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Abstract. Wheat (7riticum aestivum L.) is a strategically important crop for global food security,
particularly under increasing climate variability and drought frequency. Identifying genotypes that combine high
productivity, disease resistance, and environmental adaptability remains a key objective of modern breeding.
The aim of this study was to comprehensively evaluate spring wheat varieties and lines from the international
KASIB nursery to identify promising genotypes with high yield potential and drought tolerance. The research
was conducted in the Kostanay region at the Karabalyk Agricultural Experiment Station. Phenological
observations, morphometric analysis, NDVI assessment, phytopathological screening for leaf rust resistance,
and determination of the drought tolerance index (DSI) were applied. Statistical methods were used to assess
trait variability and identify adaptation patterns. The results revealed significant phenotypic variability among
the studied accessions. Thirty-six genotypes exhibited high NDVI values (0.55-0.67), indicating intensive
biomass accumulation. The 1,000-kernel weight ranged from 24 to 57 g, with 27 accessions exceeding 40 g,
reflecting high productivity potential. Phytopathological screening identified 59 genotypes with an immune
response to leaf rust. Morphometric analysis showed that the length of the last internode (1547 cm) is a key
adaptive trait associated with both productivity and drought tolerance. Grain yield varied from 17.7 to 53.9 c/ha.
The drought tolerance index (DSI) ranged from 0.26 to 1.17, with 23 genotypes classified as drought-tolerant
(DSI <0.50). These findings confirm the high genetic and phenotypic diversity of the KASIB collection and
demonstrate the effectiveness of integrating morphological, physiological, and phytopathological traits for
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1dentifying adaptive and high-yielding genotypes for breeding programs.
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AnHotauusi. bunaii  (Triticum aestivum L.) — >xahaHmbIK a3bIK-TYJIK KayilcCi3miri yuIiH
CTPATETUSUTBIK MaHBI3Jbl JAKbLUT OOJBIN TaOBUIAIBI, dCipece KIMMATTBIH ©3TeprillTiri MEH KYpPFaKIIbUIBIK
KUUIITIHIH apTybl-Ha OalinaHblcThl. JKOFapel OHIMIUTIKTI, aypyFa Te3IMILTIKTI JKOHE KOpIIaFaH opTara
Oeifimzenyni OlpiKTIpeTiH T€HOTHUNTEPAl aHBIKTAy Kasipri 3aMaHFbl CEJIeKIUSIarbl HETi3ri Mocene OOJbII
Kana 6epeni. byn 3epTreyain MakcaThl KOFapbl OHIMJILIIK 9JIeyeTi MEH KYPFaKIIbUIBIKKA TO3IMALIIrT Oap
nepcnekTuBanbl reHotunTepAl aHbikTay yimiH KACHUDB XxanbikapaiblK NMUTOMHUTIHEH aJIbIHFaH JKa3[bIK
Oujail copTTapel MEH >KeJllepiH Ke-lieHal Oaramay Oonabl. 3eprrey Kocranait obnbiceiHna Kapabanbik
aybUIIIAPYAIIbUIBIK TOKIpUOE CTaHIMSA-CHIHAA KYPri3inai. OeHOIOTUsIIBIK OaKbuiaynap, MOPPOMETPHSIIBIK
tangay, NDVI Oaranay, >kamplpak TaTbl-Ha TO3IMAUIIIIHE (UTONMATOJOTHSIIBIK CKPUHUHI  JKOHE
KYpFakIIbUIbIKKAa Te3iMAlLmK uHAekciH (DSI) anpikray KonmaHbiabl. benrinepaiH e3reprimuTirid Oaranay
KoHe OeiliMeny 3aHIbUIBIKTApPbIH aHBIKTAy YIIH CTAaTHU-CTHKAJBIK OAICTep KOJMAHBUIABL. HoTmxkenep
3epTTENreH YIruIep apachlHa aTapiablKTall (EHOTUITIK ©3TreprilliTiKTI aHBIKTaAbl. OThI3 adThl TEHOTHUI



