
 

 
 
Türk. entomol. derg., 2022, 46 (2): 187-197 
DOI: http://dx.doi.org/10.16970/entoted.1092654 

 
 

ISSN 1010-6960 
E-ISSN 2536-491X 

187 

Original article (Orijinal araştırma) 
 

Prevalence of root-knot nematodes and their effects on fruit yield in 

kiwifruit orchards in Samsun Province (Türkiye)1 

Samsun İli (Türkiye) kivi bahçelerindeki kök-ur nematodlarının yaygınlığı ve meyve 
verimine etkileri 

 

Gökhan AYDINLI2*            Sevilhan MENNAN3  

Abstract 

The aims of this study were to determine the distribution of root-knot nematodes (Meloidogyne spp.) in kiwifruit 

orchards in Samsun Province (Türkiye) and assess the effect of Meloidogyne spp. on fruit yields in naturally infested 

orchards. The survey was conducted in 25 kiwifruit orchards in September-November 2017. In addition, the data on 

fruit yields was obtained in two orchards at the harvest time in 2018. Fifty-six soil and root samples were collected from 

infested orchards. Species identification was performed by esterase phenotype and PCR with species-specific primers. 

Meloidogyne spp. were found in 92% of the orchards surveyed. Meloidogyne luci (Carneiro et al., 2014) (Tylenchida: 

Meloidogynidae) was detected in 59% of the samples, followed by Meloidogyne hapla (Chitwood, 1949) in 41%, 

Meloidogyne arenaria (Neal, 1889) in 27% and Meloidogyne incognita (Kofoid & White, 1919) in 2%. Regarding the 

distribution of Meloidogyne spp. in kiwifruit orchards, M. luci was found in 74%, M. hapla in 57%, M. arenaria in 39% 

and M. incognita in 4% of orchards infested. Meloidogyne luci was found for the first time in the kiwifruit orchards of 

Türkiye in this study. It was also determined that Meloidogyne spp. caused significant yield losses in kiwifruit orchards, 

and yield losses of 36 and 49% were detected in two orchards infested with Meloidogyne spp., respectively. 

Keywords: Actinidia deliciosa, distribution, identification, Meloidogyne, yield 

Öz 

Bu çalışmanın amacı, Samsun İli (Türkiye) kivi bahçelerinde kök-ur nematodlarının (Meloidogyne spp.) 

dağılımının belirlenmesi ve doğal olarak bulaşık bahçelerde meyve verimi üzerine Meloidogyne spp.’nin etkisinin 

değerlendirilmesidir. Sürvey 2017 yılı Eylül-Kasım aylarında 25 kivi bahçesinde yürütülmüştür. Ayrıca, 2018 yılı hasat 

zamanında iki bahçede meyve verimlerine ilişkin veriler elde edilmiştir. Bulaşık bahçelerden 56 toprak ve kök örneği 

alınmıştır. Tür teşhisleri esteraz fenotipi ve türe özgü primerler ile yapılan PCR ile gerçekleştirilmiştir. Meloidogyne spp., 

sürvey yapılan bahçelerin %92’sinde bulunmuştur. Örneklerin %59'unda Meloidogyne luci (Carneiro et al., 2014) 

(Tylenchida: Meloidogynidae) tespit edilmiş, bunu %41 ile Meloidogyne hapla (Chitwood, 1949), %27 ile Meloidogyne 

arenaria (Neal, 1889) ve %2 ile Meloidogyne incognita (Kofoid & White, 1919) izlemiştir. Meloidogyne spp.’nin kivi 

bahçelerindeki dağılımı ile ilgili olarak, bulaşık bahçelerin %74'ünde M. luci, %57'sinde M. hapla, %39'unda M. arenaria 

ve %4'ünde M. incognita bulunmuştur. Meloidogyne luci, Türkiye'deki kivi bahçelerinde ilk kez bu çalışmada 

bulunmuştur. Ayrıca, Meloidogyne spp.’nin kivi bahçelerinde önemli verim kayıplarına neden olduğu ve Meloidogyne 

spp. ile bulaşık iki bahçede sırasıyla %36 ve %49 verim kaybı olduğu belirlenmiştir. 

Anahtar sözcükler: Actinidia deliciosa, dağılım, teşhis, Meloidogyne, verim  
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Introduction 

Actinidia chinensis Planch. and Actinidia deliciosa (A. Chev.) C.F.Liang et A.R.Ferguson, which are 

closely related species, are cultivated for commercial kiwifruit production globally, with most of the 

production from the latter as in Türkiye (Ferguson & Seal, 2008; Atak, 2015). Kiwifruit has a significant 

nutritional content that is beneficial to human health. Particularly, a high concentration of vitamin C and a 

variety of other nutrients, including vitamins, fiber, and antioxidants in its nutrient content have been linked 

to digestive, immune, and metabolic health advantages (Richardson et al., 2018). 

