, Hlat-actF and Hlat-actR). In previous research, it was established that the distribution
of the cereal cyst nematodes in Turkey was closely related to climatic conditions prevalent throughout
Anatolia, with H. filipjevi is found on the Central Anatolian Plateau and H. avenae in temperate zone of East
Anatolia (Toktay et al., 2015). Heterodera latipons was reported to be predominant in Southeast Anatolia
with a mediterranean climate (Imren et al., 2012). Molecular and morphological identification studies
supported the previous observations on the distribution of cereal cyst nematodes in Turkey.

The prevalence of root lesion and cereal cyst nematodes together was about 13% in survey area
which was lower than in earlier studies (Rumpenhorst, 1996; Yavuzaslanoglu et al., 2012).
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Figure 8. Heterodera filipjevi identified in the sampled locations.
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Figure 9. Identification of H. filipjevi in soil samples using HfITS-F1 HfITS-R1 primer in Konya and Karaman Provinces. L, 100-bp
ladder; numbers are survey samples numbers.

Table 8. Morphometrics of Heteroderafilipjevi identified in this study and in references

Measurements (um) This study  Subbotin (1999) Abidou (2005) Handoo (2002) Imren et al. (2012)
Fenestra length 64,13 50,00 50.41 52,00 66,24
Semifenestra length 27,00 25.30 23,04

Vulval bridge width 15,60 11.80 7.27 8 (6-9) 19,52

Vulval slit length 29,60 11.00 6.95 7(6-8) 24,64
Fenestra width 13,00 28 (21-33)
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Ditylenchus (32.6%), Tylenchus (21.4%), Paratylenchus (0.9%) and Pratylenchoides (0.5%) were
the other plant-feeding nematodes found in the wheat and barley fields surveyed.

The maximum population density of the Ditylenchus spp. was 410 nematodes 100 g dry soil" in
Karaman Province Central District (mean: 28+10 nematodes 100 g dry soil'). The Ditylenchus spp.
populations were higher in Altinekin (mean: 83+48 nematodes 100 g dry soil™"), Sariveliler (mean: 57+12
nematodes 100 g dry soil), Yalihtiyiik (mean: 52+32 nematodes 100 g dry soil'"), Sarayonii (mean: 46120
nematodes 100 g dry soil'") and Guneysinir (mean: 4524 nematodes 100 g dry soil™") Districts (Table 5).
No species-specific bands for D. dipsaci in any of the samples tested were with the nine species-specific
primer sets used.

Tylenchus spp. populations were significantly different between districts (P<0.05). The highest
population was recorded in Hiytk District in Konya Province, with a mean of 180+£180 nematodes 100 g
dry soil! (Table 5).

Paratylenchus spp. was recorded in Bozkir (mean: 6+6 nematodes 100 g dry soil"') and Seydisehir
(mean: 7+7 nematodes 100 g dry soil™") Districts in Konya Province (Table 5).

Pratylenchoides spp. was only found in Cihanbeyli District in Konya Province, with a mean of 515
nematodes 100 g dry soil™! (Table 5).

Fungal-feeding nematodes were in 62% of the soil samples. Aphelenchoides spp. (51.2%) and
Aphelenchus spp. (39.1%) were observed (Table 4). The population density of the fungal-feeding nematodes
was generally high in all districts. The maximum number of Aphelenchus spp. was recorded in Sariveliler
District in Karaman Province (mean: 215146 nematodes 100 g dry soil'). Aphelenchoides spp. was the
highest in Beysehir District in Konya Province (mean: 172477 nematodes 100 g dry soil”') (Table 5).

Bacterial-feeding nematodes were found in 75% of samples. Acrobeloides was the most prevalent
bacterial-feeding nematode genera in 65.1% of samples, followed by Cephalobusin 19.1% of samples.
Eucephalobus (1.9%), Acrobeles (5.1%) and Rhabditis (0.5%) prevalence was relatively low. The most
abundant bacterial-feeding nematode genus was Acrobeloides. The maximum population density was in
Basyayla District in Karaman Province at 625+456 nematodes 100 g dry soil' (P<0.05) (Table 5).
Eucephalobus spp. populations were significantly different between districts (P<0.05). The maximum
population density was 30+30 nematodes 100 g dry soil" in Doganhisar District in Konya Province.
Eucephalobus spp. was recorded in Ayranci (mean: 55 nematodes 100 g dry soil'') and Ermenek Districts
(mean: 66 nematodes 100 g dry soil'") in Karaman Province and in Kulu District (mean: 2+2 nematodes
100 g dry soil") in Konya Province. It was not found in the other districts (Table 5). The population densities
of Cephalobus spp. were the highest in Celtik District in Konya Province (30+20 nematodes 100 g dry soil ™)
(Table 5). Acrobeles spp. was recorded in seven districts. The maximum population density was in
Tuzlukgu District in Konya Province (mean: 7+4 nematodes 100 g dry soil™") (Table 5). Rhabditis spp. was
only found in the Central District in Karaman Province (mean: 11 nematodes 100 g dry soil™") (Table 5).

Nematodes in the Dorylaimida were found in 15.8% of the samples (Table 4). The population
densities of the nematodes in the Dorylaimida were significantly different between districts (P<0.05). The
maximum population density was 2614 nematodes 100 g dry soil™" in Tuzlukgu District in Konya Province
(Table 5).

The soil environment and host plant are the main factors affecting nematode survival and population
growth (Wallace et al., 1993). In addition, climate change and global warming affect spatial distribution and
damage potential of pathogens and pests (Iglesias et al., 2001; Ghini et al., 2008; Morgan & Wall, 2009).
Changes in prevalence and population density of the main damaging plant parasitic nematode species are
probably due to the changes in soil conditions such as temperature and moisture with application of
different crop rotation over years.

The study provides useful information on the prevalence and population densities of Heterodera spp.
and Pratylenchus spp. which are the major pests of the economically important cereal crops for making
risk analysis effectively and taking appropriate control actions.
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Fumigant toxicity of essential oil of Hypericum perforatum L., 1753
(Malpighiales: Hypericaceae) to Tenebrio molitor L., 1758
(Coleoptera: Tenebrionidae)

Hypericum perforatum L., 1753 (Malpighiales: Hypericaceae) esansiyel yaginin
Tenebrio molitor L., 1758 (Coleoptera: Tenebrionidae)’a kargi fumigant toksisitesi

Hatice BAS" Dogan Erhan ERSOY?
Abstract

In this study, vapor of essential oil obtained by the hydrodistillation of Hypericum perforatum L., 1753 (Malpighiales:
Hypericaceae) was tested on the different stages of Tenebrio molitor L., 1758 (Coleoptera: Tenebrionidae). The larvae,
pupae and adult stages of T. molitor were exposed to different doses of H. perforatum essential oil for 24 h. After
exposure, mortality rate, LCso, LCgo and LCgg values, antioxidant enzyme activities [superoxide dismutase (SOD),
catalase (CAT), glutathione-S-transferase (GST) and glutathione peroxidase (GPx)], acetylcholinesterase (AChE)
activity and malondialdehyde (MDA) levels were measured in the insects. Tenebrio molitor was cultured at Gazi
University Department of Biology and all analyses were done in Yozgat Bozok University in 2017 and 2018. The results
indicated that the pupae of T. molitor were the most tolerant and adults were the most sensitive. Mortality increased
with the increasing concentration of essential oil. Also, increasing doses of essential oil caused decreasing in SOD,
CAT, GST GPx and AChE activities and increasing in MDA level. These results indicate that essential oil of H.
perforatum can be used against T. molitor in a pest control program.

Keywords: Antioxidant enzymes, GC-MS, Hypericum, insecticidal activity, meal worm, pesticide

Oz

Bu galismada, Hypericum perforatum L., 1753 (Malpighiales: Hypericaceae) distilasyonundan elde edilen ugucu
yagin, Tenebrio molitor L., 1758 (Coleoptera: Tenebrionidae) tin farkli gelisme dénemleri Gizerindeki etkisi test edilmistir.
Larva, pupa ve ergin donemdeki T. molitor bireyleri, 24 saat boyunca farkli dozlarda H. perforatum ugucu yagina maruz
birakilmistir. Uygulama sonrasi, boceklerin 6lim oranlari, LCso, LCoo ve LCgg degerleri, antioksidan enzim aktiviteleri
[superoksit dismutaz (SOD), katalaz (CAT), glutatyon-S-transferaz (GST) ve glutatyon peroksidaz (GPx)],
asetilkolinesteraz (AChE) aktivitesi ve malondialdehit (MDA) seviyeleri dlgiilmiistiir. Tenebrio molitor Gazi Universitesi
Biyoloji Bolimirnde Kkiiltiire alinmig ve analizler 2017 ve 2018 yillarinda Yozgat Bozok Universitesi'nde yapilmistir.
Sonuglar, T. molitor'un pupa déneminin en toleransli; ergin ddneminin ise en hassas donem oldugunu belirtmektedir.
Olim oranlari, maruz kalinan ugucu yagd konsantrasyonunun artmasiyla artmistir. Ayrica, artan ugucu yag dozlari, SOD,
CAT, GST GPx ve AChE aktivitelerinde azalmaya, MDA dlzeyinde ise artisa neden olmustur. Bu sonuglar, H.
perforatum ugucu yaginin, T. molitor ile miicadelede 6énemli bir potansiyele sahip oldugunu ortaya koymustur.

Anahtar sozciikler: Antioksidan enzimler, GC-MS, Hypericum, insektisidal aktivite, un kurdu, pestisit
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Introduction

During food storage, especially corn, oat and wheat, major problems can occur because of the
presence of insects like yellow mealworm Tenebrio molitor L., 1758 (Coleoptera: Tenebrionidae) (Garcia
et al., 2003). Insects in stored bran and grains can contaminate foods via their feces and fragments of old
cuticle parts, and also indirectly by saprophytic microorganisms. All of these factors can cause quality loss
(Garcia et al., 2003; Pinto, 2008). Tenebrio molitor adults lay elongated eggs on substances. When larvae
hatch, they produce chitinous exoskeleton in a few days and their white color changes to yellow. Generally
pupal stage can take up 5-6 days. After pupal stage, insects become adult and mate. Adults lay eggs in 4-
17 days following mating (Siemianowska et al., 2013).

Insects can be controlled with chemical treatments such as pesticides; however, using of these
chemicals may have adverse effects on environment and non-target organisms (Ghini et al., 2002; Lee et
al., 2004). Thus, safer control methods, like using natural extracts and secondary compounds of plants as
biopesticides, are becoming important for pest control (Lima et al., 2011). Botanical pesticides are studied
because they have low toxicity for humans, decreased toxic effects on environment and rapid degradation.
These properties make them suitable pesticides for insects in organic agriculture. Essential oils which have
botanical origin, are effective insecticides (Regnault-Roger, 1997; Cosimi et al., 2009). Essential oils can
be obtained from seeds, flowers, leaves, buds, twigs, wood, bark and roots of plants, and can have anti-
protozoan, antihelminthic and insecticidal activities (Upadhyay, 2010). There are many studies that report
the use of essential oils against insects. Essential oils from Conyza newii Oliv. & Hiern, Plectranthus
montanus Benth., Lippia javanica Spreng., Lippia ukambensis (Vatke) Verdc., Tetradenia riparia (Hochst.)
Codd and Tarchonanthus camphoratus L. (Omolo et al., 2005), seven Citrus spp., two Origanum spp., three
Cymbopogon spp., two Pimenta spp., two Eucalyptus spp., three Mentha spp. and two Juniperus spp. (Choi
et al., 2003) have been reported to have insecticidal activity.

Hypericum perforatum L., 1753 (Malpighiales: Hypericaceae), St. John’s wort contains essential oils
that are potentially insecticidal. Recently, the consumption of compounds derived from H. perforatum has
increased strongly, and it has become one of the most consumed medicinal plants worldwide (Wills et al.,
2000). It has an extensive variety of medicinal applications, such as diseases of the alimentary tract,
eczema, skin wounds and burns (Butterweck, 2003; Saddige et al., 2010). There are many studies that
have focused on the effects of H. perforatum extracts against bacteria and viruses, and various diseases
(Serkedjieva et al., 1990; Cakir et al., 1997). Also, H. perforatum can be used as antihelmintic and antiseptic
(Cakir et al.,, 1997). In addition to medical use, Hypericum species have insecticidal activity. The the
insecticidal effects of Hypericum spp. have been assessed against Culex pipiens (L., 1758) (Diptera:
Culicidae) (Rouis et al., 2013), Tribolium castaneum (Herbst, 1797) (Coleptera: Tenebrionidae) (Parchin &
Ebadollahi, 2016), Manduca sexta L., 1763 (Lepidoptera: Sphingidae) (Samuels & Knox, 1989) and
Sitophilus granarius (L., 1758) (Coleptera: Dryophthoridae) (Kordali et al., 2012). Considering previous
studies, plant materials of Hypericum spp. may be candidates for future works about management of pests.
Therefore we aimed to evaluate the chemical composition and insecticidal effects of the essential oil
extracted from H. perforatum against T. molitor.

Oxidative stress, the imbalance between free radical production and antioxidant defenses, is
associated with chemical exposition. Malondialdehyde (MDA) levels and antioxidant enzyme activities
[superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST) and glutathione
peroxidase (GPx)] are important indicators of oxidative stress. The antioxidant enzymes such as SOD,
CAT, GPx and GST may neutralize the oxidative stress, so, increases and decreases in their levels give
us important information about the cell damage caused by oxidative stress (Bas & Kalender, 2011).

Given that synthetic pesticides have many adverse effects on non-target animals and cause
environmental pollution, it is important to identify alternative methods to control pests. So, we investigated
the efficacy of H. perforatum essential oil, against T. molitor in this study. Data on the insecticidal activity
of H. perforatum are limited in the literature. This study will contribute to the literature because it is the first
study to investigate the effects of H. perforatum against T. molitor.
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Materials and Methods
Plant material, isolation and analysis of the essential oil

Hypericum perforatum was collected in June 2017 in Usak Province of Turkey. The plant samples
were cleaned and dried via herbarium techniques of Davis (1972). Two hundred g of dried aerial parts of
plants were distilled for 4 h in water (3L) using a Clevenger type apparatus. The essential oil obtained was
kept at 4°C until beginning of the study. Essential oil of H. perforatum was determined via GC-MS using
Agilent Technologies (Santa Clara, CA, USA) 6890N Network GC System 5973 MSD, ionization energy:
70 eV; 19091 N-136 HP-Innowax column 60 m x 0.25 mm i.d.; helium 1 mL min™'. One pl of sample was
injected into the GC-MS analysis system. Injection temperature was 250°C. Column temperature was
initially held at 60°C for 3 min, then raised to 280°C at a rate of 5°C/min. Then, the temperature was ramped
by 5°C/min to 300°C. The amounts of essential oil components were estimated from the area under GC
peaks. Identification of compounds were done by mass spectral comparison by electronic libraries (Wiley,
NIST, Adams). Retention indices were calculated according to the equation given by Kovats (1958).

