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(Nemata: Meloidogynidae) in the potato fields of Central Anatolia
(Turkey) using molecular and morphological methods*

Orta Anadolu Bolgesi (Turkiye) patates ekilis alanlarindaki kdok-ur nematodu turlerinin
(Meloidogyne spp.) (Nemata: Meloidogynidae) molekuler ve morfolojik yontemlerle
belirlenmesi

Emre EVLICE 2 Serife BAYRAM?

Summary

Root-knot nematodes are considered to be the world’'s most damaging plant parasitic nematodes. Meloidogyne
chitwoodi and Meloidogyne fallax are quarantined organisms in Europe and Turkey, and special regulations exist for
planting and transporting seed potatoes in order to control these organisms. M. chitwoodi, was firstly identified from infected
potato tubers collected from Nigde and after that it was determined in Nevsehir, izmir, Balikesir, Kiitahya, Manisa and Bitlis
provinces in Turkey. This study was conducted in 2009 with the aim of identifying Meloidogyne spp. species in Central
Anatolia, which is the most important potato production region of Turkey. 73 samples in total were collected from Nigde (49
samples), Nevsehir (18), Aksaray (2), Isparta (2), Kayseri (1), and Konya (1) provinces of Turkey. All populations were
identified using molecular methods, also fifteen selected populations were identified based on their morphological and
morphometric features. Morphological characters and morphometric measurements were taken from the perineal pattern of
mature females, second-stage juveniles, and eggs. Two different PCR protocols were used: (1) JMV1, JMV2 and JMV
hapla multiplex PCR primers and (2) Fc and Rc species specific primers. Also sequence analysis was used for molecular
identification. Results obtained both from morphological and molecular methods showed that all populations were positive
for M. chitwoodi and there is no evidence was found regarding the existence of M. fallax or the other Meloidogyne species.
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Ozet

Kdklerde olusturdugu urlarla taninan Meloidogyne cinsine dahil olan turler dinyada en ¢ok zarar yapan nematod
grubu olarak kabul edilmektedir. Meloidogyne chitwoodi ve Meloidogyne fallax, Avrupa ve Tirkiye’'de karantina zararlisi
olup bu etmenler agisindan tohumluk patateslerin tagsinmasi ve dikilmesi icin 6zel sartlar bulunmaktadir. Tirkiye’'de ilk
olarak Nigde ilinden toplanan bulasik patates yumrularinda tespit edilen M. chitwoodi daha sonra Nevsehir, izmir,
Balikesir, Kitahya, Manisa ve Bitlis'te tespit edilmistir. 2009 yilinda gerceklestirilen bu ¢alismanin amaci Tirkiye’nin en
Onemli patates Uretim alani olan Orta Anadolu bdlgesindeki Meloidogyne turlerinin belirlenmesidir. Nigde (49), Nevsehir
(18), Aksaray (2), Isparta (2), Kayseri (1) ve Konya (1) illerinden toplam 73 6rnek toplanmistir. Biitlin populasyonlar
molekiler yontemlerle ayrica segilen 15 popilasyon morfolojik ve morfometrik karakterlerine gore teshis edilmistir.
Morfolojik karakterler ve morfometrik Olgimler ergin disilerin perennial alanlarindan, 2. dénem larvalardan ve
yumurtalardan yapilmistir. Molekuler teghislerde iki farkli PCR protokoli (1) JMV1, JMV2 ve JMVhapla multiplex PCR
primerleri (2) tiire spesifik Fc ve Rc primerleri ile sekans analizi kullaniimistir. Molekuiler ve morfolojik teshis metotlari
kullanilarak yapilan teshislerin her ikisinde de sadece M. chitwoodi tespit edilmis olup Orta Anadolu patates Uretim
alanlarinda M. fallax ve diger kdk-ur nematode tirlerinin varligina dair herhangi bir sonug elde edilememistir.
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Introduction

