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Table 1- Scoring for phenotypic groups of black rust disease on wheat hosts

Phenotypic groups of black rust disease

;0311 1+ 2- 2 2+ 3- 3 3+ 4

Scoring
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Table 2. Ineffective/effective pattern of Sr resistance genes of Puccinia graminis f. sp. tritici races used for

resistance evaluation of wheat genotypes

Isolate  Race Province Town Effective genes / Ineffective genes Inef,1\‘|eoc.tive

genes
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Table 3. Combined analysis of variance for infection type and latent period of wheat genotypes to stem rust races

SOV Df It Lp
Race 5 18.63™ 12.51™
Error (1) 12 2.7 1.97
Genotype 30 93.72™ 63.41™
Genotype* Race 150 74.47™ 53.84™
Error (2) 360 11.66 9.97
CV% 12.31 10.87

* and **= Significant at 5% and 1% probability levels, respectively
ns = not Significant, IT: Infection type, LP: Latent period
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Table 4. Values of the infection type and latent period in wheat genotypes to Puccinia graminis f. sp. tritici races

Puccinia graminis f. sp. tritici z 6 sl gl y 33 puis™ S uwish) Sidg 0395 9 o1 i polic—¢ Jous

No. Genotype TKTTF TTTTF TTRTF TKSTC PKRTF PKSTF
Latent Infection Latent Infection Latent Infection Latent Infection Latent Infection Latent Infection
period type period type period type period type period type period type

Gl Zﬁenga_nlzl 13.35 3.35 10.12 7.08 10.28 7.32 10.34 7.45 11.62 6.28 11.78 6.45

G2 2EBWYT-20 10.64 7.13 10.54 7.46 10.76 7.14 12.97 3.96 11.54 5.6 13.1 3.79

G3 2EBWYT-21 13.52 3.16 10.48 7.49 13.03 412 12.92 4.34 10.68 7.31 10.53 7.36

G4 1-66-22 8.39 11.49 8.25 11.53 8.42 11.53 8.31 11.73 8.62 11.65 8.2 11.74

G5 DN-7 8.83 11.45 8.36 11.13 11.25 6.37 8.41 10.99 9.06 11.03 8.52 11.13

G6 DN-10 9.22 10.43 9.31 10.27 9.43 9.99 9.41 10.08 11.98 5.77 9.6 9.83

G7 DN-11 9.54 10.13 9.47 9.83 9.17 10.28 9.87 8.37 9.25 9.93 9.45 10.38

G8 DN-12 8.91 11.23 8.96 11.14 8.9 10.17 9.11 10.35 9.38 10.53 10.88 7.37

G9 Fmkh30 9.18 10.31 9.31 10.05 9.09 9.98 9.43 10.23 9.68 10.05 8.96 9.97

G10 WS-85-9 9.88 9.23 10.24 8.12 9.82 8.97 10.38 7.15 10.3 8.11 9.92 8.99
G11 WS-85-10 9.54 9.26 9.89 9.39 10.12 7.89 9.68 9.06 9.44 9.74 10.11 8.45
G12 WS-85-15 9.92 8.97 10.05 8.74 10.47 7.99 10.23 8.03 9.73 9.27 10.38 8.23
G13 WS-86-5 1141 6.43 10.25 8.26 10.35 8.17 10.67 7.31 9.39 10.24 9.63 9.26
Gl4 WS-86-8 10.15 9.79 11.93 5.47 10.07 9.19 9.69 9.21 9.49 10.1 9.25 10.05
G15 WS-86-11 10.63 7.61 10.55 7.49 10.24 8.15 10.51 7.33 10.29 8.42 10.65 7.09
G16 WS-86-12 10.45 8.21 9.32 10.23 10.53 8.02 9.58 9.92 10.19 8.55 9.74 9.63
G17 WS-86-13 11.28 6.32 12.11 5.54 11.98 5.79 11.36 6.86 12.07 541 11.39 7.11
G18 WS-86-14 11.02 6.98 10.93 6.78 11.09 7.11 10.57 6.74 11.56 6.33 10.67 6.14
G19 WS-87-4 10.11 7.89 9.21 9.98 10.39 7.98 12.29 5.71 9.34 9.79 10.19 8.11
G20 WS-87-5 10.79 7.36 10.11 8.41 10.85 7.72 10.74 7.59 9.89 9.57 10.77 7.42
G21 WS-87-11 9.74 9.08 9.56 9.23 9.93 8.97 10.09 9.17 9.66 9.31 12.1 5.28
G22 WS-87-15 10.45 7.79 9.83 8.54 10.31 8.23 10.79 7.11 10.59 7.48 10.69 7.4

