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SUMMARY 

 

Wheat yellow (stripe) rust (Puccinia striiformis f. sp. tritici) is a dominant type of winter wheat 

disease. Developing new, highly productive varieties with increased immunological indicators helps to 

minimize the threat of rust spread. The progressive study searched the sources of resistance to the 

Pst populations and determined the effectiveness of Yr genes in Southeast Kazakhstan. Immunological 

studies ensued during 2018–2022 at the Kazakh Research Institute of Agriculture and Plant growing, 

Almaty, Kazakhstan. Wheat’s 23 isogenic lines and 193 winter wheat genotypes attained evaluation 

for their reactions against an artificially infectious background of infection mixed with Pst pathotypes. 

Determining the intensity of virulence, the effectiveness of Yr genes, and the resistance of genotypes 

to the Pst population transpired in the said region. During the vegetation period, based on weather 

conditions, the accumulated flow of the source, and the period of infection, wheat genotypes 

responded differently to the rust disease manifestation. The wheat genotypes found resistant to P. 

striiformis and promising for selection with immunity reached nomination. Their practical use centered 

on increasing the immunological potential of the new winter wheat cultivars for creation and further 

reducing the large-scale use of fungicides and the negative environmental consequences. 
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Key findings: The winter wheat (Triticum aestivum L.) genotypes resistant to P. striiformis and 

promising for selection with immunity were notable. Their practical use centered on increasing the 

immunological potential of new wheat cultivars for development and reducing the large-scale use of 

fungicides and the negative environmental consequences. 

 

 

INTRODUCTION 

 

Wheat (Triticum aestivum L.) is an 

economically strategic and principal cereal 

crop, ensuring food security globally (Bome et 

al., 2022; Dutbayev et al., 2023). However, 

rust diseases cause significant crop losses in 

wheat and other cereals worldwide (Wellings, 

2011). Wheat yellow rust (Puccinia striiformis 

f. sp. tritici), also known as wheat stripe rust, 

is one of three major wheat rust diseases, such 

as stem rust of wheat (Puccinia graminis f. sp. 

tritici) and leaf rust (Puccinia triticina f. sp. 

tritici). Stripe (yellow) rust, caused by Puccinia 

striiformis f. sp. tritici (Pst), is a severe disease 

of wheat occurring in most wheat areas with 

cool and moist weather conditions during the 

growing season. The basidiomycete fungus, an 

obligate biotrophic parasite, is difficult to 

culture on artificial media. 

Wheat yellow (stripe) rust (Puccinia 

striiformis f. sp. tritici) is a dominant type of 

winter wheat rust disease (Dubekova et al., 

2021). Pst is a macrocyclic, heteroecious 

fungus that requires both primary (wheat or 

grasses) and alternate (Berberis or Mahonia 

spp.) host plants to complete its life cycle. 

Urediniospores have the capacity for wind 

dispersal over long distances, which may, 

under high inoculum pressure, extend to 

thousands of kilometers from the initial 

infection sites. Stripe rust, considered the 

current chief rust disease affecting winter 

cereal production worldwide, has undergone 

intensive study for over a century. 

In a favorable season of rust-disease 

development, a significant increase in its 

harmfulness emerges, causing a sharp 

decrease in the grain traits’ productivity and 

quality. The population of pathogens consists 

of pathotypes with a diverse nature of 

virulence. These pathogens spread 

aerogenically over long distances, form new 

pathotypes, and overcome the wheat cultivars’ 

resistance to the pathogen (Koishybaev, 

2018). In this regard, there is a risk of virulent 

evolution of the infection pathogen in grain-

growing regions. Pathogens can also adapt to 

diverse climatic conditions and spread rapidly 

over long distances (Hovmøller, 2001).  