World kiwifruit production was about 4.4 Mt in 2020 (FAO, 2022). China was largest producer with 

50% of global production (2.2 Mt), followed by New Zealand (625 kt), Italy (522 kt), Greece (307 kt), Iran 

(290 kt) and Chile (159 kt). Türkiye ranked seventh with an annual production of 74 kt (FAO, 2022). The 

kiwifruit cultivation in Türkiye began at the Atatürk Central Horticultural Research Institute in Yalova in 1988 

(Atak, 2015). The plantation area has rapidly expanded, which almost doubled in the last decade, from 

1,720 ha in 2010 to 3,260 ha in 2020 (TUIK, 2022). In 2021, the average yield was 45 kg per fruiting vine 

(TUIK, 2022). The Black Sea Region is the second-largest regional production area with 40% of kiwifruit 

plantations of Türkiye, and Samsun, Ordu and Rize Provinces are the primary producers in this region. In 

recent years, interest in kiwifruit production has increased as an alternative to hazelnut in Samsun Province. 

Root-knot nematodes (RKN), Meloidogyne spp., are among the potential threats to limiting kiwifruit 

production worldwide. Their obligate sedentary parasitism in plant roots alters the physiological processes 

of plants that can result in the reduction quantity and quality of yield. Di Vito et al. (1988) reported that 

Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida: Meloidogynidae) caused a substantial reduction 

in the relative aerial growth of plants in pot experiments in a greenhouse. El-Borai & Duncan (2005) reported 

that RKN infestations in kiwifruit orchards of Italy and France were associated with poor plants. It has been 

estimated that RKN caused up to 40% yield losses in some kiwifruit orchards of China (as cited in Tao et 

al., 2017). Meloidogyne incognita and Meloidogyne hapla (Chitwood, 1949) have been the most commonly 

encountered species among eight species of RKN (Meloidogyne aberrans Tao et al., 2017, Meloidogyne 

actinidiae Li & Yu, 1991, Meloidogyne arenaria Neal, 1889, Meloidogyne ethiopica Whitehead, 1968, M. 

hapla, M. incognita, Meloidogyne javanica Treub, 1885, Meloidogyne luci Carneiro et al., 2014) found 

associated with kiwifruit in different countries of the world (Scotto La Massese, 1973; Vovlas & Roca, 1976; 

Haygood et al., 1990; Watson et al., 1992; Castillo et al., 1993; Philippi et al., 1996; Maafi & Mahdavian, 

1997; Waliullah, 2005; Carneiro et al., 2007; Ma et al., 2007; Somavilla et al., 2011; Tzortzakakis et al., 

2011; Conceição et al., 2012; Akyazi et al., 2017; Tao et al., 2017; Shokoohi & Mashela, 2020). Similarly, 

these two species were found to commonly occur in Türkiye when a survey of RKN in kiwifruit orchards 

was conducted in a few provinces (Akyazı & Felek, 2013; Akyazi et al., 2017; Evlice & Özdemir, 2021). In 

addition to these two species, M. arenaria was found only in a kiwifruit orchard in Ordu Province (Akyazi et 

al., 2017). 

Previous surveys revealed the widespread distribution of RKN in vegetable-growing areas in Samsun 

Province of Türkiye (Katı & Mennan, 2006; Aydınlı & Mennan, 2016; Aydınlı, 2018). Particularly, M. luci 

was commonly found (Aydınlı & Mennan, 2016; Aydınlı, 2018). The esterase phenotype (M3) of one 

population from Türkiye reported as an unidentified RKN population by Esbenshade & Triantaphyllou 

(1985) is very similar to that of M. luci (L3). Thus, this nematode species may have been present in Türkiye 

for many years. We hypothesized that this species might occur in kiwifruit orchards in Samsun Province. 

Therefore, the first objective of this study was to identify the RKN species in kiwifruit roots. Despite a few 

studies indicating the effect of Meloidogyne on the plant growth in kiwifruit (Di Vito et al., 1988; Philippi & 

Budge, 1992), to date, there are no studies on the effect of RKN on fruit yield. Therefore, the second 

objective of this study was to determine the relative fruit yield losses in kiwifruit vines naturally infested with 

RKN compared to non-infested ones. 
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Materials and Methods 

Survey 

The survey was conducted in September-November 2017 in 25 kiwifruit orchards in six districts 

(Atakum, Bafra, Çarşamba, Ondokuzmayıs, Salıpazarı and Terme) of Samsun Province, Türkiye. The roots 

of 10-20 plants from each kiwifruit orchard were examined for galls caused by root-knot nematode. When 

kiwifruit roots with galls were detected, roots and rhizosphere soils were collected. According to the size of 

the kiwifruit orchard, the sampling area in each orchard was divided into two to four subsections. In each 

subsection, roots and soils from three to five kiwifruit plants were placed together into a labeled polyethylene 

bag to obtain a composite sample and transferred to the Nematology Laboratory at Ondokuz Mayıs 

University, Samsun. A total of 56 samples were processed within 3 days. 

Nematode extraction and identification 

Egg masses and females were collected randomly from infested kiwifruit roots using forceps, which 

was sterilized between samples to prevent cross-contamination. Five to 10 egg masses per sample were 

packed in an Eppendorf tube and placed at -20°C until DNA extraction. Young egg-laying females were 

macerated with a pestle in a tube with 5 μL of extraction buffer (20% sucrose with 1% Triton X-100), then 

the specimens were immediately placed in a freezer at -20°C. Females and egg masses were used for 

biochemical (esterase phenotype, EST) and molecular (PCR with species-specific primers) identification of 

samples, respectively. In some samples, there were unsuitable females for the esterase study. Thus, soil 

samples were placed into 600 mL pots, and individual tomato (Solanum lycopersicum L. cv. Falcon) 

seedlings were planted singly. The tomato plants were maintained in a greenhouse at 22-30°C. After 6-8 

weeks, young egg-laying females were handpicked and prepared as described above. For each sample, 

at least 20 females collected from roots of kiwifruit and tomato were analyzed for their esterase phenotypes. 

