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ABSTRACT

This study evaluated the resistance of 54 wheat and 14 barley cultivars

Plant Protection

in Bolu, and 6 wheat cultivars and 89 barley lines in Eskigehir, to Research Article

common root rot caused by Bipolaris sorokiniana under controlled

conditions. Location-specific B. sorokiniana isolates (wheat-derived in Article History

Bolu, barley-derived in Eskisehir) were employed for evaluation. In Bolu, Received 1 14.04.2025
wheat cultivars demonstrated tolerance with variable disease severity, Accepted 1 28.06.2025
while barley cultivars showed moderate susceptibility with significantly

greater disease severity than wheat. Conversely, wheat cultivars in Keywords

Eskisehir exhibited complete resistance with no symptoms, whereas
barley lines displayed responses ranging from complete resistance to high
susceptibility. Eight wheat cultivars and two barley lines achieved
complete resistance across both locations. Neither growth habit (spring
vs. winter) in wheat nor row-type (tworow vs. six-row) in barley
significantly influenced disease severity. The consistent difference in
disease severity between barley and wheat, with barley exhibiting
greater susceptibility, highlights the importance of targeted breeding
efforts for each crop. Field evaluations are crucial to validate the findings
under natural conditions and refine disease management strategies.

OZET

Bu ¢alismada, Bolu'da 54 bugday ve 14 arpa ¢esidinin, Eskigehir'de ise 6
bugday cesidi ve 89 arpa hattinin Bipolaris sorokiniana tarafindan neden
olunan kok ve kokbogazi curikligiine karsi dayanikhligi kontrollt
kogullar altinda degerlendirilmistir. Lokasyona o6zgu B. sorokiniana
izolatlar1 (Bolu'da bugday kaynakli, Eskisehir'de arpa kaynakly)
degerlendirme igin kullanilmistir. Bolu'da bugday cesitleri degisken
hastalik siddeti ile tolerans gosterirken, arpa gesitleri bugdaya gore
onemli ol¢iide daha fazla hastalik siddeti ile orta derecede duyarlilik
sergilemistir. Eskisehir'deki bugday cesitleri ise belirti géstermeksizin
tam dayaniklilhik sergilemig, arpa hatlar1 tam dayanikliliktan yiiksek
duyarlihga kadar degisen tepkiler gostermistir. Sekiz bugday gesidi ve
iki arpa hatti her iki lokasyonda tam dayaniklilik géstermistir. Bugdayda
vejetatif gelisim tipi (yazlik veya kiglik) ile arpada basakta sira tipinin
(ki sirali veya alt1 sirall) hastalik siddeti iizerinde etkisi olmamistir.
Bugday ve arpa arasinda gozlemlenen belirgin hastalik tepkisi farkliligi,
her 1iki tur igin farkli 1slah stratejilerinin gerekliligini ortaya
koymaktadir. Elde edilen bulgularin dogal ¢evre kosullarinda da
dogrulanmasi ve hastalik yonetimi stratejilerinin gelistirilmesi agisindan
tarla denemeleri biiyiik 6nem arz etmektedir.
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INTRODUCTION

The necrotrophic fungal pathogen Bipolaris sorokiniana Shoemaker (teleomorph: Cochliobolus sativus (S. Ito &
Kurib.) Drechsler ex Dastur) presents a formidable challenge to global cereal production, significantly impacting
both yield and grain quality. This highly adaptable pathogen exhibits a broad host range, infecting various cereal
crops, with wheat (7riticum spp.) and barley (Hordeum vulgare 1.) being particularly vulnerable. Bipolaris
sorokiniana's versatility is further underscored by its ability to infect multiple plant organs, causing a complex of
diseases including common root rot (CRR), spot blotch, and black point (Al-Sadi et al., 2021; Alkan et al., 2022;
Dutbayev et al., 2022; Aktas & Endes, 2025). These diseases manifest in different ways, from root and crown rot
reducing nutrient and water uptake to foliar lesions impairing photosynthesis (spot blotch) and kernel
discoloration affecting seed germination and quality (black point) (Kumar et al., 2002; Bozoglu et al., 2022). This
multifaceted nature of B. sorokiniana infections necessitates a comprehensive understanding of its pathogenesis
and host interactions to develop effective and sustainable management strategies.

Common root rot, a major component of the disease complex caused by B. sorokiniana, poses a substantial threat
to cereal production across diverse agroecological zones. Studies conducted in Kazakhstan have identified B.
sorokiniana as a dominant soilborne wheat pathogen, with alarmingly high field incidences reaching up to 86.15%
and isolation frequencies of 44.80% from infected roots and crowns (Bozoglu et al., 2022; Kharipzhanova et al.,
2024). The pathogen's adaptability to different environmental conditions is further evidenced by its presence as a
causal agent of CRR in triticale (x Triticosecale Wittmack) (Ozer et al., 2020a) and its prevalence in colder regions
like Karagandy, Kazakhstan. Similarly, in Kyrgyzstan, B. sorokiniana has been recognized as the most prevalent
fungal pathogen affecting cereal crops, with high isolation frequencies and field incidences (Ozer et al., 2023).
These findings highlight the widespread distribution and adaptability of B. sorokinianain diverse climates and its
significant impact on cereal-growing systems across different regions. The pathogen’s prevalence in China, causing
wheat root and crown rot with incidences up to 82.7% (Xu et al., 2018), and its presence in Azerbaijan, causing
moderate disease severities (Ozer et al., 2020b), further underscores its global significance. CRR caused by B.
sorokiniana is also a major economic concern in the Canadian prairies, where yield losses in wheat can reach up
to 28.3% in severe cases (Ledingham et al., 1973). In the United States, B. sorokiniana is a key component of the
cereal foot rot complex, particularly in dryland wheat-producing areas, often co-occurring with other Fusarium
species, which can exacerbate disease severity through synergistic interactions (Hill et al., 1983; Fernandez et al.,
1985). The complexity of managing CRR is further compounded by its co-occurrence with other soilborne fungi like
Fusarium equiseti and F. avenaceum in regions like Western Canada (Fernandez et al., 2014).

Beyond CRR, the impact of B. sorokiniana is amplified by its ability to cause spot blotch and black point. Spot
blotch, primarily affecting leaves, reduces photosynthetic efficiency and contributes to yield reduction, while black
point, characterized by kernel discoloration, impairs seed germination, reduces grain quality, and can lead to
mycotoxin contamination (Xiong et al., 2023). The combined effects of these diseases, particularly in warm and
humid environments favorable to pathogen growth and dispersal (Duveiller & Sharma, 2009), pose a serious
challenge to cereal production worldwide. The global recognition of B. sorokiniana as one of the most destructive
pathogens of wheat and barley (Kumar et al., 2002; Al-Sadi, 2021) underscores the urgent need for developing
effective and sustainable disease management strategies.

