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Detection of Root-Knot Nematode Species and Races in Kahramanmarasg Province, Tiirkiye
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ABSTRACT

Root-knot nematodes (Meloidogyne spp.) are organisms that spread
over large areas and cause economic damage to vegetables. In this
study, root-knot nematode populations obtained from vegetable
growing areas of Kahramanmaras province were identified. Overall,
132 root samples were taken from the vegetable crop fields. Root-knot
nematode was detected in 25 of the collected samples and their
diagnosis was determined based on biochemical (esterase isoenzyme
phenotype), perineal pattern, and molecular methods. The race
determination of root-knot nematodes was made according to the
North Carolina Differential Host Test. Results showed that while
Meloidogyne incognita was detected in Andirin, Onikisubat,
Dulkadiroglu, Turkoglu, and Ekinozi districts of Kahramanmaras,
both M. incognita and M. javanica were found in Beyoglu of Turkoglu.
This is the first report of M. javanica infection in Kahramanmaras.
Races of root-knot nematodes were determined as M. incognita race 1,
race 2 and M. javanica race 2.
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Kahramanmarasg Ilindeki Kok-Ur Nematodu Tiir ve Irklarinin Belirlenmesi, Turkiye

OZET

Bitki paraziti kok-ur nematodlar: (Meloidogyne spp.) genis alanlara
yayilan ve sebzelerde ekonomik zararlara neden olan canlilardir. Bu
calismada, Kahramanmaras ilindeki sebze yetistirme alanlarindan
elde edilen kok-ur nematodlarinin teshisi yapilmistir. Genel olarak,
sebze alanlarindan 132 adet kok oOrnegi alinmistir. Toplanan
orneklerden 25 adetinde kok-ur nematodu tespit edilmis ve teghisleri
biyokimyasal (esteraz izoenzim fenotipi), perineal kesit ve molekiiler
yontemlere gore belirlenmigtir. Kok-ur nematodlarimin irk tespiti
Kuzey Karolina Konukc¢u Testine gore yapilmistir. Calisma sonunda,
Kahramanmarag’in Andirin, Onikisubat, Dulkadiroglu, Turkoglu,
Ekinézi ilgelerinde Meloidogyne incognita, Turkoglu Beyoglu'nda ise
hem M. incognita hem de M. javanica tespit
Kahramanmarag ilinde M. javanica ilk kez bulunmustur. Koék-ur
nematodlarimin irklar1 M. incognita irk 1, irk 2 ve M. javanica irk 2
olarak belirlenmigtir.
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INTRODUCTION losses (Gowda et al. 2019; Tapia-Vazquez et al. 2022;

Among several biotic stresses, root-knot nematodes
(RKN) are a major threat to vegetable production.
Tomato, pepper and eggplant are some of their
important host plants. Eggplant and tomato are known
to be extremely susceptible to root-knot nematodes
infection, causing severe damage that leads to great

Shaaban et al. 2023). Generally, root-knot nematodes
are easily spread through vegetable areas (Collange et
al. 2011; Rao et al. 2015). Second-stage juveniles (J2)
cause the main damage to root cells of plants.
Continuously sucking plant tissue through their styles
gives rise to plants nutrition and element deficits.
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Thus, it causes adverse effects on plant growth. RKN
infections characteristically lead to the formation of
galls on roots.

Plants that are infected by RKN lead to crop reduction,
stunted growth, yellowing, and wilting, and become
more sensitive towards bacteria and fungi in plants
(Wang et al. 2013). The abundance of these organisms
can affect the survival of the plants. Thus when they
are present in high amounts of plant roots, they may
dry and eventually the plant can die (Thorne, 1961).

There are some ways of controlling root-knot
nematodes, including soil solarization, crop rotation,
chemical control, plant resistance, and using other
plant extracts or essential oils as nematicides (Young,
1992; Roberts, 1992; Sijmons et al.1994; Tzortzakakis
et al. 1999; Tytgat et al. 2000). In order to efficiently
control the root-knot nematodes, diagnosis of species
and detection of race methods have great importance.
RKN species are mostly identified based on
morphologic characters (female perineal patterns)
(Eisenback & Triantaphyllou, 1991), isozyme
phenotypes (Esbenshade & Triantaphyllou, 1990) and
molecular techniques (Powers & Harris, 1993; Powers
et al. 1997; Zijlstra et al. 1995; Zijlstra et al. 2000;
Adam et al. 2007).

