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ABSTRACT INFO ABSTRACT

Research Paper Durum wheat is the second most widely cultivated wheat species after bread 
wheat. Yellow rust, caused by Puccinia striiformis Westend. f. sp. tritici Eriks. 
(Pst), severely impacts global wheat production. This study screened 45 
durum wheat genotypes for yellow rust resistance through field inoculations 
in Ardabil and Zarghan, Iran, as well as greenhouse tests. Two Pst isolates, 
6E158A+ (from Ardabil) and 14E158A+,YR27 (from Zarghan), were used 
for inoculations in both field and greenhouse conditions. The slow rusting 
parameters—area under the disease progress curve (AUDPC), coefficient 
of infection (CI), and adult plant reaction (APR)—revealed varying genotypic 
responses between the two regions. Results indicated that climatic factors, 
particularly temperature in rainfed areas, affected yellow rust development. 
The greenhouse experiment identified the roles of resistance genes Yr1, 
Yr4, Yr5, Yr10, Yr15, Yr24, Yr26, Yr32, YrSD, YrSU, YrCV, and YrSP in the 
resistance of durum wheat genotypes. Both field and greenhouse assays 
showed that genotypes G01, G04, G28, and G30 exhibited minimal slow 
rusting values in both locations and susceptible reactions to both Pst isolates 
in the greenhouse, suggesting race non-specific resistance. Conversely, 
genotypes G25, G26, G27, and G38 displayed lower slow rusting values and 
resistance to both Pst isolates in the greenhouse, indicating the presence 
of race-specific or race-non-specific resistance. The identified resistant 
genotypes can replace susceptible ones in rainfed regions after yield trials 
and may serve as resistant parents in wheat breeding programs.
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resistance, Yellow rust.
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INTRODUCTION
Rust agents’ adaptability to various climatic conditions 
through sexual and asexual reproduction, mutation, 
and migration contributes to their significance as a 
serious wheat disease (Jin et al., 2010). There are three 
types of rust: yellow rust, stem rust, and brown rust, 
with yellow rust being the most devastating due to 
its wide range. Yellow rust, caused by the biotrophic 
fungus Puccinia striiformis f. sp. tritici (Pst), is a 
major wheat disease found in cold, moderate, and 
high-altitude regions (Boyd, 2005). It affects wheat 
production globally, potentially reducing yields 
by 10% to 100% during epidemics (Chen, 2005; 
Pouralibaba et al., 2021). The pathogen primarily 
attacks the aerial parts of the wheat plant, resulting 
in wrinkled seeds and diminished yield quality (Line, 
2002). Wheat can be infected at any growth stage, from 
the one-leaf seedling to mature plants (Chen, 2005). 
Symptoms include orange-yellow urediniospores in 
long stripes along the leaf veins. Developing resistant 
varieties is a cost-effective control method (Vergara-
Diaz et al., 2015; Li et al., 2021). Rust resistance can 
be classified into race-specific and race-nonspecific 
types. Race-specific resistance, based on gene-for-
gene action (Flor, 1942), may last only 3 to 5 years 
before breaking down. In contrast, race-nonspecific 
resistance is governed by minor genes and is more 
durable. Therefore, combining both resistance types 
in wheat varieties can enhance disease management 
(Singh et al., 2004). In summary, genetic resources 
with diverse resistance genes are essential for optimal 
management of yellow rust. To date, over 78 stripe rust 
resistance genes (Yr1 to Yr78) have been identified 
in various hexaploid bread, durum wheat, and wild 
species backgrounds (Miedaner et al., 2019).