The frequent epiphytotics of the wheat 

yellow rust pathogens have been visible in 

Western Europe, Central and East Asia, the 

Middle East, North and South Africa, North and 

South America, and Australia (Chen, 2005; 

Hovmøller et al., 2011; Chen et al., 2014, 

2021; Ali et al., 2017; Bai et al., 2021). As a 

result of the loss of stability of the Yr9 and 

Yr27 genes, high-yielding cultivars in various 

countries have undergone primary epiphytotics 

(Solh et al., 2012). The emergence of new 

aggressive Pst strains represents severe 

epidemics where crop losses due to pathogens 

can reach 70%–100% (Chen, 2005; Ali et al., 

2014; Zhou et al., 2022).  

In Kazakhstan, the rust species occur 

almost annually, excluding super dry years 

(Koishybaev, 2018). In the environmental 

conditions of Kazakhstan, various virulent rust 

races have been identified (Rsaliyev et al., 

2010; Rsaliev et al., 2013; Rsaliyev and 

Rsaliyev, 2018). Creating highly productive 

wheat cultivars with increased immunological 

indicators helps minimize the threat of rust 

spread. Cultivating such wheat cultivars will 

also reduce the costs necessary to protect 

crops from infection.  

In this regard, plant breeders and 

pathologists have the task of breeding high-

yielding and disease-resistant wheat cultivars. 

The developed programs of the International 

Center for Agricultural Research in Dry Areas 

(ICARDA) and the International Maize and 

Wheat Improvement Center (CIMMYT) play a 

vital role in developing highly productive and 

broadly adaptive types of wheat, resistant to 

pathogens and abiotic stresses (Wu et al., 

2021). 

https://en.wikipedia.org/wiki/F.sp.
https://en.wikipedia.org/wiki/Wheat
https://en.wikipedia.org/wiki/Rust_(fungus)
https://en.wikipedia.org/wiki/Stem_rust
https://en.wikipedia.org/wiki/Leaf_rust_(barley)
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The systematic study of Kazakh 

breeding lines and the world collection for 

resistance to Pst populations becomes a 

prerequisite for the purposeful selection of the 

source material with immunity. Every year, 

within the framework of breeding programs, 

the research on immunological assessments 

and choices of lines and cultivars resistant to 

particularly harmful diseases has advanced 

(Esimbekova et al., 2019; Dubekova et al., 

2020; Ydyrys et al., 2021). These promising 

selected populations are beneficial sources of 

stability, which are of fundamental and applied 

importance in expanding genotypic diversity. 

The timely study aimed to search for sources 

of resistance to the Pst populations and 

determine the effectiveness of Yr genes in 

Southeast Kazakhstan. 

 

 

MATERIALS AND METHODS 

 

The recent study on winter wheat (Triticum 

aestivum L.) ensued during 2018–2022 at the 

Kazakh Research Institute of Agriculture and 

Plant growing (N43,238193°, E76,696753°), 

Almaty, Kazakhstan. In the field, the adult 

plant resistance (APR) to the wheat yellow rust 

population bore appraising against an 

artificially infectious background. The testing of 

193 winter wheat genotypes of various 

ecotypes proceeded for immunological 

parameters. The genes’ effectiveness also 

acquired validation by the reaction of 23 

isogenic Yr lines and cultivars of differentiators. 

In this region, analyzing significant variations 

of the virulence of dominant Pst pathotypes 

took place. 

Sowing transpired using the standard 

method (1-m row with a 20-cm distance 

between rows). The pathogen-sensitive winter 

wheat cultivars Almaly, Steklovidnaya 24, and 

Bogarnaya 56, and the highly susceptible 

cultivar Morocco served as indicator cultivars. 

All these genotypes’ sowing after every 20 

rows helped ensure uniform and enhanced 

infection with the pathogen. 

 

 

 

Inoculation and disease assessment of 

APR 

 

Crop inoculation started from the tillering 

phase to the stem elongation of the crop. 

Using as an inoculum, P. striiformis 

urediniospores incurred mixing with talc in a 

ratio of 1:100, with a load of 20 mg of 

spores/m2 (Roelfs et al., 1992). The yellow 

rust urediniospores, collected in advance, came 

from the collection material of the Research 

Institute of Biology and Biotechnology, 

commercial wheat cultivars production in 

various geographical areas where an 

alternative rust host grows, and from wild 

cereals in nature (Rsaliyev and Rsaliyev, 

2018). Biological purity and germination of 

spores equaled 90%–95%. Immunological 

assessment of the APR began when the final 

rust severity (FRS) in susceptible controls 

exceeded ≥60.  