Biochemical and molecular techniques currently
improve the accuracy of RKN species identification
(Resquin-Romero et al. 2023). Geri¢ Stare et al. (2018,
2019) reported that the best way to distinguish root-
knot nematode is to use the esterase enzyme
phenotype. Esterase phenotyping has been proven to
be species-specific in many cases for Meloidogyne
species (Carneiro et al. 2001; 2008). Nevertheless,
using this technique is limited to the stage of adult
females, but females are not always suitable for
analysis due to the state of root decomposition
(Salgado et al. 2015). Specific sequence characterized
amplified region (SCAR) markers have been
successfully developed to diagnose the dominant
tropical RKNs associated with important crops such as
tomato, coffee, guava, and grapevine; these nematodes
include Meloidogyne javanica, M. arenaria (Zijlstra et
al. 2000), M. incognita (Randig et al. 2002), M.
paranaensis, M. exigua (Randing et al. 2002), M.
enterolobii (Tigano et al. 2010), M. arabicida, M.
izalcoensis (Correa et al. 2013) and M. ethiopica
(Correa et al. 2014). Because of providing a faster
diagnosis possibility, molecular techniques are used in
the identification of root-knot nematodes. Proper and
precise analysis of plant parasitic nematodes is critical
for crop protection (Devran & Sogiit, 2011; Adzitey et
al. 2013).

This study aimed to diagnose root-knot nematode
species and races collected from vegetable growing
areas of Kahramanmarag using perineal patterns,
biochemical (esterase isozyme phenotypes), and
molecular techniques.
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MATERIAL and METHOD
Collection of galled root samples

Surveys were conducted in August and September of
2014 and 2015 in 11 districts (Afsin, Andirin,
Caglayancerit, Dulkadiroglu, Elbistan, Ekinozii,
Goéksun, Nurhak, Onikisubat, Pazarcik and Tiirkoglu)
of Kahramanmarasg province. Root-knot nematode was
found in only 5 districts (Andirin, Dulkadiroglu,
Ekinézii, Onikisubat and Tiirkoglu) of the 11 districts
surveyed. Overall 132 roots of eggplant (Solanum
melongena), tomato (Lycopersicon esculentum) and
pepper (Capsicum annuum) were checked and the 25
samples having galls were collected, placed into
polyethylene bags labelled with necessary information
including coordinates and, stored at refrigerator at +4
°C until use.

Pure cultures of nematodes

In order to make an accurate diagnosis pure cultures
are needed. Egg masses of 25 populations were picked
up from roots with the help of a needle for pure culture.
Tomato seedlings (Falcon) were transplanted into 250-
mL plastic pots filled with sterilized sandy loam soil
and sand (ratio of 2:1) at the fourth true leaf stage and
inoculated with a single egg mass of each population.
Female and J2 were obtained 65 days after inoculation.

Species identification

Identification of nematodes was done with biochemical
(esterase isozyme phenotypes), perineal pattern, and
molecular methods.

Identification of species with the biochemical method

The females obtained pure cultures were crushed and
homogenized individually in 5 pl of extraction buffer
and 5 ul deionized water in an eppendorf tube.
Electrophoresis process was carried out in a
discontinuous buffer system with 8% acrylamide
running gel, pH 8.8, and 4% acrylamide stacking gel,
pH 6.8 in a Bio-Rad mini-PROTEIN II (Bio-Rad,
Singapore).

Then, the homogenized sample was loaded carefully
into the well in the stacking gel. The first and last wells
were loaded with sample of Meloidogyne javanica as a
reference. The voltage was maintained at 80 volts for
the first 13 minutes and increased to 200 volts for the
remaining 45 minutes of running period. Following
electrophoresis, the gels were removed and put into a
staining solution for 45 minutes in the dark. After this
period samples were washed with deionized water and
esterase phenotype bands were compared to diagnosis
according to Esbenshade & Triantaphyllou (1985).

Morphological characterization

Roots were washed with tap water, and cleared from
residues and each female separated with help of a
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scalpel. Adult females were extracted from each root
system under a light microscope (EUROMEX PB 416)
and were placed into %45 lactic acid for 20-25 min.
Perineal patterns of females were cut and mounted in
a glycerol. The perineal pattern method was completed
as described by Hunt & Handoo (2009).