Root-knot nematodes are an economically important polyphagous group of highly adapted obligate
plant parasites. They are distributed worldwide and parasitize nearly every species of higher plant
(Karssen & Moens, 2006). Up to 2009, 98 different species of Meloidogyne genus had been discovered
(Jones et al., 2013). In Europe, 23 root-knot nematode species have been identified up to today, and 14
of those were first records (Wesemael et al., 2011). Among all the discovered root-knot species, M.
incognita, M. javanica, M. arenaria, M. chitwoodi, M. fallax, and M. hapla species are the most ones, and
they account for more than 95% of the occurrences of this genus (Adam et al., 2007). Meloidogyne
arenaria, M. incognita and M. javanica are the species most in hot regions. In colder regions, M. hapla
and M. naasi are important species in field-grown crops (Wesemael et al., 2011). Also since 1990’s, M.
chitwoodi and M. fallax species became species effecting potato and vegetable production in colder
regions (Wesemael et al., 2011). In Turkey, 9 different species has been found in the studies conducted
on various culture plants in various regions up to today and these are M. arenaria, M. artiellia, M.
chitwoodi, M. ethiopica, M. exigua, M. hapla, M. incognita, M. javanica, and M. thamesi (YUksel, 1966 ve
1967; Elekgioglu, 1992; Kepenekci et al., 2002; Ozarslandan et al., 2009; Aydinli et al., 2013; imren et al.,
2014).

Root-knot nematodes on potatoes were first recorded by Borazanci et al. (1985) in Manisa
province, but these authors did not give any information on the species they found. Later studies showed
that existence of M. hapla in Nigde, Nevsehir, and Aksaray provinces and M. incognita in Edirne province
(Kepenekci et al., 2006; Erdogus et al., 2011). M. chitwoodi was first found by Ozarslandan et al. (2009)
in 2006 on infected potato tubers collected from the fields in Nigde province. M. chitwoodi species, also
known as Columbian root-knot nematode, was first discovered in 1980 at the Northwest Pacific region of
A.B.D. (Santo et al., 1980). M. chitwoodi is found in Holland, Belgium, France, Germany, Portugal, South
Africa, America, Mexico, Argentina and Turkey. It is found in Turkey are Nigde, Nevsehir, Bitlis, izmir,
Manisa, Kiitahya, and Balikesir provinces (Ozarslandan et al., 2009; Devran et al., 2009; Yildiz et al.,
2009; Ozarslandan & Elekgioglu, 2010; Ulutas, 2010; Ozarslandan et al., 2013).

Meloidogyne chitwoodi is included in the quarantine lists by European and Mediterranean Plant
Protection Organization (EPPO) and North American Plant Protection Organization (NAPPO). It also
exists in the Turkish quarantine list as Meloidogyne spp. As a result of feeding and growth of nematodes,
females cause brownish spots that can be seen when peeled and also external galling on tubers.
Because of quality problems caused by these necrosis and galling, products could be rejected either at
market or at the field (Ingham et al., 2007). Even though necrosis consists only 5% of the tuber, it is
considered as commercially not suitable and also total yield is reduced because of the damage caused by
nematodes (Anonymous, 2014). Infected tubers which use as a seed play an important role for spreading
and cause problems in seed potato trade.

This study aims to identify the root-knot nematode species in potato fields and to determine the
infection pattern of M. chitwoodi. To this end, 73 samples collected from potato fields in Central Anatolia
was used as an ecologic region were analyzed using molecular and morphological methods.

Material and Methods

The material of this study consists of 73 potato tuber samples collected from potato areas infested
by Meloidogyne spp. between 2009 and 2012 (Table 1).

Root-knot nematode populations

In order to obtain pure cultures, tomato seedlings were inoculated with potato tubers collected from
fields. For every population, tubers were first washed and peeled 0.5 to 1 cm deep using sterile scalpel.
These samples were dissected to pieces in the size of 1.5-2 cm, added to 100 ml of water and mixed in
Waring blender for 30-60 seconds. Resulting mixture was agitated, poured into pots in which there had
tomato seedlings in the 2-4 true leaf stage and sterile sand-soil mixture [85% silver sand, 15% soil], and
covered with silver sand-soil mixture. All experiments were conducted in a temperature controlled
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glasshouse at 20-30C and pots were watered and fertilized as required. Tomatoes were harvested
approximately 3 months later and every population was inoculated to new tomato seedlings as single egg
mass for 5 times. Approximately 3 months after the inoculation, tomatoes were harvested, roots were
checked for egg packages and best performing ones were selected.

