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ECOLOGICAL VARIETY TESTING OF SUGAR BEET VARIETIES AND HYB RIDSIN
THE CONDITIONS OF THE RICE SYSTEM OF THE KAZAKHSTAN ARAL SEA REGION

ShermagambetowK.Y, Leading Researcher
Tabynbaeva L.K.?, Head of the Sugar Beet Laboratory, PhD, Associate Professor
Zhalbyrov A.%, Master of Agricultural Sciences
Baitoreyeva A.N1, Master of Agricultural Sciences
Musirali A.E. *, Master of Agricultural Crops

!LLP «Kazakh Research Institute of Rice Growing named after |. Zhakhidgzylorda, Kazakhstan
’LLP "Kazakh Scientific Research Institute of Agriculture and Crop Production", Almaty region,
Almalybak village, Kazakhstan

Annotation. In recent years, the problem of agricultural diversification has become
particularly acute in the Kyzylorda region due to the prevailing ecological situation and chronic
shortage of irrigation water. This necessitates the cultivation of low \watesuming crops, among
which sugar beet can be considered a promising opfiais. article presents the results of scientific
research and experimental studies aimed at identifying sugar beet hybrids most adapted to the soil and
climatic conditions of ricdbased cropping systems of the Aral Sea region, capable of forming high
yields with increased sugar contehield experiments were conducted at the experimental station of
the Kazakh Research Institute of Rice Growing named after I. Zhakhayev, located in the first crop
rotation, field 7, where rice was the preceding crop for sugar beet. Ten sugar beet hybrids of domestic
and foreign breeding were studied as experimental fadfbesresults obtained under the conditions
of rice soils of the Kyzylorda region showed that sugar beet formed high yields ranging from 479.2 to
501.9 c/ha with sugar content of 120.6%. Sugar yield per hectare amounted to 89843 c/ha,
which exceeded the standard by 2432594 c/haThus, based on the combination of yield, sugar
content, and sugar yield, the hybrids Abulkhayyr, Dusuderia, and Skala can be considered the most
promising under ricdbased cropping systems. These hybrids are recommended for commercial
cultivation as highly productive and adaptive.

Keywords: diversification, adaptability, sugar beet, ecological variety testing, hybrids, yield,
sugar content, sugar yield
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Annotation. The study presents the results of a comprehensive assessment of productivity and
adaptability of six spring bread wheat (Triticum aestivum L.) varieties under contrastingliegatic
conditions of Kostanay Region, Northern Kazakhstan. Field experiments were conducted during 2022
2024 in two agreclimatic zones represented by Bannovka (AQlZand Sadchikovka (ACG2) under
two agronomic backgrounds: fallow and cereal stubble. The varieties Patricia, Granny, KWS Buran,
Odintsovskayalnzhu and Aina were evaluated for grain yield and grain quality traits to determine
their adaptive responses to environmental conditions.

The results demonstrated that grain yield was significantly influenced bychmatic
conditions, hydrothermal regime and predecessor type. The fallow background provided a yield
advantage ranging from 11 to 21 ¢ ha T compared
were identified in AgreClimatic Zone 2 (p = 0.039), indicating differential genotype responses to
environmental factors. The varieties Patricia, Granny and KWS Buran exhibited the highest
productivity and adaptability under contrasting growing conditions. Grain quality traits were
influenced primarily by weather conditions during the growing season rather than by varietal
characteristics.

The obtained results may be used to optimize varietal composition and develop adaptive
cultivation technologies for spring bread wheat under increasing climatic aridization in Northern
Kazakhstan.

Keywords: spring bread wheat, agaiimatic zone, yield, adaptability, ecological plasticity,
grain quality, Northern Kazakhstan.

Introduction. Spring bread wheat (Triticum aestivum L.) is the principal food crop of
Northern Kazakhstan and a key component of t
performance and stability of varieties under northern conditions are largely determined by
agroclimatic factors and the genetic characteristics of the cultivars [1, 2]. In the context of
increasing climatic aridizatignunstable precipitation patterns, and a rising frequency of
extreme temperature events, particular importance is attached to assessing the adaptive
potential of varieties and their responses to -&galogical environmental factors.

Under the current trends of climate change in Northern Kazakhstan, characterized by
increasing frequency and intensity of droughts, shifts in precipitation patterns, and rising
temperature extremes, the role of adaptive varietal selection is significantly increasing. The
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hydrothermal regime during critical phenological stages, particularly tillering and grain

filling, is becoming increasingly unstable, leading to higher risks of yield loss and grain

quality deterioration. In this context, varietal evaluation should be based not only on mean
productivity but also on the ability to maintain stable performance under abiotic stress
conditions.

Kostanay Region belongs to the zone of risky farming, where moisture availability is
the limiting factor in yield formation. The influence of weather conditions and interannual
variability of the hydrothermal regime on the productivity of spring wheat varieties has been
repeatedly confirmed by previous studies5]|3 Spatial heterogeneity of agotimatic
conditions, differences in soil cover, and variations in agronomic backgrounds (fallow,
stubble) necessitate a comprehensive evaluation of varieties in terms of productivity, stability,
and grain quality.

Modern requirements for cultivars imply not only a high yield potential but also
ecological plasticity, tolerance to abiotic stresses, and the ability to produce grain -of food
grade quality under contrasting meteorological conditior [6

The figenotype I environmento (GIE) interzé
plant breeding. The theoretical foundations for assessing stability and plasticity were
developed in the works of Wricke [9], Eberhart and Russell [10], Lin and Binns [11], and
Becker and Léon [12]. Contemporary approaches to adaptability analysis include AMMI and
GGE-biplot methods [13, 14], as well as multifactor analysis of variance [15, 16].

Particular importance is attached to the application of modern statistical approaches
for analyzing genotype x environment (GXE) interactions, which enable the quantification of
the relative contributions of genetic and environmental factors to yield variability. The
combined use of multifactor analysis of variance, stability parameters, and adaptability
indices ensures a comprehensive and objective assessment of varietal performance under
contrasting agr@cological conditions.

Under conditions of increasing climatic variability, the assessment of ecological
stability and yield stability parameters becomes especially significaritql Recent studies
confirm the necessity of a comprehensive approach to productivity evaluation, taking into
account agralimatic differentiation of regions [202].

The spatial differentiation of agi@imatic zones within Kostanay Region forms a
natural gradient of environmental conditions, ranging from moderately arid to dry steppe
ecosystems. This gradient provides a valuable experimental framework for identifying
genotypespecific responses to variations in moisture availability, temperature regime, and
soil conditions. The application of a gradidr@tsed approach increases the robustness of
adaptability assessment and allows for distinguishing between broadly adapted and
specifically adapted genotypes.

Thus, under increasing climatic variability and ongoing aridization processes, the
identification and selection of higjielding, stresdolerant, and ecologically plastic spring
wheat varieties represent a strategic priority for ensuring sustainable grain production and
food security in Northern Kazakhstan.

Thus, evaluating the productivity and adaptive potential of spring bread wheat
varieties under contrasting agcbmatic zones of Kostanay Region represents a scientifically
grounded and practically relevant objective.

The aim of the study was to evaluate the productivity and adaptability of spring bread
wheat varieties under contrasting agtionatic conditions of Kostanay Region and to identify
genotypes with high yield potential and stable performance across different agronomic
backgrounds.

To achieve this aim, the following objectives were formulated:

1. To investigate the influence of natural and climatic conditions of the northern and
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southern zones of Kostanay Region on yield formation of the varieties.

2. To evaluate varietal responses to different agronomic background levels.

3. To determine indicators of yield variability and stability.

4. To conduct a comparative analysis of grain quality traits under different agro
ecological conditions.

5. To identify varieties with high adaptive potential for production recommendations.

The scientific novelty of the study lies in the comparative evaluation of spring bread
wheat varieties under contrasting agtionatic conditions of Kostanay Region and in
determining the relative contribution of agronomic background, -elgratic zone and
varietal characteristics to grayield variability under the conditions of Northern Kazakhstan.

The working hypothesis of the study was that varieties with higher adaptive potential
would exhibit lower yield variability under changes in agronomic background and annual
moisture availability.

Under the increasing climatic variability of Northern Kazakhstan, the problem of
adaptive varietal selection acquires strategic importance. The intensification of drought
periods, instability of the hydrothermal regime, and contrasting temperature conditions during
tillering and grairfilling stages require a comprehensive evaluation of varieties not only in
terms of average yield but also in terms of stability parameters and ecological plasticity.

Materials and Methods. Field studies were conducted in the Kostanay Region of the
Republic of Kazakhstan, located in the northern part of the country and covering an area of
approximately 115 thousand km?2. The region represents a keypyoalucing territory of
Northern Kazakhstan and is characterized by pronounced spatial heterogeneity of
agroecological conditions. According to the hydrothermal regime, soil cover structure, and
degree of aridity, the territory is subdivided into three adirnatic zones forming a distinct
gradient of moisture availability and thermal resources.

The first agreclimatic zone is represented by a moderately arid steppe with elements
of foreststeppe, dominated by meditmumus chernozems and relatively favorable moisture
conditions (306850 mm of annual precipitation). The second zone corresponds to an arid
steppe with southern letwumus chernozems and constitutes a transitional belt with increased
climatic instability. The third zone includes two subzongan@derately dry steppe with dark
chestnut soils (22250 mm precipitation), and (ii) dry steppe with chestnut soils-@Z3D
mm precipitation), reflecting progressive aridization toward the south.

The experimental sites were predominantly located within the seconetlageadic
zone, which is characterized by a high frequency of drought events, elevated temperature
stress, and significant interannual variability of hydrothermal conditions. This zone can be
considered a representative natural model for assessing the adaptive potential, ecological
plasticity, and stress tolerance of cereal crops under conditions of increasing climatic aridity.

The regional climate is sharply continental, with high annual and diurnal temperature
amplitudes, unstable precipitation patterns, and pronounced moisture deficit during critical

stages of crop development. The mean air ten
while in July it reaches 221 AC. Extreme temperature value
Wi nter to +41é+43 AC in summer, re8s’@. Mhei ng it

growing season lasts 1400 days, with a frodtee period of 10830 days. The sum of
active temperatures (>10 °C) reaches 22800 °C, ensuring sufficient thermal resources for
spring wheat cultivation, although often accompanied by moisture limitation.

Annual precipitation varies between 250 and 350 mm, with up #8060 occurring
during the warm period (Ma@ctober), typically peaking in July. However, ing@asonal
precipitation distribution is highly uneven, with May frequently representing the most critical
moisturedeficient period for crop establishment. Under these conditions, hydrothermal stress
is intensified by persistent wind activity (average wind spe&d 5m s 1) , whi ch
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evapotranspiration and accelerates topsoil desiccation. Consequently, soil moisture
availability becomes the primary limiting factor for vyield formation in rainfed
agroecosystems.

Meteorological conditions during the study period were characterized by pronounced
variability, allowing for the assessment of genotype responses under contrasting
environmental scenarios. In 2022, precipitation distribution exhibited strongsedsonal
heterogeneity: May precipitation (53.4 mm) exceeded the-termy average, whereas June
precipitation (21.1 mm) was 40% below normal. July precipitation reached 81.2 mm (+45%
above normal), followed by a sharp decline in August (15 mm, 2.3 times below normal). The
thermal regime was close to the lelegm average in Mayune but exceeded it by €172 °C
during July August, intensifying evapotranspiration demand.

In contrast, the 2023 growing season was characterized by pronounced drought
conditions during Jurduly, coinciding with critical phenological stages (tillersigm
elongation), followed by excessive precipitation in late August and September. In the
Sadchikovka area, cumulative precipitation from May to July reached only ~79% of the long
term norm, whereas August and September recorded up to three and 1.5 monthly norms,
respectively. In Bannovkaearlyseason moisture deficit (~20% of normal in May) was
replaced by excessive rainfall in June (more than three norms) and extremely wet conditions
in September (up to 4.5 norms). Such contrasting hydrothermal patterns resulted in
suppressed field emergence and reduced plant density during early development stages,
partially compensated by improved moisture conditions during tillering. However, excessive
precipitation during the graifiling and harvesting periods negatively affected crop
maturation and harvesting efficiency.

