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Original article

New data on plant hosts of Longidoridae and Trichodoridae nematodes in 
Türkiye
Türkiye’de Longidoridae ve Trichodoridae familyalarına bağlı nematod türlerinin konukçularına 
ilişkin yeni veriler 

aViticulture Research Institute, 59100, Süleymanpaşa, Tekirdag, Türkiye 
bOragro, 07800, Korkuteli, Antalya, Türkiye
cAtatürk Horticultural Central Research Institute, 77102 Yalova, Türkiye
dAtatürk Soil Water and Agricultural Meteorology Research İnstitute, 39100, Kırklareli, Türkiye
eÇukurova University, Faculty of Agriculture, Department of Plant Protection, 01330, Sarıçam, Adana, Türkiye

In this study, it was aimed to determine nematode species belonging to 
Longidoridae and Trichodoridae families in agricultural areas of the Thrace Region. 
The study was carried out between 2015-2022. For this purpose, soil samples 
were collected from fruit, vegetable, vineyard, and forest areas. Eleven nematode 
species belonging to Xiphinema, Longidorus, and Trichodorus were obtained from 
soils around the rhizosphere of 28 plants. Identified species include Xiphinema 
pachtaicum (26 plants), X. turcicum (grapevine), X. pyrenaicum (grapevine and 
fig), X.ingens (grapevine), X. italiae (grapevine and olive), X. index (nine plants), X. 
diversicaudatum (grapevine and fig), X. opisthohysterum (grapevine), Longidorus 
elongatus (four plants), L. attenuatus (olive and grapevine) and Trichodorus 
similis (grapevine and walnut). All 22 plants are a new record for nematodes of 
the Longidoridae and Trichodoridae families in Turkey. This article also includes 
information generated on a national scale for Xiphinema spp., Longidorus spp., 
and Trichodorus spp. being identified in Türkiye.

A B S T R A C T

Unlike other pathogens that can be controlled with pesticides, 
virus diseases are considered the most significant threat in 
agriculture due to the ineffective control measurements on 
the infected plants. The virus infections affect plant growth 

parameters and reduce the quality of plant products. The 
initial impact of viruses may be severe depending on the 
virulence of the virus isolate and the cultivar susceptibility 
(De Klerk and Loubser 1988). 

Bitki Koruma Bülteni / Plant Protection Bulletin

http://dergipark.gov.tr/bitkorb
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Viruses are highly distributed among cultivated plants. To 
date, more than 80 viruses belonging to 21 families and 
35 viruses from 15 families have been reported associated 
with grapevines and fruit trees, respectively (Umer et al. 
2019). According to recent records at least 44 viruses were 
identified in Prunus species (Rubio et al. 2017).

The transmission of virus particles from plant to plant occurs 
with the help of several vectors. Approximately 55% of this 
transmission occurs with aphids, 11% with grasshoppers, 
11% with coleopters, 9% with whiteflies, 7% with nematodes, 
5% with fungi, and 2% with thrips (Astier et al. 2001). 
Among pest vectors, nematodes play a leading role in disease 
dispersal. Longidoridae and Trichodoridae are two families 
of harmful nematodes that include species capable of 
transmitting virus diseases. Thirty-seven nematode species 
from these families can vector 23 nepoviruses and two 
tobraviruses. For instance, grapevine fanleaf virus is semi-
persistently vectored by both juvenile stages and adults of 
the ectoparasitic nematodes Xiphinema index and X. italiae, 
and arabis mosaic virus is transmitted by X. diversicaudatum 
(Demangeat et al. 2010, Taylor 1962). Longidorus elongatus 
is the other nematode vectoring raspberry ringspot virus 
(Comoviridae: Nepovirus) and tomato black ring virus 
(Comoviridae: Nepovirus) (Harrison et al. 1961). 

Main factor in the transfer of plant viruses from plants and 
areas is the use of infected production material. Even a small 
number of nematodes that will be found in the soil residues 
in the root zone of plants such as seedlings taken from 
infected areas can cause diseases to be transmitted to new 
planting areas. As a matter of fact, the introduction of GFLV 
and Xiphinema index from Europe to other countries and 
the ToRSV virus and vector from America to other countries 
was through transfer of infected material. In addition, a 
single vector nematode individual can feed on the root and 
infect the healthy plant in a short time and maintain its 
vitality in the soil for a long time even if the host plant is 
not present (Das and Raski 1969, Taylor and Raski 1964). In 
this respect, determining the existing nematode species in 
the soil in the production areas and knowing whether they 
carry viruses will help prevent the transmission of infections 
to new production areas.

Thrace Region is located in the north-western European part 
of Türkiye and consists of Edirne, Kırklareli, and Tekirdağ, as 
well as European parts of İstanbul and Çanakkale provinces. 
The region has 160.000 ha of irrigable and 1.225.000 ha of 
non-irrigable agricultural lands (TUIK 2017). Although 
the vast majority of areas are not irrigated, drip irrigation is 
preferred in large-scale production. Agriculture is conducted 
mainly by smallholder farmers, and sunflower (Helianthus 
annuus L.), wheat (Triticum aestivum L.), corn (Zea mays 

L.), cherry (Prunus avium L.), walnut (Juglans regia L.) and 
grapevine (Vitis vinifera L.) production is intensive. Viruses 
are highly distributed disease agents causing substantial 
crop losses in Thrace Region. In our earlier studies in 
Thrace Region, three nematode-vectored viruses, including 
grapevine fanleaf virus (GFLV), tobacco black ringspot virus 
(TBRV), and arabis mosaic virus (ArMV), were detected in 
vineyards and orchards. GFLV was the most predominant 
found in 277 of 434 sampled vineyards (Öztürk et al, 2017). 
Because of the higher incidence of viruses in the Thrace 
Region, we decided to conduct studies to identify nematodes 
belonging to the families Longidoridae and Trichodoridae, 
especially virus vector species, and record their geographical 
distribution in agricultural areas. Another objective was 
to record the presence, the occurrence rate, and the plant 
species growing in co-infested regions. Distribution maps of 
all species in Türkiye have also been prepared by reviewing 
the results of studies conducted by other researchers 
throughout the country.

MATERIALS AND METHODS

Nematological field surveys were carried out twice a year 
in autumn and spring from 2015 to 2022 in vineyards, 
vegetable fields, pastures, and forests in Thrace Region, 
Türkiye. The study area covered Tekirdağ, Edirne, and 
Kırklareli provinces (Figure 1). A total of 1514 soil samples 
(274 for vineyards; 803 for orchards (olive, cherry, walnut, 
plum, quince, apple, pear, pomegranate, kiwi, mulberry, 
peach, and almond); 105 for sunflower fields; 85 for wheat 
fields; 28 for maize fields; 120 for vegetable fields; 50 for 
pastures; 49 for forest trees) were collected from Edirne (6 
districts, 20 localities), Kırklareli (4 districts, 13 localities) 
and Tekirdağ (5 districts, 38 localities) provinces. The soil 
sampling depth was 0-90 cm. Sampling was done by moving 
in a zigzag pattern between plants in randomly selected 
areas. Six sub-samples were taken from different points of 
the plant rhizosphere or tree canopy, and a total of 1 kg of 
soil was collected.
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Figure 1. Survey area map in Thrace Region, Türkiye (1: Süleymanpaşa; 2: Şarköy; 3: 

Malkara; 4: Hayrabolu; 5: Muratlı; 6: Keşan; 7: Enez; 8: İpsala; 9: Meriç; 10: Uzunköprü; 11: 

Havsa; 12: Merkez; 13: Pınarhisar; 14: Lüleburgaz; 15: Babaeski) 
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Süleymanpaşa; 2: Şarköy; 3: Malkara; 4: Hayrabolu; 5: Muratlı; 
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Nematodes were extracted from 200 g sub-samples by using 
the decanting-sieving and centrifugal flotation methods 
(Brown and Boag 1988, Jenkins 1964). At first, isolated 
nematodes were heat-killed and then fixed in a double-
strengthened triethanolamine-formalin solution [constituting 
8 ml formalin (of 40% formaldehyde) + 2 ml triethanolamine 
+ 90 ml water] for two days. Fixed nematodes were suspended 
in Seinhorst I (20 parts 95% ethanol, 1 part glycerin, and 79 
parts distilled water) and Seinhorst II (5 parts glycerine and 
95 parts 96% ethanol) solutions. Nematodes were identified 
by genus level and mounted on slides (Seinhorst 1959). The 
identifications of Xiphinema and Longidorus species were 
carried out based on the morphology and morphometrics 
of female individuals (Loof and Luc 1990). Conversely, 
Trichodorus was identified from females and males 
(Decraemer and Baujard 1998). After examining slides with a 
Leica DM1000 microscope, images of females were taken with 
a Leica ICC50 W camera, and morphometric measurements 
were conducted with Leica Application Suite. Texture and 
pH analyzes were also made in soil samples, to assess the 
interaction with nematode prevalence. Texture analysis was 
made from 200 g soil using the Bouycous hydrometer method 
using sodium hexametaphosphate (NaPO3)6. Soil pH was 
measured with a pH meter (Gülçur 1974).

RESULTS

Eight Xiphinema species [Xiphinema index Thorne and Allen, 
1950; X. italiae Meyl 1953; X. pachtaicum (Tulaganov 1938) 
Kirjanova 1951; X. turcicum Luc & Dalmasso 1964; X. ingens 
Luc & Dalmasso, 1964; X. pyrenaicum Dalmasso 1964; X. 
opisthohysterum Siddiqi 1961; X. diversicaudatum (Micoletzky 
1927) Thorne 1939], two Longidorus species (Longidorus 
elongatus (de Man 1876) Micoletzky 1922; L. attenuatus Hoper 
1961) and one Trichodorus (Trichodorus similis Seinhorst 
1963) species were identified in three provinces (Table 1). 
Within Xiphinema, two species (X. opistohysterum and X. 
pachtaicum) were regarded as the X. americanum subgroup 
(Kumari and Decraemer 2007). Xiphinema individuals were 
obtained from soil samples collected from the rhizosphere 
soil of 26 different plants, while Longidorus was recorded 
from the rhizosphere soil of four plants and Trichodorus in 
the rhizosphere soil of two plants.

All 11 species were found in the province of Tekirdağ, while 
10 were found in Edirne and seven in Kırklareli. In terms of 
prevalence, while X. pachtaicum was detected in all provinces 
and districts, X. italiae, X. ingens, X.pyrenaicum, X. turcicum, X. 
diversicaudatum, L. attenuatus, and T. similis were not found in 
Edirne. In contrast, L. elongatus, X. index, X. diversicaudatum, 
and X. pyrenaicum were not found in Kırklareli.

PROVINCES LOCATIONS 

EDİRNE 

7Enez + +
8İpsala + +
11Havsa +
6Keşan + +
9Meriç +
10Uzunköprü + + + +

KIRKLARELİ 

15Babaeski +
13Pınarhisar +
14Lüleburgaz +
12Merkez + + + + + + +

TEKİRDAĞ 

4Hayrabolu +
2Malkara + + + + +
5Muratlı +
1Süleymanpaşa + + + + + + + + +
3Şarköy + + + + + + + +
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Table 1. Occurrence of Longidoridae and Trichodoridae species in Thrace, Türkiye  
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Nematode species Associated plants Location

Xiphinema pachtaicum

*Acacia (Acacia spp.) Edirne, Kırklareli, Tekirdağ 
*Almond (Amygdalus communis L.) Edirne, Kırklareli, Tekirdağ 
*Apple (Malus domestica L.) Edirne, Kırklareli, Tekirdağ 
*Apricot (Prunus armeniaca L.) Edirne, Kırklareli, Tekirdağ 
*Cherry (Prunus avium L.) Edirne, Kırklareli, Tekirdağ 
*Corn (Zea mays L.) Tekirdağ, Kırklareli 
*Cypress (Cypressus sp.) Edirne, Kırklareli, Tekirdağ 
*Fig (Ficus carica L.) Edirne, Kırklareli, Tekirdağ 
Grapevine (Vitis spp.) Edirne, Kırklareli, Tekirdağ
Loquat (Eriobotrya sp.) Tekirdağ
*Mulberry (Morus spp.) Tekirdağ 
Melon (Cucumis melo L.) Tekirdağ 
Olive (Olea europaea L.) Tekirdağ 
Onion (Allium cepa L.) Tekirdağ 
*Peach (Prunus persica (L.) Batsch) Tekirdağ, Edirne, Kırklareli
*Pear (Pyrus communis L.)  Tekirdağ, Edirne, Kırklareli
*Pine (Pinus spp.) Tekirdağ, Edirne, Kırklareli
*Plum (Prunus domestica L.) Tekirdağ, Edirne, Kırklareli
*Pomegranate (Punica granatum L.) Tekirdağ
*Poplar (Populus sp.) Tekirdağ, Kırklareli
*Quince (Cydonia oblonga L.) Tekirdağ, Edirne
Rose (Rosa sp.) Tekirdağ
*Sunflower (Helianthus annuus L.) Tekirdağ, Edirne, Kırklareli
*Spruce (Picea sp.) Tekirdağ, Edirne, Kırklareli
*Wheat (Triticum aestivum L.) Tekirdağ, Edirne, Kırklareli
*Walnut (Juglans regia L.) Tekirdağ, Edirne, Kırklareli

Xiphinema opisthohysterum Grapevine (Vitis spp.) Edirne, Kırklareli, Tekirdağ

X. italiae
Grapevine (Vitis spp.) Kırklareli, Tekirdağ
*Olive (Olea europaea L.) Tekirdağ

X.diversicaudatum
Fig (Ficus carica L.) Tekirdağ
Grapevine (Vitis spp.) Tekirdağ

X. ingens Grapevine (Vitis spp.) Kırklareli, Tekirdağ

X. pyrenaicum
*Fig (Ficus carica L.) Tekirdağ
Grapevine (Vitis spp.) Tekirdağ

X. turcicum Grapevine (Vitis spp.) Kırklareli

X. index

*Almond  (Amygdalus communis L.) Tekirdağ
*Cherry (Prunus avium L.) Tekirdağ
*Cypress (Cypressus sp.) Tekirdağ
Fig (Ficus carica L.) Edirne, Tekirdağ
Grapevine (Vitis spp.) Edirne, Tekirdağ
*Olive (Olea europaea L.) Tekirdağ
*Peach (Prunus persica (L.) Batsch) Tekirdağ
*Pear (Pyrus communis L.) Tekirdağ
*Walnut (Juglans regia L.) Tekirdağ

Longidorus elongatus

Grapevine (Vitis spp.) Tekirdağ
*Kiwi (Actinidia deliciosa L.) Tekirdağ
*Chickpea  Cicer arietinum L.) Tekirdağ
*Cherry (Prunus avium L.) Edirne, Tekirdağ

L. attenuatus
*Olive (Olea europaea L.) Tekirdağ
Grapevine (Vitis spp.) Tekirdağ

Trichodorus similis
Grapevine (Vitis spp.) Kırklareli, Tekirdağ
*Walnut (Juglans regia L.) Edirne

*New record for the recorded host plant in Türkiye

Table 2. Plants associated with Longidoridae and Trichodoridae in Thrace Region, Türkiye
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In this research, X. pachtaicum was found in the soils around 
the rhizosphere of 26 plants. An average of seven individuals 
were obtained from 200 cm3 soil taken from 0-30 cm soil 
depth, and the highest population was determined as 30±2.2 
individuals on average in heavily contaminated areas. The 
higher number of X. index was recovered from soils around 
nine plants, and X. italiae from two plants. An average of 
3.48±1.3 and 2.41 individuals were caught in 200 cm3 of soil 
taken from 0-30 cm, respectively, in vineyards and orchards, 
and the number increased to 17 in the rhizosphere of fig 
trees. In Thrace, higher populations of these species (15.5 ± 
1.5 for X. index and 16.2 ± 2.1 for X. italiae) were recorded 
at 30-60 cm soil depth in heavily infested vineyards and 
reached up to 26 individuals in fig plantations. X. index was 
most widespread in fig cultivation areas (42%) and vineyards 
(20%) in Tekirdağ.

The impact of soil texture on nematode distribution was 
observed during the study. Xiphinema species were mostly 
found in areas with sandy clay loam soil structures. Soil 
pH and altitude of the sampling area did not impact the 
nematode's prevalence. The species were present even in 
soils with a pH of 5.40 in Ipsala and a pH of 7.61 in Keşan. 
The nematode was found at an altitude of 10 m in Edirne, 
175 m in Tekirdağ, and 234 m in Kırklareli.