Table 1. Isolates and sources of Meloidogyne spp. populations used in this study

Population . Accession Population . Accession
Location Location

Code numbers Code numbers
NIG-1 Nigde/Merkez/Tirhan KF557796 NIG-41 Nigde/Merkez/Edikli KF557825
NIG-2 Nigde/Merkez/Tirhan KF557804 NIG-42 Nigde/Merkez/Edikli KF557826
NIG-3 Nigde/Merkez/Tirhan KF557816 NIG-43 Nigde/Merkez/Edikli KF557827
NIG-5 Nigde/Merkez/Hasakdy KF557834 NIG-44 Nigde/Merkez/Kiledere KF557828
NIG-6 Nigde/Merkez/Agcasar KF557838 NIG-45 Nigde/Merkez/Konakh KF557829
NIG-7 Nigde/Merkez/Yesilgolcik ~ KF557839 NIG-46 Nigde/Merkez/Konakh KF557830
NIG-8 Nigde/Merkez/Alay KF557840 NIG-47 Nigde/Merkez/Konakli KF557831
NIG-9 Nigde/Merkez/Tirhan KF557841 NIG-48 Nigde/Merkez/Hasakdy KF557832
NIG-10 Nigde/Merkez/Tirhan KF557793 NIG-49 Nigde/Merkez/Orhanli KF557833
NIG-11 Nigde/Merkez/Hasakdy KF557794 NIG-50 Nigde/Merkez/Orhanli KF557835
NIG-12 Nigde/Merkez/Hasakdy KF557795 NIG-51 Nigde/Merkez/Orhanli KF557836
NIG-13 Nigde/Merkez/Hasakdy KF557797 NIG-52 Nigde/Merkez/Orhanli KF557837
NIG-14 Nigde/Merkez/Baglama KF557798 NEV-1 Nevsehir /Aci Gol/Karapinar KF557775
NIG-15 Nigde/Merkez/Baglama KF557799 NEV-2 Nevsehir /Aci Gél/Karapinar KF557784
NIG-16 Nigde/Merkez/Baglama KF557800 NEV-3 Nevsehir/ Derinkuyu KF557786
NIG-17 Nigde/Merkez/Alay KF557801 NEV-4 Nevsehir/ Derinkuyu KF557787
NIG-18 NigdeMerkez/Baglama KF557802 NEV-5 Nevsehir/ Derinkuyu KF557788
NIG-19 Nigde/Merkez/Kiledere KF557803 NEV-6 Nevsehir /Derinkuyu KF557789
NIG-20 Nigde/Merkez/Kiledere KF557805 NEV-7 Nevsehir /Derinkuyu KF557790
NIG-21 Nigde/Merkez/Kiledere KF557806 NEV-8 Nevsehir /Derinkuyu KF557791
NIG-22 Nigde/Merkez/Kiledere KF557807 NEV-9 Nevsehir /Derinkuyu/Suvermez  KF557792
NIG-23 Nigde/Merkez/Kiledere KF557808 NEV-10 Nevsehir /Derinkuyu/Suvermez  KF557776
NIG-24 Nigde/Merkez/Kiledere KF557809 NEV-11 Nevsehir /Derinkuyu/Yazihdyuk KF557777
NIG-25 Nigde/Merkez/Kiledere KF557810 NEV-14 Nevsehir / Urgiip/Mazi KF557778
NIG-26 Nigde/Merkez/Kiledere KF557811 NEV-15 Nevsehir/Urgiip/Mazi KF557779
NIG-27 Nigde/Merkez/Agcasar KF557812 NEV-16 Nevsehir/Merkez/Guvercinlik KF557780
NIG-29 Nigde/Merkez/Kiledere KF557813 NEV-17 Nevsehir/Aci Gol/Tepekdy KF557781
NIG-30 Nigde/Merkez/Kiledere KF557814 NEV-18 Nevsehir/Aci Gol/Karapinar KF557782
NIG-31 Nigde/Merkez/Kiledere KF557815 NEV-19 Nevsehir/Aci Gol/Tepekdy KF557783
NIG-33 Nigde/Merkez/Baglama KF557817 NEV-20 Nevsehir/Derinkuyu/- KF557785
NIG-34 Nigde/Merkez/Alay KF557818 ISP-1 Isparta/Merkez/Gelincik KF557771
NIG-35 Nigde/Merkez/Konakh KF557819 ISP-2 Isparta/ Merkez/Gelincik KF557772
NIG-36 Nigde/Merkez/Konakh KF557820 AKS-1 Aksaray/Gilaga¢ KF557769
NIG-37 Nigde/Merkez/Konakh KF557821 AKS-2 Aksaray/Gilaga¢ KF557770
NIG-38 Nigde/Merkez/Konakh KF557822 KYS-1 Kayseri/Kocasinan /Erkilet KF557773
NIG-39 Nigde/Merkez/Edikli KF557823 KON-1 Konya/Sarayonii/Kuyulusebil KF557774
NIG-40 Nigde/Merkez/Edikli KF557824

Molecular identification
DNA extraction

Meloidogyne spp. egg mass to be used in DNA extraction were collected from the infected roots of
pure cultures cultivated in greenhouse. DNA extraction was performed according to the protocol stated in
the DNA easy Tissue and Blood extraction kit (Qiagen, Hilden, Germany). Before the PCR process,
Nanodrop (The Thermo Scientific Nano Drop 2000) was used in order to confirm the DNA extracts and to
determine the DNA amount.

