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Identification of genetic resistance to cereal cyst nematodes; 
Heterodera avenae (Wollenweber, 1924), Heterodera filipjevi 

(Madzhidov, 1981) Stelter and Heterodera latipons (Franklin, 1969) in 
some international bread wheat germplasms1 

Uluslararası bazı ekmeklik buğday çeşitlerinin Tahıl kist nematodları, Heterodera 
avenae (Wollenweber, 1924), Heterodera filipjevi (Madzhidov, 1981) Stelter and 
Heterodera latipons (Franklin, 1969) karşı genetik dayanıklılığının belirlenmesi 
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Summary 
The cereal cyst nematodes, Heterodera avenae group, are known as parasites of cereals worldwide. In Turkey, 

the cereal cyst nematodes, Heterodera filipjevi, H. avenae and H. latipons, are the three known species infested wheat 
fields and cause high yield losses. The using of resistance varieties is one of the most effective methods for controlling 
cereal cyst nematodes. Recently, resistance genes (Cre genes) which are obtained from wild wheat genotypes have 
been transferred into bread wheat varieties to control the cereal cyst nematodes species. In this study, the efficiency of 
some sources of resistance (CreR, Cre1, Cre2, Cre3, Cre7 and Cre8) in wheat against some Turkish H. avenae, H. 
filipjevi and H. latipons populations was investigated in-vitro conditions. According to results, the effect of resistance 
genes showed variation depending on different Cereal cyst nematode populations; H.avenae, H. filipjevi and H. latipons. 
Although Cre1 gene was only found as completely resistant to all (three) nematode species, Cre3 and Cre7 were found 
resistant to H. avenae and H. latipons. Cre R was also determined as resistant to H. filipjevi and H. latipons populations 
but Cre8 was only found resistant against to H. filipjevi population. No resistance was found in Cre 2 gene against to all 
nematode populations. Additionally, 2 resistance gene-free variety and lines were found resistant to H. avenae; 3 wheat 
lines to H. filipjevi and 11 wheat genotypes were found moderately resistant to H. latipons. 
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Özet 
Tahıl kist nematodları, Heterodera avenae group, buğdayın önemli zararlılar arasında yer almaktadır. 

Türkiye’de buğday alanlarının Tahıl kist nematodları, Heterodera filipjevi, H. avenae ve H. latipons’la bulaşık olduğu 
bilinmektedir. Dayanıklı çeşit ve hatların Tahıl kist nematodları karşı kullanılması en önemli mücadele yöntemlerinden 
biridir. Son zamanlarda, Tahıl kist nematodlarına karşı buğdayın yabani formlarından elde edilerek ekmeklik buğday 
çeşitlerine aktarılmış birçok dayanıklılık (Cre genleri) geni geliştirilmiştir. Bu çalışmada dayanıklılık genlerinin (Cre R, 
Cre1, Cre2, Cre3, Cre7, Cre8) H.avenae, H. filipjevi ve H. latipons‘un ülkemizdeki bazı popülasyonlara karşı 
etkinlikleri in-vitro koşullarda araştırılmıştır. Çalışmada sonucunda Tahıl kist nematodları, H.avenae, H. filipjevi ve H. 
latipons popülasyonlarına göre dayanıklılık genlerinin etkinliklerinin değişiği; bunla birlikte Cre1’in her üç nematod 
türüne karşı tam bir dayanıklılığa sahip olduğu, Cre3 ve Cre7’nin H. avenae ve H. latipons’a, Cre R’nin H. filipjevi ve 
H. latipons’a, Cre8’in ise sadece H. filipjevi popülasyonlarına karşı dayanıklı olduğu ve Cre2’nin ise her üç nematod 
türüne karşı dayanıklılığa sahip olmadığı saptanmıştır. Ayrıca, dayanıklılık geni içermeyen çeşit ve hatlardan H. 
avenae karşı 2 adet, H. filipjevi karşı 3 adet, H. latipons’a karşı 11 adet buğday genotipi orta dayanıklı bulunmuştur.  