Subsequent recordings progressed at 

intervals of 10 days before the onset of the 

phase of milk-wax ripeness of grain. The 

infection type (IT) and the degree (%) of plant 

damage became criteria for the resistance of 

winter wheat genotypes to the pathogen. The 

IT determination engaged the recommended 

CIMMYT scale (Rust scoring guide, 1986), i.e., 

0 (immune) with no infection symptoms, R 

(resistant) with small individual necrotic zones 

and no pustules, MR (moderately resistant) 

with small pustules surrounded by chlorotic 

and necrotic spots, MS (moderately 

susceptible) with medium-sized pustules, no 

necrotic spots, but sometimes with chlorotic 

spots, and S (susceptible) with large pustules, 

without chlorosis and necrosis. The degree of 

plant damage estimation as a percentage 

(0%–100%) followed Peterson's scale, 

modified by Cobb (Peterson et al., 1948). 

Multiplying the IT constant values by FRS 

calculated the coefficient of infection (CI) of 

wheat yellow rust, using constant IT values (0 

= 0.0; R = 0.2; MR = 0.4; M = 0.6; MS = 0.8; 

and S = 1.0) (Stubbs et al., 1986). 
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Meteorological conditions 

 

The meteorological conditions during the study 

period 2022 were generally favorable (periodic 

precipitation, prolonged and frequent dews) for 

developing and exploring the rust pathogen. 

However, the growing seasons of 2018–2021 

were dry, with high temperatures and below-

normal precipitation. There was a weak crop 

(biomass) development and limited infectious 

potential of phytopathogens, resulting in the 

incubation period’s increase and sporulation’s 

decrease, which also restrained the wheat 

yellow rust development rate. 

 

Data analysis 

 

Data scrutiny employed the analysis of 

variance (ANOVA), with the correlation 

coefficient executed using R-software 

(https://www.r-project.org/). In comparing the 

genes’ effectiveness, the obtained data during 

the study years attained groupings by year. 

The study determined the variability and 

significance of immunological parameters and 

the relationship between the parameters (CI 

and FRS) considering the APR. 

 

 

RESULTS  

 

The study has established the immunological 

characteristics of the winter wheat genotypes 

(Figure 1). In the field, against the background 

of infection with a wheat yellow rust 

population, the genes’ effectiveness analysis 

used isogenic Yr lines/differentiators. 

Considering APR, the wheat genotypes’ 

resistance to the local populace of P. striiformis 

also reached evaluation. 

During the study years 2018–2022, the 

winter wheat cultivars of local breeding 

standards (Almaly, Steklovidnaya 24, and 

Bogarnaya 56) sustained impacts up to 25 MS. 

The susceptibility control of the Morocco 

cultivar was up to 100 S, which meant a 

favorable infectious background acceptable for 

assessing and selecting resistant wheat 

genotypes. Phenotypic data for five seasons 

(2018 to 2022) indicated effective resistance of 

the Yr4, Yr5, Yr10, Yr15, and YrSp genes. 

However, there was a decline in the 

effectiveness of the Yr8 and Yr27 genes, with 

previous characterization as moderate 

resistance (Figure 2). 

A relatively high value of the Pst CI 

was evident in 2022. The aggressiveness of the 

Pst population had manifestations from the 

genes Yr6, Yr7, and Yr21. The genes Yr4 

(Hybrid 46), Yr5, Yr10, Yr15, and YrSp 

emerged to be highly effective in protecting 

wheat at the adult stage of its growth and 

retaining reliability. In recent years, lines 

previously distinguished by MR (carriers of the 

Yr8 and Yr27 genes) began acquiring 

influences from the pathogen up to 10%–15% 

with the MS reaction type. The analysis of the 

obtained data provided variations of 

immunological indicators by year (Table 1). 