PCR

Primer sequences used in PCR studies are given in Table 2 and used as stated in the literature
(Wishart et al., 2002, Zijlstra, 2000). In every PCR process both the positive (The Netherlands population)
and negative controls were used.
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Table 2. Primer sequences used for the identification of Meloidogyne spp. populations

Name of Primer Primer Sequences (5-3) Species Fragment (bp)  References
JMV1 GGATGGCGTGCTTTCAAC M. chitwoodi 540 bp

JMV2 TTTCCCCTTATGATGTTTACCC M. fallax 670 bp Wishart vd. 2002
JMVhapla AAAAATCCCCTCGAAAAATCCACC M. hapla 440 bp

Fc TGGAGAGCAGCAGGAGAAAGA . . "

Re GGTCTGAGTGAGGACAAGAGTA M.chitwoodi 800 bp Zijlstra 2000

Multiplex PCR reactions were performed with IMV1/IMV2/IMVhapla primers in a 25 pl volume that
consist of 10x PCR Buffer (2.5 pL), dNTP mix (5mM) (0.5 pL), JIMV1 JMV2 and JMV hapla primers (0.35
pL), Tag DNA polymerase (5U) (0.1 pL), dH20 and 20 ng DNA DNA (5 pL). DNA amplifications were
performed with thermocycler (Techne, TC-5000) programmed with the following sequence: initial
denaturation step at 94 °C for 3 min. followed by 35 cycles of 94 °C for 30 s., 55 °C for 30 s. and 72 °C for
90 s. and a final extension step at 72 °C for 10 min.

PCR reactions were performed with species specific Fc/Rc primers in a 25 pl volume that consist of
10x PCR Buffer (2.5 pL), dNTP mix (5mM) (0.5 uL), Fc and Rc primers (0.6 yL), Tag DNA polymerase
(5U) (0.1 yL), dH,O and 20 ng DNA (5 pL). DNA amplifications were performed with thermocycler
(Techne, TC-5000) programmed with the following sequence: initial denaturation step at 94 °C for 2 min.
followed by 42 cycles of 94 °C for 30 s., 60 °C for 30 s. and 72 °C for 60 s. and a final extension step at
72 °C for 10 min. PCR products were separated by electrophoresis in Tris-EDTA (TAE) buffer with 1.7%
agarose gel stained with Pronosafe (Condalab, Spain) at 80 V for 1 h and then visualized with image
acquisition system (Vilber QUANTUM ST4 1000).

Sequence analysis

PCR products obtained using primers reported by Wishart et al. (2002) were confirmed in
electrophoresis and sequence process was performed by sending the PCR product (=15 pL) to GENOKS
Molecular Biology and Biotechnology Laboratory. Sequencing data were analyzed using Chromas Pro
1.7.6 (Technelysium, Australia).

Morphological identification

For morphological identification, 15 populations were selected among 63 populations, of which
pure cultures are obtained, based on location difference criteria. Eggs were extracted from infected
tomato roots according to Hussey & Barker (1973). Second stage larvae were fixed using the method
developed by De Grisse (1969). Permanent slides were prepared using wax-ring method (Hooper, 1986).
Standard deviations of measurements were calculated with 95% confidence interval as stated by Fortuner
(1984). Perineal pattern slides were prepared using “Preparation Method of Perineal Samples” given by
Taylor & Netscher (1974) and developed by Hartman & Sasser (1985). Morphological features of
populations were examined by light microscope (Leica DM4000 B LED) and the LAS (Leica Application
Suite) program was used for measurement. Species level identifications were performed according to
Jepson (1987) and Karssen (2002).