Tenebrio molitor culture

A culture of T. molitor was established at the Metin Aktas Zoology Museum (Department of Biology,
Gazi University) and all analyses were done in the General Biology and Seed Science Technology
Laboratories (Yozgat Bozok University) in 2017 and 2018.

Insects were cultivated in plastic containers (30 x 25 x 15 cm). Corn flour (30%) and wheat flour
(70%) were added as a food source and pasteboards were added for egg deposition. Thinly sliced potato
or apple was added each week for water source and regulating for humidity of containers. Twenty
individuals of different stages of the insect (larvae, pupae and adult) were selected randomly from one
population.

Bioassays

Hypericum perforatum essential oil was tested for its fumigant effect against different stages of the
T. molitor. Adult insects were placed into 1 L glass jars. Six replicates were tested for each concentration
of H. perforatum essential oil and each replicate consisted of 20 adults. We used 2.5 x 2.5 cm filter paper
strips for application of essential oil then the filter paper was attached to the bottom of the cover of glass
jars. Adults of the mealworms were exposed to different concentrations of essential oil (0, 1, 2, 3, 4, 5 and
6 /L air) for 24 h. We determined the mortalities and values of LCso, LCo0 and LCges. The larval and pupal
stages of T. molitor were handled in the same method as the adult stage of insect. Different concentrations
of essential oil were applied to larvae (0, 2.5, 5, 7.5, 10, 12.5 and 15 pl/L air) for 24 h. The pupal stage of
T. molitor was exposed to essential oil (0, 5, 10, 15, 20, 25 and 30 yl/L air) for 24 h. The control groups of
larval, pupal and adult stages of T. molitor, involved the same conditions without essential oil. We have
treated different doses to different stages of the insect because all of the adults died when we treated 6 pl/L
air, but not all individuals died in the larval and pupal stages. So, we treated different doses until all died.

Toxicological assays

All of the chemicals (ethanol, thiobarbituric acid, trichloroacetic acid, pyrogallol, triton-X-100, H202,
1-chloro 2, 4-dinitrobenzene and nicotinamide adenine dinucleotide phosphate) used in this study to
determine the antioxidant enzyme activities, MDA level, and AChE activity were obtained from Sigma-
Aldrich (Germany).
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Tissue collection and preparation

Larvae, pupae and adults were cooled on ice (5 min) then sterilized with ethanol. After this step, they
were cut into small pieces and put into Eppendorf tubes which were filled with homogenization buffer at pH
7.4. Samples were kept at -80°C until examined. Before starting work, Eppendorf tubes were kept at 25°C
until the samples thawed.

The extracts of larvae, pupae and adults were prepared with a homogenizer at 4°C and centrifuged
(NUVE NF800) for 15 min. After centrifugation, the supernatants were taken for examination of CAT, GST,
SOD, GPx, MDA and acetylcholinesterase (AChE). MDA levels and the activities of antioxidant enzymes
and AChE were measured by measuring the absorbance via a UV-VIS spectrophotometer (Biotech
Engineering, Spectroscan 60 DV). Protein concentrations were estimated according to the method of Lowry
et al. (1951).

Measurement of malondialdehyde levels

The levels of MDA were measured by thiobarbituric acid (TBA) test as described by Ohkawa et al.
(1979). First we add to 10% trichloroacetic acid to a sample then centrifuged for 10 min. The supernatant
was collected and added to TBA. After incubation of tissue homogenates with TBA, MDA reacts with it to
form a pink colored complex at 95°C. Next, the samples were cooled and we measured the absorbance at
532 nm. We defined the MDA level as nM/mg protein.

Measurement of antioxidant enzyme activities

We measured the enzyme activity of CAT based on procedure of Aebi (1984). This procedure is
based on determining the hydrolysis of H202. The absorbance was determined at 240 nm using
spectrophotometer. The activity was given as mM/mg protein. The enzymatic activity of GPx was measured
by the procedure which was identified by Paglia & Valentine (1987). The reaction was searched at 340 nm
and the activity was indicated as nM/mg protein. The method of Marklund & Marklund (1974) was used for
assessment of SOD activity at 440 nm and the enzymatic activity was indicated as U/mg protein. GST
activity was measured at 340 nm (Habig et al., 1974). This procedure is based on assaying the generation of
1-chloro-2,4-dinitrobenzene and glutathione conjugate. The GST activity was estimated as uM/mg protein.

AChE enzyme activity

The effects of the H. perforatum essential oil on activity of AChE was measured by the procedure of
Ellman et al. (1961). The assay solution contained 0.015 M acetylthiocholine iodide, 0.01 M 5,5’-dithiobis(2-
nitrobenzoic acid), 0.1 M Na-K phosphate buffer at pH 8.0 and ethopropazine. The reaction was monitored
at 412 nm wavelength using a spectrophotometer. The activity was estimated as U/mg protein.

Statistical analysis

The data were analyzed by one-way analysis of the variance in SPSS program 20.0 for Windows
and Tukey test for multiple comparisons at a significance level of 0.05. LCso, LCg0 and LCog values were
estimated by probit analysis with SPSS (Abbott, 1925).

Results
Chemical compounds of Hypericum perforatum

The chemical composition of H. perforatum essential oil (25 compounds were determined by GC-
MS) is shown in Table 1. a-Pinene (51.2%), 3-carene (7.3%), a-caryophyllene (5.2%) are the main
compounds of essential oil.
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Table 1. Percentage composition of the essential oil of Hypericum perforatum

Compounds RI (Retention Index) Percantage (%)
)a-pinene 939 51.2
Sabinene 976 24
B-pinene 979 3.2
3-Myrcene 990 3.6
2-carene 1001 1.0
Eugenol 1356 0.6
a-phellandrene 1004 0.4
3-carene 1010 7.3
p-cymene 1024 0.7
Limonene 1029 2.0
y-terpinene 1058 2.2
Myrtenol 1194 0.6
a-longipinene 1351 0.3
a-copaene 1376 0.5
B-caryophyllene 1419 0.8
Aromadendrene 1439 0.3
a-caryophyllene 1454 5.2
Allo- 1461 0.5
y-muurolene 1477 0.3
Germacrene-D 1482 0.6
y-cadinene 1513 0.3
Calamenene 1518 0.5
Longifolene 1556 0.4
Cedrol 1601 0.3
Cadalene 1674 3.2
Terpenes 87.8

Monoterpenes 74.6

Sesquiterpenes 13.2

Non-terpenes 0.6

Unidentified 11.6

Total 88.4

Fumigant activity results

The mortality percentages of life stages increased with increment of the concentrations of essential
oil (adults F = 30.5, df = 5,114, P < 0.05; pupae F= 87.2, df = 5,114, P < 0.05; larvae F = 51.5, df = 5,114,
P < 0.05).

Considering the results of probit analysis, LCso, LCo0 and LCgs values of the essential oil were 3.06,
4.99 and 6.56; 13.3, 23.6 and 32.0; and 8.24, 13.9 and 18.5 pl/L air for the adult, pupal and larval stages
of T. molitor respectively (Table 2).

The fumigant effects of essential oil were more significant on the adults than the larvae and pupae
of T. molitor. The most resistant developmental stage of the insect was the pupae. The data of this research
determined that the fumigant toxicity of H. perforatum essential oil differed between the life stages of the
insect.
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Table 2. LCso, LCo0 and LCos values (pl/L air) of Hypericum perforatum essential oil against different life stages of Tenebrio molitor

Time (24 h) N LCso LCe0 LCoo df  Chi-Square Slope Sig.
Pupae 13.3 23.6 32.0
0 2,61 0,12+0,02 0,760

95% confidence limits 11.0-15.4 20.7-28.0 27.6-39.3 ’ ’ ' ’ a

Larvae 8.24 13.9 18.5

+

95% confidence limits 20 7.10-9.44 12.3-16.6 16.0-22.9 4,37 0.23£0,03 0497 a

Adult 3.06 4.99 6.56 2,08 067009 0838 a

0
95% confidence limits 2.64-348 4.44-584 5.73-7.94

N, number of the tested stages; a, since the significance level is greater than 0.15, no heterogeneity factor is used in the calculation
of confidence limits.

AChE enzyme activity, MDA levels and antioxidant enzyme activity results

The MDA levels of insects increased with the increasing exposure doses of essential oil of H.
perforatum against different stages of T. molitor, significantly (Figure 1).

The antioxidant enzyme activities (CAT, GST, SOD and GPx) decreased by increasing application
doses of essential oil of H. perforatum against different stages of T. molitor, significantly (Tables 3 to 5).

The AChE enzyme activity decreased by increasing exposure doses of essential oil of H. perforatum
against different stages of T. molitor, significantly (Tables 3 to 5).
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Figure 1. Effect of Hypericum perforatum essential oil on MDA levels of different life stages of Tenebrio molitor: a) pupae, b) larvae
and c) adults. Letters above bars indicate significant differences between concentrations. Bars with the same letter are not
significantly different. Error bars indicate standard deviation (SD) of means.
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Table 3. Effect of Hypericum perforatum essential oil doses on enzyme activities of pupae of Tenebrio molitor

Enzyme Control 5L 10 pliL 15 pIlL 20 plL 25 pllL 30 pliL
CAT (mM/mg protein) 47.0£3.21 a 41.442.42 b 36.3+2.58 c 31.8+1.96 d 26.5+3.15 e 20.8+2.51 f 18.5+2.87
GPx (nM/mg protein) 0.221+0.011 a 0.218+0.02 a 0.183+0.013 b 0.156+0.011 c 0.13+0.021 c 0.094+0.012 d 0.068+0.012
SOD (U/mg protein) 0.03+0.0018 a 0.0268+0.0011 b 0.0241+0.0014 c 0.0212+0.0011 d 0.0179+0.002 e 0.014+0.0016 f 0.0127+0.0023
GST (uM/mg protein) 3.12+0.171 a 2.72+0.21 b 2.32+0.165 c 1.95+0.187 d 1.6+0.132 e 1.29+0.141 f 0.27+0.223
AChE (U/mg protein) ~ 0.025+0.0022  a 0.0237+0.0019 a 0.0194+0.0012 b 0.0182+0.0024 b 0.0143+0.0011 c 0.0108+0.0017 d 0.0072+0.0015

Values are meanzstandard deviation. Significance at P < 0.05. Within each row, means followed by the same letter are not significantly different.

Table 4. Effect of Hypericum perforatum essential oil doses on enzyme activities of larvae of Tenebrio molitor

Enzyme Control 2.5 pliL 5 pliL 7.5 pllL 10 pliL 12.5 pllL 15 pliL

CAT (mM/mg protein) 58.2+4.1 a 55.843.72 a 48.3+3.53 b 46.0+£2.78 b 39.4+2.84 c 32.1+3.07 d 24.0¢4.21
GPx (nM/mg protein) 0.27+0.012 a 0.243%0.013 b 0.235+0.011 b 0.203+0.013 c 0.18+0.016 c 0.1450.014 d 0.1010.021
SOD (U/mg protein) 0.036£0.0021 a 0.034+0.0015 a 0.0311+0.0012 b 0.0297+0.0023 b 0.0257+0.0014 c 0.0214+0.0023 d 0.0190.0026
GST (uM/mg protein) 4.76+0.224 a 4.68+0.18 a 4.29+0.174 b 4.07+0.235 b 3.62+0.164 c 3.2340.188 d 2.81+0.197
AChE (U/mg protein) ~ 0.0374£0.0026  a 0.035+0.0014 a 0.0290.0017 b 0.0240.0015 c 0.02+0.0018 d 0.017+0.0026 d 0.011%0.0021

Values are meanzstandard deviation. Significance at P < 0.05. Within each row, means followed by the same letter are not significantly different.

Table 5. Effect of Hypericum perforatum essential oil doses on enzyme activities of adults of Tenebrio molitor

Enzymes Control 1 il 2 pllL 3L 4 pl/L 5 pliL 6 pl/L
CAT(mM/mg protein) 53.8+4.01 a 46.1£2.91 b 39.0+3.52 c 32.243.27 d 29.8+2.98 d 23.5+3.04 e 21.7£2.74
GPx (nM/mg protein) 0.24+0.013 a 0.231+0.011 a 0.196+0.022 b 0.157+0.014 c 0.14+0.023 c 0.105+0.011 d 0.097+0.013
SOD (U/mg protein) 0.032+0.0011  a 0.0292+0.0013 b 0.0288+0.0022 b 0.0251+0.0011 c 0.022+0.0015 d 0.0185+0.0018 e  0.00178+0.0021
GST (uM/mg protein) 3.95+0.227 a 3.51+0.192 b 3.01+0.23 c 2.58+0.166 d 2.56+0.236 d 2.1+0.191 e 1.97+0.248

AChE (U/mg protein) ~ 0.031£0.0015 a 0.028+0.0019 a 0.0230.0016 b 0.0022+0.0021 b 0.018+0.0014 c 0.01620.0023 c 0.011x0.0013

Values are meanzstandard deviation. Significance at P < 0.05. Within each row, means followed by the same letter are not significantly different.
Discussion

Chemical control is the mostly used method against insect pests (Jembere et al.,1995). However,
these harmful insects have developed resistance against many chemicals (Upadhyay, 2010). Also, other
problems have been observed such as adverse effects on non-target organisms, especially natural
enemies and toxicity to users and mammals, residue problems and environmental pollution (Cosimi, 2009).
So, we evaluated an alternative method in this study. Potential insecticidal compounds have been extracted
from plants which have shown growth inhibition of and toxicity to many harmful insects which damage field
crops (Koul et al., 2000; Upadhyay, 2010). Previous studies have shown that essential oils of these plants
have insecticidal activity against insects in stored cereals (Tripathi et al., 2000; Verma et al., 2000), field
crops (Isman et al., 2001) and households (Singh et al., 2000). These studies on essential oils motivated
us to focus on essential oil experiments for finding alternative methods.