The mean value of the CI from 2018 to 2021 

was insignificant (CI < 20). However, in 2022, 

a relative increase in this indicator (CI > 20) 

occurred. Still, the CI of wheat yellow rust 

varied slightly. 

 

Phenotyping of the Pst population 

virulence 

 

Understanding the Pst population distribution 

and its virulence to genes allows for efficient 

monitoring of the rising threat of yellow rust, 

which is crucial for developing strategies to 

control the pathogen. Relatedly, considering 

the responses of isogenic lines and cultivars of 

differentiators in the field, the local Pst race 

incurred division into virulent and avirulent 

types to specific genes. In Southeast 

Kazakhstan, it was notable that the Pst 

population turned out to be toxic to the genes, 

viz., Yr1, Yr2, Yr3, Yr6, Yr7, Yr8, Yr9, Yr17, 

Yr18, Yr21, Yr25, Yr27, Yr28, Yr29, Yr31, Yr32, 

YrA, and YrND, and avirulent to the genes, i.e., 

Yr4, Yr5, Yr10, Yr15, and YrSp (Table 2). 

The stripe-rust resistance 

characteristics of the various winter wheat 

genotypes are an essential indicator and play a 

vital role in selecting new resistant cultivars. 

Such data also aided in developing effective 

protective measures to minimize crop losses 

from harmful pathogens. Screening a collection 

of 193 winter wheat genotypes also helped find 

the sources of resistance to yellow rust (Table 

3). 
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Figure 1. Manifestation of wheat yellow rust on winter wheat. 

 

 

 
 

Figure 2. Changes in the efficiency of Yr genes, in dynamics for 2018–2022. 

 

 

Table 1. The range of immunological indicators, according to the reactions of isogenic Yr 

lines/differentiators to the Pst population (2018–2022). 

Parameters CI2018 CI2019 CI2020 CI2021 CI2022 

min-max 0-100 0-90 0-100 0-90 0-100 

Mean 15.29 17.12 17.83 18.92 27.83 

 

 

Table 2. Virulence/avirulence formula for the Pst population in Kazakhstan. 

Testing 

year 

Pathotype/Genetic 

group 
Virulence phenotype 

Prevalence in the 

geographical region 

2018–

2022 

Local race of Pst* 1,2,3,-,-,6,7,8,9,-,-,17,18,21,25,27,28,29,31,32,-

,YrA,YrND 

Southeast of 

Kazakhstan 

Avirulence formula Virulence formula 

Yr4, Yr5, Yr10, Yr15, 

and YrSp 

Yr1, Yr2, Yr3, Yr6, Yr7, Yr8, Yr9, 

Yr17, Yr18, Yr21, Yr25, Yr27, 

Yr28, Yr29, Yr31, Yr32, YrA, and 

YrND 

*A genetic group of Pst with a high diversity of pathotypes. 
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Table 3. Material of winter wheat genotypes from different geographical areas for the analysis of 

resistance to the local Pst population. 

Survey site Genotype origin* Number of genotypes 

Southeast of Kazakhstan 

Kazakhstan 86 

Uzbekistan 23 

Kyrgyzstan 32 

Tajikistan 9 

Russia 26 

Ukraine 3 

Turkey 3 

MX-TCI 2 

TR-EDR-TCI 1 

TCI 8 

Grand total 193 

*Origin includes the following organizations: MX – Mexico, TCI – Turkey/CIMMYT/ICARDA, TR – Turkey. 