Developing effective management strategies relies heavily on understanding the intricate interactions between B.
sorokiniana and its host plants, including the genetic basis of resistance. Advances in molecular tools like genome-
wide association studies (GWAS) and quantitative PCR (qPCR) have enabled researchers to identify specific loci
and genes associated with resistance to B. sorokiniana in wheat and barley (Matusinsky et al., 2010; Alkan et al.,
2022, 2025). These advances have paved the way for more targeted breeding efforts and the development of
resistant cultivars. The development of transgenic wheat lines expressing pathogenesis-related genes, resulting in
enhanced CRR resistance in China (Cui et al., 2021), highlights the potential of biotechnological approaches for
crop improvement. Furthermore, the identification of resistant local wheat and barley cultivars in Tiirkiye (Tunal
et al., 2008) provides valuable genetic resources for breeding programs.

Despite these advancements, the limited availability of commercially available resistant cultivars and the inherent
adaptability of B. sorokiniana to diverse environmental conditions continue to pose significant challenges to
disease management. Integrated disease management strategies, incorporating a combination of cultural practices
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like crop rotation and residue management, chemical control using fungicides, and the deployment of resistant
cultivars, are crucial for minimizing the impact of B. sorokiniana (Moya-Elizondo et al., 2011; Li et al., 2011; Baser
et al.,, 2021). However, the long-term sustainability of disease management relies heavily on developing and
deploying resistant cultivars, as chemical control alone is neither environmentally nor economically sustainable.

The evaluation of wheat and barley germplasm for resistance to B. sorokiniana remains a critical research priority.
Screening diverse collections of cultivars and lines under controlled conditions allows for the efficient identification
of genotypes with high levels of resistance (Matusinsky et al., 2010; Bozoglu et al., 2022; Alkan et al., 2025). These
resistant genotypes can then be incorporated into breeding programs to develop new, improved varieties with
enhanced disease resistance. Recent research efforts have increasingly focused on exploring novel sources of
resistance and understanding the underlying genetic and molecular mechanisms governing resistance to B.
sorokiniana. For example, GWAS has been successfully employed to identify key resistance alleles in previously
unexplored wheat germplasm, expanding the available pool of genetic resources for breeding (Kumar et al., 2002).

In Turkiye, where wheat and barley are staple crops crucial for food security, B. sorokiniana poses a significant
and ongoing threat to cereal production. The regional variations in pathogen prevalence and disease severity
emphasize the need for location-specific management strategies. Therefore, evaluating Turkish wheat and barley
germplasm for resistance to B. sorokiniana is essential for identifying locally adapted resistant or tolerant
genotypes. These genotypes can then be integrated into national breeding programs to develop improved varieties
tailored to the specific environmental conditions prevalent in different regions of Turkiye. Such efforts are in line
with global strategies for sustainable cereal production, which emphasize genetic resistance as a cornerstone of
integrated disease management (Zolfaghari et al., 2022).

This study focuses on evaluating the resistance of a diverse collection of Turkish wheat and barley germplasm,
sourced from various agricultural research institutes affiliated with the Ministry of Agriculture and Forestry, to
B. sorokiniana under controlled conditions in two distinct locations in Tiurkiye: Bolu and Eskisehir. We aim to
identify resistance in germplasm that can be used in breeding programs to develop high-yielding, tolerant wheat
and barley varieties. Ultimately, this research contributes to national and international efforts aimed at enhancing
sustainable cereal production and improving food security. Based on prior research and theoretical understanding,
we tested the following hypotheses: (1) barley and wheat germplasm would exhibit differential levels of resistance
to B. sorokiniana; (2) significant genotypic variation in resistance would exist within both crop species; and (3)
neither growth habit in wheat (spring or winter) nor row-type in barley (two-row or six-row) would significantly
influence resistance levels to CRR.

MATERIALS and METHODS
Sources of Wheat and Barley Germplasm

The common wheat (7riticum aestivum L.) and barley germplasm used in this study were sourced from diverse
regions and breeding programs to ensure a comprehensive representation of genetic diversity. Wheat and barley
cultivars evaluated in Bolu province were obtained from Agricultural Research Institutes affiliated with the
Ministry of Agriculture and Forestry of the Republic of Tiirkiye, including the Trakya, Eastern Mediterranean,
Black Sea, East Anatolian, Transitional Zone, and Bati1 Akdeniz Agricultural Research Institutes.

In Eskigehir province, barley and wheat germplasm were primarily sourced from Transitional Zone Agricultural
Research Institute, as well as supplemented with the Field Crops Central Research Institute and the Bahri Dagdas
International Research Institute. This diverse collection included both locally adapted lines and advanced breeding
materials, representing a broad spectrum of genotypic diversity.

The inclusion of these diverse sources aimed to capture the variation in resistance potential to B. sorokiniana,
aligning with the study’s objective of identifying tolerant lines for incorporation into breeding programs.

Fungal Isolates and Inoculum Preparation

The B, sorokiniana isolate TR-Cs-10 (GenBank Acc. Nos. MT271249 for ITS and MW248916 for GAPDH), obtained
from wheat plants showing CRR and characterized as highly virulent by Alkan et al. (2022), was used for wheat
inoculations. This isolate was supplied from the Mycology Laboratory Culture Collection, Department of Plant
Protection, Bolu Abant Izzet Baysal University. For barley inoculations, an aggressive B. sorokiniana isolate (B-
Cs-01) sourced from the International Maize and Wheat Improvement Center (CIMMYT)'s Soil-borne Pathogens
(SBP) program and molecularly characterized in this study (GenBank Acc. Nos. PV020439 for ITS and PV030914
for GAPDH) was used.

Both isolates were initially cultured on Synthetic Nutrient Agar (SNA) medium [KH,PO, (1 g), KNO; (1 g),
MgS0, - 7H,0 (0.5 g), KC1 (0.5 g), glucose (0.2 g), sucrose (0.2 g), agar (20 g), and distilled water (1000 mL)] in 9
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cm Petri dishes and incubated in the dark at 24 + 1°C for 10 days to induce sporulation. To produce inoculum for
soil infestation, 200 g of wheat bran was placed in heat-resistant polyester oven bags (25 cm X 38 cm), moistened
with 30 mL of water, sealed, and autoclaved at 121°C for 20 minutes on three consecutive days. After cooling, the
sterile bran was inoculated with 6 mm SNA disks from the respective B. sorokiniana cultures. Inoculated bran
bags were sealed with sterile cotton and incubated at 23°C for two weeks, inverting every other day for even spore
distribution. Excess moisture was removed from the colonized bran in an incubator at 35°C before storing at 4°C
until use. The conidial suspension was prepared by suspending sporulated fungus from SNA plates in sterile
distilled water (SDW), filtering the suspension through sterile gauze to remove mycelial fragments and debris, and
adjusting the concentration to 1 X 10° conidia mL™ using a hemocytometer. For soil inoculation, the conidial
suspension was mixed into sterilized nursery soil to achieve a final inoculum density of 250 conidia g™ of soil
(Duczek et al., 1985). Control pots were filled with sterilized, non-inoculated nursery soil.

