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2022. Abstract
Published by Barley is one of the most important crops in the world and Turkey. Barley stripe
ARDA. disease caused by Pyrenophora graminea which causes yield decreases in barley

was reported in various regions of Turkey. Controlling the disease requires
knowledge of disease distribution and an understanding of cultivar responses to
the pathogen and variability in the pathogen populations. Genetic resistance is a
sustainable and economic way to combat the disease. In this review, the
distribution and occurrence of the disease in some parts of Turkey and studies
about the resistance status of some genotypes are presented.
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1. Introduction

Barley is the second most important cool-season crop in the world and Turkey. Some archeological studies
have revealed that barley was cultivated 10.000 years ago in the Fertile Crescent region and the ancestor of
cultivated barley was two-rowed [1, 2, 3]. The main usage areas for barley are animal feeding, the malt
industry, and human nutrition [4].

In 2021, 5, 8 million tons of barley was produced in Turkey. Barley ranks second in grain production in
Turkey [5]. The barley production area in 2021 was 3092442 ha and the yield was 26840 kg/ ha [6].

Many factors can cause a decrease in barley production. Barley leaf stripe disease is one of the reasons for the
decrease in barley yield. The disease is a seed-borne and monocyclic fungal disease caused by Pyrenophora
graminea S. Ito & Kuribay which is the perfect stage of the pathogen. The imperfect stage is Drechslera
graminea (Rab.) Shoem. and its synonym is Helminthosporium gramineum (Rabh.) P. graminea is classified
in the Ascomycota phylum and Pleosporales family. First symptoms appear on the second or third leaf in
seedlings, however, all infected plants do not show symptoms in the early stages of growth. The pathogen
causes yellow stripes in the leaf sheath and the basal portion of the leaf blade in young leaves. These yellow
stripes cover the whole leaf and soon become necrotic. As the disease progresses necrotic tissues coalesce and
cause the death of the leaf tissues. Dead tissues become shredded. Infected plants cannot grow enough, and
they are dwarfed generally. The flag leaf is often light brown at the heading stage. Infected plants cannot form
heads mostly and if they can, spikes emerge burned, twisted, and crushed. Grains in infected plants are
undeveloped or shrank and brown. In some spikes, grains can develop nearly normally, with little or no
browning. The variation of symptoms depends on the fungus’s virulence, host susceptibility, and
environmental conditions [7].

Pyrenophora graminea produces perithecia. The perithecia are rarely found in nature and they can be found in
barley straws in the fall. Asci are bitunicate, cylindric, or club-shaped, with a short stalk at the base and an
apex that is orbicular. Ascospores are yellow or light brown, with three transverse, 1-2 longitudinal septa but
only in median cells, never in terminal cells. It is believed by researchers that ascospores do not have much
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effect on the disease cycle. Conidiophores, which bear conidia grouped into three to five. Conidia are straight,
club-shaped, subhyaline to yellow, and have seven transverse septa. Pycnidia of the fungus are seldom
encountered in nature. Pycnidiospores are globose or ellipsoid, hyaline, and they do not have any septa. The
role of pycnidia in disease is still unknown. Mycelium growth in culture media is gray to olive, and mycelium
is usually sterile [8].

Seedborne mycelium of P. graminea lives in the grain; seed coat, pericarp, and hull parts but not in the
embryo. The fungus grows systemically with the development of plant and emerging heads. Conidia are
produced in infected leaves at heading time and synchronized with early stages of kernel development under
high humidity conditions. Conidia are transported to spikes with the help of wind flow. The grain can be
infected in all growth stages between the heading and the soft-hard dough stages. Infected seeds look healthy

[7].

Due to the high humidity requirements of sporulation, barley leaf stripe has been a problem in the areas where
high humidity is present during the heading time. However, barley leaf stripe is also a problem with irrigation
applied in semi-arid climates [8].