Anahtar sözcükler: Tahıl kist nematodları, dayanıklılık, Cre genleri, buğday 
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Introduction 
Turkey is among the ten largest wheat producers in the world with 18-20 million tons of grain 

production cultivated on 9.5 million ha area (Anonymous, 2010). In Turkey, Wheat production is highly 
affected by biotic and a biotic stresses. One of the biotic stresses affecting wheat production is the plant 
parasitic nematodes which cause economic yield losses. In particular, the cereal cyst nematode, 
Heterodera avenae group, caused crop losses in the areas of high initial population densities has been 
reported in different countries (Rivoal & Cook, 1993; Evans & Rowe, 1998; Nicol et al., 2004; Nicol & 
Rivoal, 2008). In Turkey, the main three important species of the cereal cyst nematodes attaching wheat 
are Heterodera filipjevi (Madzhidov, 1981) Stelter was found in the Central Anatolian Plateau and caused 
losses of up to 50 % in wheat (Nicol et al., 2004; Sahin et al., 2009); Heterodera avenae (Wollenweber, 
1924) and Heterodera latipons (Franklin, 1969) were found in 45% of surveyed area in the Southeastern 
Anatolia Region (İmren et al., 2011). 

Several attempts were implemented to control the cereal nematodes around the world. Crop 
rotation, using resistant varieties and lines with different tillage techniques are recommended to control 
nematodes in wheat production. Chemical methods can be applied but they are not preferred by the 
producers because of the high cost per unit area in wheat field in Turkey. Resistance sources around the 
world were obtained from wild wheat relatives through breeding programs (Ogbonnaya et al., 2001a). It is 
reported that 9 resistance genes were transferred to control the cereal cyst nematode H. aveane in bread 
wheat; Cre1 gene from Triticum aestivum; Cre2, Cre5 and Cre6 genes Aegilops ventricosa; Cre3 and 
Cre4 genes in Triticum tauschii, Cre7 in Aegilops species; Cre8 and CreR from Secale cereale lines were 
transferred (Barloy et al., 2007). Among resistance genes, Cre1 and Cre3 genes were present as 
advantageous lines for using in wheat breeding (Ogbonnaya et al., 2001a). In this point, the reaction of 
resistance in some Cre genes of H. avenae Australia pathotype Ha13 were reported as Cre 
6>Cre1>CreF≥Cre5 (Ogbonnaya et al., 2001b). Similarly, Cre2 and Cre5 genes showed moderately 
resistance against H. avenae Spanish pathotype, Ha71 (Montes et al., 2003). The efficiency of the Cre 
genes against H. avenae group has not been studied comprehensively in Turkey. However it was 
reported that some bread wheat lines carrying Cre genes and wild wheat genotypes did not show 
completely resistance response against the Turkish H. filipjevi populations from both Haymana and 
Yozgat (Özarslandan et al., 2008; Nicol et al., 2009; Akar et al., 2009; Şahin, 2010).  

In this study, the efficiency of some international bread wheat varieties and lines carrying Cre 
genes against the cereal cyst nematodes, H. avenae, H. filipjevi and H. latipons, have been investigated 
in Turkey. 

Material and Methods 
Twenty-five international wheat lines were used to investigate their resistance response against the 

three Heterodera species H. avenae, H. filipjevi and H. latipons populations obtained from Eastern 
Mediterranean region of Turkey. Among those lines, seven lines have Cre genes coming from wild 
relatives of wheat Aegilops genus (Nicol & Rivoal, 2008). The experiment was conducted at Biological 
Control Research Station in 2010 -2011. 

In this study, different populations of H. avenae (Hatay-Besaslan, Imece and Adana-Karlik), H. 
filipjevi (Yozgat and Kahramanmaras–Elbistan, Afsin) and H. latipons (Gaziantep–Elbeyli, Karkamıs) 
species were used as coordinates listed in (Table 1). Nematode inoculums were collected from infested 
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wheat fields and cysts were extracted by Court apparatus (Kort, 1960; Shepherd, 1986). About 1000 
cysts were collected for each population. Cysts were surface sterilized by 0.5% NaOCl. Then, cysts were 
stored at 4°C for two months before incubated at 10°C for 200 days and after then placed at room 
temperature to encourage hatching (Imren et al., 2012). 

Seeds of each cultivar were germinated and planted in a mixture containing 70:29:1 of sand: field 
soil: organic matter (v/v). Each plant was inoculated with 250 second-stage juveniles (j2) at the same day 
of planting. Tubes were placed in a randomized complete block design with 7 replications. Plants were 
grown at 23-25 °C for 16 h of artificial light and a relative humidity of 60-65%. After 12 weeks of nematode 
inoculation, plants were uprooted and washed under tap water. Cysts from both roots and soil were 
extracted and counted under the binocular microscope. 