Electrophoresis was performed according to Aydınlı & Mennan (2016). Following electrophoresis, the gels 

were removed from the glass plates and stained for esterase activity. Females from pure isolate of M. 

javanica were included in each gel as a reference. 

Total DNA was extracted from the egg masses for molecular identification using the DNeasy Tissue 

& Blood Kit (QIAGEN, Hilden, Germany). PCRs were performed with specific primers, namely Far/Rar 

(Zijlstra et al., 2000) for M. arenaria, inc-K14F/R (Randig et al., 2002) for M. incognita, 

JMV1/JMV2/JMVhapla (Wishart et al., 2002) for M. hapla, and Me309F/Me549R (Gerič-Stare et al., 2019) 

for M. luci. The PCR mixture (25 μL) contained 12.5 μl of BioMix Red (Bioline), 1 μl of each primer (0.4 μM 

of each primer), and 5 μl of DNA template. A positive control with reference DNAs and a negative control 

(water) were included. PCR amplification was done using a T-100 Thermal Cycler (Bio-Rad Laboratories, 

Hercules, CA, USA). Samples were amplified using cycling conditions of 94ºC for 3 min, followed by 35 

cycles of 94ºC for 30 s, annealing temperature for 30 s and 72ºC for 1 min, and a final cycle of 72ºC for 7 

min. Annealing temperatures were 50ºC for primers Me309F/Me549R, 55ºC for primers 

JMV1/JMV2/JMVhapla, 56ºC for primers Far/Rar, and 60ºC for primers inc-K14F/R. All primer pairs were 

used for all samples in the study. The products from PCRs were separated by electrophoresis in 2% 

agarose gel stained with ethidium bromide and visualized under UV light. 

Fruit yield 

Two commercial kiwifruit (cv. Hayward) orchards in Çarşamba District were selected to evaluate the 

effect of RKN on fruit yield. The data on fruit yield was obtained at harvest time on 26 October 2018. Orchard 

A located in Dikbıyık (41°13'13" N, 36°37'17" E) was in a 9-year-old, while orchard B located in Eğrikum 

(41°08'07" N, 36°43'07" E) was in a 6-year-old kiwifruit plantation. According to survey in this study, both 

orchards had been previously known naturally infested with mixed Meloidogyne populations. Each orchard 

was initially checked for root-knot galls at harvest time in 2018, and four nematode-infested vines were 
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determined. The soil samples were collected, and second-stage juveniles (J2) were obtained from one 100 mL 

soil subsample per vine using the tray extraction method (Whitehead & Hemming, 1965). Four vines having 

no gall symptoms caused by root-knot nematode were marked as non-infested vines. Fruits were harvested 

from nematode-infested and non-infested vines, and yields were expressed in kg/vine. Yields were 

compared within each kiwifruit orchard by t-test at P ≤ 0.05 significance level using SPSS statistical software 

to determine the significance of differences between nematode-infested vines and non-infested vines. 

Results 

RKNs were present in all surveyed districts in Samsun Province (Figure 1). Of the 25 kiwifruit 

orchards surveyed, 23 (92%) were infested with RKN (Table 1). In 56 samples collected from infested 

orchards, species identification was done using biochemical (EST) and molecular (PCR with species-

specific primers) analysis. In 18 root samples of kiwifruit, females were not suitable for biochemical 

identification. Thus, EST phenotypes of these samples were obtained on females collected roots of 

tomatoes cultured in their soil samples. Four EST phenotypes from 56 samples analyzed were identified 

associated with the four RKN species: M. arenaria (A2), M. hapla (H1), M. incognita (I2) and M. luci (L3) 

(Figure 2). As expected, species-specific primers, Far/Rar, inc-K14F/R, JMV1/JMV2/JMVhapla and 

Me309F/Me549R, used in this study that produced a single band of 420 bp for M. arenaria, 400 bp for M. 

incognita, 440 bp for M. hapla, and 240 bp for M. luci, respectively (Figure 3). A species-specific EST 

phenotype detected in all samples, except four samples (namely 11-3, 11-4, 13-2 and 14-2), was 

consistently associated with each of the Meloidogyne spp. identified by PCR with species-specific primers. 

In three samples (11-3, 11-4 and 13-2), M. hapla species-specific EST phenotype H1 was not observed 

whereas PCR amplifications were positive for JMV1/JMV2/JMVhapla primers that produced a single band 

of ~440 bp. Conversely, in sample 14-2, M. arenaria species-specific phenotype was detected, but the 

primer Far/Rar did not give an amplification product. 

 

Figure 1. Distribution of Meloidogyne spp. in kiwifruit orchards surveyed in Samsun, Türkiye. 

  



Aydınlı & Mennan, Türk. entomol. derg., 2022, 46 (2) 

191 

Table 1. Meloidogyne spp. identified in samples (n = 56) from 23 kiwifruit orchards in Samsun Province, Türkiye 

District Location 
Geographic 
coordinates 

Sample 
no 

Esterase phenotype 
PCR* Meloidogyne spp. 