2. Distribution and occurrence of barley stripe disease in Turkey

Several studies investigated the distribution and occurrence of the barley stripe disease in Turkey. Mamluk et
al. [9] surveyed 33 and 35 barley fields in 1992-1993 in the Central Anatolian Region and reported that barley
stripe was the most common disease in the region and in some fields disease rate was 10%. Yildirim et al.
[10] examined 54 barley fields and found barley stripe disease in 10 barley fields in 1993 and 1994. Celik et
al. [11] assessed 121 barley fields in 13 districts of Eskisehir province. They found barley stripe disease at 59
barley fields in 8 districts. The prevalence frequency of barley stripe disease was found 1.75% in the province.
Karakaya et al. [12] examined 205 barley fields in 11 provinces (Kayseri, Kirikkale, Sivas, Yozgat, Aksaray,
Kirsehir, Nevsehir, Ankara, Cankiri, Konya, and Eskisehir) of Turkey. They detected barley stripe disease at
82 barley fields. Disease percentage ranged between 1-70%. Kayseri, Sivas, Yozgat, and Aksaray provinces
had the highest barley stripe disease rate. A survey was carried out in barley fields of Cubuk district, Ankara.
18 barley fields were investigated, and barley leaf stripe disease was found in 2 fields. The rate of the infected
plants changed between 1-5% and the mean disease prevalence was found as 0.33% [13]. Ozdemir et al. [14]
examined 128 barley fields in Kirikkale province which is 1,083% of the barley plantation area of the
province. They found barley stripe disease in 14 barley fields. The prevalence of the disease in the Kirikkale
province was found as 0,35%. Ertirk et al. [15] surveyed 50 barley fields for leaf diseases in the Bala district
of Ankara, Turkey. Barley stripe disease caused by P. graminea was found in 20 barley fields. The disease
presence rate in infected fields was 1-10% and the mean disease rate was 1.16%. Sarag et al. [16] examined 42
barley fields for barley leaf diseases in the central district and other districts of Elazig province. Barley stripe
disease was detected in 11 barley fields and disease incidence was found as 9.6% in the Baskil district. Sarag
Sivrikaya et al. [17] examined 5 barley fields in the central district, Geng, and Adakli districts of Bingol
province. Barley stripe disease was detected in a barley field with a 1% disease incidence in the central
district. Sara¢ Sivrikaya et al. [18] examined 37 barley fields for leaf disease prevalence in Batman central
district and other districts of Batman province and some districts of Mardin and Diyarbakir provinces. In
addition, 24 naturally grown wild barley (Hordeum spontaneum) populations were examined. Barley stripe
disease was one of the most common diseases in the region. The disease was detected in 18 barley fields
between 1-30% rates. The disease could not be detected in naturally grown H. spontaneum populations. The
authors stated that disease-free wild populations should be tested for important diseases in barley under
controlled conditions and used as a source of resistance in breeding studies.