Results and Discussion
Molecular identification

Multiplex PCR with IMV1/IMV2/IMVhapla primers produced 540 bp DNA fragment, which specific
to M. chitwoodi in all populations. There were no amplification products for M. fallax (670 bp) and M.
hapla (440 bp) (Figure 1). Other studies used the same primer set also found similar results (Devran et
al., 2009; Ozarslandan et al., 2013). PCR performed with species specific Fc/Rc primers produced about
940 bp fragment. This fragment was seen both in all 73 populations and in positive controls (Figure 2).
We reached to the opinion that the 800 bp value stated in the original description may be wrong, because
Fc/Rc primers are species specific to M. chitwoodi and all fragments was found in the same level both in
all population and in positive control. Other factors supporting this opinion are that the DNA markers used
by Zijlstra (2000) were covering a wide spectrum and no indicating the 800 bp level. And also digital gel
imaging systems weren’t widespread and marker variety was very limited in that time. Sequences of 73
populations were compared to other sequences in NCBI Genbank using BLAST, all were identified as M.
chitwoodi. Sequences were submitted to GenBank with accession numbers KF557769-KF557841 (Table 2).
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Figure 1. 540 bp PCR product obtained from 73 root-knot nematode samples using JMV1, JMV2 and JMV hapla (M: 100 bp DNA
Ladder (ThermoFisher, SM0321), PK: Positive control, SK: water control).

Figure 2. 940 bp PCR product obtained from 73 root-knot nematode samples using Fc and Rc primers (M: 100 bp DNA Ladder
(ThermoFisher, SM0241), PK: Positive control, SK: water control.

Morphological identification

In general, perineal pattern of the populations of M. chitwoodi under this study showed generally
consistent with previous descriptions (Golden et al., 1980; Karssen, 2002). The overall shape of the
pattern rounded to oval. Dorsal arch ranging from low and rounded to relatively high and angular, stria
near perineal area broken, curved, twisted. Vulva was sunken in an area variable in shape and devoid of
striae. Above and below the anus and continuing laterally and ventrally a clear area was bounded by
wavy striae (Figure 3).
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Figure 3. Meloidogyne chitwoodi (a) Perineal pattern, (b) general view of second stage larvae, (c) anterior view of second stage
larvae, (d) genital primordium view, and (e) tail view of second stage larvae.
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Table 3. Second stage larvae measurements of Meloidogyne chitwoodi populations (n= 20)

Nigde Populations

Nevsehir Populations

Aksaray Populations

Golden vd. 1980

N

L (um)

Greatest body
diameter (um)
Body diam. at stylet
knobs (um)

Body diam. at S-E

pore (um)
Body diam. at anus

(nm)
Stylet length (um)
DGO (um)

Tail length (um)
Tail terminus length

(nm)
Anus primordium

(um)
a
b
C

c
(S-E pore/L)x100

180

366.8+11.3 (352.3-390)

13.1+0.4 (12.5-13.9)
8.8£0.3 (8.2-9.4)
12.4£0.4 (11.5-13.4)

9.6£0.5 (8.8-10.8)

10.0£0.4 (9.3-10.8)
3.0£0.2 (2.6-3.3)
43+2.1 (40.2-47.9)

10.4£0.9 (8.8-12.2)

89.2+6.3 (80.4-97.8)

28.1+0.8 (26-29.1)
7.640.4 (7.0-8.3)
8.5+0.4 (7.4-9.0)
4.5+0.2 (4.1-4.7)

18.3+0.6 (17.5-19.3)

100

13,2+0.3 (12.6-14.0)
9,1#0.3 (8.3-10.1)
12,3+0,3 (11.3-13.3)

9,4+0.4 (8.6-10.2)
10,4£0.4 (9.6-11.4)

3.410.3 (2.6-3.8)
43.2+2.2 (36.9-47.1)

11,240.7 (9.0-12.4)

96.5+6.9 (83.0-110.6)

28.9+1.2 (26.3-31.9)
7.540.6 (6.4-8.6)
8.8+0.3 (7.9-9.4)
4.5+0.2 (4.0-5.2)

18.5+0.6 (17.2-20.1)

20

13.2+0.4 (12.6-13.6)
8.6£0.2 (8.3-8.8)
11.9+0.3 (11.4-12.2)

9.5£0.3 (9.0-10.0)

10.3£0.7 (9.5-11.3)
3.640.3 (3.1-3.8)
43.8+1.4 (40.7-45.7)

11.5+0.6 (10.2-12.5)

91.745.7 (82.9-102.8)

28.2+1.0 (26.6-30.0)
7.540.3 (7.0-8.0)
8.5+0.2 (8.3-8.9)
4.6+0.2 (4.4-5.0)

