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IDENTIFICATION OF SOURCES OF RESISTANCE IN WINTER WHEAT TO RUST SPECIES
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Abstract. This paper presents the results of a comprehensive assessment of the resistance of winter
soft wheat varieties and accessions to rust species under artificially created infectious background
conditions in the southern region of Kazakhstan. The research was conducted in 2021 at the Research
Institute for Biological Safety Problems. The objects of the study were varieties from Central Asia and
Transcaucasia, as well as collection accessions from the international nurseries 27FAWWON-SA and
27TFAWWON-IR. Resistance assessment was carried out based on a range of phytopathological
parameters, including disease severity, infection type, area under the disease progress curve, and the
coefficient of infection. The studies established that under an artificial infectious background, a significant
differentiation of accessions by the level of resistance to stem, leaf, and yellow rust is observed. The
maximum disease severity in susceptible accessions reached 60-80%, while in resistant forms this indicator
did not exceed 10-20%. Weather conditions during the growing season influenced the development of
yellow rust, whose severity remained low in most cases. The results showed that foreign accessions
possess a higher level of resistance compared to varieties from CA&T. Specifically, the proportion of
forms resistant to stem rust in the 27FAWWON-IR nursery reached 72.1%. Overall, 125 accessions with
complex resistance to all three rust species were identified. It was established that the use of an artificial
infectious background is an effective and reliable method for phytopathological screening, providing an
objective evaluation of genotypes. The identified accessions are of significant interest for breeding practice
and can be used as donors of resistance in the development of new high-yielding winter wheat varieties
adapted to the conditions of Kazakhstan.

Keywords: stem rust, leaf rust, yellow rust, winter wheat, CIMMYTT.

Introduction

Kazakhstan is one of the major grain-producing and wheat-exporting countries. Due to violations of
agronomic practices, the cultivation of susceptible varieties, insufficient plant protection measures, and
favorable weather conditions, there is a continued accumulation of infectious inoculum of plant pathogens
in wheat fields. Among wheat diseases, the most widespread are rust diseases caused by Puccinia
graminis, Puccinia triticina, and Puccinia striiformis, as well as leaf spot diseases caused by Septoria
tritici, Pyrenophora tritici-repentis, and Stagonospora nodorum [1-4].

In this context, the development and introduction into production of disease-resistant cereal
varieties is a priority objective of modern plant breeding, which is grounded in the theoretical principles of
plant immunity. Addressing this problem requires an integrated approach involving phytopathologists,
geneticists, and biotechnologists [3].

A key stage in phytopathological and breeding research is the evaluation of resistance to rust
pathogens. In Kazakhstan, such studies are often constrained by the lack of inoculum necessary to establish
an artificial infection background. Assessment under natural infection conditions, which depends on
random spore introduction and weather variability, is not always effective, particularly under continental
climate conditions with a low probability of annual epiphytotics. Therefore, the establishment of an
artificial infection background represents a more reliable and controlled method for phytopathological
screening. To obtain objective data, the infection nursery should be located on an irrigated site, isolated
from commercial wheat fields (at a distance of at least 10-15 km), and managed in accordance with all
agronomic requirements.

Materials and methods. Field and laboratory experiments were conducted at the Research Institute
for Biological Safety Problems, located in Gvardeyskiy settlement, Korday District, Zhambyl Region.
According to agroclimatic zoning, the field trial site belongs to an arid foothill agroclimatic region. Long-
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term data indicate that precipitation during the growing season of cereal crops ranges from 80 to 190 mm.
The hydrothermal coefficient is 0.41 — 0.50. The sum of effective temperatures varies between 3000 and
3500 °C, while the annual precipitation ranges from 250 to 400 mm.

According to data from the Korday meteorological station, the mean air temperature (°C) and
precipitation (mm) in 2021 were as follows: April — 9.7 °C and 37 mm; May — 17.2 °C and 15 mm; June —
21.2 °C and 5 mm; July — 25.8 °C and 5 mm; and August — 22.8 °C and 10 mm, respectively (Figure 1).

