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With this study, the presence of entomopathogenic nematodes (EPN) in 15
villages (Ulas, Tasligiftlik, Songlt, Blylkbaglar, Ugrak, Tahtoba, Dayilihaci,
Corduk, Kizilkdy, Bakigli, Ballidere, Coregiblylk, Gaziosmanpasa, Gunevi,
Akyamac and 2 towns (Guryildiz, Emirseyit) of Tokat province where alfalfa
was cultivated intensively was investigated between June-October 2016. For

this purpose, 58 soil samples were taken and obtained 10 EPN isolates by trap-

entomopathogenic nematodes,
alfalfa fields, Tokat, Turkey

insect method. As a result of the morphological and molecular diagnosis, 8 of

them were defined as Steinernema carpocapsae, one isolate as S.feltiae and one

isolate as Heterorhabditis bacteriophora. This paper is the first report showing the
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occurrence of EPNs in alfalfa fields in Turkey.

INTRODUCTION

Recently, one of the most important issues discussed is
the restriction of the use of pesticides. Efforts of biological
control are an important tool to achieve this target in the
world. Entomopathogenic nematodes (EPNs) belong to
Steinernematidae and Heterorhabditidae families which are
parasites of insects, killing them rapidly with the help of
mutualistic bacteria. Therefore, they have great importance
as biological control agents of many insect pests having
economic importance (Hazir et al. 2003). In recent years,
studies on the effectiveness of EPNs against important
pest groups of economic importance have gained speed in

Turkey.

In the world, a total of 104 EPN species have been identified.
These are 84 species from the Steinernema genus, 1 species
from the Neosteinernema genus and 19 species from the
Heterorhabditis genus (Nguyen 2018). Studies on the EPNs
in Turkey have begun in recent years (Kepenekci et al.
1999, Ozer et al. 1995). When analyzed studies conducted
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to determine the EPNs in Turkey, it is seen that 7 species
(S. anatoliense, S. bicornutum, S. carpocapsae, S. feltiae, S.
kraussei, S. websteri and S. weiseri) belonging to the genus
Steinernema and 3 species (H. bacteriophora, H. marelatus
and H. megidis) belonging to the genus Heterorhabditis have
been revealed (Kepenekci 2012).

To use EPNs in applied biological control studies, it is
important to detect the species or isolates belonging to
the species, determine their distribution and reveal the
effectiveness of the identified EPNs. It was investigated
effectiveness against different insect groups of different
EPN isolates detected in Turkey and showed that there were
significant differences between the activities of different
isolates belonging to the same species (Esengiil and Evlice
2020, Evlice et al. 2007, Kepenekci and Susurluk 2006,
Kepenekei et al. 2013, Tiilek et al. 2015, Yilmaz et al. 2010,
Yiiksel and Canhilal 2019).
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Alfalfa, which is a perennial plant, has an average life span
of 5 years, and the use of pesticides in alfalfa cultivation
areas is either very limited or not. In this way, many
different organisms can settle in these areas and create
a living space for themselves. Thus, alfalfa cultivation
contributes to the natural balance in agroecosystems.
Some studies were conducted for to determine diversity
of EPN in different cultivations areas in Turkey. However,
no studies have been performed for the determination of
EPNs in alfalfa fields, which are considered to be rich in
fauna. In this work, a survey was carried out to isolate
and identify EPNs from alfalfa fields in Tokat (Turkey)

province.

MATERIALS AND METHODS
Field studies

Collecting soil samples

Soil sampling was carried out between June and October
2016 in order to obtain EPNs from the intensively alfalfa
cultivated areas of Tokat province (Turkey). For this
purpose, 58 soil samples were taken from the 15 villages
(Ulas, Tasliftlik, Songiit, Biiytikbaglar, Ugrak, Tahtoba,
Dayilithaci, Cordiik, Kizilkoy, Bakisly, Ballidere, Coregibiiyiik,
Gaziosmanpaga, Giinevi, Akyamag¢) and 2 town (Giiryildiz,
Emirseyit) in Tokat province (Table 1). Soil samples which
were approximately 1 kg and consisted of 10-15 subsamples
were taken from a depth of 5-30 cm (Bulun 2011). While
determining the areas to be sampled, it was considered that
there was a certain distance between them, and they were in
distribution to represent the study region of Tokat province
(Sevim 2010). Soil samples were kept in ice boxes at 4 °C
until they were brought from the field to the laboratory and
kept in the refrigerator at the same temperature during the

examination period.
Laboratory studies
Rearing of Galleria mellonella (L.) (Lepidoptera: Pyralidae)