Molecular characterization

DNA extraction: DNA was extracted from egg masses
of each nematode population using DNeasy Tissue
Blood Kit (QIAGEN, Hilden, Germany) according to
instructions of the manufacturer. DNA samples were
kept at -20 °C until used.

PCR conditions: DNA amplifications were conducted
with species-specific primers listed in Table 1. PCR
amplifications were performed in a DNA thermal
cycler with the following thermal cycling program:

initial cycle, 2 min at 95°C; next 40 cycles, 1 min at
94°C; 1 min at 64°C, and 1.5 min at 72 °C for primers
Fjav/Rjav and 2 min at 95 °C; next 40 cycles, 1 min at
94 °C; 1 min at 54 °C, and 1.5 min at 72 °C for primers
Finc/Rinc and 2 min at 95 °C; next 40 cycles, 1 min at
94 °C; 1 min at 64 °C, and 1.5 min at 72 °C for primers
Inc-K14-F/Inc-K14-R. PCR amplification reactions
were performed in a total volume of 40 pL containing 4
ul of 10x PCR Buffer, 1 ul of 250 M deoxynucleoside
triphosphates (dNTPs) (Favorgen Biotech Corp.,
Taiwan), 1ul 20 picomoles of each primer, 2 mM
MgCI2, 20 ng of template DNA and 1 Unit Taqg DNA
Polymerase (Vivantis). PCR was run using a Techne
PHC-3 (Techne, Cambridge, UK) thermal cycler.
Amplified PCR products were run on 1.5%
electrophoresis gel (Bio-Rad, Hercules, CA) and
analyzed under UV light.

Table 1. Primers used for molecular identification of Meloidogyne incognita and M. javanica
Cizelge 1. Meloidogyne incognita ve M. javanica’nin molekiiler tespiti i¢in kullanilan primerler

Name of primer  Species Primer sequences (5-3) DNA Fragment (bp) References
Finc | M. incognita CTCTGCCCAATGAGCTGTCC 1200 Zijlstra et al. (2000)
Rinc CTCTGCCCTCACATTAAG
Inc-K14F | M. incognita CCCGCTACACCCTCAACTTC 399 Randig et al. (2002)
Inc-K14R GGGATGTGTAAATGCTCCTG
Fjav | M. javanica GGTGCGCGATTGAACTGAGC 670 Zijlstra et al. (2000)
Rjav CAGGCCCTTCAGTGGAACTATAC

Race determination

The North Carolina Differential Host Test was
conducted in the growth chambers. Experiment
conditions were 25+1 °C and %60+10 humidity with 16
h light. Four-leaf stage seedlings of tobacco (NC 95),
cotton (Delta Pine 16), tomato (Rutgers), peanut
(Florunner) and pepper (California wonder) plants
were transplanted into 250 ml plastic pots filled with
sterilized sandy soil (%80 sand, %20 peat). The trial
was designed as a randomized plots design, with four
replications. RKN egg masses were obtained from pure
cultures and were incubated for two days at 28 °C
based on the modified Baermann-funnel method
(Hooper 1986) and then J2 counted under stereo
microscope. Seedlings were inoculated with
approximately 1000 J2. They were watered as needed
and fertilized during the trial. Sixty-five days after
nematode inoculation, plants were harvested and egg
masses on roots were assessed using 0-5 scale galling
index (Hartman & Sasser, 1985).

RESULTS
Species 1dentification of 25 populations obtained from
vegetable areas infested  with RKN in

Kahramanmarasg province and its districts were made
using the perineal pattern, biochemical and molecular
methods. Two species were identified M. incognita (23
populations) and M. javanica (2 populations). While
Meloidogyne incognita was found in eggplant (11
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populations), pepper (4 populations), and tomato (10
populations) grown in Andirin, Dulkadiroglu, Ekinézii,
Onikisubat and Turkoglu districts, M. javanica was
detected in tomato and eggplant in a location (Beyoglu)
in Tirkoglu district (Table 2). The morphological
species diagnosis indicated that the perineal shape of
M. incognita was oval-round, the dorsal arch was
angular and high, and the striae were wavy. The
perineal pattern of M. javanica was typical with a
rounded low dorsal arch, smooth striae, and clear
parallel lateral lines (Figure 1). According to the
esterase 1sozyme phenotypes diagnostic results, three
different esterase phenotypes were detected as J3, I1
and I2 in this study (Figure 2). Two population
exhibited M. javanica-specific phenotype J3 as used
reference samples. Phenotypes I1 and I2 are species-
specific for M. incognita. Phenotype 12 was the most
prevalent esterase phenotypes and were detected in 18
populations, while phenotype 11 was in 5 populations.