Of the Longidorus species, L. elongatus was detected in soils 
around the root zone of four plants and L. attenuatus of two 
plants. Kiwifruit (Actinidia deliciosa L.), chickpea (Cicer 
arietinum L.), and cherry (Prunus avium L.) constitute new 
hosts for L. elongatus. The frequency of occurrence of L. 
elongatus in vineyards was found to be 4.49% in Tekirdağ 
and 1.5% in Edirne. The population of L. elongatus increased 
at 60-90 cm 26 individuals were counted in an average of 
200 cm3 of soil in areas with intense co-infestation at 60 

cm, and a peaked number of individuals (77 ± 1.4 / 100 g 
soil) was recovered in two vineyards from 90 cm soil depth. 
The altitude, soil structure, and pH were not observed as 
limiting factors in nematode distribution. Only the number 
of individuals at 0-60 cm depth in irrigated vineyards was 
slightly higher than in non-irrigated vineyards. L. elongatus 
was found in samples taken from 103 and 143 m altitudes, in 
soil with a pH of 6.28 and 7.45 in Edirne Keşan district, at 65 
m altitude and 7.60 pH in Tekirdağ Süleymanpaşa district.

In the study, T. similis was found in vineyards and walnut 
(Juglans regia L.) growing areas in Şarköy and Süleymanpaşa 
districts of Tekirdağ province and Uzunköprü district of 
Edirne province. Occurrence rates in vineyards and walnut 
areas were 1.43% and 0.8%, respectively. Male, female, and 
young individuals of T. similis were caught from a soil sample 
collected from 0-30 cm depth in the walnut orchard, and 
the prevalence rate was 0.79%. The number of individuals 
in 100 cm3 of vineyard soil collected from a depth of 0-30 
cm was counted as four in two areas, and males were not 
recovered. By contrast, seven individuals per 100 cm3 of soil 
were recovered from the walnut orchard.

Grapevine hosts the most species, namely eight Xiphinema, 
two Longidorus, and one Trichodorus species. The rate 
of the species in vineyards was found as follows; X. index 
12%, X. pachtaicum 77%, X. italiae 3.2%, X. opistohysterum 
1.2%, X. pyrenaicum 10%, X. turcicum 0.4%, X. ingens 0.8%, 
L. elongatus 2%, L. attenuatus 0.35%, T. similis 0.35%. In 
terms of the number of species identified, walnut and olive 
orchards followed vineyards.

The associated plants of nematodes from Longidoridae 
and Trichodoridae in Thrace were included in Table 2. The 
comparable morphometrics of species are represented in 
Table 3-8.

Thrace
Xiphinema pachtaicum Xiphinema opistohysterum

Lazarova et al. 
2016 Bonta et al. 2013 Thrace Siddiqi 1961

n 10 6 10 2 20
L (mm) 1.7 (1.5 - 1.9) 1.7 (1.5 - 2.0) 2 (1.8 - 2.1) 1.7 - 1.8 1.8 - 1.9
a 58.6 (53 - 69.7) 58.7 (53.3 - 65.7) 66.4 (62.3 - 73) 61 - 62.4 56 - 63
b 5.8 (5.2 - 6.4) 5.9 (5.3 - 6.4) 6.3 (5.6 - 7.3) 5.8 - 6 7.4 - 7.5
c 58.4 (51.6 - 58.4) 58.2 50.9 - 66.3) 64 (56.5 - 74.1) 58.6 - 61.5 50 - 52
c' 1.6 (1.4 - 1.8) 1.7 (1.6 - 1.8) 1.8 (1.7 - 2.1) 1.7 1.9 - 2
Odontophore 46.7 (38.8 - 54.6) 48.9 (46 - 51) 50 (48 - 52) 36.7 - 37.6 34 - 38
Odontostyle 90.2 (83.3 - 107.2) 84.2 (77 - 88.5) 90 (88 - 92) 70 - 70.7 64 - 68
Style 138.1 (128 - 146) - - 106.7 - 107.4 -
%Vulva 57.9 (56 - 60) 58.6 (57 - 60.4) 57.5 (56.5 - 58.6) 56 - 58 50 - 56
Guide ring-oral aperture 77.8 (71.4 - 83.1) 76.8 (73 - 80) 80.5 (71 - 83) 58.4 - 59.7 -
Body diameter at guide ring 21.3 (71.4 - 83.1) 21.5 (20.5 - 23) 22.5 (22 - 23) 18.3 - 18.5 17
Tail 30.2 (27.1 - 32.3) 29.8 (28 - 30) 31.4 (29 - 35) 27.9 - 29 30 - 36

Table 3. Morphometrics of Xiphinema pachtaicum and Xiphinema opistohysterum females from the Thrace, Türkiye



1110

Bitki Koruma Bülteni / Plant Protection Bulletin, 2023, 63 (3) : 5-16

Thrace
Xiphinema italiae

Thrace
Xiphinema index

Martelli et al. 
1966

Mistanoğlu et 
al. 2015

Mistanoğlu et 
al. 2015

Meza et al. 
2011

n 4 12 10 30 7 25

L (mm) 2.8
(2.8 - 2.9)

3.0
(2.6 - 3.5)

3.1
(2.8 - 3.5)

2.9
(2.8 - 3.2)

3.0
(2.1 - 3.3)

3.0
(2.6 - 3.4)

a 88.6
(84.6 - 91.6)

97
(84 - 109)

102.1
(90.8 - 112.0)

65.2
(57.7 - 66)

66.7
(61.9 - 64.2)

57.6
(50.3 - 65.2)

b 7
(6.9 - 7.3)

8.1
(7.5 - 8.8)

7.4
(6.3 - 8.6)

7.0
(5.7 - 8.0)

7.3
(5.3 - 10.6)

6.9
(4.9 - 7.8)

c 37.6
(37.7 - 41.1)

42
(38 - 47)

33.29
(30.1 - 38.8)

79.0
(80.8 - 76)

71.5
(48.2 - 86.93)

91.0
(78.2 - 113.5)

c' 3.8
(3.4 - 3.9)

3.5
(3.2 - 3.9)

4.62
(3.8 - 5)

0.8
(0.8 - 0.9)

1.2
(1.0 - 1.5)

0.9
(0.7 - 1)

Odontophore 57.5
(57.0 - 60.2)

57
(55 - 58)

63.4
(58.5 - 71.2)

74
(70 - 80)

69.0
(53.5 - 86.7)

68.8
(56.3 - 74.5)

Odontostyle 99.2
(89 - 106)

94
(87 - 99)

97.9
(87.7 - 112.3)

133
(121 - 139)

120.7
(86.1 - 145.0)

123.1
(116.8 - 129.5)

Style - - 205.9
(191 - 212) - -

%Vulva 46 45
(43 - 48)

45.92
(42.3 - 47.9)

42
(41 - 43)

41.3
(33.9 - 48.8)

39.4
(36.2 - 42.9)

Guide ring-oral aperture 87.5
(85.9 - 93.5) - - 126.4

(120.9 - 131) - 111.9
(100.7 - 121)

Body diameter at guide ring 25.6
(24.9 -28.0) - - 30.6.7

(29.9 - 31) - 35.2
(32.1 - 38)

Tail 72.7
(70.4 - 76.2) - 92.6

(84.1 - 100.3)
32.6

(28 - 34.6)
40.26

(25 - 50.7)
32.9

(27.1 - 39.4)

Table 4. Morphometrics of Xiphinema index and Xiphinema italiae females from the Thrace, Türkiye

Xiphinema pyrenaicum Xiphinema turcicum Xiphinema ingens

Thrace Baujard et 
al. 1996

Arias et al. 
2005 Thrace Lamberti 

et al. 1983 Thrace Mirzaei et al. 
2015

n 4 12 11 2 7 1 20

L (mm) 3.5
(3.3-3.8)

4.0
(3.5 - 4.5)

3.6
(3 - 3.9) 3.95 - 4.05 3.5 - 4.1 5.8 5

(5.0 - 5.9)

a 58.3
(54.1 - 60.1)

69
(56 - 79)

58.5
(53.3 - 64) 64.9 - 63.4 61 - 71 83.3 58.5

(53.3 - 64)

b 7.7
(7.5 - 7.9)

8.6
(7.1 - 11.1)

7.2
(5.9 - 8.1) 7.81 - 10.5 8.3 - 9.6 9 7.2

(5.9 - 8.1)

c 88.5
(93.6 - 101)

98.4
(90 - 126)

91.1
(76.1 - 105.8)

105.6 - 
108.8 106 - 109 150 91.1

(76.1 - 105.8)

c' 0.8
(0.86 - 0.74)

0.8
(0.73 - 0.93)

0.8
(0.7 - 1) 0.86 - 0.86 0.9 0.7 0.8

(0.7 - 1)

Odontophore 78.2
(76.6 - 79)

82
(76 - 90)

82.1
(80-88) 79.7 - 87.6 77 - 78 83 51

(48 - 53)

Odontostyle 151.4
(148 -151)

137
(127 - 149)

135.9
(134 - 142)

156.4 - 
155.3 135 - 149 190 135.9

(134 - 142)

Style 244.6
(240 - 250)

219
(211 - 230) - - - 273 82.1

(80 - 88)

% Vulva 47.1
(46 - 48)

48
(45 - 52)

51
(48 - 53) 46.1 - 50.4 50 - 51 48 218

(207 - 232)

Guide ring-oral aperture 135.8
(132.3 - 137)

123
(108 - 136)

122
(112 - 135)

147.6 - 
152.5 119 - 123 135 122

(112 - 135)

Body diameter at guide ring 43.1
(42.7 - 43.9) - - 44 - 52 34 - 41 - -

Tail 41.5
(36.1 - 37.1)

38
(34 - 41)

39.5
(35.2 - 49.6) 37.2 - 37.8 39 - 41 47 39.5

(35.2 - 49.6)

Table 5. Morphometrics of Xiphinema pyrenaicum, Xiphinema turcicum, and Xiphinema ingens females from the Thrace, Türkiye
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Xiphinema diversicaudatum
Thrace Goodey et al. 1960 Chizhov et al. 2014

n 1 43 25
L (mm) 4.1 4.9 (4 - 5.5) 4.29 (3.7 - 4.7)
a 83.6 74 (57 - 92) 75.6 63.9 - 86.8)
b - 9.1 (6.6 - 11.4) 9.5 (7.3 - 10.7)
c 99.2 78 (61 - 134) 85.4 (69.4 - 108.3)
c' 1.43 - 1.1 (0.9 - 1.3)
Odontophore 70 60 (50 - 70) 76 (67 - 82)
Odontostyle 128 85 (70 - 97) 126 (114 - 132)
Style 198 143 (130 - 157) 203 (190 - 211)
%Vulva 45 43 (39 - 46) 42 (39 -50)
Guide ring-oral aperture - - 110 (91 - 135)
Body diameter at guide ring - - -
Tail 41.3 - 51 (41 - 65)

Table 6. Morphometrics of Xiphinema diversicaudatum females from the Thrace, Türkiye

Longidorus elongatus Longidorus attenuatus

Thrace Kumari and 
Decraemer 2007

Kepenekci 
2014 Thrace Kepenekci 

2014
Susulovska et al. 

2016
n 10 12 199 2 5 25

L (mm) 5.9
(5.8 - 6.2)

5.0
(4.1 - 5.8)

5.8
(4.6 - 7.1) 6.7 - 6.8 6.3

(5.8 - 6.8)
6.3 

(5.2 - 6.9)

a 96.7
(94.8 - 99.6)

86.7
(68.6 - 104.2)

91.8
(69.2 - 119.1) 115.6 - 117 189

(175 - 195)
139.7

(123.8 - 151.1)

b 19.7
(18 - 21.3)

12.8
(10 - 15.8)

13.8
(10 - 20.3) 15.6 - 17.3 19.7

(17 - 22)
16.2

(13.9 - 18.5)

c 119.6
(118 - 124)

118.9
(100.4 - 132.7)

114.7
(89.6 - 156.3) 128 - 131 111.8

(102 - 122)
127.9

(111.9 - 144.3)

c' 1.06
(1.03 - 1.09)

1.2
(1.06 - 1.45)

1.3
(1 - 1.6) 1.1 - 1.2 1.66

(1.4 - 1.8)
1.53

(1.4 - 1.6)

Style 138.2
(136 - 142)

121
(117 - 128) - 137 - 141 - 142.1 ± 3.6

(137 - 147)

%Vulva 49.30
(49 - 50)

55
(48.9 - 60.2) - 50 - 51 48.8

(48 - 50)
49.1

(47.5 - 52.2)

Guide ring-oral aperture 37.0
(36 - 39.4)

29
(26 - 33) - 27 - 30 - 29.9

(28 - 31)

Body diameter at guide ring 25.2
(24 - 27.3)

18
(17 - 19) - 18 - 19 - 20.2

(19 - 22)

Tail 32.6
(28 - 34.6)

42
(36 - 48)

47.6
(41.8 - 55.7) 51.9 - 52.3 53.7

(47 - 58)
49.7

(44 - 56)

Table 7. Morphometrics of Longidorus elongatus and Longidorus attenuatus females from the Thrace, Türkiye

Trichodorus similis
Thrace (Female) Thrace (Male) Kepenekci 2014 Seinhorst 1963

n 3 3 5 9
L (mm) 0.82 (0.77 - 0.87) 0.81 (0.80 - 0.82) 0.89 (0.88 - 0.89) 0.75 - 0.83
a 30 (28.8 - 30.0) 29.5 (28.5 - 30) 28.6 (28.2 - 29.4) 21 - 27
b - 5.6 (5.6 - 5.7) 5.6 (5.5 - 5.8) 5 - 6
c - 51.8 (50.4 - 52.9) - -
c' - 0.6 - -
Onchiostyle 44.8  (45 - 45.6) 42.6 (41 - 44) 40.6 (40 - 41) 38 - 42
% Vulva 61.3 (61 - 63) - 55 (52 - 56) 50.2 - 62.3
Tail - 15.3 (14.8 - 15.7) 3.4 (2 - 4) -

Table 8. Morphometrics of Trichodorus similis females and males from the Thrace, Türkiye
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Other studies on nematodes from Longidoridae and 
Trichodoridae in Türkiye

Studies on Xiphinema and Longidorus species in agricultural 
areas in Türkiye date back to the 1960s, and 15 species (11 
Xiphinema species, 4 Longidorus species, 1 Trichodorus 
species) have been identified in 12 different crop plantations 
located in 17 provinces. The studies were mainly conducted 
in vineyards in the provinces located in the western 
and southern parts of Türkiye. The distribution map of 
Longidoridae and Trichodoridae species in Türkiye is given 
in Figure 2. Table 9 represents associated host plants and 

provinces where they were detected.

DISCUSSION

This study provides the results of our preliminary 
nematode survey focused on determining the occurrence 
of Longidoridae and Trichodoridae species in the Thrace 
part ofTürkiye. At the end of the study, eight Xiphinema, two 
Longidorus, and one Trichodorus species were identified in 
the region. The species were mainly found in vineyards and 
orchards. No significant morphological and morphometric 
differences were observed when the identified species were 
compared with published species from other countries.

Xiphinema pachtaicum was common in our survey locations 
in Thrace Region. The specimen was more abundant in 
mulberry (Morus spp.) plantations and vineyards, and 
the prevalence was 8.3% and %77, respectively. Several 
researchers indicate the distribution and association 
X. pachtaicum with vineyards in Türkiye. For instance, 
nematode prevalence was reported as 88% and 87.3% in 
vineyards in the Manisa and İzmir provinces of the Aegean 
Region, respectively. In addition, the prevalence of the 
X. index was 72% in the study of Karakaş (2013) in the 
same region, and Mistanoğlu et al. (2015) determined the 
prevalence of X. index and X. italiae as 19.0% and 9.52%, 
respectively. 

L. elongatus and L. attenuatus were two species that in this 
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Edirne (1), Kırklareli (2), Tekirdağ (3), Çanakkale (4), Balıkesir 
(5), Manisa (6), İzmir (7),  Muğla (8), Denizli (9), Antalya (10), 
Burdur (11), Isparta (12), Konya (13), Karaman (14), Mersin 
(15), Niğde (16), Nevşehir (17), Adana (18), Gaziantep (19), 
Şanlıurfa (20), Adıyaman (21), Diyarbakır (22), Bingöl (23)

Nematode Species Associated Plants Location Reference
Xiphinema pachtaicum Forage crops 23 Yıldız et al. 2012
X. pachtaicum Grapevine 15, 18 Elekcioğlu 1992
X. pachtaicum Grapevine 14, 17 Kepenekci et al. 2014
X.pachtaicum Barley, wheat, lentil 20 Yıldız and Elekcioğlu 2011
X. pachtaicum Grapevine 6, 7 Mistanoğlu et al. 2015
X. pachtaicum Grapevine 19 Kasapoğlu et al. 2018
X. pachtaicum Grapevine 1, 2, 3 Özturk et al. 2017
X. pachtaicum Chickpea 3, 9, 10, 18 Behmand et al. 2019
Xiphinema index Pistachio 19 Kasapoğlu et al. 2018
X. index Forage crops 23 Yıldız et al. 2012
X. index Pistachio, wheat, grapevine 20 Yıldız and Elekcioğlu, 2011
X. index Grapevine 1, 3 Ozturk et al. 2017
X. index Grapevine 6, 7 Mistanoğlu et al. 2015 
X.index Chickpea 3, 4, 8, 10 Behmand et al. 2019
Xiphinema italiae Grapevine 2, 3 Ozturk et al. 2017
X. italiae Grapevine 6, 7 Mistanoğlu et al. 2015
Xiphinema diversicaudatum Grapevine 22 İmren and Elekcioğlu 2008
X.diversicaudatum Grapevine 11, 12, 13 Kepenekci et. al. 2014
Xiphinema brevicolle Grapevine, olive, cypress 6, 5 Arınç 1982
Xiphinema pyrenaicum Grapevine, walnut 9 Arınç 1982
Xiphinema turcicum Grapevine Thrace Arseven 1969
Xiphinema opisthohysterum Grapevine Thrace Arseven 1969
Xiphinema ingens Grapevine Thrace Arseven 1969
Longidorus attenuatus Alfa alfa Central Anatolia Öztürk and Enneli 1994
Longidorus elongatus Alfa alfa Central Anatolia Öztürk and Enneli 1994
Longidorus euonymus Alfa alfa Central Anatolia Öztürk and Enneli 1994
Longidorus leptocephalus Alfa alfa Central Anatolia Öztürk and Enneli 1994
Trichodorus similis Grapevine 12, 17 Kepenekci et al. 2014

Table 9. Xiphinema, Longidorus, and Trichodorus species and associated hosts plants in Türkiye
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study observed at the root zone of four plants including 
olive and grapevine. Among these, L. attenuatus, previously 
reported in plants such as artichokes in many countries, has 
not been found in olive orchards in our country, and has not 
been detected in vineyards in the Thrace region before. 