18.4+0.6 (17.5-19.3)

10

379.8+12.1 (363.4-398.6) 373.6£9.3 (361.9-395.1) 380.0+11.5 (362-394)

13.120.5 (12.6-13.9)

11.8£0.3 (11.4-12.0)

9.4%0.4 (8.9-10.1)

9.740.3 (9.5-10.1)
3.410.4 (2.5-3.8)
43.2+1.6 (39.8-44.8)

10.9+0.8 (8.9-12.0)

93.08.5 (82-109)

29.1+1.3 (26.0-31.0)
7.640.9 (5.7-8.8)
8.8+0.4 (8.1-9.5)
4.620.2 (4.2-5.0)

18.5+0.8 (18.0-19.1)

Morphologic and morphometric features of the second stage larvae of M. chitwoodi population
were compatible with the original description. Body moderately long, tail conical, hyaline tail part relatively
short, anterior region clearly deliminated, tail tip blunty rounded. But some morphometrical features such
as L, VG, stylet, and hyalin length were different than the original description in some populations (Golden
et al.,, 1980; Karssen, 2002) (Table 3). These differences we believed to be caused by intraspecies
variations are also observed among other populations. In a study, which evaluated the morphological
features of male and the second stage larvae belonging to four different American isolate of M. chitwoodi,
very high morphological variation was reported (Humphreys-Pereira & Elling, 2014). Karssen (2002)
reported that rectum inflated, whereas Golden et al. (1980) reported rectum not inflated. In our study, we
failed to observe rectum on some larvae.

Egg measurement showed eggs diameter shorter (41.51 pl, 42 pl) and eggs length longer (92.99
pl, 85 pl) than the original, thus we found a wider L-W ratio (2.25 pl, 2 pl) (Table 4). These results
indicated that morphologic and morphometrical features of the 15 root-knot populations matched those of
M. chitwoodi.

Table 4. Egg measurements of Meloidogyne chitwoodi populations

Nigde populations Golden vd. 1980
N 450 250 50 50
93.2+4.9 (73.7-112.5)  93.1+5.0 (80.2-114.2) 90.4+4.9 (77.5-109.0) 85+3.6 (79-92)
41.1+1.7 (36.3-50.5) 42.3+2.6 (38.0-52.0) 41.0+1.8 (37.3-44.9) 42+1.8 (40-46)
2.3#0.1 (1.8-2.9) 2.240.2 (1.7-2.7) 2.2+0.2 (1.8-2.5) 2+0.1 (1.8-2.3)

Nevsehir populations Aksaray populations

Length (um)
Width (um)
L-W ratio
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Our findings inticated that M. chitwoodi is to be only all samples analysed after performing
identification using morphological and morphometrical features also molecular methods. Similar studies
conducted on potato fields in Nigde and Nevsehir provinces also identified only M. chitwoodi species
(Devran et al., 2009; Ozarslandan et al., 2009; Ozarslandan & Elekcioglu, 2010). These findings are
compatible with the finding of our study. This study showed that the area of infection has reached to 11
provinces after eight years since its first detection in Isparta, Aksaray, Konya and Kayseri provinces. This
picture proves the seriousness of the situation as these provinces contains 48.6% of the potato fields in
Turkey and produces 56.8% of the total potato production of Turkey (Anonymous, 2013). Other important
hosts of M. chitwoodi such as tomato, corn, and wheat are also widely cultivated in Turkey. This may
increase the damaging effects of the infection. In order to prevent this possibility, tubers that do not have
the seed qualifications should not be used in uninfected fields and management strategies must be
created including region specific rotation schemes with uninfected plants and prevention methods.

References

Adam, M.A.M., M. S. Phillips & V. C. Blok, 2007. Molecular diagnostic key for identification of single juveniles of
seven common and economically important species of root-knot nematode (Meloidogyne spp.). Plant
Pathology, 56: 190-197.

Anonymous, 2013. TUIK Bitkisel retim istatistikleri. http://rapor.tuik.gov.trireports/rwserviet?bitkisel_uretimdb2
=&report= BARAPOR49.RDF&p_yil1=2013&p_kod=3&p_duz1=0&p_mad1=111210002&p_dil=1&p_sec=1&
desformat=pdf&ENVID=bitkisel_uretimdb2Env. (Erisim tarihi: 10.08.2014).