Kiwifruit Tomato 

Atakum Taflan 

41°26'10" N 

36°09'01" E 

1-1 L3 L3 Ml M. luci 

1-2 H1, L3 L3 Mh, Ml M. hapla, M. luci 

41°26'11" N 

36°09'05" E 

2-1 L3 L3 Ml M. luci 

2-2 L3 L3 Ml M. luci 

41°26'07" N 

36°08'43" E 

3-1 - A2, L3 Ma, Ml M. arenaria, M. luci 

3-2 - L3 Ml M. luci 

41°24'57" N 

36°05'20" E 

4-1 - L3 Ml M. luci 

4-2 - L3 Ml M. luci 

41°25'07" N 

36°06'06" E 

5-1 H1 H1 Mh M. hapla 

5-2 H1 H1 Mh M. hapla 

41°26'06" N 

36°09'03" E 

6-1 L3 L3 Ml M. luci 

6-2 - L3 Ml M. luci 

Bafra 

Sürmeli 
41°28'52" N 

35°56'32" E 

7-1 H1 - Mh M. hapla 

7-2 H1 - Mh M. hapla 

Darboğaz 
41°25'59" N 

35°55'03" E 

8-1 H1 - Mh M. hapla 

8-2 H1 H1 Mh M. hapla 

Çarşamba 

Eğrikum 

41°07'41" N 

36°42'40" E 

9-1 H1, L3 L3 Mh, Ml M. hapla, M. luci 

9-2 L3 L3 Ml M. luci 

41°07'17" N 

36°42'57" E 

10-1 H1, L3 - Mh, Ml M. hapla, M. luci 

10-2 H1 - Mh M. hapla 

10-3 I2 - Mi M. incognita 

41°08'07" N 

36°43'07" E 

11-1 A2, L3 A2, L3 Ma, Ml M. arenaria, M. luci 

11-2 H1, L3 L3 Mh, Ml M. hapla, M. luci 

11-3 L3 - Mh, Ml M. hapla, M. luci 

11-4 L3 L3 Mh, Ml M. hapla, M. luci 

Karamustafalı 
41°19'03" N 

36°40'46" E 

12-1 A2 - Ma M. arenaria 

12-2 L3 L3 Ml M. luci 

12-3 L3 L3 Ml M. luci 

Dikbıyık 
41°13'13" N 

36°37'17" E 

13-1 H1 - Mh M. hapla 

13-2 L3 L3 Mh, Ml M. hapla, M. luci 

Yeşilova 
41°15'28" N 

36°34'05" E 

14-1 - A2 Ma M. arenaria 

14-2 A2, L3 A2, L3 Ml M. arenaria, M. luci 

14-3 A2 A2 Ma M. arenaria 

Demiraslan 
41°09'36" N 

36°59'02" E 

15-1 - A2, H1 Ma, Mh M. arenaria, M. hapla 

15-2 A2 A2 Ma M. arenaria 

15-3 - A2, L3 Ma, Ml M. arenaria, M. luci 

15-4 - A2 Ma  M. arenaria 

Beylerce  
41°12'25" N 

36°40'39" E 

16-1 L3 - Ml M. luci 

16-2 - L3 Ml M. luci 

16-3 L3 - Ml M. luci 

Hacılıçay 

41°14'20" N 

36°41'37" E 

17-1 - A2 Ma M. arenaria 

17-2 - L3 Ml M. luci 

41°14'48" N 

36°41'27" E 

18-1 H1 - Mh M. hapla 

18-2 H1 - Mh M. hapla 

18-3 - A2 Ma M. arenaria 

41°14'02" N 

36°41'46" E 

19-1 - L3 Ml M. luci 

19-2 L3 L3 Ml M. luci 

19-3 - A2, L3 Ma, Ml M. arenaria, M. luci 

* Ma: M. arenaria, Mh: M. hapla, Mi: M. incognita, Ml: M. luci 
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Table 1. Continued 

District Location 
Geographic 
coordinates 

Sample 
no 

Esterase phenotype 
PCR* Meloidogyne spp. 

Kiwifruit Tomato 

Ondokuzmayıs Engiz 
41°29'34" N 

36°05'44" E 

20-1 - A2, L3 Ma, Ml M. arenaria, M. luci 

20-2 A2 A2, L3 Ma, Ml M. arenaria, M. luci 

Salıpazarı 

Yavaşbey 
41°06'20" N 

36°50'18" E 

21-1 - H1 Mh M. hapla 

21-2 H1 H1 Mh M. hapla 

Kızılay 
41°00'23" N 

36°52'11" E 

22-1 H1 - Mh M. hapla 

22-2 H1 H1 Mh M. hapla 

Terme Hüseyinmescit 
41°09'36" N 

36°59'02" E 

23-1 L3, H1 L3 Mh, Ml M. hapla, M. luci 

23-2 - L3 Ml M. luci 

* Ma: M. arenaria, Mh: M. hapla, Mi: M. incognita, Ml: M. luci 

When EST phenotypes and DNA analyses were assessed together, M. luci detected in 33 samples 

(59%) was the most prevalent RKN species. This nematode species was found associated with 18 samples 

alone and in 15 samples as mixed populations with M. hapla (8 samples) or M. arenaria (7 samples). 

