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Introduction
Nuts is edible plants that have been recommended primarily 

for daily consumption due to their rich antioxidant, vitamin and 
mineral contents. Therefore they are an important component of the 
healty diet. Walnut and almond have a big healty fruits that keep the 
essential foods largely that people need to have healthy nourishment. 
Thus, consuming a handful of raw walnut or almond on a day largely 
provides the high-quality vegatable proteins, omega 3-fatty acids, 
phytosterols, tocopherols, fibre, antioxidants, phenolic compounds, 
cholesterol free, prevention and treatment of cardiovascular diseases, 
some vitamins and minerals that a person needs on a day.1

Having favorable soil and climate conditions of walnut and 
almond trees can be grown in almost every region of Turkey. Walnut 
and almond have become popular among farmers because of its high 
marketing prices and leads to establishment of new production areas. 
Minimum labor and annual high operating cost also makes these 
plants most preferably agricultural fruit plants. Turkey have ranked 
sixth in almond (Prunus dolcis Mill.) production and fourth in walnut 
(Juglans regia L.) production in the world.2 

Various factors are responsible for decrease of almond and walnut 
productivity in Turkey. Viruses, viroids, bacteria, fungi, weeds, insects 
and plant parasitic nematodes have been pests that some were reported 
as very problematic in various locations. One of the most important 
soil borne pests are plant parasitic nematodes. Nematodes are known 
to be among the most taxa rich organismal group on earth, having 
with an estimated 500 000 to 1 000 000 species. Only about 20 000 
species have been described and the systematic literature is widely 
dispersed.3 Nematodes feed on roots and reduce their potential for 
uptake of water and nutrients.4 All plant parasitic nematodes use their 
stylet to puncture plant cells and to remove the contents. The major 

symptoms have exhibited by plants affected by nematodes include 
retarded growth, wilting and predisposition to infection by other 
pathogens.5 Each nematode causes different damage due to secretions 
of the pharynx. Plant parasitic nematodes have caused significant yield 
losses worldwide. The damage caused by plant parasitic nematodes 
has been estimated at up to $80 billion per year due to the 10-20% 
production loss of agricultural yield.6 Nevertheless, there is a little 
information on the occurence of plant parasitic nematodes in Turkey. 
The plant parasitic nematode species have been determined in almond 
and walnut cultivation areas in different locations in Turkey.7–9 

Adiyaman is located in Southeastern Anatolian Region of Turkey 
and is fifth rows almond producing province in Turkey. Walnut also 
has a good share in Adiyaman’s fruit production. The Adiyaman 
province, which is located in the Southeastern Anatolia Project (GAP) 
area, is one of the city as agricultural, economic, social and cultural 
importance with its integrated regional development approach and 
sustainable human development philosophy.10 

To date, no study about plant parasitic nematodes on almond and 
walnut cultivated areas had been recorded in Adiyaman province. 
In this study, plant parasitic nematode species were examined as 
faunistically and taxonomically in Adiyaman. 

Materials and methods
A two year survey in June and September 2011 and 2012 was 

carried out in Adiyaman province. Almond (P. dolcis Mill.) soil 
samplings were conducted in randomly selected orchards located in 
six different locations of including Central, Besni, Gerger, Kahta, 
Sincik districts. Walnut (J. regia L.) soil samples were collected 
in randomly selected orchards located in five different locations of 
including Central, Besni, Gölbaşı, Kahta, Sincik districts (Figure 1). 
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Abstract

In this study, plant parasitic nematode species in almond (Prunus dolcis Mill.) and walnut 
(Juglans regia L.) growing areas in Adiyaman province were identified morphologically and 
taxonomically. On this purpose soil and root samples were collected from randomly selected 
fifteen almond and twentyone walnut orchards respectively during June and September 
in 2011-2012 from the upper rhizosphere under the canopy of each tree. As a result of 
this study plant parasitic nematodes from Tylenchoidea, Dolichodoroidea Anguinoidea, 
Aphelenchoidea, Hoplolaimoidea of Tylenchida, Aphelenchida and Dorylaimida orders 
were found in survey areas. The most encountered species in almond were determined as 
Helicotylenchus digonicus, Ditylenchus myceliophagus and Aphelenchus avenae whereas 
Helicotylenchus digonicus, Pratylenchus neglectus and Merlinius brevidens were most 
common in walnut plantations. No literature record of about the presence of plant parasitic 
nematodes has been determined in almond and walnut growing areas in Adiyaman province.
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Figure 1 The sampling locations of almond and walnut cultivation areas in Adiyaman province in this study.