The soils of the experimental sites are classified as mekiumus chernozems with
heavy loam texture, characterized by favorable physical and chemical properties for crop
production. The humus content ranges from 5.2 to 6.0%, indicating a relatively high level of
soil fertility. The availability of mobile nitrogen and potassium forms is high, suggesting that
nutrient limitation was not a primary constraint, thereby allowing the isolation of climatic
factors as the dominant drivers of yield variability.

Six spring bread wheat (Triticum aestivum L.) varieties of different maturity groups
and ecological origins were evaluated to assess their adaptive responses under contrasting
agroclimatic conditions. Field trials were conducted in 2023 across twodignatic zones
of Kostanay Regi on: LLP AAltyn I nvest o, PC
village) i Agro-Climatic Zone 1 (ACZL ) , and LLP AOl zha Sadchi k
District, Sadchikovka village) Agro-Climatic Zone 2 (ACZ22).

Six spring bread wheat (Triticum aestivum L.) varieties differing in maturity group,
productivity potential and adaptive characteristics were included in the study: Patricia,
Granny, KWS Buran, Odintsovskaya, Inzhu and Aina. The varieties were selected because of
their widespread cultivation in Northern Kazakhstan and their contrasting responses to
moisture availability and agronomic conditions.

Patricia is a higlyielding intensivetype variety characterized by good drought
tolerance and stable grain production under favorable growing conditions. Granny and KWS
Buran are mediurmaturing varieties distinguished by high productivity and adaptability to
variable environmental conditions. Odintsovskagacharacterized by stable performance
under moisturaleficit conditions and good grain quality. Inzhu and Aina are locally adapted
varieties recommended for cultivation in esteppe regions and characterized by increased
tolerance to abiotic stress factors.

The studied varieties represent different adaptive strategies and therefore provide an
opportunity to assess genotype responses to contrastinglagatic conditions of Kostanay
Region.
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Sowing was carried out using a unit composed of two -83KPseed drills. The
seeding rate was 3.4 mill laina@dn 3vi2abmid | s @and sv i ha:
ACZ-2. The plot accounting area was 32.6 m2. Treatments were arranged systematically. The
experiment was established in four replications. Trials were conducted under two agronomic
backgrounds: fallow and cereal stubble. Grain yield was recalculated to a standard grain
moisture content of 14%. Statistical analysis was performed using analysis of variance
( ANOVA) to determine the conftgroclh utmaam c ofzonm
Afagronomic backgroundo, and their i nteract.i
compared using Tukey's HSD test at p < 0.05. The following statistical indicators were
calculated: arithmetic mean (M), standard deviation (SD), coefficient of variation (CV, %)
and | east significant difference (LSD . ) .
statistics and neparametric KruskalVallis tests where normality assumptions were not met.

Table 17 Grain yield of spring bread wheat varieties across agrelimatic zones and agronomic
backgrounds (mean for 2022024, c/ha)

Variety ACZ-1 (fallow) ACZ-1 (cereal ACZ-2 ACZ-2 (cereal
stubble) (fallow) stubble)
Patricia 48.40 27.66 41.25 22.14
Granny 44.32 25.18 38.47 20.05
KWS Buran 42.75 24.60 36.89 19.72
Odintsovskayal 39.80 23.41 34.12 18.63
Inzhu 36.54 15.59 30.44 14.87
Aina 28.97 17.84 25.31 13.95
Factor Contribution (%)
Agro-climatic zone 71.0
Agronomic background 20.5
Variety 6.0
Interaction effects 2.5
Note: The contribution analysis was performed using mean giald values obtained during
20222024

The analysis of yield variability based on mean gsaétd values demonstrated that
agronomic background was the principal factor affecting productivity, accounting for
approximately 71.0% of total variability. Varietal differences contributed 20.5%, whereas the
agroclimatic zone accounted for 6.0% of yield variation. Interaction effects and residual
variation represented only 2.5% of the total variability. These findings indicate that
predecessor type played a decisive role in yield formation under the conditions of Northern
Kazakhstan.

Results.The analysis of yield variability indicated that agronomic background was the
major factor affecting grain productivity, followed by varietal characteristics, whereas the
contribution of agreclimatic zone was less pronounced.

Statistical analysis showed significant differences in yield among varieties in
Sadchikovka (ACZ2 ) (p = 0. 0Ot&H.;In BaENna/ke(ACZALy no Fsignificant
differences were detected (p = 0.143), indicating a leveling of varietal productivity under
more favorable conditions. The highest yield under all conditions was recorded for the variety
Patricia, reflecting its high adaptability and productivity potential. The lowest yield was
observed for the variety Aina, particularly under the cereal stubble background. The average
yield increase under the fallow background ranged ftdno 21 c/ha compared to stubble,
confirming the agronomic effectiveness of fallow in the steppe zone.
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The superiority of Patricia, Granny and KWS Buran was associated with their ability
to maintain relatively high productivity under contrasting moisture conditions. These varieties
exhibited lower yield reduction under cereal stubble conditions compared with the remaining
genotypes, indicating greater adaptive capacity to environmental stress.

The results indicate a pronounced interac
backagr oun &, reducednmoist@e availability during critical organogenesis stages
(tillering-heading) led to a reduction in productive tiller density and thougeaid weight.
Varieties with a more developed root system exhibited lower yield fluctuation amplitudes,
confirming their higher adaptability to water stress.

Grain quality parameters were influenced by both weather conditions and yield level.
During more arid periods, protein and gluten contents increased, likely due to a concentration
effect (Table 2).

No statistically significant differences in thousagr@in weight were detected (p =
0.513; KruskalWallis test). A similar pattern was observed for test weight (p = 0.106). This
indicates that differences among varieties in quality traits are less pronounced than those in
yield and are more strongly influenced by annual environmental conditions. It should be noted
that highetyielding varieties were characterized by moderate protein content, whereas lower
yielding varieties exhibited higher protein percentages.

Table 27 Grain quality traits of early -maturing bread wheat varieties

Variety Thousand Test weight Gluten Protein Falling
grain weight (g/L) content (%) | content (%), | number (s)
(9) %
Patricia 42.2 762 28.5 14.1 318
Granny 38.7 774 27.9 13.8 305
KWS Buran 35.4 704 29.1 145 322
Odintsovskaya 39.6 756 27.4 13.6 298
Inzhu 37.8 748 26.9 134 287
Aina 34.8 721 30.2 15.0 335

The varieties Patricia, Granny and KWS Buran demonstrated relatively stable yield
performance across environments and may therefore be considered as possessing higher
adaptive potential. In contrast, the varieties Inzhu and Aina showed greater dependence on
agronomic background and moisture availability. These results underscore the need to select
varieties with high adaptability for the increasingly arid conditions of Northern Kazakhstan.

The increase in protein content under drought conditions is attributed to a
concentration effect due to reduced carbohydrate accumulation and decreased #@isand
weight, consistent with the known patterns of assimilate redistribution under stress conditions.

The findings align with international studies confirming the key role of moisture
availability in determining spring wheat productivity in steppe regions with continental
climates. Similar patterns have been reported in research on varietal adaptability in arid zones
of Eastern Europe and Central Asia. Higher productivity under the fallow background is
explained by improved soil moisture conditions and reduced competition for nutrients,
confirming the agreecological rationale for using fallow in risky farming systems. The
observed varietal differences indicate a genctyg@eendent response to environmental stress.
Patricia and Granny combine high potential productivity with relative stability, meeting the
criteria for ecological plasticity.

These results confirm the determining role of moisture availability as a limiting factor
for yield formation in steppe regions with continental climates. Similar trends were reported
by Reynolds M.P., who found that up to 60% of yield variability in wheat under arid
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conditions is attributable to hydrothermal conditions during critical organogenesis stages. The
pronounced interaction of the factors Azone
sensitivity of varieties to initial soil moisture conditions. According to Blum A., drought
tolerance of modern varieties depends not only on root depth but also orusedficiency

(WUE). The increase in protein content under water deficit conditions corresponds to the
concentration of nitrogenoontaining compounds due to reduced carbohydrate synthesis, as

also confirmed by Fischer R.A. Comparisons with studies in the steppe zones of Eastern
Europe and Central Asia show similar trends in varietal differentiation by plasticity. Varieties
exhibiting stability under both fallow and stubble belong to a compensatory type, capable of
partially mitigating environmental stress factors.

Thus, the varieties Patricia, Granny, and KWS Buran can be classified as genotypes
with high adaptive potential and moderate responsiveness to improved agronomic
backgrounds, meeting the requirements of adaptive farming under increasing aridization of
the climate.

The study was based on average yield data obtained under procueion
conditions. Further investigations involving mgtaivironment trials and advanced stability
analyses (AMMI, GGE biplot and Eberh&tussell models) are required for a more
comprehensive assessment of genotype x environment interactions.

Conclusion.

1. The productivity of spring bread wheat varieties was significantly influenced by
agroclimatic conditions and agronomic background. Yield formation was largely determined
by moisture availability during critical growth stages.

2. The fallow agronomic background provided a substantial yield advantage compared
with cereal stubble. Depending on the variet

3. Comparative analysis demonstrated that agronomic background was the principal
factor affecting grain productivity, followed by varietal characteristics and-agnatic
conditions.

4. The varieties Patricia, Granny and KWS Buran exhibited the highest grain yield and
adaptability under contrasting environmental conditions and may be considered the most
promising for cultivation in the studied region.

5. Significant varietal differences in grain yield were detected in Aiimatic Zone
2 (p = 0.039), indicating differential genotype responses to environmental conditions.

6. Grain quality parameters were influenced mainly by hydrothermal conditions during
the growing season, whereas varietal differences in thotgaind weight and test weight
were less pronounced.

7. The obtained results may serve as a basis for optimizing varietal composition and
improving adaptive cultivation technologies for spring bread wheat under the conditions of
increasing climatic variability and aridization in Northern Kazakhstan.

These results confirm the need to adopt a multifactorial system for variety evaluation,
which considers not only mean yield but also stability parameters, plasticity, and adaptive
potential under zonal risgrone farming conditions.

The practical significance of the study lies in the potential application of the results for
developing regional recommendations for varietal placement and designing adaptive
cultivation technologies under conditions of increasing climatic instability.
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Annotation. This study evaluated genetic variation in -pegvest sprouting (PHS), seed
dormancy, and yieldelated traits in a diverse panel of 270 spring wheat accessions grown under two
contrasting environments in Kazakhstan. Significant phenotypic variation was observed for agronomic
traits, yield components, and PHS resistance, indicating substantial genetic diversity within the
collection. Environmental conditions strongly influenced vyield formation: spike productivity traits
predominated in the Almaty region, whereas grain filling efficiency was the main determinant of yield
in Kostanay. PHS exhibited wide variation among genotypes, with higher susceptibility observed in
the northern environment. Nineteen genotypes showed stable resistance across both environments,
representing valuable genetic resources for breeding. Notably, all resistant genotypes were
characterized by red grain color, confirming the association between grain pigmentation and
dormancy. Seed dormancy, assessed via germination index (Gl), was significantly affected by
environment and showed an inverse relationship with PHS. Correlation and multivariate analyses
revealed weak negative relationships between PHS and yield components, suggesting that slightly
reduce yield.Principal fpmponent@alysis (PCA) and genotyg®/-environment interaction (GGE)
biplot analyses identified stable and higérforming genotypes, including CAWBIN/9, CAWBIN-

222, and CAWBIN385. These findings demonstrate the feasibility of combining -yigiding
potential with PHS resistance in spring wheat breeding programs.

Keywords: Triticum aestivumL., preharvest sprouting, seed dormancy, plant adaptation,
yield components

Introduction. Preharvest sprouting (PHS) is a major constraint affecting wheat
production worldwide, particularly in regions where rainfall and high humidity occur during
the grain maturation peridd]. The premature germination of physiologically mature grains
in the spike |l eads to substantial -dmytaseri or at
activity, reduced falling number, and impaired ars@ properties such as baking qually [

3]. As a consequence, PHS not only reduces grain market value but also limits its suitability
for processing industries. In the context of ongoing climate change, the frequency of
unpredictable precipitation events during the late stages of crop development has increased,
making PHS an increasingly critical factor in wheat production syst@ms [

Resistance to PHS is a complex trait governed by multiple genetic, physiological, and
environmental factors [3]. To date, many genetic factors controlling these traits have been
identified. For example, the transcription fact@mybl10has been identified for grain color.