The Greater wax moth, Galleria mellonella, was used for
obtaining EPNs from soil and for their mass reproduction
in the laboratory. For these reasons, an artificial diet was
prepared for mass rearing of G. mellonella in laboratory.
The diet ingredients consisted of wheat flour (890 g),
dried yeast powder (222 g), glycerine (500 g), honey (500
ml), milk powder (445 g) and wheat bran (445 g) (Haydak
1936, Mohammed and Coppel 1983). The prepared diet
was placed in 300 ml glass jars and then, the egg cluster was
placed and closed with aluminium wire. The jars were placed
in an insect rearing cabinet with 23-24 °C and illuminated
for 16/8 hours. The last instar larvae of G. mellonella were

obtained and used in the studies.
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Isolation of nematodes

The nematodes were isolated from alfalfa field soils with
Galleria trap methods. These soils were placed in 500 ml
plastic containers. 10 last instar larvae of G. mellonella were
placed in 10 cm diameter plastic wire cages and placed in
the soil samples (Bedding and Akhurst 1975, Griffin et al.
2000). The plastic containers were placed in an incubator at
24 °C and checked every 3 days. Nematodes were obtained
from the dead larvae by “White trap” method (White
1927). Collected larvae were checked by infectivity test
(Koch’s postulation) for confirming whether the obtained
nematodes were EPN or not (Kaya and Stock 1997).

Morphology-based identification of EPNs

The genus level of identification of entomopathogenic
nematodes was attempted by making temporary mounts
of ten infective juveniles for each isolate. Infective juveniles
were killed 60 °C and fixed in TAF (7 ml 40% formalin, 2 ml
Triethamrolamine, 91 ml distilled water). Fixed nematodes
were transferred to anhydrous glycerine according to
Seinhorst’s (1959) rapid method as modified by De Grisse
(1969). Permanent slides were prepared according to ring
method of Hooper (1986). All measurements were made
using a drawing tube attached to Leica DM 3000 light
microscope. Genus- level identification was made according
to Poinar (1990) and Liu and Berry (1996).

Molecular characterization

For molecular characterization of entomopathogenic
nematodes, the ITS (internal transcribed spacer) gene
region, which is widely used all over the world and is a part
of the rDNA gene region, was analyzed. DNA extraction
was performed by following the protocol of DNA isolation
kit (Thermo scientific). PCR amplification of DNA sample
was prepared by following ingredients were added into a
0.2 ml specific PCR tubes; 37.3 ul ddH20, 5 ul 10X buffer,
4 ul MgCI2, 1 ul dNTPs, 0.2 pl of forward primer 18S:
5-TTGATTACGTCCCTGCCCTTT-3, 0.2 pl of reverse
primer 28S: 5-TTTCACTCGCCGTTACTAAGG-3, 0.3 ul
Taq polymerase and 2 pl DNA (Vrain et al. 1992).

The prepared tubes were placed in the thermal cycler (Biorad)
and subjected to a PCR cycle suitable for the primers used
for the ITS region. The PCR conditions were applied as 94
OC for 7 minutes followed by 35 cycles of denaturation at 94
°C for 1 min, annealing at 50 °C for 1 min and elongation
at 72 °C for 1 min and a final extension step at 72 °C for 7
min (Nguyen 2007). The amplification products obtained as
a result of the PCR reaction were examined by subjecting
them to 1% agarose gel electrophoresis.

The PCR products obtained were cleaned by using DNA
purification kit (Macherey-Nagel) and sent to Medsantek



Table 1. Information of locations for the soil samples collected from alfalfa fields in Tokat province
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Location Coordinates Altitude (m)
N E