Durum wheat, a tetraploid species (2n=4x=28), 
traces its origins to the domesticated form of wild 
emmer wheat (Triticum dicoccum Koern.) 12,000 to 
10,000 years ago (Ozkan et al., 2011). Primarily used 
for pasta, it is cultivated in many countries alongside 
common wheat, with Italy producing 4.95 MT and 
Turkey producing 3.62 MT, along with significant 

contributions from the Commonwealth of Independent 
States (CIS), North America, South America, Asia, 
Africa, and Oceania (International Grains Council, 
2020). Previous studies indicate that durum wheat 
possesses valuable rust resistance genes that could 
benefit bread wheat (Miedaner et al., 2019). While 
several studies have screened bread wheat germplasm 
against Pst isolates (Kumar et al., 2020; Saeed et al., 
2022), research on durum wheat remains limited. Liu 
et al. (2017) evaluated 182 durum wheat landraces 
and contemporary varieties from Ethiopia against 
Pst races, finding that landraces were more resistant 
at the seedling stage and cultivars at the adult stage. 
Recently, Alemu et al. (2019 and 2021) screened 300 
durum wheat lines (landraces and cultivars) against 
three virulent isolates (Pst_Is1, Pst_Is4, and Pst_
Is8), revealing that 59.3%, 67.3%, and 46.3% of the 
lines exhibited a highly resistant infection type (0 to 
3), respectively. Consistent with Liu et al. (2017), 
Alemu et al. (2019 and 2021) noted that most resistant 
genotypes were landraces, while commercial cultivars 
tended to be more susceptible.

Water resources are limited, and many dryland- 
and semi-dryland regions exist worldwide. Therefore, 
cultivating durum wheat, which constitutes 10% 
of wheat production area and offers nutritional and 
industrial benefits as well as resistance to rust diseases, 
is advantageous. This study aimed to evaluate and 
screen durum wheat germplasm from International 
Maize and Wheat Improvement Center (CIMMYT) 
and its related institutes for resistance to yellow rust in 
greenhouse conditions and in two yellow rust hotspots 
in Iran.

MATERIALS AND METHODS
Plant material
This study examined 43 durum wheat genotypes along 
with two internal varieties (Saverz as resistant and 
Dehdasht as susceptible) as controls under field and 
greenhouse conditions (Table 1).
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Table 1. C
ode and pedigree of durum
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heat genotypes screened for strip rust (P

uccinia striiform
is) under field and greenhouse conditions.
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Table 1 (C
ontinued). C

ode and pedigree of durum
 w

heat genotypes screened for strip rust (P
uccinia striiform

is) under field and greenhouse conditions.
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Inoculum preparation and greenhouse assays
Seeds of the susceptible bread wheat cultivar Bolani 
were grown in 6 cm plastic pots. Ten-day-old 
seedlings, with fully emerged first leaves, were treated 
with distilled water mixed with one drop of Tween 20 
per liter (Knott, 1988). For inoculation, the seedlings 
were dipped in a uredospore suspension prepared with 
industrial oil Saltrol 170 at a concentration of 0.1 g. 
mL-1 of uredospores. The seedlings were misted again, 
covered with transparent plastic bags, and incubated 
at 10 °C in the dark for 48 hours. They were then 
transferred to a greenhouse set at 18 °C with a 16:8-
hour light/dark photoperiod at an intensity of 10–15 
lux. Spores were collected starting 15 days post-
inoculation every three days until the seedlings failed, 
with uredospores stored at -17 °C.

Ten seeds from each wheat genotype were planted in 
6 cm pots in the greenhouse. The experimental design 
was completely randomized with three replications. 
After 10 days, the seedlings were inoculated with 
rust spores identified from the studied regions using 
a hand sprayer at the stage when the first leaf was 
complete. The inoculated seedlings were incubated 
under standard conditions (dark, 10 °C, 100% RH) to 
promote infection and development of P. striiformis 
f. sp. tritici. Following 17 days, seedling reactions to 
yellow rust disease were recorded using a 0-4 scale 
(McIntosh et al., 1995).