Of all identified Londigoridae and Trichodoridae species, 
eight have been reported as vectors of plant virus diseases. 
Xiphinema index and X. italiae transmit the grapevine 
fanleaf virus, while X. diversicaudatum is a vector of the 
arabis mosaic virus. L. elongatus can transmit peach rosette 
mosaic virus (PRMV), raspberry ringspot virus (RRV), 
tomato black ring virus (TBRV), and artichoke italian 
latent virus (AILV). L. attenuatus vectors tomato black 
ring virus (TBRV) and artichoke italian latent virus (AILV) 
nepoviruses to a wide range of susceptible plants (Brown et 
al. 1994). In addition, T. similis has been found to transmit 
the tobacco rattle virus (TRV) tobravirus, which infects 
more than 400 plant species from 50 families. 

The number of areas infected with Longidoridae and 
Trichodoridae members is regularly increasing in Türkiye 
and the world. There is an increase, mainly due to the 
uncontrolled transport of production materials from region 
to region, unconscious practices, and inadequate quarantine 
procedures. The prevalence of Xiphinema species in 60% 
of soil samples taken from Spain, 23% of samples from 
Lebanon, 71% of samples from Chile, 49% of samples from 
Germany, 71% of samples from Samos island of Greece, 
and the occurrence of Longidorus species in countries 
such as Bulgaria, Australia, Germany, Slovakia, Greece, and 
Italy show how Longidoridae and Trichodoridae species 
are common in the world (Aballay et al. 2009, Arias and 
Fresno 1994, Avgelis and Tzortzakakis 1997, Bleyer et al. 
1993, Coiro et al. 1991 Gangl et al. 2009, Hanna et al. 2008, 
Peneva et al. 2012, Sırca and Urek 2009, Tzortzakakis 2008). 
Such an identification is possible only in adult nematodes. 
Diagnosis using juvenile nematodes can only be made by 
molecular methods by using the internal transcribed spacer 
(ITS) region of ribosomal DNA, cytochrome c oxidase 
subunit I (COI), and some other genetic markers and 
should also be done by experts. In many countries, specialist 
researchers are limited in number, and diagnostic facilities 
are insufficient. For this reason, the existence of these 
species has not yet been determined in many countries and 
locations. As well in Türkiye, studies are generally carried 
out in provinces where nematologists working in institutes 
or faculties. For this reason, species were mostly found in 
the Aegean, Mediterranean, Marmara, and Southeastern 
Anatolia regions. 
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ÖZET

Bu çalışmada, Trakya Bölgesi tarım alanlarında 
Longidoridae ve Trichodoridae familyalarına ait nematod 
türlerinin belirlenmesi amaçlanmıştır. Çalışma 2015-
2022 yılları arasında gerçekleştirilmiştir. Bu amaçla, 
meyve, sebze, bağ ve orman alanlarından toprak örnekleri 
alınmıştır. Xiphinema, Longidorus ve Trichodorus'a ait 11 
nematod türü, 28 bitkinin rizosferi etrafındaki topraklardan 
elde edilmiştir. Tanımlanan türler arasında Xiphinema 
pachtaicum (26 bitki), X. turcicum (asma bitkisi), X. 
pyrenaicum (asma bitkisinin ve incir rizosferi), X.ingens 
(asma bitkisi), X. italiae (asma ve zeytin bitkisi), X. index (9 
bitki), X. diversicaudatum (asma bitkisi), X. opisthohysterum 
(asma bitkisi), Longidorus elongatus (4 bitki), L. attenuatus 
(zeytin ve asma bitkisi) ve Tirichodorus similis (asma 
ve ceviz) yer almaktadır. Saptanan 22 bitkinin tamamı, 
Türkiye'deki Longidoridae ve Trikodoridae familyalarına 
bağlı nematodlar için yeni kayıt durumundadır. Bu makale 
ayrıca ülkemizde teşhis edilmiş Xiphinema spp., Longidorus 
spp. ve Trichodorus spp. için bilgiler de içermektedir.

Anahtar kelimeler: Xiphinema, Longidorus, Trichodorus, 
coğrafik dağılım, tarım alanları, Türkiye
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Ordu is located in the Eastern Black Sea region of Turkey. It has 
a mild climate with an average temperature of 7 ℃ in January 
and 23.2 ℃ in July. The average annual temperature is 14.4 ℃, 
the highest temperature is 37.3 ℃, and the lowest is -7.2 ℃. 
It has a humid climate with cool winters and warm summers. 
The average annual precipitation is 1045.2 mm, and seasonal 
precipitation is observed in all months. Ordu has a coastline 
length of 100 km in the Black Sea. The annual drought index is 
very humid. The vegetation is classified as a very humid forest. 
Humid areas increase towards the East. The annual average 

relative humidity is 74.7%, the average seawater temperature 
is 15.4 ℃, and the average number of sunny days is 58 days. 
The northern part, which receives abundant rainfall, is quite 
rich in terms of vegetation compared to the southern (inner) 
part, where the continental climate is dominant. The forests, 
which cover the largest area with 202.893 hectares in the land 
distribution, constitute 34% of the land of Ordu. The hazelnut 
orchards, which constitute the most important product of 
the provincial economy, dominate the areas up to 800 m 
high from the coast. Beside the hazelnut orchards, there are 
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kiwi orchards, and field lands where corn, potatoes, beans, 
cabbage, and other field products are grown. There are also 
forests consisting of chestnut, alder, hornbeam, oak, beech, 
elm, and maple species. Areas over 1.000 meters form pastures 
and plateaus. In general, 43.9% of Ordu's land is agricultural, 
33.8% is forestland, 8.4% is meadow-rangelands, and 13.9% 
is residential and non-agricultural land (Anonymous 2023).

It can be thought that the climatic characteristics of Ordu 
province may provide an advantage in biological control, 
which is one of the important branches of pest control, as 
well as agricultural production. Biological control is the 
use of living organisms/agents (fungi, bacteria, viruses, or 
insects) to suppress the population density or effect of the 
pest organism or to reduce its damage (Eilenberg et al. 
2001). Entomopathogenic fungi (EPF), which constitute an 
important class of biological control agents, are used in the 
control of many pest groups. EPF infect their target host by 
cuticle penetrating and using their nutrient resources. This 
fungal attack causes mechanical damage to the tissues of 
the target host. EPF secrete enzymes, toxins, and secondary 
metabolites, which are host-directed during this process 
(Shin et al. 2013). In this way, they can directly kill the host 
or weaken the vital activities of the host (Kulkarni 2015).

The soil is an essential environment for EPF, and the 
majority of EPF species sustain in the soil (Abdullah et al. 
2015, Majchrowska-Safaryan and Tkaczuk 2021). Although 
soil provides an excellent habitat for EPF, factors such as 
temperature, humidity, pH, and soil microbiota affect their 
survival and sustainability (Niu et al. 2019). 

Abiotic factors, such as temperature and humidity, play an 
important role in the germination and development of fungal 
spores and can limit the pathogenicity of even a strong EPF 
under unsatisfied conditions. Mishra et al. (2015) reported 
that when Beauveria bassiana isolate was sprayed on the house 
flies under different temperature and humidity conditions, 
the highest mortality rate was observed to be 25-30 ℃ at 75-
100% relative humidity, fungal growth slowed down at lower 
and higher temperatures, and the mortality decreased. 

The presence and distribution of EPF in the soil can 
be affected ways differently by geographical location, 
habitat, soil type, and cultural practices (Vänninen 1996). 
Knowledge of the presence, distribution, and diversity of 
indigenous EPF species have importance in the biological 
control of insect pest populations (Meyling and Eilenberg 
2006). The possibility of getting a successful mycoinsecticide 
that controls pest insects can enhance by choosing and 
testing various indigenous EPF isolates having different 
characteristics (Şahin and Yanar 2021). Based upon this 
idea, it was aimed to investigate the presence of EPF and 
their molecular identification in the soil samples taken from 
the coastal districts of the Ordu province in this study.

MATERIALS AND METHODS

Collection of soil samples

A total of 250 soil samples were collected from different 
sampling sites in fields, forests, and meadow-rangeland 
areas in Ünye, Fatsa, Perşembe, Center, and Gülyalı districts 
located in the coastal part of Ordu province during 2019 and 
2020 (Figure 1). The areas to be sampled were determined 
using the random sampling method. Thus, 50 soil samples 
were obtained from each of the districts. Soil samples were 
taken from 5 different points at a depth of 0-20 cm with a 
shovel in ways that represent the entire field and mixed. 
Approximately 1 kg of soil taken from the mixture was 
placed in 25 x 42 cm polyethylene bags and labeled. GPS 
data, including altitude information, were recorded using a 
Magellan Explorist 310 (Magellan, Santa Clara, CA, USA) 
handheld GPS receiver.

Isolation of entomopathogenic fungi using the Galleria bait 
method

EPF was isolated using the "Galleria bait method" proposed 
by Zimmermann (1986). Galleria mellonella larvae were 
reared in closed double-layer glass jars with filter paper 
on the artificial diet by Han and Ehlers (2000) in the 
laboratory under 16 h light and 8 h dark conditions at 
26 ℃. The larvae were soaked in 55 ℃ water for 5-10 s 
to reduce their silk webbing formation. Ten-fourth or fifth 
instar larvae of G. mellonella were baited in each soil and 
placed in a 90 mm glass Petri dish moistened with distilled 
water. The Petri dishes were kept at room temperature for 
10-15 days. Soil moisture was kept to approximate field 
capacity by moistening it daily. Petri dishes were regularly 
turned upside down to ensure the larvae had contact with 
the soil. The infected insect cadavers were subjected to 
surface sterilization in 1% NaClO solution for 2-3 min, 
washed three times in sterile distilled water then the cross-
sections from cadavers were placed on water agar (1.5% 
w/v). After mycelia had grown on the cadaver, they were 
transferred to PDA to get pure fungal culture. The isolates 
obtained were incubated at 25 ℃ for 15-30 days. 

FIGURES 

Figure 1. Distribution of soil sampling points in coastal part of Ordu provinceFigure 1. Distribution of soil sampling points in coastal part 
of Ordu province
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Colony morphology and spore structures of the isolates 
were evaluated according to the key described by Humber 
(1997), and isolates showing similar morphology were 
grouped at the genus level. Agar block smear preparation 
was used to examine the conidial structures of the fungi 
(Woo et al. 2010).

Fungal DNA extraction, polymerase chain reaction (PCR) 
and sequencing

Genomic DNA isolation of fungi was performed with a 
Turkuaz DNA purification kit (patent pending), adapted 
by Saygılı (2019) and Keskin et al. (2014). One hundred/
one-hundred-fifty milligrams of mycelia were scraped from 
pure culture and taken into 1.5 ml microcentrifuge tubes. 
Liquid nitrogen was added to the tube and the tissues were 
crushed using a pipette tip. Two hundred-fifty microliters 
of 1X TE buffer was added and vortexed. Then, 500 µl TLB 
and 40 µl Proteinase K solution were added and mixed 
gently. The tubes were incubated at 65 °C water bath for 1 
h. Seven hundred-fifty microliter of chloroform and isoamyl 
alcohol in a ratio 24:1 was added to the tubes and mixed 
thoroughly to form an emulsion. The mixed tubes were 
centrifuged at 12 000 rpm for 5 min. The supernatant was 
taken into a new tube and 500 µl of cold 2-propanol was 
added. After inverting the tubes for a few min, they were 
centrifuged at 12 000 rpm for 2 min, and the supernatant 
was discarded. Two microliters of RNase (10 mg/ml) and 
24 µl of 5 M NaCl solution were added onto the pellets 
and incubated at 65 °C water bath for 30 min. The tubes 
were turned upside down after adding 750 µl of 96% cold 
ethanol to the melted pellet. Then, the DNA was precipitated 
by keeping the tubes at -20 °C for 10 min. The tubes were 
centrifuged at 12 000 rpm for 10 min after reaching room 
temperature then the liquids were discarded. The tubes were 
centrifuged at 12 000 rpm for 10 min, and the supernatant 
was discarded. The pellets were washed slowly with 70% 
cold ethanol, and they were dried at room temperature for 2 
h. Genomic DNA isolation was performed by dissolving the 
dried pellets in 50 µl of 1X TE buffer. Resultant DNAs were 
electrophoresed in 1X TBE buffer on 1% agarose gel added 
0.5 μg/ml ethidium bromide and checked with a UV imaging 
system (Vilber Lourmat CN-08). The displayed bands were 

recorded using the BioCapt v.11.02 program. Purified 
DNA was stored at -20 °C until PCR experiments. ITS 
(Internal Transcribed Spacer) and EF1-α (elongation factor 
1-alpha) gene regions were preferred for the amplification 
of purified DNA. ITS amplification was achieved using the 
ITS5 (5'–GGAAGTAAAAGTCGTAACAAGG–3') / ITS4 
(5'-TCCTCCGCTTATTGATATTGC–3') primers (White et 
al. 1990); EF1-α amplification was achieved using the 1567R 
(5'–ACHGTRCCRATACCACCSATCTT–3') and 1577F 
(5'–CARGAYGTBTACAAGATYGGTGG–3').primers 
(D'Alessandro et al. 2014). PCR reactions and conditions 
used were as described by Gül (2016). 

The PCR products were subjected to single-direction 
sequence analysis by a commercial sequencing service 
(Atlas Biotechnologies Inc, Ankara, Turkey). Sequence 
chromatograms were arranged with MEGA X program 
and compared with NCBI BLAST (Basic Local Alignment 
Search Tool). Phylogenetic trees were created using the 
Maximum Likelihood method using BioEdit 7.2 and MEGA 
X programs to determine the genetic relationships between 
DNA sequences (Şahin and Yanar 2021).

RESULTS

The number of EPF obtained from soil samples taken 
from Ünye, Center, Merkez, Perşembe, and Gülyali 
districts of Ordu province are listed in Table 1. In total, 85 
entomopathogenic fungi were isolated from 250 soil samples. 
The 85 isolates were identified based on morphological 
characteristics.

Morphological identification

The isolates were grouped to the genus level according to 
their colony morphology. Then, the isolate groups were 
classified by examining their spore structures using the agar 
block method under the microscope.

Beauveria spp.