Table1. Populations of Heterodera species collected from different localities in Turkey 

No Province Town Species Coordinates 

1 Adana Saricam  H. avenae  37º 11' 49 N 35º 30' 05 E 
2 Hatay  Besaslan  H. avenae 36º 13' 27 N 36º 80' 18 E 
3 Hatay  Imece H. avenae 36º 27' 31 N 36º 18' 16 E 
4 K. Maras Elbistan H. filipjevi  38º 11' 14 N 36º 50' 05 E 
5 K. Maras Afsin H. filipjevi 38º 15' 17 N 37º 57' 01 E 
6 Yozgat Merkez H. filipjevi 39º 39' 74 N 34º 25' 42 E 
7 Gaziantep Karkamıs H. latipons  36º 49' 14 N 37º 50' 54 E 
8 Kilis Elbeyli  H. latipons 36º 39' 03 N 37º 25' 19 E 

The resistance reaction was evaluated according to Nicol et al. (2009) scale based on the number 
of cysts per root system; R= resistant (<5 females), MR = moderately resistance (5-10 females), MS= 
moderately susceptible (11-14 females), S= susceptible (15-25 females) and HS= highly susceptible (> 
25 females). The results were analyzed according to standard analysis of variance procedures with the 
SPSS 10 program for Windows. Differences among treatments were tested using one way analysis of 
variance (ANOVA) followed by Tukey test for mean comparison if the F-value was significant. Statistical 
differences were measured at (P ≤0.05).  

Result and Discussion  
One of the major obstacles and challenges to use genetic host resistance is the understanding of 

the CCN species and pathotypes in different regions of the world where the nematode is considered to be 
economically important. This restricted study clearly indicated that the known published Cre genes found 
in bread wheat backgrounds have range of reactions in the regions where they were tested, both 
regionally and within region in some cases. This work demonstrates the importance of collecting 
representative populations of CCN and sharing known resistant germplasm to determine the 
effectiveness of such resistance in differential pathotypes virulence and utilization of resistance sources 
to control CCN. Current resistance genes might be overcome by emerging virulent pathotypes which is an 
essential point to research for new resistance specificities. Therefore it is crucially important to know 
Turkish Heterodera species with different pathotypes population reaction against resistance sources. In 
this study reaction of resistance genes, CreR, Cre1, Cre2, Cre3, Cre7 and Cre8, against the cereal cyst 
nematodes, H. avenae, H. filipjevi and H. latipons were given in Table 2.  
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Table 2: The reactions of some of the carrying resistance genes found in the wheat lines, tweny-five cereal lines, against to              
H. avenae, H. filipjevi and H. latipons 

No Line name Gene Results 
   Heterodera avenae Heterodera filipjevi Heterodera latipons
   Beşaslan İmece Karlık Afşin Elbistan Yozgat Elbeyli Karkamış

1 6R(6 D) Cre R S S HS MR MR MR MR MR 
2 FRAME Cre 8 S MS S MR MR MR MS MR 
3 SILVERSTAR Cre 1 R R MR MR R MR R R 
4 VP5053 (WA#Fm/201/23*2/GS50A) Cre 8 S MS S S MS S MS MS 
5 T-2003 Cre 7 R R MR S MS S R R 
6 RAJ 1  MR MR MR S MR S MR MR 
7 ID-2150 Cre 2 S MS S MS MS MS S S 
8 MILAN  MS MS MS MS MR S R MR 
9 AUS 4930 .7/2 *PASTOR  MS MR MS MS MS S MR MR 

10 AUS GS50AT34/ 
SUNCO//CUNNINGHAM  MR R MR MR R MS R R 

11 VL 411R  S MR S MR R MR S MS 

12 CROC 1/AE.SQUARROSA 
(224)//OPATA  MR R MS MR R MS MR R 

13 CROC 1/AE. SQUARROSA 
(224)//OPATA  S R MR S S S MR MR 

14 VP 1620 (VF304/TTAU. 69.5- 
3//YANAC) Cre 3 MR MR MR S R HS MR MR 

15 F 130L 1. 12 /ATTILA  MS MR MS S MR MR MR MR 
16 SONMEZ 2001  S MS S MS MS S MR  MS 
17 CPI 133859  MS S S MR MR MR S S 
18 CPI 133872  S S S MS MS MS S MS 
19 KATE A-1  MS S S MS MS MS MS MS 
20 PRINS  MS S HS MS MS MS MR MR 
21 MIRZABEY2000  S MS MS MR R MR S MS 