Seed Sterilization and Vernalization

Seeds of barley and wheat were surface sterilized by washing with tap water, followed by immersion in 1% sodium
hypochlorite (NaOC]) for 3 minutes. The seeds were then rinsed three times with SDW. Seeds were vernalized by
placing 15 seeds per sterile Petri dish containing moistened filter paper. The dishes were stored at 4°C for four
weeks, with water levels monitored and adjusted every other day to maintain moisture.

Resistance Screening and Disease Assessment

Plastic pots (18 cm height, 9 cm diameter) were filled with the appropriate inoculated soil mixture. For each barley
and wheat cultivar/line, ten vernalized seeds were sown per pot. After seedling emergence, plants were thinned to
five per pot to ensure uniform growth conditions. Control pots containing sterilized, non-inoculated soil were also
included for both barley and wheat. Pots were maintained in a growth chamber with a 12-hour photoperiod at 24°C
for seven weeks. Disease severity was assessed seven weeks after planting using the 1-4 sub-crown internode
index (Ledingham et al., 1973). Disease ratings were assigned as follows: 1 = no discoloration, 2 = slight
discoloration, 3 = moderate discoloration (extended linear lesions not fully encircling the sub-crown internode), and
4 = severe discoloration (>50% discoloration encircling the sub-crown internode).

Based on their severity levels and statistical grouping, final mean disease severity scores were categorized to
classify genotypic reactions to B. sorokiniana. Scores <2 were regarded as resistant, categorized as tolerant (T),
indicating minimal or no discoloration. Scores >2 and <3 were designated as moderately susceptible (MS), reflecting
slight to moderate discoloration with limited impact on the sub-crown internode. Scores >3 up to 4 were classified
as susceptible (S), characterized by extensive lesions, severe discoloration, and significant damage to the sub-crown
internode.

Experimental Design and Statistical Analysis

The experiment was conducted using a completely randomized design with eight replicates per cultivar/line. Each
replicate consisted of a pot containing five plants, with the average disease severity of the five plants within each
pot used as the replicate score to minimize within-pot variation. The independent variable was genotype
(cultivar/line), with levels comprising 54 wheat and 14 barley cultivars in Bolu, and 6 wheat cultivars and 89 barley
lines in Eskigehir. Disease severity, the dependent variable, was assessed using the 1-4 sub-crown internode index
(Ledingham et al., 1973) and converted to percentage values using the Townsend-Heuberger formula [Disease
Severity (%) = (Sum of individual plant disease ratings x 100) / (Total number of plants x Maximum disease rating
on the scale)]. To stabilize variance and meet statistical assumptions, percentage disease severity values were
square root transformed prior to analysis. The normality of the transformed data was evaluated using the Shapiro-
Wilk test, and homoscedasticity was assessed using Levene's test. Shapiro-Wilk tests confirmed that data did not
meet normality assumptions for parametric analysis (P< 0.01 for barley; £< 0.01 for wheat).

Due to the lack of normality and homoscedasticity, disease severity among cultivars/lines was compared using the
non-parametric Kruskal-Wallis test. Post-hoc pairwise comparisons were conducted using Dunn’s test with
Bonferroni correction (P < 0.05) to identify significant differences, with letter groupings automatically generated
by the analysis software. In the Bolu experiment, where growth habit (spring vs. winter wheat) and row type (two-
row vs. six-row barley) data were available, Mann-Whitney U tests were performed to compare mean disease
severity. These comparisons were not conducted in the Eskisehir experiment, as row-type data were unavailable
for barley lines, and all wheat cultivars exhibited complete resistance (disease score = 1.00), precluding growth
habit comparisons. Statistical significance was set at < 0.05 for all tests.

All statistical analyses, including Kruskal-Wallis, Dunn’s, and Mann-Whitney U tests, were performed using
XLSTAT (Version 2016.02.28451, Addinsoft, New York, NY, USA), which automatically generates letter groupings
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for Dunn’s test. JMP Pro 13.0 (SAS Institute Inc., Cary, NC, USA) was used solely for data visualization, such as
violin plots.

RESULTS
Disease Severity in Wheat and Barley Cultivars in Bolu

In the Bolu experiment, a significant difference in disease severity was observed between barley and wheat (Mann-
Whitney U test, P< 0.01). Barley exhibited significantly higher disease severity than wheat, with mean disease
severity scores of 2.32 + 0.25 and 1.25 + 0.20, respectively. This indicates that, under the conditions of this study,
barley was more susceptible to B. sorokiniana infection than wheat.

Disease Severity in Wheat Cultivars in Bolu

Growth habit did not influence susceptibility to B. sorokiniana, as no significant difference in disease severity was
observed between spring and winter wheat (P> 0.451). Disease severity was assessed in spring and winter wheat
cultivars grown in Bolu, with individual plant scores ranging from 1 to 4 (Figure 1). Mean disease severity scores
for all cultivars ranged from 1.00 to 1.60 (Table 1). Since all mean scores were below 2, all cultivars were classified
as tolerant. 'Alpu-2001' and 'Palandéken-97' exhibited no discoloration in any replicates. A group of cultivars,
including 'Alparslan', 'Bereket', 'Daphan', '"Koépri', 'Nacibey', 'Sakin', 'Selimiye', "Yunus', and "Yiksel', exhibited
slightly higher, but still low, disease severity scores, ranging from 1.03 to 1.07. Disease severity progressively
increased in other cultivar groups.