Species-specific SCAR primer pairs were used for the
identification of Meloidogyne incognita and M.
javanica. Three pairs of primers were tested on DNA
samples obtained from egg masses and resulted in
consistent amplifications. Meloidogyne incognita
species primer pairs Finc/Rinc and inc-K14-F/ inc-K14-
R produced a single band of 1200 bp and a single band
of 399 bp for 23 populations, respectively (Figures 3
and 4). DNA samples of these populations were no
amplifications when Fjav/Rjav primer set was used.
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Figure 1. Perineal patterns of Meloidogyne incognita
(a) and Meloidogyne javanica (b).

Sekil 1. Meloidogyne incognita (a) ve Meloidogyne
javanica (b) anal kesitleri

Figure 2. Esterase phenotypes results in Meloidogyne
species a) Meloidogyne incognita (Est: 11)
(Sample no: 56 B) b) Meloidogyne incognita
(Est: I2) (Sample no: 49 P) ¢) Meloidogyne
javanica (Est: J3) (Sample no: 53 D), Positive
control (L1 and L2)

Sekil 2. Meloidogyne tiirlerinin esteraz fenotip
sonuglarr a) Meloidogyne incognita (Est: 11)
(Ornek no: 56 B) b) Meloidogyne incognita
(Est: 12) (Ornek no: 49 P) ¢) Meloidogyne
javanica (Est: J3) (Ornek no’ 53 D), Pozitif
kontrol (L1 and L2).

Meloidogyne  javanica  species-specific  primers

Fjav/Rjav produced a band of 670 bp for two

populations (Figure 5). However, the DNA of these

populations was not amplified products when

Finc/Rinc and inc-K14-F/ inc-K14-R primer sets were

used.

In this study, race identification of root-knot
nematodes was made according to the North
Carolina Differential Host Test. As a result of the
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experiment, M. incognita race 1 egg mass was not
found in tobacco, cotton and peanut plants but found
in pepper and tomato plants. For M. incognita race 2
egg mass was not found in cotton and peanut plants,
egg mass was observed in tobacco, pepper and tomato
plants. For M. javanica race 2 egg mass was not found
in tobacco, cotton, peanut plants, egg mass was
observed in pepper and tomato plants. The races of the
species were determined as Meloidogyne incognita
race 1 (Andirin/cicek,  Déngele, = Merkez;
Onikisubat/Aksu; Tiirkoglu/Beyoglu), M. incognita
race 2 (Tiirkoglu/Beyoglu and Yenipinar) and M.
Jjavanica race 2 (Tiirkoglu/Beyoglu) (Table 2).

DISCUSSION and CONCLUSION

Root-knot nematode populations obtained on tomato,
pepper, and eggplant plants in Kahramanmaras and
its districts were diagnosed based on perineal pattern,
biochemical and molecular methods, and Meloidogyne
Incognita and M. javanica were determined in the
study. In previous studies, it was stated that the most
important and common species were M. incognita and
M. javanica in Tirkiye (Sogit & Elekcioglu, 2000;
Ozarslandan & Elekcioglu, 2010). In the Eastern
Mediterranean Region, M. incognita was found as the
dominant species previously