Meloidogyne hapla was detected in 23 samples (41%), of which one was a mixed population with M. 

arenaria. In 15 samples (27%), M. arenaria was found alone (7 samples) or mixed populations with M. luci 

or M. hapla. The presence of M. incognita was detected only in one sample (2%), having as a single 

nematode species. 

 

Figure 2. Esterase phenotypes of Meloidogyne spp. detected in kiwifruit orchards in Samsun Province, Türkiye (J3, M. javanica as 
reference isolate; A2, M. arenaria, H1, M. hapla; I2, M. incognita; L3, M. luci). 

 

Figure 3. DNA amplification products with Meloidogyne arenaria-specific Far/Rar primers (Line 1), Meloidogyne hapla-specific JMV 
primers (Line 2), Meloidogyne incognita-specific inc-K14F/R primers (Line 3), Meloidogyne luci-specific Me309F/Me549R 
primers (Line 4) on Meloidogyne populations detected in kiwifruit orchards in Samsun, Türkiye (M: molecular marker with 100 bp). 

Considering the distribution of Meloidogyne spp. in kiwifruit orchards, M. luci predominated, being 

occurred in 74% (17 orchards) of orchards infested, followed by M. hapla in 57% (13 orchards), M. arenaria 

in 39% (9 orchards) and M. incognita in 4% (1 orchard) (Figure 4). Multiple RKN species, having two or 
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three species, occurred in 61% (14 orchards) of the orchards infested. Remaining orchards were infested 

with M. luci or M. hapla. 

 

Figure 4. Frequency of Meloidogyne spp. identified in kiwifruit orchards in Samsun, Türkiye. 

All Meloidogyne spp. identified in this study were detected in Çarşamba District (Figure 1). 

Meloidogyne hapla was present in all surveyed districts except Ondokuzmayıs, where M. arenaria and M. 

luci occurred. Meloidogyne luci was also found in Atakum and Terme Districts. Meloidogyne arenaria was 

detected in Atakum, Çarşamba and Ondokuzmayıs Districts whereas M. incognita was only found in 

Çarşamba District. 

Fruit yields were obtained from two orchards (Orchard A and B) at the harvest period to estimate 

yield losses caused by RKN in kiwifruit. The mean population densities (mean ± SD) of Meloidogyne in 

vines infested in orchard A and B were determined as 526 ± 345 and 333 ± 233 J2/100 mL soil, respectively. 

According to the survey study, M. luci and M. hapla were found in orchard A, and M. arenaria, M. hapla and 

M. luci in orchard B (Table 1). In both orchards, the presence of Meloidogyne spp. was significantly reduced 

kiwifruit yield (P < 0.05) (Table 2). Relative yield losses compared to non-infested plants were determined 

as 36% in orchard A and 49% in orchard B. Fruits harvested from nematode-infested vines were smaller 

than that of non-infested vines in the orchards having the same cultural treatments (Figure 5). 

Table 2. Kiwifruit yields (kg/vine, mean ± SD, n = 4) of Meloidogyne-infested and non-infested vines in two orchards in Samsun 
Province, Türkiye 

Kiwifruit Orchard A Orchard B 

Nematode-infested tree 100 ± 23 32 ± 9 

Non-infested tree 158 ± 18 62 ± 10 
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Figure 5. Fruits harvested from Meloidogyne-infested (upper row) and non-infested (bottom row) vines in a kiwifruit orchard in Samsun, Türkiye. 

Discussion 

The present study revealed the wide distribution of RKN in kiwifruit plantations of Samsun Province. 

In addition to M. arenaria, M. hapla and M. incognita that have been which have previously been identified 

in kiwifruit orchards of Türkiye (Akyazı & Felek, 2013; Akyazi et al., 2017; Evlice & Özdemir, 2021), M. luci 

was reported for the first time with this study. Also, it was determined as the most common Meloidogyne 

spp. in kiwifruit orchards. Similar results on the prevalent of M. luci in Samsun were obtained in previous 

survey studies conducted on vegetable plants in greenhouses and open fields (Aydınlı & Mennan, 2016; 

Aydınlı, 2018). The esterase phenotype L3 is species-specific and the most useful character for 

differentiating M. luci from other species (Carneiro et al., 2014; Gerič Stare et al., 2017). An atypical 

(unidentified) population with L3 esterase phenotype on kiwifruit was detected first time by Somavilla et al. 

(2011) in Brazil. Subsequently, this population was reported as M. luci by Carneiro et al. (2014) in the 

original description of this nematode species. Before this description, a population of Meloidogyne obtained 

from soil sample of kiwifruit in Greece was reported as M. ethiopica by Conceição et al. (2012). However, 

this population was reclassified as M. luci along with all M. ethiopica populations detected in Europe (Gerič 

Stare et al., 2017). To our knowledge, the present study represents the third detection of M. luci on kiwifruit. 