Approximately five soil samples (50 grams for each sample) were 
collected from each location. Soil samples were taken by soil auger 
from 0-30 cm the upper rhizosphere under the canopy of each tree. 
The sampling consists of a combination of soil samples taken from at 
least 10 locations of approximately 2.5 ha of each field.11 The location, 
date, location of the soil samples, the name of the field owner, the 
plant species in the field and the development status of the plant are 
indicated. The samples were brought to the laboratory and stored in 
refrigerator at +4°C. In laboratory studies, active nematodes were 
extracted from soil with combination of sieving (850, 250, 150, 75 
and 45µm opening sieves) and Baermann funnel methods.12,13 Each 
sample was thoroughly mixed and a 100 g subsample processed. To 
extract vermiform nematodes from the soil, a Petri sieving method, a 
modification of the enhanced Baermann funnel method, was used.14,15 
Residues on the two sieves with the largest openings was discarded 
and material from the remaining sieves was extracted on Baermann 
funnels. For species specific identification, nematodes were fixed.16 
Individuals nematode were put in a desiccator for the period of time 
required for all remaining water to evaporate and mounted in glycerol 
as described and the nematodes were kept in pure glycerin and 
were separated according to their genus then permanently mounted 

on glass slides using the wax-ring method.17,18 The identification of 
species were carried out based on morphology and morphometrics 
of female individuals. Ten nematodes per sample were identified. If 
ten nematodes were not available, all specimens in the sample were 
identified. The taxonomical situations, synonyms of the genera and 
phylogenetic classification of Tylenchid and Dorylaimid nematode 
species that were determined at the end of the study.19,20

Results
In this study, a total of twentytwo species of plant parasitic 

nematodes were identified as morphologically and taxonomically. 
Within these eleven species were found in association with almond 
and seventeen species were found in walnut orchards in Adiyaman 
province of Turkey. A total of twentytwo species within the 
subfamilies of Aphelenchoidinae, Tylenchoinae, Dolichodorinae, 
Hoplolaimoinea, Rotylenchoidinae, Neotylenchinae, Merlininae, 
Telotylenchoinae and Longidorinae were identified in almond and 
walnut plantations in Adiyaman province. The distrubition of the 
plant parasitic nematode species in Adiyaman province and their host 
associations were given in Table 1.

Table 1 Plant parasitic nematode species in almond and walnut cultivation areas in Adiyaman province of Turkey in this study

Nematode classification
Plant parasitic nematode species Host

(Order: Family: Subfamily)

Aphelenchida: Aphelenchoididae:
Aphelenchus avenae Bastian A, W

Aphelenchoidinae

Tylenchida: Telotylenchidae: Merlininae Amplimerlinius viciae Siddiqi W

Tylenchida: Dolichodoroidae: Dolichodorinae Bitylenchus goffarti Sturhan W

Tylenchida: Tylenchidae: Neotylenchinae Boleodorus thyllactus Thorne A

Tylenchida: Anguinoidae: Anguinoinae
Ditylenchus dipsaci Kühn A

D. myceliophagus Goodey A, W

Tylenchida: Tylenchoidae: Tylenchoinae Filenchus cylindricauda Siddiqi A

Tylenchida: Hoplolaimoidae: Hoplolaimoinae

Helicotylenchus canadensis Waseem A

H. digonicus Perry in Perry, Darling and Thorne A, W

H. pseudorobustus Golden A, W

H. varicaudatus Yuen W
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Nematode classification
Plant parasitic nematode species Host

(Order: Family: Subfamily)

Tylenchida: Belonolaimoidae: Merlininae
Merlinius brevidens (Allen) Siddiqi W

M. microdorus (Geraert) Siddiqi A, W

Tylenchida: Dolichodoroidae: Dolichodorinae Paratrophurus acristylus Siddiqi and Siddiqi W

Tylenchida; Hoplolaimidae: Rotylenchoidinae Pratylenchoides alkani Yuksel W

Tylenchida: Hoplolaimoidae: Hoplolaimoinae

Pratylenchus crenatus Loof A, W

P. thornei Sher and Allen W

P. neglectus Filipjev and Shuurmans W

Tylenchida: Dolichodoroidae : Telotylenchoinae Trophurus imperialis Loof W

Tylenchida: Dolichodoroidae : Dolichodorinae
Scutylenchus quadrifer Andrassy W

S. stegus (Thorne and Malek) Siddiqi A

Doryloimida: Longidoridae: Longidorinae Longidorus euonymus Mali and Hooper W

A, Almond; W, Walnut

Table Continued....

Plant parasitic nematode species identified in this study belong to 
the genera, Aphelenchus (Bastian, 1865) (Tylenchida: Aphelenchidae, 
Amplimerlinius (Siddiqi, 1976) (Tylenchida: Telotylenchidae), 
Bitylenchus Filipjev, 1934 (Tylenchida: Dolichodoridae), 
Ditylenchus Filipjev, 1936 (Tylenchida: Anguinidae), Filenchus 
Andrassy, 1954 (Tylenchida: Tylenchidae), Helicotylenchus 
Steiner, 1945 (Tylenchida: Hoplolaimidae), Merlinius Siddiqi, 
1970 (Tylenchida: Telotylenchidae), Paratrophurus Arias, 1970 
(Tylenchida: Belonolaimidae), Pratylenchus Filipjev, 1936 
(Tylenchida: Pratylenchidae), Pratylenchoides Winslow, 1958 
(Tylenchida: Pratylenchidae), Scutylenchus Jairajpuri, 1971 

(Tylenchida: Telotylenchidae) and Trophurus Loof, 1956 (Tylenchida: 
Belonolaimidae), Boleodorus Thorne, 1941 (Tylenchida: Tylenchidae) 
and Longidorus (Micoletzky, 1922) (Dorylaimida: Longidoridae). 
The most common species in almond growing areas were determined 
as Helicotylenchus digonicus, Ditylenchus myceliophagus and 
Aphelenchus avenae while H. digonicus, Pratylenchus neglectus and 
Merlinius brevidens were major in walnut plantations. H. digonicus 
was the most abundant specimen in this study. Besides, A. avenae, D. 
myceliophagus, H. digonicus, H. pseudorobustus, M. microdorus and 
P. crenatus species were detected both almond and walnut plantation 
areas in this study in Adiyaman province (Figure 2). 