37


https://doi.org/10.52081/bkaku.2026.v77.i2.325
mailto:akerke.amalova@gmail.com
https://orcid.org/0000-0002-7903-3467
mailto:julia.genievskaya@gmail.com
https://orcid.org/0000-0001-5987-2952
mailto:ermaganbetova.moldir@bk.ru
https://orcid.org/0000-0002-4737-2384
mailto:ch.den@mail.ru
https://orcid.org/0000-0001-6740-8383
mailto:yerlant@yahoo.com
https://orcid.org/0000-0001-8590-1745

The TaDFR gene, which affects grain color, PHS resistance, and anthocyanin synthesis, is
localized on chromosomes 3A, 3B, and 3B1[g. TheTaMFT gene, a homolog of wheat
TaPHS1associated with seed dormancy {l14]. TaMKK3-A, formerly known asPhs]
located on chromosome 4A, is another key gene controlling seed dormancy [13]. Genes
associated with seed dorman@aSdr TaVpl, and TaGASR34were identified using a
homologybased cloning approach, and corresponding functional markers were developed for
them [1416]. Among these, seed dormancy plays a central role in preventing premature
germination under favorable moisture conditions [17]. Dormancy is primarily regulated by
hormonal balance, particularly abscisic acid and gibberellins, and is influenced by both
genetic background and environmental conditions during grain developmeri9][18
However, the expression of dormancy is highly dynamic and can vary significantly across
environments, making the evaluation of PHS resistance particularly challenging. This
highlights the necessity of mukinvironment testing to accurately assess genotype
performance and stability.

In addition to its direct impact on grain quality, PHS may be associated with
agronomic traits and yield components. Grain yield in wheat is a complex trait determined by
several interrelated components, including the number of kernels per spike (NKS), thousand
kernel weight (TKW), and grain yield per unit area (YM2). These components are influenced
by both genetic factors and environmental conditions and may contribute differently to yield
formation under contrasting environments [20]. In particular, environmental variation can
shift the relative importance of grain number versus grain weight, resulting in distinct yield
formation strategies2fl]. Understanding these relationships is essential for identifying
genotypes that combine high yield potential with resistance to PHS.

To address these complexities, multivariate statistical approaches are widely used to
analyze relationships among traits. Correlation analysis provides insight into pairwise
relationships among variables, while principal component analysis (PCA) identifies major
sources of variation and trait groupings [22]. Furthermore, gengiysegenotypeby-
environment (GGE) biplot analysis is an effective tool for evaluating genotype performance
and stability across environments, enabling the identification of both broadly and specifically
adapted genotypes [23]. These approaches are particularly useful when analyzing large and
diverse germplasm collections under contrasting environmental conditions.

Kazakhstan is an important region for wheat production, characterized by diverse
climatic conditions, ranging from relatively dry, warm southeastern areas to cooler, more
favorable northern regions. In 2023, prolonged rainfall led to severe PHS across
approximately 2.7 million hectares in Kazakhstan, representing about 15% of the harvested
area. Yield losses were particularly high in certain regions, reaching up to 20% in Kostanay
and 60% in Karaganda [R45uch environmental contrasts provide an excellent opportunity to
study genotype performance, yield formation, and the expression -bfaprest sprouting
(PHS) under different conditions. To date, several studies in Kazakhstan have assessed PHS
resistance i n grain usi ng-ahylageadtdtynmayadenum p pr o0 8
content, and abscisic acid (ABA) levels {26]. In addition, breeding programs have focused
on developing higlyielding, highquality bread wheat varieties with reduced susceptibility to
PHS under the conditions of Western Kazakhstan [27]. However, comprehensive studies
integrating PHS, seed dormancy, yield components, and-emyiionment analysis in this
region remain limited.

Therefore, the aim of this study was to evaluate the variation thgsest sprouting
and seed dormancy in a diverse collection of 270 spring wheat accessions and to investigate
their relationships with agronomic traits and yield components under two contrasting
environments in Kazakhstan. Specifically, the objectives were to 1) assess the level of PHS
and germination index (Gl), 2) analyze variation in plant adaptation andrgiated traits, 3)
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determine relationships among traits using correlation and principal component analysis, and
4) evaluate genotype performance and stability using GGE biplot analysis to identify
genotypes combining high yield potential with resistance tdpreest sprouting.

Materials and Methods. Plant material. A collection of 270 spring bread wheat
(Triticum aestivumL.) accessions was used in this study. The collection included: 1) 96
commercial and advanced cultivars from Kazakhstan and Russia, including 58 varieties
officially approved for cultivation in Kazakhstan; 2) 84 breeding lines and 3 cultivars
developed at the Alexandr Barayev Sciemifioduction Center for Grain Farming
(Shortandy Akmola region); and 3) 84 cultivars and lines originating from Kazakhstan,
Russia, USA, Canada, Mexico, Germany, and Australia, provided by the Research Institute of
Biological Safety Problems (South Kazakhstan).

Field experiments and trait evaluatiofield trials were conducted during the 2024
growing season at two contrasting locations in Kazakhstan: the Kazakh Research Institute of
Agriculture and Plant Growing (KRIAPI, Almaty region, southeastern Kazakhstan) and the
KarabalykAgricultural Experimental Station (KAES, Kostanay region, northern Kazakhstan).
The experiment was established using a randomized plot arrangement with two replications at
each location. Plants were grown in experimental plots with 15 cm row spacing and 5 cm
spacing between plants within rows. Standard agronomic practices were applied throughout
the growing season [28]. Mean values of agronomic traits were calculated from harvested data
across both environments. The climate conditions recorded during the trials are shown in
Table 1.

Table 17 Location, environment, and weather data at two regions in Kazakhstan

Site / Region KRIAPI, Almaty region KAES, Kostanay region
Latitude / Longitude 43A21N;j /7 53.45/62.03
Altitude, m 740 189
Soil type Light chestnut (humus 2-8.5%) Black soil (humus 45.0%)
Conditions Rainfed Rainfed
Year 2024 2024
Annual rainfall, mm 383.6 251.7
Mean temperature, °C 19.7 18.5
Max temperature, °C 24.5 22.8
Min temperature, °C 135 10.7

The evaluated traits were grouped into two categories: 1) Plant adaptation traits:
heading date (HD), seed maturation date (SMD), vegetation period (VP), and plant height
(PH); 2) Yield components: spike length (SL), number of kernels per spike (NKS), thousand
kernel weight (TKW), kernel width (KW), kernel length (KL) and grain yield per m2 (YM2).

Assessment of ptervest sproutingResistance to PHS was evaluated using standard
laboratory approaches. Spikes were collected at the wax ripeness stage from both
experimental locations. To assess resistance to PHS, or germination index (Gl), two common
methods were used, described in the works of Yiwen et al. (2022), Liu et al. (2021), and
WalkerSimmons et al. (1988) [5, 29,30]: measuring grain germination in the spike in a
climate chamber and calculating the GI in Petri dishes. The percentage of sprouted grains
(PHS, %) and germination index (Gl, %) were used as indicators of sprouting susceptibility.

Statistical analysis. Analysis of variance (ANOVA) was performed to assess the
effects of genotype (G), environment (region, R), and the genotype x environment interaction
(GxR) on all traits studied. Pearson correlation analysis was conducted to evaluate
relationships among agronomic traits, yield components, and-relEt®d parameters.
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Statistical anal yses, including Pearsonos
ANOVA, GGE biplot, and PCA, were conducted using the R statistical environment [31].

Results anddiscussion.Variation of agronomic traits and yield formation of wheat
collection.The distribution of agronomic traits showed significant variability among the 270
spring wheat accessions evaluated in two contrasting environments, indicating high
phenotypic diversity within the studied germplasm (Figure 1).
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Traits related to plant development, including HD, SMD, VP, and PH, as well as yield
components such as SL, NKS, TKW, KW, KL, and YM2, exhibited wide ranges (Figure 1). A
clear regional differentiation was observed, reflecting the strong influence of environmental
conditions on plant growth and productivity. In the KRIAPI (Almaty region), genotypes
demonstrated a longer plant developmental stage, with HD reaching 59.8 + 0.12 days
compared to 39.7 £ 0.14 days in KAES (Kostanay region), while SMD ranged from 31.3 £
0.05 to 47.6 £ 0.08 days. Similarly, plant height was greater in the Almaty region (90.1 + 0.63
cm vs. 79.9 = 0.56 cm), followed by higher values of SL (8.9 £ 0.08 cm vs. 6.7 = 0.06 cm)
and NKS (36.4 £ 0.43 vs. 26.9 + 0.27 pcs).

In contrast, grain yield per m2 was significantly higher in the Kostanay region (338.7
8.19 g/m? vs. 108.4 + 3.43 g/m?), indicating that this environment is more favorable for
efficient grain filling and vyield realization. Kernel traits also showed envirorsyeetific
patterns, with higher kernel width (3.0 £ 0.01 mm) observed in the Kostanay region,
indicating differences in grain development processes (Figure 1).

Pre-harvest sprouting and seed dormand3reharvest sprouting (PHS) showed
substantial variation among genotypes, with mean values of 55.2 + 1.47% in the KRIAPI
(Almaty region) and 60.2 + 1.37% in KAES (Kostanay) (Figure 2A). The higher PHS levels
observed in the Kostanay region indicate that environmental conditions there were more
favorable for sprouting, likely due to differences in temperature and moisture during grain
maturation.
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Figure 271 Distribution of pre -harvest sprouting (PHS, %) among 270 spring wheat
accessions evaluated in two regions of Kazakhstan (Almaty and Kostandyte: AT
distribution of PHS values across genotypes;éample of spike germination under controlled
conditions in a climate chamber;iClassification of genotypes into three categories based on PHS
levels.

A total of 53 resistant genotypes were identified in the Almaty region, and 59 in the
Kostanay region, confirming the availability of genetic variation for PHS resistance (Figure
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2B, C). Importantly, 19 genotypes exhibited stable resistance across both environments,
highlighting their robustness under contrasting conditions. These genotypes included
CAWBIN-246, CAWBIN-254, CAWBIN-259, CAWBIN-263, CAWBIN272, CAWBIN

273, CAWBIN-279, CAWBIN-285, CAWBIN-298, CAWBIN325, CAWBIN-346,
CAWBIN-351, CAWBIN-363, CAWBIN-367, CAWBIN-376, CAWBIN-385, CAWBIN

387, CAWBIN408, and CAWBIN430. Among these, three genotypes originated from
Russia and Germany, while the majority (16 genotypes) were developed in Kazakhstan,
including accessions from the Barayev Scientific and Practical Center for Farming and
genotypes included in the State Register of Breeding AchievemBotsibly, all 19
genotypes that exhibited stable resistance tehpreest sprouting across both environments
were characterized by red grain color, suggesting a strong association between grain
pigmentation and sprouting resistandédie germination index (Gl), used as an indirect
indicator of seed dormancy, also showed considerable variation among genotypes across both
regions (Figure 3A, B). Gl values ranged from 90.6 + 0.41% in the KRIAPI (Almaty region)
to 93.55 £ 0.22% in the KAES (Kostanay region) (Figure 3A).

The classification of genotypes into dormancy categories revealed distinct patterns. In
the Almaty region, 134 genotypes demonstrated strong dormancy, 85 moderate, and 49 weak,
whereas in the Kostanay region, the number of strongly dormant genotypes decreased (80),
and moderately dormant genotypes increased (114). This shift suggests that environmental
conditions influence the expression of dormancy, likely through physiological processes
regulating hormone balance and seed maturégfigare 3C).
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A total of 45 genotypes consistently exhibited moderate dormancy across both
environments. Among these, CAWBIB85 was particularly notable for combining moderate
dormancy with resistance to PHS. This combination is of high practical value, as it indicates
the presence of genotypes that can maintain resistance while ensuring adequate germination.