Taking into account the geographical distribution of RKN species reported on kiwifruit in the world, 

M. hapla is the most prevalent species and reported from Brazil (Somavilla et al., 2011), Chile (Philippi et 

al., 1996; Carneiro et al., 2007), France (Scotto La Massese, 1973), Greece (Tzortzakakis et al., 2011), 

India (Waliullah, 2005), Iran (Maafi & Mahdavian, 1997), Italy (Vovlas & Roca, 1976), New Zealand (Watson 

et al., 1992), South Africa (Shokoohi & Mashela, 2020), South Korea (Ma et al., 2007), Spain (Pinochet et 

al., 1990; Verdejo-Lucas, 1992) and Türkiye (Akyazi et al., 2017; Evlice & Özdemir, 2021). This nematode 

species had the widest distribution, occurring in five of the six surveyed districts, in this study, although it 

was the second highest frequency. With the third highest frequency, M. arenaria was detected in three 

districts of Samsun. Globally, M. arenaria has been recorded from kiwifruit in Australia (Castillo et al., 1993), 

Brazil (Somavilla et al., 2011), Iran (Maafi & Mahdavian, 1997), Italy (Castillo et al., 1993), Spain (Verdejo-

Lucas, 1992), the USA (Haygood et al., 1990) and Türkiye (Akyazi et al., 2017; Evlice & Özdemir, 2021). 

In a survey conducted by Somavilla et al. (2011) in the Brazil, this nematode was detected as the most 

frequent Meloidogyne spp. in the samples. Akyazi et al. (2017) reported M. arenaria and M. hapla in kiwifruit 

roots for the first time in Türkiye, where both species were obtained from a commercial orchard in the 

neighboring province of Ordu. Evlice & Özdemir (2021) reported Meloidogyne infestation in four of eight 

sampled orchards in Bartın, Düzce, and Zonguldak from the Black Sea Region of Türkiye, and detected M. 

hapla in two orchards from Düzce and Zonguldak, where one of them also had M. incognita. The remaining 

infested orchards had M. incognita. In the first study conducted in kiwifruit orchards of Türkiye for RKN, 
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only M. incognita was found in all surveyed 17 orchards from Ordu (Akyazı & Felek, 2013). However, in the 

present study, M. incognita occurred only in one kiwifruit orchard from Çarşamba, where multiple RKN 

species infestation was found. The low frequency of this nematode in Samsun was also reported in recent 

surveys conducted in vegetable areas (Aydınlı & Mennan, 2016; Aydınlı, 2018). Meloidogyne incognita has 

also been found in Australia (Castillo et al., 1993), Brazil (Somavilla et al., 2011), Chile (Philippi et al., 

1996), China (Tao et al., 2017), India (Khan, 2000), Iran (Maafi & Mahdavian, 1997), Italy (Castillo et al., 

1993), Spain (Verdejo-Lucas, 1992) and the United States (Haygood et al., 1990). 

Two or three nematode species were detected together in many orchards in this study. The 

occurrence of multiple Meloidogyne spp. in a kiwifruit orchard was also recorded in previous survey studies 

in kiwifruit orchards of Türkiye (Akyazi et al., 2017; Evlice & Özdemir, 2021). The multiple species that 

occurred in a kiwifruit orchard have also been reported in other countries (Verdejo-Lucas, 1992; Carneiro 

et al., 2007; Somavilla et al., 2011). The situation reveals that species identification must be performed on 

several specimens obtained from the same orchard since the accurate diagnosis of the species composition 

is required for developing appropriate nematode management practices (Kolombia et al., 2017). 

Assessment of crop damage is a critical factor in deciding the phytosanitary importance of a pest 

species (Singh et al., 2013). In kiwifruit, there is little data on the damage potential of Meloidogyne (Di Vito 

et al., 1988; Philippi & Budge, 1992). In a pot experiment on the relationship between the initial population 

densities of M. incognita and plant growth in kiwifruit seedlings, Di Vito et al. (1988) found a growth 

suppression of 40 and 55% at eight and 32 eggs and juveniles per mL soil, respectively. However, Philippi 

& Budge (1992) indicated tolerance of kiwifruit seedlings to M. hapla in pot trials. Similarly, Pinochet et al. 

(1990) observed that the nematode population did not affect vegetative growth, yield, or fruit size, indicating 

the tolerance of plants. However, this consideration was not based on data. In our study, fruit yield 

decreased 36% in orchard A and 49% in orchard B in the Meloidogyne-infested vines compared to non-

infested vines. To our knowledge, this is the first report on fruit yield losses caused by Meloidogyne in 

kiwifruit globally. However, yield loss was not associated with any RKN species since species identification 

was not done in sampled vines in harvest time. 

The distribution of RKN in kiwifruit orchards in the Black Sea Region reveals a problem that should 

be addressed to ensure kiwifruit productivity in the near future. Currently, no registered nematicide is 

available for use on kiwifruit in Türkiye. Therefore, it is essential to be aware of the preventive measures. 

Especially, producers should obtain the seedlings free of nematode in planting in new areas. Only two 

kiwifruit orchards in this study, belonging to the same producer, were not infested with RKN. In this case, 

the producer had produced the seedlings himself whereas other producers obtained their seedlings from 

nurseries. The dissemination and wide distribution of RKN in a kiwifruit orchard and kiwifruit-producing 

areas of Samsun is most likely due to the planting of infested seedlings. 

Acknowledgments 

The authors thank Mr. İrfan Öztürk (Çarşamba Directorate of County Agriculture and Forestry, Samsun, 

Türkiye), Ms. Fadime Şen, Mr. Hoshang Kanabi Hamad, Mr. Hissein Mahamad Haroun and Ms. Merve 

Gümüş (Ondokuz Mayıs University, Samsun, Türkiye) for their assistance throughout sample collection. 