Figure 2 Pratylenchus thornei (right), Merlinius brevidens (left).

Several plant parasitic nematode species were found in almond 
cultivation areas in the world. H. dihystera, P. neglectus, P. thornei 
and P. penetrans were identified by several researchers in the 
world.21,22 Severe root damage due to heavy nematode feeding may 
lead to bacterial and fungal disease infestation of crop plants. There 
was a few literature record about plant parasitic nematodes on walnut 
(J. regia L.) in the world. Several species including Longidorus 
proximus, L. caespiticola, L. elongatus, L. euonymus, L. goodeyi, L. 
juglandicola, L. leptocephalus, L. picenus, L. raskii, Paralongidorus 
maximus, Xiphinema diversicaudatum, X. simile, X. taylori, X. 
americanum, X.pachtaicum, X.italiae, and X. vuittenezi. Cacopaurus 
pestis, D. dipsaci, P. wulnus, Mesocriconema xenoplax, Meloidogyne 
spp., Tylenchorrhynchus spp., Gracilacus peratica, Paratylenchus 

paraperaticus sp. n were reported in France, Pakistan, USA, Italy, 
Iran, Slovakia and Spain. 23–27 

In this study H. canadensis Waseem, H. digonicus Perry in Perry, 
Darling and Thorne, H. pseudorobustus Golden and H. varicaudatus 
Yuen, 1964 were recorded in several locations in Adiyaman province. 
H. canadensis was firstly determined in Lens esculenta Moench 
growing areas in Nevşehir and Yozgat provinces of Turkey.28 H. 
digonicus was never determined in Adiyaman province of Turkey. H. 
digonicus was confirmed as most prevalent and destructive nematode 
species in Spain and Jordan.29 The most encountered specimen in 
almond and walnut plantation areas was determined as H. digonicus 
in this study. H. digonicus was firstly found in Allium porrum L. and 
grass areas in İstanbul province of Turkey.30 Later the spiral nematodes 
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are observed most frequently in different plantations of Turkey.31–34 
H. digonicus was recently found in grapevine and pistachio growing 
areas in Adiyaman province of Turkey. H. pseudorobustus was firstly 
determined in ornamental plants in İstanbul province of Turkey.35 
H. varicaudatus was firstly determined in ornamental plants in 
Izmir province of Turkey.36 Both of them, H. pseudorobustus and H. 
varicaudatus, were not found in Adiyaman province of Turkey before. 
H. digonicus causes root necrosis and chlorosis.37 The economic 
importance of the H. canadensis, H. digonicus, H. pseudorobustus 
and H. varicaudatus found in the Southeast Anatolian Region, is not 
known. 

In this study, three different lesion nematode species Pratylenchus 
crenatus, P. thornei and P.neglectus were identified in walnut orchards 
in Adiyaman province. P. crenatus was identified in almond and walnut 
orchards in Adiyaman province in this study. Within these species 
P.thornei was one of the most prevalent species in Adiyaman walnut 
plantation areas. Approximately 70 species of Pratylenchus have 
been described in the world, Parasitising 400 crop plant species and 
seven including P. brachyurus, P. coffeae, P. neglectus, P. penetrans, 
P. scribneri, P. thornei, P. vulnus and P. zeae were reported as most 
damaging species.38 The feed of these nematodes inside root cortex 
results in formation of necrotic lesions. P. crenatus was firstly 
determined in Solanum tuberosum L. growing areas in Canakkale 
and Izmir provinces of Turkey.39 P. crenatus recently was identified 
in melon growing areas in Adiyaman province of Turkey.33 P. thornei 
Sher and Allen was firstly determined in Triticum aestivum L. growing 
areas in Eastern Anatolian Region and Southern Anatolian Region of 
Turkey.40 P. thornei was recently found in cotton, grapevine, melon, 
tobacco, watermelon and wheat growing areas in Adiyaman province 
of Turkey.33 The second encountered specimen in walnut plantation 
areas was determined as P. neglectus in this study. P. neglectus was 
firstly determined in cereals, corn and grass areas in Eastern Anatolian 
Region and Eastern Black Sea Region of Turkey.40 P. neglectus was 
recently found in barley and tobacco growing areas in Adiyaman 
province of Turkey.33 Plant parasitic nematodes in walnut was carried 
out only one researcher and the fourteen plant parasitic nematode 
species were determined in walnut orchards in Black Sea Region 
of Turkey.8 Also, Helicotylenchus spp. was determined in stone and 
pome fruits nurseries plantations in İzmir province ofTurkey.9