NDVI xoraper monzepin kepcerrt! (0,55-0,67), Oys1 OMoMaccaHbIH KapKbIHbI )XUHAITYBIH KopceTeAl. 1000
TOHHIH canMarbl 24-TeH 57 r-ra Aeiidn Oonasl, oHbIH imriHae 27 ynri 40 r-HaH achlll TYCTi, OYJI >KOFaphl
OHIMJIITIK oNeyeTiH kepceredi. PUTONATONOTUSIIBIK CKPUHHUHT KaIbIpaK TaThIHA UMMYHJBIK PEaKIUSCHI
6ap 59 reHOTHNTI aHBIKTaAbl. MOpPGhOMETPUSIIBIK Tainay COHFBI TYHIHAPANBIKTHIH Y3BIHABIFBI (15—47 cm)
OHIMJIITIK MeH KYPFaKUIBLIBIKKA TO3IMIUTIKIIEH OalIaHbICTBI HETi3ri Oelimzaeny Oenrici eKeHiH KOPCETTi.
Hon enimuiniri 17,7-gen 53,9 w/ra-ra neitin 6onasl. Kyprakumsuisikka Tesimainik uaaekci (DSI) 0,26-gan
1,17-re nmeiiin Gonapl, 23 TEHOTUN KypFakUIbLIbIKKA Te3imal aemn xkikrenai (DSI < 0,50). byn nHotmxkenep
KACHDB KOMIEeKIUICHIHBIH >KOFaphl TCHETHKANBIK oHE (EHOTUNTIK OPTYP-NUITNiH pacTailibl KoHe
CEJIKIMSUIBIK OaFrmapiamManap YIIiH OeHIMIENTIl >KOHE KOFapbl ©HIMJI TEeHOTHUII-TEPl aHBIKTAy YIIiH
MOP(ONOTHSINIBIK, (UIUOTMOTUSIIBIK KOHE (UTOMATONOTUANBIK OenrinepAi OipiKTIpyaiH THIMILTITIH
KepceTe/i.
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AnHorauus. [Timenuna (Triticum aestivum L.) siBseTCs cTpaTernyecky BaKHOU KyJIbTYpOH JUIs IJ10-
0aIbHOM MPOIOBOJILCTBEHHON 0€30MacHOCTH, OCOOCHHO B YCIOBMSX PACTYLIeH M3MEHYMBOCTH KIMMaTa M
YacTOTHI 3aCyX. BbIsIBJI€HNE FEHOTUIIOB, COUETAIOIINX BEICOKYIO IPOIYKTUBHOCTb, YCTOHYNBOCTD K 0OJIE3HAM
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W aJalTUBHOCTb K OKPY’KAIOIIEeH CPe/ie, OCTAETCS KJIIOUYEBOM 3a7a4ell COBPEMEHHON CENIeKIUU. 1[eTbI0 1aH-
HOTO MCCIIeIOBaHUs Obllla BCECTOPOHHSAS OILEHKA COPTOB M JIMHUM SPOBOM MIIEHHUIIBI M3 MEXIYHAPOIHOTO
nutoMHuka KACUDB 1151 BbIsIBIIEHHSI IEPCHIEKTUBHBIX T€HOTUIIOB C BBICOKMM MOTEHILIMAJIOM YPOXKalHOCTH
U 3acyxoycToiumnBocThio. MccnenoBanue npoBoamiock B Koctanaiickoit obmactu Ha Kapabanbikckoit cenb-
CKOXO3SMCTBEHHOM SKCIIEpUMEHTaNbHON cTanuuu. [Ipumensucey dhenomornyeckue HabmoneHus, Mophome-
TpuuecKkuil ananus, onenka NDVI, ¢purtonaronornyeckuii CKpUHUHT Ha yCTOMYHUBOCTD K JIMCTOBOM prKaBUMHE
U ompejeneHue uHaekca 3acyxoycrounoctu (DSI). Jlns olleHkH M3MEHYMBOCTU MPU3HAKOB M BBISBICHUS
3aKOHOMEPHOCTEN aJanTallii UCIOIb30BAINCH CTATUCTUUYECKUE METO/Ibl. Pe3ynbTarsl mokazanu 3HAYUTEINb-
HYI0 (EHOTUITUYECKYIO U3MEHUYUBOCTh CPEIM N3YUYEHHBIX 00pa3oB. TpuaaTh MecTh FTeHOTUIIOB MPOAEMOH-
ctpupoBanu Beicokue 3HaueHuss NDVI (0,55-0,67), uTo yka3piBaeT Ha MHTEHCHBHOE HAKOIIJICHUE OMOMACCHI.
Macca 1000 3epen BapsupoBaia oT 24 10 57 r, npu 3ToM y 27 00pa3ioB oHa npesbiana 40 1, 4To oTpaxkaeT
BBICOKHI MOTEHIHA TPOYKTUBHOCTU. PDUTOMATONIOTMYECKHUIM CKPUHUHT BBISIBUI 59 TEHOTHIIOB C MUMMYHHBIM
OTBETOM Ha JINCTOBYIO pKaBunMHY. MopdomeTpruyeckuii aHamu3 mokasal, 4yTo JTMHA TTOCIEAHETO MEKI0Y 33U S
(1547 cm) siBnsieTCs KIIOUYEBBIM aJalTUBHBIM MPU3HAKOM, CBSI3aHHBIM KaK C MPOAYKTUBHOCTHIO, TAK U C 3a-
CYXOYCTOMYMBOCTBIO. YPOKallHOCTH 3€pHa BapbupoBaina oT 17,7 1o 53,9 w/ra. Muaexc 3acyxoyCTOWYMBOCTH
(DSI) Bapbuposain ot 0,26 no 1,17, nmpu 3ToM 23 reHoTuna ObUTH KiIacCU(PUIIMPOBAHBI KaK 3aCyX0yCTOWYH-
Bbie (DSI <0,50). D11 pe3ynbTarhl MOATBEPKIAIOT BHICOKOE TeHETUYECKOE U (PEHOTHIHUECKOE pa3Hoo0pasue
kosutekiu KASIB u neMoHcTpupytoT 3¢ (heKTUBHOCTH MHTETpallii MOP(OTOrHUECKHX, (PU3NOTOTHUECKUX U
(bUTONATONOrHUECKUX MPU3HAKOB JJISl BBISIBICHUS aJIAITUBHBIX U BBICOKOYPOXKaWHBIX TEHOTHIIOB ISl CEJIEK-
[IMOHHBIX MTPOTPAMM.