References 

Akyazı, F. & A. F. Felek, 2013. Molecular identification of root-knot nematode Meloidogyne incognita from kiwifruit 
orchards in Ordu province, Turkey. Turkish Journal of Entomology, 37 (4): 449-456. 

Akyazi, F., S. Joseph, A. F. Felek & T. Mekete, 2017. Mitochondrial haplotype-based identification of root-knot nematodes, 
Meloidogyne arenaria and Meloidogyne hapla, infecting kiwifruit in Turkey. Nematropica, 47 (1): 34-48. 

Atak, A., 2015. Kiwifruit research and production in Turkey. Acta Horticulturae, 1096 (1): 63-67. 

  



Prevalence of root-knot nematodes and their effects on fruit yield in kiwifruit orchards in Samsun Province (Türkiye) 

196 

Aydınlı, G., 2018. Detection of the root-knot nematode Meloidogyne luci Carneiro et al., 2014 (Tylenchida: 
Meloidogynidae) in vegetable fields of Samsun Province. Turkish Journal of Entomology, 42 (3): 229-237. 

Aydınlı, G. & S. Mennan, 2016. Identification of root-knot nematodes (Meloidogyne spp.) from greenhouses in the 
Middle Black Sea Region of Turkey. Turkish Journal of Zoology, 40 (5): 675-685. 

Carneiro, R. M. D. G., M. R. A. Almeida, E. T. Cofcewicz, J. C. Magunacelaya & E. Aballay, 2007. Meloidogyne ethiopica, 
a major root-knot nematode parasitizing Vitis vinifera and other crops in Chile. Nematology, 9 (5): 635-641. 

Carneiro, R. M. D. G., V. R. Correa & M. R. A. Almeida, 2014. Meloidogyne luci n. sp. (Nematoda: Meloidogynidae), a 
root-knot nematode parasitising different crops in Brazil. Nematology, 16 (3): 289-301. 

Castillo, P., N. Vovlas & A. Gomes Barcina, 1993. Nematodos fitoparásitos del kiwi (Actinidia deliciosa). Phytoma-
España, 46: 3-8.  

Conceição, I. L., E. A. Tzortzakakis, P. Gomes, I. Abrantes & M. J. Cunha, 2012. Detection of the root-knot nematode 
Meloidogyne ethiopica in Greece. European Journal of Plant Pathology, 134 (3): 451-457. 

Di Vito, M., N. Vovlas & A. M. Simeone, 1988. Effect of root-knot nematode Meloidogyne incognita on the growth of 
kiwi (Actinidia deliciosa) in pots. Advances in Horticultural Science, 2 (3): 109-112. 

El-Borai, F. E. & L. W. Duncan, 2005. “Nematode Parasites of Subtropical and Tropical Fruit Tree Crops, 467-492”. In: 
Plant Parasitic Nematodes in Subtropical and Tropical Agriculture (Eds. M. Luc, R. A. Sikora & J. Bridge). CAB 
International, Oxfordshire, UK, 871 pp. 

Esbenshade, P. R. & A. C. Triantaphyllou, 1985. Use of enzyme phenotypes for identification of Meloidogyne species 
(Nematoda: Tylenchida). Journal of Nematology, 17 (1): 6-20. 

Evlice, E. & E. Özdemir, 2021. Distribution and occurrence of root-knot nematodes (Meloidogyne spp.) in kiwi orchards 
in Western Black Sea Region. KSU Journal of Agriculture and Nature, 24 (5): 1093-1099. 

FAO, 2022. Food and Agriculture Organization of the United Nations Statistical Data. (Web page: www.fao.org/faostat) 
(Date accessed: February 2022). 

Ferguson, A. R. & A. G. Seal, 2008. “Kiwifruit, 235-264”. In: Temperate Fruit Crop Breeding: Germplasm to Genomics 
(Ed. J. F. Hancock). Springer, Dordrecht, Netherlands, 455 pp. 

Gerič Stare, B., G. Aydınlı, Z. Devran, S. Mennan, P. Strajnar, G. Urek & S. Širca, 2019. Recognition of species 
belonging to Meloidogyne ethiopica group and development of a diagnostic method for its detection. European 
Journal of Plant Pathology, 154 (3): 621-633. 

Gerič Stare, B., P. Strajnar, N. Susic, G. Urek & S. Širca, 2017. Reported populations of Meloidogyne ethiopica in 
Europe identified as Meloidogyne luci. Plant Disease, 101 (9): 1627-1632. 

Haygood, R. A., J. A. Saunders & J. A. Miller, 1990. Widespread occurrence of Meloidogyne incognita on kiwifruit in 
the Coastal areas of South Carolina. Plant Disease, 74 (1): 81. 

Katı, T. & S. Mennan, 2006. “Researches on species and race determination of root-knot nematodes (Meloidogyne 
spp.) found in greenhouse of Samsun, Turkey, 130”. Abstracts of the 28th International Symposium of the 
European Society of Nematologists (5-9 June 2006, Blagoevgrad, Bulgaria), 168 pp. 