This fungus group initially formed a white mycelium. 
Within 14-21 days, it generated white powdery spores on 
PDA media. The colony's color turned yellowish-white over 
time. Conidiophores were zigzag-shaped and transparent, 
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Locality The number of
Soil samples Entomopathogenic fungi isolated Presence of entomopathogenic fungi (%) Isolates identified

Ünye 50 17 34 8
Fatsa 50 20 40 12
Merkez 50 14 28 10
Perşembe 50 25 50 25
Gülyalı 50 9 18 9
Total 250 85 34 64

Table 1. The number of EPF obtained from soil samples taken from Ünye, Center, Merkez, Perşembe, and Gülyalı districts of 
Ordu province
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No Strain no Gene 
Region Habitat Altitude 

(m) Sampling date Species Accession no Percent 
Identity

1 ORU-11 ITS Hazelnut Orchard 609 29.06.2019 Beauveria bassiana MW410165 100%
2 ORU-21 ITS Hazelnut Orchard 236 29.06.2019 Beauveria bassiana MW410166 100%
3 ORU-23 ITS Hazelnut Orchard 101 29.06.2019 Beauveria bassiana MW410167 99.79%
4 ORU-25 ITS Hazelnut Orchard 170 29.06.2019 Metarhizium robertsii MW410168 100%
5 ORU-40 ITS Hazelnut Orchard 580 30.06.2019 Metarhizium robertsii MW410169 100%
6 ORU-50 ITS Hazelnut Orchard 427 10.03.2020 Beauveria bassiana MW410170 100%
7 ORF-3 ITS Hazelnut Orchard 626 28.04.2019 Beauveria bassiana MW410171 100%
8 ORF-8 ITS Hazelnut Orchard 560 28.04.2019 Beauveria bassiana MW410172 99.79%
9 ORF-9 ITS Hazelnut Orchard 396 28.04.2019 Beauveria bassiana MW410173 100%

10 ORF-11 ITS Hazelnut Orchard 353 28.04.2019 Beauveria bassiana MW410174 100%
11 ORF-17 ITS Hazelnut Orchard 106 29.04.2019 Beauveria bassiana MW410175 100%
12 ORF-22-a ITS Hazelnut Orchard 243 29.04.2019 Beauveria bassiana MW410176 100%
13 ORF-23 ITS Hazelnut Orchard 146 29.04.2019 Beauveria bassiana MW410177 100%
14 ORF-25 ITS Kiwi Orchard 6.6 29.04.2019 Beauveria bassiana MW410178 100%
15 ORF-30 ITS Hazelnut Orchard 426 7.03.2020 Metarhizium brunneum MW410179 100%
16 ORF-42 ITS Vegetable Garden 194 8.03.2020 Beauveria bassiana MW410180 100%
17 ORF-43 ITS Hazelnut Orchard 90 8.03.2020 Beauveria bassiana MW410181 100%
18 ORM-8 ITS Vegetable Garden 313 13.07.2019 Metarhizium anisopliae MW410182 100%
19 ORM-14 ITS Vegetable Garden 444 13.07.2019 Aspergillus flavus MW410183 99.80%
20 ORM-21 ITS Hazelnut Orchard 276 13.07.2019 Purpureocillium lilacinum MW410184 100%
21 ORM-39 ITS Hazelnut Orchard 175 10.03.2020 Beauveria bassiana MW410185 100%
22 ORM-40 ITS Vegetable Garden 83 10.03.2020 Metarhizium brunneum MW410186 100%
23 ORM-45 ITS Hazelnut Orchard 221 10.03.2020 Beauveria bassiana MW410187 100%
24 ORM-47 ITS Hazelnut Orchard 55 10.03.2020 Metarhizium anisopliae MW410188 100%
25 ORM-48 ITS Hazelnut Orchard 45 10.03.2020 Clonostachys rogersoniana MW410189 99.57%
26 ORM-50 ITS Hazelnut Orchard 88 10.03.2020 Beauveria bassiana MW410190.1 100%
27 ORP-1 ITS Hazelnut Orchard 243 23.11.2019 Metarhizium brunneum MW410191.1 100%
28 ORP-2 ITS Vegetable Garden 275 23.11.2019 Metarhizium anisopliae MW410192.1 99.34%
29 ORP-4 ITS Vegetable Garden 344 23.11.2019 Metarhizium robertsii MW410193.1 99.78%
30 ORP-9 ITS Vegetable Garden 289 23.11.2019 Cordyceps cicadae MW410194.1 99.39%
31 ORP-13 ITS Hazelnut Orchard 467 23.11.2019 Metarhizium brunneum MW410195.1 99.78%
32 ORP-14 ITS Hazelnut Orchard 392 23.11.2019 Metarhizium brunneum MW410196.1 99.78%
33 ORP-15 ITS Hazelnut Orchard 371 23.11.2019 Beauveria bassiana MW410197.1 100%
34 ORP-16 ITS Forestland 402 23.11.2019 Metarhizium robertsii MW410198.1 98.01%
35 ORP-17 ITS Forestland 351 23.11.2019 Metarhizium brunneum MW410199.1 99.78%
36 ORP-18 ITS Hazelnut Orchard 344 23.11.2019 Metarhizium brunneum MW410200.1 97.57%
37 ORP-22 ITS Hazelnut Orchard 472 24.11.2019 Metarhizium brunneum MW410201.1 98.67%
38 ORP-24 ITS Forestland 462 24.11.2019 Beauveria bassiana MW410202.1 100%
39 ORP-26 EF1-α Hazelnut Orchard 675 24.11.2019 Purpureocillium lilacinum MW464658.1 100%
40 ORP-27 ITS Vegetable Garden 683 24.11.2019 Metarhizium brunneum MW410203.1 99.56%
41 ORP-29 ITS Hazelnut Orchard 523 24.11.2019 Clonostachys rogersoniana MW410204.1 100%
42 ORP-30 ITS Hazelnut Orchard 456 24.11.2019 Metarhizium anisopliae MW410205.1 94.03%
43 ORP-34-a ITS Hazelnut Orchard 221 24.11.2019 Cordyceps fumosorosea MW410206.1 99.39%
44 ORP-34-b ITS Hazelnut Orchard 221 24.11.2019 Metarhizium brunneum MW410207.1 94.69%
45 ORP-35 ITS Forestland 30 24.11.2019 Beauveria bassiana MW410208.1 100%
46 ORP-36 EF1-α Hazelnut Orchard 53 24.11.2019 Purpureocillium lilacinum MW464659.1 100%
47 ORP-37 ITS Hazelnut Orchard 101 24.11.2019 Metarhizium brunneum MW410209.1 96.46%
48 ORP-39 ITS Forestland 33 24.11.2019 Metarhizium anisopliae MW410210.1 98.67%
49 ORP-40 ITS Forestland 23 24.11.2019 Metarhizium anisopliae MW410211.1 94.91%
50 ORP-46 ITS Hazelnut Orchard 206 9.03.2020 Beauveria bassiana MW410212.1 100%
51 ORP-48 ITS Meadow-Rangelands 151 9.03.2020 Metarhizium robertsii MW410213.1 94.47%
52 ORG-1 ITS Hazelnut Orchard 147 11.03.2020 Beauveria bassiana MW410214.1 100%
53 ORG-2 ITS Kiwi Orchard 303 11.03.2020 Beauveria bassiana MW410215.1 100%
54 ORG-5 ITS Hazelnut Orchard 296 11.03.2020 Clonostachys rogersoniana MW410216.1 99.36%
55 ORG-6 ITS Hazelnut Orchard 299 11.03.2020 Metarhizium anisopliae MW410217.1 99.34%
56 ORG-21 ITS Hazelnut Orchard 314 11.03.2020 Metarhizium anisopliae MW410218.1 99.56%
57 ORG-24 ITS Hazelnut Orchard 199 11.03.2020 Clonostachys rossmaniae MW410219.1 99.36%
58 ORG-35 ITS Hazelnut Orchard 401 12.03.2020 Clonostachys rogersoniana MW410220.1 99.57%
59 ORG-42 ITS Vegetable Garden 472 12.03.2020 Metarhizium robertsii MW410221.1 96.46%
60 ORG-48 EF1-α Kiwi Orchard 151 12.03.2020 Purpureocillium lilacinum MW464660.1 100%
61 ORM-7 ITS Hazelnut Orchard 299 13.07.2019 Fusarium solani MW410222.1 100%
62 ORU-10 ITS Hazelnut Orchard 476 29.06.2019 Fusarium solani MW410223.1 100%
63 ORU-39 ITS Hazelnut Orchard 477 30.06.2019 Fusarium solani MW410224.1 100%
64 ORF-22-b ITS Hazelnut Orchard 243 29.04.2019 Fusarium oxysporum MW410225.1 99.78%

Table 2. Species names, strains, gene regions, sampling data, GenBank accession numbers, and percent identity of the isolates identified
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and their base parts were swollen. Conidia were 1.5-3 µm in 
size, transparent, spherical, and densely clustered.

Metarhizium spp.

Mycelia, which initially started to form in white color, turned 
yellowish-green in a few days. The colony morphologies, 
spore development and colors differed according to the 
isolates. Spores were dark green and clustered on white 
mycelium. There were vertically branched conidiophores 
and Penicillium-like phialides. The conidia were cylindrical, 
average 5-7 µm long, 2-3 µm wide, and were densely 
clustered or chained at the ends of the phialides.

Purpureocillium spp.

Mycelia, which initially started to form in white color on 
PDA medium, turned into a purplish-gray color in a few 
days. Purple-violet powdery sporulation was seen on the 
mycelium over time. Conidiophores had slender phialides, 
and the conidia extended in the form of chains at the ends 
of these phialides. Conidia were transparent, spherical, and 
approximately 2.5 x 2 μm in size.

Clonostachys spp.

Mycelia grew as white concentric circles and formed 
reddish-orange sporulation on PDA medium. Reddish-
orange pigment formation was also observed on the colony 
reverse. Conidia were clustered at the tip of the phialides of 
the verticillate conidiophore. Their conidial structures were 
elliptical and narrower at one end than the other. They were 
approximately 3-7 x 1-2 µm in size. The fungus generated 
chlamydospores which are 4-7 x 3-6 µm in size, larger than 
the conidia.

Fusarium spp.

Mycelia, which were initially white-colored overhead, 
turned reddish-orange, yellowish, or purplish depending 
on their species on PDA media in the following days. 
Chlamydospores were occasionally seen on the mycelium. 
The macroconidia formed on the sporodochia were pointed 
sickle-shaped and had 3-6 septa. Microconidia varied in 
shape from elliptical to cylindrical, septate to aseptate.

Aspergillus spp.

Brownish sporulation generated on white mycelium on 
PDA medium. The vesicles at the ends of the conidiophores 
had phialides, and the conidia extended in short chains 
at the ends of these phialides. The spherical conidia were 
approximately 2-3 x 2-2.5 µm in size.

Molecular identification

Twenty-five of these fungi were morphologically similar 
to Fusarium spp. The use of entomopathogenic Fusarium 

isolates in biological control is still debated because they are 

weak pathogens, saprophytic strains are high on cadavers, 

they have the potential to be plant pathogens, and they can 

produce mycotoxins (Teetor-Barsch and Roberts 1983). Due 

to these disadvantages, only 4 representatives of Fusarium 

isolates, which are thought to have different morphological 

characters, were selected for molecular diagnosis.

Figure 2. Phylogenetic tree of isolates identified by amplifying the ITS4-5.8S-ITS5 gene 
region  

Figure 2. Phylogenetic tree of isolates identified by amplifying 
the ITS4-5.8S-ITS5 gene region 
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Bands with a size of approximately 600 bp were obtained in 
the PCR products obtained from the ITS gene region, and 
approximately 700 bp in the PCR products were obtained 
from the EF1-α gene region. One-way sequence analysis 
results were arranged with the MEGA X program and 
compared with other sequences registered in the GenBank 
database using the BLAST tool. The names of the species 
identified according to the percent identity as a result of the 
comparison and the recorded accession numbers are given 
in Table 2. Accordingly, 64 out of 23 isolates were Beauveria 
bassiana (35.94%), 11 isolates were Metarhizium brunneum 
(17.19%), 8 isolates were Metarhizium anisopliae (12.5%), 
6 isolates were Metarhizium robertsii (9.38%), 4 isolates 
were Purpureocillium lilacinum (6.25%), 4 isolates were 
Clonostachys rogersoniana (6.25%), 3 isolates were Fusarium 
solani (4.69%), 1 isolate was Clonostachys rossmaniae 
(1.56%), 1 isolate was Aspergillus flavus (1.56%), 1 isolate 
was Cordyceps cicadae (1.56%), 1 isolate was Cordyceps 
fumosorosea (1.56%) and 1 isolate was Fusarium oxysporum 
(1.56%).

Phylogenetic similarities between the species identified by 
amplifying the ITS4-5.8S-ITS5 region were determined by 
reference to other species in the GenBank database, and the 
dendrogram is shown in Figure 2. The similarity rate between 
taxa is above the branches. Accordingly, it was observed that 
ORU-23 and ORF-8 isolates among B. bassiana species were 
more similar to each other than other Beauveria spp., and 
other B. bassiana species were also highly similar. It was 
determined that Metarhizium spp. showed more diversity 
among each other compared to other species. The affinities 
in the remaining species were among themselves at varying 
rates.

DISCUSSION AND CONCLUSION

EPF isolated from the soil of a region is more effective in the 
management of local pests in that region (Liu et al. 2021). 
EPF isolation is relatively affected by geographic regions. 
This may be related to changes in the climatic conditions of 
geographic areas, agricultural practices, or sampling timing 
(Ali-Shtayeh et al. 2002). The soil environment is usually the 
classical isolation zone for EPF species in the Hypocreales, 
and various EPF species can be found in both arable soils 
and more natural environments (Meyling and Eilenberg 
2007). Keller et al. (2003) reported that M. anisopliae is 
common in arable soils and meadows with higher density. 
While Vänninen (1996) reported that M. anisopliae was 
isolated more frequently from the southern parts of Finland, 
and tillage did not adversely affect the isolation of this 
fungus. Steenberg (1995) suggested that in Danish soil, M. 
anisopliae is more common in open areas than in shady 
habitats (Meyling and Eilenberg 2007). Similarly, Bidochka 

et al. (1998) reported that M. anisopliae is more common 
in agricultural areas compared to forests in Canada, and B. 
bassiana is mostly found in shady and natural habitats such 
as forests. Contrary to these studies, Meyling and Eilenberg 
(2006) found that B. bassiana was also frequently seen in 
agricultural soil in a part of Denmark. Also Mietkiewski et 
al. (1997) found that B. bassiana was the dominant species 
in arable land. Gebremariam (2021) emphasized that 
the difference in fungal species and the number isolated 
between cultivated and uncultivated soils may be caused by 
the insect host, soil structure, shading area that protects the 
region from UV radiations, and any pesticide application. 
In the current study, based on the results of molecular 
identification, no clear relationship was found between 
the entomopathogen fungi species and the sampling 
habitat. While different entomopathogenic fungal species 
are encountered in hazelnut orchards, only B. bassiana 
and Metarhizium spp. was obtained from forest soil; B. 
bassiana and P. lilacinum were obtained from kiwi orchards, 
B. bassiana, Metarhizium spp, and C. cicadae species were 
obtained from vegetable fields isolate. Sevim et al. (2010) 
conducted an EPF survey on hazelnut-growing areas of 
the Black Sea region, including Ordu, and determined 3 
different species of EPF, which M. anisopliae, B. bassiana, 
I. fumosorosea, and Evlachovaea spp. from 301 soil samples. 
The sampling location involved hazelnut, meadow, tea, 
vegetable, apple, poplar, and oak vegetation. M. anisopliae 
was the most commonly detected fungus in all vegetations, 
which were mainly tea and hazelnut, followed by B. bassiana. 
The fact remains that I. fumosorosea was only isolated in 
agricultural fields. Similarly, Cordyceps (=Isaria) species 
detected in the present study were isolated from hazelnut 
and vegetable vegetation. On the contrary, Vänninen 
(1996) asserted that I. fumosorosea occurred only in natural 
habitats and was never isolated from intensively cultivated 
soil. Ali-Shtayeh et al. (2002) defended that EPF isolation 
and diversity were not significantly affected by soil pH and 
chemical characteristics. In conclusion, entomopathogenic 
fungi species diversity is not clarified yet, so further study 
will be conducted to determine the interaction between 
soil chemical structure and entomopathogen fungi species 
diversity.

This study contributes to the understanding relationship 
between the natural distribution and vegetation of EPF and 
increases the number of EPF species previously described 
in the Ordu province of the Black Sea Region of Turkey. 
The European Council Farm to Fork Strategy, which was 
published recently, targeted removing especially more toxic 
synthetic pesticides up to 50% of pesticides markets by 
2030. So biological control agents come forward, and their 
use in pest management programs will be increased for 
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the establishment of agricultural sustainability (European 
Commission 2021).
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ÖZET

Ordu ili kıyı bölgelerindeki orman, fındık, kivi, sebze ve 
çayır-mera alanlarından toplam 250 adet toprak örneği 
alınmıştır. Bu toprak örneklerinden Galleria-tuzak yöntemi 
kullanılarak entomopatojen funguslar izole edilmiştir. 
İzolasyonlar sonucunda 85 fungal izolat elde edilmiştir. 
Morfolojik karakterizasyondan sonra 85 izolattan 64'ü 
moleküler olarak tanımlanmıştır. Moleküler karakterizasyon 
sonuçlarına göre 64 izolattan 23'ü Beauveria bassiana 
(%35.94), 11 izolat Metarhizium brunneum (%17.19), 8 
izolat Metarhizium anisopliae (%12.5), 6 izolat Metarhizium 
robertsii (%9.38), 4 izolat Purpureocillium lilacinum (%6.25), 
4 izolat Clonostachys rogersoniana (%6.25), 3 izolat Fusarium 
solani (%4.69), 1 izolat Clonostachys rossmaniae (%1.56), 
1 izolat Aspergillus flavus (%1.56), 1 izolat Cordyceps 
cicadae (%1.56), 1 izolat Cordyceps fumosorosea (%1.56) 
ve 1 izolat Fusarium oxysporum (%1.56) idi. Ordu ilinin 
kıyı kesimlerinde en yaygın entomopatojen mantar türü 
Metarhizium'dur ve bunu Beauveria bassiana izlemektedir.