Ulas 40°19'37" 36°926'31" 566
Ulag 40°19'37" 36°25"'16" 560
Ulas 40°19'33" 36°925'45" 570
Giiryildiz 40°20'07" 36°922'11" 575
Giiryildiz 40°19'57" 36°22'16" 545
Giiryildiz 40°19'56" 36°21'31" 567
Giiryildiz 40°20'03" 36°23'02" 561
Emirseyit 40°20'13" 36923'59" 554
Emirseyit 40°20'13" 36°25'20" 560
Emirseyit 40°20'32" 36°24"32" 551
Songiit 40°18'58" 36°24'02" 550
Songiit 40°18'53" 36923'39" 554
Songiit 40°20'52" 36°28'06" 587
Tasligiftlik 40°19'48" 36°27'29" 572
Tasligiftlik 40°19'49" 36°28'18" 592
Tasliiftlik 40°20'15" 36°30'03" 576
Biiytikbaglar 40°17'30" 36°21"46" 580
Biyiikbaglar 40°17'03" 36°21'41" 616
Biiyiikbaglar 40°©17'15" 36°21'36" 590
Biiytikbaglar 40°17'41" 36°21'31" 559
Biiyiikbaglar 40°17'38" 36°21'28" 564
Ugrak 40°12'32" 36°29'01" 1119
Ugrak 40°11'52" 36°29'07" 1163
Ugrak 40°12'11" 36°28'48" 1135
Ugrak 40°11'58" 36°28'03" 1100
Tahtoba 40°11'55" 36°27'36" 1113
Tahtoba 40°12'06" 36°27'37" 1112
Tahtoba 40°12'29" 36027"'45" 1112
Tahtoba 40°12'48" 36°27'56" 1096
Dayilthaci 40°12'48" 36°30'54" 1054
Dayilihac 40°12'49" 36°31'01" 1029
Dayilihaci 40°12'24" 36°31'08" 1101
Dayilthaci 40°12'16" 36°31'06" 1098
Dayilthact 40°12'39" 36°30'02" 1131
Cordik 40°14'01" 36°33'06" 821
Cordik 40°14'16" 36°33'03" 808
Cordik 40°14'18" 36°32"'35" 844
Kizilkoy 40°22'50" 36°40'37" 642
Kizilkoy 40022'14" 36°939'50" 624
Kizilkoy 40°22'29" 36°40'42" 621
Bakish 40°20'36" 36937'43" 607
Bakish 40°20'26" 36°37"'38" 638
Bakish 40°20'20" 36°937'17" 625
Ballidere 40°21'03" 36°38'04" 612
Ballidere 40°21'35" 36°39'18" 615
Ballidere 40©21'28" 36°38'46" 598
Coregibuyiik 40°23'38" 36°42"15" 634
Coregibiyiik 40°23'35" 36042"45" 649
Coregibuyiik 40°23'02" 36°42'48" 642
Gaziosmanpaga 40©21'43" 36°41'11" 648
Gaziosmanpaga 40°21'56" 36°41'18" 632
Gaziosmanpaga 40°21'54" 36°41'03" 651
Giinevi 40°21'58" 3693422 861
Giinevi 40°22'21" 36°35"12" 911
Giinevi 40°21'42" 36°34'09" 840
Akyamag 40°20'58" 36°29'38" 591
Akyamag 40°20'54" 36028'24" 581
Akyamag 40°20'52" 36°28'06" 587
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Company (Turkey) for sequence analysis. Sequence results
were corrected by using Bioedit (Hall 1999) and MEGA 6.0
(Tamura et al. 2013) software program, and the results were
analyzed by entering the gene bank of the National Center
for Biotechnology Information (NCBI).

RESULTS AND DISCUSSION

As a result of the PCR study of the populations diagnosed on
the basis of genus morphologically and morphometrically,
a band of approximately 1000 bp was obtained (Figure 1).
As a result of the sequence analysis of the PCR outputs,
the nucleotide sequences obtained for 10 populations
were separately blasted in NCBI and compared with other
sequences and the species of each population was determined.
As a result of this study, 10 samples out of 58 (17.2%) were
found positive (infected with EPN). 8 of them were defined
as Steinernema carpocapsae (Tokat-Ulas, Tokat-Baglar, Tokat-
Bakisli05, Tokat-Bakisli60, Tokat-Yamac, Tokat-Balli, Tokat-

Corduk61, Tokat-Corduk02), the rest of them were found
as S.feltiae (Tokat-Emir) and Heterorhabditis bacteriophora
(Tokat-Songut) (Table 2, Figure 1).

H. bacteriophora and S. carpocapsae, which were revealed in
the study, were previously known from the Tokat province
(Kepenekei et al. 2018), while S feltiae is a new record for the
EPN fauna of the Tokat province. S. carpocapsae was found
for the first time by Kepenekci and Oztiirk (2001) and H.
bacteriophora by Kepenekci et al. (1999) in Turkey. Another
species, S. feltiae, was determined in the soil samples taken
from Rize (Turkey) by Ozer et al. (1995). As a result of
nematological surveys conducted later in Turkey, many
isolates belonging to these species were revealed.