KuroueBble cioBa: 3acyXxoycTOMYMBOCTH, mojeBasi oleHka, mieHuna, KACHUD, abuornueckuit
cTpecc, (heHOTUITMPOBAHUE 3aCyXH, CTAOMIBHOCTD yposKas

Jas uurupoBanus: KymapGaesa M.T., KoxmeroBa A.M., Keummnos XK.C., Xapumxkanoa A.lL.,
Koganenko H.M. (2026). Ouenka 3aCyXOyCTOWYMBOCTH B TIOJIEBBIX YCIOBUSAX IeHO(OH A MIIEHUIIBI KachO B
ceBepHoM Kazaxcrane // Research, results — [3nenicrep, Hotmwxkenep — UccnenoBanusi, pe3ynsrarsl. Vol. 28. Is.
4. Number 112. Pp. 117-128. https://doi.org/10.37884/4-2026/09 [In Eng.].

Kon$uukT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

bnazooapnocmu: oannoe uccinedoganue 8blNOIHEHO NpU GUHAHCOB0U noddepiicke Komumema Hayk
Munucmepcemea Hayku u gvicuie2o obpazosanus Pecnyonuxku Kazaxcman (BR28712539).

Introduction.

Wheat (Triticum aestivum L.) is the principal cereal crop for food security across the Eurasian steppe,
where production is dominated by spring-sown, rainfed systems and therefore strongly constrained by seasonal
water availability. In Kazakhstan, the largest wheat-growing areas are concentrated in the northern regions,
where interannual precipitation variability and episodic droughts frequently determine both yield level and
yield stability. Long-term climatic analyses for Kazakhstan show a clear warming trend (1950-2020) and
demonstrate that wheat yields are significantly associated with early-summer drought conditions, underlining
the high sensitivity of rainfed wheat production to moisture deficits [ Avalbayev, 2024; FAO, 2023; CIMMYT,
2016; Kumarbayeva et al, 2025; Malysheva, 2023].

Northern Kazakhstan is expected to remain a drought-prone wheat belt under ongoing climate change,
and modeling studies indicate that yield losses may intensify in vulnerable soil-farming zones unless adaptive
technologies and improved cultivars are deployed. For example, scenario-based assessments for North
Kazakhstan report substantial projected yield reductions under higher-emission pathways, with the largest
penalties occurring in the more arid steppe environments. These risks are compounded by the inherently
high yield variability typical of Kazakhstan’s rainfed systems, where limited water availability and short
growing seasons constrain productivity and widen yield gaps. In this context, breeding and targeted cultivar
deployment remain among the most cost-effective strategies to increase resilience, stabilize yields, and reduce
production volatility.

A distinctive advantage for regional breeding in the Kazakhstan—Siberia Spring wheat belt is the
availability of coordinated, multi-environment germplasm evaluation through the Kazakhstan—Siberia Network
on Spring Wheat Improvement (KASIB). KASIB was established by CIMMYT to connect breeding programs
and facilitate cooperative testing and exchange of elite spring wheat materials adapted to the agro-ecologies
of Northern Kazakhstan and adjacent high-latitude environments. Over time, the KASIB nursery system has
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gencrated valuable datasefs and germplasm resources for analyzing genotype X environment interactions and
identifying broadly adapted, stress-tolerant lines. However, because drought expression is highly location-
and season-specific (timing, intensity, and duration), the identification of drought-tolerant genotypes requires
dedicated field evaluations in the target production environments, including the Kostanay region, which is
among the key wheat-producing areas of Northern Kazakhstan [Fernandez, 1992; Ficher and Maurer, 1978;
Lobel et al, 2011; Nyaupane et al, 2024].

Field-based drought screening is most informative when it integrates (i) grain yield performance under
contrasting moisture regimes and (ii) quantitative drought tolerance indices that capture both productivity
and stability. Widely used indices include the stress susceptibility index (SSI), which reflects yield reduction
relative to the population mean (lower SSI indicates greater tolerance), and yield-based selection criteria such
as tolerance (TOL) and mean productivity (MP), which summarize yield penalties and average performance
across stress and non-stress conditions. In addition, the stress tolerance index (STI) proposed by Fernandez is
especially useful for identifying genotypes that maintain high yield potential while also performing well under
stress, making it attractive for breeding programs targeting both favorable and drought-affected seasons. When
applied to well-designed field trials, these indices help distinguish “escape” (phenology-driven avoidance)
from true tolerance and support robust ranking of germplasm for cultivar recommendation and parental
selection [Reynalds et al, 2015; Semenov and Srtatonovitch, 2013; Singh et al, 2025; Trethowan et al, 2001].

