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Abstract. Wheat (Triticum 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 (15–47 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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identifying adaptive and high-yielding genotypes for breeding programs.
Keywords: drought tolerance, field evaluation, wheat, KASIB,abiotic stress, drought phenotyping, 

yield stability
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Аннотация. Бидай (Triticum aestivum L.) – жаһандық азық-түлік қауіпсіздігі үшін 
стратегиялық маңызды дақыл болып табылады, әсіресе климаттың өзгергіштігі мен құрғақшылық 
жиілігінің артуы-на байланысты. Жоғары өнімділікті, ауруға төзімділікті және қоршаған ортаға 
бейімделуді біріктіретін генотиптерді анықтау қазіргі заманғы селекциядағы негізгі мәселе болып 
қала береді. Бұл зерттеудің мақсаты жоғары өнімділік әлеуеті мен құрғақшылыққа төзімділігі бар 
перспективалы генотиптерді анықтау үшін КАСИБ халықаралық питомнигінен алынған жаздық 
бидай сорттары мен желілерін ке-шенді бағалау болды. Зерттеу Қостанай облысында Қарабалық 
ауылшаруашылық тәжірибе станция-сында жүргізілді. Фенологиялық бақылаулар, морфометриялық 
талдау, NDVI бағалау, жапырақ таты-на төзімділігіне фитопатологиялық скрининг және 
құрғақшылыққа төзімділік индексін (DSI) анықтау қолданылды. Белгілердің өзгергіштігін бағалау 
және бейімделу заңдылықтарын анықтау үшін стати-стикалық әдістер қолданылды. Нәтижелер 
зерттелген үлгілер арасында айтарлықтай фенотиптік өзгергіштікті анықтады. Отыз алты генотип 
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NDVI жоғары мәндерін көрсетті (0,55–0,67), бұл биомассаның қарқынды жиналуын көрсетеді. 1000 
дәннің салмағы 24-тен 57 г-ға дейін болды, оның ішінде 27 үлгі 40 г-нан асып түсті, бұл жоғары 
өнімділік әлеуетін көрсетеді. Фитопатологиялық скрининг жапырақ татына иммундық реакциясы 
бар 59 генотипті анықтады. Морфометриялық талдау соңғы түйінаралықтың ұзындығы (15–47 см) 
өнімділік пен құрғақшылыққа төзімділікпен байланысты негізгі бейімделу белгісі екенін көрсетті. 
Дән өнімділігі 17,7-ден 53,9 ц/га-ға дейін болды. Құрғақшылыққа төзімділік индексі (DSI) 0,26-дан 
1,17-ге дейін болды, 23 генотип құрғақшылыққа төзімді деп жіктелді (DSI ≤ 0,50). Бұл нәтижелер 
КАСИБ коллекциясының жоғары генетикалық және фенотиптік әртүр-лілігін растайды және 
селекциялық бағдарламалар үшін бейімделгіш және жоғары өнімді генотип-терді анықтау үшін 
морфологиялық, физиологиялық және фитопатологиялық белгілерді біріктірудің тиімділігін 
көрсетеді.

Түйін сөздер: құрғақшылыққа төзімділік, егістікті бағалау, бидай, KAСИБ, абиотикалық стресс, 
құрғақшылық фенотипі, өнімділік тұрақтылығы
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Аннотация. Пшеница (Triticum aestivum L.) является стратегически важной культурой для гло-
бальной продовольственной безопасности, особенно в условиях растущей изменчивости климата и 
частоты засух. Выявление генотипов, сочетающих высокую продуктивность, устойчивость к болезням 
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и адаптивность к окружающей среде, остается ключевой задачей современной селекции. Целью дан-
ного исследования была всесторонняя оценка сортов и линий яровой пшеницы из международного 
питомника КАСИБ для выявления перспективных генотипов с высоким потенциалом урожайности 
и засухоустойчивостью. Исследование проводилось в Костанайской области на Карабалыкской сель-
скохозяйственной экспериментальной станции. Применялись фенологические наблюдения, морфоме-
трический анализ, оценка NDVI, фитопатологический скрининг на устойчивость к листовой ржавчине 
и определение индекса засухоустойчивости (DSI). Для оценки изменчивости признаков и выявления 
закономерностей адаптации использовались статистические методы. Результаты показали значитель-
ную фенотипическую изменчивость среди изученных образцов. Тридцать шесть генотипов продемон-
стрировали высокие значения NDVI (0,55–0,67), что указывает на интенсивное накопление биомассы. 
Масса 1000 зерен варьировала от 24 до 57 г, при этом у 27 образцов она превышала 40 г, что отражает 
высокий потенциал продуктивности. Фитопатологический скрининг выявил 59 генотипов с иммунным 
ответом на листовую ржавчину. Морфометрический анализ показал, что длина последнего междоузлия 
(15–47 см) является ключевым адаптивным признаком, связанным как с продуктивностью, так и с за-
сухоустойчивостью. Урожайность зерна варьировала от 17,7 до 53,9 ц/га. Индекс засухоустойчивости 
(DSI) варьировал от 0,26 до 1,17, при этом 23 генотипа были классифицированы как засухоустойчи-
вые (DSI ≤ 0,50). Эти результаты подтверждают высокое генетическое и фенотипическое разнообразие 
коллекции KASIB и демонстрируют эффективность интеграции морфологических, физиологических и 
фитопатологических признаков для выявления адаптивных и высокоурожайных генотипов для селек-
ционных программ.

Ключевые слова: засухоустойчивость, полевая оценка, пшеница, KAСИБ, абиотический 
стресс, фенотипирование засухи, стабильность урожая
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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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generated valuable datasets and germplasm resources for analyzing genotype × 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 (i) 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-free period to 60–80 days, thereby limiting the productivity potential of late-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. McIntosh 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) / (1 – 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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F7(96/90×113/00i-4)

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.

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 internode (15–20 cm): Lutescens 22–17, Lutescens 1193, Stolypinskaya 2, OmGAU-100, 
92/00i, 117/00i, 120/00i, 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 cm), 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 23 genotypes combining low drought tolerance index 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.

№ Name of variety and line Productivity, c/ha DSI V, % Bi S2d

Optimal conditions 
(Kostanay region)

Average

1 Stepnaya 245 42,3 37,3 0,45 14,16 1,48 5,44
2 Stepnaya 253 32,7 29,4 0,54 13,24 1,39 3,96
3 Stepnaya 259 25,1 23,3 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 0,95 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 35,9 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 25,2 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 35,4 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 

(Kazakhstanskaya 4)
36,3 30,6 0,77 20,01 1,08 6,36

19 Mid-season standard 
(Kazakhstanskaya 3)

29,1 24,2 0,76 30,77 1,19 7,35

20 Late-ripening standard 
(Kazakhstanskaya 10)

36,8 28,7 0,79 34,10 0,84 10,11

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 23,4 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 27,4 0,97 47,63 1,18 13,65
30 Lutescens 37-17 42,6 34,2 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 (S²d) 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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(internode length, plant height, ear yield), phytopathological indicators (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 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

Length 
of 1st 
internode, 
cm

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

Length 
of 2nd 
internode, 
cm

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

Length 
of last 
internode, 
cm

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

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

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

NDVI 0,056 0,113 0,153 0,195 -0,027 1 0,231 -0,129 0,033
Leaf rust 
resistance 
assessment

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

1000-kernel 
weight, g

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

Length 
of 1st 
internode, 
cm

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

The genotypes we identified (Gordeiforme 2264, Annushka, Kargala 223, 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 is 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.I. (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. 
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Overall, the obtained results confirm that the integration 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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