Multi-environmental assays
Field experiments were conducted in two regions: 
Ardebil and Zarghan. Seven grams of seeds from each 
wheat line/variety were planted in two 1-meter-long 
rows, surrounded by the highly susceptible cultivar 
Bolani to facilitate pathogen distribution. Inoculation 
began after tillering and continued until the flag leaf 
stage for three cycles, using a mixture of regional 
yellow rust uredopsores and talc powder (1:3) applied 
with a backpack atomizer. Disease progression was 
recorded three times after the appearance of symptoms 
on the flag leaves at seven-day intervals, assessing the 
percentage of infected leaf area (ILA, 0-100%) using a 
modified Cubb’s method (Peterson et al., 1948). Plant 
reactions to yellow rust infection were categorized 
according to Roelfs (1992) into five classes: resistant 
(R), moderately resistant (MR), moderate (M), 
moderately susceptible (MS), and susceptible (S).

Data analysis
The area under the disease progress curve (AUDPC) 
was calculated in Microsoft Excel using the formula:

Table 1 (C
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Where yi measures disease (percentage, proportion, 
ordinal score, etc.) at the ith observation, ti is the 
time at that observation, and n is the total number of 
observations. The coefficient of infection (Stubbs, 
1986) was calculated by multiplying a fixed value 
representing host reaction (immune=0, R=0.2, 
MR=0.4, M=0.6, MS=0.8, S=1) with the final disease 
severity score. Statistical analysis included T-tests and 
biplot representations performed in Minitab 16.0.

RESULTS
Adult plant resistance
This study evaluated 43 advanced inbred lines of 
durum wheat, known for their drought and salinity 
resistance, along with resistant (Savrez) and susceptible 
(Dehdasht) control genotypes, for their response to 
yellow rust under field and greenhouse conditions. 
The parameters used to assess yellow rust included 
AUDPC, CI, and APR in the studied regions of Ardebil 
and Zarghan. In Zarghan, CI values ranged from 1 to 
56, with an average of 12.1; resistant controls had a 
CI of 2 while susceptible controls had a CI of 24. The 
lowest CI values were observed in genotypes G01, 
G17, G255, G26, G27, G30, G38, G42, G43, and G45, 
all exhibiting an R type of adult plant reaction with final 
disease severity ratings of 5 or 10. Field observations in 
Zarghan included various types of genotypes: R, MR, 
M, and MS. The AUDPC values, indicating disease 
progression, ranged from 70 for most R genotypes 
to 830 for an MR genotype, with many durum wheat 
genotypes recording an AUDPC of 70 in Zarghan. 

In contrast, in Ardebil, CI and AUDPC values were 
generally higher, with AUDPC ranging from 240 for 
most R genotypes to 900 for MSS genotypes, and CI 
values ranging from 8 to 72 with an average of 30.57. 
There was variability in AUDPC values in Ardebil, 
with the minimum AUDPC observed at 8 for MR 
genotypes and a maximum of 900 for MSS genotypes. 
No durum wheat genotype with R type reaction was 
detected in Ardebil, where the adult plant reactions 
were MR, M, MS, and MSS.

Results on adult plant reactions in field conditions 
showed discrepancies across studied regions regarding 
slow rusting parameters (Table 2). For instance, a 
genotype classified as resistant in the Zarghan region 
was rated as moderately resistant in the Ardebil region. 
A mean comparison of CI and AUDPC values across 
regions revealed significant differences (Table 3) at 
a 1% probability level, indicating non-homogeneity 
in climatic conditions. The analysis of durum wheat 
genotypes based on these parameters demonstrated 
genetic variability between the regions. As shown in 
Figure 1, CI and AUDPC values in Zarghan (blue) were 
lower than in Ardebil (brown), with most genotypes in 
Zarghan being resistant compared to Ardebil. However, 
some genotypes exhibited similar susceptibility 
and resistance reactions in both environments. The 
two-dimensional plot allows for clear separation 
of susceptible, moderately resistant, and resistant 
genotypes (Figure 1). For example, genotype G16, a 
susceptible control with high CI and AUDPC values, is 
distinct from the others in both regions. 