22 AU/CO652337//2*CA8-
155/3/F474S1-.1 

 MR R MS MR R MR MR MR 

23 F372  S MR S S MS MS S MS 
24 TAIKONG  S MS S MS MS MR MS S 
25 ZHONGYU  S MR S MS MS MR MR MR 

 
The obtained results showed that Cre1 gene was only found as completely resistant to all 

(H.avenae, H. filipjevi and H. latipons) nematode species extracted from the Eastern Mediterranean 
Region of Turkey. Cre3 and Cre7 were found resistant to H. avenae and H. latipons. Cre R was also 
determined as resistant to H. filipjevi and H. latipons populations but Cre8 was only found resistant 
against to H. filipjevi population. Any resistance was not found in Cre 2 gene against to all nematode 
populations. Additionally, 2 resistance gene-free variety and lines were found resistant to H. avenae; 3 
wheat lines to H. filipjevi and 11 wheat genotypes were found moderately resistant to H. latipons.  

Wheat lines having Cre1, Cre3 and Cre7 gene showed resistance response against three 
populations of H. avenae, while wheat lines having resistant genes (CreR, Cre8 and Cre2) reacted as 
susceptible. However, wheat lines, RAJ1 and AUSGS50AT34/SUNCO//CUNNINGHAM do not have 
resistance genes were determined as resistant against all studied H. avenae populations. Wheat lines 
caring Cre1, Cre8 and CreR genes gave resistant reaction to the three populations of H. filipjevi, but 
Cre2, Cre3 and Cre7 genes showed susceptible reaction. Interestingly, wheat lines, CPI 133859, 
MIRZABEY 2000 and AU/CO652337//2*CA8-155/3/F474S1-1, which do not have resistance genes were 
recorded to have resistant reaction against all H. filipjevi populations which indicates other unknown 
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source/s of resistance are exist. Resistance genes of Cre1, Cre3 Cre7 and CreR gave resistant response 
to two populations of H. latipons, but Cre2 and Cre8 genes were not resistant against same populations. 
Wheat lines, RAJ1, MILAN, AUS 4930 .7/2 *PASTOR, AUSGS50AT34/SUNCO//CUNNINGHAM, CROC 
1/AE.SQUARROSA (224)//OPATA, CROC 1/AE. SQUARROSA (224)//OPATA, F 130L 1. 12 /ATTILA, 
CPI 133872, PRINS, AU/CO652337//2*CA8-155/3/F474S1-.1 and ZHONGYUwhich do not have 
resistance gene, gave resistant reaction against H. latipons populations. 

Using host-plant resistance is one of the most effective methods to control cereal nematodes. 
Resistance is defined as the ability of the host to inhibit nematode multiplication (Cook & Evans, 1987). 
Preferably resistance should be combined with tolerance, which is the ability of the host plant to maintain 
yield potential in the presence of the nematode (Cook & Evans, 1987). The use of cultivars that are both 
resistant and tolerant offers the best control option, as well as being environmentally sustainable and 
requiring no additional cost. However, using resistance needs a sound knowledge of the virulence range 
from the targeted species and pathotypes. Wheat cultivars are able to show diverse reaction in different 
regions. Moreover, some wheat cultivars resistant to Heterodera species populations in one region may 
be fully susceptible to populations in other regions.  

These results of this study were similar to that one reported by Rivoal et al. (2001) which indicated 
that Cre3 genes did not give exact resistance on the 14 populations of H. avenae, H. filipjevi and H. 
latipons populations. Additionally, Nicol et al. (2009) indicated that Cre1, Cre5 and CreR, genes provide 
moderate resistance to Haymana populations of H. filipjevi but Cre3 and Cre8 genes were found to be 
susceptible in their reaction. Özarslandan et al. (2008) and Toktay et al. (2012) found that Cre1 gene was 
not resistant to different Yozgat populations of H. filipjevi. As it is understand in previous studies that the 
different populations of H. filipjevi can give diverse reaction in same genes.  