Wheat

: i

Figure 1. Disease severity rating scale for wheat seedlings inoculated with Bipolaris sorokinianain Bolu. The scale
illustrates: (1) no discoloration, (2) slight discoloration, (3) moderate discoloration, and (4) severe
discoloration (Ledingham et al., 1973)

Sekil 1. Bolu'da Bipolaris sorokiniana ile inokule edilen bugday fidelerinde hastalik siddeti degerlendirme skalasi.
Skalaya gore: (1) renk degisimi yok, (2) hafif renk degisimi, (3) orta derecede renk degisimi ve (4) siddetli
renk degisimi (Ledingham et al., 1973)

Scores ranged from 1.10 to 1.20 in cultivars such as 'Ekinoks', 'Gerek-79', 'Karasu-90', 'Kirve', 'Mifitbey',
'Nenehatun', 'Saban’', 'Sonmez-2001', and 'Yakamoz'. A larger group of cultivars, including 'Abide', 'Adana-99',
'Altay’, 'Altin Basak', 'Altindane’, 'Alturna’, 'Ayyildiz', 'Bezostaya-1', 'Canik-2003', 'Ceyhan-99', 'Cetinel-2000',
'Damla’, 'Dogu-88', 'Gelibolu', 'Gokkan', 'Harmankaya-99', 'izgi-ZOOl', 'Kog¢-2015', 'Lancer', 'Mesut', 'Nevzatbey',
'Osmaniyem’, 'Ozcan’, 'Pehlivan’, 'Seri-2013', 'Soyer-02', 'Sultan-95', 'Tekirdag', and 'Yildirim', exhibited a wider
range of disease severity, from 1.17 to 1.53. 'Aldane’ exhibited a higher disease severity (1.57). 'Saribasak', 'Es-26',
and 'Kirik' showed the highest disease severity (1.60). While all evaluated wheat cultivars were considered tolerant
to B. sorokiniana, as mean disease severity scores remained below 2, these results nonetheless demonstrate
variation in disease severity among the cultivars.
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Table 1. Disease severity responses of wheat cultivars to Bipolaris sorokiniana isolate TR-Cs-10 in Bolu province
Cizelge 1. Bolu ilinde degerlendirilen bugday cesitlerinin Bipolaris sorokiniana izolati TR-Cs-10'a karsi reaksiyonlari

Cultivar Source Type Disease Severity Resistance Category
Alpu-2001 Transitional Zone ARI* W 1.00 + 0.00 a¥** Tww*
Palandoken-97 East Anatolian ARI W 1.00 + 0.00 2 T
Alparslan East Anatolian ARI W 1.03 + 0.03 @ T
Bereket Trakya ARI W 1.07 + 0.05 @ T
Daphan East Anatolian ARI W 1.07 + 0.05 @ T
Koépra Trakya ARI W 1.03 + 0.03 @ T
Nacibey Transitional Zone ARI W 1.10 + 0.07 @b T
Sakin Black Sea ARI W 1.03 + 0.03 @b T
Selimiye Trakya ARI W 1.10 + 0.07 @b T
Yunus Transitional Zone ARI " 1.07 + 0.05 @b T
Yiiksel Trakya ARI W 1.07 + 0.05 @b T
Candas Eastern Mediterranean ARI S 1.17 + 0.11 ac T
Ekinoks Eastern Mediterranean ARI S 1.10 + 0.06 ac T
Gerek-79 Transitional Zone ARI W 1.10 + 0.06 ac T
Karasu-90 East Anatolian ARI W 1.10 + 0.06 ac T
Kirve Black Sea ARI S 1.20 + 0.11 ac T
Miifitbey Transitional Zone ARI W 1.13 + 0.08 ac T
Nenehatun East Anatolian ARI W 1.17 + 0.08 ac T
Saban Trakya ARI W 1.17 + 0.08 ac T
Sénmez-2001 Transitional Zone ARI W 1.17 + 0.08 ac T
Yakamoz Eastern Mediterranean ARI S 1.10 + 0.06 ac T
Abide Trakya ARI W 1.43 + 0.12 ad T
Adana-99 Eastern Mediterranean ARI S 1.23 + 0.09 ad T
Altay Transitional Zone ARI W 1.47 + 0.14 ad T
Altin Bagak Eastern Mediterranean ARI S 1.40 + 0.13 ad T
Altindane Black Sea ARI S 1.33 + 0.11 =d T
Alturna East Anatolian ARI W 1.30 + 0.10 =2d T
Ayyildiz East Anatolian ARI A 1.37 + 0.12 ad T
Bezostaya-1 Transitional Zone ARI W 1.23 + 0.09 =ad T
Canik-2003 Black Sea ARI W 1.30 + 0.11 =d T
Ceyhan-99 Eastern Mediterranean ARI S 1.17 + 0.07 ad T
Cetinel-2000 Transitional Zone ARI W 1.17 + 0.07 ad T
Damla Trakya ARI W 1.50 + 0.18 ad T
Dogu-88 East Anatolian ARI W 1.53 + 0.14 ad T
Gelibolu Trakya ARI W 1.43 + 0.11 ad T
Gokkan Eastern Mediterranean ARI S 1.43 + 0.14 ad T
Harmankaya-99 Transitional Zone ARI W 1.20 + 0.07 ad T
Izgi-2001 Transitional Zone ARI A 1.50 + 0.12 ad T
Koc¢-2015 Bati Akdeniz ARI S 1.17 + 0.07 ad T
Lancer East Anatolian ARI W 1.33 + 0.09 ad T
Mesut Transitional Zone ARI W 1.23 + 0.08 ad T
Nevzatbey Black Sea ARI W 1.40 + 0.14 ad T
Osmaniyem Eastern Mediterranean ARI S 1.30 + 0.11 ad T
Ozcan Black Sea ARI W 1.30 + 0.13 ad T
Pehlivan Trakya ARI W 1.17 + 0.07 ad T
Seri-2013 Eastern Mediterranean ARI S 1.40 + 0.12 ad T
Soyer-02 Transitional Zone ARI W 1.43 + 0.09 ad T
Sultan-95 Transitional Zone ARI W 1.20 + 0.09 ad T
Tekirdag Trakya ARI W 1.23 + 0.10 ad T
Yildirim East Anatolian ARI " 1.27 + 0.11 ad T
Aldane Trakya ARI A 1.57 + 0.14 bd T
Saribagak Eastern Mediterranean ARI S 1.60 + 0.11 « T
Es-26 Transitional Zone ARI W 1.60 + 0.09 ¢ T
Kirik East Anatolian ARI W 1.60 + 0.09 ¢ T

*ARI = Agricultural Research Institute

**W = Winter wheat, S = Spring wheat.

***Disease severity values are presented as means + standard errors. Groups sharing the same letter do not differ significantly
based on Dunn’s multiple comparison test (P< 0.05). Due to the non-parametric nature of Dunn’s test, statistical analyses were
conducted on ranked square-root transformed data rather than the raw means.