 
 

 
Figure 1. Dispersion of durum wheat genotypes using AUDPC and CI attributes across two regions.
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 Mean Zarghan Mean Ardebil Standard deviation |t| Pvalue 
AUDPC 185 203 194.2 6.5 0.0 
CI 12.1 30.6 16.6 5.3 0.0 

Table 2. Field response of durum wheat genotypes to Puccinia striiformis Westend. f. sp. tritici Eriks.

Table 3. Differences in yellow rust resistance among field experiment sites in Zarghan and Ardebil based on their constituents.

 
 

Zarghan  Ardebil 

Genotype AUDPC CI APR  Genotype AUDPC CI APR 
G01 140 2 10R  G01 270 12 30MR 
G02 170 8 20MR  G02 550 45 50MSS 
G03 310 12 30MR  G03 300 16 40MR 
G04 380 12 30MR  G04 310 12 30MR 
G05 230 16 40MR  G05 410 32 40MS 
G06 370 16 40MR  G06 540 54 60MSS 
G07 570 56 70MS  G07 900 63 70MSS 
G08 540 48 60MS  G08 690 54 60MSS 
G09 200 12 30MR  G09 380 12 30MR 
G10 350 16 40MR  G10 540 36 60M 
G11 260 20 50MR  G11 540 36 60M 
G12 170 8 20MR  G12 410 24 40M 
G13 170 8 20MR  G13 270 12 30MR 
G14 230 16 40MR  G14 440 30 50M 
G15 200 12 30MR  G15 790 63 70MSS 
G16 580 24 60MR  G16 890 72 80MSS 
G17 140 2 10R  G17 340 24 40M 
G18 370 24 40M  G18 820 72 80MSS 
G19 330 20 50MR  G19 890 72 80MSS 
G20 250 16 40MR  G20 620 30 50M 
G21 85 6 10M  G21 520 24 40M 
G22 85 4 10MR  G22 380 12 30MR 
G23 830 28 70MR  G23 750 63 70MSS 
G24 790 28 70MR  G24 750 56 70MS 
G25 70 1 5R  G25 240 8 20MR 
G26 70 1 5R  G26 240 8 20MR 
G27 70 1 5R  G27 240 8 20MR 
G28 115 8 20MR  G28 240 8 20MR 
G29 180 12 30MR  G29 380 12 30MR 
G30 120 2 10R  G30 240 8 20MR 
G31 150 8 20MR  G31 510 30 50M 
G32 145 18 30M  G32 650 54 60MSS 
G33 85 2 10R  G33 410 24 40M 
G34 115 8 20MR  G34 410 16 40MR 
G35 175 16 40MR  G35 550 30 50M 
G36 205 20 50MR  G36 650 36 60M 
G37 175 16 40MR  G37 550 30 50M 
G38 70 1 5R  G38 240 8 20MR 
G39 140 2 10R  G39 300 16 40MR 
G40 70 2 5MR  G40 690 36 60M 
G41 85 4 10MR  G41 660 30 50M 
G42 70 1 5R  G42 270 12 30MR 
G43 70 1 5R  G43 410 16 40MR 
G44 85 4 10MR  G44 650 48 60MS 
G45 70 1 5R  G45 270 12 30MR 
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In this study, G24, G15, G8, G07, G19, G33, and G18 
were identified as susceptible in Ardebil, while G07, 
G08, G23, and G24 were categorized as susceptible in 
Zarghan due to higher CI and AUDPC than the control. 
Conversely, genotypes like G45, G43, G40, and G38 
exhibited average CI and lower AUDPC values in 
Zarghan, confirming their resistance to yellow rust in 
this climate (Figure 1).