Against this background, the present study evaluates field drought tolerance in KASIB wheat
germplasm under the agro-climatic conditions of the Kostanay region in Northern Kazakhstan. Specifically,
we (1) quantify grain yield responses under field moisture limitation, (ii) compute key drought tolerance indices
to characterize productivity—stability trade-offs, and (iii) identify the most promising KASIB entries for use in
regional breeding pipelines and potential cultivation in drought-prone environments. By linking standardized
index-based screening with target-environment field phenotyping, this work contributes to accelerating the
development and deployment of drought-resilient spring wheat cultivars for Northern Kazakhstan’s rainfed
production systems.

The aim of this study was to evaluate drought tolerance in KASIB wheat germplasm under field
conditions in Northern Kazakhstan using yield-based traits, drought tolerance indices, and physiological
parameters, and to determine key traits associated with drought adaptation.

Research objectives:

To assess yield-related traits of KASIB wheat germplasm under field conditions in Northern Kazakhstan.

To evaluate drought tolerance using drought tolerance indices and identify genotypes with stable
performance under water-limited conditions.

To determine physiological parameters, including NDVI, associated with biomass accumulation and
drought adaptation.

To analyze relationships between yield-based traits, drought tolerance indices, and physiological
indicators.

To identify key traits and promising wheat genotypes for use in breeding programs aimed at improving
drought tolerance.

Materials and methods.

Phenotyping and genetic selection studies of the collection of wheat varieties and lines from the
international nursery KASIB were conducted in the fields of the Karabalyk Agricultural Experimental Station
in the Kostanay region.

Varieties and lines from the international nursery KASIB were used as study subjects. The 120 wheat
accessions selected were characterized as having productivity potential and disease resistance. However, their
drought tolerance was insufficient. Therefore, the current project involves screening wheat lines for drought
tolerance and selecting promising lines characterized by an optimal combination of drought tolerance, leaf
rust resistance, and high productivity. The plot area was 2—-3 m2. The experiment was replicated 2—3 times.
A range of economically valuable traits was studied, but this article focuses on a single indicator: grain yield.
The experiment was carried out under field conditions during a single vegetation period (2025).

Weather Conditions during the 2025 Growing Season. Northern Kazakhstan is characterized by a
sharply continental climate with late spring onset and frequent early autumn frosts. In some years, spring
frosts may persist until 15-25 June, whereas the first autumn frosts are commonly observed between 15 and
20 September and may occasionally occur as early as 10-30 August. Such climatic conditions shorten the
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frost-Tree period to 60—80 days, thereby limiting the productivity potential of lafe-maturing wheat cultivars.
During the 2025 growing season, weather conditions in Kostanay region were generally characterized by
moderate temperatures typical of the northern wheat-growing zone of Kazakhstan. In May, the average
daily air temperature was +15.2°C, providing favorable conditions for seed germination and early seedling
establishment. In June, the mean temperature increased to +19.6°C. The warmest month was July, with an
average temperature of +20.4°C, which was considered optimal for heading and flowering of wheat. In August,
temperatures slightly decreased to +19.2°C, creating favorable conditions for grain filling and maturation
without severe heat or drought stress. By September, the average temperature declined markedly to +11.8°C,
indicating the transition to autumn conditions and the completion of plant vegetation. Relative air humidity
ranged from 50 % in May to 64 % in September. The driest conditions were observed in May, whereas from
July onward humidity remained relatively stable at approximately 60% or higher, contributing to normal grain
development and filling. Overall, the climatic conditions during the wheat growing season in Kostanay region
could be characterized as moderately warm and sufficiently humid.

Phytopathological evaluation of the rust resistance of the experimental wheat material was conducted
according to the method of R.A. MclIntosh et al., 1995. This method was used to determine the infection
prevalence and the infectious type of the disease (0 — immune, R — resistant, MR — moderately resistant, MS —
moderately susceptible, S — susceptible). The Morocco wheat variety was used as the universally susceptible
standard, and the Steklovidnaya-24 variety as the susceptible local standard.

Field drought tolerance of plants was assessed using stem morphological characteristics (plant height,
internode length, and spikelet yield).

The drought tolerance index was calculated using the Fisher and Maurer formula (cited in [ Yanchenko
et al., 2004]:

DSI=(1-Y/Yp)/(l-X/Xp), (1)

where DSI is the drought tolerance index; Y is the variety yield under stress; Yp is the variety yield
without stress; X is the average yield for all varieties under stress; Xp is the average yield for all varieties
without stress. Ecological plasticity parameters were calculated according to S.A. Eberhart and W.A. Russell
[1966) as reported in: Zykin et al., 1984].

Statistical analysis. R-studio software was used to conduct a one-way analysis of variance (ANOVA)
to evaluate the differences in productivity and resistance to leaf rust among genotypes and across years.
Pearson correlation coefficients were calculated based on the mean values of the evaluated traits. PCA was
conducted, and biplots were generated using R-studio software version R 3.5.3 [ Core Team, 2018].

Results.

Phenotyping and genetic selection studies of a collection of wheat varieties and lines from the
international nursery KASIB were conducted in the Kostanay region on the fields of the Karabalyk Agricultural
Experimental Station.