(Ségut & Elekgioglu, 2000; Ozarslandan & Elekcioglu,
2010; Giirkan et al. 2019, Aslan & Elekcioglu, 2022).
Similarly, in our data, Meloidogyne incognita was
found to be the most common RKN in
Kahramanmaras. The study by Cetintas & Cakmak
(2016), diagnosis of Meloidogyne incognita was made
according to esterase phenotypes and perineal pattern
methods and while only Meloidogyne incognita has
been reported in Kahramanmaras (Pazarcik,
Tirkoglu, and Centre) in their study, M. incognita and
M. javanica were detected in Tiurkoglu/Beyoglu in this
current study. Previous studies in the Mediterranean
region, Giirkan et al. (2019) the species identification
study of root-knot nematodes in vegetable fields
(tomato, pepper, eggplant, bean and okra) of Gaziantep
and Osmaniye provinces based on biochemical and
perineal methods. They identified M. incognita, M.
javanica and M. arenaria in Gaziantep and M.
Incognita, M. javanica, M. arenaria and M. luci in
Osmaniye. In the study of Aslan & Elekgioglu, 2022,
the diagnosis of root-knot nematodes in the greenhouse
vegetable areas of the Eastern Mediterranean Region
was made according to biochemical and molecular
(SCAR primers) methods. M. incognita and M.
javanica were detected in Mersin, Adana, and Hatay
provinces.

In this study, M. incognita race 1 was detected in
Turkoglu, Onikigubat, and Andirin, while M. incognita
race 2 and M. javanica race 2 were detected in
Turkoglu. At the end of the study, M. incognita race 1
and race 2, M. javanica race 2 in tomato and eggplant
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Figure 3. Amplification products with the Meloidogyne incognita Finc/Rinc SCAR primers. M: 100 bp DNA Ladder
(Vivantis), Samples (12D-103D).

Sekil 3. Meloidogyne incognita Finc/Rinc SCAR primerleri ile amplifikasyon triinleri. M: 100 bp DNA Ladder
(Vivantis), Ornekler (12D-103D).

M 12D 13D 14P 15D 7B 309 33D 34P 35D 36P 35B 39D 40D 44D 458 47P 40P S|P S2P S4P S5P 56B 1030

: %

399 bp

Figure 4. Amplification products with the Meloidogyne incognita Inc-K14-F/Inc-K14-R SCAR primers. M: 100 bp
DNA Ladder (Vivantis), Samples (12D-103D).

Sekil 4. Meloidogyne incognita Inc-K14-F/Inc-K14-R SCAR primerleri ile amplifikasyon tirtinleri. M: 100 bp DNA
Ladder (Vivantis), Ornekler (12D-103D).
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Figure 5. Amplification products with the Meloidogyne javanica Fjav/Rjav SCAR primers. M: 100 bp DNA Ladder
(Vivantis), Samples (50P and 53D).

Sekil 6. Meloidogyne javanica Fjav/Ejav SCAR primerleri ile amplifikasyon tirtinleri. M: 100 bp DNA Ladder
(Vivantis), Ornekler (50P ve 53D).

Table 2. Species and race determination in Kahramanmaras and its districts
Cizelge 2. Kahramanmaras ve ilgelerindeki tir ve irk tespiti