Seedling stage resistance
Yellow rust-infected samples were collected from field 
conditions and genotyped using a differential set with 
various resistance genes (Johnson et al., 1972) at the 
Dryland Agriculture Research Institute (DARII) (data 
not shown). The genetic compositions of the studied 
isolates were 6E158A+ and 14E158A+,YR27 for the 
Ardebil and Zarghan regions, respectively (Table 4). 
The isolates 6E158A+ and 14E158A+,YR27 displayed 
10 and 11 virulent genes, respectively, and were 
pathogenic to the Yr2, Yr6, Yr7, Yr8, Yr9, Yr17, Yr25, 
YrA, and YrND genes in both regions. Examination of 
durum wheat genotypes using these isolates revealed 
genetic variability at the seedling stage (Table 5). 
Resistance was categorized into three types: resistant to 
isolate 6E158A+, resistant to isolate 14E158A+,YR27, 
and resistant to both isolates. Results indicated that 
genotypes G3, G9, G10, G25, G26, G27, G38, G39, 
G41, and G42 were immune or very resistant to both 
isolates, while G6, G8, G13, G22, G33, G34, G40, 
G41, G43, and G45 were resistant or immune to one 
isolate. Overall, 23 of the genotypes studied were 
susceptible to both Pst isolates (Table 5).

DISCUSSION
This project identified significant genetic variability 
among durum wheat genotypes in their resistance 
to yellow rust under both rainfed and controlled 
conditions. Such variability is crucial for breeding 
programs aimed at enhancing rust resistance, given the 
potential for fungi to evolve and produce new isolates 
(Aktar-Uz-Zaman et al., 2017). Consequently, there is 
a continuous need to explore new resistance sources 

and integrate them into compatible genotypes. We 
selected two rainfed hotspot regions for yellow rust, 
Zarghan and Ardebil, to evaluate adult plant responses 
under different conditions. Results indicated that the 
slow rusting traits in the Ardebil region surpassed those 
in Zarghan, suggesting Ardebil is more conducive to 
stripe rust development. This observation aligns with 
the region’s colder temperatures and higher cloud 
cover compared to Zarghan, and corroborates previous 
findings regarding the influence of environmental 
factors on rust proliferation (Hassan et al., 2022). In 
our field evaluations, similar to the findings of Singh 
et al. (2017), genotypes exhibiting lower values of area 
under the disease progress curve (AUDPC) also showed 
reduced disease severity across regions, resulting in 
moderate to resistant reactions (MR, M, and MS). 
These genotypes likely possess minor effect genes that 
contribute additively to durable strip rust resistance 
(Chen et al., 2013). Additionally, these genotypes may 
harbor previously identified slow rusting genes, Yr18 
and Yr36, or genes associated with high-temperature 
tolerance (Singh et al., 2011).

Adult plant resistance genes may overlap with 
seedling stage resistance genes, making field 
evaluations alongside seedling assessments essential 
(Sandoval-Islas et al., 2007; Pretorius et al., 2007). 
This study investigated host-pathogen interactions 
with two Pst isolates, 6E158A+ and 14E158A+, from 
the Ardebil and Zarghan regions under greenhouse 
conditions. It was concluded that isolate 6E158A+ is 
more aggressive, likely due to the favorable climatic 
conditions in Ardebil, which could drive fungal 
genomic evolution (Aktar-Uz-Zaman et al., 2017). Such 
aggressive isolates like 6E158A+ could be beneficial 
for future durum wheat breeding programs through 
phenotyping of bi-parental mapping populations and 
germplasm screening (Bokore et al., 2021). 

Greenhouse assays indicated that resistant genotypes 
likely possess the Yr1, Yr4, Yr5, Yr10, Yr15, Yr24, 
Yr26, Yr32, YrSD, YrSU, YrCV, and YrSP genes. 
Similar studies (Maccaferri et al., 2015; Jan et al., 
2021) highlighted the importance of Yr4, Yr5, Yr10, 

 
 

Pst race  Avir/vir formula Origin 

6E158A+ Yr1, Yr3, Yr4, Yr5, Yr10, Yr15, Yr24, Yr26, Yr27, YrSD, YrSU, YrCV, YrSP/ 
Yr2, Yr6, Yr7, Yr8, Yr9, Yr17, Yr25, Yr32, YrA, YrND Ardebil 