The genus Ditylenchus Filipjev, 1936 has more than 80 valid 
species and grouped as mycophagous and phytophagous species.41,42 In 
this study, two species were identified with D. myceliophagus is being 
more important than D. dipsaci. The second encountered specimen 
in almond plantation areas was determined as D. myceliophagus 
in this study. D. dipsaci is one of the most economically important 
plant parasitic nematodes; mostly it infests onion and garlic, as well 
as many other crop plants and weeds in worldwide. D. dipsaci was 
firstly determined in onion growing areas in Central Anatolian Region 
of Turkey.43 D.dipsaci has been recorded in several onion growing 
areas in Turkey.44,45 D. dipsaci was recently identified in wheat 
growing areas in Mardin province of Turkey.33 D. myceliophagus was 
firstly determined in mushroom cultivated areas in Yalova province of 
Turkey.46 D. myceliophagus was recently identified in barley, tobacco 
and wheat growing areas in Adiyaman province of Turkey.33 

Stunt nematodes feed on the roots of many kinds of plants some 
of which are of agricultural importance worldwide.47 The taxonomy 
of this group of obligate ectoparasites is complex and in a state of 
transmition.48–50 Species in the genera Geocenamus, Merlinius, and 
Tylenchorhynchus are reported most frequently.51 All stunt nematodes 
feed on epidermal cells and root hairs mostly in the cell elongation 

region and may cause roots to thicken and elongate shape.52 This 
species has been associated with roots of many grass, cereal, vegetable, 
legume, brassica, fruit, and fiber crops.53 M. brevidens was firstly 
reported in the United States on wheat in Texas.54 M. brevidens was 
firstly determined in parsley growing areas in Istanbul of Turkey.30 M. 
brevidens was recently determined in cotton, barley, melon, tobacco, 
watermelon, wheat growing areas in Adiyaman province of Turkey.35 
Also M. brevidens was recently determined in wheat growing areas 
in Kilis and Mardin province of Turkey. M. brevidens is the third 
encountered specimen in walnut plantation areas in this study. This 
specimen has been identified on different host plants in different 
locations in Turkey several researchers.7,55,33,34,56

Aphelenchus avenae Bastian, 1865 is primarily fungivorous and 
has existed commonly in soil but also in leaf sheaths, plant crowns 
and the cortex of some roots.57,58 The pathogenicity of the species is 
insignificant but it might well be the carrier of other causative agents of 
diseases such as bacteria and fungi.59 This nematode has been recorded 
in many countries worldwide in different soil types.60 The fact that the 
nematode migrates and therefore may do mechanical damage, and that 
its waste products may interfere with the metabolism of the host cells. 
A. avenae should be considered a facultative plant parasite conclusion 
was that A. avenae is not attracted to living plant tissue and has a wide 
range of fungal host in both phytopathogenic and saprophytic species 
in different conditions.61 A. avenae is a mycophagous nematode 
which can’t parasitize on higher plant and there is no record of real 
parasitism, damage or feeding of this nematode on the plant. Thus A. 
avenae is called fungal feeding nematode.62 Populations of A.avenae 
have been existed on a number of different fungi.63,64 A. avenae was 
firstly determined in parsley growing areas in Istanbul province of 
Turkey30 A. avenae was recently identified in barley, grapevine, melon, 
pistachio and wheat growing areas in Adiyaman province of Turkey.33 

Also, A. avenae was recently determined in wheat growing areas in 
Mardin province of Turkey.65,33 A. avenae was the third encountered 
specimen in almond plantation areas in this study. Also this specimen 
was determined in walnut plantation areas in this study, too. 

The other nematode species which were not considered as 
economicaly important were P. alkani Yüksel, F. thornei Andrassy, 
F. cylindricauda (Wu) Siddiqi, B. thyllactus Thorne, B. goffarti 
(Sturhan) Jairajpuri, T. imperialis Loof and S. stegus (Thorne and 
Malek) Siddiqi, S. quadrifer (Andrassy) Siddiqi, P. acristylus Siddiqi 
and Siddiqi, A. viciae Siddiqi and L. euonymus Mali and Hooper. Plant 
parasitic nematodes, such as Meloidogyne Goeldi species, Heterodera 
Schmidt species, Rotylenchulus renijormis Linford and Oliveira and 
Tylenchulus semipenetrans Cobb were not found in this study. 

Conclusion
The Southeast Anatolian Region have covered an important 

place in the country’s economy in terms of walnut and almond 
cultivated areas and production. Adiyaman province is important in 
terms of agricultural production in this region depending on climatic 
conditions, socioeconomic conditions and vegetation. The convenient 
environmental conditions of Adiyaman province is created suitable 
for plant parasitic nematodes, other pests and disease factors in 
agricultural production. Nematodes cannot be completely controlled 
in orchards. The chemical control is only possible before planting if 
nematodes are present. In addition fumigants may not be effective to 
longidorid nematodes which were mostly detected under 40 cm soil 
depths. The vast majority of applied fumigants have harmfull effect 
on environment and the majority were banned due to related health 
concerns.
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To prevent possible damage to these nematodes can be prevented 
by sowing, using certified seeds, developing durable varieties or using 
tolerant seedlings and saplings, solarization application and so on 
cultural measures need to be taken. First of all, alternative methods of 
controlling nematodes should be applied, especially legal measures. 
The most common species in almond growing areas were determined 
as Helicotylenchus digonicus, Ditylenchus myceliophagus and 
Aphelenchus avenae while H. digonicus, Pratylenchus neglectus and 
Merlinius brevidens were major in walnut plantations in Adiyaman 
province of Turkey in this study. These species which were identified 
in the study have a wide host range in the world. This situation has 
constituted a hazard for Turkey’s agricultural product and yield. 
Also, climate and geography in Adiyaman have been suitable region 
for finding and living of many plant diseases and harmful species. 
Based on results of our study and previous studies, it is considered 
that plant parasitic nematodes could threaten the production of 
almond and walnut trees precautions must be taken before they reach 
the level of economic damage. More investigations are required to 
fully elucidate the damage potential of these nematodes in almond 
and walnut cultivation areas in Adiyaman province of Turkey. Besides 
more investigation should be done to provide information on the 
biology, population dynamics and pathogenicity of these nematodes. 
Therefore, more research on occurrence, biology, distributions and 
economic importance of these and other plant parasitic nematodes is 
needed to understand the role that these nematodes have in Adiyaman.