Phenological observations were conducted, which resulted in the identification of the earliest maturing
samples, with heading dates from July 1 to 4, 2025. Thirty-six samples with high biomass index values
(0.55-0.67) were identified: Stepnaya 259, Liniya 4-10-16, Liniya 22 ChS, Kazakstanskaya 10 (late-ripening
standard), Astana 2, Omskaya 35, Lutescens 22—17, Lutescens 443, Silach, Element 22 (Erythr.85-08), etc.

A phytopathological screening for leaf rust resistance was conducted on wheat accessions. The severity
of damage varied from immune (IT=0) to moderately susceptible (30 MS). Fifty-nine accessions with an
immune-type response to leaf rust resistance were identified. Figures 1 and 2 present the results of boxplot
analyses and histograms of the distribution density of morphological and physiological wheat traits: internode
length, ear stand, plant height, DDC, and NDVI. The histograms demonstrate the nature of variation and the
degree to which the distribution of each trait approximates normal values.

The weight of 1000 grains varied within the range of 24—57 g, the highest value was observed in Line
122/00i. 27 samples with high 1000-grain weight exceeding 40 g were selected: Stepnaya 245, Omskaya
35, Saratovskaya 29, Lutescens 8-108-1, Lutescens 37-17, Lutescens KS 14/09-2, SPChS 69, Silach,
Erythrospermum 24841, Kargala 223, Kargala 228, Liniya 19003, Liniya 19029, Hordeiforme 69-08-2,
Hordeiforme 2264, Hordeiforme 2383, Seymur, Bezenchukskaya 139, Hordeiforme 829, Hordeiforme 864,
Hordeiforme 05-12-7, Leucurum 1506-36, Annushka, Luch 25, Gordeiforme 1790, Gordeiforme 254 st and
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Fig 1. Boxplots analysis of the main morphophysiological characteristics of wheat in the conditions of the Kostanay region, 2025.

An assessment of field drought tolerance was conducted in the Kostanay region. A comprehensive
morphometric study of wheat germplasm was conducted to evaluate their adaptive capacity to the region’s
arid conditions. In the Kostanay region, which is characterized by a more moderate level of drought compared
to the Almaty region, the length of the last internode and ear emergence are important adaptive parameters
determining the productivity and drought tolerance of wheat. Significant variability in these traits was identified,
allowing us to establish the main patterns of adaptation in the northern zone. The length of the last internode
varied from 15 to 47 cm, demonstrating a more pronounced vertical growth of wheat compared to the Almaty
region. This is due to lower levels of heat stress and better moisture supply during tillering and booting.
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Fig. 2. Histograms of distribution of morphological and physiological characteristics of wheat in the conditions of Kostanay region, 2025.

Based on measurements of the last internode, the collection is divided into three groups. The first
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group has a short mternode (15-20 cm): Lutescens 2Z2—1/, Lutescens 1195, Stolypinskaya 2, OmGAU-100,
92/001, 117/001, 120/001, Element 22, and the promising lines F7 and BC1F6. These varieties are characterized
by a compact bush shape and a low ear position. In the Kostanay region, a short internode is not always
an advantage, as the region’s moderate climate allows plants to effectively develop stem biomass, while a
low ear height can reduce ventilation and increase the risk of disease. The second group with an average
internode spacing (20—28 cm): Stepnaya 259 (18.94 cm), Lutescens 1300 (23.54 cm), Saratovskaya 29 (22.8
cm), Lutescens 1103 (23.86 cm), Liniya 19003 (24.24 cm), Omskaya 35 (20.71 cm), Lutescens 8-108-1 (27.35
cm), Lutescens 90—12 (25.82 cm), Sibirskaya 21 (25.84 cm).

The selected samples demonstrate an optimal balance between growth, lodging resistance, drought
tolerance, and the effectiveness of productive element formation. The third group with an elongated
internode (28—47 cm): Tyumenskaya Yubileinaya (47 cm), Gordeiforme 05-12-7 (42 c¢m), Nauryz 6 (39.7
cm), Gordeiforme 829 (38.9 cm), Tyumenochka (34.8 cm), Lutescens 65 (30.24 cm). Tall plants are more
competitive in light, but are more susceptible to lodging and have lower water efficiency. Nevertheless, in the
conditions of the Kostanay region, where there is more moisture, such plants can develop high productivity
and drought resistance.

In the Kostanay region, wheat ear heights ranged from 16.7 to 65.16 cm, indicating the collection’s
high diversity potential. Fourteen accessions with high ear heights (30-65 cm) were selected. Under optimal
conditions in the Kostanay region, yields ranged from 17.7 to 53.9 centners per hectare, demonstrating a
wide range of productivity among the samples studied. Average yields ranged from 47.4 to 52.6 centners per
hectare, confirming the high potential of most varieties.