Anahtar kelimeler: entomopatojen fungus, izolasyon, 
biyolojik mücadele, orman, fındık, Karadeniz
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Important insect pests in winter vegetables grown in Beydere Seed Certification 
Test Directorate
Beydere Tohum Sertifikasyon Test Müdürlüğünde yetiştirilen kışlık sebzelerde görülen önemli 
zararlı böcek türleri

This study was carried out in Beydere Seed Certification Test Directorate (Manisa) 
between 2016-2018 with the aim of detecting important insect pests species in winter-
grown vegetables such as artichoke, cauliflower, broccoli, spinach, cress, lettuce, 
parsley, arugula, dill, beet, carrot, white cabbage, red cabbage and Brussels sprouts. 
In the result of study, as insect species Gryllotalpa gryllotalpa (Linnaeus) (Orthoptera: 
Gryllotalpidae), Brevicoryne brassicae (Linnaeus) (Hemiptera: Aphididae), Eurydema 
ornata (Linnaeus) (Hemiptera: Pentatomidae), Sphaeroderma rubidum (Graells), 
Phyllotreta sp. and Cassida rubiginosa, (Müller) (Coleoptera: Chrysomelidae), 
Mamestra brassicae (Linnaeus) (Lepidoptera: Noctuidae), Hellula undalis (Fabricius) 
(Lepidoptera: Pyralidae), Phragmacossia albida (Erschoff) (Lepidoptera: Cossidae), 
Pieris brassicae (Linnaeus), Pieris napi (Linnaeus) and Pieris rapae (Linnaeus) 
(Lepidoptera: Pieridae), Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae) and 
Delia radicum (Linnaeus) (Diptera: Anthomyiidae) were determined. Among them, 
the most important pests species were determined as B. brassicae, E. ornata, 
P. brassicae and D. radicum. It was determined that these pests species caused 
intense damage in head (white-red) cabbage, but the density was low in broccoli.
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INTRODUCTION

Compared to many countries, Turkey has a very rich fauna 
and flora in its climate zone and is among the important 
countries of the world in terms of natural richness. In 
terms of vegetable growing, it is among the most important 
vegetable producer countries in the world and Europe in 
terms of both the number of species and varieties and the 
amount of production (Yanmaz et al. 2015). 

Red, white and brussels sprouts, cauliflower, broccoli, 
arugula, cress, from leafy vegetables lettuce, cabbage, 
spinach, chard, purslane, edible vegetables, tomato, pepper, 
eggplant, cucumber, pumpkin, melon, watermelon, flower 
and flower table edible vegetables, cauliflower, broccoli, 
artichoke, okra, fragrant herbs, parsley, dill, mint, cress, 
arugula, sorrel and many other wild and other vegetable 
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species are grown in Turkey (Faydaoğlu and Sürücüoğlu 
2011). It is stated that there are many pests and beneficial 
species in vegetable growing areas, and the pests do not 
only harm the vegetables, but also negatively affect the 
economy by reducing the market value of the products. As 
in cultivated plants, it is of great importance to detect and 
management diseases and pests with an appropriate method, 
together with fertilization, irrigation and other agricultural 
techniques, in increasing the yield of Cruciferae vegetables 
(Tozlu et al. 2002).

Vegetable production can be increased in various ways. One of 
them, to obtain more and quality products from the existing 
area, it is the correct and timely application of management 
methods against diseases and pests that cause quality and 
quantity losses in vegetables. The way to achieve this is 
possible with full knowledge of diseases and pests. No study 
has been carried out on pest species found in winter vegetable 
species in the area where the study was conducted. The aim 
of this study is to determine pest species and their density 
in winter vegetable species, and to obtain some information 
about pests species by making some biological observations.

MATERIALS AND METHODS

The material of the study, it was consisted of samples of 
pest species in winter vegetables grown in Beydere Seed 
Certification Test Directorate (Figure 1) located in Selimşahlar 
neighborhood of Şehzadeler district of Manisa province.

Collection of material

In order to determine the harmful insect species in the 
study area, weekly surveys were carried out and pest species 
were collected in artichoke (Cynara scolymus), cauliflower 
(Brassica oleracea var. botrytis), broccoli (Brassica oleracea 
var. italica), spinach (Spinacia oleracea), cress (Lepidium 
sativum), lettuce (Lactuca sativa), parsley (Petroselinum 
crispum), arugula (Eruca vesicaria), dill (Anethum 
graveolens), beet (Beta vulgaris), carrot (Daucus carota subsp. 
sativus), white cabbage (Brassica oleracea var. capitate), red 
cabbage (Brassica oleracea var. capitata f. rubra) and Brussels 

sprouts (Brassica oleracea var. gemmifera) during the winter 
vegetable production vegetation in 2016-2018 (January-
December). For this purpose, the root collar, stem, branch, 
shoot, leaves, flowers and fruits of the plants were visually 
examined from each vegetable field cultivated, and samples 
belonging to the adult and pre-adult periods were taken.

Coordinates and heights of the study areas were determined 
by using the GPS (Global Positioning Systems) device. In 
addition, the host plant information from which the samples 
collected was recorded. To the collection of samples sweep 
net, visual control, leaf counting and culturing methods 
were used in the study. 

Sweeping net method

This method was used to capture motile or low-motility 
species in vegetable production areas and to determine 
their population densities. In this context, starting from 
the inside of each trial area, a total of 50 sweep nets, 10 of 
them, were shaken by contacting randomly and sweeping 
the plants in every 15-20 steps in the direction of the 
diagonal by contacting the plants in a way that sweeps 
the plants (Anonymous 2023a, Kaya and Kornoşor 2008). 
Pests caught in the sweep net were put in kill bottles or in 
transparent polyethylene bags, killed with a few drops of 
ethyl acetate dripped on blotting paper, and brought to the 
laboratory in an ice container with the label containing the 
collection information (Ölmez et al. 2021). The samples 
were classified at the order and family, and after they were 
labeled appropriately, they were identified. 

Some insects that did not come to the sweep net were taken 
from the plants using a sable brush and aspirator, and the 
necessary information was recorded. In the observations 
made in the field, yellowing, wilting, drying or the 
underground and above-ground parts of the plants that 
were eaten by the pest and the soil or weeds around it were 
also examined, and it was investigated whether there were 
harmful insects.

Visual control method

This method was used to determine the population densities 
of some pest species in the experimental areas from the 
beginning of flowering during the vegetation period. For 
this purpose, the surveyed fields were visited once a week, 
each field was entered in the direction of the diagonals, the 
plants examined according to the size of the field was chosen 
randomly, all parts of the selected plants (stem, branch, 
shoot, leaf, fruit, etc.) were checked. In large-leaf lettuce and 
spinach, 10-20 plants in 100-1000 m2, and in small-leaved 
parsley, arugula, cress, dill, mint, basil and purslane, 50 
plants in 100-1000 m2 were examined (Anonymous 2023b). 
While sampling, the plants were checked one by one and the 

FIGURES 

 
Figure 1. Study area in Beydere Seed Certification Test Directorate (Latitude 27.511536º E 

Longitude 38.732966º N) 
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pests obtained were taken into the killing bottle. Then, the 
insects were taken from the killing bottles with the help of a 
mouth aspirator and put into plastic-lidded boxes with label 
information.

Cultivation method

Pre-adult specimens such as larvae and pupae in the survey 
areas were cut together with the plant organ they were in 
or taken with the help of a forceps, and put together with 
their label information in plastic storage boxes that are 
suitable for air intake and adult emergence was achieved 
by culturing in the laboratory (at 25 ± 1 °C, 60% ± 10% 
proportional humidity, 16 hours of light and 8 hours of 
dark). The cultured samples were checked daily, and the 
nutrients in the culture boxes were replaced with new ones 
as long as the feeding process of the larvae continued (Kaya 
and Kornoşor 2008). Adult individuals of the pest species 
obtained from the culture were prepared in accordance 
with the diagnosis together with the label containing the 
collection information and separated according to their 
families.

Preparation of samples

Adult specimens collected in the survey areas were brought to 
the laboratory and separated from plant particles, and small-
sized adults were glued on triangular papers, and large-sized 
individuals were pinned directly. From the pre-adult periods, 
firstly, adults were obtained, and then sticking and pinning 
processes were started. Water-soluble glue (glotofix) was used 
as the adhesive material. Care was taken not to damage the 
parts of the insect body used as a diagnostic character while 
pinning and sticking on triangular cardboard, and samples 
made ready for diagnosis. The species were identified by Erol 
Yıldırım by looking at the diagnosed specimens in Atatürk 
University, Faculty of Agriculture, Department of Plant 
Protection Entomology Museum. 

RESULTS AND DISCUSSION

This study was carried out between 2016-2018 to determine 
the pest species seen in the vegetables artichoke, cauliflower, 
broccoli, spinach, cress, lettuce, parsley, arugula, dill weed, 
beet, white cabbage, red cabbage, and Brussels sprouts 
produced in Beydere Seed Certification Test Directorate in 

Order Family Species Host plant species

Orthoptera Gryllotalpidae
Gryllotalpa 
gryllotalpa 
(Linnaeus)

Brassica oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea gemmifera, B. oleracea var. botrytis L., B. oleracea var. italica Plenck

Hemiptera

Aphididae
Brevicoryne 

brassicae 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f.rubra, B. oleracea 
gemmifera, B. oleracea var. botrytis L., B. oleracea var. italica Plenck, 

Sinapis arvensis L.

Pentatomidae Eurydema ornata 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f.rubra, B. oleracea 
var. botrytis L., B. oleracea var. italica Plenck

Sphaeroderma 
rubidum (Graells) Cynara scolymus L.

Coleoptera
Chrysomelidae Phyllotreta sp. B. oleracea var. capitata f. alba, B. oleracea var. botrytis L., B. oleracea var. 

italica Plenck, Wild crucifers
Cassida rubiginosa 

O.F. Muller Cynara scolymus L., Beta vulgaris L., Spinacia oleracea L.

Lepidoptera Noctuidae Mamestra brassicae 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. botrytis L., B. oleracea var. 
italica Plenck, B. oleracea gemmifera, Spinacia oleracea L., Lactuca sativa 

var. capitata L.

Pyralidae Hellula undalis 
(Fabricius)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea var. botrytis L.

Cossidae Phragmacossia 
albida (Erschoff) Cynara scolymus L.

Pieridae Pieris brassicae 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea var. botrytis L., B. oleracea var. italica Plenck, B. oleracea 

gemmifera
Pieris napi 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea var. botrytis L.

Pieris rapae 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea var. botrytis L., B. oleracea var. italica Plenck, Wild crucifers

Plutellidae Plutella xylostella 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. capitata f. rubra, B. 
oleracea gemmifera, B. oleracea var. italica Plenck, B. oleracea var. 

botrytis L.

Diptera Anthomyiidae Delia radicum 
(Linnaeus)

B. oleracea var. capitata f. alba, B. oleracea var. botrytis L., B. oleracea 
gemmifera, B. oleracea var. italica Plenck

Table 1. Orders, families and host plant species of the species determined in the study
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Selimşahlar neighborhood of Şehzadeler district of Manisa 
province. As a result of the study, a total of 14 pests species 
[(Gryllotalpa gryllotalpa (Linnaeus), Brevicoryne brassicae 
(Linnaeus), Eurydema ornata (Linnaeus), Sphaeroderma  
rubidum (Graells), Phyllotreta sp., Cassida rubiginosa Müller, 
Mamestra brassicae (Linnaeus), Hellula undalis (Fabricius), 
Phragmacossia albida (Erschoff), Pieris brassicae (Linnaeus), 
P. napi (Linnaeus), P. rapae (Linnaeus), Plutella xylostella 
(Linnaeus) and Delia radicum (Linnaeus)] belonging to 5 
orders and 10 families were determined (Table 1). As a result 
of a study carried out in Bitlis, Muş and Van provinces, 21 
pests  species from 12 families belonging to 4 orders were 
determined in the cabbage cultivation areas, and among 
them Pieris rapae L., P. brassicae (Cabbage butterfly), Hellula 
undalis (Fabricius) (Pyralidae) (Cabbage bellyworm), 
Plutella xylostella L., (Yponomeutidae) (Cabbage leaf moth), 
Spodoptera littoralis (Bois.) belonging to the Lepidoptera 
order and Aleyrodes proletella L. (Aleyrodidae) (Cabbage 
whitefly) belonging to the Hemiptera order were determined 
as the main important damage species (Ölmez et al. 2021).

As a result of field studies, it was observed that Pieris 
brassicae was the most economically important species 
among the pests’ species detected. When monitoring the 
population of this species, it was determined that adults 
were showed in nature in the second week of February or 
first week of March, and it was observed that it reached 
the highest population in May and June. In the study, 
pheromone trap counting was not performed. These are 
purely observational findings. It was also determined that 
the adult and pre-adult stages of P. brassicae remained active 
in nature for about eight months, from the second week of 
February to the second week of October. It was observed 
that P. brassicae prefer cabbage (white and red), cauliflower, 
broccoli, Brussels sprouts, and many wild crucifers. It was 
indicated that they heavily damaged cabbage (white and 
red) and cauliflower, and they preferred broccoli, Brussels 
sprouts and many wild crucifers less in the study area. In a 
study conducted in İzmir, it was stated that P. brassicae is the 
most common pest of cabbage and cauliflower (Uzun 1987). 
In another study conducted in the Eastern Mediterranean 
Region, it was indicated that this species harms cabbage (B. 
oleracae) and cauliflower (B. oleracae var. botrytis) (Bayhan 
et al. 2002). It was determined that the larvae initially 
gnawed superficially between the veins of the leaves, and 
over time they left only the thick veins by eating the leaves 
of the plant they were feeding on. Extremely damaged plants 
show a bushy appearance (Figure 2), rain and dew droplets 
and excrement accumulated between the leaves of the plant 
cause the cabbage to become inedible. It was determined 
that the biology of Pieris napi (Linnaeus), another species 
belonging to the same genus, is similar to P. brassicae, 

but laid its eggs one by one. It was determined that Pieris 
rapae (Linnaeus) fed on white and red cabbage, cauliflower, 
broccoli and many wild crucifers, and laid its eggs on the 
cabbage plant one by one, like P. napi. It was determined that 
Phragmacossia albida (Erschoff) preferred artichoke. It was 
found that the larvae of the pest caused the roots in which 
they were found to rot by hollowing out, and the root of the 
plant, which was hollowed out, rots after a while. It has been 
stated that the main host of this species is artichoke and it 
damages this plant, and it spends the winter in the plant 
body and in a strong cocoon, usually in the seventh and later 
larval stages. In addition, it has been stated that the larvae 
emerging from the eggs laid near the root collar and root 
of the plants enter the plant through fresh shoots, cracks 
and nipples and feed (Özbek and Hayat 2003). Another 
lepidopteran species, P. xylostella, was detected in white 
and red cabbage, Brussels sprouts, broccoli and cauliflower 
plants. In a conducted study, it was stated that P. xylostella 
harmed broccoli (B. oleracea var. italica Plenck), brussels 
sprouts (B. oleracea var. gemmifera), cabbage (B. oleracea var. 
capitata), Chinese cabbage (B. rapa subsp. pekinensis Lour), 
cauliflower (B. oleracea var. botrytis L.), collard (B. oleracea 
var. viridis D.C.L.), kale (B. oleracea var. sabellica L.), kohlrabi 
(B. oleracea gongylodes D.C.L.), mustard (B. juncea), radish 
(Raphanus sativus var. longipinnatus), turnip (B. rapa subsp. 
rapa), and watercress (Nasturtium officinale W.T.Aiton) and 
a few wild crucifers (Saran and Genç 2021). It was found 
that the larvae of the pest went out of the leaf and fed by 
gnawing the leaves from the bottom to the upper epidermis, 
and only a thin membrane remained on the upper side of 
the gnawed parts. After a while, it was determined that the 
leaves turned into a very perforated appearance, both large 
and small. In addition, it was determined that this species 
was densely populated on wild crucifer plants around 
cabbage fields. Cabbage moth, M. brassicae was determined 
to cause damage to cabbage, cauliflower, broccoli, brussels 
sprouts, spinach and lettuce. It was determined that the pest 
fed on especially on the navel section of the cabbage plant, 
and the flowers and leaves of the cauliflower. It was reported 
that M. brassicae is the most serious pest of vegetables in the 
Brassica genus in Asia and Europe (Finch and Thompson 
1992). In another study, it was stated that M. brassicae caused 
up to 80% damage in Brassica (broccoli, arugula, bok Choy, 
Brussels sprouts, cabbage, cauliflower, radish, turnip and 
watercress) vegetables (Cartea et al. 2009). Cabbage belly 
worm, H. undalis, was observed to prefer white, red cabbage 
and cauliflower. In the areas where the study was carried 
out, it was determined that it caused damage to cabbage and 
cauliflower plants in July from the seedling production date 
to the end of vegetation; however, the population density 
was low. In a study in the Eastern Mediterranean Region, 
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it was determined that the damage caused by H. undalis on 
white cabbage (B. oleracea var. capitata f. alba), red cabbage 
(B. oleracea var. capitata f. rubra) and cauliflower (B. oleracea 
var. botrytis) is very important. It was stated that the damage 
especially in cauliflower (B. oleracea var. botrytis) increased 
up to 100% and no product could be obtained (Yabaş and 
Zeren 1990).