Acknowledgments
None.

Conflicts of interest
The author declares there is no conflicts of interest.

References
1. Thakur M, Singh K. Walnut (Juglans regia L.) a complete health and 

brain food. Asian Journal of Bio Science. 2013;8(2):276–288.

2. http://www.tuik.com

3. Hodda M. Phylum nematoda. Zootaxa. 2010;1668(1):265–293.

4. Mojtahedi H, Balali G, Akhiani A, et al. Tylenchorhynchid nematodes of 
Iran (Tylenchoidea: Nematoda). Iranian J of Plant Pathol. 1983;19:11–
14.

5. Williamson MW, Hussey RS. Nematode pathogenesis and resistance in 
plants. Plant Cell. 1996;8(10):1735–1745.

6. Gaugler R, Bilgrami AL. Nematode Behaviour. 2004.

7. Kepenekci I. Plant Parasitic Nematodes of Tylenchida Nematoda 
Associated With Stone Fruits Apricots And Peaches in Southern Turkey. 
Pak J Nematol. 2001;19(1–2):49–61. 

8. Kepenekci I. Plant parasitic nematodes of Tylenchida (Nematoda) 
associated with walnut (Juglans regia L.) and chestnut (Castanea sativa 
Miller) orchards in the Black Sea Region. Tarim Bilimleri Dergisi. 
2001;7(2):101–105. 

9. Yildiz V, Gozel U. Plant parasitic nematode fauna on stone and pome 
fruits nurseries in Odemis (Izmir). Turk Entomol Bult. 2015;5(4):185–
194.

10. http://www.gap.gov.tr/en/what-s-gap-page-1.html

11. Prot JC, Ferris H. Sampling Approaches for Fxtensive Surveys in 
Nematology. J Nematol. 1992;24(4s):757–764.

12. Baermann G. Eine einface Method zur Auffindung von Anchylostomum-
(nematoden)- Larven in Erdproen. Mededelingen uit het Geneeskundig 
Laboratorium te Weltevreden. 1917:41–47.

13. Christie JR, Perry VG. Removing nematodes from the soil. Proc Helm 
Soc Wash. 1951;18(2):106–108.

14. Barker KR. Nematode Extraction and Bioassays.19–39. In: KR Barker, 
CC Carter, JN Sasser, editors. An Advanced Treatise on Meloidogyne, 2 
Methodology, North Carolina. North Carolina State University Graphics, 
Raleigh; 1985.

15. Southey JF. Laboratory methods for work with plant and soil nematodes. 
Laboratory methods for work with plant and soil nematodes. 1986.

16. De Grisse A. Redescription ou modification de quelques techniques 
utilisees dans leetude des nematodes phyto prasitiaries. Mededelingen 
Rijks ifakulteit Land bouw wetens chappen. Gent. 1969;34:351–369.

17. Seinhorst JW. A rapid method for the transfer of nematodes from fixative 
to anhydrous glycerin. Nematol. 1959;4(1):67–69.

18. Hooper DJ. Handling, fixing, staining andmounting nematodes. In: 
JF Southey, editor. Laboratory methods for work with plant and soil 
nematodes. London: Her Majesty’s Stationery Office. 1986. 

19. Siddiqi MR. Tylenchida parasites of plants and insects. 2000.

20. Hunt DJ. Aphelenchida, Longidoridae and Trichodoridae: Their 
Systematics and Bionomics. 1993.

21. Khan ML, Sharma GC. Seasonal fluctuation of plant parasitic nematodes 
in almond (Prunus amygdalus) rhizoshere. Indian J Hill Farm. 
1992;5:145–146.

22. Marull J, Pinochet J, Verdejo S. Respuesta de cinco cultivares de 
almendro a cuatro especies de nematodos lesionadores en España. 
Nematropica. 1990;20(2):143–151.

23. Kashi L, Karegar A, Kheiri A. Paratylenchus paraperaticus sp.n. 
(Tylenchida: Tylenchulidae) found in the rhizosphere of walnut trees in 
Hamadan province, Iran. Nematology. 2009;11(5):641–647.

24. Islam S, Hamid F, Khan A, Poswal MA. Plant parasitic nematodes 
associated with different crops of Swat and Malakand Agency, under 
MRPD Area (NWFP). Pakistan Proc Parasitol. 2006;41:77–83. 

25. Talavera M, Carlos Magunacelaya J, Tobar A. Plant parasitic nematodes 
from a forest tree nursery in southern Spain with some notes about the 
influence of soil storage on the quantitative recovery of Meloidogyne 
arenaria. Nematology. 1999;1(3):261–266.