While the most common species in the world are found as
S. feltiae and H. bacteriophora (Hominick et al. 1996), this
situation was different in our study and a higher number
of isolates belonging to S. carpocapsae were obtained.

Table 2. The obtained entomopathogenic nematode isolates from alfalfa fields in Tokat province

Location Information

Isolates Location Coordinates Altitude (m)
N E
Steinernema carpocapsae Tokat-Ulas Ulas 40°19'33" 36°925'45" 570
S. carpocapsae Tokat-Baglar Biiytikbaglar 40°17'03" 36921'41" 616
S. carpocapsae Tokat-Bakisli05 Bakish 40°20'36" 36°37'43" 607
S. carpocapsae Tokat-Bakisli60 Bakish 40°©20'20" 36°37'17" 625
S. carpocapsae Tokat-Yamac Akyamag 40©20'52" 36°28'06" 587
Heterorhabditis bacteriophora Tokat-Songut Songiit 40°20'52" 36°28'06" 587
S. carpocapsae Tokat-Balli Ballidere 40©21'03" 36°38'04" 612
S. feltiae Tokat-Emir Emirseyit 40°©20'32" 36°24'32" 551
S. carpocapsae Tokat-Corduké61 Cordiik 40°14'01" 36933'06" 821
S. carpocapsae Tokat-Corduk02 Cordiik 40°14'16" 36°933'03" 808

Figure 1. The gel electrophoresis image of PCR products from the ITS gene regions of the obtained isolates
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When the number of EPNs obtained with the soil sample
taken is compared, it is seen that a significant number of
EPN isolates were obtained with a rate of 17.2%. In other
studies, EPN prevalence was found 12.1% in Aydin (Aydin
2007), 8.3% in Trabzon (Gokee 2010), 9.6% in Canakkale
(Bulun 2011), 6.1% in Marmara Region (Giines and Gozel
2011), 9.09% in Trabzon (Erbas 2012), 0.48% in Izmir (Ari
2014), %8.4 in Diizce (Giirel 2015), 3.3% in Kaz Mountains
(Giirsoy 2017) and 6% in West Black Sea (Diizce, Bolu,
Karabiik and Zonguldak) (Giilcii 2018) and 3.6% in Tokat
(Kepenekci et al. 2018).

Kepenekei et al. (2018) revealed, totally 5 EPNs isolates [2
isolates (TOK44, TOK20) belonging to Heterorhabditis
bacteriophora and 3 isolates (TOK05, GOP81, GOP72)
belonging to Steinernema carpocapsae] with 3.6% presence
rate in Tokat province. Apart from this study, no other study
has been done for the detection of EPNs in Tokat province.

In our study, the rate of EPN obtained from Tokat alfalfa
fields was higher than those obtained in other studies
(17.24%). It is thought that this is due to the following
reasons: less soil cultivation since alfalfa generally has a
5-year life span, intense natural fauna and limited pesticide

use or pesticide unused areas.

Thiswas thefirststudyto determination of entomopathogenic
nematodes in alfalfa fields in Turkey. As a result of this study,
it has been shown that alfalfa fields were rich in terms of
EPNG. It is highly probable that new EPN isolates will be
found with studies in alfalfa fields in different regions of
Turkey in the future.
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OZET

Bu ¢aliyma ile Tokat ilinin yogun olarak yonca tarimi
yapilan 15 kéy (Ulas, Taslgiftlik, Songit, Biiyiikbaglar,
Ugrak, Tahtoba, Dayilthaci, Cordiik, Kizilkdy, Bakusly,
Ballidere, Coregibiiyiik, Gaziosmanpasa, Giinevi, Akyamag)
ve 2 beldesinde (Giiryildiz, Emirseyit) 2016 yili haziran-

ekim aylar1 arasinda entomopatojen nematod (EPN) varlig
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aragtirilmigtir. Bu amagla 58 toprak 6rnegi alinmis ve tuzak
bocek yontemiyle 10 EPN izolati elde edilmistir. Yapilan
morfolojik ve molekiiler teshis ¢aligmalar1 sonucunda sekiz
izolat Steinernema carpocapsae, bir izolat S. feltia ve bir
izolat Heterorhabditis bacteriophora olarak belirlenmistir.
Bu ¢alisma Tiirkiyede yonca alanlarinda bulunan EPN’lerin
tespitine yonelik ilk ¢aligmadir.

Anahtar kelimeler: Entomopatojen nematodlar, yonca
alanlari, Tokat, Tiirkiye
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