When monitoring the population of Eurydema ornata, it 
was observed as the second pest species that is important in 
terms of density and economy in vegetable cultivation areas. 
It was determined that the pest was seen intensely with the 
seedling period in September and in the flowering periods 
in June and July. It was found that reached to the highest 
population in April and June, causing color change in the 
leaves and drying in advanced cases. It was determined 
that the population density of E. ornata was high in white 
cabbage, red cabbage and Brussels sprouts belonging to 
the Cruciferae family, while the population density was 
low in cauliflower and broccoli in the study area. These are 
purely observational findings. In a study conducted in the 
Aegean region, it was stated that seven species of Eurydema 
were detected and these pest species damaged cabbage and 
cauliflower seedlings belonging to the Cruciferae family. In 
addition, the researchers stated that the dominant species 
was Eurydema ventral Klt. while the second most common 
species was E. ornata (Atalay and Çağlayan 1990). It was 
determined that the pest caused damage by sucking the 
sap of the host plant and was caused curling in the leaves, 
whitish-yellow spots on sucking sites, and that in time, the 
spots combine and was caused them to drying and spilling 
(Figure 3). It was stated that except for the first instar nymphs 
of the pests, the nymphs and adults of the other instar is fed 

on the leaves and was caused sucking spots with a diameter 
of 1.06-3.72 mm (Atalay and Çağlayan 1990). As a result of 
feeding, it was determined that the vascular tissues of the 
host plant were damaged, especially in the seedling period, 
as they caused a lot of damage, preventing the development 
of the seedling and causing them to dry out. In addition, it 
was determined that this species released a foul odor in the 
places where it was fed, unlike other species.

According to observational findings, B. brassicae was 
observed to be dense in white cabbage (B. oleracea var. 
capitata f. alba), red cabbage (B. oleracea var. capitata 
f.rubra), Brussels sprouts (B. oleracea gemmifera) and 
wild mustard plants (Sinapis arvensis) belonging to the 
Cruciferae family, and a lower population was observed 
in cauliflower (B. oleracea var. botrytis) and broccoli (B. 
oleracea var. italica) in the study area. It was determined 
that this species caused curling and deformities in the leaves 
and fresh shoots they feed on (Figure 4). It was detected for 
the first time in our country on cabbage (Avcı and Özbek 
1991, Bodenheimer and Swirski 1957, Düzgünes and 
Tuatay 1956, Düzgünes et al. 1982, Giray 1974). In another 
study, it was stated that it fed on white head cabbage (B. 
oleracea var. capitata f. alba), leaf cabbage (B. oleraceae 
var. acephala), red head cabbage (B. olareacae var. capitata 
subsp. rubra), Brassica sp., Ochtodium aegyptiorum, radish 
(Rhaphanus sativus L.), wild mustard (Sinapis arvensis L.), 
Sinapis sp., Brassica sp. and canola (B. napus var. oleifera) 
(Toros et al. 2002).

 

 
Figure 2. Pieris brassicae (Linnaeus) adult (a), larvae (b), mature larvae and pupae preparing 

to pupate (c), damage to cabbage plant (d)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Pieris brassicae (Linnaeus) adult (a), larvae (b), 
mature larvae and pupae preparing to pupate (c), damage to 
cabbage plant (d) 

 

Figure 3. Eurydema ornata (Linnaeus) adult (a) and egg (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Eurydema ornata (Linnaeus) adult (a) and egg (b) 

 

Figure 4. Brevicoryne brassicae (Linnaeus) on cabbage plant preparing to seed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Brevicoryne brassicae (Linnaeus) on cabbage plant 
preparing to seed
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Gryllotalpa gryllotalpa (Figure 5), which is one of the 
harmful species, was observed to damage white cabbage, 
red cabbage, Brussels sprouts, cauliflower and broccoli in 
the study area. It was stated that adults and nymphs of G. 
gryllotalpa move forward by opening a gallery in the soil, 
gnawing and damaging all kinds of plant materials such 
as seeds, roots and tubers; they caused drying by cutting 
the roots of newly planted or newly germinated vegetable 
seedlings. On the other hand, it was also stated that the pest 
gnawed the tubers of tuberous vegetables and damaged the 
roots by cutting almost all in vegetable seedlings (Erdoğan 
2006). In another study, it was indicated that the pest caused 
significant damage in the seedling period of cabbage, tomato, 
eggplant, pepper, potato and onion plants in Elazığ, Mardin, 
Malatya, Tunceli, Erzincan and Siirt provinces, which are 
important in terms of vegetable growing in the Eastern and 
Southeastern Anatolia Regions (Asena 1972).

It was observed that the artichoke leaf beetle, S. rubidum 
created high populations on the artichoke plant and fed 
on the leaves. It was indicated that the early instar larvae 
of S. rubidum fed on the primary and secondary leaf veins, 
and the next instar larvae fed on all leaf texture between 
the upper and lower epidermis (Anonymous 2023c). On 
the other hand, it was observed that C. rubiginosa caused 
damage on artichoke leaves and also fed on beet (Beta 
vulgaris L.), spinach (Spinacia oleracea L.) and some wild 
cruciferous herbs. In a study conducted in the artichoke 
fields in Center and Ezine districts of Çanakkale province, 
it was stated that C. rubiginosa caused intense damage to 
the leaves of the artichoke plant, and they also damaged the 
outside parts of the flowers that had not yet opened, but this 
damage remained at a small level (Efil 2018). It was observed 
that Phyllotreta sp., which is one of the soil fleas, created 
dense population in cabbage, cauliflower, broccoli and wild 
crucifers. In addition, during the visual inspections, it was 
observed that the adults of the pest damaged on the leaves of 
carrot, spinach, lettuce, eggplant, beet, and they ate the leaves 
in the young stages of the plants and adversely affected the 
leaf quality. Although Phyllotreta spp. was the predominant 

pest of the canola plant, it was stated that it harms vegetables 
belonging to the Cruciferae family (Brassicae spp.) (Burgess 
1977, Wylie 1979). 

It was observed that the larvae of D. radicum L. from the 
order Diptera, which is one of the harmful species, caused 
damage to cabbage, cauliflower, Brussels sprouts, broccoli 
and turnip plants, respectively. It was stated that D. radicum 
damaged cultivated plants belonging to the Cruciferae 
family, such as cabbage (B. oleracea var. capitata L.), 
cauliflower (B. oleracea var. botrytis L.), turnip (B. napus 
subsp. rapifera) and radish (Raphanus sativus L.) (Maack 
1977, McKinlay and Birch 1991). It was determined that 
pest larvae caused damage and stress to the host plants as 
a result of fed on the root and root collar of the host. It was 
observed that as the number of larvae per plant increased, 
the damage rate also increased. In addition, when the 
plants took a certain size, it was seen that the head binding 
(plate) was not at the desired level, although the damage 
was tolerated.

In vegetable production, which is an important source of 
income for the regional economy, experiences product and 
quality losses due to various factors. Among the factors 
affecting this yield and quality, pests hold an important 
place. As a result of this study, pests species found in winter 
vegetables produced in Manisa province were determined, 
among these species, the leading species were determined 
in terms of density and damage observationally. In addition, 
some data about the damage shape of the species and the 
time of their have in nature are given. These results are 
extremely important both in terms of shedding light on 
future studies and in terms of producers making use of these 
data.
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ÖZET

Bu çalışma Beydere Tohum Sertifikasyon Test 
Müdürlüğünde (Manisa) kışlık yetiştirilen enginar, 
karnabahar, brokoli, ıspanak, tere, marul, maydanoz, 
roka, dereotu, pancar, havuç, beyaz lahana, kırmızı 
lahana ve brüksel lahanası gibi sebzelerde görülen önemli 
zararlı böcek türlerini tespit etmek amacı ile 2016-2018 
yıllarında yürütülmüştür. Çalışma sonucunda zararlı 
türlerden Gryllotalpa gryllotalpa (Linnaeus) (Orthoptera: 
Gryllotalpidae), Brevicoryne brassicae (Linnaeus) 

 

Figure 5. Gryllotalpa gryllotalpa (Linnaeus) adult  

 

Figure 5.  Gryllotalpa gryllotalpa (Linnaeus) adult 
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(Hemiptera: Aphididae), Eurydema ornata (Linnaeus) 
(Hemiptera: Pentatomidae), Sphaeroderma rubidum 
(Graells), Phyllotreta sp. ve Cassida rubiginosa (Müller) 
(Coleoptera: Chrysomelidae), Mamestra brassicae 
(Linnaeus) (Lepidoptera: Noctuidae), Hellula undalis 
(Fabricius) (Lepidoptera: Pyralidae), Phragmacossia 
albida (Erschoff) (Lepidoptera: Cossidae), Pieris brassicae 
(Linnaeus), Pieris napi (Linnaeus), Pieris rapae (Linnaeus) 
(Lepidoptera: Pieridae), Plutella xylostella (Linnaeus) 
(Lepidoptera: Plutellidae) ve Delia radicum (Linnaeus) 
(Diptera: Anthomyiidae) türleri tespit edilmiştir. Bunlar 
içerisinde en önemli zararlı türlerin; B. brassicae, E. 
ornata, P. brassicae ve D. radicum olduğu belirlenmiştir. Bu 
zararlı türlerin baş (beyaz-kırmızı) lahanada yoğun olarak 
zarar verdiği, ancak brokolide yoğunluğun düşük olduğu 
belirlenmiştir.

Anahtar kelimeler: kışlık sebze zararlıları, Brassicaceae, 
kışlık sebzeler, Manisa, Türkiye 
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Original article

Faunistic contributions on the subfamily Agathidinae (Hymenoptera: 
Braconidae) of Central Black Sea Region of Türkiye
Orta Karadeniz Bölgesi (Türkiye) Agathidinae (Hymenoptera: Braconidae)  altfamilyası üzerine 
faunistik katkılar

This study was conducted between 2003-2004 to investigate the Agathidinae 
(Hymenoptera: Braconidae) fauna of the Central Black Sea Region in Türkiye. 
For this purpose, Agathidinae samples were collected from different altitudes and 
habitats of Amasya, Çorum, Ordu, Samsun and Tokat provinces in the region. 
Seventeen species were determined and identified. These were twelve species 
in the genus Agathis, four species in the genera Bassus and one species in the 
genera Disophrys were recorded. Although all identified species were recorded 
before Türkiye, they are new records for the research area. The distributions and 
detailed locality records of the identified species are given.
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INTRODUCTION

The Agathidinae is a large subfamily, represented all over the 
world, comprising 52 genera and about 1213 known species 
(Yu et al. 2016). More than 76 of these have been reported 
in Europe and 90 in the West Palearctic region (Yu et al. 
2016). Eleven genera are recorded from the West Palearctic 
region. So far 5 genera and 40 species of Agathidinae have 
been recorded from Türkiye: Çetin and Beyarslan (2001), 
Çetin Erdoğan (2005, 2010, 2013, 2014), Çetin Erdoğan 
and Beyarslan (2004, 2006, 2009, 2016), Çetin Erdoğan et 
al. (2009), Güçlü and Özbek (2002), Zettel and Beyarslan 
(1992). 

Agathidines are koinobiont endoparasitoids of larvae of 
Lepidoptera. The species with a short ovipositor select 

exposed larvae and those with a long ovipositor use larvae 

with a concealed way of life (van Achterberg and Long 

2010).

Central Black Sea Region which is located in the north part 

of Türkiye conforms 7% of the total area of the country. 

The area includes Çorum, Amasya, Samsun, Tokat and 

Ordu provinces; Akdağ, Kocadağ and Canik Mountains 

and Kızılırmak, Yeşilırmak and Kelkit rivers. This region 

contains 25% of Türkiye's forests.

The aim of the present study is to document the Agathidinae 

fauna in Central Black Sea region and to contribute to the 

knowledge to the braconid fauna of Türkiye.

ahttps://orcid.org/0000-0001-6465-4060
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MATERIALS AND METHODS

Samples were collected from different habitats in Amasya, 
Çorum, Ordu, Samsun and Tokat provinces with the help 
of a net from June to September 2003 and from June to July 
2004 (Figure 1). Agathidins were treated with 70% ethanol 
and then placed on a filter paper for drying. The dried 
specimens were card-mounted and labeled. All the agathidin 
specimens were deposited in the Entomological Museum, 
Trakya University (EMTU), Department of Biology, Türkiye. 
The works of Simbolotti and van Achterberg (1992, 1999) 
were used for taxonomical examination and identification 
of the materials. Information on parasitoids, hosts, general 
distributions are given according to Yu et al. (2016).

A list of localities is presented in Table 1 from provinces 
of Central Black Sea region. The localities are numbered 
with the full locality data given. A locality number and date 
are indicated for each record. The total number of species 
identified for each genus and at each province is given in 

RESULTS AND DISCUSSION

Agathidinae

Agathis Latreille, 1804

Agathis anglica Marshall, 1885

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E,09.07.2003, 23 ♀♀; 
Suluova,  40°49' 53''N 35°38'52''E, 03.09.2003, 2 ♀♀; Çorum: 
Kuşsaray, 40°35'44''N 35°08'36''E, 29.06.2004, 5♀♀; Ordu: 
Akkuş-Yukarıdüğencili, 40°47'35''N 37°00'59''E, 05.07.2003, 
11♀♀, 2♂♂; Ünye-Çatalpınar, 41°07'00''N 37°15'00''E, 
05.07.2003, 1♀, 1♂; Samsun: Kavak-Boğaziçi, 41°12'49''N 
36°14'24''E, 02.07.2003, 1♀; Tokat: Pazar-Ballıca, 40°15'44''N 
36°18'48''E, 07.07.2003, 1♀; Turhal-Üçyol, 40°46'69''N 

 

Figure 1. The Central Black Sea Region of Türkiye and sampling sitesFigure 1. The Central Black Sea Region of Türkiye and 
sampling sites

Province Sampling site Coordinates Altitude (m) Locality number

AMASYA

Merzifon-Tavşan Dağları-Esenköy Yaylası 41°00'37''N 35°17'23''E 1700 A1
Suluova 40°49' 53''N 35°38'52''E 470 A2
Taşova-Borabay 40°80'98''N 36°18'32''E 740 A3
Merzifon-Tavşandağı-Uzunağaç 41°00'30''N  35°21'38''E 1600 A4
Çakallar 40°64'54''N 35°82'69''E 510 A5
Yolyanı 40°34'22''N 36°06'38''E 700 A6
Karaibrahim-Çengel 40°31'20''N 36°10'29''E 670 A7

ÇORUM Kuşsaray 40°35'44''N 35°08'36''E 1015 Ç1
Dodurga-Yeniköy 40°49'27''N 34°42'34''E 1035 Ç2

ORDU Akkuş-Yukarıdüğencili 40°47'35''N 37°00'59''E 1340 O1
Ünye-Çatalpınar 41°07'00''N 37°15'00''E 80 O2

SAMSUN

Kavak-Boğaziçi 41°12'49''N 36°14'24''E 350 S1
Vezirköprü-Kızılcaören 41°06'00''N 35°30'00''E 500 S2
Salıpazarı-Aspete mevkii 41°05'02''N 36°49'49''E 600 S3
Kocadağ-TRT İstasyonu 41°32'81''N-36°10'43''E 1100 S4
Salıpazarı-Kayaköprü 41°10'18''N 36°28'16''E 100 S5
Havza-Mismilliağaç, 40°99'63''N 35°70'33''E 610 S6
Salıpazarı-Derbentaltı,  41°10'10''N 36°10'20''E 970 S7
Salıpazarı-Soyuk  41°28'16''N 36°25'10''E 650 S8

TOKAT

Pazar-Ballıca 40°15'44''N 36°18'48''E 1020 T1
Turhal-Üçyol 40°46'69''N 36°29'45''E 1040 T2
Turhal-Doğanlı Çiftliği 40°18'14''N 36°19'29''E 554 T3
Reşadiye-Çayırpınar 40°24'16''N 37°16'16''E 672 T4
Turhal-Çamlıca 40°41'09''N 36°22'99''E 900 T5
Niksar-Çamiçi 40°59'02''N 36°95'12''E 1120 T6

Table 1. List of sampling sites in provinces of Central Black Sea region

Genus Number 
of species

Number of species identified
Amasya Çorum Ordu Samsun Tokat

Agathis 12 10 3 5 3 6
Bassus 4 - - 1 4 -
Disophrys 1 1 1 - - 1
Total 17 11 4 6 7 7

Table 2. Number of species identified according to genus and 
provinces
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36°29'45''E, 07.07.2003, 6♀♀; Turhal-Doğanlı Çiftliği, 
40°18'14''N 36°19'29''E,  03.09.2003, 1♂.  