The statistical analysis revealed that the first internode length correlates positively with the second
internode length (r = 0.406, p < 0.05) and the last internode length (r = 0.33, p <0.05), indicating normal wheat
stem growth dynamics. The relationships revealed point to genetic and physiological coordination of stem
development. The second and last internode lengths show a high correlation (r = 0.563, p <0.01). A moderate
positive correlation between internode length and plant height (PH) (r = 0.482 for the first internode and r =
0.395 for the last) indicates that internode elongation is significantly related to plant height. Thousand-grain
weight productivity showed a highly positive correlation with the length of the last internode (r = 0.612, p <
0.01), indicating a direct influence of stem morphology on the formation of wheat grain mass. The correlation
between grain mass and the length of the second internode was highly significant (r=0.446,p <0.01), indicating
the importance of stem structure for productivity. Ear emergence was positively associated with plant height
(r=0.417,p <0.01) and NDVI (r = 0.288, p < 0.05), indicating a relationship between morphological traits
and plant physiological potential.

Thus, as a result of studying the dynamics of biomass accumulation, 27 wheat accessions with a
high biomass index and field drought tolerance in Kostanay region were selected. After assessing the field
drought tolerance and drought tolerance index of the KASIB spring wheat collection, 23 accessions with a
high biomass index, field drought tolerance (DSI < 0.50), and high productivity were selected. Differences
in the main yield indicators and the drought tolerance index (DSI) were identified. In the Kostanay region,
yields ranged from 7.7 to 44.6 centners/ha, and in the Kostnay region, from 17.7 to 53.9 centners/ha. Six high-
yielding samples with high field drought resistance and drought tolerance index were identified (Gordeiforme
2264, Annushka, Kargala 223, Liniya 19003, Bezenchukskaya 139 and Leukurum 1469-21).

Discussion.

Drought is one of the most common environmental stressors affecting plant growth and development.
By 2025, approximately 1.8 billion people are expected to face absolute water shortages, and 65 % of the
world’s population will live in water-stressed conditions. Water stress tolerance is a complex parameter that
can be influenced by various characteristics that affect crop yield [Ingram and Bartels, 1996].

A key approach to developing adaptive and drought-tolerant varieties is hybridization using carefully
selected source material. The effectiveness and pace of the breeding process in this area are largely determined
by the volume and quality of genotype information accumulated at each stage of research. The main goal of
KASIB is to improve the efficiency of spring wheat breeding in northern Kazakhstan and Siberia through the
exchange of varieties and breeding material, as well as systematic interaction between specialists, including
meetings and a coordinated multifactorial assessment of genetic resources [Morgunov, 2003].

A comprehensive assessment of adaptive traits enabled the identification of genotypes with high
tolerance to drought conditions. The selection of 27 accessions with elevated biomass index and field drought
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tolerance, as well as 25 genotypes combining low drought tolerance mndex values (DSI < 0.50) with high
productivity, confirms the effectiveness of integrated selection criteria. Significant variability in yield between
regions (Almaty region - 7.7-44.6 c/ha; Kostanay region - 17.7-53.9 c/ha) reflects the influence of contrasting
agroclimatic conditions on the realization of genetic potential and emphasizes the need to select forms with
broad ecological adaptability.

An analysis of the drought tolerance index (DSI) among the studied KASIB wheat accessions showed
that values ranged from 0.26 to 1.17, reflecting a wide range of adaptive responses to water stress. Twenty-
three accessions with low values (DSI < 0.50) were selected based on the drought tolerance index (table 1).

Table 1. Selected promising samples of spring wheat from the international nursery KASIB based on
yield and drought resistance index.

Ne Name of variety and line Productivity, c/ha DSI V, % Bi S2d
Optimal conditions | Average
(Kostanay region)

1 Stepnaya 245 423 37,3 0,45 14,16 | 1,48 5,44
2 Stepnaya 253 32,7 29,4 0,54 13,24 11,39 3,96
3 Stepnaya 259 25,1 233 0,37 9,95 1,30 2,33
4 GVK 2127 26,9 23,5 0,56 13,54 | 1,05 3,32
5 GVK 2161 29,6 24,6 0,76 25,69 10,95 6,43
6 Lutescens 857 27,9 26,7 0,50 13,31 1,10 3,39
7 Lutescens 932 29,4 24,1 0,75 25,89 | 1,51 6,43
8 Lutescens 248/01 38,5 28,3 0,96 38,27 | 1,47 11,60
9 Lutescens 393/05 27,7 25,2 0,38 9,54 1,30 2,47
10 Line 4-10-16 32,5 29,5 0,37 9,52 0,46 2,90
11 Line 22 CHS 359 32,1 0,46 11,50 [ 0,78 3,82
12 Lutescens 48-204-03 32,4 29,5 0,39 7,11 1,03 2,19
13 Lutescens 2028 29,3 252 0,62 14,35 1,20 3,82
14 Lutescens 2102 37,8 26,1 1,06 53,32 1,11 14,64
15 Lutescens 30 354 28,5 0,79 38,02 | 1,14 10,61
16 Lutescens 65 37,7 29,6 0,80 34,83 |[0,87 10,54
17 Lutescens 261 32,7 28,1 0,60 18,04 | 1,02 5,23
18 Early-ripening standard 36,3 30,6 0,77 20,01 1,08 6,36