Anonymous, 2014. EPPO Data Sheets on Quarantine Pests Meloidogyne chitwoodi. http://www.eppo.int/
QUARANTINE/nematodes/Meloidogyne_chitwoodi/MELGCH_ds.pdf (Erisim tarihi: 04.05.2014).

Aydinli, G., S. Mennan, Z. Devran, S. Sirca & G. Urek, 2013. First report of the root-knot nematode Meloidogyne
ethiopica on tomato and cucumber in Turkey. Plant Disease, 97: 1262.

Borazanci, N., Y. Aring, S. Ozkut & i. Cinarli, 1985. Son yillarda Tiirkiye’de yapilan nematolojik calismalar. Bornova
Zirai Mucadele Arastirma Enstitist Yilhigr 3 (3): 13-21.

De Grisse, A., 1969. Redescription on modifications de quelque tecniques utilisees dans I' etude des neematodes
phytoparasitaires. Meded. Ritksfac. Landwet. Gent., 34 (2): 351-359.

Devran Z., N. Mutlu, A. Ozarslandan & i. H. Elekcioglu, 2009. Identification and genetic diversity of Meloidogyne
chitwoodi in potato production areas of Turkey. Nematropica, 39: 75-83.

Elekgioglu, i. H., 1992. Untersuchungen Zum auftreten und zur verbreitung phytoparasitarer nematogen in den land
wirtschafflichen hauptkulturen des astmediterranen gebretes der Turkei. Plits 10 (5), 120 p., Stuttgart.

Erdogus, F. D., H. C. Akgul & $. Bayram 2011. A new host for Meloidogyne incognita (Kofoid & White1919)
Chitwood, 1949 (Nemata: Tylenchida) in Turkey:Potato. Journal of Agricultural Science and Technology A (1):
100-105.

Fortuner, R., 1984. Statistics in taxonomic descriptions. Nematologica, 30: 187-192.

Golden, A. M., J. H. O'Bannon, G. S. Santo & A. M. Finley, 1980. Description and SEM observations of Meloidogyne
chitwoodi n. sp. (Meloidogynidae), a root-knot nematode on potato in the Pacific Northwest. Journal of
Nematology, 12: 319-327.

Hartman, K. M. & J. N. Sasser, 1985. Identification of Meloidogye species on the basis of differential host test and
perineal-pattern morphology. In: Barker, K.R., Carter, C.C., Sasser, J.N. (eds.), An advanced treatise on
Meloidogyne Volume II: Methodology. North Carolina State University Graphics, Raleigh, 69-77, North
Carolina, USA.

Hooper, D.J., 1986. Handling, fixing, staining and mounting nematodes In Southey, J.F. (ed). Laboratory methods for
work with plant and soil nematodes. Her Majesty’s stationery office, 59-80, London.

Humphreys-Pereira, D.A. & A. A. Elling, 2014. Morphological variability in second-stage juveniles and males of
Meloidogyne chitwoodi. Nematology, 16 (2): 149-162.

Hussey, R. S. & K. R. Barker, 1973. A comparison of methods of collecting inocula of Meloidogyne spp. including a
new technique. Plant Disease Reporter, 57: 1025-1028.

346


http://www.eppo.int/

Evlice & Bayram, Tirk. entomol. biilt., 2016, 6 (4)

Ingham, R. E., M. Dillon, N. L. David, & J. Delgado, 2007. Using green manure crops to suppress Columbia root-knot
nematode (Meloidogyne chitwoodi) in potato in the San Luis Valley. Journal of Nematology, 39 (1): 93.

imren, M., A. Ozarslandan, E. C. Kasapoglu, H. Toktay & I. H. Elekcioglu, 2014. Turkiye bugday faunasi igin yeni bir
tur, Meloidogyne artiellia (Franklin)’nin morfolojik ve molekuler yontemlerle tanimlanmasi. Tirkiye Entomoloji
Dergisi, 38 (2): 189-196.

Jepson, S. B., 1987. Identification of root-knot Nematodes. CAB International, s.265.

Jones, J. T., A. Haegeman, E. G. J. Danchin, H. S. Gaur, J. Helder, M. G. K. Jones, T. Kikuchi, R. Manzanilla-Lépez,
J. E. Palomares-Rius, W. M. L. Wesemael & R. N. Perry, 2013. Top 10 plant-parasitic nematodes in molecular
plant pathology. Molecular Plant Pathology, 14: 946-961.

Karssen, G., 2002. The Plant-Parasitic Nematode Genus Meloidogyne Goldi, 1892 (Tylenchida) in Europe. Birill
Academic Publishers, 160 pp., Leiden, Netherlands.