General distribution: Palearctic and Oriental regions 
(Albania, Armenia, Bulgaria, China, Croatia, Cyprus, 
Finland, former Yugoslavia, France, Germany, Greece, 
Hungary, Iran, Italy, Kazakhstan, Macedonia, Mongolia, 
Morocco, Netherlands, Poland, Romania, Russia, Slovenia, 
Spain, Sweden, Switzerland, Syria, Tajikistan, Türkiye, 
Ukraine, United Kingdom).

Hosts: Agonopterix nervosa, Agonopterix pallorella, 
Aproaerema anthyllidella, Coleophora adjunctella, Coleophora 
albitarsella, Coleophora argentula, Coleophora discordella, 
Coleophora laricella, Coleophora lusciniaepennella, Epinotia 
mercuriana, Loxostege sticticalis, Nothris verbascella, 
Pexicopia malvella, Pyrausta aurata, Syncopacma taeniolella, 
Teleiodes saltuum.

Agathis assimilis Kokujev, 1895

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 1♀; 
Taşova-Borabay, 40°80'98''N 36°18'32''E,  08.07.2003, 1♀.

General distribution: Palaearctic Region (Austria, 
Azerbaijan, Bulgaria, Croatia, former Yugoslavia, France, 
Germany, Hungary, Iran, Italy, Kazakhstan, Korea, 
Lithuania, Macedonia, Moldova, Mongolia, Netherlands, 
Norway, Poland, Russia, Tajikistan, Türkiye, Ukraine, 
United Kingdom, Uzbekistan).

Hosts: Coleophora astragalella

Agathis fulmeki Fischer, 1957

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 1♀; 
Ordu: Ünye-Çatalpınar, 41°07'00''N 37°15'00''E, 05.07.2003, 
6♀♀, 1♂

General distribution: Palaearctic Region (Austria, Bulgaria, 
France, Greece, Hungary, Morocco, Spain, Türkiye).

Hosts: Unknown.

Agathis fuscipennis (Zetterstedt, 1838) 

Material examined: Amasya: Merzifon-Tavşan Dağı-
Uzunağaç, 41°00'30''N 35°21'38''E, 09.07.2003, 1♀, 
Merzifon-Tavşan Dağları-Esenköy Yaylası, 41°00'37''N 
35°17'23''E, 09.07.2003, 1♀; Ordu: Ünye-Çatalpınar, 
41°07'00''N 37°15'00''E, 05.07.2003, 1♀.

General distribution: Palearctic Region (Armenia, Austria, 
Bosnia and Hercegovina, Bulgaria, Croatia, Finland, 
former Yugoslavia, France, Germany, Greece, Hungary, 
Iran, Ireland, Italy, Kazakhstan, Korea, Latvia, Lithuania, 
Macedonia, Mongolia, the Netherlands, Poland, Russia, 

Spain, Sweden, Switzerland, Tajikistan, Tunisia, Türkiye, 
United Kingdom).

Hosts: Aproaerema anthyllidella, Caryocolum saginella, 
Chrysoesthia hermannella, Chrysoesthia sexguttella, 
Coleophora albicostella, Coleophora albitarsella, Coleophora 
artemisiae, Coleophora artemisicolella, Coleophora 
chamaedriella, Coleophora conspicuella, Coleophora conyzae, 
Coleophora cracella, Coleophora dianthi, Coleophora 
follicularis, Coleophora granulatella, Coleophora inulae, 
Coleophora laripennella, Coleophora linosyridella, 
Coleophora meridionella, Coleophora salicorniae, Coleophora 
salinella, Heliodines roesella, Ochromolopis ictella, Olethreutes 
arbutella, Scrobipalpa atriplicella, Scrobipalpa gallicella, 
Scrobipalpa ocellatella, Scrobipalpula absoluta, Spilonota 
ocellana, Thiotricha subocellea.

Agathis glaucoptera Nees, 1834

Material examined: Amasya: Çakallar, 40°64'54''N 
35°82'69''E, 28.05.2002, 1♀.

General distribution: Palearctic Region (Azerbaijan, 
former Yugoslavia, France, Germany, Hungary, Iran, Italy, 
Kazakhstan, Macedonia, Russia, Spain, Türkiye, Ukraine).

Hosts: Unknown.

Agathis lugubris (Foerster, 1862)

Material examined: Ordu: Akkuş-Yukarıdüğencili, 
40°47'35''N 37°00'59''E, 05.07.2003, 1♀, 2♂♂

General distribution: Palearctic Region (Finland, former 
Czechoslovakia, Germany, Greece, Hungary, Iran, Ireland, 
Mongolia, the Netherlands, Norway, Poland, Switzerland, 
Türkiye, Ukraine, United Kingdom). 

Hosts: Coleophora alticolella, Coleophora glaucicolella.

Agathis malvacearum Latreille, 1805

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 
7♀♀, 5♂♂; Merzifon-Tavşan Dağı-Uzunağaç, 41°00'30''N  
35°21'38''E, 09.07.2003, 1♀; Çorum: Kuşsaray, 40°35'44''N 
35°08'36''E, 29.60.2004, 1♀, Dodurga-Yeniköy, 40°49'27''N 
34°42'34''E, 28.06.2004, 2♀♀; Ordu: Akkuş-Yukarıdüğencili, 
40°47'35''N 37°00'59''E, 05.07.2003, 6♀♀, 2♂♂; Samsun: 
Kavak-Boğaziçi, 41°12'49''N 36°14'24''E, 02.07.2003, 1♀; 
Tokat: Pazar-Ballıca, 40°15'44''N 36°18'48''E, 07.07.2003, 1♀. 

General distribution: Palearctic and Nearctic regions 
(Albania, Armenia, Azerbaijan, Bulgaria, Canada, Croatia, 
Finland, former Czechoslovakia, former Yugoslavia, France, 
Georgia, Germany, Greece, Hungary, Iran, Italy, Kazakhstan, 
Latvia, Lithuania, Macedonia, Moldova, Mongolia, the 
Netherlands, Poland, Romania, Russia, Slovakia, Slovenia, 
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Spain, Switzerland, Tajikistan, Türkiye, Ukraine, United 
Kingdom, United States, Uzbekistan).

Hosts: Coleophora galbulipennella, Coleophora 
graminicolella, Hellinsia didactylites, Metzneria aestivella, 
Metzneria lappella, Pexicopia malvella, Rhyacionia resinella.

Agathis montana Shestakov, 1932

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 1♀, 
5♂♂.

General distribution: Palaearctic and Oriental Regions 
(Andorra, Armenia, Azerbaijan, Bulgaria, China, Czech 
Republic, former Yugoslavia, France, Greece, Hungary, 
Iran, Israel, Kazakhstan, Korea, Kyrgyzstan, Macedonia, 
Moldova, Mongolia, Poland, Russia, Switzerland, Türkiye, 
Ukraine, United Kingdom, Uzbekistan).

Hosts: Pandemis cerasana, Pyrausta aurata.

Agathis nigra, Nees, 1814

Material examined: Tokat: Pazar-Ballıca, 40°15'44''N 
36°18'48''E, 07.07.2003, 1♀. 

General distribution: Palearctic Region (Austria, Belgium, 
Bulgaria, Croatia, Finland, former Czechoslovakia, former 
Yugoslavia, France, Germany, Greece, Hungary, Iran, Israel, 
Italy, Kazakhstan, Korea, Latvia, Lithuania, Macedonia, 
Moldova, Mongolia, Morocco, the Netherlands, Poland, 
Russia, Slovenia, Spain, Sweden, Switzerland, Türkiye, 
Ukraine, United Kingdom). 

Hosts: Acleris quercinana, Apodia bifractella, Coleophora 
argentula, Coleophora laripennella, Coleophora meridionella, 
Coleophora vestianella, Eupoecilia roseana, Isophrictis 
striatella, Metzneria lappella, Metzneria metzneriella, 
Monochroa striatella, Ortholepis betulae, Phlyctaenia 
coronata, Ptycholoma lecheana, Pyrausta aurata, Scrobipalpa 
atriplicella.

Agathis rufipalpis Nees, 1814

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 1♀; 
Yolyanı, 40°34'22''N 36°06'38''E, 30.06.2004, 1♀; Çorum: 
Kuşsaray, 40°35'44''N 35°08'36''E, 29.06.2004, 1♀; Tokat: 
Pazar-Ballıca, 40°15'44''N 36°18'48''E, 07.07.2003, 1♀.

General distribution: Palaearctic Region (Belgium, Bulgaria, 
former Czechoslovakia, former Yugoslavia, Finland, France, 
Germany, Hungary, Ireland, Israel, Italy, Netherlands, 
Norway, Poland, Portugal, Romania, Slovenia, Spain, 
Sweden, Switzerland, Türkiye, United Kingdom). 

Hosts: Agonopterix kaekeritziana, Chrysoesthia hermannella, 
Coleophora alcyonipennella, Pyrausta aurata.

Agathis umbellatarum Nees, 1814

Material examined: Amasya: Merzifon-Tavşan Dağları-
Esenköy Yaylası, 41°00'37''N 35°17'23''E, 09.07.2003, 1♀; 
Tokat: Turhal-Çamlıca, 40°41'09''N 36°22'99''E, 07.07.2003, 
1♂; Niksar-Çamiçi,40°59'02''N 36°95'12''E, 05.07.2003, 1♀.

General distribution: Palearctic Region (Algeria, Azerbaijan, 
Bulgaria, Croatia, Cyprus, former Yugoslavia, France, 
Germany, Greece, Hungary, Iran, Israel, Italy, Kazakhstan, 
Kyrgyzstan, Macedonia, Moldova, Mongolia, Portugal, 
Russia, Spain, Tajikistan, Tunisia, Türkiye, Turkmenistan, 
Ukraine, Uzbekistan).

Hosts: Depressaria sp., Metzneria aestivella, Metzneria 
lappella.

Agathis varipes Thomson, 1895

Material examined: Samsun: Kocadağ-TRT İstasyonu, 
41°32'81''N-36°10'43''E, 29.8.2003, 1♀; Salıpazarı-
Kayaköprü, 41°10'18''N 36°28'16''E, 03.07.2003, 1♀; Tokat: 
Pazar-Ballıca, 40°15'44''N 36°18'48''E, 07.07.2003, 1♀. 

General distribution: Palearctic Region (Finland, former 
Yugoslavia, Germany, Greece, Hungary, Italy, Kazakhstan, 
Macedonia, Mongolia, the Netherlands, Norway, Russia, 
Slovakia, Sweden, Switzerland, Tajikistan, Türkiye, Ukraine, 
United Kingdom, Uzbekistan).

Hosts: Apodia bifractella, Metzneria lappella, Myelois 
cirrigerella.

Bassus Fabricius, 1804

Bassus conspicuus (Wesmael, 1837)

Material examined: Ordu: Ünye-Çatalpınar, 41°07'00''N 
37°15'00''E, 05.07.2003, 1♀; Samsun: Vezirköprü-
Kızılcaören 41°06'00''N 35°30'00''E, 02.07.2003, 1♀.

General distribution: Holarctic Region (Belgium, Canary 
Islands, China, Croatia, Finland, former Yugoslavia, France, 
Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, 
Netherlands, Poland, Russia, Slovenia, Spain, Sweden, 
Switzerland, Türkiye). 

Hosts: Cydia pomonella, Grapholita molesta, Gypsonoma 
nitidulana, Pammene regiana, Phalonidia manniana, 
Rhopobota ustomaculana, Scoparia crataegella.

Bassus dimidiator (Nees, 1834)

Material examined: Samsun: Salıpazarı-Aspete mevkii, 
41°05'02''N 36°49'49''E, 03.07.2003, 2♀♀.

General distribution: Palaearctic, Nearctic and Oriental 
regions (Armenia, Azerbaijan, Belarus, Bulgaria, Canada, 
China, Finland, former Czechoslovakia, former Yugoslavia, 
France, Germany, Greece, Hungary, Iran, Italy, Kazakhstan, 
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Latvia, Lithuania, Malta, Moldova, Netherlands, Poland, 
Portugal, Russia, Slovakia, Switzerland, Türkiye, U.S.A., 
Ukraine, United Kingdom).

Hosts: Acleris forsskaleana, Acleris variana, Aleimma 
loeflingiana, Anthonomus pomorum, Archips cerasivorana, 
Archips crataegana, Archips rosana, Archips xylosteana, 
Argyrotaenia velutinana, Blastodacna atra, Choristoneura 
rosaceana, Coleophora spinella, Croesia bergmanniana, 
Cydia latiferreana, Dichelia histrionana, Epiblema 
scutulana, Epinotia tetraquetrana, Grapholita interstinctana, 
Grapholita molesta, Hedya nubiferana, Pandemis cerasana, 
Pandemis heparana, Recurvaria leucatella, Recurvaria 
nanella, Spilonota ocellana, Tortrix viridana, Yponomeuta 
malinella.

Bassus graecus Achterberg, 1992

Material examined: Samsun: Havza-Mismilliağaç, 
40°99'63''N 35°70'33''E, 02.07.2003, 1♀.

General distribution: West Palaearctic Region (Greece, 
Türkiye).

Hosts: Unknown.

Bassus tumidulus (Nees, 1814)

Material examined: Samsun: Vezirköprü-Kızılcaören 
41°06'00''N 35°30'00''E,02.07.2003, 4♀♀; Salıpazarı-Aspete 
mevkii, 41°05'02''N 36°49'49''E, 03.07.2003, 4♀♀, 2♂♂; 
Salıpazarı-Derbentaltı, 41°10'10''N 36°10'20''E, 03.07.2003, 
6♀♀, 2♂♂; Salıpazarı-Soyuk, 41°28'16''N 36°25'10''E, 
03.07.2003, 1♀. 

General distribution: Palearctic and Oriental regions 
(Austria, Azerbaijan, Belarus, Belgium, Bulgaria, China, 
Croatia, Finland, former Czechoslovakia, former 
Yugoslavia, France, Georgia, Germany, Greece, Hungary, 
Iran, Ireland, Italy, Japan, Kazakhstan, Korea, Latvia, 
Lithuania, Moldova, Mongolia, Morocco, Netherlands, 
Norway, Poland, Portugal, Russia, Spain, Sweden, 
Switzerland, Türkiye, Ukraine, United Kingdom).

Hosts: Agonopterix atomella, Cydia compositella, Cydia 
delineana, Cydia pallifrontana, Cydia splendana, Cydia 
tenebrosana, Dichrorampha acuminatana, Epiblema 
cirsiana, Epiblema scutulana, Gypsonoma aceriana, 
Gypsonoma minutana, Lathronympha strigana, Lobesia 
botrana, Lobesia euphorbianus, Mompha epilobiella, 
Ptocheuusa inopella, Rhopobota ustomaculana, 
Sparganothis pilleriana, Utetheisa jacobaeae.

Disophrys caesa (Klug, 1835)

Material examined: Amasya: Karaibrahim-Çengel, 
40°31'20''N 36°10'29''E, 03.09.2003, 1♀; Çorum: Kuşsaray, 

40°35'44''N 35°08'36''E, 29.06.2004, 1♂; Tokat: Reşadiye-
Çayırpınar, 40°24'16''N 37°16'16''E, 01.07.2004, 2♂♂.

General distribution: Palearctic Region (Algeria, Armenia, 
Azerbaijan, Bulgaria, Croatia, former Yugoslavia, France, 
Germany, Hungary, Iran, Italy, Morocco, Portugal, Romania, 
Russia, Spain, Switzerland, Türkiye). 

Hosts: Unknown

As a result of this study caried out in the Central Black 
Sea Region, 17 species of the genera Agathis, Bassus and 
Disophrys belong to Agathidinae were reported. All of the 
species are new to the fauna of Central Black Sea Region of 
Türkiye.

Agathis anglica and A. malvacearum are the most common 
species in the studied areas in all provinces where the study 
was conducted (Amasya, Çorum, Ordu, Samsun and Tokat) 
in the Central Black Sea Region of Türkiye. The highest 
number of specimens (50 females and 4 males) belongs to 
A. anglica. 

The highest species diversity was found in Amasya. 
Compared with other provinces in the Central Black Sea 
Region, Çorum and Ordu have the lowest numbers of 
Agathidinae species (Table 2). Compared to the other studied 
locations, these locations are poorly studied, however, new 
records have been found for the provinces.

Agathidins are koinobiont endoparasitoids of lepidopteran 
larvaes, which are plant pests, and thus these insects are 
important in natural regulation of pests in agriculture and 
forest areas. Therefore, it is essential to determine species 
diversity, habitat and host complexes of these beneficial 
insects so as to understand and protect their populations in 
nature. 