There are a wide variety of chemical compounds such as terpenes, sesquiterpenes, and aromatic
compounds in essential oils (Ogendo et al., 2008). These natural compounds may have volatile properties
so, they may have fumigant activity and this character can be used against pests. These volatile compounds
have harmful effects against insects and effect reproduction and longevity of different life stages of them.
Table 1 shows the percentage composition of the volatile oil of H. perforatum.

Essential oils from pennyroyal, eucalyptus, rosemary and marjoram have shown insecticidal activity
against Pediculus humanus subsp. capitis De Geer, 1778 (Psocodea: Pediculidae). In this study, LTso
values were 14.7, 12.6, 22.4 and 19.6, respectively (Yang et al., 2004). Essential oils from some plants
grown in Africa have shown fumigant effects against Anopheles gambiae Giles, 1902 (Diptera: Culicidae).
LDso values were 3.8 x 10 for T. camphoratus; 4.3 x 107 for L. javanica; 2.8 x 10 for P. montanus; 4.4 x 103
for T. riparia and 4.7 x 10 for L. ukambensis (Omolo et al., 2005). Essential oil from [pomoea cairica (L.)
Sweet have shown insecticidal effect against larvae of Aedes aegypti (L., 1762), Culex tritaeniorhynchus
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Giles, 1901, Culex quinquefasciatus Say, 1823 and Anopheles stephensi Liston, 1901 (Diptera: Culicidae).
The LCso and LCeo values estimated for C. tritaeniorhynchus, A. aegypti, A. stephensi and C.
quinquefasciatus were 14.8 and 78.3; 22.3 and 92.7; 14.9 and 110; and 5.9 and 162 ppm, respectively
(Thomas et al., 2004). Essential oils, carvacryl, mentha, eucalyptus and citronella, have shown high
repellency to Aedes albopictus Skuse, 1894 (Diptera: Culicidae) (Yang & Ma, 2005). In another study,
Cinnamomum camphora (L.) J.Presl. and Artemisia princeps Pamp. have shown toxicity and repellency to
Bruchus rufimanus Boheman, 1833 (Coleptera: Chrysomelidae) and Sitophilus oryzae Schoenherr, 1838
(Coleptera: Dryophthoridae) (Liu et al., 2006). Also, the toxicity of essential oils from the bark and leaves
of Drimys winteri Forst. and Laurelia sempervirens Tul. against T. castaneum were studied (Zapata &
Smagghe, 2010). In another study, 43 essential oils were studied against Lycoriella ingenua (Dufour, 1839)
adults (Choi et al., 2006). Fumigant toxicity of essential oil of Lippia origanoides Kunth against T. molitor
was investigated in a work (Lima et al., 2011). Also, the fumigant effect of essential oils of nine plant species
from Clusiaceae and Asteraceae against S. granarius were assessed in another study (Kordali et al., 2012).
In our study, it was revealed that H. perforatum essential oil has toxicity to T. molitor, like these studies.
LCso, LCo0 and LCos values of the essential oil of H. perforatum were 3.06, 4.99 and 6.56; 13.3, 23.6 and
32.0; and 8.24, 13.9 and 18.5 pl/L air against adults, pupae and larvae of T. molitor, respectively. These
values indicate that H. perforatum may be an alternative biopesticide against T. molitor. Similar results to
our study were obtained in previous studies on different target insects. The insecticidal effects of Hypericum
spp. have been assessed against T. castaneum (Parchin & Ebadollahi, 2016), C. pipiens (Rouis et al.,
2013), S. granarius (Kordali et al., 2012) and M. sexta (Samuels & Knox, 1989). Despite these results
Dastagir et al. (2016) reported that H. perforatum did not show cytotoxic, insecticidal and antibacterial
activity in vitro at different doses. However, it is possible that the doses applied in that study were too low.

The major component of H. perforatum was found to be as a-pinene (51.2%). Also, Cakir et al. (1997)
was found that a-pinene is main compound (61.7%) which found in H. perforatum essential oil. a-pinene is
an organic compound of the terpene class and monoterpenoids were known to have insecticidal activity. In
a previous study, monoterpenes were described to have an insecticidal effect on some substantial pests
(Lee et al., 1997). So, a-pinene may have caused the mortalities seen in this study. The results show that
essential oils of both plants were toxic to all stages of T. molitor. Data of this study showed that the adults
of T. molitor was more sensitive to essential oil than other stages (LCgs 6.56 pl/L air). Pupae of T. molitor
was found to be more tolerant than other stages (LCs0 32.0 pl/L air). We obtained complete mortality by
vapor of H. perforatum essential oil in 6, 15 and 30 pl/L air for 24 h against adults, larvae and pupae of T.
molitor, respectively. Gézek (2007) demonstrated that adult and larval stages of Tribolium confusum
Jaquelin Du Val, 1868 (Coleptera: Tenebrionidae) were the most tolerant stages to treatments of garlic
essential oil. On the other hand, Siimer Ercan et al. (2013) found that adult of Ephestia kuehniella Zeller,
1879 (Lepidoptera: Pyralidae) was the most sensitive stage to exposure of Prangos ferulaceae Lindl.
essential oil. The larval stage of E. kuehniella was more tolerant than the egg stage after exposure to
essential oils of Thymus argaeus Boiss. & Balansa and Thymus sipyleus Boiss. (Ercan et al., 2018). So,
the effectiveness of different essential oils may differ between different stored product pests.

MDA is the major product of polyunsaturated fatty acid peroxidation process. It indicates the level of
lipid peroxidation (LPO) and is used as a marker of oxidative stress (Blylkgizel et al., 2010; Bas &
Kalender, 2016). In this research, oxidative stress evidenced by increased MDA level might be related to
antioxidant enzyme activity reduction. Antioxidant enzymes such as CAT, GPx, GST and SOD are
substantial cell protectors against oxidative stress caused damage (Bas & Kalender, 2011; Messarah et
al.,, 2012). SOD enzyme is responsible for superoxide radical dismutation into H202 and Oz. CAT is
responsible for catalyzing H202 conversion into H20 and Oz (Buyukgiizel & Kalender, 2009). The role of
GPx enzyme is preventing oxidative damage of cell membranes by catalyzing H202 conversion to H20 (Bas
& Kalender, 2011; Messarah et al., 2012). GST is one of the major antioxidant enzymes, it has important
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roles in oxidative damage inhibition via detoxifying LPO products (Bliylkgiizel & Kalender, 2009). There
are many studies that investigated antioxidant enzyme activities and MDA levels for examining degree of
oxidative stress in insect tissues (Blylkguzel & Kalender, 2007; Bliylkguzel et al., 2010; Aslanturk et al.,
2011). Our research demonstrated a significant decrease in SOD, CAT, GST and GPx activities in all of the
examined developmental stages of T. molitor. Changes reported in this study on antioxidant enzyme
activities may be due to the reactive oxygen species generation. Moreover, some components of essential
oils can show neurotoxic effects on pests and monoterpenes can be act as competitive inhibitors of AChE
in insect tissues (Kostyukovsky et al., 2002). In this research H. perforatum essential oil caused decreasing
of AChE activity. A previous study suggested that AChE enzyme activity may be decreased by essential oil
exposing (Polatoglu et al., 2016). Mortalities of T. molitor may be observed by these changes on activities
of antioxidant enzymes and AChE and MDA values.

Conclusions

This is the first report on the insecticidal fumigant activity of H. perforatum essential oil against
different developmental stages of T. molitor. This study showed that mortality rates and MDA levels were
increased, and CAT, GST, SOD and GPx activities were decreased by the essential oil. The tested doses
of essential oil gave complete mortality of pupae, larvae and adults of T. molitor. The results support the
hypothesis that H. perforatum essential oil causes oxidative stress and induces LPO process. So, H.
perforatum essential oil has been demonstrated to have toxicity to T. molitor and could be used as an
alternative to synthetic chemical control of this insect. The use of H. perforatum essential oil may be a more
healthy and reliable method for controlling insects.
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The status of the red mason bee in the orchards of Ankara and
Cankiri Provinces, Turkey'

Kirmizi duvarci arisinin Ankara ve Cankiri (Turkiye) illerinin meyve bahgelerindeki durumu
Yasemin GULER?
Abstract

Research on the red mason bee, Osmia bicornis (L., 1758) (Hymenoptera: Megachilidae), which is an important
pollinator particularly for stone fruits, in Turkey is limited to the last decade. After the first report in sweet cherry orchards
of Afyonkarahisar, this study aimed to determine the presence and the density of the red mason bee and to collect
data on its nesting biology between 2014 and 2016 in the mixed orchards of Ankara and Cankiri Provinces. Although
the red mason bee was detected in almost all orchards sampled using the Malaise trap, the nesting activity was
recorded in only four orchards in 2014 and 2015. Reeds with an inner diameter of 6-9 mm and a length of 15-25 cm
were used as the artificial trap-nests. It was determined that the percentage of the nesting success varies between 6
and 48%. The cocoons that originated from the nests were placed in the incubator to stimulate diapause. Then, the
temperature of the incubator was gradually increased to complete the life cycle of the species with starting the bud
stage of stone fruits in early spring. Consequently, the emergence rates of the adults from the 135 cocoons collected
in 2014 were 36 to 95%. It was not recorded the adult emergence from any of the 143 cocoons obtained from the
dissections of the nests in 2015. The sex ratios, both between orchards and from 2014 to 2015 in the same orchard
ranged between 1:1.5-1:4 (2:J). The results are discussed based on stress conditions such as weather, limited pollen
and nectar sources and insecticide application.

Keywords: Malaise trap, Megachilidae, Osmia bicornis, sex ratio, trap-nest
Oz

Ozellikle sert cekirdekli meyvelerin énemli bir polinatérii olan Kirmizi duvarci arisi, Osmia bicornis (L., 1758)
(Hymenoptera: Megachilidae) ile ilgili arastirmalar, Tirkiye'de son on yil ile sinirhdir. Afyonkarahisar'daki kiraz
bahgelerinde ilk galismanin ardindan 2014 ile 2016 yillari arasinda Ankara ve Cankiri illerindeki karigik meyve
bahcelerinde yuratulen bu calisma, Kirmizi duvarci arisinin varligini ve yogunlugunu belirlemek ile yuvalanma biyolojisi
hakkinda veri elde etmeyi amaclamistir. Kirmizi duvarci arisi, Malaise tuzak kullanilarak drneklenen hemen tim
bahgelerde belirlenmis olmasina ragmen, yapay yuvalanma 2014 ve 2015 vyillarinda sadece dort bahgede
kaydedilmistir. i¢ capi 6-9 mm, uzunlugu 15-25 cm olan kamiglar yapay tuzak yuva olarak kullanilimiglardir. Yuvalanma
basarisinin %6 ile 48 arasinda degistigi belirlenmistir. Yuvalardan elde edilen kokonlar diapozu baglatmasi igin
inkibatdre yerlegtiriimistir. Daha sonra inktbatdrin sicakligi, erken ilkbaharda sert ¢ekirdekli meyvelerin tomurcuk
kabarmasi déneminin baglamasi ile tirin yasam doéngisunid tamamlamasi icin kademeli olarak arttinimistir. Sonug
olarak, 2014 yilinda toplanan 135 kokondan ergin ¢ikisi orani %36 ile 95 olmustur. 2015 yilina ait yuvalarin
diseksiyonundan elde edilen 143 kokonun hi¢ birinde ergin ¢ikigi kaydedilmemistir. Esey oranlari hem tim bahgeler
arasinda hem de ayni bahgenin 2014 ve 2105 yillarinda 1:1.5 ile 1:4 (?:J) arasinda gesitlilik gdstermistir. Sonuglar,
iklim, sinirli polen ve nektar kaynaklari ile insektisit uygulamasi gibi stres kosullarina dayandirilarak tartigiimigtir.

Anahtar sozciikler: Malaise tuzak, Megachilidae, Osmia bicornis, esey orani, tuzak yuva
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Introduction

Mason bees, Osmia spp. Panzer, 1806 (Hymenoptera: Megachilidae) are important in the pollination
of early flowering fruits, such as almond, plum and cherry (Bosch & Blas, 1994; Eeraerts et al., 2019b),
because they are able to be activity even in cool and rainy weather conditions below 12°C, which limit the
pollinator activity of the honey bee (Vicens & Bosch, 2000b). In addition, only a few female individuals of
Osmia spp. are sufficient for pollination of a single flowering fruit tree, in contrast with hundreds of the
honey bee workers (Kruni¢ & Stanisavljevic, 2006a). Another advantage is that the nesting areas are
aboveground in contrast to many other species of solitary bees, so that their populations can be managed
using low cost artificial nests (Kruni¢ & Stanisavljevi¢, 2006b; Benedek, 2008). Research on the use of
mason bees in orchards started in the second half of the twentieth century. Today, several species are
used commercially for pollination of flowers in orchards in the USA, Japan, England, Denmark, Spain,
Serbia and ltaly (Sekita, 2001; Kruni¢ & Stanisavljevi¢, 2006a; Benedek, 2008; Matsumoto & Maejima,
2010). One of these species is Osmia bicornis (L., 1758) (syn. Osmia rufa L., 1758) (Hymenoptera:
Megachilidae), the red mason bee.

In addition to being one of the few solitary bee species active in early spring, the red mason bee has
a wide distribution area in Europe, Caucasus and Central Asia (Banaszak & Romasenko, 1998) as well in
Turkey (Ozbek, 2013; Giiler et al., 2014). It is univoltine and spends the winter as adult in the cocoon (Raw,
1974; Strohm et al., 2002). It uses nests abandoned by other bees, dry stalks, cavities opened to the ground
by other insects, wall crevices and empty snail shells (Miller, 2018). The nests consist of cells, which
contain septa between them, are arranged linearly and plastered with a mixture of saliva-clay (Giler, 2012).
This species collects pollen and nectar from tens of plant species belonging to 19 families (Muller, 2018).
One of these families is Rosaceae, which contains both economically and commercially important fruit
species (Bertrand et al., 2019). Gliler & Ozkok (2016) reported that Rosaceae pollen is one of the most
encountered pollen within the artificial nests of O. bicornis in sweet cherry orchards.

Data on to presence of the mason bees in orchards of Turkey are limited to the last decade. Currently,
five mason bee species [O. bicornis, Osmia brevicornis (Fabricius, 1798), Osmia caerulescens (L., 1758),
Osmia cornuta (Latreille, 1805) and Osmia melanura Morawitz, 1871] have been recorded from the orchards,
as well as many species belonging to other solitary bee families (Ozbek, 2008; Giiler & Dikmen, 2013).