26. Liskova M, Brown DJF. Longidoridae (Nematoda) associated with walnut 
trees (Juglans regia L.) in Slovak Republic. J Helminth. 1998;35:93–99.

27. Ciancio A, Fazio P, Lamberti F. Nematodes occuring in the rhizosphere 
of walnut in Italy. Nematol Medit. 1996;24(1):129–133.

28. Kepenekci I. Orta Anadolu Bolgesinde Yemeklik Baklagil Ekilis 
Alanlarindaki Tylenchida (Nematoda) Turleri Uzerinde Taksonomik 
Arastirmalar Doktora Tezi. 1999.

29. Hashim Z. Plant parasitic nematodes associated with pomegranate 
(Punica granatum L.) in Jordan and an attempt to chemical control. 
Nematol. Medit. 1983;11(2):199–200.

30. Saltukoglu ME. A Taxonomical and Morphological study of Tylenchida 
(Nematoda) From the Istanbul Area (Turkey).1974. 

31. Elekcioglu IH. Untersuchungen Zum Auftreten und Zur Verbreitung 
Phytoparasitarer Nematogen in den Land Wirtschafflichen Hauptkulturen 
des Astmediterranen Gebretes der Turkei. Plits. 1992;10(5):120.

32. Ozarslandan A, Dincer D. Plant parasitic nematodes in banana fields in 
Turkiye. Bit Kor Bult. 2015;55(4): 361–372.

33. Kasapoglu Uludamar EB, Yildiz S, Imren M, et al. Occurrence of plant 
parasitic nematode species in important crops in the Southeast Anatolia 
Region of Turkey. Turk Entomol Derg. 2018;42(1):63–74. 

34. Imren M, Elekcioglu IH. Diyarbakir ili bugday, sebze ve bag alanlarinda 
onemli bitki paraziti nematod turlerinin belirlenmesi. Cukurova Uni Fen 
Bil.Enst Derg. 2008;17(2):116–121.

https://doi.org/10.15406/ijmboa.2018.03.00090
http://www.researchjournal.co.in/upload/assignments/8_276-288.pdf
http://www.researchjournal.co.in/upload/assignments/8_276-288.pdf
http://www.tuik.com
https://biotaxa.org/Zootaxa/article/view/zootaxa.1668.1.14
https://www.ncbi.nlm.nih.gov/pubmed/8914324/
https://www.ncbi.nlm.nih.gov/pubmed/8914324/
https://www.cabi.org/bookshop/book/9780851998183
http://www.pjn.com.pk/old/files/vol%2019%20no.%201%20and%202/pdf/4.pdf
http://www.pjn.com.pk/old/files/vol%2019%20no.%201%20and%202/pdf/4.pdf
http://www.pjn.com.pk/old/files/vol%2019%20no.%201%20and%202/pdf/4.pdf
http://dergiler.ankara.edu.tr/dergiler/15/1280/14752.pdf
http://dergiler.ankara.edu.tr/dergiler/15/1280/14752.pdf
http://dergiler.ankara.edu.tr/dergiler/15/1280/14752.pdf
http://dergiler.ankara.edu.tr/dergiler/15/1280/14752.pdf
http://www.gap.gov.tr/en/what-s-gap-page-1.html
https://www.ncbi.nlm.nih.gov/pubmed/19283058/
https://www.ncbi.nlm.nih.gov/pubmed/19283058/
https://www.cabdirect.org/cabdirect/abstract/19182900349
https://www.cabdirect.org/cabdirect/abstract/19182900349
https://www.cabdirect.org/cabdirect/abstract/19182900349
https://www.cabdirect.org/cabdirect/abstract/19510801392
https://www.cabdirect.org/cabdirect/abstract/19510801392
https://www.cabdirect.org/cabdirect/abstract/19870839378
https://www.cabdirect.org/cabdirect/abstract/19870839378
https://brill.com/view/journals/nema/4/1/article-p67_9.xml
https://brill.com/view/journals/nema/4/1/article-p67_9.xml
https://www.cabi.org/bookshop/book/9780851992020
https://www.cabdirect.org/cabdirect/abstract/19932340217
https://www.cabdirect.org/cabdirect/abstract/19932340217
http://journals.fcla.edu/nematropica/article/view/63987
http://journals.fcla.edu/nematropica/article/view/63987
http://journals.fcla.edu/nematropica/article/view/63987
https://brill.com/view/journals/nemy/11/5/article-p641_1.xml
https://brill.com/view/journals/nemy/11/5/article-p641_1.xml
https://brill.com/view/journals/nemy/11/5/article-p641_1.xml
https://brill.com/abstract/journals/nemy/1/3/article-p261_4.xml
https://brill.com/abstract/journals/nemy/1/3/article-p261_4.xml
https://brill.com/abstract/journals/nemy/1/3/article-p261_4.xml
https://brill.com/abstract/journals/nemy/1/3/article-p261_4.xml
http://journals.fcla.edu/nemamedi/article/view/63307
http://journals.fcla.edu/nemamedi/article/view/63307
http://journals.fcla.edu/nemamedi/article/view/85470
http://journals.fcla.edu/nemamedi/article/view/85470
http://journals.fcla.edu/nemamedi/article/view/85470
https://lib.ugent.be/catalog/rug01:000515199
https://lib.ugent.be/catalog/rug01:000515199
https://www.cabdirect.org/cabdirect/abstract/20163039279
https://www.cabdirect.org/cabdirect/abstract/20163039279
http://dergipark.gov.tr/download/article-file/467313
http://dergipark.gov.tr/download/article-file/467313
http://dergipark.gov.tr/download/article-file/467313
http://fbe.cu.edu.tr/tr/makaleler/2008-17-2-14.pdf
http://fbe.cu.edu.tr/tr/makaleler/2008-17-2-14.pdf
http://fbe.cu.edu.tr/tr/makaleler/2008-17-2-14.pdf