Some identified parasitoid species in this study were 
reported as parasitoids in important agricultural and 
forest pests in previous studies. Among the reported 
species, Agathis fuscipennis is the parasitoid of the 
harmful tomato moth Tuta absoluta; Agathis montana 
is the parasitoid of Pandemis cerasana, which causes 
direct economic damage to flowers, fruits or grains 
of some pome fruits; Bassus conspicuus and Bassus 
dimidiator are parasitoids of apple pests Cydia pomonella 
and Choristoneura rosaceana and Bassus tumidulus is 
parasitoid of poplar borer Gypsonoma aceriana (Güçlü 
and Özbek 2007, Loni et al. 2011, Mills 2005, Wilkinson 
et al. 2004, Žikić et al. 2013). 

Consequently, identifying these parasitic wasps which are 
quite considerable in biological control studies from the 
study area will guide future studies and also the identified 
species will contribute to the fauna of Türkiye.
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ÖZET

Bu çalışma Türkiye’nin Orta Karadeniz Bölgesine ait 
Agathidinae (Hymenoptera: Braconidae) faunasını ortaya 
koymak için 2003-2004 yılları arasında gerçekleştirilmiştir. 
Bu amaçla bölgedeki, Amasya, Çorum, Ordu, Samsun 
ve Tokat illerinin farklı yükseklik ve habitatlarından 
Agathidinae örnekleri toplanmıştır. Toplam 17 tür 
belirlenmiş ve tanımlanmıştır. Bunlar, Agathis cinsine ait 
on iki tür, Bassus cinsine ait dört tür ve Disophrys cinsine 
ait bir türdür. Tespit edilen tüm türler Türkiye’den daha 
önce kaydedilmiş olmasına rağmen araştırma bölgesi için 
yeni kayıt niteliğindedir. Tespit edilen türlerin dağılışları 
ve detaylı lokalite kayıtları hakkında bilgiler verilmiştir.

Anahtar kelimeler: dağılım, endoparazitoid, koinobiont, 
Türkiye, Agathidinae
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Diagnosis of Peach latent mosaic viroid (PLMVd) and Hop stunt viroid (HSVd) 
by RT-PCR using different extraction protocols
Peach latent mosaic viroid (PLMVd) ve Hop stunt viroid (HSVd)’in farklı ekstraksiyon metotları 
kullanılarak RT-PCR ile teşhisi

aDirectorate of Plant Protection Central Research Institute, Gayret Mah. Fatih Sultan Mehmet Bulv. 06172 Yenimahalle, Ankara, Türkiye
bEge University, Faculty of Agriculture, Plant Protection Department, İzmir, Türkiye 

RT-PCR method was performed using four different nucleic acid extraction 
methods to identify viroids; peach latent mosaic viroid (PLMVd) and hop stunt 
viroid (HSVd) which causes serious damage to stone fruits. Leaf samples were 
collected from fruit orchards showing viroid-like symptoms in İzmir province. 
Silica capture, citric buffer, lithium chloride, and ames buffer methods were used 
to extract total nucleic acids. The four extraction methods were compared using 
samples collected during the vegetation period from naturally infected trees (plum, 
apricot, and peach). They were evaluated with RT-PCR tests. In 64 stone fruit tree 
samples, only the silica capture method gave reliable and accurate results in RT-
PCR molecular tests for the detection of PLMVd and HSVd. The other wielded 
nucleic acid extraction methods were found to be ineffective for the isolation of 
the viroid RNAs. 

A B S T R A C T

Stone fruits are significant in the agricultural economy and 
contain 30% of fruit production; in total 3 million tons of stone 
fruits are produced in Türkiye (TÜİK 2019). Plant pathogenic 
viroids are small, single-stranded RNA molecules that infect 
plants and cause disease (Góra-Sochacka 2004). Viroids do not 
code or change proteins. They show their effects in host plants 
with plant enzymes. They cause alteration of the genes that 
regulate plants' growth and development. In previous studies, 
it was determined that viroids cause disease not only in highly 
structured plants but also induce disorders in hosts from a 
lot of various families and genera (Góra-Sochacka 2004). 
Potato, tomato, hop, coconut, grapevine, citrus, avocado, 

peach, apple, pear, and chrysanthemum are among the hosts 
that viroids cause disease. Therefore, the wide host range of 
viroids facilitates their spread and transmission. Viroids are 
transmitted by grafting, Cuscuta spp., vector insects, seed, 
pollen, and mechanical ways (Hataya et al. 2017). 

They systematically consist of two families. These families 
are; Pospiviroidae and Asunviroidae. In viroid diseases, it is 
crucial to identify the viroid with all aspects, determine its 
strain and hosts, and finally detect the viroid with the rapid 
diagnostic methods for the control (Flores et al. 2004). They 
cannot be detected by the serological methods because of 
the absence of their protein coats but can be detected by 
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molecular methods such as hybridization and RT-PCR in 
the diagnosis of plant viroid diseases (Hataya et al. 2017, 
Ragozzino et al. 2004). It is often necessary to extract the 
nucleic acids from plant tissues to detect and study these 
viroids. There are many different nucleic acid extraction 
protocols available, and the choice of method depends 
on several factors such as the nature of the sample, the 
downstream application, and the sensitivity of the detection 
method.

Diagnosis and detection are as considerable as cultural 
and sanitation practices in preventing the spread of viroid 
diseases. Indicator plants, molecular hybridization, and 
Reverse Transcription Polymerase Chain Reaction (RT-
PCR) methods are reliable and the most used among the 
detection methods. 

RT-PCR has been widely used for a long time in molecular 
biology studies. Extraction and purification methods are 
also very important in obtaining the desired amount of virus 
and viroid RNAs from plants (Akbas and Degirmenci 2010, 
Schepetiuk et al. 1997, Wiedbrauk et al. 1995). There are 
many different nucleic acid extraction protocols available, 
and the choice of method depends on several factors such as 
the nature of the sample, the downstream application, and the 
sensitivity of the detection method. Many materials existing 
in the structure of the plant as cytosol, gum, and phenolic 
compounds play a preventative role in the reaction of RT-
PCR (Martelli et al. 1994). The main challenge in RT-PCR 
application occurs in the process of the preparation of nucleic 
acid extraction in good quality. This problem is encountered 
generally in studies conducted on woody plants, especially 
with the origin of Malus and Prunus (Korschineck et al. 
1991). Mostly used nucleic acid extraction procedures cannot 
terminate the connection with polysaccharides and phenolic 
compounds preventing RT-PCR (Demeke and Adams 1992). 

Herein, it was aimed to determine the best RNA extraction 
method for agents representing both viroid families causing 
diseases in orchards in Türkiye and the world. For this, 
peach latent mosaic viroid (PLMVd) belonging to the family 
Pospiviroidae and hop stunt viroid (HSVd) belonging to the 
family Asunviroidae, which are the most significant viroids 
that cause diseases wherever stone fruits are grown, were 
selected. 

MATERIALS AND METHODS

PLMVd and HSVd isolates from the previous studies and 
the 64 leave samples collected from apricot, peach, and 
plum trees, positive and negative controls consist of the 
main materials of the study. These isolates were used in RT-
PCR tests..

Field surveys and sampling 

Plant leaves showing viroid-like symptoms were collected 
from various fruit orchards in İzmir province. Sampling 
was conducted during the spring and summer months. 
Collected leaf samples were put into the polyethylene 
bags, marked with a code, and kept in an icebox during 
transportation to the laboratory. All samples were kept at 
-20 oC in deep freeze until nucleic acid extraction. 

Total nucleic acid (TNA) extraction 

Total nucleic acid extraction was carried out using four 
different methods. These methods are; silica capture 
(Foissac et al. 2000), citric buffer (Wetzel et al. 1992), 
lithium chloride (Hughes and Galau 1988), and ames/
chloroform buffer methods (Laulhere and Rozier 1976, 
Podleckis et al. 1993). 

RT-PCR (Reverse transcriptase polymerase chain reaction) 
method 

In the PCR reaction, complementary DNA (cDNA) was 
synthesized for the total nucleic acid of viroids extracted 
from plants. For this purpose, protocols of the cDNA (Super 
Script RNAase H) kit supplied by Invitrogen (Invitrogen, 
TECH-LINESM U.S.A.) company were followed. The PCR 
process was handled at 50 µl volume according to the 
procedure advised by Fermantas Company. Primers used 
in the RT-PCR test were given in Table 1. 

25 µl 2x PCR master mix. 1 µl primer 1, 1 µl primer 2, 2 
µl cDNA, and 21 µl nuclease-free water were added to the 
sterile PCR tubes. Amplifications were carried out in an 
analytikjena thermal cycler in the cycling conditions, given 
in Table 2 for each viroid (Candresse et al. 1995). PCR 
products were separated by electrophoresis in 1.5% agarose 
gel in TAE buffer at 105 V for 60 minutes and stained with 
ethidium bromide and visualized under UV light. 
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Viroid Primer Base 
Pair Sequence Position Reproduced 

DNA (bp) References

PLMVd cPLMVd 25 5’-AACTGCAGTGCTCCGAATAGGGCAC-3’ 91-115 337 Loreti et al. (1999)
hPLMVd 25 5’-CCCGATAGAAAGGCTAAGCACCTCG-3’ 116-140

HSVd VP19 26 5’-GCCCCGGGGCTCCTTTCTCAGGTAAG-3’ 60-85 300 Astruc et al. (1996)
VP20 25 5’-CCCGGGGCAACTCTTCTCAGAATCC-3’ 80-102

PLMVd, peach latent mosaic viroid; HSVd, hop stunt viroid.

Table 1. Viroid primers used in RT-PCR analysis
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RESULTS AND DISCUSSION

A total of 64 samples, 2 positive control, and 2 negative 
control plants were employed in the study. For the four 
nucleic acid extraction methods; two different primer pairs 
were put into account. Both primer pairs were worked 
with the silica capture method in previous assays and 
their existence was validated. PLMVd was found in 12 out 
of 64 tested samples, and hop stunt viroid was found in 8 
samples by using the silica capture method. Citric buffer, 
lithium chloride, and ames buffer methods did not work 
properly in extracting nucleic acids and they did not show 
any bands formations on agarose gel after running the RT-
PCR products in the electrophoresis. The best option for 
extracting nucleic acids from plant pathogenic viroids may 
depend on several factors such as the nature of the sample, 
the downstream application, and the sensitivity of the 
detection method. 

The TNA extraction method has a highly significant impact 
on the constitution of RT-PCR final productions. The results 
indicated that the silica capture method provided suitable 
for extracting nucleic acids from plant tissues. Sipahioglu 
et al. (2007) also obtained very good results with the silica 
capture method based on Foissac et al. (2000), who reported 
that nucleic acid extraction was realized at the highest rate 
and quality with the silica capture method.  That result was 
also confirmed by our study and the best result was obtained 
with this method. As compared to the other three extraction 
methods, this method was simple and fast and had a high 
yield of purified nucleic acids. Positive results could not 
be taken with the other three extraction methods tried. In 
addition, it was seen that this method was fast and easy to 
perform when compared to the others.

Although positive results were obtained from the lithium 
chloride method in some studies (Cieslinska 2004, Hataya et 
al. 1999, Loreti et al. 1999, Ragozzino et al. 2003, Shamloul 
et al. 2002), we could not get positive results with this 
extraction method. This may be derived from its requiring 
special handling of the RNA pellet, particularly during 
the washing steps. In the same way, certain types of RNA, 
including viral RNA, may not be as effective using this 
method. Navarro et al. (2000) confirmed our results in their 

study. They reported that lithium chloride was less effective 
than other methods for isolating viroid RNA from infected 
plants (Navarro et al. 2000). On the contrary, Cieslinska 
(2004) reported that even diluted ratios of the lithium 
chloride method were more successful and efficient than the 
silica capture method in obtaining strawberry mottle virus 
RNA in strawberry tissues. This may depend on several 
factors, such as the nature of the sample, the downstream 
application, and the sensitivity of the detection method. 
However, the silica capture method as mentioned above 
was found to be more suitable for extracting nucleic acids 
from plant tissues in many plant virology studies (Rott and 
Jelkmann 2001, Sipahioglu et al. 2007, Zacharzewska et al. 
2014)

The ames buffer method has the advantage of being the 
fastest method for the total nucleic acid extraction process 
compared to the other nucleic acid extraction methods 
(Laulhere and Rozier 1976, Podleckis et al. 1993). However, 
the purity of the RNA produced by the process is just as 
important as how long it took. However, in our study, we 
could not get good results with that extraction method.  

It seems perfectly reasonable that the citric acid method we 
used in our study did not yield positive results. Because it 
was noted that the citric buffer method is a more practical 
way to isolate DNA from small amounts of fresh plant 
tissue (Doyle and Doyle 1987). Although it was reported 
to successfully isolate viroid RNA from infected plant 
tissues (Diener and Lawson 1984), it is particularly useful 
for extracting DNA from plant tissues. Therefore, it can be 
said that the citric buffer method may not be as effective 
at isolating RNA, and it may not be appropriate for all 
kinds of materials. Additionally, it was thought that these 
two methods deactivate the phenolic and polysaccharide 
compounds in the plant during nucleic acid extraction 
and reverse transcriptase. Furthermore, these compounds 
inhibit detection in RT-PCR tests. The nucleic acid used for 
the detection of viroids by PCR should be as pure as possible. 
Wilde et al. (1990) proved that reverse transcriptase with its 
over-sensibility has a great significance on the appearance of 
the inhibitive and regulative characteristics of the substances 
in the amplification reactions. This also demonstrates that 
the extraction methods used in the study played a significant 
role in removing the inhibitory substance. The usage of silica 
capture minimizes the deterioration of PCR products. RNA 
isolated and PCR products formed by the silica capture 
method can stay without spoiling for a couple of months and 
can be kept to work on it again. This shows the existence of 
a very useful method for long-term analysis of both plants 
and products and as well as for PCR products and RNA-
isolated from them (Sipahioglu et al. 2006a).

PLMVd

30 cycles 30 cycles 30 cycles
95 °C 95 °C – 30 s 72 °C
3 min 60 °C – 45 s 7 min

72 °C - 45 s

HSVd

1 cycle 30 cycles 1 cycle
95 °C 95 °C – 30 s 72 °C
3 min 60 °C – 45 s 7 min

72 °C - 45 s

Table 2. Followed programs in RT-PCR analysis
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This shows how the reverse transcription stage is important 
while working with viroids on RT-PCR and how the phenolic 
compounds existing in plant tissues can affect the result of 
extraction high in a contrary way. 

The lithium chloride and the silica capture methods 
which contain mercaptoethanol can minimize the effect of 
polyphenols and polysaccharides in plant tissues thus both 
methods can work on various plant species in the extraction 
of nucleic acids very well (Cieslinska 2004, Sipahioglu 
et al. 2006b). After getting the results in that variation, 
it is obvious that how silica capture method is the correct 
method in use for nucleic acid extraction. Our study showed 
that the silica capture method is the most reliable and it can 
be used successfully in the detection of PLMVD and HSVd 
on stone fruits. The study also showed that using different 
methods for distinct viroids on various plant species can 
show dissimilar results like the success of the silica capture 
method and failure of the lithium chloride, citric acid, 
and ames buffer method. Obtaining results by using these 
methods can be very fruitful from the perspective of today’s 
fruit-growing sector, in the production of rootstock, sapling, 
and grafting materials for obtaining disease-free and 
certified production materials. 

In conclusion, the silica capture method appears to be the best 
option for isolating total nucleic acids of PLMVd and HSVd 
from stone viroids. However, when choosing an extraction 
method, it is crucial to keep in mind that the particular type 
of viroid and the characteristics of the sample being analyzed 
may have an impact on the choice of extraction method. 
Finally, this study revealed once again that the silica capture 
extraction method is the most suitable extraction method, 
which ensures that the nucleic acid of plant pathogenic 
viruses and viroids is obtained in the highest yield, purest, 
and without causing any loss or degradation. 
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ÖZET

Sert çekirdekli meyve ağaçlarında ekonomik zarara neden 
olan peach latent mosaic viroid (PLMVd) ve hop stunt 
viroid (HSVd)’leri RT-PCR ile tanılamak için 4 farklı 
nükleik asit ekstraksiyon yöntemi kullanılmıştır. Yaprak 
örnekleri İzmir ilinde farklı meyve bahçelerinden viroid 
benzeri belirti gösteren ağaçlardan alınmıştır. Silica 
capture, lithium chloride, citric buffer ve ames buffer 
yöntemleri kullanılarak total nükleik asit ekstraksiyonu 
gerçekleştirilmiştir. Dört farklı ekstraksiyon yöntemi erik, 

kayısı ve şeftali ağaçlarından farklı dönemlerde toplanan 
örnekler kullanılarak birbiri ile karşılaştırılmıştır. Altmış 
dört farklı sert çekirdekli bitki örneği RT-PCR test yöntemi 
ile değerlendirilmiş ve silica capture ekstraksiyon yöntemi, 
kullanılan yöntemler arasında en güvenilir sonucu vermiştir. 
Diğer 3 ekstraksiyon yöntemi ile yapılan ekstraksiyonlarda 
istenilen sonuç alınamamıştır.

Anahtar kelimeler: TNA ekstraksiyonu, RT-PCR, viroid, 
sert çekirdekli meyve, nükleik asit
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