****Resistance categories are defined as follows: T = Tolerant (scores > 2), MS = Moderately Susceptible (scores >2.0 and <3.0),
and S = Susceptible (scores >3.0).
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Disease Severity in Barley Cultivars in Bolu

Disease severity in two-rowed and six-rowed barley cultivars in Bolu did not differ significantly (P > 0.771),
indicating that row type does not influence susceptibility to B. sorokiniana. Evaluated cultivars displayed varying
responses to the highly virulent B. sorokinianaisolate TR-Cs-10 (Table 2). 'Harman' and 'Yaba' exhibited the lowest
disease severity (2.00 and 2.07, respectively). 'Ocak’, 'Fahrettin', 'Hazar', and 'Sladoran' showed slightly higher
scores, ranging from 2.13 to 2.17. 'Giildeste', Mart1', and 'Olgun' exhibited intermediate disease severity (2.23—
2.27). 'Ay', 'Pinar', and 'Yaprak' displayed higher scores (2.37-2.50). 'Bolayir' (2.87) and 'Hasat' (2.83) had the
highest disease severity scores. All barley cultivars exhibited MS reactions to B. sorokiniana, as all mean scores
were between 2 and 3.

Table 2. Disease severity responses of barley cultivars to Bipolaris sorokiniana isolate TR-Cs-10 in Bolu province
Cizelge 2. Bolu ilinde degerlendirilen arpa ¢esitlerinin Bipolaris sorokiniana izolat:1 TR-Cs-10'a karsi reaksiyonlari

Cultivar Source Type Disease Severity Resistance Category
Harman Trakya ARIT* TR** 2.07 +  0.14 a*¥* MS#****
Yaba Trakya ARI TR 200 =+ 0.12 a MS
Ocak Trakya ARI TR 2.13 + 0.06 2b MS
Ay Eastern Mediterranean ARI SR 2.37 + 0.16 =c MS
Fahrettin Black Sea ARI TR 2.17 + 0.08 =c MS
Gildeste Eastern Mediterranean ARI SR 2.27 + 0.13 ac MS
Hazar Trakya ARI SR 2.17 + 0.07 @& MS
Mart1 Trakya ARI SR 2.23 + 0.09 ac MS
Olgun East Anatolian ARI SR 2.27 + 0.10 ac MS
Pinar Trakya ARI TR 2.40 + 0.16 =c MS
Sladoran Trakya ARI TR 2.17 + 0.12 ac MS
Yaprak Trakya ARI SR 2.50 + 0.16 =c MS
Bolayir Trakya ARI TR 2.87 + 0.18 be MS
Hasat Trakya ARI TR 2.83 + 0.15 ¢ MS

*ARI = Agricultural Research Institute

**TR = Two-row barley, S = Six-row barley

***Disease severity values are presented as means + standard errors. Groups sharing the same letter do not differ significantly
based on Dunn’s multiple comparison test (£< 0.05). Due to the non-parametric nature of Dunn’s test, statistical analyses were
conducted on ranked square-root transformed data rather than the raw means.

****Resistance categories are defined as follows: T = Tolerant (scores > 2), MS = Moderately Susceptible (scores >2.0 and <3.0),
and S = Susceptible (scores >3.0).

Disease Severity in Wheat Cultivars and Barley Lines in Eskigehir

In the Eskisehir experiment, all six wheat cultivars exhibited complete resistance (disease score = 1.00) to the
barley-derived B. sorokiniana isolate B-Cs-01, showing no visible symptoms. In contrast, the 89 barley lines
displayed significant variation (P < 0.05), with only two lines achieving complete resistance, while the majority
ranged from moderately susceptible to susceptible (disease scores 2.00-4.00).

Disease Severity in Wheat Cultivars in Eskigehir

In contrast to the variability observed among barley lines, no disease symptoms (score of 1.00) were observed in
all wheat lines tested in Eskisehir (Table 3). These included Bezostaya-1, Kiziltan 91, 2-49, Kutluk, Sunco, and
Altay-2000, which exhibited complete resistance to B. sorokiniana. This uniform resistance highlights the
distinction between wheat and barley responses to the pathogen under experimental conditions.

In summary, our findings demonstrate a consistent pattern across locations: wheat cultivars generally exhibited
higher resistance to B. sorokiniana compared to barley cultivars, with significant variation in disease severity
within each species (P < 0.01). Eight wheat cultivars and two barley lines showed complete resistance (disease
score = 1.00), representing valuable genetic resources for breeding programs.

Disease Severity in Barley Lines in Eskigehir

Barley lines (of known origin, but with undetermined row-type, precluding row-type comparisons) evaluated in
Eskisehir exhibited a wide range of disease severity responses (P < 0.05) to the highly virulent Bipolaris
sorokiniana isolate B-Cs-01 (Figure 2, Table 4). 'YEA7281-5' and 'YEA7522-4' displayed complete resistance with
scores of 1.00, showing no disease symptoms and thus categorized as tolerant (T) (Figure 3, Table 4). A group of
lines, including 'YAA9256-6', 'YAA9301-1', 'Hamidiye-85', 'YEA7512-8', 'YEA7271-6', 'YEA7529-1', 'YEA7522-7',
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"YEA7522-8', and 'YEA7529-26', displayed slightly higher, yet still low, disease severity scores, ranging from 1.38
to 1.63, also remaining within the tolerant category. Disease severity began to increase with lines 'YEA7512-2',
"YEA7529-2', and 'YEA7522-13', which exhibited scores of 1.75, still categorized as tolerant. The transition to
moderately susceptible (MS) began with lines 'YEA7281-3', 'YEA7528-18', 'YEA7529-13'", and 'YEA7529-16' at a
score of 2.00. This moderately susceptible category encompassed a range of severities, with lines like 'YAA9256-8'
and 'YEA7522-6' showing scores of 2.25 and 2.38, respectively, and lines like "'YEA7507-5', "'YAA9301-2', "'YAA9301-
6' exhibiting scores of 2.50, and 'YEA7270-3', 'Cildir-02 B', and 'YEA7278-6' reaching scores of 2.75.

Table 3. Wheat cultivars evaluated in Eskigehir province and their disease severity responses to the highly virulent
Bipolaris sorokiniana isolate B-Cs-01

Cizelge 3. Eskisehir ilinde degerlendirilen bugday cesitleri ve yliksek virtilent Bipolaris sorokiniana izolat1 B-Cs-
01'e karsi gosterdikleri hastalik siddeti tepkileri

Cultivar Source Type Disease Severity Resistance Category
Bezostaya-1 Transitional Zone ARI* WH* 1.00 <+ 0.00 a*** TH***
Kiziltan 91 Field Crops Central RI w 1.00 <+ 0.00 2 T

249 CIMMYT S 1.00 =+ 0.00 T
Kutluk CIMMYT W 1.00 =+ 0.00 T
Sunco CIMMYT S 1.00 =+ 0.00 = T
Altay-2000 Transitional Zone ARI \\ 1.00 + 0.00 2 T

*ARI = Agricultural Research Institute, RI = Research Institute

**W = Winter wheat, S = Spring wheat.

***Disease severity values are presented as means + standard errors. Groups sharing the same letter do not differ significantly based
on Dunn’s multiple comparison test (P < 0.05). Due to the non-parametric nature of Dunn’s test, statistical analyses were conducted
on ranked square-root transformed data rather than the raw means.