Trait relationships and environmental effectShe Pearson correlation analysis
revealed distinct patterns of relationships among agronomic traits, yield components;and pre
harvest sprouting (PHSglated parameters in the two studied environments (Figure 4).

Phenological traits showed strong associations, particularly between HD and VP, with
a high positive correlation observed in both regions (r = 0.91 in Almaty and r = 0.83 in
Kostanay), indicating a consistent relationship between developmental timing traits. In both
regions, strong positive correlations were observed amongrgielted traits. In the Almaty
region (Figure 4A), SL showed a positive correlation with PH and TKW, while KW was
strongly associated with KL. Similarly, in the Kostanay region (Figure 4B), strong positive
relationships were observed between KW and KL, and between SL and PH. Correlations
involving PHS and GI were generally weak or negligible in both regions. In Almaty, PHS
showed slight negative correlations with YMz
Kostanay, correlations between PHS and most traits were near zero. Gl also showed weak
associations with most traits in both environments (Figure 4).
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Figure 47 Pearsoncorrelation matrix among agronomic traits, yield components, and pre
harvest sprouting-related traits in 270 spring wheat accessions grown in two regions of
Kazakhstan: A1 Almaty region, B Kostanay region
Note:HD 1 heading date (daysgMD1 seed maturation date (days), PHplant height (cm), SL
spikes length (cm), NKiShumber of kernels per spike (pcs), TK\Wousand kernels weight (g), YM2
i yield per M (g/n?), KWi kernel width (mm), KI_ kernel length (mm), GI germination index
(%), PHSI pre-harvest sprouting (%) Correlations with P < 0.05 are highlighted in color. The color
indicates a positive (blue) or negative (red) correlation.

The analysis of variance (ANOVA) revealed that genotype (G), environment (region,
R), and their interaction (GxR) had significant effects on most of the studied traits (Table 2).
Genotype had a highly significant effect (P < 0.001) on all major agronomic traits, including
PH, SL, NKS, KW, KL and YM2. This indicates substantial genetic variability within the
studied collection.The environmental effect (region) was also highly significant for most
traits. Particularly strong effects were observed for SL, YM2, PH, and NKS, indicating a
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pronounced influence of environmental conditions on plant development and yield formation.

In contrast, the effect of region on TKW was not significant. For PHS, genotype (P = 0.018)

and environment (P = 0.007) effects were significant, whereas interaction was not (P = 0.95).
For GlI, only the environmental effect was significant (P < 0.001) (Table 2).

Table 27 Analysis of variance (ANOVA) for agronomic traits, yield components, and pre
harvest sprouting parameters in 270 spring wheat accessions evaluated in two regions of
Kazakhstan

Plant height (PH, cm)
1 2 3 4 5 6 7

Factor Df Sum Sqg Mean Sq | F-value Pr(>F) P-value
GenotypgG) 268 55388 207 5.624 <2e16 Frx
Region (R) 1 25563 25563 695.626 | <2e16 Frx
GR 264 36896 140 3.803 <2el6 ol

Spike length (SL, cm)

Factor Df Sum Sq Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 884 3.3 7.644 <2e16 *rk
Region (R) 1 1202.9 1202.9 2787.612| <2el6 Frx
GR 264 371.9 14 3.264 <2e16 *hk

Number of kernels per spike (NKS, pcs),

Factor Df Sum Sq Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 17607 66 2.47 <2elb6 *rx
Region (R) 1 22494 22494 845.707 | <2el6 el
GR 264 14939 57 2.127 4.52E13 *hk

Thousand kernel weight (TKW, g)

Factor Df Sum Sqg Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 11695 43.64 1.432 0.00054 ok
Region (R) 1 11 10.92 0.358 0.54969
GR 258 8604 33.35 1.094 0.20802

Kernel width (KW, mm)

Factor Df Sum Sqg Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 12.642 0.047 1.746 | 1.95E07 Hokk
Region (R) 1 3.561 3.561 131.79 <2el6 i
GR 258 8.851 0.034 1.27 0.016 *

Kernel length (KL, mm)

Factor Df Sum Sqg Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 63.05 0.235 2.607 <2el6 ok
Region (R) 1 5.35 5.354 59.327 | 1.03E13 *hk
GR 258 28.08 0.109 1.206 0.0464 *

Yield per m2 (YM2, g/m2)

Factor Df Sum Sqg Mean Sq | F-value Pr(>F) P-value
GenotypgG) 268 5991435 22356 3.075 <2el6 ok
Region (R) 1 14315071 | 14315071 | 1968.941| <2e16 Hokk
GR 267 5283655 19789 2.722 <2e16 *rx

Preharvest sprouting (PHS, %)

Factor Df Sum Sqg Mean Sq | F value Pr(>F) P-value
GenotypgG) 268 325655 1215 1.249 0.01811 *
Region (R) 1 7042 7042 7.238 0.00738 *x
GR 267 217265 814 0.836 0.94858

Germination Index (Gl, %)
Factor | Df | SumSg | MeanSq | Fvalue | Pr(>F) | P-value
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1 2 3 4 5 6 7
Genotype(G) 268 14176 52.9 0.566 1
Region (R) 1 2572 2572.4 | 27542 | 2.32E07
GR 266 13182 49.6 0.531 1

Note: Pi values are provided with significance level indicated by the asterisks; * P < 0.05, * P < 0.¢
P <0.001

Multivariate analysis of genotype performan&eincipal component analysis (PCA)
revealed a clear separation of genotypes according to the two environments studied (Figure
5). The first principal component (PC1) accounted for 40.5% of the total variation, while the
second component (PC2) accounted for 17.3%, together explaining 57.8% of the overall
variability. Genotypes from the Almaty region were predominantly distributed on the negative
side of PC1, whereas those from the Kostanay region were on the positive side, indicating
strong environmental differentiation. The PCA biplot showed that traits associated with plant
development and spike productivity, including HD, VP, PH, SL, and NKS, were grouped
towards the Almaty region. In contrast, yigllated traits such as YM2, KW, and SMD were
associated with the Kostanay region. TKW and KL were positioned along the vertical axis
(PC2), indicating their contribution to variation independent of regional separation. PHS and
Gl were clustered near the origin of the biplot, suggesting weaker associations with the main
axes of variation and limited contribution to the differentiation between environments.

PCA biplot of field data

TKW
4

Region

° Almaty
® Kostanay

PC2 (17.3%)
o

-5I.0 -2I.5 0?0 2?5
PC1 (40.5%)

Figure 51 Principal component analysis (PCA) biplot of all studied traits showing the
distribution of 270 spring wheat accessions across two regions (Almaty and Kostanay)

The GGE biplot further demonstrated genotype stability and adaptability (Figure 6).
With PC1 explaining 85.3% of the variation, most genotypes clustered near the origin,
indicating stable performance across environments. However, several genotypes showed
specific adaptation, reflecting genotype X environment interactions. Genotypes such as
CAWBIN-179 and CAWBIN222 combined higlyield performance with stability, making
them particularly valuable for breeding programs.

The identification of togperforming genotypes revealed clear differences between
environments (Table 3). In the Almaty region, yield formation was primarily associated with
spike productivity, with CAWBIN179 showing the highest NKS (58.5 pcs).
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Figure 67 GGE biplot showing genotype performance and stability for grain yield
(YM2) across two environments (Almaty and Kostanay)

In contrast, in the Kostanay region, yield was driven by grain filling, with CAWBIN
181 achieving the highest yield (815.5 g/m?2). The presence of genotypes that perform well
across environments, such as CAWBIKO and CAWBIN222, highlights the potential to
develop broadly adapted cultivars. At the same time, envirorspecific genotypes may be
useful for targeted breeding programs.

Importantly, the combined analysis of yield traits, PHS resistance, and seed dormancy
suggests that it is possible to identify genotypes that balance productivity and stress
resistance. In particular, genotypes with moderate seed dormancy and stable PHS resistance
represent the most promising candidates for breeding programs aimed at improving wheat
resilience under changing climatic conditions.

Table 37 Top-performing spring wheat accessions based on yield components (NKS, TKW,
YM2) in two regions of Kazakhstan

Kazakh Research Institute of Agriculture and Plant Growing (Almaty region)
1 2 3 4 5 6
Accessions | NKS, pcs | Accessions TKW, g | Accessions YM2,g/m?
CAWBIN- 58.5 CAWBIN-177 42.2 CAWBIN-210 338.8
CAWBIN- 53.0 CAWBIN-176 41.6 CAWBIN-179 288.7
CAWBIN- 52.5 CAWBIN-172 41.4 CAWBIN-434 269.8
CAWBIN- 52.3 CAWBIN-243 40.1 CAWBIN-220 259.6
CAWBIN- 52.3 CAWBIN-170 39.8 CAWBIN-304 244.9
CAWBIN- 51.5 CAWBIN-433 38.7 CAWBIN-433 242.8
CAWBIN- 50.3 CAWBIN-219 38.7 CAWBIN-204 232.4
CAWBIN- 49.3 CAWBIN-363 38.4 CAWBIN-305 230.7
CAWBIN- 49.0 CAWBIN-185 38.0 CAWBIN-404 229.5
CAWBIN- 48.7 CAWBIN-240 38.0 CAWBIN-332 227.2
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1 2 3 4 5 6
Kaz4 30.5 Kaz4 29.4 Kaz4 140.8
Min* 17.00 Min* 10.20 Min* 6.2
Max* 58.5 Max* 42.2 Max* 338.8
Mean +SE* 36.3+0.43 | Mean +SE* 28.6+0.29 | Mean +SE* 108.3+3.43

Karabalyk Agricultural Experimental Station (Kostanay region)

Accessions NKS, pcs | Accessions TKW, g | Accessions YM2,g/m?
CAWBIN- 42.0 CAWBIN-410 43.5 CAWBIN-181 815.5
CAWBIN- 39.5 CAWBIN-432 41.3 CAWBIN-217 791.0
CAWBIN- 38.5 CAWBIN-217 40.5 CAWBIN-188 728.0
CAWBIN- 37.5 CAWBIN-179 40.1 CAWBIN-278 7175
CAWBIN- 37.5 CAWBIN-172 39.4 CAWBIN-218 672.0
CAWBIN- 36.0 CAWBIN-218 39.3 CAWBIN-440 658.0
CAWBIN- 36.0 CAWBIN-229 38.8 CAWBIN-212 644.0
CAWBIN- 36.0 CAWBIN-391 38.1 CAWBIN-339 640.5
CAWBIN- 35.0 CAWBIN-207 37.5 CAWBIN-222 612.5
CAWBIN- 34.5 CAWBIN-414 37.4 CAWBIN-279 612.5
Aina 33.0 Aina 40.1 Aina 283.5
Min* 14.00 Min* 17.93 Min* 24.50
Max* 42.00 Max* 43.48 Max* 815.50
Mean +SE* | 26.90+0.27| Mean +SE* 28.95+0.28| Mean +SE* 338.65+8.19

The results of this study clearly demonstrate that both genetic factors and
environmental conditions play a decisive role in determining agronomic traits, yield
formation, and resistance to PHS in spring wheat. The strong differentiation observed
between the Almaty and Kostanay regions confirms that environmental conditions
significantly influence plant development and productivity (Figure 1), which is consistent
with previous studies emphasizing the importance of genotype x environment interactions in
wheat [3233].