In 2021, the total precipitation during the spring period averaged 134 mm, which is insufficient for
optimal growth of cereal crops and the initial development of fungal diseases. Therefore, to create
favorable conditions for plant growth and disease development, the experimental plots were regularly
irrigated and sprayed with water.
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Figure 1 — Meteorological conditions of the region in 2021
(average for the spring—summer period)

In field experiments, urediniospores of local populations of rust pathogens preserved in the
microorganism collection of the Research Institute for Biological Safety Problems were used as inoculum
[5-7]. Field trials were established on an irrigated experimental site of the institute. Following moldboard
plowing and harrowing, the field was cultivated using a SOLO 503 cultivator. Seeds were sown manually
on plots of 0.4-3.0 m?, with 20 cm row spacing and row lengths of 100—300 cm. Each row was sown with
65-80 seeds. The wheat cultivar Steklovidnaya 24 was used as a control. To promote the accumulation and
spread of infection within the nursery, susceptible spreader varieties (Morocco and Bogarnaya 56) were
sown between tiers.

Prior to inoculation, the inoculum was activated at 40 °C for 10 minutes, followed by hydration in a
moist chamber at 20 °C for 2 hours. In spring, at the tillering and stem elongation stages, spring wheat
accessions were inoculated with an aqueous suspension of leaf and stem rust spores supplemented with the
surfactant Sigma-Aldrich Tween 80. After inoculation, plots were covered with polyethylene film for 16—
18 hours. Inoculation was performed in the evening under calm conditions after mpenBapurenbHOro
noJiuBa (pre-irrigation) of the experimental plots [8].

During the growing season, field resistance to diseases was assessed three times at two-week
intervals, starting from the appearance of the first symptoms. The evaluation criteria included infection
type and disease severity, assessed according to standard scales. Infection type for stem rust was
determined using the Stakman scale [9], for leaf rust using the Mains and Jackson scale [10], and for stripe
rust using the Gassner and Straib scale [11]. Disease severity (%) of rust infections was assessed using the
Peterson scale (modified Cobb scale) [12].

It should be noted that during assessments at the stem elongation—heading stages, two leaves from
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the lower and middle canopy layers were analyzed, whereas during the grain-filling stage, the upper two
leaves, including the flag leaf, were evaluated. The final assessment of leaf and stripe rust was conducted at
the milk—dough stage of grain development, while stem rust was assessed at the wax maturity stage.

Field resistance data were plotted and subjected to statistical analysis using GraphPad Prism 9.2.0
(GraphPad Software, Inc., La Jolla, CA, USA). Statistical significance was set at P < 0.05.

Results. This section presents the results of evaluating disease severity (DS), infection type (IT),
area under the disease progress curve (AUDPC), and coefficient of infection (CI) in the analyzed winter
wheat accessions. Based on these parameters, the wheat genotypes were classified into groups according to
their response in the studied nurseries (Figure 1).

As shown in Figures 2A-D, the studied winter wheat materials exhibited clear differences in field
resistance depending on the nursery conditions and pathogen species composition. Under artificial
infection background, maximum disease severity of stem and leaf rust in susceptible genotypes reached
60-80%. Climatic conditions during the 2021 growing season were unfavorable for the development of
stripe rust; therefore, disease development remained low (0—30%) across most of the evaluated winter
wheat accessions.

In the CA&T nursery, the mean severity of stem rust was 29.40%, with an AUDPC of 196.61
(units) and a CI of 19.97, indicating moderate to high susceptibility among the tested wheat genotypes. The
development of leaf rust in CA&T winter wheat was moderate; accordingly, the average disease severity at
the end of the growing season (milk stage) reached 27.5%, with an AUDPC of 176.29 (arb. units) and a ClI
of 15.87.