****Registance categories are defined as follows: T = Tolerant (scores > 2), MS = Moderately Susceptible (scores >2.0 and <3.0), and S
= Susceptible (scores >3.0).

Figure 2. Disease severity rating scale for barley seedlings inoculated with Bipolaris sorokiniana in Eskisehir
province. The scale illustrates: (1) no discoloration, (2) slight discoloration, (3) moderate discoloration, and
(4) severe discoloration

Sekil 2. Eskisehir ilinde Bipolaris sorokiniana ile inokule edilen arpa fidelerinde hastalik siddeti degerlendirme
skalasi. Skala sunlar1 géstermektedir: (1) renk degisimi yok, (2) hafif renk degisimi, (3) orta derecede renk
degisimi ve (4) siddetli renk degisimi

The susceptible (S) category began at a score of 3.00, with a large number of lines falling within this category.
Many of these susceptible lines, such as 'YEA7508-6', "'YAA9245-4", 'YAA9301-3', 'YEA7269-8', 'YEA7529-11', and
'Sabribey', clustered around a score of 3.00. A substantial group of susceptible lines exhibited slightly higher scores
around 3.13, including lines like 'YEA7508-9', 'YEA7508-14', 'YAA9245-1', and 'YEA7529-7'. A smaller group of
lines within the susceptible category showed slightly higher scores around 3.25. This included lines like 'YEA7508-
15', "'YEA7511-7', 'Burakbey', and 'Yiiksel'. Disease severity continued to increase with lines like 'YAA10395-0A'
and 'Cumhuriyet-50', reaching scores around 3.38. A few lines, 'YEA7508-19', 'Kalayci-97', and 'YEA7282-6'
exhibited scores of 3.50. 'Larende' and 'YAA10447-0A' reached 3.63. Finally, 'Keser' and 'YEA7523-13' displayed
the highest disease severity with scores of 4.00.
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Figure 3. Distribution of CRR disease severity across 89 barley lines evaluated in Eskigehir province. Disease
scores range from 1 (no symptoms) to 4 (severe infection). Black dots represent mean disease scores for
each cultivar. Blue, red, and yellow shaded areas indicate tolerant (T), moderately susceptible (MS), and
susceptible (S) categories, respectively

Sekil 3. Eskigehir ilinde degerlendirilen 89 arpa hattinda KKBC hastalik siddetinin dagilimi. Hastalik skorlar: 1
(belirti yok) ile 4 (siddetli enfeksiyon) arasinda degismektedir. Violin grafigi icindeki siyah noktalar, her
gesit icin ortalama hastalik skorunu temsil etmektedir. Mavi, kirmizi ve sar1 gélgeli alanlar sirasiyla
toleranshi (T), orta derecede duyarli (MS) ve duyarl: (S) kategorileri gostermektedir
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Table 4. Barley lines evaluated in Eskigehir province and their disease severity responses to the highly virulent Bipolaris
sorokiniana isolate B-Cs-01

Cizelge 4. Eskisehir ilinde degerlendirilen arpa hatlar1 ve yiliksek viriilent Bipolaris sorokiniana izolati B-Cs-01'e karsi
gosterdikleri hastalik siddeti tepkileri