(Kazakhstanskaya 4)
19 Mid-season standard 29,1 242 0,76 30,77 1,19 7,35

(Kazakhstanskaya 3)
20 Late-ripening standard 36,8 28,7 0,79 34,10 0,84 10,11

(Kazakhstanskaya 10)
21 In Memory of Aziev 29,5 25,7 0,57 18,73 1,07 4,88
22 Tertsia (Tertsiya) 24,1 15,4 1,04 53,89 | 1,01 9,40
23 Astana 2 47,2 31,2 1,05 65,88 [ 0,90 21,21
24 Omskaya 35 32,6 234 0,95 66,72 | 1,15 14,78
25 Saratovskaya 29 31,8 25,6 0,81 30,89 | 0,53 8,06
26 Lutescens 1103 22,5 20,4 0,70 23,45 (0,97 4,53
27 Erythrospermum 1119 32,1 23,6 0,97 45,78 0,74 11,10
28 Lutescens 8-108-1 46,8 30,5 1,07 55,73 1,25 21,00
29 Lutescens 22-17 38,3 274 0,97 47,63 1,18 13,65
30 Lutescens 37-17 42,6 342 0,83 37,61 1,36 12,66

The coefficient of variation (V, %) showed a wide range of fluctuations from 6.93 % to 99.93%, which
indicates high variability of genotypes according to the resistance trait. The regression coefficient (Bi) showed
a wide range of fluctuations, from 0.46 to 1.63, indicating significant differences between varieties and lines
in terms of ecological plasticity and yield stability. Analysis of the variance of deviations (S?d) confirmed
significant differences in the degree of trait variability (from 1.63 to 27.93).

A correlation analysis was carried out to assess the relationships between morphological characteristics
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(infernode Tength, plant height, ear yield), phytopathological indicafors (assessment of resistance to leaf rust,

LDR) and productivity (weight of 1000 grains) in the conditions of the Kostanay region (table 2).

Table 2. Correlation relationships of structural and morphological traits of yield and drought resistance
of KASIB wheat in the conditions of Kostanay region, 2025.

Variables Length Length Length Length Length Length Length Length Length
of 1st of 1st of 1st of 1st of 1st of 1st of 1st of 1st of 1st
internode, internode, | internode, | internode, internode, | internode, | internode, internode, internode,
cm cm cm cm cm cm cm cm cm

Length 1 0,406 0,333 0,482 0,207 0,056 0,180 0,248 0,148

of Ist

internode,

cm

Length 0,406 1 0,563 0,275 0,090 0,113 0,171 0,104 0,446

of 2nd

internode,

cm

Length 0,333 0,563 1 0,395 0,091 0,153 0,130 -0,043 0,612

of last

internode,

cm

VR, cm 0,482 0,275 0,395 1 0,417 0,195 0,472 0,165 0,226

Ear 0,207 0,090 0,091 0,417 1 -0,027 0,288 0,232 0,045

elongation,

cm

NDVI 0,056 0,113 0,153 0,195 -0,027 1 0,231 -0,129 0,033

Leaf rust 0,180 0,171 0,130 0,472 0,288 0,231 1 -0,047 0,224

resistance

assessment

1000-kernel | 0,248 0,104 -0,043 0,165 0,232 -0,129 -0,047 1 -0,094

weight, g

Length 0,148 0,446 0,612 0,226 0,045 0,033 0,224 -0,094 1

of 1st

internode,

cm

The genotypes we identified (Gordeiforme 2264, Annushka, Kargala223, Liniya 19003, Bezenchukskaya
139, and Leykurum 1469-21), which combine high yield with low DSI values, are of particular breeding
value as sources of alleles that ensure stable productivity under water stress. Overall, the results confirm that
the integration of morphometric, physiological, and production parameters is a valid strategy for identifying
genotypes with sustainable yield potential under stressful conditions.

Our results generally correlate with the findings of Evdokimov et al. (2017), who developed a broad
pool of genotypes with high adaptive potential to arid environmental factors in Siberia and Kazakhstan. The
varieties and lines selected by the authors (including 383-MS, 452-MS, Kargala 303, Kargala 447, Altyn shygys,
Altyn dala, Nauryz-6, and others) are characterized not only by pronounced tolerance to water stress but also
by the ability to maintain productivity under variable hydrothermal conditions, reflecting their comprehensive
adaptability. Importantly, genotypes with a combination of drought tolerance and high yields under adequate
moisture conditions are of greatest breeding value, as these forms ensure the stability of agrocenoses in years
with contrasting moisture conditions. Additionally, it was demonstrated that individual varieties (Gordeiforme
91-25-5, Gordeiforme 98-42-1, Altyn Dala) exhibit high ecological plasticity, demonstrating a wide range
of adaptive responses and the effectiveness of their production regulation mechanisms. Taken together, this
indicates that the use of such genotypes in breeding programs not only improves resistance to abiotic stress but
also optimizes yield potential in various agroecological zones. This is fully consistent with the results of this
study and underscores the importance of an integrative approach to evaluating source material.