A substantially higher number of CA&T genotypes demonstrated resistance to stripe rust compared
to stem and leaf rust. Specifically, only 7 genotypes exhibited immune response or high resistance to stem
rust, 8 to leaf rust, and 47 to stripe rust (Figure 2D).
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A — disease severity of wheat genotypes; B — area under the disease progress curve; C — coefficient
of infection; D — distribution of genotypes by reaction type to diseases, where color intensity increases with
the number of wheat genotypes exhibiting the corresponding levels of disease resistance.

Figure 2 — Grouping of winter wheat genotypes according to field disease resistance traits
The Supplementary Material for this article can be found online at:
https://doi.org/10.58318/2957-5702-2026-25-2-26

A comparatively large number of sources with high resistance to stem rust were identified among
the foreign germplasm: 43 immune and resistant genotypes in the 27FAWWON-SA nursery (40.6% of the
tested entries) and 150 genotypes in 27FAWWON-IR (72.1%), respectively. In these nurseries, the mean
disease severity ranged from 12.05 to 22.12%, with AUDPC values of 72.8-79.6 (units) and CI values of
5.2-6.5.
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Evaluation of resistance to leaf rust in foreign winter wheat germplasm in the 27FAWWON-SA
and 27FAWWON-IR nurseries in 2021 showed that more than 43% (46 genotypes) and 85% (177
genotypes), respectively, expressed resistance at the adult plant stage. In the same nurseries, 69 and 179
genotypes, respectively, were classified as immune or resistant to stripe rust, with disease severity not
exceeding 10%.

Overall, statistically significant differences among the studied genotypes within the winter wheat
nurseries were observed for disease severity, AUDPC, and coefficient of infection in response to rust
pathogens (P < 0.01-0.0001).

Particular attention is given to genotypes exhibiting combined resistance to multiple prevalent
diseases. In the present study, 125 winter wheat genotypes with combined resistance to rust species were
identified, including 20 genotypes from 27FAWWON-SA and 101 from 27FAWWON-IR. Among the
cultivars from CA&T, group resistance to all three rust diseases was observed in Aychurek, Zhalyn,
Zhemchug Odesskiy, and Zhetysu. The selected genotypes may serve as valuable donors in breeding
programs for rust resistance and as candidates for the development of future winter wheat cultivars.

Discussion. In the southern and southeastern regions of Kazakhstan, where winter wheat is
predominantly cultivated, stripe rust remains one of the most widespread diseases. In addition, the global
spread of the stem rust race Ug99 poses a substantial threat to winter cereals. In recent years, the incidence
and harmfulness of leaf rust on winter bread wheat have also been increasing. Under favorable conditions,
these diseases significantly reduce both yield and grain quality, primarily through negative effects on spike
productivity. A key driver of large-scale rust epidemics is the widespread cultivation of genetically
uniform wheat varieties with similar resistance profiles, coupled with the emergence of new virulent
pathogen races. In this context, 68 winter wheat cultivars from CA&T, along with international nurseries
27TFAWWON-SA and 27FAWWON-IR obtained from CIMMYT, were evaluated under artificial infection
backgrounds of rust pathogens.

In Kazakhstan, winter wheat crops are annually affected by a complex of fungal diseases, resulting
in substantial yield losses and deterioration of grain quality [1-4]. Leaf rust and Septoria leaf blotch
frequently reach epiphytotic levels in northern regions, where yield losses in spring wheat have reached
20-30% over the past 15 years [2, 3, 13]. Stem rust, previously characterized by localized occurrence, has
recently become one of the major diseases in northern Kazakhstan and Western Siberia, causing yield
reductions of up to 30-40% in epidemic years [14-16].