Khan, M. L., 2000. Occurrence of root-knot nematode (Meloidogyne incognita) and other plant parasitic species on kiwi 
fruit (Actinidia delicious Chev.) in Himachal Pradesh. Indian Journal of Nematology, 30 (2): 245. 

Kolombia, Y. A., G. Karssen, N. Viaene, P. L. Kumar, N. de Sutter, L. Joos, D. L. Coyne & W. Bert, 2017. Diversity of 
root-knot nematodes associated with tubers of yam (Dioscorea spp.) established using isozyme analysis and 
mitochondrial DNA-based identification. Journal of Nematology, 49 (2): 177-188. 

Ma, K. C., Y. S. Jo, B. H. Kim & D. G. Lim, 2007. Seasonal occurrence and aspects of root-knot nematodes in major 
kiwifruit cultivation areas of Korea. Acta Horticulturae, 753 (2): 719-724.  

Maafi, Z. T. & S. Mahdavian, 1997. Species and physiological races of root knot nematodes (Meloidogyne spp.) on kiwifruit 
and the effect of M. incognita on kiwifruit seedlings. Applied Entomology and Phytopathology, 65 (1): 1-3. 

Philippi, I. & A. Budge, 1992. Effects of Meloidogyne hapla on young kiwi plants. Nematropica, 22 (1): 47-54. 

Philippi, I., B. A. Latorre, G. F. Pérez & L. Castillo, 1996. Identification of the root-knot nematodes (Meloidogyne spp.) 
on kiwifruit by isoenzyme analysis in Chile. Fitopatologia, 31 (2): 96-101. 

  



Aydınlı & Mennan, Türk. entomol. derg., 2022, 46 (2) 

197 

Pinochet, J., S. Verdejo & A. Soler, 1990. Observations on the seasonal fluctuation of Meloidogyne hapla on kiwi 
(Actinidia deliciosa) in Spain. Nematropica, 20 (1): 31-37. 

Randig, O., M. Bongiovanni, R. M. D. G. Carneiro & P. Castagnone-Sereno, 2002. Genetic diversity of root-knot 
nematodes from Brazil and development of SCAR markers specific for the coffee-damaging species. Genome, 
45 (5): 862-870. 

Richardson, D. P., J. Ansell & L. N. Drummond, 2018. The nutritional and health attributes of kiwifruit: a review. 
European Journal of Nutrition, 57 (8): 2659-2676. 

Scotto La Massese, C., 1973. Nouvel hóte Européen de Meloidogyne hapla et Rotylenchus robustus: Actinidia 
chinensis. Nematologia Mediterranea, 1 (1): 55-59.  

Shokoohi, E. & P. W. Mashela, 2020. First report of Meloidogyne hapla on kiwifruit in South Africa. Journal of 
Nematology, 52 (1): 1-5. 

Singh, S. K., M. Hodda & G. J. Ash, 2013. Plant-parasitic nematodes of potential phytosanitary importance, their main 
hosts and reported yield losses. EPPO Bulletin, 43 (2): 334-374. 

Somavilla, L., C. B. Gomes, J. J. Carbonari & R. M. D. G. Carneiro, 2011. Survey and characterization of root-knot 
nematode species in kiwi in Rio Grande do Sul State, Brazil. Tropical Plant Pathology, 36 (2): 89-94. 

Tao, Y., C. Xu, C. Yuan, H. Wang, B. Lin, K. Zhuo & J. Liao, 2017. Meloidogyne aberrans sp. nov. (Nematoda: 
Meloidogynidae), a new root-knot nematode parasitizing kiwifruit in China. PLoS ONE, 12 (8): e0182627. 

TUIK (2022). Turkish Statistical Institute. (Web page: www.tuik.gov.tr) (Date accessed: February 2022). 

Tzortzakakis, E. A., I. L. P. M. da Conceição, M. C. V. dos Santos & I. M. de O. Abrantes, 2011. Root-knot nematodes 
(Meloidogyne spp.) in Greece. Hellenic Plant Protection Journal, 4 (1): 25-30. 

Verdejo-Lucas, S., 1992. Seasonal population fluctuations of Meloidogyne spp. and the Pasteuria penetrans group in 
kiwi orchards. Plant Disease, 76 (12): 1275-1279. 

Vovlas, N. & F. Roca, 1976. Meloidogyne hapla su Actinidia chinensis en Italia. Nematologia Mediterranea, 4 (1): 115-116. 

Waliullah, M. I. S., 2005. Nematodes associated with kiwi (Actinidia deliceous Chev.) in Kashmir valley, India. Indian 
Journal of Nematology, 35 (2): 227. 

Watson, R. N., E. A. Wilson & R. S. Marsden, 1992. Distribution of plant parasitic nematodes in the rhizosphere of 
kiwifruit. Acta Horticulturae, 297 (2): 537-543. 

Whitehead, A. G. & J. R. Hemming, 1965. A comparison of some quantitative methods extracting small vermiform 
nematodes from the soil. Annals of Applied Biology, 55 (1): 25-38. 

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. Phytopathology, 92 (8): 884-892. 

Zijlstra, C., D. T. H. M. Donkers-Venne & M. Fargette, 2000. Identification of Meloidogyne incognita, M. javanica and M. 
arenaria using sequence characterised amplified region (SCAR) based PCR assays. Nematology, 2 (8): 847-853. 