The contrasting patterns of yield formation observed in the two environments indicate
the presence of different adaptive strategies. In the Almaty region, higher values ef spike
related traits (SL and NKS) suggest that yield formation is primarily determined by sink
capacity, i.e., the potential number of kernels (Figure 1). In contrast, the significantly higher
yield observed in the Kostanay region indicates that yield formation is more dependent on
grain filling efficiency and assimilate partitioning (Figure 1). Similar shifts betweenr amk
sourcelimited yield formation have been reported in wheat under varying environmental
conditions [34]. PHS exhibited substantial variation among genotypes, confirming its
complex genetic architecture (Figure 2)76 The identification of 19 genotypes with stable
resistance across environments is particularly important, as stability is a key requirement for
breeding. Notably, all resistant genotypes had red grain color, consistent with previous
findings that reefrained wheat is generally associated with greater dormancy and improved
resistance to sprouting89]. This relationship is often explained by the genetic linkage
between grain color genes and loci controlling seed dorman¢y386d dormancy is widely
recognized as the primary physiological mechanism underlying resistance to PHS [19]. In the
present study, dormancy was assessed indirectly using the GI, which revealed differences
between environments (Figure 3). The higher Gl values observed in the Kostanay region
indicate reduced dormancy, which corresponds well with the higher PHS levels recorded in
this environment (Figure 3). This confirms the inverse relationship between dormancy and
sprouting susceptibility.
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A particularly important finding of this study is the identification of genotypes with
moderate dormancy as the most promising for breeding. While strong dormancy effectively
prevents premature germination, it may adversely affect germination uniformity and field
emergence, both of which are critical for crop establishment. Conversely, weak dormancy
increases susceptibility to PHS (Figure 3). Therefore, moderate dormancy represents an
optimal balance between protection against sprouting and the maintenance of agronomic
performance, as reported in previous studies. [37

The correlation analysis provides further insight into trait relationships. The strong
positive correlations among yield components indicate coordinated development of structural
and grain traits, which is essential for yield formation. In contrast, the weak correlations
between PHS, GlI, and yield traits suggest that resistance to sprouting is largely independent
of productivity (Figure 4). This is a highly important finding from a breeding perspective, as it
indicates that improving PHS resistance is unlikely to result in yield penalties. Similar
conclusions have been reported in previous stuBigs The ANOVA results further support
these conclusions by showing that yieddlated traits are strongly influenced by genotype x
environment interactions, whereas PHS showed no significant interaction effect (Table 2).
This suggests that resistance to PHS is relatively stable across environments and is primarily
genetically controlled. In contrast, the strong environmental effect on Gl indicates that
dormancy expression is sensitive to environmental conditions during seed development,
highlighting the importance of muénvironment testing3@g]. Multivariate analyses (PCA
and GGE biplot) provided an integrated view of genotype performance. The clear separation
of environments in PCA confirms the strong environmental influence on trait expression,
while the positioning of PHS and GI near the origin indicates their weak association with
major yield components (Figure 5). The GGE biplot further identified genotypes with stable
performance across environments, which are particularly valuable for breeding programs
(Figure 6).

A limitation of the present study is that genotype x environment interaction was
evaluated using only two locations during a single growing season. Although the selected
sites represent contrasting agroecological zones of Kazakhstan, the relatively limited number
of environments may not fully capture the range of environmental variability encountered in
wheat production. Therefore, additional mugtivironment and muHyear trials are required
to provide a more comprehensive assessment of genotype stability, adaptability, and
environmental responsiveness.

Overall, the results demonstrate that it is possible to combine high yield potential,
stability, and resistance to pharvest sprouting within a single genotype. In particular,
genotypes exhibiting moderate dormancy and stable resistance, such as GB8&BIN
represent promising candidates for breeding programs aimed at improving wheat resilience
under changing climatic conditions.

Conclusion. This study provides strong evidence that -lpagvest sprouting
resistance, seed dormancy, and yieldted traits can be effectively integrated in spring
wheat. The substantial genetic variation observed, along with the identification of stable
genotypes across contrasting environments, highlights the potential for developing resilient
cultivars adapted to diverse conditions. Importantly, the weak relationships between PHS and
yield components suggest that improving sprouting resistance is unlikely to result in yield
penalties. The identification of genotypes with moderate dormancy as optimal further
emphasizes the importance of balancing resistance and agronomic performance. The
consistent performance of genotypes such as CAWEI8| CAWBIN-222, and CAWBIN
385 demonstrates their value as promising breeding material. These findings are particularly
relevant under climate change scenarios, where increased rainfall variability elevates the risk
of PHS. Overall, this study provides important insights into the genetic and environmental
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regulation of PHS and offers practical guidance for breedingyiejtling and resilient wheat
varieties.
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RESEARCH RESULTS OF PROSPECTIVE MODELS OF SUMMER FORAGE CROP
PRODUCTION BY LLP "KazRIAPG "

Baimuratov A. Zh, Candidate of Agricultural Sciences,
Shegebayev G  €andidate of Agricultural Sciences,
SarievB. S.Doctor of Biological Sciences, Academician of the AAS RK,
Abaev S. S.Candidate of Agricultural Sciences

LLP " Kazakh Research Institute of Agriculture and Plant Growing"
Almalybak village, Almaty region, Kazakhstan

Annotation. Forage grain crops are valued primarily for their high grain and green mass
yields, as well as their good enefggotein balance. A key advantage is their high starch content and
optimal amino acid composition, ensuring good feed digestibility. Breeding efforts in these areas are
aimed at developing varieties with increased productivity, resistance to biotic and abiotic stress,
lodging resistance, and disease resistance, as well as higher protein content.

With increasing feed quality requirements and the need to ensure a stable raw material base for
the food and processing industries, barley and oat breeding for both forage and food production is
relevant and addresses different, yet complementary, challenges. An integrated approach to grain
forage crop breeding helps ensure both sustainable forage production and a raw material base for the
food industry, strengthening the food and economic security of the agricultural sector.

The key challenge in modern agricultural production, regardless of changing weather
conditions, is stabilizing grain production year after year. The role of agricultural science, primarily
breeding and seed production, as the foundation for increasing and stabilizing grain production is
significantly increasing.

In this regard, the study and rational use of global genetic resources, which are considered
worldwide as the primary source of improved agricultural crop varieties, is crucial to achieving these
goals.

Keywords: spring, naked barley, oats, variety, sample, numbers, yield, protein, starch
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Annotation. Spring bread wheat remains the leading cereal crop in Kazakhstan, accounting

for a significant share of the countrybds arabl e
this crop is highly variable, which necessitates the identification of genotypes that combine not only
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high productivity but also resilience to abiotic stresses. In this regard, the evaluation of promising
breeding lines in comparison with registered standard varieties is a highly relevant task.

The aim of this study was to conduct a comparative assessment of the yield performance of
spring bread wheat varieties and new breeding lines under the sharply continental climate of Northern
Kazakhstan, and to identify the most promising genotypes.

The study involved six varieties registered in the State Register of the Republic of Kazakhstan
(Kazakhstanskaya rannespelaya, Lamis, Fantaziya, Avgustina, Aina, and Krayushka) as well as new
breeding lines under competitive testing at Karab@lgkicultural Experimental Station (Karabalyk
AES). Yield data were collected during 202825. Statistical methods applied included mean yield,
yield range, coefficient of variation, and adaptability and stability parameters according to the method
of Eberhart and Russell.

The results showed that the most stable varieties were Krayushka, Avgustina, and Aina, which
belong to the extensive type. Among the lines, Lutescens 4, Lutescens 58, and Lus&scens
demonstrated high productivity combined with low variability. Other genotypes (Erythrospermum 39,
Lutescens 34) exhibited wide adaptability, while several intenigpe lines showed high
responsiveness to favorable conditions but poor stability under stress.

The findings highlight promising and stable genotypes that may be recommended for further
breeding programs and submission to state variety trials.

Keywords: spring bread wheat; grain yield; variability; ecological plasticity; stability
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Annotation. When creating an agrophytocenosit forage crops for the production of
complete feeds, perennial grasses with a reoltinponent and balanced composition should be used.
In order to develop agrophytocenoses of perennial forage crops with high productivity potential for
producing nutritious feeds in the forage lands of thestieppe zone of Western Kazakhstan, an
agrophytocenosisonsisting of a mixture of different years of development (crested wheatgrass +
al fal fa + sainfoin) was used. At t he stationa
Experi ment al St ati on, 00 cmsted twhentgrass, alfélfa, prel saérdoof i a | gr
different years of life were studied. The analysis results showed high forage value, productivity, and
nutritional quality of the agrophytocenosiEhe highest crude fat content was observed in the mixture
of perennial grasses in the second year of life. An increase in crude fiber content was recorded in the
fifth year of life, which is explained by the increased proportion of crested wheatgrass in the
phytocenosis during the fifth year. The highest feed unit content was also observed in thgysacond
mixture of perennial grasses, which can be attributed to the greater proportion of legume crops in the
phytocenosisThe grass mixture of crested wheatgrass, alfalfa, and sainfoin should be mowed for hay
before the fifth year of life, at the flowering stagfecrested wheatgrass, when the herbage contains a
high amount of nutrients and is well consumed by livestock. For pasture use, grazing is recommended
starting from the fifth year of life in the forage lands of the-stgppe zone of Western Kazakhstan.

Keywords: forage value, agrophytocenosis, perennial grasses, fiber, crested wheatgrass, yield
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VARIATION IN GRAIN QUALITY TRAITS OF SPRING DURUM WHEAT GENOTYPES
IN WESTERN KAZAKHSTAN

Gubasheva B. E.1Candidate of Agricultural Sciences
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Bulekova A. A.1,Candidate of Agricultural Sciences
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Tsygankova M. Yu.2,Senior Researcher

West Kazakhstan Agrarianechnical University named after Zhangir Khan, Oral, Kazakhstan
2Kazakh Research Institute of Horse Breeding and Forage Production LLP, Aktobe, Kazakhstan
3 Ural Agricultural Experimental Station LLP, Uralsk, Kazakhstan

Annotation. The article presents the results of a comprehensive analysis of the variation in
quality characteristics of spring durum wheat grain from different genotypes cultivated under the
conditions of Western Kazakhstan. The primary objective of the study was a thorough evaluation of
the productive and technological potential of varieties and breeding lines through the analysis of key
grain quality indicators and the identification of the most promising genotypes for further breeding and
practical application.

The main evaluation criteria included thous&ednel weight, test weight, vitreousness,
protein content, and gluten content, allowing for characterization of both productivity and
technological value of the grain. The analysis was based on data collected i2@®4which
enabled comparison of quality indicators under varying agroclimatic conditions. The results
demonstrated a consistent increase in the average values of all studied traits in 2025, likely associated
with more favorable crop formation conditions, which contributed to improved grain filling and higher
grain density.

Breeding lines exhibited the highest responsiveness to improved environmental conditions,
showing significant increases in both productive and quality characteristics. Varieties of the
AYantarnayao group were distinguished by stabild]i
AKargal ado breeding samples stood out for their e
reliability of the results and revealed a reduction in trait variability during the more favorable year,
indicating enhanced stability of the genotypes.

Thus, the comprehensive assessment of grain quality allowed for the identification of
genotypes with an optimal combination of productivity and technological traits, representing particular
interest for breeding programs and practical cultivation under the conditions of Western Kazakhstan.