Plant parasitic nematodes associated with almond (Prunus dolcis Mill.) and walnut (Juglans regia L.) 
orchards in Adiyaman province, Turkey

300
Copyright:

©2018 Tan et al.

Citation: Tan AN, Ocal A, Ozturk L, et al. Plant parasitic nematodes associated with almond (Prunus dolcis Mill.) and walnut (Juglans regia L.) orchards in 
Adiyaman province, Turkey. Int J Mol Biol Open Access. 2018;3(6):295‒300. DOI: 10.15406/ijmboa.2018.03.00090

35. Ercan S. Istanbul ve Cevresinde Onemli Sus Bitkilerinde Zararli Olan 
Nematod Turleri, Tanimlari, Zararlari ve Ekonomik Onemleri Uzerinde 
Arastirmalar. Uzmanlik Tezi.1976.

36. Borazanci N. Izmir Ili ve Civarindaki Seralarda Yetistirilen Sus 
Bitkilerinde, Bitki Paraziti Nematod Turlerinin Tespiti ve Zarar 
Dereceleri Uzerinde Calismalar. Basilmamis Uzmanlik Tezi. Izmir: 1977.

37. Sasanelli N. Olive nematodes and their control. In: Ciancio A, Mukerji G, 
editors. Integrated Management of Fruit Crops and Forest Nematodes. 
Netherlands: Springer; 2009.

38. Carrasco Ballesteros S, Castillo P, Adams BJ, et al. Identification of 
Pratylenchus thornei, the cereal and legume root-lesion nematode, 
based on SCAR-PCR and satellite DNA. Europ J of Plant Pathol. 
2007;118(2):115–125.

39. Erturk H, Hekimoglu G, Arinc Y. Izmir ve Canakkale patates dikim 
alanlarinda bitki zararlisi nematodlar uzerinde on calismalar. T.C. 
Tarim Bakanligi Zirai Mucadele ve Zirai Karantina Genel Mudurlugu 
Arastirma Subesi. 1973.

40. Yuksel H. Kok ur nematodlarinin (Meloidogyne spp.) Turkiye’deki 
durumu ve bunlarin populasyon problemleri uzerine dusunceler. Ataturk 
Uni Zir Fak Derg. 1974;5(1):83–105.

41. Brzeski M W. Review of the genus Ditylenchus Filipjev, 1936 (Nematoda: 
Anguinidae). Revue Nematol. 1991;14(1):9–59.

42. Qiao H, Townsend Peterson A, Campbell L, et al. NicheA: creating 
virtual species and ecological niches in multivariate environmental 
scenarios. Ecography. 2016;39(8):805–813.

43. Yuksel H. Ic Anadoluda soganlarda ilk defa tesbit edilen sak ve sogan 
Nematodu (Ditylenchus dipsaci Grup). Tomurcuk. 1958;77(7):5–6.

44. Mennan S. Farkli preparatlarin Ditylenchus dipsaci (Kuhn, 1857) 
(Nematoda: Tylenchida: Anguinidae) sogan irkina karsi etkinligi 
uzerinde arastirmalar. Türk. entomol. derg. 2005;29(3):215–224.

45. Yavuzaslanoglu E, Dikici A, Elekcioglu I H. Effect of Ditylenchus 
dipsaci Kuhn, 1857 (Tylenchida: Anguinidae) on onion yield in Karaman 
Province, Turkey. Turk. J of Agric. and For. 2015;39(2):227–233.

46. Agdaci M, Isik SE, Erkel I. Marmara Bolgesinde kultur mantarinda 
zararli nematod turleri uzerine arastirmalar. Bahce. 1990;19(1-2):11–16.

47. Hafez SI, Golden AM, Rashid F, et al. Plant parasitic nematodes 
associated with crops in Idaho and Eastern Oregon. Nematropica. 
1992;22(2):193–204.

48. Anderson R V, Potter J W. Stunt nematodes: Tylenchorhynchus, 
Merlinius, and related genera. In: WR Nickle, Marcel Dekker, editors. 
1991;529–586.

49. Brzeski M. Taxonomy of Geocenamus Thorne and Malek, 1968 
(Nematoda: Belonolaimidae). Nematology. 1991;37(1–4):125–173.

50. Brzeski MW, Dolinski CM. Compendium of the genus Tylenchorhynchus 
Cobb, 1913 sensu lato (Nematoda: Belonolaimidae). Russ. J. Nematol. 
1998;6:189–199.