From both economic and environmental perspectives, chemical control of foliar diseases is not
always effective or cost-efficient, particularly under conditions of low vyield potential [2, 3, 17, 18].
Modern global crop production increasingly emphasizes resource-efficient technologies, in which the
cultivation of disease-resistant varieties is a central component. Given that many regionally adapted wheat
and barley cultivars exhibit insufficient resistance, phytopathological screening across different
ontogenetic stages is an essential component of breeding programs.

The introduction of foreign genetic material from international research centers such as CIMMYT
and ICARDA represents an important source of valuable traits, including disease resistance. However, the
broad utilization of these materials in domestic breeding programs is constrained by the lack of
comprehensive data on their resistance to local pathogen populations. The present evaluation under
artificial infection conditions not only demonstrated a high resistance potential in a substantial proportion
of the introduced lines, but also provided an objective assessment of commercially cultivated cultivars
from CA&T. The observed genetic diversity for resistance traits, particularly the presence of genotypes
with combined resistance, is critical for overcoming the genetic uniformity of cultivated varieties, which
increases the vulnerability of agroecosystems to pathogen pressure.

Thus, the results of this study address an important applied objective—identification of effective
donors of resistance to rust diseases. The selected genotypes can be incorporated into scientifically
grounded plant protection strategies aimed at ensuring stable and high grain yields in Kazakhstan. Further
integrated studies combining phytopathological, genetic, and biotechnological approaches will contribute
to enhancing the resistance of domestic wheat and barley cultivars to economically significant
phytopathogens.

Conclusions. The conducted study enabled a comprehensive assessment of resistance in winter bread
wheat genotypes to major rust diseases under the conditions of southern Kazakhstan using an artificial
infection background. The evaluated genotypes differed significantly in disease severity, infection type,
area under the disease progress curve, and coefficient of infection, indicating substantial genetic variability
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for resistance traits.

The results demonstrate that an artificially established infection background ensures stable pathogen
development and allows for the generation of reliable and reproducible data, in contrast to natural infection
conditions, which are highly dependent on environmental variability. This confirms the methodological
validity and practical utility of artificial infection nurseries for phytopathological screening under the
continental climate conditions of Kazakhstan.

The analysis further revealed that a considerable proportion of foreign germplasm from the
27TFAWWON-SA and 27FAWWON-IR nurseries exhibits high levels of resistance to stem, leaf, and stripe
rust. In contrast, cultivars from CA&T predominantly showed moderate to high susceptibility, highlighting
the need for their genetic improvement.

A total of 125 genotypes with combined resistance to all three rust diseases were identified,
representing valuable material for breeding programs. These selected lines can be utilized as donors of
resistance in the development of new cultivars with enhanced adaptive potential.

Overall, the findings have significant practical implications and provide a robust foundation for the
design of effective breeding strategies. Future research should focus on elucidating the genetic basis of
resistance and on the incorporation of promising genotypes into breeding programs to improve resistance
of cereal crops to major phytopathogens.
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KACAHJIBI THOEKIUSUIBIK ASIIA KY3AIK BUIAVIBIH TAT TYPJIEPIHE TO3IMILIIK
KO3/IEPIH AHBIKTAY

AJL. Mayaen6aii © *, T Ill.bIckakosa ©, A.C. Pcanuen ©
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Anparna. by xympicta KazakcTaHHBIH OHTYCTIK aiiMarbIH/Ia JKacaabl TYPJe KaJbITACTHIPbUTFaH
MHOEKIMSIIBIK asiia KY3[iK JKyMcak Oujail yirijaepiHiH TaT TypJepiHe Te3IMILUTIriH KemeHai Oaranay
HOTHKeNepi kenripinred. 3eprreynep 2021 KbUTbl BHONOTHSIBIK Kayilci3gik MpoOiieManapbiHbIH
FBUIBIMU-3€PTTEY MHCTUTYTHIHBIH 0a3achlHIa KYpri3ijai. 3epTrey HbicaHmapbl perinae Opranbik A3us
xoHe KaBka3z coprrapbl, conpaii-ak 27FAWWON-SA xone 27FAWWON-IR xanblkapanibIk
MMUTOMHUKTEPIHIH KOJUISKIIUSIIBIK YITUICP] albIHIbI.