Karssen, G. & M. Moens, 2006. Root-knot nematodes. In: Perry, R.N. & Moens, M. (Eds). Plant nematology.
Wallingford, UK, CABI Publishing, pp. 59-90.

Kepenekci, I., G. Oztirk & E. Evlice, 2002. “Ulkemiz ortii alti sebze (retiminde sorun olan yeni bir kdk-ur nematodu
trt (Meloidogyne exigua Goeldi, 1887) ve diger kok-ur nematodu tirleri”. IV. Sebze Tarimi Sempozyumu, 17-
20 Eylul, Bildiri Ozetleri Kitabi, 55, Bursa.

Kepenekei, I., H. Toktay, E. Evlice & A. Ozarslandan, 2006. Potato (Solanum tuberosum L.) (Solanaceae), fig (Ficus
spp.) and mulberry (Morus spp.) (Moraceae), new hosts record of root-knot nematodes in Turkey. Pakistan
Journal of Nematology, 24 (2): 217-219.

Ozarslandan, A., Z. Devran, N. Mutlu & i. H. Elekgioglu, 2009. First report of Columbia root-knot nematode
(Meloidogyne chitwoodi) in potato in Turkey. Plant Disease, 93: 316.

Ozarslandan, A. & I. H. Elekcioglu, 2010. Tirkiye'nin farkli alanlarindan alinan kék-ur nematodu tirlerinin
(Meloidogyne spp.) (Nemata: Meloidogynidae) molekiler ve morfolojik tanilama ile belirlenmesi. Tirkiye
Entomoloji Dergisi, 34(3): 323-335.

Ozarslandan, A., M. imren, A. Ocal & I. H. Elekgioglu, 2013. Bitlis ili patates (retim alanlarinda kék-ur nematodu
(Meloidogyne chitwoodi Golden, O’Bannon, Santo et Finley, 1980)'nun saptanmasi. Turkiye Entomoloji
Dergisi, 37(3): 389-395.

Santo, G.S., J.H. O Bannon, A.M. Finley & A.M. Golden, 1980. Occurrence and host range of a new root-knot
nematode (Meloidogyne chitwoodi) in the Pacific northwest. Plant Disease, 64 (10): 951-952.

Taylor, D.P. & C. Netscher, 1974. An improved technique for preparing perineal patterns of Meloidogyne spp.
Nematologica, 20(2): 268-269.

Ulutas, E., 2010. Ege Bolgesi Patates "Uretim Alanlarinda Bulunan Onemli Bitki Paraziti Nematodlarin Belirlenmesi ve
Bitki Geligimine Etkileri. Ege Universitesi Fen Bilimleri Enstitist, (Basilmamis) Doktora Tezi, 92+XVIII s.
Bornova, Izmir.

Wesemael, W. M. L., N. Viaene & M. Moens, 2011. Root-knot nematodes (Meloidogyne spp.) in Europe. Nematology,
13(1): 3-16.

Wishart, J., M. S. Phillips & V. C. Blok, 2002. Ribosomal intergenic spacer: A polymerase chain reaction diagnostic
for Meloidogyne chitwoodi, M. fallax, and M. hapla. Phytopatology, 92: 884-892.

Yildiz, V., C. Giines, N. Bulun & U. Gézel, 2009. Odemis (izmir) ilgesi patates {iretim alanlarinda tespit edilen kékur
nematodu: Meloidogyne chitwoodi (Goeldi, 1892, Nemata: Heteroderidae). Ill. Bitki Koruma Kongresi, 15-18
Temmuz, Bildiri Ozetleri Kitabi, 93, Van.

Yiksel, H. S., 1966. Karadeniz Bolgesi'nde tesadif edilen Meloidogyne incognita varyasyonu hakkinda. Bitki Koruma
Bdlteni, 6(1): 35-38.

Yiksel, H. $., 1967. 1§dir Ovasinda ilk defa bulunan Meloidogyne hapla ve bunun Meloidogyne incognita’nin kanatli
varyasyonundan ayirt edici 6zellikleri. Ib. No: 17, 20 ss.

Zijlstra, C., 2000. Identification of Meloidogyne chitwoodi, M. fallax and M. hapla based on SCAR-PCR: a powerful
way of enabling reliable identification of populations or individuals that share common traits. European Journal
of Plant Pathology, 106: 283-290.

347