3. Resistance of some barley genotypes to barley stripe disease

Resistance of some barley cultivars and genotypes was determined. Konak and Scharen [19] tested the
cultivar Tokak 157/37 for resistance to P. graminea isolates Mt-6 and Mt-10, and the cultivar was found
resistant to the isolates. Cetin et al. [20] assessed barley cultivars and genotypes for their resistance to barley
stripe disease. Percentages of infected plants in cultivars Tokak 157/37, Obruk, Biilbiil, Anadolu, Yesilkdy,
Yildirim, Cumhuriyet, Yesevi, Tarm, Hamidiye, Zafer, Yercil, and Orza were 20.3, 15.4, 36, 19, 35.4, 42.7,
36.3, 16.8, 24.8, 25.6, 36.2, 96.3, and 38.2, respectively. The genotypes showed resistance variation. As a
result of this study, 69 genotypes were selected as resistance sources for P. graminea. Tunali [21] evaluated
53 Turkish barley genotypes for resistance against two P. graminea isolates. Three genotypes showed no
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symptoms and symptoms were less than 5% for 2 genotypes. Albustan et al. [22] tested the resistance of 1216
barley lines to barley stripe disease in field trials. Twenty-five percent of the lines were found resistant and
8% of the lines were found moderately resistant. Ulus and Karakaya [23] examined the resistance status of 15
barley cultivars’ (Tokak 157/37, Cumhuriyet 50, Yercil 247, Biilbiil 89, Erginel 90, Tarm 92, Karatay 94,
Orza 96, Kiral 94, Sladoran, Cetin 2000, Cumra 2001, Aydanhanim, Sur 93, Avci 2001) to barley stripe
disease at the seedling stage. Five different D. graminea isolates were used in this study obtained from
different parts of Ankara province. Cultivars Cumra 2001 and Yercil 147 showed resistance to 5 isolates and
cultivar Sladoran showed resistance to 4 isolates. Cultivars Erginel 90, Orza 96, Cetin 2001, and Aydanhanim
were evaluated as susceptible to 3 isolates. Pathogenic variation among the isolates was reported and isolate
Dg3 (mean disease incidence 39%) was the most virulent one. In another study, the resistance of 48 barley
cultivars was assessed against 13 D. graminea isolates obtained from different parts of Turkey. Cultivars
Durusu, Balkan 96 (Igri), Cumra 2001, and Anadolu 98 were found resistant to barley stripe disease. Forty-
five D. graminea isolates were analyzed using RFLP and ISSR techniques. Isolates showed a 12% difference,
and they were classified into 4 groups. Turkish and Italian isolates were classified into different groups. The
researchers suggested that Turkish isolates were genetically homogenous and they were originated from the
same gene pool [24]. Celik et al. [25] tested the resistance of 20 barley landraces and 3 barley cultivars to
barley stripe disease under greenhouse conditions. Ten Drechslera graminea isolates were obtained from 10
different parts of Turkey. Barley cultivar Cumra 2001 showed resistance to all the isolates used in this study.
Cultivars Atilir and Larende were found susceptible to 9 isolates. Isolates showed pathogenicity variation. The
most virulent isolate was from Konya (Bozkir) and the less virulent one was from Ankara (Haymana) among
the isolates used in this study. Celik Oguz et al. [26] evaluated the resistance of 23 hulless barley lines to
barley stripe disease. Three different D. graminea isolates were used. The isolates had different pathogenicity
levels. Kayseri isolate was the most virulent one. Line #2 showed resistance to all 3 isolates. Five, 2 and 1
lines showed resistant reactions to Ankara, Eskischir, and Kayseri isolates. Karakaya et al. [27] examined the
reactions of 25 barley landraces to 3 D. graminea isolates obtained from the Kayseri, Ankara, and Eskisehir
provinces of Turkey. The mean virulence values of the isolates were 31.12, 14.74, and 15.95, respectively.
Landrace #9 showed resistance to Kayseri and Eskisehir isolates, and it was moderately resistant to Ankara
isolate. Landrace #21 was resistant to Eskisehir and Ankara isolates, and it was moderately resistant to
Kayseri isolate. Landraces #7 and #11 showed hmedium resistance to all of the isolates. Hordeum
spontaneum, the progenitor of cultivated barley, and landrace barleys are important sources of variation. They
are commonly grown in Turkey. They can be used in disease resistance studies [26, 28, 29, 30, 31]. In a study
conducted by Celik Oguz [32] resistance of 30 barley landraces (H. vulgare) and 30 wild barley (H.
spontaneum) genotypes to 2 D. graminea isolates obtained from Eskisehir and Yozgat provinces of Turkey
were assessed. Isolates showed pathogenic variability. Twenty-three percent and 63% of the H. spontaneum
genotypes showed resistance to Yozgat and Eskisehir isolates, respectively. Forty-three percent and 90% of
the landrace barleys showed resistance to Yozgat and Eskisehir isolates, respectively. These results clearly
showed the resistance potentials of the wild barleys and barley landraces.

4. Conclusion and Discussion

It appears that barley stripe disease is a common barley disease in Turkey. Although fungicide application to
seed can control the disease, researchers should focus on obtaining genetically resistant plants. To develop
resistant plants and efficient and sustainable breeding strategies, the genetic structure and evolutionary
potential of the pathogen populations should be known. Evolution can create risk and can cause the breakage
of the major resistance genes [33, 34]. For this reason, P. graminea isolates should be collected from different
parts of Turkey, pathogenicity variation should be detected [23] and more resistance genes should be
identified [35]. Two major resistance genes against barley stripe disease in barley were identified and mapped
[36, 37]. Rdg2a, a dominant gene, is located in the telomeric region of the 7HS chromosome, and Rdgla is
located on the long arm of the 2H chromosome [38]. In cv Proctor, a QTL was identified against barley stripe
disease located at the centromeric region of the 7H chromosome. Resistance of cv Steptoe is managed by
major QTLs on the 3H or long arm of the 2H chromosome [39]. Rdg2a gene resistance was the most effective
against the disease but it was not effective against a highly pathogenic isolate. A study by Faccini et al. [40]
revealed a single, highly significant association on the short arm of chromosome 6H, in a genomic position
where quantitative trait loci (QTL) for barley resistance to P. graminea was not detected before. To increase
the number of resistance genes, the resistance status of more barley landraces and wild barley genotypes




BES Vol. 3, No. 1, September 2022, pp.1-6

should be assessed, and sexual production, variation, and distribution of the fungus should be understood to
select appropriate P. graminea isolates for determining resistant barley lines and mapping.
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