51. Smiley RW, Whittaker RG, Gourlie JA, et al. Geocenamus brevidens 
associated with reduced yield in no-till annual spring wheat in Oregon. 
Plant Dis. 2006;90(7):885–890. 

52. Mayol PS. Pathogenicity of Merlinius brevidens as related to host 
development. Plant Dis. 1981;65:248–250.

53. Siddiqi MR. Merlinius brevidens. Descriptions of Plant-Parasitic 
Nematodes.1972.

54. Norton DC. Relationships of nematodes to small grains and native 
grasses in North and Central Texas. Plant Dis. Rep. 1959;43(2):227–235.

55. Tan AN, Kilic M. Plant parasitic nematodes associated with vegetable 
growing greenhouses in Southeastern Anatolia Region, Turkey. Afr. J of 
Agric. Res. 2011;7(18):2777–2790. 

56. Ocal A. Occurrence of plant parasitic nematode species in important 
crops in the Southeast Anatolia Region of Turkey. Turkish Journal of 
Entomology. 2018.42(1):63–74.

57. Hooper DJ. Aphelenchus avenae. C.I.H. Descriptions of plant-parasitic 
nematodes. 1974;4(50):193–196.

58. Hunt DJ. Aphelenchida, Longidoridae and Trichodoridae: Their 
systematics and bionomics. 1993.

59. Decker H. Plant nematodes and their control (phytonematology).1989.

60. Okada H, Ferris H. Effect of temperature on growth and nitrogen 
mineralization of fungi and fungal-feeding nematodes. Plant and Soil. 
2001;234(2):253–262. 

61. Linford MB. Attractiveness of roots and excised shoot tissues to certain 
nematodes. Proc Helmintho Soc Wash. D. C. 1939;6:11–18.

62. Barnes GL, Russel CC, Foster WD. Aphelenchus avenae, a potential 
biological control for root rot fungi. Plant Dis. 1981;65:423–424.

63. Christie JR, Afndt CH. Feeding habits of the nematodes Aphelenchoides 
darietinus and Aphelenchus avenae. Phytopathology. 1936;26(69).

64. Mankau R. The effect of some organic amendments upon a soil nematode 
population and assooiated natural anemies. Nematology. 1962;7:65–73.

65. Kilic M. Mardin Ili Bugday Alanlarinda Bitki Paraziti Nematotlarin 
Turlerin Tespiti Yayginlik ve Yogunluklarin Tespiti. 2011.

https://doi.org/10.15406/ijmboa.2018.03.00090
https://link.springer.com/article/10.1007/s10658-007-9110-3
https://link.springer.com/article/10.1007/s10658-007-9110-3
https://link.springer.com/article/10.1007/s10658-007-9110-3
https://link.springer.com/article/10.1007/s10658-007-9110-3
http://dergipark.gov.tr/download/article-file/34669
http://dergipark.gov.tr/download/article-file/34669
http://dergipark.gov.tr/download/article-file/34669
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.630.9592&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.630.9592&rep=rep1&type=pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/ecog.01961
https://onlinelibrary.wiley.com/doi/full/10.1111/ecog.01961
https://onlinelibrary.wiley.com/doi/full/10.1111/ecog.01961
http://dergipark.gov.tr/download/article-file/64962
http://dergipark.gov.tr/download/article-file/64962
http://dergipark.gov.tr/download/article-file/64962
http://dergipark.gov.tr/download/article-file/120863
http://dergipark.gov.tr/download/article-file/120863
http://dergipark.gov.tr/download/article-file/120863
http://journals.fcla.edu/nematropica/article/view/64042
http://journals.fcla.edu/nematropica/article/view/64042
http://journals.fcla.edu/nematropica/article/view/64042
https://brill.com/abstract/journals/nema/37/1-4/article-p125_16.xml
https://brill.com/abstract/journals/nema/37/1-4/article-p125_16.xml
https://apsjournals.apsnet.org/doi/abs/10.1094/PD-90-0885
https://apsjournals.apsnet.org/doi/abs/10.1094/PD-90-0885
https://apsjournals.apsnet.org/doi/abs/10.1094/PD-90-0885
https://www.cabdirect.org/cabdirect/abstract/19590801709
https://www.cabdirect.org/cabdirect/abstract/19590801709
https://academicjournals.org/journal/AJAR/article-stat/F37E4E236527
https://academicjournals.org/journal/AJAR/article-stat/F37E4E236527
https://academicjournals.org/journal/AJAR/article-stat/F37E4E236527
http://dergipark.gov.tr/entoted/issue/36376/359616
http://dergipark.gov.tr/entoted/issue/36376/359616
http://dergipark.gov.tr/entoted/issue/36376/359616
http://library.wur.nl/WebQuery/titel/2089751
http://library.wur.nl/WebQuery/titel/2089751
http://agris.fao.org/agris-search/search.do?recordID=GB9405244
http://agris.fao.org/agris-search/search.do?recordID=GB9405244
https://brill.com/view/title/476
https://link.springer.com/article/10.1023/A:1017957929476
https://link.springer.com/article/10.1023/A:1017957929476
https://link.springer.com/article/10.1023/A:1017957929476
https://brill.com/abstract/journals/nema/7/1/article-p65_10.xml
https://brill.com/abstract/journals/nema/7/1/article-p65_10.xml

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Table 1