The correlations identified in the current study indicate the coordinated nature of stem morphogenesis
and its significant contribution to productivity. Positive associations between internode lengths, particularly
the high correlation between the second and last, reflect the coordinated regulation of linear growth determined
by genetic and physiological mechanisms. The moderate relationship between internode length and plant
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height suggests that height variability 1s determined primarily by the degree of internode elongation. High
positive correlations between internode length, especially the last, and thousand-kernel weight confirm the
role of the stem as a donor-conducting system, ensuring the transport of assimilates to the ear. The positive
association between ear germination, plant height, and NDVI indicates the integration of morphological and
physiological traits, with NDVI serving as an indicator of photosynthetic activity and biomass accumulation,
which influence reproductive efficiency. The obtained results are consistent with the data of Tazhibayeva T.L.
and Abugalieva A.L. (2018), which demonstrated that drought is the key factor limiting wheat productivity
in Kazakhstan, necessitating a comprehensive assessment of genotype adaptability. The authors emphasize
the effectiveness of integrating morphological, physiological, and biochemical parameters, including NDVI
as an indicator of biomass accumulation and photosynthetic activity, and free proline content as a marker of
stress resistance. The high variability of traits identified and the selection of genotypes with high NDVI and
proline values confirm that resistance is developed through a combination of interconnected mechanisms. In
the context of our data, this confirms the feasibility of an integrated approach to selection, taking into account
both the morphostructural characteristics and the physiological state of plants.

The results obtained in this study are consistent with the findings of Kalybekov Zh.T. et al. (2022), who,
while evaluating a spring soft wheat collection in the Aktobe region, identified 20 genotypes with the highest
integrated drought tolerance indices. These included primarily Kazakh-bred accessions, including a standard
variety, as well as several promising introduced varieties. The authors demonstrated that genotypes selected
based on a combination of traits are characterized by increased productivity stability and can reduce agro-
ecological risks in the face of interannual variability in moisture availability. Of particular importance is the
use of a system of complex indices, which ensures the integration of various drought tolerance components,
thereby increasing the accuracy of selection and the validity of breeding decisions. The practical significance
of the results and their potential for further commercialization were confirmed by the selection of 27 samples
with a high biomass index, field drought resistance, and high productivity, which will be directly included in
the breeding process as candidates for new wheat varieties of interest for breeding to improve wheat drought
tolerance.

Conclusion.

The conducted research allowed for a comprehensive assessment of the adaptive and productive
potential of the KASIB spring wheat collection in the contrasting agroecological conditions of Kazakhstan.
The results confirm that the stability and productivity of genotypes are formed as a result of the complex
interaction of morphological, physiological, and genetically determined traits. In the Kostanay region,
characterized by relatively favorable hydrothermal conditions, genotypes combining leaf rust resistance,
drought tolerance, and high productivity were identified. The use of the NDVI index allowed for effective
differentiation of accessions by biomass accumulation and photosynthetic activity, confirming its high
informative value as an integral physiological indicator.Correlation analysis revealed statistically significant
relationships between morphometric traits and productivity factors. Internode length and plant height were
found to play a key role in determining yield, reflecting the efficiency of growth and the redistribution of
assimilates. Particularly significant is the positive correlation between the length of the last internode and the
thousand-kernel weight, indicating the functional role of the upper stem in promoting grain filling. Positive
correlations between NDVI and morphometric parameters confirm that the level of photosynthetic activity is
closely linked to plant architecture and its production potential. Thus, morphostructural characteristics can
be considered reliable indicators in breeding selection. A comparative analysis between the Almaty region,
characterized by stressful conditions with a moisture deficit, and the Kostanay region, which presents more
optimal conditions, revealed significant variability in yield potential. This underscores the importance of
evaluating genotypes in different agro-ecological zones, as drought tolerance and productivity stability are
most fully demonstrated under contrasting environmental conditions. Selected genotypes with low drought
tolerance index values (DSI < 0.50), high biomass index, and high yield demonstrate the ability to effectively
adapt to water stress conditions while maintaining high productivity. Of particular breeding value are the
genotypes Gordeiforme 2264, Annushka, Kargala 223, Liniya 19003, Bezenchukskaya 139, and Leukurum
1469-21, which are characterized by a combination of high yield, leaf rust resistance, and pronounced drought
tolerance. These varieties can be considered promising donors of valuable traits for further breeding programs
aimed at increasing the adaptability and stability of wheat yield. Their use will expand the genetic base
for breeding and improve the efficiency of developing new varieties resistant to abiotic and biotic stresses.



Overall, the obfained resulfs confirm thaf the integrafion of morphological, physiological, and production
indicators is a valid and effective approach for identifying genotypes with sustainable yield potential. The use
of comprehensive selection criteria, including NDVI and the drought tolerance index, allows for increased
accuracy in breeding decisions and accelerates the development of adaptive varieties. Further research should
focus on a more in-depth study of the genetic mechanisms underlying the identified traits, as well as the
implementation of molecular methods to enhance the efficiency of breeding in a changing climate.
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