The prominent fruit production in the provinces investigated in this study are pome fruit, sour cherry
and sweet cherry in Ankara, and plum and cherry in the Cankiri (TUIK, 2019). Among the pome fruits, the
two fruits most commonly produced in both provinces are apple and pear (TUIK, 2019). All of these fruits,
except for sour cherry, are not self-fertile. They need pollinators to ensure the exchange of pollen between
their cultivars, and to increase fruit set (Klein et al., 2012; Martins et al., 2015; Eeraerts et al., 2019a).
Hansted et al. (2012, 2014) recommend the use of pollinators even in sour cherry orchards to obtain quality
products. In practice, the honey bee is the main pollinator used in orchards. However, frequent unfavourable
weather conditions, especially in early spring, lead to low fruit set production, and thus, economic losses.
Also, such solitary bees complement honey bee in the pollination of various other plant species.

Given these circumstances, the main purpose of this study was to determine the presence and
density of the red mason bee, which is one of several the species shown as an alternative, or supportive
to the honey bee and has a manageable potential with trap-nests in Ankara and Cankiri orchards.

Materials and Methods

Field studies were conducted in the orchards in Ankara and Cankiri Provinces of Turkey from 2014
to 2016. These were mixed orchards consisting of apple, sweet and sour cherry, peach, pear, almond, and
plum trees. The smallest orchard had 100 trees, and the largest had 2350 trees. All orchards were located
in intensively agricultural areas. The distance between orchards ranged from 2 to 106 km.
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In 2014, the presence of the red mason bee was determined by Malaise traps in eleven orchards.
The traps were installed during the budding period of stone fruits (late-March and mid-April) and were
removed during the green fruit period (mid- to late-May). The traps were checked on a weekly basis and
the specimens in the killing bottles recorded.

In addition, the artificial nests were used to determine the occurrence and abundance of the red
mason bee in 8 of 11 orchards with Malaise traps in 2014. The trap-nests were hung on the south-facing
branches or posts at about 1.5 m above the ground in all the orchards on the same day as the installation
of the Malaise traps. Each nesting site was consisted of at least 25 reeds with an inner diameter of 6-9 mm
and a length of 15-25 cm, inserted into PVC pipes. Also, traps were set in the orchard of the Plant Protection
Central Research Institute in Yenimahalle, Ankara, which had apple, sweet cherry, pear, and mulberry
trees. These traps were to determine the abundance of red mason bees with the artificial nests, in that
orchard as the bees had previously been detected in that orchard (unpublished data). In 2015, trap-nests
were only hung to four orchards (Eldivan 1, 2, 3 and Yenimahalle) to determine the change in red mason
bee abundance from the previous year. At the end of the flowering period, all reeds were collected from
the orchards and kept in ventilated cylindrical plastic containers (20 cm diameter, 27 cm long) under
laboratory conditions until autumn. In October of 2014 and 2015, the reeds were separated based on
whether they contained red mason bees. During this process, all reeds were also checked for parasitoids,
cleptoparasites, predators and other nesting hosts. The cocoons of O. bicornis in the reeds were removed
(Figure 1) and stored in the climate chamber under controlled conditions at 4-6°C and 50-60% RH for
hibernation. To achieve the synchronization of the adult O. bicornis emergence with the flowering period of
fruit trees, the temperature was increased incrementally to 10, 15 and 20°C starting from mid-March 2015
and 2016 (Bosch & Kemp, 2004; Kruni¢ & Stanisavljevi¢, 2006b). The number of adults and their sex were
recorded daily and then released to the orchards.

Figure 1. Red mason bee a) cocoons, and b) adults.

Results

The study focused on red mason bee because this is the only species of Osmia recorded in both
Malaise traps and trap-nests. Results from the samples obtained from the Malaise traps showed that O.
bicornis was present in all orchards except one in the Ankara Province. Given that the bees were first
recorded between 27 and 28 March 2014 in Malaise traps, it is concluded that their flight activity began
between in late-March to early-April in the orchards of Ankara and Cankiri Provinces (Figure 2). Males
were active before females and their numbers were generally higher (total of 46 males and 27 females from
all traps). Adult flight activity continued until early-May (Figure 2). Within this period, the stone fruits and the
early cultivars of the pome fruits were flowering. Since all the fruit cultivars in these orchards were in the green
fruit stage in early-May, it is concluded that the mason bee may be effectively pollinate of these cultivars.
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Figure 2. The activity of the red mason bee, determined by Malaise traps installed in 11 orchards in Ankara and Cankiri Provinces in 2014.

The nesting successes, the number of the cocoons, the percentage of the adult emergences, and
the sex ratios of O. bicornis from 2014 to 2015 are shown in Tables 1 and 2. As a result of the dissected
reeds, the nesting activity of O. bicornis was recorded in three of eight orchards placed the artificial nests
as well as in the garden of the Institute in Yenimahalle in 2014 (Table 1). Therefore, the study was continued
in only four orchards (Eldivan 1, 2, 3 and Yenimahalle) in 2015. In 2014, the highest number of cocoons
(78) was obtained from the orchard of the Institute known to have a resident population of O. bicornis (Table
1). While the number of cocoons was limited to 18 in the same area, the highest number (122) was recorded
from the Eldivan 2 orchard in 2015. Furthermore, Ancistrocerus parietum (L., 1758), Ancistrocerus
claripennis subsp. claripennis Thomson, 1874 (Hymenoptera: Vespidae: Eumeninae) and Chrysis spp.
(Hymenoptera: Chrysididae) were encountered in the reeds both with low-nesting and without nesting in
both years (Table 1). Ancistrocerus parietum was recorded from the nesting in several locations in Ankara,
but A. claripennis subsp. claripennis was found only in Eldivan.

Table 1. Results obtained by dissection of the reeds in artificial nests of the red mason bee in 2014 and 2015

2014 2015
Orchards
Cocoons Ancistrocerus spp. Chrysis sp. Cocoons Ancistrocerus spp. Chrysis sp.

Eldivan 1 14 2 3 3 4 0
Eldivan 2 42 0 1 122 0 1
Eldivan 3 1 9 0 0 5 2
Yenimahalle
(Institute) 78 0 0 18 0 0
Ayas* 0 16 0 - - -
Akyurt* 0 7 0 - - -
Kalecik* 0 4 0 - - -
Nallihan* 0 19 0 - - -

Total 135 57 4 143 9 3

* In these orchards, the study was not continued in 2015 because no nesting was recorded in 2014.
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Table 2. Nesting successes, adult emergence and sex ratios in the artificial nests of the red mason bee in 2014 and 2015

The nesting success (%) The adult emergence ratio The sex ratio (2:3)
Orchards
2014 2015 2014 2014 2015
Yenimahalle (Institute) 47.8 8.9 94.9 1:2.4 1:3.2
Eldivan 1 6.0 3.7 35.7 1:4.0 1:3.0
Eldivan 2 28.0 242 69.1 1:2.2 1:1.5

The high degree of the nesting success and the adult emergence ratio in 2014 were obtained from
the reeds of the orchard of the Institute (Table 2). The nesting success in all orchards in 2015 was
dramatically lower compared to 2014. Although there was 143 pupae collected in 2015 in incubation, adult
emergence was not recorded. Therefore, the adult emergence ratio of 2015 could not be calculated. The
sex ratio of O. bicornis in 2015 was calculated by dissection of the cocoons.

The sex ratios of O. bicornis varied between orchards and years (Table 2). The highest female
number among three orchards was obtained in Eldivan 2 with a ratio of 1:1.5-2.2. While the sex ratio of the
red mason bee in the orchard of the Institute in Yenimahalle changed had an increased proportion of males
in 2015, the ratios in the other orchards moved in favor of females.

Discussion

The artificial nests have been used for Osmia spp. in the orchard of the Plant Protection Central
Research Institute in Yenimahalle, Ankara since 2009 but only a few records were kept. It was noted that
especially the population of nesting O. bicornis increased gradually year by year (unpublished data).
Therefore, a 48% nesting success recorded in 2014 was not surprising. The continued development toward
the creation of a resident population was destroyed in 2015 due to an insecticide application on 17 April
2015 to the orchard of the Institute (without our knowledge) at the time of the flight activity of O. bicornis. It
is concluded that this a possible reason for the significant decrease in the number of the cocoons of 2015
(Table 1). In Eldivan 2, which was recorded as the second orchard having a high abundance of cocoons
(42) in 2014, this number increased in 2015 (122 cocoons). This rise can be explained by the fact that the
location of the orchard is more suitable for the resident population of the red mason bee compared to other
orchards of Eldivan (Table 1). The upper side of Eldivan 2 was adjacent to a meadowland (Figure 3) instead
of being surrounded by other orchards as in Eldivan 1 and 3. The meadowland was covered with the plant
species belonging to Asteraceae (including Senecio vernalis Waldst. & Kit., Taraxacum sp. and Sonchus sp.),
Boraginaceae [including Asperugo procumbens L. and Buglossoides arvensis (L.) I. M. Johnst.], Brassicaceae
[including Alyssum desertorum Stapf., Camelina hispida Boiss., Capsella bursa- pastoris (L.) Medik., Lepidium
draba L., Microthlaspi perfoliatum (L.) F. K. Mey.] and Lamiaceae (including Lamium amplexicaule L. and
Lamium orientale E. H. L. Krauser) families which attract many bee species. Meadowlands, which have a
high diversity and abundance of flowering plants, provide support to bee populations for supplying both
alternative nesting areas and alternative food sources (Ockinger & Smith, 2007). It is known that increased
landscape heterogeneity enhances pollinator richness and abundance, as well as pollination service
(Steckel et al., 2014). The connection of species and landscape in bees is stronger than other insect groups
due to the mutualistic relationship between bees and flowering plants. Thus, comparable to the results of
Steffan-Dewenter (2003) and Kremen (2008) the densities of bee populations, especially in standard
commercial farms such as all the orchards in this study, are more influenced by habitat connectivity.
Consequently, Osmia spp., just like other bees, do not tend to disperse from the nesting areas if they have
access to suitable food sources (Vicens & Bosch, 2000a). They prefer to nest in older nests, both for more
efficient use of their energy and to avoid the higher pressure of natural enemies.
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Figure 3. a) The flowering period of the Eldivan 2 orchard, and b) the meadowland covered with flowering plants that attract bees.

In a study by Kruni¢ & Stanisavljevi¢ (2006a) that aimed to increase the population of the red mason
bee in Serbia, the adult emergence rate ranged between 83-94%. The ratios in this study were 36, 69 and
95% (Table 2) in Eldivan 1, Eldivan 2, and the Institute orchard, respectively. Danks (1971) reported that
the preadult mortality rates in solitary bees nesting in dry stalks are 50-60% and these mortality rates can
be evaluated as a relatively low when compared with animals, which are parental care, such as bird and
mammal and social insects. Solitary bees have a relatively long preadult period in which they are vulnerable
to many biotic and abiotic factors. The basic biotic factors are predators, parasitoids, cleptoparasites and
pathogens. Giler (2012) reported that the parasitoid Melittobia acasta (Walker, 1839) (Hymenoptera:
Eulophidae) and the nest destroyer Trogoderma versicolor (Creutzer 1799) (Coleoptera: Dermestidae)
from the artificial nests in the sweet cherry orchards of Sultandagi (Afyonkarahisar). In that study, the
parasitoid was found in 25-74% of all nests while the nest destroyer was found in 33%. In this study,
however, these species were not encountered, but a total of 66 Ancistrocerus spp. as predator and seven
Chrysis sp. as cleptoparasite were recorded from some of the reeds (Table 1). The members of the
Eumeninae subfamily, which includes Ancistrocerus spp., actually nest in empty reeds. However, they
destroy the nests of other species such as Osmia, if they cannot find empty reeds (Kruni¢ et al., 2005).
Moreover, the flight activity of the first offspring of Ancistrocerus sp. synchronizes with that of O. bicornis
females and their nesting needs overlap with 53-97% of the preferences of the red mason bee (Budriene
et al., 2004). These species also construct linear nests in reeds of 4-10 mm diameter and use mud to
separate cells (Boesi et al., 2005). In this study, Chrysis spp. was not only determined from the nests of
the wild bee, but also found in the nests of Ancistrocerus spp. (Table 1). They have typically a cleptoparasite
behavior; their eggs are deposited inside nests of other bee and wasp species, consuming pollen provided
by the host, the development of their larvae is more rapid than the host larvae (Krunic¢ et al., 2005).

The most important abiotic factors that affect the flight activity of bees are temperature and
precipitation. Between 15 March and 15 May, when the red mason bee is active, meteorological data for
Yenimahalle (location at the Institute) and Eldivan (location at Eldivan 1 and 2 orchards) towns was
analyzed. The number of days within this period in 2014 with an average temperature of less than 10°C was
16 d in Yenimahalle increasing in 2015 to 22 d (Figure 4). In Eldivan, the days of average temperature in 2014
was 22 increasing to 33 d in 2015 (Figure 5). In both locations, the number of days when the temperature
dropped below zero was only 3 and 11 d in 2014, respectively. In 2015, however, the number of days below
zero increased by two to three times; 10 d in Yenimahalle and 20 d in Eldivan. The number of days with
precipitation at both locations did not change much between years; 24 d in 2014 and 23 d in 2015 in
Yenimahalle, and 24 and 19 d in Eldivan. These climatic conditions suggest that temperature might have
been responsible for both the decline in nesting success and the emergence of adults from cocoons in
2015. In addition, the pesticide application in April 2015 may have had an impact on all data from Yenimahalle.

254



Gller, Turk. entomol. derg., 2020, 44 (2)

20 25
Ol 2
= £
S14 £
® c
212 15_(%

10 I
IS =
S 8 10 g
Q2 5 g
()] o
3 T
g 4 i
< 2 z

0 0

1 . 1
EE6CCE666 65555555055 RRRRRR
oo ooo8I<cceI<IIe<I<<ILI<<L==3533>3
S22 AO0O0OANTONODONTO©O0ONTOOWON
DN MDD — TTT oo AaANNNN©® A
T T AN ANNNNM

mmmm Precipitation 2014 (mm) Precipitation 2015 (mm)

==0==Temperature 2015 (°C) ==@==Temperature 2014 (°C)

Figure 4. Average temperature and precipitation in Yenimahalle (Ankara) during the orchard flowering periods of 2014 and 2015.