G23 WS-88-6 10.18 8.22 10.43 7.98 10.27 8.32 10.48 7.96 10.92 7.58 10.96 7.39
G24 WS-88-13 10.76 7.32 10.65 7.29 10.93 7.18 10.76 7.21 10.71 7.29 10.81 7.39
G25 WS-89-6 9.86 9.18 9.66 8.99 12.11 5.17 9.86 9.36 9.85 8.99 9.49 10.34
G26 WS-89-7 10.42 8.12 10.84 7.31 10.64 7.51 104 8.12 9.38 10.15 9.44 9.89
G27 WS-89-10 10.51 6.46 9.12 9.95 9.44 10.1 9.63 9.91 9.58 9.83 9.21 10.37
G28 WS-89-12 10.28 8.11 10.25 8.21 9.84 9.19 10.02 7.78 9.75 9.41 9.73 9.25
G29 WS-90-10 10.57 7.58 10.93 6.99 10.83 7.23 9.27 9.65 11.11 7.16 10.8 7.63
G30 WS-90-18 9.76 9.59 10.23 8.26 9.93 8.45 9.92 9.11 10.35 8.2 9.73 9.64
G31 Morocco 8.11 12 8.09 12 8.17 12 8.11 12 8.07 12 8.34 12
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Figure 1. The dendrogram of cluster analysis based on Ward’s method and Euclidean distance using the latent
period and infection type data of wheat genotypes studied for different Pgt races at the seedling stage
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Abstract
Background and Objectives
Stem rust, also known as black rust and caused by the fungus Puccinia graminis f. sp. tritici (Pgt),
poses a substantial threat to global food security by potentially devastating wheat crops. This
disease can lead to a 100% loss in wheat crop yields under epidemic conditions. The combined
impact of rust, including stripe rust, leaf rust, and stem rust, on overall wheat production is
estimated at around $5 billion annually. Stem rust exhibits distinctive symptoms, such as dark
brown pustules, appearing across all parts of the wheat plant. Recent reports highlight recurring
stem rust epidemics across various global regions. Notably, there has been a significant spread of
stem rust in Europe, particularly in England and Italy. Iran has also experienced two severe stem
rust epidemics. The most effective strategy to mitigate the impact of this disease involves
identifying and incorporating resistant genes from cultivars displaying robust resistance into
favored wheat genotypes. This approach aims to establish enduring genetic resistance, representing
a crucial method for disease control.
Materials and Methods
To uncover novel sources of resistance, an experiment was conducted to assess the resistance
reactions of 30 wheat genotypes and a susceptible check (Morocco) against six distinct Pgt races,
each characterized by unique pathogenicity patterns (TKTTF, TTTF, TTRTF, PKRTF, PKSTF,
and TKSTC). The experiment followed a randomized complete block design with three
replications. Each Pgt race was independently utilized for evaluating the genotypes, with the
measured resistance components encompassing the infection type and latent period. Statistical
analyses were performed using SAS software (v. 3.9) to perform analysis of variance (ANOVA)
for the experimental design, Minitab (v. 16) for normality tests, and SPSS (v. 16) software for
cluster analysis. The bi-plot method, grounded in multivariable models, emerged as a valuable
statistical approach for classifying environments (races) due to its simplicity, high accuracy in



analyses, and evaluative capabilities. Additionally, this method proved effective in identifying
resistant genotypes to each of the races and elucidating the relationships between them.

Results

The results indicated that the differential genotypes carrying the Sr11, Sr21, Sr30 and Sr13+17
genes exhibited a distinct resistance reaction against the studied races. Notably, the Sr1l gene
demonstrated a notable effect on four out of the six races. Among the races, TKSTC and TTTTF
displayed the highest positive correlation, while PKSTF and TTRTF races exhibited the lowest
correlation with each other. Phenotyping and ANOVA revealed significant phenotypic diversity
among wheat genotypes concerning the measured resistance components to Pgt races. Cluster
analysis effectively categorized the wheat genotypes into three primary groups: resistant,
susceptible, and moderately resistant to moderately susceptible. Among the studied wheat
genotypes, 11 (35%) displayed susceptibility to all races, while four genotypes (G1, G2, G3, and
G17) (13%) showed resistance against all races. The remaining 16 genotypes (52%) demonstrated
moderately resistant to moderately susceptible (specific reaction) responses. The biplot analysis
(GGE biplot) identified genotype G17 as the most resistant genotype with a uniform response to
all races.

Discussion

Genotypes with varying degrees of resistance to Pgt races identified in this study can serve as new
and sustainable sources of resistance for breeding wheat cultivars with a broad genetic basis of
resistance. Expanding the study to include a broader array of races and differential isogenic lines
can refine conditions, enabling more precise identification of effective resistance genes in each
genotype. Furthermore, evaluating the resistance of the examined genotypes at the adult plant stage
proves invaluable in identifying resistance genes, which carry greater significance than those
observed solely at the seedling stage. The existence of resistance genes at the adult plant stage
remains plausible, even in cases where the genotype exhibits sensitivity during the seedling stage.
The strategic and reasonable utilization of effective resistance genes at both the seedling and adult
plant stages is envisioned to contribute to the development of new, resilient varieties with stable
resistance.
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