Lines Source Type Disease Severity Resistance Category
YEA7281-5 Transitional Zone ARIT* UK** 1.00 + 0.00 a*** T***
YEAT7522-4 Transitional Zone ARI UK 1.00 + 0.00=2 T
YAA9256-6 Transitional Zone ARI UK 1.50 + 0.192b T
YAA9301-1 Transitional Zone ARI UK 1.38 + 0.18 2 T
Hamidiye-85 Transitional Zone ARI TR 1.50 + 0.192b T
YEA7512-8 Transitional Zone ARI UK 1.50 + 0.19 2 T
YEAT7271-6 Transitional Zone ARI UK 1.50 + 0.19 2 T
YEA7529-1 Transitional Zone ARI UK 1.63 + 0.1872b T
YEA7522-7 Transitional Zone ARI UK 1.63 + 0.1872b T
YEAT7522-8 Transitional Zone ARI UK 1.63 + 0.182b T
YEA7529-26 Transitional Zone ARI UK 1.50 + 0.19 72 T
YEA7512-2 Transitional Zone ARI UK 1.75 + 0.16 ac T
YEA7281-3 Transitional Zone ARI UK 2.00 =+ 0.00 ac MS
YEA7528-18 Transitional Zone ARI UK 2.00 £ 0.00 ac MS
YEA7529-13 Transitional Zone ARI UK 2.00 + 0.00 ac MS
YEA7529-2 Transitional Zone ARI UK 1.75 £ 0.16 ac T
YEA7522-13 Transitional Zone ARI UK 1.75 £ 0.16 ac T
YEA7529-16 Transitional Zone ARI UK 2.00 =+ 0.00 ac MS
YEA7507-5 Transitional Zone ARI UK 2.50 =+ 0.19 ad MS
YAA9256-8 Transitional Zone ARI UK 2.25 =+ 0.16 2d MS
YAA9301-2 Transitional Zone ARI UK 2.50 =+ 0.19 ad MS
YAA9301-6 Transitional Zone ARI UK 2,50 + 0.19 ad MS
YEA7522-6 Transitional Zone ARI UK 2.38 £ 0.18 ad MS
YEA7508-6 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YEA7508-9 Transitional Zone ARI UK 3.13 £ 0.13 ae S
YEA7508-14 Transitional Zone ARI UK 3.13 + 0.13 ae S
YEA7508-20 Transitional Zone ARI UK 3.13 + 0.13 ae S
YEA7510-3 Transitional Zone ARI UK 3.13 + 0.13 ae S
YEA7270-3 Transitional Zone ARI UK 2.75 + 0.16 2¢ MS
YAA9245-1 Transitional Zone ARI UK 3.13 + 0.13 2e S
YAA9245-4 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YAA9454-4 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YAA9454-5 Transitional Zone ARI UK 3.13 + 0.13 2e S
YAA9454-8 Transitional Zone ARI UK 3.13 + 0.13 ae S
YAA9301-3 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YAA9301-5 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YAA9301-7 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YAA9301-8 Transitional Zone ARI UK 3.13 £ 0.13 ae S
YEA7269-8 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YEA7281-18 Transitional Zone ARI UK 3.13 + 0.13 2e S
YEA7528-9 Transitional Zone ARI UK 3.13 + 0.13 2e S
YEAT7528-12 Transitional Zone ARI UK 3.13 + 0.13 ae S
YEA7529-7 Transitional Zone ARI UK 3.13 + 0.13 ae S
YEA7529-11 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YEA7529-18 Transitional Zone ARI UK 3.13 + 0.13 ae S
Cildir-02 B Transitional Zone ARI TR 2.75 £ 0.16 2* MS
Ozdemir-05 Transitional Zone ARI TR 3.13 £ 0.13 ae S
Sabribey Transitional Zone ARI TR 3.00 =+ 0.00 ae S
YEA7276-3 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YEAT7278-6 Transitional Zone ARI UK 2.75 + 0.16 2¢ MS
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YEAT7296-4 Transitional Zone ARI UK 3.13 £ 0.13 a¢ S
YEAT7522-3 Transitional Zone ARI UK 3.13 £ 0.13 a¢ S
YEAT7522-11 Transitional Zone ARI UK 3.00 =+ 0.00 2e S
YEA7529-5 Transitional Zone ARI UK 3.00 £ 0.00 ae S
YAA9431-1 Transitional Zone ARI UK 3.13 £ 0.13 ae S
YAA9431-4 Transitional Zone ARI UK 3.13 £ 0.13 ae S
YAA9431-7 Transitional Zone ARI UK 3.00 =+ 0.00 ae S
YEA7508-15 Transitional Zone ARI UK 3.25 £ 0.16be S
YEA7511-7 Transitional Zone ARI UK 3.25 £ 0.16 e S
YEA7368-8 Transitional Zone ARI UK 3.25 £ 0.16be S
Burakbey Field Crops Central RI TR 3.25 £ 0.16 e S
Erginel-90 Transitional Zone ARI TR 3.25 £ 0.16 be S
YEA7512-5 Transitional Zone ARI UK 3.25 £ 0.16 be S
YEA7512-6 Transitional Zone ARI UK 3.25 £ 0.16 be S
YEA7512-7 Transitional Zone ARI UK 3.25 £ 0.16 be S
Yiiksel Transitional Zone ARI TR 3.25 =+ 0.16be S
YEA7371-1 Transitional Zone ARI UK 3.25 £ 0.16be S
YEA7371-3 Transitional Zone ARI UK 3.25 =+ 0.16be S
YEA7522-5 Transitional Zone ARI UK 3.25 £ 0.16be S
YEA7523-6 Transitional Zone ARI UK 3.25 £ 0.16 be S
YEA7529-29 Transitional Zone ARI UK 3.25 £ 0.16 be S
YAA10395-0A Transitional Zone ARI UK 3.38 + 0.18ce S
YAA10387-0A Transitional Zone ARI UK 3.38 + 0.18¢ce S
Cumbhuriyet-50 Transitional Zone ARI TR 3.38 + 0.18¢ce S
YEA7321-7 Transitional Zone ARI UK 3.38 + 0.18¢ce S
YEAT7294-12 Transitional Zone ARI UK 3.38 + 0.18¢ce S
YAA10085-0A Transitional Zone ARI UK 3.38 + 0.18¢ce S
YEAT7522-1 Transitional Zone ARI UK 3.38 + 0.18ce S
Unver Transitional Zone ARI TR 3.38 + 0.18ce S
YEA7508-19 Transitional Zone ARI UK 3.50 = 0.19de S
YAA9454-6 Transitional Zone ARI UK 3.50 £ 0.19de S
Kalayci-97 Transitional Zone ARI TR 3.50 £ 0.19de S
Larende Bahri Dagdag International RI TR 3.63 £ 0.18de S
YAA10447-0A Transitional Zone ARI UK 3.63 £ 0.18de S
YAA10464-0A Transitional Zone ARI UK 3.50 £ 0.19de S
YEA7282-6 Transitional Zone ARI UK 3.50 £ 0.19de S
Ince-04 Transitional Zone ARI TR 3.50 = 0.19de S
Keser Transitional Zone ARI TR 4.00 £ 0.00°¢ S
YEA7523-13 Transitional Zone ARI UK 4.00 + 0.00¢e S

*ARI = Agricultural Research Institute, RI = Research Institute

** UK = source unknown barley, TR = Two-row barley.

***Disease severity values are presented as means + standard errors. Groups sharing the same letter do not differ significantly
based on Dunn’s multiple comparison test (P< 0.05). Due to the non-parametric nature of Dunn’s test, statistical analyses were
conducted on ranked square-root transformed data rather than the raw means.

****Resistance categories are defined as follows: T = Tolerant (scores > 2), MS = Moderately Susceptible (scores >2.0 and <3.0),
and S = Susceptible (scores >3.0).

DISCUSSION

This study provides a comprehensive evaluation of CRR resistance in a diverse collection of wheat and barley
germplasm, challenged with Bipolaris sorokiniana under controlled conditions in two distinct locations in Tturkiye:
Bolu and Eskigehir provinces. Our findings illuminate the intricate interplay between host genotype, pathogen
virulence, and environment, and offer valuable insights for developing effective and sustainable CRR management
strategies.

In Bolu, the evaluation of 54 wheat cultivars revealed a promising outcome: all cultivars exhibited tolerance to
CRR, demonstrating a broad-based resistance within the tested wheat germplasm. While the degree of tolerance
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varied among cultivars, with some showing only minimal discoloration and others exhibiting more pronounced
symptoms, the consistent classification of all wheat cultivars as tolerant (disease scores < 2) is encouraging for
CRR management in this region. This inherent tolerance in wheat contrasts markedly with the generally higher
susceptibility of barley to B. sorokiniana, a trend widely reported in the literature (Ghazvini & Tekauz, 2008;
Kumar et al., 2002). This difference in host susceptibility was clearly evident in our Bolu experiment, where all 14
barley cultivars tested displayed MS reactions, with disease scores ranging from 2.00 to 2.87. This higher
susceptibility in barley emphasizes the critical need for intensified research and breeding efforts focused on
enhancing CRR resistance in this crop, particularly given the potential for devastating yield losses of up to 30%
under severe CRR pressure, as reported by Kumar et al. (2002).

Shifting our focus to the Eskigehir experiment, we observed a contrasting scenario. All six wheat cultivars
evaluated exhibited complete resistance to the barley-derived B. sorokiniana isolate used in this location,
maintaining a disease score of 1.00 and remaining entirely asymptomatic. This complete resistance in wheat is
particularly striking when compared to the variable responses observed among the 89 barley lines tested in
Eskigsehir. These barley lines displayed a spectrum of reactions, ranging from complete resistance, mirroring the
wheat response, to high susceptibility, demonstrating the significant genetic variability within the barley
germplasm and the potential influence of host-pathogen interactions. This differential response between wheat
and barley to the same B. sorokiniana isolate underscores the complexity of host-pathogen dynamics and suggests
the possibility of host-specific virulence factors, as highlighted by Knight et al. (2010) and Acharya et al. (2011).
The identification of two completely resistant barley lines (YEA7281-5' and 'YEA7522-4") in Eskisehir, however,
provides valuable genetic material for future breeding programs and for investigating the mechanisms underlying
this resistance.