_ 24 20 3
g 18 2
o 19 16 £
3 | 14;’
©
S 14 " 7 12 9
& ) © 108
o 9 8 %
s 6 2
S 4 v 4 4 =
g oot i ) T
N B N | 8
< _1 LI | Ll 1 [ . rarnl N 1 O <
S C C C C C C CEEEEEEEEEEET T T T D> > >
CRLPLLLLPLLL5558665656666666c88Z388700
TETSEE8ITSEILIIIILIILIILILILIIIIIICICI=2222222
S22 AFTO0O0O0ONTOO0ONTOOONTO©OON T
LN MOND = TTT oo ANANNNN® -
CTe - ANNNNN®

mmmm Precipitation 2014 (mm) s Precipitation 2015 (mm)

==@==Temperature 2014 (°C) ==o==Temperature 2015 (°C)

Figure 5. Average temperature and precipitation in Eldivan (Cankiri) during the orchard flowering periods of 2014 and 2015.

The sex ratios varied between 1:1.5 and 1:4 (?:J; Table 2). This ratio for O. bicornis population in
the cherry orchards of Sultandagi (Afyonkarahisar) was previously recorded as 1:3.7 and 1:4 (Giiler, 2012).
Kruni¢ & Stanisavljevi¢ (2006a) reported that the sex ratios of the same species changed between 1:1.35
and 1:2.68. It is known that the sex ratio is a parameter which changes according to weather and trophic
conditions (Ivanov, 2006; Sampson et al., 2009). The ratio favors males under unfavorable conditions. As
in all bees, Osmia females have the ability to control the number of males in a ratio of 1:2 or 1:3 (Sampson

et al., 2009).
Conclusion

The red mason bee, one of the commercially used pollinator species in many countries, is found
naturally under Ankara and Cankiri ecological conditions, although the farmers are not aware of it like other
wild bees. The main pollinator in many agricultural and natural areas is undoubtedly the honey bee
(Kremen, 2008; Aslan et al., 2016; Hung et al., 2018). However, it has a limitation because pollination
effectiveness decreases seriously under unfavorable weather conditions (days below the 12.8°C, raining,
or windy blowing over 32 to 40 kph) (Spivak & Mader, 2010). However, some wild bee species are more
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effective pollinators of some crops such as stone and pome fruits, and forage plants than Apis mellifera
(Maeta & Kitamura, 1981; Tepedino, 1997; Bosch & Kemp, 2000; Vicens & Bosch, 2000c; Richards, 2020).
Therefore, pollination service is usually provided by the activity of more than one bee species (Garibaldi et
al., 2013). Wild bee species are insurance for the pollination system in cases of colony collapse or adverse
weather conditions for the honey bee. In order to provide a sustainable pollination services, natural bee
populations need to be protected and supported. Identifying these species and creating conditions to
support their populations will bring a healthier environment and a higher quality product. As the data from
Eldivan 2 shows, if the artificial nests including reeds of appropriate diameter are placed and alternative
sources of food are found in the environment, it is possible to increase the population of the red mason bee
in the orchard. Importantly, at this point, farmers should be informed about bees and pollination services,
and be encouraged to permanently support red mason bee populations in their orchards at minimal cost.
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Identification and prevalence of potato cyst nematodes and root-knot
nematodes in the potato production areas of Izmir Province, Turkey'

izmir ili (Turkiye) patates Uretim alanlarinda patates kist nematodlari ve kék-ur
nematodlarinin teghisi ve yayginhgi
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Abstract

Globodera spp.and Meloidogyne spp. were identified using morphological and molecular methods. Also, the
distribution and population densities of these nematodes were determined in potato cultivation areas of izmir (Turkey) in
2015. Two hundred and twenty-three soil samples were collected during the survey and 32 samples were found to be infested
with Globodera spp. and 41 samples with Meloidogyne spp. The identification of nematodes was made morphologically
using perennial patterns of cyst/female individuals and morphometrics of second stage juveniles. Also, species specific
primers were used for molecular identification. Only Globodera rostochiensis (Wollenweber, 1923) Skarbilovich, 1959
(Tylenchida: Heteroderidae) were found in the samples that contained cyst nematodes. Also, the root-knot nematodes,
Meloidogyne chitwoodi Golden, O'Bannon, Santo & Finley, 1980, Meloidogyne hapla (Chitwood, 1949), Meloidogyne
incognita (Kofoid & White, 1919) Chitwood, 1949, and Meloidogyne javanica (Treub, 1885) Chitwood, 1949 (Tylenchida:
Meloidogynidae) were found. The prevalence rates of Meloidogyne species were determined as 2.4, 12.2, 61.0 and 24.4%,
respectively. In terms of the number of individuals in soil, all G. rostochiensis (10 eggs/g soil) and M. chitwoodi (1
juvenile/250 cm? soil) population levels were detected above the economic damage thresholds for potato production. Also,
two populations of M. incognita (0.5-2 juvenile/250 cm? soil) were found above the specified threshold levels.

Keywords: Globodera spp., Meloidogyne spp., molecular identification, potato, Turkey
Oz

Globodera spp. ve Meloidogyne spp. morfolojik ve molekuler yontemler kullanilarak tanimlanmistir. Ayrica, 2015
yilinda izmir (Tirkiye) patates (retim alanlarinda bu nematodlarin dagilimi ve popiilasyon yogunluklari tespit edilmistir.
Survey sirasinda toplam 223 toprak 6rnegi alinmig ve 32 6rnegin Globodera spp. ile 41 drnegin Meloidogyne spp. ile bulasik
oldugu tespit edilmistir. Nematodlarin tir teshisi, kist/disi bireylerin anal kesitleri ve ikinci dénem larvalarin morfometrik
Olgtmleri kullanilarak morfolojik olarak yapilmistir. Ayni zamanda molekdler tir teshislerinde tiire 6zgl spesifik primerleri
kullanilmistir. Kist nematodlari ile bulasik olan tim orneklerde sadece Globodera rostochiensis (Wollenweber, 1923)
Skarbilovich, 1959 (Tylenchida: Heteroderidae) tiiri bulunmustur. Ayrica, kok-ur nematodlarindan Meloidogyne chitwoodi
Golden, O'Bannon, Santo & Finley, 1980, Meloidogyne hapla (Chitwood, 1949), Meloidogyne incognita (Kofoid & White,
1919) Chitwood, 1949 ve Meloidogyne javanica (Treub, 1885) Chitwood, 1949 (Tylenchida: Meloidogynidae) tlrleri tespit
edilmistir. Meloidogyne turlerinin yayginlik oranlari sirasiyla %2.4, 12.2, 61.0 ve 24.4 olarak belirlenmistir. Topraktaki birey
sayllarl agisindan, tim G. rostochiensis (10 yumurta/g toprak) ve M. chitwoodi (1 larva/250 cm? toprak) poptilasyon
yogunluklan patates Uretimi icin ekonomik zarar esiklerinin (zerinde tespit edilmistir. Meloidogyne incognita’ya ait iki
popllasyon (0.5-2 larva/250 cm? toprak) da belirtilen esik seviyelerinin (izerinde bulunmustur.

Anahtar sozciikler: Globodera spp., Meloidogyne spp., molekiiler tanilama, patates, Turkiye
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Introduction

Potato (Solanum tuberosum L.) is a tuberous plant in the Solanaceae family that has been spread
to various climatic regions around the world from its native origin in South America. It is one of the most
produced crops after corn, rice and wheat (Giinel et al., 2005). World potato production was about 390 Mt
in 2016 (FAO, 2017). In Turkey, annual production is around 5 Mt from an area of 142 Kha. izmir is one of
the most important provinces for potato production in Turkey (TUIK, 2017). However, there are many pests
and diseases that negatively affect potato production. Among these, plant parasitic nematodes are
important and some of them are on the quarantine list. In particular, cyst nematodes, Globodera spp.
Skarbilovich, 1959 (Tylenchida: Heteroderidae) and root-knot nematodes, Meloidogyne spp. Goeldi, 1892
(Tylenchida: Meloidogynidae) are on the top of the quarantine list in Europe (EPPO, 20203, b).

One of the most important plant parasitic nematode genera that causes economic losses in potato
is Globodera spp. (Van Riel & Mulder, 1998). Although tomato, eggplant, other Solanum plants and hybrids
are important hosts of Globodera spp., potato is a crucial host for these nematodes (Anonymous, 2019).
Typical symptoms of Globodera spp. especially aboveground are weakly developed plants and yellowing,
which is similar to water and nutrient deficiencies, growth retardation, wilting under heat stress, and also
reduced size and number of tubers (EPPO, 2017).

Globodera spp. was recorded for the first time in potato cultivation areas of Bolu Province in Turkey
and was reported to be quarantined in the area (Enneli & Oztiirk, 1996). Also, Ozarslandan et al. (2009)
found that potato production areas of Nigde Province were infested with Meloidogyne chitwoodi Golden,
O’Bannon, Santos & Finley, 1980. Yildiz et al. (2009) reported that the infestation rate of M. chitwoodi was
37.9% in the potato areas of the Odemis District of izmir. Moreover, Ulutas (2010) reported that Globodera
rostochiensis (Wollenweber, 1923) Skarbilovich, 1959 infestation in Aegean Region potato production
areas was 17.5 and 61.7% in Odemis District of izmir.

Meloidogyne spp., which has more than 90 described species, is the most destructive, damaging
and economically important plant parasitic nematode genera that affects most of the agricultural crops
around the world (Hunt & Handoo, 2009; Jones et al., 2013). Meloidogyne spp. can cause yellowing,
stunting, wilting and brown spots in potato plants. Also, these nematodes can lead to physical and chemical
deformations in the tubers which can reduce their market value (Vovlas et al., 2005). Meloidogyne arenaria
(Neal, 1889) Chitwood, 1949, Meloidogyne chitwoodi Golden, O’Bannon, Santos & Finley, 1980,
Meloidogyne fallax (Karssen, 1996), Meloidogyne hapla (Chitwood, 1949), Meloidogyne incognita (Kofoid
& White, 1919) Chitwood, 1949 and Meloidogyne javanica (Treub, 1885) Chitwood, 1949 (Tylenchida:
Meloidogynidae), which cause economic crop losses, have been identified in potato cultivation areas in
tropical and subtropical regions (Brodie et al., 1993; Molendijk & Mulder, 1996; Vovlas et al., 2005; Moens
et al., 2009; Wesemael et al., 2011; Jones et al., 2013; Okendi & Moleleki, 2013). Although there are many
studies conducted with plant parasitic nematodes on different crops in Turkey (Yiksel, 1966, 1967,
Elekcioglu & Uygun, 1994; Kagkavalci & Oncler, 1999; Kepenekci et al., 2002; Ozarslandan et al., 2009;
Aydinli et al., 2013; imren et al., 2014; Aydinl, 2018), only a few recent studies have examined potato
cultivation areas in Izmir Province. Therefore, this survey was performed to identify Globodera and
Meloidogyne spp. in izmir Province using the morphological and molecular methods. Reliable and quick
identification of nematode species is crucial for choosing appropriate integrated management strategies.

Materials and Methods
Materials

The main material of the study consisted of soil samples that were collected from potato production
areas in izmir Province, and Meloidogyne and Globodera spp. individuals obtained from the soil. In addition,
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primers, consumables, chemicals and equipment were used in molecular studies. Besides, the GPS was
used to obtain the coordinates was used.

Survey

The survey studies were conducted during the potato production season of 2015, in two cultivation
periods (May-June and September-November) in potato production areas in izmir Province. One hundred
and fifteen soil samples were collected from Bayindir, Dikili, Kiraz, Odemis and Tire Districts of izmir
Province during the spring potato production period (May-June 2015) and 108 soil samples from Odemis
during the autumn potato production season (September-November 2015).

Fenwick can (Fenwick, 1940) was used to extract Globodera spp. from soil samples, and motile plant
parasitic nematodes were extracted using a modified Baermann funnel method (Hooper, 1986), specifically
for the second stage juveniles of Meloidogyne spp. The prevalence of nematodes in these districts were
determined as proportion of Globodera and Meloidogyne spp. in infested soil samples to the total number
of the samples. Moreover, Globodera and Meloidogyne spp., the number of cysts and juveniles were
counted under microscope in order to investigate the density of each population. The soil samples infested
with Meloidogyne spp. were placed separately in plastic pots and one susceptible tomato (SC2121)
seedling was planted in each pot in a greenhouse at 25°C and 60% RH. After 3 months, the infected tomato
plants were harvested and single egg masses were inoculated into a hole 2-3 cm deep near sterile tomato
seedlings within 7 d after transplanting. These pure cultures form Meloidogyne spp. populations were used
for identification.

Morphological identification
Perineal patterns

For identification of Globodera spp., the perineal regions of vulva-anus parts of cysts were examined.
The vulva region of the 8-10 cysts was cut with the help of a scalpel and kept in 15% H20:2 to ensure
decoloration. The vulva parts of the cysts were placed into glycerin on a slide, covered with coverslip and
sealed with nail-polish (Hooper, 1986). For identification of Meloidogyne spp., 5-6 female individuals were
taken and permanent preparations were made using the perineal specimens as described by Taylor &
Netscher (1974) and developed by Hartman & Sasser (1985). For the permanent preparations, vulval
regions of mature females were cut in 45% lactic acid, then transferred into glycerin and were mounted on
slides under a Leica DM4000B stereo microscope.

Morphometric measurements of second stage juveniles

Fixation and permanent preparation of second stage juvenile of Globodera and Meloidogyne spp.
were performed. Fixation was performed according to the method developed by Hooper (1986). The fixed
nematodes were taken into pure glycerin according to the Seinhorst (1959) method. Wax ring method was
used in making the preparation (Hooper, 1986). Globodera and Meloidogyne spp. were identified by
morphological and morphometric characters according to Siddigi (2000).

Molecular identification
Nematode DNA extraction

For molecular identification of Globodera spp. (32 populations) and Meloidogyne spp. (41
populations), DNA isolation was performed using five cysts and five egg masses from each population,
respectively, using a Qiagen DNA isolation kit (DNeasy Blood & Tissue Kit).
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Polymerase chain reaction

Globodera and Meloidogyne specimens, specific primers were identified using primers from White
et al. (1990), Bulman & Marshall (1997), Zijlstra et al. (2000), Wishart et al. (2002) and Tesarova et al.
(2003) (Table 1).

Table 1. Primers used in the PCR to identify the species of Meloidogyne and Globodera spp.