 

 

Table 4. Analysis of the significance of data on the reaction of genotypes to the Pst population. 

 d.f. Sum Square Mean Square F value Pr(>F) 

CI. 1 16366 16366 2579 <2e-16*** 

Residuals  191 1212 6  

Signifiant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

The working collection of the winter 

wheat genotypes received a ranking from the 

resistance criteria, i.e., 0, R, MR, MS, and S, 

depending on their response to the dominant 

Pst pathotypes in Kazakhstan. Among the 

tested 193 winter wheat genotypes, 45 

(23.3%) samples surfaced with an immune 

reaction and a complete absence of signs of 

wheat yellow rust. The 41 (21.2%) genotypes 

showed resistance, 33 (17.1%) genotypes 

showed moderate resistance, 69 (35.8%) 

genotypes exhibited moderate susceptibility, 

and only five (2.6%) genotypes occurred with 

complete susceptibility. Most of the winter 

wheat samples gained labels with the R-MR 

type of reaction. During the analysis, data 

obtained on the CI were min = 0, mean = 

6.42, and max = 70. 

The recognized differences in the FRS 

of cultivars in one geographical region were 

primarily due to significant differences in the 

genetic makeup of the host plant and the 

population of fungi and diverse ecotypes of the 

cultivars. The study of the immunological 

features of the wheat genotypes allowed us to 

identify resistant cultivars. The data obtained 

were combined for analysis of variance (Table 

4). 

Generally, positive data obtained had a 

high significance of the reaction (<2e-16***) 

of the studied wheat genotypes to the Pst 

population. In the assessed collection of winter 

wheat genotypes, the local cultivars, such as, 

Alatau, Zhadyra, Mayra, Konditerskaya, 

Manshyk, Nureke, and Krasnovodopadskaya 

90, as well as exotic cultivars, i.e., Andijan 1, 

Bardosh, Azibrosh, Topper, Alex, Sipar, Yusufi, 

Vostorg, Pamyat, Petr, Moskovskaya 39, and 

Nacibey were distinguishable by resistance to 

Pst with very low CI (CI = 0-0.5) in an 

artificially infectious background and also 

significantly exceeded the standard wheat 

cultivars like Almaly (CI = 7.5) and 

Steklovidnaya 24 (CI = 11.25). 

At the level of indicator, cultivars 

Bogarnaya 56 (MS) and Morocco (S) showed 

38.4% of genotypes affected, which means 

their low significance for breeding with 

immunity to wheat yellow rust. A relatively 

high CI in individual genotypes, such as 

Aktereksky (CI = 70), Zernokormovaya 50 (CI 

= 30), Zhiger 2014 (CI = 30), 

Kazakhstanskaya 75 (CI = 22.5), Dordoy 16 

(CI = 40), Zhanym (CI = 30), Kayrak (CI = 

22.5), Antonina (CI = 22.5), and Gurt (CI = 

30), can serve as a signal of their susceptibility 



Dubekova et al. (2023) 

1916 

 
Figure 3. Regression analyses, the association between FRS and CI of P. striiformis f. sp. tritici for 

assessment of APR. 

 

to the local Pst population, which during 

epiphytotic crop seasons can lead to significant 

crop losses. 

Resistant winter wheat genotypes with 

a resistant type of response to the local Pst 

population obtained in 21 Kazakh breeding 

cultivars (Alatau, Alikhan, Akdan, Aliya, Anara, 

Batyr, Bayandy, Botagoz, Derbes, Zhadyra, 

Kokbiday, Koksy, Konditerskaya, 

Krasnovodopod 210, Mayra, Manshyk, Mereke 

70, Nureke, Ramin, Krasnovodopadskaya 90, 

and Yubileynaya 75), as well as exotic cultivars 

of the foreign selection obtained from 

Uzbekistan (Andijan 1, Durdona, Jayhun, 

Jasmina, Jasmina, Ezoz, Yaksart, and 

Turkiston), Kyrgyzstan (Azibrosh, Topper, and 

Kasiet), Tajikistan (Alex, Ayvina, Kamol, Sipar, 

and Yusufi), Russia (Pamyat, Gratsia, 

Moskovskaya 39, Petr, Vostorg, and Kroshka), 

Turkey (Nacibey and Adajio), and TCI 

(Axe/Tosunbey, Dorade-5/3/Progr.), also 

indicate their significance and value in ensuring 

the protection of the crop from pathogens. The 

isolated stable winter wheat genotypes had 

high breeding values, which can proceed 

further for more improvement. 