Keywords: spring durum wheat, varieties and lines, grain quality, genotypic variability, technological
properties.
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s OB dzd Y@ LW 2 fylseodteigisse Wi MSdj §SCOLOLjdd o CtsddjCyd
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3 | [ -2509 |43,6 83,6 1272 107,4 | 238 102,6 | 2,6 10,6
4 | [ -2511 45,6 87,2 1261 106,5 | 238 102,6 | 2,5 10,1
5 |[ -2516 51,8 82,8 1279 108,0 | 236 101,7 | 2,6 10,6
6 |[ -2517 49,0 82,6 1284 108,4 | 221 95,3 24 10,9
7 | [ -2519 49,0 90,2 1252 105,7 | 231 99,6 24 10,3
8 | [ -2520 46,2 91,0 1204 101,7 | 246 106,0 | 24 9,8
9 | [ -2524 46,2 80,2 1286 108,6 | 237 102,2 | 2,3 2,2
10 | [ -2525 44,2 85,0 1283 108,4 | 238 102,6 | 2,6 2,0
11 | [ -2532 45,8 79,0 1305 110,2 | 246 106,0 | 24 2,7
12 | [ -2533 49,6 89,6 1324 111,8 | 223 96,1 2,3 2,1
13 | -2542 47,6 88,2 1169 98,7 214 92,2 24 2,1
14 | [ -2546 48,8 83,4 1248 105,4 | 230 99,1 2,3 12,1
15 | [ -2547 47,4 83,8 1259 106,3 | 231 99,6 25 10,9
16 | [ -2555 50,4 94,2 1209 102,1 | 249 107,3 | 2,3 9,8
17 | [ -2566 47,8 80,4 1173 99,1 246 106,0 | 24 8,5
18 | [ -2570 | 48,8 90,8 1306 110,3 | 254 1095 | 2,7 10,1
19 | [ -2571 48,2 85,0 1300 109,8 | 202 87,1 25 10,3
20 | [ -2577 49,4 81,4 1275 107,7 | 262 1129 |25 9,7
21 | [ -2587 48,2 81,4 1333 1126 | 255 109,9 |25 10,7
22 | [ -2588 51,4 84,8 1334 112,7 | 256 110,3 | 2,6 10,4
23 | L2 48,6 83,6 1258 106,3 | 246 106,0 | 2,5 10,5
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26 | OH-2020 | 47,4 82,6 1209 102,1 | 241 103,9 | 2,3 10,4
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28 | [ -2586 46,8 94,6 1272 107,4 | 206 88,8 24 8,7
29 | [ -2500 46,8 84,0 1250 105,6 | 221 95,3 24 9,7
30 | [ -2501 47,2 81,2 1247 105,3 | 217 93,5 2,3 10,1
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32 | [ -2522 47,4 83,2 1256 106,1 | 216 93,1 2,3 12,0
33 | [ -2561 43,6 84,8 1258 106,3 | 219 94,4 2,3 10,9
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85,3 |289,2
1 Hés= 2,
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BREEDING OF MULTI -CUT ALFALFA VARIETIES FOR SALINE SOIL CONDITIONS OF
THE TURKESTAN REGION

Makhmadzhanov S.P!, Candidate of Agricultural Sciences, Head of Department
Abayev S.S, Candidate of Agricultural Sciences, Senior Researcher
Kostakov A.K.!, Candidate of Agricultural Sciences, Senior Researcher
Asabayev B.S., Junior Researcher
Kostak O.A.L, Junior Researcher
Makhmadzhanov D.S!, Senior Assistant Researcher

I*Agricultural Experimental Station of Cotton and Melon Growing" LLP, Atakent, Maktaaral district,
Turkestan region, Kazakhstan
2'Kazakh Research Institute of Agriculture and Plant Growing" LLP, Almalybak, Karasay district,
Almaty region, Kazakhstan

Annotation. The article presents the results of ldegm breeding work to create innovative
intensive alfalfa varieties adapted to the specific soil and climatic conditions of southern Kazakhstan.
The research was conducted at the "Experimental Station of Cotton and Melon Growing" LLP in the
Maktaaraldistrict of the Turkestan region. The relevance of the work is due to the shortage-of high
quality seeds of forage crops capable of demonstrating high productivity against the background of
secondary soil salinization and climate aridity.

During the experiments of 2023025, a comprehensive assessment of 34 collection and 20
competitive varieties was carried out. It was found that under conditions of abnormally high
temperatures and precipitation deficit, the genetic potential of-gutléapability and the regeneration
rate of the herbage are of decisive importance. As a result of systematic selection, a promising variety
sample M2552 was identified, which statistically significantly exceeded the regionalized standard
Damu12 in terms of key economic and biological traits.

The dry hay yield indicators of the-Rb52 sample amounted to 252 kg/ha with the formation
of 5i 6 full cuts per growing season. The line is characterized by high foliage percentage (54.2%) and
salt tolerance, which allows recommending it for introduction into the catfalfa crop rotations of
the region. The seed productivity of the selected material reachE8l@ @ in terms of 1006eed
weight, which provides the possibility of accelerated reproduction. In 2025, tB85R1 variety
sample was officially submitted to the State Variety Testing (SVT). The results obtained are of great
practical importance for the diversification of crop production and strengthening the fodder base of
animal husbandry in the arid zones of the republic.

Keywords: Alfalfa (Medicago sativa [, breeding, saline soils, productivity, medtit,
adaptability, Turkestan region, variety sample2b62
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MONITORING OF THE CONDITION AND PRODUCTIVITY OF STEPPE PASTURES IN
NORTHERN KAZAKHSTAN AS A BASIS FOR THEIR SUSTAINABLE USE

Mukhanov N.K.%, PhD, Associate Professor
Serekpaev N.A2, Doctor of Agricultural Sciences, ProfessGhief Research Scientist
Nogayev A.A!, PhD, Associate Professor
Uskenov R.B!, Candidate of Agricultural Sciences, Associate Professor
Bostanova S.K!, Candidate of Agricultural Sciences, Associate Professor
Nurken A. Zh.%, Master of Agricultural Sciences

!S. Seifullinkazakh Agrotechnical Research University, Astana, Republic of Kazakhstan
2 Agro InnovaConsalt LLP, Astana, Republic of Kazakhstan.

Abstract. The article presents the results of monitoring the condition and productivity of
steppe pastures in Northern Kazakhstan. The study was conducted in 2025 within the territory of the
Kellerov rural district of the Tayynsha district, North Kazakhstan Region

The aim of the study was to provide a comprehensive assessment of pasture ecosystems based
on geobotanical surveys, evaluation of aboveground biomass productivity, and analysis of the
nutritional value of forage mass.

The methodological framework included the analysis of agrometeorological conditions during
the growing season, calculation of the hydrothermal coefficient, geobotanical surveys, measurement of
grass stand height, estimation of aboveground biomass productivity using the clipping method,
determination of forage chemical composition by Ne&mared Spectroscopy (NIRS), and
georeferencing of surveyed sites using GPS/GLONASS navigation.

The results showed that the investigated pastures were characterized by high vegetation cover
(861 96%), a stable gragerb composition, and considerable species diversity. Aboveground biomass
productivity ranged from 315.5 to 710.3 g/m2 on andayr matter basis. Analysis of forage mass
revealed sufficient levels of essential nutrients ensuring the forage value of pasture feed for cattle.

The obtained results indicate the favorable condition of the studied pasture ecosystems and
may serve as a scientific basis for developing recommendations on sustainable pasture management,
pasture rotation systems, and improvement of pasture monitoring practices under the conditions of
Northern Kazakhstan.

Keywords: steppe pastures; pasture ecosystems; pasture monitoring; geobotanical survey;
grassland productivity; aboveground biomass; forage value; vegetation cover; Northern Kazakhstan
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WATERING OF PASTURES WITH GROUNDWATER IN THE WEST KAZAKHSTAN
REGION

Ongayev M.K., candidate of technical scien¢cgsofessor
OzhanovG.S, frandidate ofyricultural sciences
Shadyarov T.M., master of technical sciences
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Abstract. The West Kazakhstan region is a strategically important region of the country
where the agricultural sector plays a key role. Special attention is paid to animal husbandry here.
Currently, systematic work is underway in the region to modernize the pasture economy. This will
allow for the expansion of grazing areas and the introduction of animal husbandry methods for a more
rational use of land resources.

The steady growth of livestock numbers over the past decades raises the problem of
effectively using the full potential of the region's pasture lands. The maximum use of land resources is
limited by the possibility of irrigation of pasture lands. Fidkdged use of pasture lands is impossible
without their preliminary watering.

The sources of irrigation of the pasture lands of the West Kazakhstan region are represented
by natural sources of irrigation (rivers, lakes, gullies) and artificial sources, represented in the form of
irrigation and irrigation channels, ponds, wells and mine wells.

The article considers the state of irrigation of pastures by groundwater in the West Kazakhstan
region. Based on the monitoring of underground sources of irrigation of the region's pastures, their
quantitative and qualitative parameters were analyzed. Underground springs have a certairirzonality
their location, manifest themselves at different depths corresponding to different geological horizons,
and are characterized by a wide variation in water mineralization. The paper presents the results of
hydrogeological and hydrochemical monitoring of pasture lands. The assessment of the current state of
water reserves was carried out on the basis of a survey of existing underground water intakes.
Additionally, the aquifers of the West Kazakhstan region, which have the greatest potential for further
flooding of territories, have been identified.

Keywords: animal husbandryatering of pasturegroundwater, wells, water mineralization
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Annotation. This study investigated changes in the antioxidant systeRha$eolus vulgaris
plants grown in a medium contaminated with heavy metals (Cu, Cd, Zi9ssudiomonas sppwith
the aim of evaluating the bioremediation effect of the bacterial consortium. The results showed that in
the control group, antioxidant activity was 25% in the roots, 24% in the leaves, and 27% in the stems.
Upon exposure to copper (Cu 0.01), these values increased significantly to 59%, 56%, and 57%,
respectively, indicating activation of the antioxidant system in response to severe oxidative stress.
When the copper concentration was reduced (Cu 0.001), antioxidant activity decreased to 14% in
roots, 11% in leaves, and 18% in stems. In the case of cadmium (Cd 0.01), the values were 19%, 15%,
and 18%, whereas in the Cd 0.001 treatment, an increase to 25% in leaves and 31% in stems was
observed. Antioxidant activity decreased under zinc (Zn 0.01) exposure and amounted to 11% in roots,
4% in leaves, and 14% in stems, while the lowest values were recorded at Zn 0.001 (3%; 1.73%; 8%).
The use of thePseudomonas spponsortium increased plant resistance to heavy metals and
contributed to the stabilization of the antioxidant system. Overall, the results demonstrate that these
bacteria can be used as an effective bioremediation agent by biosorbing heavy metal ions and reducing
oxidative stress in plants.

Keywords: Heavy metalsPseudomonas sppantioxidant activity, bioremediation, Phaseolus
vulgaris, stress responses.

Introduction. Heavy metal pollution is one of the most pressing issues affecting
modern ecosystems. Due to the extensive use of chemicals in agriculture and industrial
activities, heavy metals such as lead (Pb), cadmium (Cd), copper (Cu), and zinc (Zn)
accumulate in soils at elevated concentrations. These metals at@odegradable and
persist in the soil for long periods, posing significant risks to plant systems. Heavy metal
toxicity disrupts key physiological and biochemical processes in plants, leading to impaired
growth and development.

Heavy metals are a group of persistent inorganic chemical compounds with an atomic
mass greater than 20 and a density greater than 5 g/cm?3, which ermdegradable. They
have cytotoxic, genotoxic and mutagenic effects on humans, animals and plants, and also
affect food chains, soil, irrigation and drinking water, groundwater and the atmosphere by
contaminating them. Metals found in soil are divided into two groups: trace elements
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necessary for normal plant growth (Fe, Mn, Zn, Cu, Mg, Mo and Ni) andessential
elements whose biological or physiological functions are not fully understood (Cd, Sb, Cr, Pb,
As, Co, Ag, Se and Hg). Plants can absorb heavy metals through theirgabomd and
underground parts. Essential elements play a crucial role in the structure of enzymes and
proteins. Plants require small amounts of these elements for growth, metabolism, and
development. However, the concentration of essential anesgential metals is one of the

key factors in plant growth, as an excess of these metals can lead to slowed or stunted growth.
Toxic concentrations of heavy metals disrupt normal plant functioning and affect metabolic
processes in various ways. Such effects include the destruction or displacement of structural
protein components (resulting from the binding of heavy metals to sulfhydryl groups),
inhibition of functional groups of important cellular molecules, displacement or disruption of
the function of essential metals in biomolecules such as pigments and enzymes, as well as
adverse effects on the integrity of the cytoplasmic membrane. As a result, vital processes such
as photosynthesis, respiration, and enzymatic activity are inhibited. In addition, high levels of
heavy metals increase the formation of reactive oxygen species (ROS). These include the
superoxide radical (0 ), t h e -raticaldconapeupds r adi c
singl et oxygen (0O ) a @ énd leyyotbxicocgrepoundp suchoasi d e
methylglyoxal (MG). These compounds disrupt the balance betweeoxplants and
antioxidants in plant cells, causing oxidative stfé$s

The results of various studies indicate that the conclusions regarding the effects of
heavy metal®n plants are weflounded.Sharma and his colleagues found that heavy metals
disrupt the processes of photosynthesis, gas exchange, and nutrient uptake, thereby reducing
plant growth and dry biomass accumulati@). A metaanalysis conducted by Antonio
Rodrigues da Cunha Neto and his colleagues studied the effects of aluminum and lead,
showing that they reduce photosynthetic rates and chlorophyll b levels in various plant species
[3]. Hui-hui Zhang and colleagued][demonstrated that cadmium stress inhibits the activity
of enzymes responsible for chlorophyll synthesis in tobacco leaves, while Salla Hemadri
Reddy and colleaguegb] confirmed that chlorophyll content decreases as heavy metal
concentrations increasei @b0 ppm).