Species Primers Primer sequences (5'-3’) Fragments (bp) Reference

G. rostochiensis, ITS5 5-GGAAGTAAAAGTCGTAACAAGG-3 - White et al., 1990

G. pallida PITSp4 5-ACAACAGCAATCGTCGAG -3’ 264 Bulman & Marshall, 1997
PITSr3 5-AGCGCAGACATGCCGCAA -3 434 Bulman & Marshall, 1997

M. chitwoodi, JMV1 5-GGATGGCGTGCTTTCAAC-3 540 Wishart et al., 2002

M. fallax, JMV2 5-TTTCCCCTTATGATGTTTACCC-3 540 Wishart et al., 2002

M. hapla IMViepa  5'-AAAAATCCCCTCGAAAAATCCACC-3’ 440 Wishart et al., 2002

M. incognita Sec-1f 5-GGGCAAGTAAGGATGCTCTG-3’ 502 Tesarova et al., 2003
Sec-1r GCACCTCTTTCATAGCCACG 502 Tesarova et al., 2003

. ) Fjav 5-GGTGCGCGATTGAACTGAGC-3’ 720 Zijlstra et al., 2000

M. javanica - =
Rjav 5-CAGGCCCTTCAGTGGAACTATAC-3 720 Zijlstra et al., 2000

M. arenaria Far 5-TCGGCGATAGAGGTAAATGAC-3’ 420 Z?J:Istra etal., 2000
Rar 5-TCGGCGATAGACACTACAAACT-3 420 Zijlstra et al., 2000

The PCR mixture was prepared in 25 pl (2 ul DNA sample, 12.5 pyl PCR master mix, 7.5 pl water and 1 pl
specific primers) for each sample. For the PCR cycle, the parameters specified in Tables 2 and 3 were applied.

Table 2. Parameters used in the PCR study to determine the species of Meloidogyne spp.

Time & Degree Time & Degree Time & Degree Time & Degree
45 cycles
50°C (194/195)
61°C (Far/Rar)
64°C (Fjav/Rjav)
(

94°C 94°C 50°C (JMV primers) 72°C 4°C
2 min 30s 30s 7 min )
35 cycles
94°C 94°C 50°C (Sec-1f/Sec-1r) 72°C 72°C 4°C
3 min 30s 30s 90s 10 min 0

Table 3. Parameters used in the PCR study to determine the species of Globodera spp.

Time & Degree Time & Degree Time & Degree Time & Degree
35 cycles
94°C 94°C 60°C (ITS5/PITSp4/PITSr3) 72°C 72°C 4°C
2 min 30s 30s 30s 10 min ©

PCR products were processed with 1.5% agarose gel prepared with tris-borate-EDT buffer and then
stained with ethidium bromide and imaged under UV.

Results and Discussion

Morphological identification

As a result of the surveys conducted in potato fields of izmir Province, only G. rostochiensis was
found in the samples infested with cyst nematodes. Also, Meloidogyne spp. were detected in 41 soil
samples and all populations were cultured. From the morphological identification, the specimens were
identified as M. chitwoodi (1 sample), M. hapla (5 samples), M. incognita (25 samples) and M. javanica (10
samples).
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Tail length, hyaline terminus, stylet length, body diameter at anus, greatest body diameter, body
length (L), a, ¢ and ¢’ of juvenile are the main morphometric properties for identification of Globodera and
Meloidogyne spp. (Whitehead, 1968; Stone, 1973; Hesling, 1978; Eisenback et al., 1981; Golden, 1986;
Jepson, 1987; Karssen, 2002; EPPO, 2017). The mean morphometric measurements of the second stage
juveniles of G. rostochiensis, and M. chitwoodi, M. hapla, M. incognita and M. javanica are shown in Table 4.

Table 4. Morphometric data for second stage juveniles of potato cyst and root-knot nematode specimens collected from potato fields in

izmir Province, Turkey

Morphometric characters

J2 measurements (um) meanzstandard error (min-max)

Globodera rostochiensis

This study (n=96)

Salgut (2017)

Tirchi et al. (2016)

Stylet length

Tail length

Body diameter at anus
Body diameter
Hyaline terminus

Body length (L)

a
c
c

22.110.8 (16.2-25.8)
46.0+2.7 (23.9-74.3)
12.1£0.6 (8.8-14.4)
18.4+1.1 (11.1-23.3)
22.8+1.7 (10.2-35.1)
415.7+10.2 (334.7-464.1)
22.9+1.5 (16.7-36.3)
9.240.5 (4.9-12.0)
3.8£0.2 (2.9-5.4)

21.410.4 (19.5-23.6)
54.1+1.6 (42.0-60.0)
15.240,6 (12.0-17.0)
22.8+1.1 (18.0-28.0)
27.5+1.2 (22.8-33.2)

496.8+14.0 (445.0-585.0)

21.50.7 (20.0-22.8)
45.8+4.9 (37.0-54.7)
12.0£0.6 (10.5-12.5)
19.4+1.4 (16.2-21.7)
27.1+2.8 (22.8-31.9)

422.5+40.9 (371.1-502.5)
21.9+2.4 (18.6-26.0)

9.3+1.0 (8.1-11.4)
3.840.3 (3.2-4.4)

Meloidogyne chitwoodi

This study (n=3)

Evlice & Bayram (2016)

Golden et al. (1980)

Stylet length

Dorsal oesophageal gland (DGO)
Body diameter at S-E pore

S-E pore/Stylet length

Tail length

Body diameter at anus

Anus primordium

Body diameter at vulva

Greatest body diameter

Hyaline terminus

Body length (L)

a

b’

c
c
(S-E pore/L) X100

15.7+1.5 (13.4-18.5)
2.840.1 (2.7-3.0)
14.0£0.7 (12.6-15.0)
2.840.7 (1.5-3.9)
65.7+12.3 (43.9-86.3)
12.742.0 (9.2-16.1)
88.8+20.4 (66.0-129.6)
14.5+1.4 (11.8-16.5)
15.5¢1.7 (12.3-18.0)
11.5£0.7 (10.3-12.6)
356.4+16.3 (324.3-377.6)
23.6+3.1 (20.0-29.9)
5.8+1.1(3.8-7.1)
5.9+1.3 (4.4-8.4)
5.110.2 (4.8-5.4)
11.1£3.1 (5.9-16.7)

10.0£0.4 (9.3-10.8)
3.0£0.2 (2.6-3.3)
12.440.4 (11.5-13.4)
43.0+2.1 (40.2-47.9)
9.640.5 (8.8-10.8)
89.2+6.3 (80.4-97.8)
13.1%0.4 (12.5-13.9)
10.4£0.9 (8.8-12.2)
366.8+11.3 (352.3-390.0)
28.110.8 (26.0-29.1)
7.6£0.4 (7.0-8.3)
8.5£0.4 (7.4-9.0)
4.540.2 (4.1-4.7)
18.3+0.6 (17.5-19.3)

9.9:0.3 (9.0-10.3)
3.240.2 (2.6-3.9)

43.0+1.8 (39.0-47.0)

11.0£1.0 (8.6-13.8)
390.0+16.0 (336.0-417.0)
27.5+1.2 (24.5-29.8)
8.910.4 (7.9-9.6)

Meloidogyne hapla

This study (n=15)

Uysal et al. (2017)

Whitehead (1968)

Stylet length

Dorsal oesophageal gland (DGO)
Body diameter at S-E pore

S-E pore/Stylet length

Tail length

Body diameter at anus

Anus primordium

Body diameter at vulva

Greatest body diameter

Hyaline terminus

Body length (L)

a

b’

c
c
(S-E pore/L) X100

15.1%1.2 (11.5-18.4)
3.110.4 (2.1-4.7)
14.6£0.8 (11.2-17.1)
3.310.3 (2.0-4.2)
53.6+3.5 (31.2-67.8)
11.3£0.7 (7.2-14.4)
68.7+4.9 (54.2-92.1)
14.3+0.7 (10.1-17.6)
15.3+0.8 (11.3-18.9)
11.441.7 (4.8-17.4)
358.1+7.9 (319.1-420.6)
23.8+1.1 (19.5-30.9)
4.940.4 (4.0-6.7)
6.9+0.6 (4.8-8.0)
4.8+0.3 (3.6-6.0)
13.841.4 (8.0-17.3)

12.4+0.8 (11.2-13.6)
4.841.7 (3.2-6.4)

49.5+2.9 (44.8-56.0)

13.1£2.1 (11.2-17.6)
380.5+23.7 (328-412.8)
29.2
7.7

9.740.92 (7.9-10.9)

43.0+4.0 (33.0-48.0)

337.0+11.4 (312.0-355.0)
23.9+1.7 (20.1-26.6)
7.9£0.2 (7.3-10.2)
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Table 4. Continued

Morphometric characters

J2 measurements (um) meanzstandard error (min-max)

Meloidogyne incognita

This study (n=75)

Uysal et al. (2017)

Whitehead (1968)

Stylet length

Dorsal oesophageal gland (DGO)
Body diameter at S-E pore

S-E pore/Stylet length

Tail length

Body diameter at anus

Anus primordium

Body diameter at vulva

Greatest body diameter

Hyaline terminus

Body length (L)

a

b

b’

c
c
(S-E pore/L) X100

14.4+0.6 (11.6-22.0)
2.940.3 (1.5-4.7)
13.7+0.8 (10.6-18.4)
4.4%0.3 (3.3-6.3)
52.643.5 (37.3-105.0)
10.840.7 (6.7-14.7)
100.147.4 (69.7-181.0)
14.1£0.7 (10.6-18.2)
15.2+0.8 (11.4-21.2)
10.6+1.1 (4.50-18.90)
361.9+5.6 (308.3-403.0)
24.2+1.3 (17.1-30.1)
4,540.2 (2.9-6.2)
7,140.5 (3.5-10.2)
4,9+0.3 (3.7-7.8)
17,5¢1.2 (12.3-22.7)

13.3£0.7 (12-14.4)
3.410.5 (3.2-4.8)

57.645.5 (50.4-68.8)

11.6£2.2 (6.4-16.0)
409.7+22.4 (360.0-441.6)
29.5

7.1

10.5+0.59 (9.6-11.7)

46.0+3.0 (38.0-55.0)

371.0+16.0 (337.0-403.0)
28.3+1.7 (24.9-31.5)
2.4%0.3 (2.0-3.1)
7.110.4 (6.4-8.4)
8.1£0.7 (6.9-10.6)

Meloidogyne javanica

This study (n=30)

Uysal et al. (2017)

Whitehead (1968)

Stylet length

Dorsal oesophageal gland (DGO)
Body diameter at S-E pore

S-E pore/Stylet length

Tail length

Body diameter at anus

Anus primordium

Body diameter at vulva

Greatest body diameter

Hyaline terminus

Body length (L)

a

b’

c
c
(S-E pore/L) X100

15.3£0.8 (11.7-18.7)
3.1£0.3 (2.1-4.4)
13.8+0.7 (10.4-17.1)
3.740.3 (2.5-4.8)
50.3+2.8 (27.9-62.3)
10.240.5 (8.0-11.9)
90.1%2.6 (59.8-112.2)
13.6£0.8 (8.8-16.4)
14.7+0.7 (10.4-18.4)
11.741.6 (4.7-23.8)
387.9+10.5 (326.5-439.3)
26.7+1.7 (21.0-37.7)
5.410.4 (3.9-7.8)
7.940.5 (6.2-10.8)
4.940.2 (3.5-5.8)
14.6£0.9 (11.6-19.5)

14.0£0.5 (13.6-14.4)
3.410.4 (3.2-4.0)

55.2+3.8 (52.8-60.8)

14.4+2.3 (12.8-17.6)
448.0+16.3 (427.2-465.6)
32.0
8.1

10.4+0.5 (9.4-11.4)

49.0+4.0 (36.0-56.0)

417.0£22.0 (387.0-459.0)
30.6+2.0 (27.1-35.9)
7.5£0.2 (7.1-8.0)
8.5£0.7 (7.3-11.1)

The morphological and morphometric data of populations identified as G. rostochiensis (Figure 1),
and M. chitwoodi, M. hapla, M. incognita and M. javanica (Figure 2) were confirmed according to the original

definition (Siddigi, 2000).
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Figure 1. Globodera rostochiensis isolates collected from izmir Province: a) midbody region view of second stage juvenile; b) anterior
view of second stage juvenile; and c) perineal pattern.

50 ym

50 ym

50 ym

Figure 2. Meloidogyne spp. isolates collected from Izmir Province: a) tail view of second stage juvenile of M. incognita; b) anterior
view of second stage juvenile of M. incognita; c) perineal pattern of M. incognita; d) anterior view of second stage juvenile of
M. javanica; e) tail view of second stage juvenile of M. javanica; f) perineal pattern of M. javanica; g) tail view of second stage
juvenile of M. hapla; h) anterior view of second stage juvenile of M. hapla; i) perineal pattern of M. hapla; j) anterior view of
second stage juvenile of M. chitwoodi; k) tail view of second stage juvenile of M. chitwoodi; and I) perineal pattern of M. chitwoodi.
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Molecular identification

PCR studies were conducted using primer set PITSr3/PITSp4/ITS5 (Bulman & Marshall, 1997) for
the determination of G. rostochiensis species and a band was obtained at 434 bp for all G. rostochiensis
specimens (Figure 3). Ulutas et al. (2012) had determined G. rostochiensis with the same primers in potato
cultivation areas of Aegean Region of Turkey.

All M. chitwoodi and M. hapla specimens were diagnosed using JMV1/JMV2/JMVhapia primer set, with
440 and 540 bp DNA bands, respectively (Figure 3), as described by Wishart et al. (2002) and these results
are compatible with the results of earlier studies in Turkey (Devran et al., 2009; Akyazi et al., 2012; Evlice
& Bayram, 2016; Uysal et al., 2017). For M. javanica, specific SCAR primers (Zijlstra et al., 2000) produced
720 bp DNA bands (Figure 3), and this finding is in agreement with previous studies which conducted on
different crops in Turkey (Devran & Sogiit, 2009; Devran, 2013; Ozarslandan & Elekcioglu, 2010; Devran
et al., 2017; Uysal et al., 2017). SEC-1F/SEC-1R primers (Tesarova et al., 2003) were used and a DNA
band was obtained at 502 bp for all M. incognita populations (Figure 3). These results are similar to previous
studies in Turkey (Devran & Sogit, 2009; Akyazi & Felek, 2013; Devran, 2013; Uysal et al., 2017). The
perineal patterns, measurements of the second stage juveniles and molecular definitions overlapped for all
nematode species.

502bp— e s —————

MK MK 2B PR ONK M

© e sabp

HObp | em———— = =

d

Figure 3. Amplification products with the Globodera and Meloidogyne spp. collected from izmir Province: a) 502 bp PCR product
obtained from M. incognita samples using SEC 1-F/SEC 1-R primers; b-c) 434 bp PCR product obtained from G. rostochiensis
samples using PITSr3/PITSp4/ITS5 primers; d) 720 bp PCR product obtained from M. javanica samples using Fjav/Rjav, 440
bp PCR product obtained from M. hapla samples and 540 bp M. chitwoodi samples using JMV1/JMV2/JMV hapia primers (PK,
positive control; NK, negative control; M, molecular marker (100-1000 bp Thermo).