14E158A+,YR27 Yr1, Yr4, Yr5, Yr10, Yr15, Yr24, Yr26, Yr 2, YrSD, YrSU, YrCV, YrSP/Yr2, 
Yr3, Yr6, Yr7, Yr8, Yr9, Yr17, Yr25, Yr27, YrA, YrND Zarghan 

Table 4. Races of Puccinia striiformis f. sp. tritici used for greenhouse seedling tests.
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Yr15, YrCV, and YrSD genes in the resistance of both 
bread and durum wheat genotypes. Consistent with 
field evaluations, high genetic variability was observed 
among durum wheat genotypes in response to the two 
Pst isolates. In greenhouse experiments, genotypes 
G01, G04, G28, and G30 are prioritized due to their 
susceptibility to at least two Pst isolates and low slow 
rusting parameters across both regions, likely carrying 
adult plant resistance gene(s) (Basnet et al., 2013). 

Additionally, genotypes G25, G26, G27, and G38 
exhibited simultaneous resistance to both Pst isolates 
and low slow rusting parameters across regions, making 
them significant for conferring specific resistance. 
These genotypes may also include nonspecific 
resistance genes that could be masked by the effects of 
specific resistance genes (Safavi, 2015).

CONCLUSION
This project examined the variable responses of durum 
wheat germplasm to yellow rust across two rainfed 
regions, indicating that selection breeding methods 
can yield significant genetic gains. Field evaluations 

revealed a spectrum from completely resistant to 
sensitive genotypes, depending on the region. In the 
Ardebil region, where environmental conditions favor 
the rust agent, completely resistant genotypes were not 
identified. Given the aggressive Pst isolate in Ardebil, 
this area is ideal for screening durum wheat germplasm 
under high selection pressure. Comparing slow rusting 
data from both regions can help identify genotypes with 
adult plant resistance (non-race specific resistance). In 
combination with greenhouse experiments, genotypes 
G01, G04, G28, and G30 exhibited non-race specific 
resistance genes, while G25, G26, G27, and G38 
showed both non-race and race specific resistance 
genes. These genotypes demonstrated varying degrees 
of durable or slow rusting resistance and could be 
utilized in durum wheat breeding programs after 
further evaluation for relevant diseases and yield trials.
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Genotype 
Seedlings infection type against racesa  

Genotype 
Seedlings infection type against races 

 6E158A+   14E158A+,YR27  6E158A+   14E158A+,YR27 
G01 3 3  G24 3 3 
G02 3 3  G25 0;CN ;CN 
G03 0;1 0;CN  G26 ;1CN 0; 
G04 3 3  G27 0;CN 0; 
G05 3 3  G28 4P;1 , 2P3 MIX 3 
G06 2-3C 0  G29 0;CN 4P0; , 2P3 MIX 
G07 3 3  G30 3 3 
G08 0 3  G31 3 3 
G09 0 0;  G32 3 ;1C 
G10 0 0  G33 0;CN 3 
G11 3 4  G34 ;1CN 2+C 
G12 3 4  G35 3 3 
G13 0; 4  G36 3 3 
G14 3 ;1CN  G37 ;1CN 4P0; , 3P3 MIX 
G15 4P0; , 2P3 MIX 4P0; , 2P3 MIX  G38 0; 0; 
G16 4 4  G39 0; 0; 
G17 3? 3?  G40 0; 3 
G18 3 3  G41 0; ;1CN 
G19 3 3  G42 0; 0; 
G20 3 4  G43 3 ;1CN 
G21 3 4  G44 3 4 
G22 0; 3  G45 0;1CN 6P0;1 , 2P3 MIX 
G23 4 4     

Table 5. Seedling stage response of durum wheat genotypes to two Puccinia striiformis Westend. f. sp. tritici Eriks isolates.

aInfection types were determined according to a 0 to 4 scale (McIntosh et al., 1995) and ‘;’, ‘c’ and ‘n’ indicate a fleck reaction, 
chlorosis and necrosis, respectively. Plus, or minus signs signify larger or smaller pustule variations within an accepted 
infection type class.
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providing laboratory facilities.
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