Tezimpainikri Oaramay Oipkarap (HUTOMATOIOTHSUIBIK KOPCETKIITEp OOMBIHIIA KYPTi3iidi, OHBIH iIIiHAE
3aKpIMJIaHy JI9pEeKeci, peakuus THII, aypy JdaMy KHCBIFBI acCTBIHJAFbl ayJaH >KoHE MH(EKIus
kodpdunmenTi. 3eprrey OapbIChIHIA Kacaabl MHPEKIHUIBIK asfga cabak, jKambIpakK JXKOHE capbl TaTKa
TO3IMIUTIK JeHredi OOWbIHINIA YITIIepIiH eneyli capalaHybl OaiiKanaTbIHbl aHBIKTANJIBL. ©Ocepii
YATUIEpAIH MaKCUMAaJIIbI 3aKbIMIany aapexeci 60-80% >xerTi, an Te3iMa1 Gpopmanapaa 6yt kepcetkim 10-
20% acmanpl. Beretanusuiblk Ke3eHHIH aya-paiibl jKaFaaigapbl capbl TaTThIH JaMyblHa dcep €TTi, OHBIH
3aKpIMJIAHY JI9pEXKEC] Ken Karjaiaa ToMeH JAeHreine Kanapl. Hotmkenep merenaik yaruiepaid OpTaibik
A3us COpTTapbIMEH CaJbICTBIpFaHAA TO3IMILIIK JEHredi >KOFapbl €KeHIH KepceTTi. ATam aiTKaH[a,
27FAWWON-IR nuroMuuriHge cabak TaThiHa TO3iMII hopManapasiH yieci 72,1%-mb1 Kypaabl. YKammsl,
TaTTBIH YII TYypiHE KemieHAi Te3imauniri O6ap 125 ynari aneikranael. JKacagsl WHOEKUUATBIK asSHBI
naijanaHy reHOTUITEp/l OOBEKTUBTI Oaranayabl KaMTaMachl3 €TETiH (PUTOMATONOTHSUIBIK CKPUHUHITIH
TUIM/II JKOHE CEHIM1 ofici OOMNBIN TaOBUIATHIHBI AHBIKTANABL. BOTiHTeH yATiep CeNeKIUsIIbIK MPaKTUKa
YIIIH alTapibIKTal KbI3BIFYIIBUIBIK TYABIPaAb! skoHe Kazakcran karmaiibiHa OediMIeNnTeH, >KOFrapbl OHIM/I1
KY3[iK OMIaiJbIH KaHa COPTTapblH »acay Ke3iHAe Te3IMIUIK JIOHOpJapbl pEeTiHAe MNaiaagaHbuTybl
MYMKIH.

Tyiiin ce3aep: cabak TaThl, XKamnbIpak TaThl, capbl TaT, Ky3aik ounaii, CUMMMUT.

BBISIBJJEHUE UCTOYHUKOB YCTOMYMBOCTH O3UMOM NIIEHUILI K BUJIAM
P KABYHUHBI B YCJIOBUAX HCKYCCTBEHHOI'O HTHOEKIIMOHHOTI'O ®OHA

AJL. Mayaen6aii @ *, I'.Ill.blckakosa ©, A.C. Pcaanes ©
TOO «HayuHo-uccnenoBaTenbCKuil HHCTUTYT MPoOJIeM OMOIOTHUECKOM 0€30MacHOCTIY,
Hanmonanenseiii xonauar «QazBioPharmy, I'Bapuetickuii, Pecniyonuka Kazaxcran
*a.maulenbay@biosafety.kz