Occurrence of Globodera spp. and Meloidogyne spp. in districts of izmir

Meloidogyne spp. were detected in 41 soil samples from Bayindir (3 samples), Dikili (3 samples),
Kiraz (1 sample) and Odemis (34 samples) Districts. No plant parasitic nematodes were found in potato
cultivation areas Tire District. Globodera sp. was detected only in soil samples taken from 32 different fields
in Odemis District. As a result, Meloidogyne spp. (18.4%) were found more widely distributed than
Globodera spp. (14.4%) in izmir potato cultivation areas in 2015 (Figure 4).
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Figure 4. Surveyed area and the locations of nematode species found in potato fields in izmir Province (Anonymous, 2020).

From the morphological and molecular identification studies, only G. rostochiensis was found in
samples infested with cysts. Also, 61.0% of samples contained M. incognita, 24.4% M. javanica, 12.2% M.
hapla and 2.4% M. chitwoodi.

Several nematode species that cause significant yield losses are found in potato cultivation areas.
The main nematode species associated with potatoes are the yellow potato cyst nematode G.
rostochiensis, the white potato cyst nematode, Globodera pallida (Stone, 1973) Behrens, 1975 and also
the root-knot nematodes Meloidogyne spp. (Vovlas et al., 2005; Medina et al., 2016). In this study, G.
rostochiensis, M. chitwoodi, M. hapla M. incognita, and M. javanica have been found in different parts of
izmir potato cultivation areas. In contrast, G. pallida was not detected in the surveyed areas of izmir
Province. In Turkey, many studies had been carried out to determine the nematode species on different
crops. Globodera spp. was determined for the first time in Turkey in potato cultivation areas of Bolu
Province (Enneli & Oztiirk, 1996) and in the following decade, this nematode was found in Afyon, izmir
(Odemis-Bozdag), Konya and Sivas Provinces (Anonymous, 2008). Ulutas (2010) reported that G.
rostochiensis prevalence in the Aegean Region potato production areas at 17.5% and also in Odemis
District of izmir at 61.7%. In izmir, potato is cultivated both in high lands and low lands in two different
growing seasons. In this study, while G. rostochiensis was found in all potato growing areas of the high
lands, in the low lands infestation rate was only 6.82%.

Unfavorable environmental conditions cause the death of the eggs in the cyst and annual mortality
rates are more than 50% for temperate regions and 75% in warmer climates (Marks & Brodie, 1998). Due
to the high egg mortality of Globodera spp. in warmer climates, these species may better adapt to
subtropical regions and its cycle is interrupted at temperatures above 28°C (Lima et al., 2018). Moreover,
G. rostochiensis can develop well between 15-25°C (EPPO, 2017).

In addition, M. incognita and M. javanica have been found to be the predominant species and also
M. arenaria, Meloidogyne artiella Franklin, 1961, Meloidogyne ethiopica Whitehead, 1968, Meloidogyne
exiqua Goeldi, 1892, M. hapla, Meloidogyne Iluci Carneiro, Correa, Almeida, Gomes, Deimi, Castagnone-
Sereno & Karssen, 2014, and Meloidogyne thamesi (Chitwood, 1952) were identified in different cultivation
areas of Turkey (Yiksel, 1966, 1967, Elekcioglu & Uygun, 1994; Kagkavalci & Oncler, 1999; Kepenekgi
et al., 2002; Ozarslandan et al., 2009; Aydinli et al., 2013; imren et al., 2014; Aydinli, 2018). Also, Yildiz et
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al. (2009) reported that M. chitwoodi was found in 37.9% of potato areas of izmir. In Central and East
Anatolia Region, only M. chitwoodi has been detected in potato cultivation areas in different studies
(Ozarslandan & Elekgioglu, 2010; Ozarslandan et al., 2013; Evlice & Bayram, 2016). With this study, M.
incognita and M. javanica were found to be the widely distributed nematodes, but only one sample was
infested with M. chitwoodi. These results may be explained due to the fact some nematode species have
been found with low population levels for years. Furthermore, climate change could be affecting population
density of plant parasitic nematode species in a way that the cool climate species such as M. chitwoodi
and M. hapla are being replaced by species with high adaptability to higher temperatures such as M.
incognita and M. javanica (G6zel & Elekcioglu, 1996; Da Conceigao et al., 2009).

Distribution of Globodera and Meloidogyne spp. in izmir

Globodera and Meloidogyne spp. were detected in 14.4% and 18.4% of samples. When grouped in
terms of the number of individuals in 100 cm?® soil, for Globodera species, 1-50 individuals were detected
in 37.5%, 51-250 individuals in 46.9% and 251-500 individuals in 15.6% of the samples. For Meloidogyne
species 1-50 individuals were found in 85.4% of the samples 51-250 individuals were detected in 14.6% of
the samples (Table 5).

There are many factors such as initial population density, host plants, crop rotation, season and soil
type that can affect the economic damage caused by Globodera spp. and Meloidogyne spp. (Greco et al.,
1992; Greco, 1993; Potter & Olthof, 1993). The economic damage threshold levels of potato cyst
nematodes are considered as 10 eggs/g soil (Phillips et al., 1991). In this study, all the samples which were
infested with G. rostochiensis were determined above the economic damage levels for potato production.
Damage thresholds have been established for several crops, where the average is about 0.5-2 juveniles/g
of soil for Meloidogyne species. Also, it is reported that the economic damage threshold of M. chitwoodi is
1 juvenile/250cm? of soil (Brodie et al., 1993). Although M. chitwoodi detected in this study was above the
economic damage threshold, it should be noted that this species was found only in one sample.
Considering the population densities of the 41 infested samples, only three populations (M. chitwoodi, 1
population; M. incognita, 2 populations) were found above the specified threshold levels.

Table 5. Rate of nematode detections in a survey in the potato production areas in izmir in 2015 by population density (%)

The presence of nematodes according to the number of individuals (%)

Positive Proportion Total Population density (individuals/100 cm? soil) (%)
Nematode species positive samples  availability

Samples genera (%)*  rate (%) 1-50 51-250 251-500 > 500
Globodera rostochiensis 223 32 100.00 37.50 46.88 15.62 -
Meloidogyne incognita 223 25 60.97 80.00 20.00 - -
Meloidogyne javanica 223 10 24.39 100.00 - - -
Meloidogyne hapla 223 5 12.20 100.00 - - -
Meloidogyne chitwoodi 223 1 244 - 100.00

* 32 and 41 positive samples for Globodera spp. and Meloidogyne spp., respectively, of a total of 223 samples.

The main factors affecting the degree of damage caused by nematodes on potato tubers include the
population density of the existing species and the duration of the plant in the soil. During planting time, if
there is a high Globodera spp. or Meloidogyne spp. population present in the soil, these plants are affected
more quickly (Lima et al., 2018).
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The importance of these nematode species varies depending on their adaptation to the geographical
region (local climate) and host plant species. Although nematode species have their own biology and
behavior, it is often difficult to control or eliminate when they infect an area. Also, morphological similarities
make it difficult to identify the nematodes.

Reliable identification of Globodera spp. and Meloidogyne spp. and determination of the population
densities in potato cultivation areas are crucial to selection of effective control methods and to apply
quarantine regulations (Lima et al., 2018). The differences between temperate and tropical Meloidogyne spp.
and their distribution in Turkey indicate that different strategies are needed in various geographical regions.
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Identification and genetic diversity of the Mediterranean cereal cyst
nematode, Heterodera latipons Franklin, 1969 (Tylenchida:
Heteroderidae) in cereal production areas of Northern Cyprus

Kuzey Kibris arpa ve bugday uretim alanlarinda Akdeniz tahil kist nematodu, Heterodera
latipons Franklin, 1969 (Tylenchida: Heteroderidae)'un tanimlanmasi ve genetik gesitliligi
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Abstract

The Mediterranean cereal cyst nematode, Heterodera latipons Franklin, 1969 (Tylenchida: Heteroderidae) is a
destructive plant-parasitic nematode on cereal crops in particularly wheat and barley. It has a global distribution with a
severe negative impact on yield quantity. In this study, a survey was conducted to identify plant-parasitic nematodes in
cereal-growing areas in Cyprus. Forty-five samples including roots and soil from the root zone of plants were collected
from cereal fields located in Gazimagusa, Girne, Glzelyurt and Lefkosa Provinces before crop harvesting from late-May
and early-June in 2017. Cyst-forming nematodes were determined by Fenwick’s flotation and decanting techniques from
37 soil samples (82%). The internal transcribed spacer (ITS) regions of the ribosomal DNA of isolates were amplified
and sequenced and subjected to a BLASTn search of the NCBI database for species identification, and the analyses
showed that all samples were identified as H. latipons. Phylogenetic analyses based on ITS sequences revealed that H.
latipons isolates from Northern Cyprus were closely related to isolates obtained from Morocco, Russia, Syria and Turkey.
Data of this study demonstrated for the first time the presence of H. latipons in the cereal fields of Gazimagusa, Girne,
Guzelyurt and Lefkosa Provinces, where the nematode most likely causes serious economic problems in the cereal
production. These results were the most up-to-dated analyses on the occurrence of H. /latipons in cereal fields of Northern
Cyprus and provided basic data for breeding programs to improve the resistant levels in the local cultivars.

Keywords: Heterodera latipons, heterogeneity, ITS, phylogeny

Oz

Akdeniz tahil kist nematodu, Heterodera latipons Franklin, 1969 (Tylenchida: Heteroderidae) 6zellikle bugday
ve arpada olmak uzere tahillarda dnemli zararlara neden olan bir bitki paraziti nematod olup, dinyada tahil yetistirilen
alanlarin blyiik cogunlugunda tespit edilmistir. Bu galismada, Kibris’in tahil alanlarindaki patojen nematodlari belirlemek
icin bir strvey yapiimistir. Gazimagusa, Girne, Guzelyurt ve Lefkosa tahil Uretim alanlarindan toplam 45 adet toprak
ve kdk ornedi 2017 yilinin mayis ayi sonu-haziran ayi basi arasinda tahil hasadi 6ncesinde alinmistir. Toprak ve kdk
orneklerinden Fenwick yontemii kullanilarak kistler toplaniimig, 37 adet érnekte (%82) kiste rastlanilmis olup, tim
ornekler ribozomal DNA'nin ITS bdlgesi kullanilarak, tahil kist nematodu H. /atipons molekdler dizeyde tanimlanarak
belirlenmistir. Calismada Kuzey Kibris arpa ve budday alanlarindan elde edilen H. latipons 6rneklerine ait ITS bolgesi
sekans dizilerinin Fas, Rusya, Suriye ve Turkiye’den elde edilen izolatlara oldukg¢a benzerlik gosterdigi tespit edilmistir.
Kuzey Kibris'in Gazimagusa, Girne, Guzelyurt ve Lefkosa illeri tahil alanlarinda H. latipons'un ilk olarak tespit edildigi
bu ¢alisma, nematodun yayginligini ortaya koyan ve zararlinin micadelesinde basta dayanikh ¢esit kullanimi olmak
Uzere diger micadele ydntemlerinin uygulanmasinda temel olusturacak verileri icermektedir.

Anahtar sozciikler: Heterodera latipons, heterojenite, ITS, filogenetik
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Introduction

Plant-parasitic nematodes are considered economically important biotic stress factors that cause
severe damage to the global cereal production system. These nematodes are responsible for an annual
global loss of $125 billion (Chitwood, 2003). The foliar symptoms associated with plant-parasitic nematodes
infestation are similar to those caused by other soil borne pathogens, therefore, losses caused by plant-
parasitic nematodes can be overlooked. Cyst-forming nematodes (Heterodera spp.) form a highly
specialized group infesting cereal crops and causing economic damage to their production (Greco et al.,
2002). Heterodera spp. are obligate sedentary endoparasites, and their life cycles depend on the invasion
of root tissues of susceptible hosts. The feeding structures stimulated by the nematodes are called syncytia
and provide a constant source of food for them to become reproductive females (Kyndt et al., 2013).
Mediterranean cereal cyst nematode is a species that is occurs in Cyprus, Israel, Italy, Lebanon, Libya,
Syria, Tunisia, and Turkey (Franklin, 1969; Saxena et al., 1988).Yellowing of cereal stands, ranging from
mild to severe, have been observed in the early stage of Heterodera latipons Franklin, 1969 (Tylenchida:
Heteroderidae) infestation, while the infested fields show patchy plant growth due to poor tillering and
shorter spikes in the affected area in the later stages (Dababat & Fourie, 2018). The nematode population
generally expands from the initial location increasing the number of affected plants, which results in
enlargement of patches. These symptoms may be combined with other biotic or abiotic stresses that
increase disease severity. Before the flowering stage, white and lemon-shaped females can be easily seen
on the infested roots (Greco et al., 2002). Infested plants also tend to wilt during the warmer parts of the
day (McDonald & Nicol, 2005).

More than 60 species have been described in the genus Heterodera, which has been extensively
studied, especially those associated with cereals and grasses crops. Although many Hetferodera species
infest cereals, the most prevalent species is Heterodera avenae Wollenweber, 1924 which is considered a
complex (H. avenae group) containing H. avenae; Heterodera filipjevi (Madzhidov, 1981) Stelter, 1984;
Heterodera arenaria Cooper, 1955, Heterodera pratensis Gabler, Sturhan, Subbotin & Rumpenhorst, 2000,
Heterodera aucklandica Wouts & Sturhan, 1995, Heterodera mani Mathews, 1971, Heterodera ustinovi
Kirjanova, 1969 and Heterodera australis Subbotin, Sturhan, Rumpenhorst & Moens, 2002 species (Wouts
& Sturhan, 1995; Gabler et al., 2000; Sturhan & Krall, 2002; Subbotin et al., 2002). Heterodera latipons is
considered to form a distinct species complex within the H. avenae group, which discriminated by molecular
analyses (Figure 1) (Subbotin et al., 2003).