According to our results, Silverstar which has Cre1 gene showed resistance reactions to all studied 
populations of three nematode species. However, some lines were found resistance to only 1 or 2 
species. For example; Cre3, and Cre7 genes were found resistant to both H. avenae and H. latipons 
populations and also CreR gene was found resistant to both H. filipjevi and H. latipons populations. In 
breeding programs, final target is aimed to obtain multiple resistances against to nematodes species 
damaged on wheat. In this regard, Cre 1 gene can be used in breeding programs.  

In conclusion, the results obtained from this study show that the known resistance gene/s (Cre 
genes) against the cereal cyst nematodes cannot control all Heterodera populations except Cre 1 gene. 
However, other source of resistance is seemed to be exited in wheat lines which do not have Cre genes. 
Finding new sources of resistance would be very much demanded to control the different populations 
especially in areas where a mixture of Heterodera species occurs. Therefore, wheat origin countries 
including Turkey, Iran, Iraq and Syrian obtained wheat wild relatives should be screened to Heterodera 
species. Taking advantage of these sources of resistance, it is necessary to know the reaction of 
genotypes against to nematode species in Turkey. 

References 
Akar, T., M. Calışkan, J. M. Nicol, S. Uranbey, E. Sahin, S. Yazar, M. William & H. J. Braun, 2009. Molecular 

characterization of Cereal Cyst Nematode diagnostic markers Cre1 and Cre3 in some winter wheat 
germplasm and their potential use against Heterodera filipjevi. Field Crops Research, 114(2): 320-323. 

Anonim, 2012. Türkiye İstatistik Kurumu.(Web sayfası: http:// www.tuik.gov.tr), (Erşim tarihi: Ekim 2012). 

Barloy, D., J. Lemoine, P. Abelard, A. M. Tanguy, R. Rivoal & J. Jahier, 2007. Marker-assisted pyramiding of two 
cereal cyst nematode resistance genes from A. variabilis in wheat. Mol. Breeding, 20: 31-40. 



Identification of genetic resistance to cereal cyst nematodes; Heterodera avenae (Wollenweber, 1924), Heterodera filipjevi 
(Madzhidov, 1981) Stelter and Heterodera latipons (Franklin, 1969) in some international bread wheat germplasms 

282 

Evans, K. & J. A. Rowe, 1998. “Distribution and Economic Importance, 1-30”. In: The Cyst Nematodes (Ed. S.B. 
Sharma). Chapman & Hall, London. 

Cook, R. & K. Evans, 1987. “Resistance and Tolerance, 179-231”. In: Principles and Practice of Nematode Control in 
Crops (Eds. R.H. Brown & B.R. Kerry). Academic Press, Sydney, Australia. 

Gözel, U. & İ. H. Elekcioğlu, 1998. “Bitki paraziti nematodların bazı buğday çeşitlerinde verime olan etkilerinin 
araştırılması, 265-269”. Türkiye VIII. Fitopatoloji Kongresi Bildirileri, Ankara. 

İmren, M., H. Toktay, A. Özarslandan, A. Öcal & İ. H. Elekçioğlu, 2011. “Doğu Akdeniz Bölgesi buğday alanlarında 
Tahıl kist nematodu (Heterodera avenae group) türlerinin belirlenmesi, 10”. Türkiye IV. Bitki Koruma Kongresi, 
28-30 Haziran 2011, Kahramanmaraş. 

İmren, M., H. Toktay, A. Ozarslandan, A. Dababat & I. H. Elekcioğlu, 2012. Effect of temperatures on incubation 
duration of Heterodera avenae cysts and optimization of some materials and methods. Turkish Journal of 
Entomology. 36 (4): 587-595. 

Kort, J., 1960. A technique for the extraction of Heterodera cysts from wet soil and for the estimation of their egg and 
larval content. Verslagen en Medelingen Plantenziektenkundige Dienst. Wageningen. Netherlands, 233: 3-7. 

Montes, M. J., L. Lopez–Brana, M. D. Romero, E. Sin, M. F. Andres, J. A. Martin –Sanchez & A. Delibes, 2003. 
Biochemical and genetic studies of two Heterodera avenae resistance genes transferred from Aegilops 
ventricosa to wheat. Theoretical and Applied Genetics, 107: 611–618. 