The correlation of the CI among the 

parameters of the FRS, rAURPC, latency 

period, and frequency of infection showed very 

high links (Sandoval-Islas et al., 2007; Safavi 

et al., 2012). The relationship between the CI 

and FRS parameters in the studied 193 winter 

wheat genotypes at the adult stage of the plant 

was also well-defined (Figure 3). As a result of 

regression analysis of the dependence of the CI 

and the FRS, a positive correlation of the data 

with significant high indicators (R2 = 0.93) was 

evident. 

 

 

DISCUSSION 

 

The effective age-resistant genes in cultivated 

wheat cultivars can contribute to a slow 

increase in the intensity of infection due to a 

shorter selective pressure of pathotypes on 

plants (Kolmer, 1997). On immunological 

indicators, the relative results enunciated that 

yellow rust was more pronounced in winter 

wheat during 2022 (Figure 2, Tables 1 and 4). 

As a result, winter wheat cultivars with a low 

level of CI and other quantitative resistance 

parameters were most likely to have APR 

genes, and their resistance can continue for a 

long time, as also reported in past studies 

(Dehghani and Moghaddam, 2004; Singh et 

al., 2005; McIntosh et al., 2012; Shah et al., 

2014). 

Resistance genes found in the most 

widely cultivated wheat cultivars always play a 

decisive role in influencing the prevalence of 

pathogen races in a particular region. Wheat 

genotypes carrying effective Yr genes may be 

beneficial as a material for introducing 

resistance sources into commercial cultivars. 

There is information about the stability of 

genes Yr15 and Yr65, some combinations of 

genes Yr9 + Yr18 and Yr30 + Yr46, and the 

loss of effectiveness of some previously widely 

used genes Yr9 and Yr10 (Pal et al., 2008, 

2015; Zheng et al., 2017). 
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The existing studies identified several 

resistant winter wheat cultivars, and there is 

still a further need to identify more effective 

resistance genes. In the past, highly effective 

genes were outstanding in Kazakh cultivars 

Dastan (Yr5), Karasai, Mereke 70, Naz, and 

Akdan (Yr10), Yubileynaya 60, and Dastan 

(Yr15), and a gene complex (Yr18/Lr34) in 

cultivars Ramin, Nurek, Mereke 70, Mayra, 

Bezostaya 1, and Almaly (Kokhmetova et al., 

2014; Esenbekova and Kokhmetova, 2016; 

Ahmad et al., 2023). There are specific sources 

of resistance genes for successful wheat 

breeding (McIntosh et al., 2017). However, 

due to virulence variations in the pathogen 

population, further search for new sources of 

resistance and assessment of the genotypic 

diversity of world breeding is necessary (Park 

et al., 2011).  

The presented immunological 

characteristics of the winter wheat genotypes 

of various ecotypes showed the intensity of 

yellow rust development in the region and 

confirmed a unique need to create promising 

cultivars combining high productivity with 

resistance to the pathogen P. striiformis. For 

scientific-based breeding, it is advisable to 

continue selecting potential lines and analyzing 

Pst races in the regions to strengthen further 

immunological research. In this regard, the 

next step is to study the presence of highly 

effective Yr genes in the isolated R genotypes 

and analyze the racial composition of Pst in the 

region. It requires a systematic exchange of 

information on the stability of wheat cultivars 

of various origins, monitoring the movement 

and virulence of rust pathogens, and 

strengthening international cooperation.  

 

 

CONCLUSIONS 

 

The effectiveness of known Yr genes against 

the Kazakh Pst population was well-defined. 

The promising winter wheat genotypes 

identified for yellow rust resistance represented 

the utmost immunological value for breeding 

and further improvement. These promising 

winter wheat genotypes, recommended for 

extensive use in breeding, will help develop 

highly productive new cultivars with improved 

immunological parameters. Their practical use 

is central to increasing the immunological 

potential of the winter wheat cultivars for 

creation and further reducing the large-scale 

use of fungicides and the negative 

environmental consequences. 
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