Heterodera latipons, known as the Mediterranean cereal cyst nematode, has been identified in Asia
and Europe, this species, however, is predominantly distributed in the countries in the Mediterranean basin
(Abidou et al., 2005; Smiley & Nicol, 2009). Heterodera latipons has been noted to attack several species
such as; oat in Israel (Cohn & Ausher, 1973), barley in Libya (Franklin, 1969), wheat in China (Peng et al.,
2007), barley and wheat in Turkey (Rumpenhorst et al., 1996; Imren et al., 2012) and Morocco (Mokrini et
al., 2017). The Mediterranean cereal cyst nematode as well as the lesion nematode, Pratylenchus thornei
Sher & Allen, 1953 (Tylenchida: Pratylenchidae) have been determined in Cyprus (Philis, 1988b, 1995)
and are assumed to be the most damaging plant-parasitic nematode species on barley and wheat. Also,
Sikora (1988) reported that the Mediterranean cereal cyst nematode could be one of the most important
constraints on cereal production in the temperate semiarid regions, such as Cyprus. Significant yield loss
in cereal production by this nematode has been also reported by Philis (1988a) in Cyprus. However, there
was limited information on the distribution and genetic structure of the Mediterranean cereal cyst nematode
in the cereal fields in the northern part of the island.
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Figure 1. The phylogenetic relationship among COI haplotypes of Heterodera avenae group species. Small black circles represent
missing haplotypes (Subbotin et al., 2003) (A number of changes are indicated in brackets).

Characterization of the cyst nematode populations molecularly at intra- or interspecies level can be
vital information for the selection of appropriate and efficient management strategies (Ganguly & Rao,
2003). The increasing number of species in H. avenae complex has resulted in difficulties in morphological
and morphometric identification and requires specialized taxonomists (Subbotin et al., 2003). Due to the
minor morphological and morphometric differences within this genera complex; sufficient criteria to
discriminate the species from each other would not be applicable (Subbotin et al., 1999). Therefore,
molecular diagnostic techniques have provided clues to solve taxonomic problems associated with the
conventional species identification (Szalanski et al., 1997; Al-Banna et al., 2004; Subbotin et al., 2010).
The internal transcribed spacer (ITS) region of ribosomal DNA exhibits considerably high variations among
nematode populations and is commonly used to identify species and reveal phylogenetic relationship
among nematode populations at species level (Subbotin et al., 2003; Madani et al., 2004; Smiley et al.,
2008). Philis (1988a) examined the morphological and morphometric characteristics of H. /atipons obtained
from Cyprus. No previous information on the genetic structure about the Mediterranean cereal cyst
nematode in Cyprus is available. To fill the informative gap which is necessary to understand population
structures of the Mediterranean cereal cyst nematode, surveys were conducted in the main cereal-growing
areas of Cyprus. The main objectives of this study were to (a) identify nematode species using molecular
tools based on their ITS sequences and (b) determine phylogenetic relationships among the nematode
populations obtained in this study and representative isolates from the other countries.

Materials and Methods
Nematode populations

A comprehensive survey was carried out in 2017 for the identification, distribution, and estimation of
genetic variation of H. latipons, from Northern Cyprus. Forty-five samples including soil and roots of plant
were collected from wheat and barley fields located in Gazimagusa, Girne, Glizelyurt and Lefkosa
Provinces before the harvesting time, between the end of May and the beginning of June 2017 (Table 1).
Cysts were extracted from soil and roots by flotation and decanting techniques (Fenwick, 1940). Extracted
cysts were firstly classified to genus level under a V20 stereomicroscope (Zeiss, Jena, Germany). At least
20 full cysts were selected and handpicked with a needle from each sample and stored at 4°C to be used
in the molecular analysis.
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Table 1. List of samples with their geographical locations and Heterodera species identified from this study

No  Province Location Crop Cyst infestation Heterodera species Accession Nos.
1 Cayonu-I Barley Absent -

2 Cayonu-ll Barley Present H. latipons MK431040
3 Merkez Barley Present H. latipons MN621871
4 Turkmenkdy Barley Absent -

5 Yildirimkdy Barley Absent -

6 Gelincik Iskele-I Barley Present H. latipons MK431035
7 Gelincik Iskele-II Barley Absent -

8 Atlilar Barley Absent -

9 Derince-l (Iskele) Barley Present H. latipons MK431036
10 Derince-ll Barley Present H. latipons MK431037
11 Derince-lll Wheat Present H. latipons MK431038
12 Birsen Iskele Barley Present H. latipons MN621872
13 o Cetereisi Barley Present H. latipons MN621877

Gazimagusa o .

14 Gelincik Barley Present H. latipons MN621878
15 Tarfo Barley Present H. latipons MN621880
16 Yesilkoy-| Barley Present H. latipons MK431027
17 Yesilkoy-Il Wheat Present H. latipons MN621870
18 Yesilkoy-1lI Barley Absent -

19 incirlik Barley Present H. latipons MK431032
20 Kumyali Barley Present H. latipons MN621875
21 Cayirova Barley Present H. latipons MN621876
22 Kurtulus Barley Present H. latipons MN621879
23 Beyarmudu-I Barley Present H. latipons MN621881
24 Beyarmudu-II Barley Present H. latipons MN621882
25 Canakkale Mah. Barley Present -

26 Tatlisu Barley Present H. latipons MK431039
27 Glinegkoy Barley Present H. latipons MK431029
28 Meteoroloji Station Barley Absent -

29 Taspinar-| Barley Present H. latipons MK431030
30 Taspinar-Il Wheat Present H. latipons MK431024
31 University Barley Present H. latipons MK431025
32 Tepebasi-I Barley Present H. latipons MN621868
33 Giizelyurt Tepebasi-II Barley Present H. latipons MN621869
34 Gazievren Barley Present H. latipons MN621873
35 Zumritkoy Barley Present H. latipons MN621874
36 Aydinkdy Barley Present H. latipons MN621883
37 Bostanci-I Barley Present H. latipons MN621884
38 Bostanci-Il Barley Present H. latipons MN621885
39 Doganci Barley Present H. latipons MN621886
40 Ergazi Iskele Barley Present H. latipons MN621887
41 Yilmazkdy Barley Present H. latipons MK431026
42  Lefkosa Clup Mexico Barley Present H. latipons MK431031
43 Mehmetcik Iskele Wheat Present H. latipons MK431034
44 Gime Kormacit Barley Present H. latipons MK431028
45 Camlikéy Wheat Present H. latipons MK431033
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Molecular identification

The genomic DNA was extracted from a single mature cyst following the method described by
Subbotin et al. (2001). The cyst was crushed, and the juveniles (J2s) were moved into 10 pl of double-
distilled water. The J2s were homogenized via a micro-homogenizer, then the entire suspension was put
into a 1.5 ml Eppendorf tube. A 10 pl of 1XxPCR reaction mix [75 mM Tris-HCI (pH 8.8), 20 mM (NH4)2SO4,
0.01% (v/v) Tween 20] and 2 pl of proteinase K (600 pg/ml; Qiagen GmbH, Hilden, Germany) were added
to the lysate. The tube was exposed to incubation at 60°C for 30 min, and a further 5 min at 95°C to dispose
of proteinase K. The tube was centrifuged at 16,000 rpm. The supernatant was carefully removed without
disturbing the pellet, transferred into another Eppendorf tube, and stored at -20°C until further use.

PCR amplification to produce the ITS fragments of the isolates, including the 5.8S ribosomal gene
as well as parts of the 18S and 28S genes, was performed with AB28 (5'-ATA TGC TTA AGT TCA GCG
GGT-3') and TW81 (5'-GTT TCC GTA GGT GAA CCT GC-3') primers using a T100 thermal cycler (Bio-
Rad, Hercules, CA, USA) (Subbotin et al., 2001). PCR reactions were conducted in a 50 pl reaction mixture
containing 5 yl 10% PCR reaction buffer, 0.4 uM of each primer, 2 ul template DNA, 200 uM of each dNTPs,
and 1.25-unit Taq DNA polymerase (New England BioLabs, Ipswich, MA, USA). The thermal cycler
program for amplifying the ITS region was: 3 min for an initial denaturation step at 94°C, followed by 35
cycles with 1 min denaturation at 94°C, 1 min annealing at 55°C, and 2 min extension at 72°C and a 10
min final extension at 72°C. Negative control (no DNA template) was used to ensure that there was no
contamination in the reaction mix. The amplification products were evaluated on 1.5% agarose gel (100 V;
60 min) using a G: BOX F3 gel doc system (Syngene, Cambridge, UK) after ethidium bromide staining.

The PCR products were cut and eluted from the gel and purified using a QIAquick PCR purification
kit (cat no 28106; Qiagen GmbH, Hilden, Germany). The purified products were subjected to bidirectional
sequencing by a commercial company (Macrogen Inc., Seoul, Korea). The sequences were aligned with
Clustal W (Thompson et al., 1994), which was a multiple sequence alignment method and then identified
using the BLASTn algorithm on the NCBI website (NCBI, 2019). The sequences derived from this study
were deposited into the GenBank database with the accession numbers shown in Table 1.

Phylogenetic analysis

The ITS sequences of the isolates were used to reveal intraspecific genomic variability of H. latipons
populations and to determine phylogenetic relationships among themselves and the sequences of
representative H. latipons isolates from different countries available in the GenBank database. A total of
43 nucleotide sequences was involved in the analysis. The evolutionary history was inferred using the
neighbor-joining method, based on evolutionary distances computed using the Tamura-Nei method
(Tamura & Nei, 1993). Gaps were treated as missing data. One sequence belonging to Heterodera schachtii
Schmidt, 1871 isolate (accession AY166438) obtained from Belgium was used as an outgroup to root the
trees and to characterize polarization. Bootstrap support was calculated for all analyses using 1000 replicates.

Results and Discussion

Heterodera latipons is one of the damaging biotic stresses reported to cause yield loss in wheat
production systems around the world (Dababat & Fourie, 2018). In this study, the Mediterranean cereal
cyst nematode was determined in 37 fields out of 45 cereal fields (82%) surveyed in cereal-growing areas
of Northern Cyprus (Table 1). In Cyprus, the Mediterranean cereal cyst nematode was first identified by Philis
(1988a) and is considered as the most destructive plant-parasitic nematode species on cereals. Pratylenchus
thornei, root lesion nematode, was determined to often co-occurred with H. latipons in the same area, which
can also cause substantial yield losses of barley and wheat in Cyprus (Philis, 1988a, 1995).
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Figure 2. Phylogenetic tree (neighbor-joining) constructed based on the ITS sequence alignment from the 37 populations of Heterodera
latipons including their accession numbers and strain numbers. Bootstrap values are given for the appropriate clades.

This study demonstrated that surveyed cereal-growing areas were predominantly infested with the
Mediterranean cereal cyst nematode, which complies with reports that found a relatively high density of the
Mediterranean cereal cyst nematode in the samples obtained from cereal fields by Imren et al. (2018) and
Mokrini et al. (2017) in Turkey and Morocco, respectively.

The phylogenetic relationship among the cyst nematode populations was compared to international
genotypes (Figure 2). The phylogenetic tree generated from 1000 bootstrapped sequence alignments were
subjected to global rearrangement with random replications. H. latipons populations showed intraspecific
polymorphism and were clustered into two distinct groups. The first group comprised H. latipons
populations from Gazimagusa, Girne, Gizelyurt and Lefkosa Provinces and the second group consisted
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of only isolates from Gazimagusa. Generally, the phylogenetic analyses showed that H. /atipons isolates
from Northern Cyprus were closely related to the Moroccan, Syrian and Turkish isolates. Also, Northern
Cyprus cyst samples were grouped with Iran and Russia populations of H. /latipons.

The sequence analysis of the ITS regions was frequently used for discrimination of nematode
species, as well as the species of Heterodera genus (Subbotin et al., 2003; Baklawa et al., 2015; Imren et
al., 2015; Mokrini et al., 2017). This was the first study where the intraspecific polymorphism based on the
ITS sequences among H. latipons populations of Northern Cyprus was used. The results agree with many
other studies revealing the existence of intraspecific polymorphism among H. /latipons populations obtained
from different countries (Subbotin et al., 1999; Rivoal et al., 2003; Madani et al., 2004; Imren et al., 2015;
Mokrini et al., 2017). Based on the results of this study, variation in nucleotide sequences observed among
the nematode populations and were found to be close to Syrian and Turkish populations of H. latipons than
Iranian and Russian populations. imren et al. (2015) showed intraspecific differentiation between the
Turkish H. latipons populations and the Moroccan and Syrian populations. Madani et al. (2004) and Rivoal
et al. (2003) also showed intraspecific variations among populations of H. /atipons using the PCR-RFLP
method. Also, Mokrini et al. (2017) reported that H. /latipons populations collected from different cereal-
growing areas of Morocco were grouped into the same group with high similarity. In the present study, the
phylogenetic tree clustered the populations of 37 distant sites at species level based on the ITS sequences
as shown in Figure 2.

High prevalence of H. latipons was revealed in barley and wheat-growing areas of Northern Cyprus,
confirming the observations that cyst nematodes species are the most important pathogens of barley,
wheat and other cereals (Abidou et al., 2005; Sahin et al., 2010; Imren et al., 2012, 2015; Toktay et al.,
2015). The density of these populations mostly exceeded or approached the threshold level for economic
loss. CCN populations were reduced to levels below the economic damage threshold of 5 eggs/g soil under
cereal monocultures (Gair et al., 1969; Dababat & Fourie, 2018). Further evaluations are necessary to
determine the virulence of H. latipons populations to barley and wheat cultivars widely grown in Northern
Cyprus and to identify the pathotypes of the H. latipons populations from Gazimagusa, Girne, Gizelyurt
and Lefkosa cereal-growing areas, as well as to include suitable resistance sources to cereal breeding
programs. Appropriate and applicable management strategies, such as the use of resistant cultivars,
fallowing and rotation with non-host crops, might be the most effective cultural methods to keep the
nematode population densities below damaging levels in Cyprus. Also, several sources of resistance to
cyst nematode have been identified in domestic cereals and have been recommended for inclusion in
breeding programs (Dababat et al., 2015). The effectiveness of the use of resistant cultivars might not be
guaranteed due to the formation of new pathotypes that show variation in the virulence, however, the
cultivation of these cultivars, which have valuable traits in their genome provide resistance to populations
of H. latipons, should be recommended.

Based on previous information, the presence of H. latipons in Northern Cyprus was first confirmed
using molecular tools. These results demonstrated the strongest analysis to date on the existence and
distribution of H. latipons in the main barley and wheat-producing areas of Northern Cypruss, serving a
basis for more specific resistance breeding, as well as other management practices. In conclusion, an
attempt was made to understand the diversity of cyst nematode species of Northern Cyprus. Additional
studies are needed to explain the cyst nematode species in cereal cropping areas in Northern Cyprus.
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