Nicol, J., R. Rivoal, S. Taylor & M. Zaharieva, 2004. Global importance of Cyst (Heterodera spp.) and Lesion 
nematodes (Pratylenchus spp.) on cereals: yield loss, population dynamics, use of host resistance and 
integration of molecular tools. Nematology Monographs and Perspectives, 2: 233-251.  

Nicol, J. M. & R. Rivoal, 2008. “Global Knowledge and its Application for The Integrated Control and Management of 
Nematodes on Wheat, 243-287”. In: Integrated Management and Biocontrol of Vegetable and Grain Crops 
Nematodes (Eds. A. Ciancio & K.G. Mukerji). Springer Academic Publishing, Dordrecht, The Netherlands.  

Nicol J. M., N. Bolat, A. F. Yıldırım, A. Yorgancılar, A. T. Kılınç, İ. H. Elekcioğlu, E. Şahin, G. E. Orakcı & H. J. Braun, 
2009. “Identification of genetic resistance to cereal cyst nematode (Heterodera filipjevi) for international bread 
wheat improvement, 160-165”. Proceedings of the First Workshop of The International Cereal Cyst Nematode 
Initiative (21-23 October 2009), Antalya–Turkey. 

Ogbonnaya, F. C., N. C. Subrahmanyam, O. Moullet, J. De Majnik, H. A. Eagles, J. S. Brown, R. F. Eastwood, J. 
Kollmorgen, R. Apples & E. S. Lagudah, 2001a. Diagnostic DNA markers for cereal cyst nematode resistance 
in bread wheat. Australian Journal of Agricultural Resources, 52: 1367-1374. 

Ogbonnaya, F. C., S. Seah, A. Delibes & J. Jahier, 2001b. Molecular genetic characterisation of a new nematode 
resistance gene in wheat. Theoretical and Applied Genetics, 102: 623-629. 

Özarslandan, M., 2008. Buğday Genotiplerinin Tahıl Kist Nematodu, Heterodera filipjevi (Madzhidov) Stelter 
Popülasyonlarına Karşı Dayanıklılıklarının Araştırılması. Çukurova Üniversitesi Fen Bilimleri Enstitüsü. Yüksek 
Lisans Tezi, Adana. 

Rivoal, R. & R. Cook, 1993. “Nematode Pests of Cereals, 259-303”. In: Plant Parasitic Nematodes in Temperate 
Agriculture (Eds. K. Evans, D.L. Trudgill & J. M. Webster). CABI Publishing, Wallingford, U.K. 

Rivoal, R., S. Bekal, S. Valette, J. P. Gauthier, M. Bel Hadj Fradj, A. Mokabli, J. Jahier, J. M. Nicol & A. Yahyaoui, 
2001. Variation in reproductive capacity and virulence on different genotypes and resistance genes of 
Triticeae, in the cereal cyst nematode species complex. Nematology, 3: 581-592. 

Shepherd, A. M., 1986. “Extraction and Estimation of Cyst Nematodes, 51-58”. In: Laboratory Methods for Work with 
Plant and Soil Nematodes (Ed. J.F. Southey). Her Majesty’s Stationary Office, London. 

Sahin, E., J. M. Nicol, İ. H. Elekçioğlu, Ö. Yorgancılar, A. F. Yıldırım, A. Tülek, H. Hekimhan, A. Yorgancılar, A. T. 
Kılınç, N. Bolat & G. Erginbaş-Orakçı, 2009. “Frequency and Diversity of Cereal Nematodes on the Central 
Anatolian Plateau of Turkey, 100-105”. In: Cereal Cyst Nematodes: Status, Research and Outlook (Eds. IT. 
Riley, J. M. Nicol & A. A. Dababat). Yorum Matbası, Yenimahalle, Ankara. 

Sahin, E., 2010. Orta Anadolu Buğday Alanlarinda Önemli Bitki Paraziti Nematodlarin Belirlenmesi ve Tahil Kist 
Nematodu Heterodera filipjevi`nin Biyolojisi ile Mücadelesi Üzerine Çalişmalar. Çukurova Üniversitesi Fen 
Bilimleri Enstitüsü, Doktora Tezi, Adana. 

Toktay, H., E. Yavuzaslanoğlu, M. İmren, J. M. Nicol, Elekçioğlu I. H. & A. Dababat, 2012. Screening for resistance to 
Heterodera filipjevi and Pratylenchus thornei in sister lines of spring wheat. Turkish Journal of Entomology. 
36(4): 455-461. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