Our investigation into the influence of growth habit and row type on disease severity in Bolu revealed that neither
factor played a significant role in CRR resistance. The absence of a significant difference in disease severity
between spring and winter wheat cultivars (P> 0.451) aligns with previous findings by Matusinsky et al. (2010)
and suggests that growth habit is not a primary determinant of resistance to B. sorokiniana. Similarly, the lack of
a significant difference between two-rowed and six-rowed barley cultivars (P> 0.771) indicates that row type is
not a major factor influencing CRR susceptibility. This finding supports the notion that genetic resistance, rather
than morphological traits, plays a more significant role in determining CRR resistance, as highlighted by
Fernandez et al. (2014) and Ozer et al. (2023). The consistent and highly significant difference in disease severity
observed between barley and wheat in Bolu (P < 0.01) further reinforces the greater vulnerability of barley to B.
sorokiniana, a trend observed across diverse agroecological zones and reported in numerous studies (Fernandez et
al., 2007; Bozoglu et al., 2022). This difference in susceptibility might be attributed to variations in host defense
mechanisms, the pathogen's ability to colonize and infect different host tissues, or the broader adaptability of B.
sorokiniana to warmer climates, as suggested by Al-Sadi (2021) and Ozer et al. (2020b).

The identification of eight completely resistant wheat cultivars and two completely resistant barley lines across
our two experimental locations represents a significant outcome of this study. These genotypes, exhibiting no
visible symptoms of infection even when challenged with highly virulent B. sorokiniana isolates, constitute
valuable genetic resources for future breeding efforts. They offer promising sources of resistance alleles that can
be incorporated into elite cultivars through various breeding strategies, including marker-assisted selection and
potentially transgenic approaches. The existence of such resistant genotypes within Turkish germplasm, as
previously reported by Tunali et al. (2008) and Al-Sadi (2021), further strengthens the prospects for developing
locally adapted, CRR-resistant wheat and barley varieties. The substantial genotypic variation observed in our
study, consistent with previous research (Al-Sadi & Deadman, 2010; Manghwar et al., 2018), further highlights
the rich genetic diversity available for exploitation in breeding programs. These findings complement previous
Turkish studies demonstrating genotypic variation in disease resistance, such as the differential responses of
wheat cultivars to Fusarium species in the Trakya region (Koycti & Ozer, 2019). The successful integration of the
GmPGIP3 gene into wheat, resulting in enhanced resistance to both B. sorokiniana and Gaeumannomyces
graminis var. tritici (Wang et al., 2015), demonstrates the potential of transgenic approaches for improving CRR
resistance. However, it i1s crucial to emphasize the importance of integrating resistant cultivars into broader,
sustainable disease management strategies, as advocated by CIMMYT (Kumar et al., 2002; Zolfaghari et al., 2022),
which encompass cultural practices, judicious use of chemical control, and the deployment of resistant varieties.
This integrated approach is particularly vital given the limited efficacy of chemical control alone against CRR and
other root and crown diseases in wheat (Fernandez et al., 2010).

The observed genotypic variation also underscores the value of utilizing advanced molecular tools like quantitative
trait locus (QTL) mapping and genome-wide association studies (GWAS) for dissecting the genetic architecture of
CRR resistance. These tools enable the identification of specific genomic regions associated with resistance,
facilitating marker-assisted selection and accelerating the introgression of favorable alleles into elite cultivars.
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Successes in reducing CRR severity through QTL mapping (Cui et al., 2021) and the development of resistant
doubled-haploid barley lines (Arabi et al., 2021) showcase the power and effectiveness of these molecular breeding
approaches. The observed variability in disease responses across genotypes and geographic regions also highlights
the inherent diversity within B. sorokiniana populations, with multiple pathotypes exhibiting varying degrees of
virulence and host specificity, as documented by Valjavec-Gratian & Steffenson (1997) and Leng et al. (2016). This
emphasizes the importance of including a diverse panel of B. sorokinianaisolates in resistance screening programs
to ensure the development of cultivars with broad-spectrum and durable resistance, capable of withstanding the
challenges posed by diverse pathogen populations.

While our controlled environment study offers valuable insights into the genetics and mechanisms of CRR
resistance, it is essential to acknowledge the limitations of such controlled settings and recognize the critical
importance of field validation. Environmental factors, including soil composition, moisture levels, temperature
fluctuations, and the complex interplay within soil microbial communities, can significantly influence disease
development and the expression of resistance in the field (Hill et al., 1983; Moya-Elizondo et al., 2011). Therefore,
rigorous multi-environment field trials are indispensable for validating the resistance observed under controlled
conditions and for evaluating the performance and stability of identified resistant lines across diverse
agroecological conditions. Future research should prioritize such field-based evaluations, along with deeper
investigations into the underlying molecular mechanisms governing resistance to B. sorokiniana, including the
role of reactive oxygen species, pathogenesis-related proteins, and defense-related enzymes (Qalavand et al., 2022).
Furthermore, the development of advanced diagnostic tools, such as quantitative PCR and high-throughput
phenotyping platforms (Alkan et al., 2022), will play a crucial role in enhancing disease detection, facilitating large-
scale resistance screening, and accelerating the breeding process. This integrated approach, combining controlled
experiments, field validations, molecular investigations, and advanced diagnostic tools, will be instrumental in
achieving the overarching goal of developing and deploying CRR-resistant wheat and barley cultivars, thereby
contributing significantly to global food security and sustainable agriculture.

While our controlled environment experiments provided valuable insights into host-pathogen interactions, several
limitations must be acknowledged. First, the responses observed under controlled conditions may not fully reflect
field performance, where complex environmental interactions can significantly influence disease development.
Second, we employed only two B. sorokiniana isolates, which may not represent the full spectrum of pathogen
diversity in agricultural systems. Third, our assessment focused primarily on seedling-stage resistance, and adult-
plant resistance mechanisms may differ. These limitations underscore the importance of field validation and
expanded pathogen isolates in future studies.

CONCLUSION

This study reveals the differential susceptibility of barley and wheat to B. sorokiniana under controlled conditions,
demonstrating barley’s greater vulnerability to the pathogen. It identifies promising resistant lines in both species,
representing critical resources for breeding programs. To ensure sustainable disease management, integrating
genetic resistance with cultural practices, such as crop rotation and residue management, is essential. Future
efforts should focus on field validation, advanced molecular studies, and the deployment of resistant cultivars to
mitigate the impact of B. sorokiniana on cereal production.
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