Sample Host District/Location  Latitude Longitude Altitude Species Race

Code plant (m) identification* identification
12D Tomato Turkoglu/Aydin Kavak  37°24'37"  36°47'25" 696 M. incognita (Est 11) Race 1
13D Tomato Tiurkoglu/Aydin Kavak  37°25'12"  36°48'13" 682 M. incognita (Est 11) Race 1
14P Eggplant Tirkoglu/Yenipinar 37°25'28"  36°48'29" 726 M. incognita (Est: 12) Race 2
15D Tomato Tiirkoglu/Yenipinar 37°25'28"  36°48'29" 727 M. incognita (Est: 12) Race 2
17B Pepper Onikisubat/Aksu 37°32'08"  36°55'01" 490 M. incognita (Est: 12) Race 1
30P Eggplant  Dulkadiroglu/Cigli 37°29'272" 37°03'986" 689 M. incognita (Est: 12) Race 1
33D Tomato Andirin/Déngele 37°33'847"  36°38'447" 609 M. incognita (Est: 12) Race 1
34P Eggplant Andirin/Déngele 37°33'663" 36°38'442" 652 M. incognita (Est: 12) Race 1
35D Tomato Andirin/Déngele 37°33'479" 36°38'236" 671 M. incognita (Est: 12) Race 1
36P Eggplant  Andirin/Déngele 37°33'434" 36°38'480" 691 M. incognita (Est: 12) Race 1
38B Pepper Andirin/Durdular 37°33'352" 36°38'042" 704 M. incognita (Est: 12) Race 1
39D Tomato  Andirin/Centre 37°34'217" 36°21'523" 995 M. incognita (Est: 11) Race 1
40D Tomato Andirin/Cicekli 37°34'704"  36°20'168" 1102 M. incognita (Est: 12) Race 1
44D Tomato  Andirin/Centre 37°31'760" 36°22'240" 644 M. incognita (Est: 12) Race 1
45B Pepper Tiirkoglu/Beyoglu 37°17'213"  36°09'630" 503 M. incognita (Est: 12) Race 1
47P Eggplant Turkoglu/Beyoglu 37°17'129"  36°47'101" 506 M. incognita (Est: 11) Race 1
49P Eggplant Turkoglu/Beyoglu 37°17'157"  36°47'084" 509 M. incognita (Est: 12) Race 1
50P Eggplant Turkoglu/Beyoglu 37°17'254" 36°47'124" 512 M. javanica (Est: J3) Race 2
51P Eggplant Tirkoglu/Beyoglu 37°17'259"  36°47'120" 511 M. incognita (Est: 12) Race 1
52P Eggplant Turkoglu/Beyoglu 37°17'271"  36°47'104" 515 M. incognita (Est: 12) Race 1
53D Tomato Turkoglu/Beyoglu 37°17'442"  36°47'337" 503 M. javanica (Est: J3) Race 2
54P Eggplant Tirkoglu/Beyoglu 37°17'453" 36°47'337" 504 M. incognita (Est: 12) Race 2
55P Eggplant Tiirkoglu/Beyoglu 37°17'440" 36°47'332" 507 M. incognita (Est: 12) Race 2
568 Pepper Tiirkoglu/Beyoglu 37°17'427"  36°47'333" 505 M. incognita (Est: 11) Race 2
103D Tomato Ekinézii/Centre 38°02'831"  11°33'7" 1251 M. incognita (Est: 12) Race 1

*Est: Esterase phenotypes

plant, M. incognita race 1 and race 2 in pepper plant for the first time in located in the KEastern
were determined. Race determination for the Mediterranean Region. In previous studies of race
populations obtained from Kahramanmaras was made detection in our country, M. incognita race 1, race 2,
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race 4, race 5, race 6 and M. javanica race 1 and race 5
were reported (Ségiit & Elekcioglu, 2000; Mennan &
Ecevit, 2001; Devran & Sogiit, 2011; Kacar, 2011). In
the study of Cetintas & Cakmak, (2016), only the
species were identified in Turkoglu/Aydin kavak and
Dulkadiroglu/Cigli, while in this study, the race of M.
incognita was determined according to the North
Carolina Differential Host Test (race 1). Gurkan et al.
(2019) detected race 1, race 2, race 3 of M. incognita,
race 3 of M. javanica and race 1 and race 3 of M.
arenaria from 20 populations examined in the
Mediterranean regio.

This study showed that precise diagnostic of root-knot
nematode relies not only on morphological features but
also on other techniques including molecular and
biochemical methods. Identification studies are mostly
time-consuming and need much professional skills
(Blok et al. 2002). Furthermore, perineal patterns of
some species are closely similar to each other which
makes the morphological identifications incomplete.
Nevertheless, it is needed for the confirmation of the
other identification steps. Thus, controlling the root-
knot nematodes requires rapid and precise analysis
tools. In this study, species of Meloidogyne incognita
and M. javanica that are very important parasites of
vegetables and lead to high crop losses in
Kahramanmaras province were determined by
applying SCAR primers.

Meloidogyne spp. is one of the key plant parasitic
nematode groups becoming a growing concern for
vegetable producers. Control of parasitic nematodes
depends on detection ability and accurate diagnosis of
nematode species to apply suitable and sustainable
management methods. This is the first report of M.
javanica on tomato and eggplant in Kahramanmarag
province. These findings show a potential risk of
nematode presence and possible crop losses in eggplant
and tomato growing areas in this region. Setting up
cultural control techniques will be needed to reduce
infestation around these areas. It is suggested that
more effective control management tactics such as the
use of resistant varieties and crop rotation should be
applied. In addition, an integrated nematode
management approach involving the combination of
two or more suitable approaches using locally available
resources in an integrated form can be necessary to
deal with the threat of Meloidogyne spp. in vegetable
areas.
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