From a mechanistic perspective, Riyddin and his colleagudsund that heavy metals
accelerate chlorophyll degradation by promoting the formation of reactive oxygen species
(ROS), increasing the activity of the enzyme chlorophyllase, and displacing the central
magnesium (Mg) ion in the chlorophyll molecy. R. Sayed and his colleagudsscribed
the formation of reactive oxygen species,lbsucas t he superoxi de radic
radical (OH ) and hydrogen peroxide (H O ), and
stress and cellular dama@4. In addition, A Shomali and colleaguesnfirmed that heavy
metal stress disrupts pigment biosynthesis and the activity of the photosynthetic electron
transport chaifi8]. Heavy metald both those with redox activity (Fe, Cu) and those without
(Cd, Pb, Znd increase the formation of reactive oxygen species (superoxide radicals,
hydr oxyl radical s, H O ) i n plant cell s. Th
DNA damage, and disruption of membrane integityl0]. While redoxcompetent metals
generate ROS directly through the Fenton and H#sess reactions, redarcompetent
metals such as Cd and Pb do so indirectly by inhibiting the activity of antioxidant enzymes,
displacing necessary cations, or stimulating NADPH oxidgsEs Plants respond to this
stress with a twavay antioxidant defense mechanism: enzyme activity increases at low and
moderate metal concentrations, whereas at higher levels the system becomes overloaded, and
activity decreases. A study on wheat showed that SOD activity reached 148% of the control
l evel at 75 €M Cd and decreased by 72% at 3
Pb and decreased by 68% at 500 ¢ M. Mal ondi
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increased in a dosgependent manner, confirming the progression of oxidative damage
beyond the capacity of the defense systEah

The stress response varies depending on the metal, the plant organ, and the species. In
wheat seedlings exposed to cadmium, SOD activity was not observed in the roots at a
cadmium concentration of 50 & M, whereas POX
indicating that each organ utilizes different enzyi®}. Al t hough a 50 €M con
Cd in corn increased the activity of CAT, POD, APX, and SOD, the rise in ROS marker levels
indicated an insufficient antioxidant respoii%4]. In Atriplex species exposed to Cu, Ni, Pb,
and Zn, SOD and APH activity decreased, while CAT and GR activity increased, indicating
the existence of functional compensatory mechanisms among the enZ$Bjesin
Arabidopsis, POD activity decreased during the first 2 hours of heavy metal exposure but
increased after 12 hours, suggesting that POD and CAT may partially substitute for one
another at different stage$ stress [16]

Non-enzymatic antioxidands glutathione (GSH) and ascorbate (AéA)lay a key
role by acting as direct scavengers of reactive oxygen species and serving as substrates for the
AsA-GSH cycle[17]. Glutathione (GSH) is also a precursor to phytocellatins (PCs), which
regulate heavy metal concentrations in vacuoles by chelating them, playing a dual role in
neutralizing reactive oxgen species and binding metals [18] study on durum wheat
varieties showed that cadmium exposure increases the activity of the ascoHgiciatidone
cycle enzymes in a doskependent manner not only in the roots (where cadmium
accumulates) but also in the leaves, suggesting the presence of a systemic signaling
mechanism [19]I n addi ti on t o-toc@Berbl, earotenoids,sphenols,Uand
flavonoids also contribute to this protective effect: tocopherol protects membranes from lipid
peroxidation, while carotendé neutralize singlet oxygen [20%tudies have shown that
resistance to metals depends on the ability to activate both branches of the antioxidant system
at high levels. To enhance crop tolerance to metals and optimize phytoremediation, transgenic
and biotechnological approaches aimed at enhancing GSH synthesis or increasing the
expression of antioxidant enzymare being studied [21Bioremediation methods utilize
various microorganisms, such as bacteria and fungi, to degrade or remove toxins from the
environment through their metabolic processes. Although the role of bacterial communities in
agricultural management has not been fully studied, microbial remediation technologies offer
clear advantages. Plagtowth-promoting rhizosphere bacteria (PGPR), which primarily
promote plant growth, have emerged as a promising platform for enhancing productivity,
improving nutrient bioavailability, suppressing diseases, and improving soil health. PGPR
represent a broad area of research within the field of microbial remediation technologies.
Several researchers have reported that PGPR can absorb heavy metals, remove contaminants
from the soll, or convert them into less toxic forms. These microorganisms have developed
several mechanisms for surviving in soils contaminated with heavy metals and restoring the
environment.

The success of heavy metal bioremediation depends on the potential of microor
ganisms. Plargrowth-promoting rhizobacteria are capable of surviving in soils contaminated
with heavy metals; therefore, the use of these bacteria supports bioremediation. These bacteria
are rhizospherassociated and play a key role in the interaction between soil and roots,
remediating contaminated soils through various mechanisms. PGPRdeutlr-promoting
bacteria) strains are beneficial microorganisms that influence the bioavailability of heavy
metals. By secreting various metabolic compounds, PGPR play an important role in ensuring
the removal and dissolution of heavy metals. Several studies have shown that rhizobacterial
strains increase biomass and possess high potential for resistance to hea2jetals

In his research, Ruillernandez demonstrated that the beneficial effects of introducing
Pseudomonabacteria through bioincubation stem from their ability to adapt to hazardous
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environments contaminated with heavy metals, herbicides, or fertilizers. Rssmudomonas

strains are capable of degrading hydrocarbons, nitrogenous compounds, and herbicides, which
helps reduce plant growth time. For examle protegensan degrade 80% of glyphosate,
glufosinate, and phosphine regardless of the presence or absence of iron atoms. One of the
key properties of Pseudomonas bacteria is their ability to dissolve or break down various
pollutants, including hydrocarbons, nitrogenous compounds, and herbicides. This property not
only neutralizes environmental toxins but also significantly reduces the time required for
optimal plant growth23].

Accordingly, the aim of our study is to comprehensively investigate the effect of
Pseudomonas bacteria on the antioxidant defense system, biochemical indicators, and
physiological parameters of plants in soils contaminated with heavy metals (Cu, Zn, Cd), as
well as to determine the mechanisms of their adaptation and the effectiveness of
bioremediation under conditions of heavy metaluced stress.

Materials and Methods. The study design involved assessing changes in biometric
parameters, pigment content, and enzymatic and antioxidant activity in bean plants under
laboratory conditions following exposure to cadmium, copper, and zinc salts. The
bioremediation efficiency dPseudomonastrains was also determined, including their ability
to biosorb and immobilize heavy metal ions, as well as to reduce stress responses in plants.
The experiment used bean see2¥0+20 g of presifted soil dried at 105°C for 24 hours, and
salts of Cd(NO ) L4H O, Cu( OH) and ZnSO L7H
as sources of heavy metals, distilled water, and straifs@iidomonas putidaSL andP.
fluorescensAS (as a consortium)he bean seeds were grown in plastic containers with a
capacity of 0.B0.5 liters. Work with bacterial cultures was conducted in full compliance with
biosafety regulations. The study lasted between 7 and 21 days.

Method of biometric analysis of plants.this biometric analysis, common bean plants
(Phaseolus vulgar)s are grown under conditions of heavy metal exposure (cadmium
Cd(NO ) , copper CuSO L5H O, zinc ZnSO L7H
growth is assessed. Pmwistened soil is treated with 0.01 M and 0.001 M solutions of a
specified amount of metal salts (e.g., 20 mL per 280 g of soil), while the control is left
without metal s. Disinfected seeds (1% KMnO |,
plant per pot, and grown foii 8 weeks under identical conditions of light, temperature, and
humidity. The study results showed that the biometric parameters of each plant were
measured after removing one leaf, the stem, and the root. Plant height and root length (cm)
were measured, as well as leaf area (cm?). The results of the analyses were calculated as the
mean value and standard error based on at l¢&steplicates for each treatment, and growth
inhibition was detamined using the formula | = (0 o)lLkx x 100, (where L is the length of
plant organs, k is the control, and o is the effect of heavy metals). To assess the
bioremediation effect, #seudomonasuspension was applied and analyzed in comparison
with the control.

Determination of the pigment composition of plarts. ethanol extract of pigments
was prepared from bean leaves, followed by centrifugation and adjustment of the extract
volume to a fixed value. Pigment content was determined spectrophotometrically using a
AFot o-KMK{3&®r i nstrument . The concentrations of
tot al content wer e cal cul at ed using Vernor
determined using the HolVettstein formula. Pigment concentrations in plant material
(mg/g) were calculated using a general formula, taking into account the extract volume and
samplemass 24].

A method for determining peroxidase activity in plakisder laboratory conditions,
the effect of heavy metals on peroxidase activity in plants was assessed using the method
developed by A.N. Boyarkin. The enzyme was extracted from plant tissues using an acetate
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buffer solution (pH 4.7), followed by centrifugation. Peroxidase activity was determined
spectrophotometricakKFKy 0o usinsgr uame i Fot oEmeztyrme
cal cul at ed ufsrmutagtakiBgintcaaccountrihi@ optical density of the solution,

the volume of the extract, the dilution factor, the sample mass, the cuvette thickness, and the
reaction time 25].

Method for determining the antioxidant activity of planfe. prepare the samples for
analysis, the plant specimens were ground into a powder, after which a 1.0000 g sample was
taken and 50 mL of doubldistilled water heated to 100 °C was added. The mixture was
allowed to stand for 5 minutes, then filtered. The antioxidant activity of the plant under study
was assessed based on its ability to inhibit the-axitdation of epinephrine and thereby
prevent the formation of reactive oxygen species. To do this, 0.2 mL of a 0.1% (5.46 mM)
pharmaceutical solution of epinephrine hydrochloride was added to 4 mR & @odium
carbonate buffer, pHED.65; the mixture was thoroughly and rapidly stirred, placed in aKFK
3 KM spectrophotometer, and the optical density was measured every 30 seconds for 10
minutes at a wavelength of 347 nm in arif+thick cuvette (A). Next, 0.06 ml of the test
extract and 0.2 ml of 0.1% adrenaline hydrochloride were added to 4 ml of buffer, mixed, and
the optical density was measured as described aboyeT@take into account the influence
of the intrinsic color of the extracts, which absorb a certain wavelength in the visible part of
the spectrum, a buffered solution of the extract without adrenaline was used as a reference
solution. The antioxidant activity (AA) of the studied plant extracts was expressed as a
percentage of inhibition of adrenaline autooxidation and calculated using the formula: AA =
(A1- A2) x 100 / A. An AA value of more than 10% indicates the presence of antioxidant
activity [26)].

Results and DiscussionHeavy metal contamination of agricultural soils poses a
significant threat to crop yields and food security. Toxic elements such as Cd, Cu, and Zn
impair plant growth, induce oxidative stress, and disrupt physiological processes in crops such
as Phaseolus vulgarisin recent years, plamgfrowth-promoting rhizobacteria, particularly
Pseudomonas spphave attracted attention due to their potential to enhance plant resistance
to abiotic stresses. These microorganisms can modulate antioxidant defense systems, enhance
enzymatic activity, and stabilize cellular metabolism under metal stress conditions. Therefore,
the aim of this study was to evaluate the effecPséudomonas spn biometric traits,
enzymatic activity, antioxidant responses, and pigment composition in Phaseolus vulgaris
under heavy metal stres$he effect of heavy metals on the biometric parameters of
Phaseolus vulgariplants was clearly evident and depended on the type and concentration of
the meta(Table 1).