AHHoTanus. B nanHoi pa®oTe mpeacTaBieHbl pe3yabTaThl KOMIJIEKCHOM OLIEHKH YCTOWYUBOCTH
COpPTOOOpA3IIOB 03UMOM MSTKOHM MINEHUIIBI K BUJAM PKABYMHBI B YCIOBHUSX HCKYCCTBEHHO CO3JIaHHOTO
nHpexnnonHoro (ona B r0kHOM perrone Kaszaxcrana. VccnenoBanus nposenensl B 2021 romxy Ha 6aze
HayuHo-nccienoBaTebckoro MHCTUTYTa podsieM Ouonorndeckoii 6e3onacHOCTH. OObEKTaMU U3yUeHUs
SBIUTHCH copTa LleHTpanbHOM A3um n 3akaBKa3bs, a TAKKE KOJUICKIMOHHBIC 00pa3Ibl MEXKTYHAPOIHBIX
nmutToMHUKOB 27FAWWON-SA u 27FAWWON-IR.

OHGHKa YCTOﬁqHBOCTH IIpoBOAWJIIAChH IIO0 pPAdY (bI/ITOl'IaTOJ'IOFI/I‘IeCKI/IX HOK&?)&TGJ'IG?I, BKJItO4ass CTCIICHb
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MMOPaKEHMsI, TUTT PEAKIIMH, TIJIOMIAIb MO KPUBOM pa3BUTHs O0o0je3Hn U Koddduiment uHpeknuu. B xome
UCCIICZIOBAaHUI YCTAHOBJIEHO, YTO HA UCKYCCTBEHHOM HMH(EKIIMOHHOM (hOHE HAOII0JaeTCsl 3HAYUTENNbHAs
muddepeHmanus copTooOpa3oB MO YPOBHIO YCTOWYMBOCTH K CTEOJIEBOM, JIMCTOBOM M KENTOU
pkaBurHEe. MakcuMalbHas CTENeHb MOPaXEHUsS BOCHPUUMYMBBLIX 00pasnoB gocturana 60—-80 %, Torma
KaKk y YyCTOHYMBBIX (opM J[aHHBIM moka3arenb He mpesbiman 10-20 %. Iloroansle ycioBus
BEreTal[OHHOr0 EPHoJia CIIOCOOCTBOBANIM CIIA00MY PAa3BUTHIO KENTOW PrKaBUMHBL. 3apyOeskHbIe 00pa3Ibl
MoKa3ajau 0ojiee BHICOKYIO YCTOMYMBOCTH IO CpaBHEHHUIO ¢ copTamu LleHTpanbHOoi Asuu. B nuromnuke
27FAWWON-IR pmomns ycToWuyMBBIX K cTeOneBoil pkaBumHe nocturna 72,1 %. BeusBieno 125
COpPTO00Pa3LIOB ¢ KOMILJIEKCHOW YCTOMYUBOCTBIO K TPEM BUAM pkaBuMHBL. [I[puMeHeHe HCKYCCTBEHHOTO
MH(PEKIMOHHOTO (OHA MOATBEPAMWIO CBOIO 3((HEKTUBHOCTH JUIsI OOBEKTHBHOTO (DUTOMATOIOTHYECKOTO
CKpUHHHTA. Bpi/ienenHble 00pa3ibl NPeCTABISAIOT 3HAUUTEIbHBIA HHTEPEC ISl CEICKIIMOHHON MPAaKTUKU
Y TIEPCIEKTHBHBI B KAYECTBE JIOHOPOB YCTOWYMBOCTHU IIPU CO3/1aHUHM HOBBIX BBICOKOIIPOAYKTUBHBIX COPTOB
O3UMOI MIICHUIIBI, aJaNTHPOBAHHBIX K ycioBusM KazaxcraHna.

KuroueBnble cioBa: cTediieBas p>kaBurHa, JTUCTOBAs pP>KaBUMHA, KEJTasi pKaBUMHA, 03UMas
mmenuna, CUMMUNT.
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