Table 17 The effect of heavy metals on plant biometric parameters and the restorative effect of
bacteria of the genusPseudomonas spp

Growth Control Zn Zn Cu O. Cu Cd 0. Cd
parameters 0.01m 0. 00 0.00 0.00
Stem length 36+ 1.8 | 28+ 1.4 | 29+1.45 | 55+1.75 24.8+ 32+ 1.6 | 345+
(cm) 1.24 1.73
Root length| 6.9£0.3 | 14.5+ 7+ 0.35 6.5£0.33 |21+1.05 |11+£0.55 | 22.5+
(cm) 5 0.73 1.13
Leaf 3.75+0. | 3.5¢ 2.3+0.12 | 1.7£0.09 |2.75+ 3+0.15 2.6
area/(cm?) 19 0.18 0.14 0.13

Number of/ 5+0.25 [8+04 |[3+£0.15 |[8+04 5+025 |[6+0.3 5+0.25
leaves (n)

The greatest stem length was recorded in the treatment with a Cu concentration of 0.01

143



M (55 +£1.75 cm), which was significantly greater than that of the control (36 = 1.8 cm) . This
indicates that copper ions at low concentrations can stimulate plant growth. However, under
the influence of Zn and Cd, stem length generally decreased or remained close to control
values.Root length proved to be a sensitive indicator of heavy metal exposure. An increase in
root length was observed following treatment with 0.01 M Zn (14.5 + 0.73 cm) and 0.001 M
Cd (22.5 £ 1.13 cm), which may indicate an adaptive response to stress or the influence of
rhizosphere microorganisms, includiRgeudomonas sppwvhereas a decrease in root length

(6.5 + 0.33 cm) following treatment with 0.01 M Cu indicates a toxic eff@etrall, leaf area
decreased under the influence of all heavy metals, particularly in the treatment with a Cu
concentration of 0.01 M (1.7 £ 0.09 cm?), indicating inhibition of the photosynthetic
apparatus. Although an increase in the number of leaves was observed in some treatments
(0.012 M Zn and 0.01 ™M Cu), this parameter o
physiological condition and may represent a compensatory response under stress conditions.

Overall results showed that heavy metals have a-degendent effect on plant
biometric parameters: high concentrations inhibit growth, whereas low concentrations
sometimes trigger an adaptive response. In addition, a consortium consistsgudbmonas
putidalSL andP. fluorescendS strains significantly reduced the toxic effects of heavy metal
ions. By biosorbing and chelating metal ions in the rhizosphere, these bacteria limited their
uptake by the plant and restored the morphological parameters of the stem, root, and leaf.

The activity of plant antioxidant and enzymatic defense systems and the influence of
Pseudomonabacteria under heavy metal stress. The plant enzymatic system is one of the
primary biochemical mechanisms regulating all of their physiological and metabolic
processes. Enzymes control the rate of such important reactions as photosynthesis, respiration,
and nitrogen and carbon metabolism. However, excessive accumulation of heavy metals (Cd,
Pb, Cu, Zn, Hg, etc.) in the environment significantly impairs the normal functioning of plant
enzymes.

Exposure to heavy metals alters the activity of enzymes involved in general
metabolism, such as amylase, protease, and peroxidase. Heavy metal ions undergo
Ssubstitution reactions with the protein comg
disrupting their functional state. This leads to enzyme destabilization and the occurrence of
sulstratenonspecific reactions [27%everal studies have shown that enzyme activity depends
on the type, concentration, and species of plant containing the heavy metal. For example,
copper ions can act as stimulants of certain enzymes at low concentrations, while at high
concentrations, they can be toxic. This phenomenon is important for studying plant adaptation
mechanisms and provides insight into bio indication processes in ecosystems contaminated
with heavy metal$28]. The study is directed toward evaluating the bioremediation potential
of a Pseudomonas spp. bacterial consortium in reducing plant stress responses by determining
peroxidase enzyme activity and antioxidant properties in Phaseolus vulgaris plants grown
under heavy metal (copper, zinc, and cadmium) exposure.

Exposure to heavy metals affected changes in enzyme activity to varying degrees
depending on the type and concentration of the metal, but these changes could be modulated
to some extent by the presencePseudomonabacteria in the rhizosphe(Eigure 1).In the
contr ol treat ment , enzyme activity was O0.00
increase in activity to 0.0059 emol/ min at e
ability of Pseudomonabacteria to activate enzyme systems and increase the bioavailability
of trace elements, whereas the decrease observed at 0.001 M is associated with a change in
stress | evel s Altbough th® hdrpldeczease In enmmime activity from 0.01

M to 0.0014 emol/min in the presence of <cop
activity approaches the control level at concentrations ranging from 0.001 M to 0.0056
emol / min is |ikely due t o Psehdemonabacterib andiheg at i or
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attenuation of the toxic effect.
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Figure 17 The activity of plant defense enzyme systems and the effectRfeudomonas spp.
bacteria under heavy metal stress

In the case of cadmium, a slight decrease in enzyme activity was observed at
concentrations of 0.01 M and from 0.001 M to 0.0@51 0053 e mol / mi n, but
stability of these indicators suggests tRaeudomonabacteria can increase plant resistance
to stress by stimulating biosorption and antioxidant systems. Overall, the results obtained
demonstrate that Pseudomonas bacteria play an important role in mitigating the negative
effects of heavy metals on enzymatic systems and maintaining the physiological stability of
plants.

The antioxidant system of plants exposed to heavy metals underwent significant
changes, with these changes varying depending on the type and concentration of the metal, as
well as the plant organ. In the control group, antioxidant activity was approximately 25% in
the root, 24% in the leaf, and 27% in the stem, indicating a normal physiological state of the
plant(Figure 1).
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Figure 27 Antioxidant protection activity of plants and influence of Pseudomonas bacteria
under heavy metal stress ({.Control, 2- Cu 0,01M, 3 Cu 0,001M, 4 Cd 0,01M, 5 Cd 0,001M, &
Zn 0,01, 7 Zn 0,001M)

At a copper concentration of 0.01 M, a sharp increase in antioxidant activity was

observed in all plant parts (B80%), indicating the activation of the defense system under
conditions of severe oxidative stress. At a Cu concentration of 0.001 M, a decrease in these
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indicators by 1118% indicates a reduction in stress levels or stabilization of the adaptive
response. Under the influence of cadmium (Cd), the average activity level at a concentration
of 0.01 M remained at 139%, whereas at 0.001 M a significant increase of 31% was

observed,

especially

n t he

stem.

Thi

S i ndi

antioxidant system. Under the influence of zinc (Zn), antioxidant activity was low in all

variants, particularly 118 %

at 0.

001

factor or its low impact on enzyme systems.

The results obtained indicate that bacteria of the gdPsmudomonasplay an

M, whi ch

i s

expl ained

important role in regulating the antioxidant defense system of plants. Under conditions of
high stress (especially at a Cu concentration of 0.01 M), the increase in antioxidant activity
indicates that the bacteria stimulate mechanisms for neutralizing reactive oxygen species
(ROS) in the plant. Furthermore, the relative stabilization of activity under Cd and Zn
concentrations may be associated with the abilifysfudomonastrains to immobilize metal

ions and reduce their toxic effects. Heavy metals induce oxidative stress in plants, leading to
the activation of the antioxidant system, wtigeudomonabacteria regulate these processes

and

enhance

t he

pl ant 6s

adaptation

t o

Stress:s

high copper concentrations, in which case the antioxidant defense system is activated to the
maximum extentThe presence of heavy metals had a significant effect on the composition of
photosynthetic pigments iRhaseolus vulgarjswith the changes depending on the type and
concentration of the metals. In control plants, the content of chlorophyll a, chlorophyll b, and
total chlorophyll (a+b) was 0.0008, 0.0003, and 0.0011, respectively, indicating a normal
physiological state of the photosynthetic apparéfable 2).

Table 21 The effect of heavy metals on plant photosynthetic pigments and the reductive effect of
Pseudomonadacteria

Concentration chlorophyltU chlorophylt b chlorophyll U+ | caryothionide

1/Control 0.0008+ 0.00004| 0.0003 £ 0.00002 | 0.0011+ 0.00006 0.0003+ 0.00001
2/ Zn 0]0.0020£ 0.00010| 0.0008 £ 0.00004 | 0.0025% 0.00013 0.0002+ 0.00001
3/ Zn 0]0.0004+ 0.00002| 0.0002 £ 0.00001 | 0.0006% 0.00003 0.0002+ 0.00001
4/ Cu 0 ]0.0008+0.00004| 0.0003 = 0.00002 | 0.0010£ 0.00005 0.0002+ 0.00001
5/ Cu 0]0.0007£0.00004| 0.0003 £ 0.00002 | 0.0010£ 0.00005 0.0002+ 0.00001
6/Cd0 , 0 1| 0.0020+ 0.00010( 0.0008 + 0.00004 | 0.0030% 0.00015 0.0002+ 0.00001
7/Cd0 , 0 0| 0.0020+ 0.00010( 0.0008 + 0.00004 | 0.0030+ 0.00015 0.0002+ 0.00001

Upon treatment with zinc, a concentratidependent effect was observed. At a
concentration of 0.01 M, the content of chlorophyll a and total chlorophyll increased to 0.002
and 0.0025, respectively, indicating the stimulatory role of zinc as an important micronutrient
involved in chloroplast function and enzyme actividowever, at low concentrations (0.001
M), pigment levels decreased (chlorophyll a = 0.0004, chlorophyll a+b = 0.0006), suggesting
the possibility of metabolic imbalances under suboptimal conditions. Copper treatment had an
overall inhibitory effect on pigment accumulation. At a concentration of 0.01 M, the
chlorophyll level was close to control values, whereas at 0.001 M a slight decrease was
observed. This may reflect the dual role of copper as an essential element and, at high
concentrations, as a strong foxidant leading to pigment degradation. Cadmium treatment
led to a significant increase in chlorophyll content at both concentrations (chlorophyll a =
0.002; chlorophyll a+b = 0.003), which may be associated with compensatory mechanisms
aimed at maintaining photosynthetic efficiency under stress conditions.

Such an increase does not necessarily indicate an improvement in physiological
parameters, but may reflect str@sduced metabolic changes. Carotenoid levels remained
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relatively constant across all treatment conditions (0.0002), indicating their important role in
maintaining baseline photoprotection and the structural stability of the photosynthetic
apparatus during heavy metatiuced stress. Changes in pigment content are closely linked to
the antioxidant defense system of plants during heavy +imelated stress. An increase in
chlorophyll levels under bacterial exposure (Zn 0.01 M and Cd treatments) may indicate the
activation of adaptive responses, which is confirmed by an increase in antioxidant activity
aimed at reducing the amount of reactive oxygen species (RO&)ntrast, the decrease in
pigment levels (following treatment with 0.001 M Zn and Cu) is associated with oxidative
damage to chloroplast membranes and photosynthetic complexes caused by excessive
accumulation of ROS. In such cases, antioxidant enzymes andnagmatic components
(including carotenoids) play an important role in protecting the photosynthetic mechanism.
The relatively constant content of carotenoids indicates their function as the main non
enzymatic antioxidants involved in the neutralization of singlet oxygen and the dissipation of
excess energy. In addition, the presence of Pseudomonas bacteria may help maintain pigment
stability by increasing the activity of antioxidant enzymes, reducing the bioavailability of
metals through biosorption and immobilization, and thereby reducing oxidative stress.

Conclusion. The results of the study showed that heavy metals (Cu, Cd, Zn) have a
significant effect on biometric parameters, enzymatic and antioxidant systems, as well as on
the pigment composition ¢thaseolus vulgariplants. According to biometric analysis, plant
growth was slowed at high concentrations of heavy metals: plant height and the number of
leaves decreased by an average ®826 compared to the control.

Antioxidant activity reached its highest level under the influence of copper (Cu 0.01)
and amounted to 59% in the root, 56% in the leaf, and 57% in the stem, indicating the
activation of the defense system in response to severe oxidative stress. At low zinc
concentrations (Zn 0.001), the lowest values were recordedi(@%t leafi 1.73%, stem
8%). Peroxidase activity also varied in accordance with this trend and was found to increase
1.5 2.0fold under heavy metahduced stress. Pigment analysis showed that the content of
chlorophyll a and b decreased byi46% under the influence of heavy metals, while the
content of carotenoids in some cases increased IBOW as a protective response. The use
of a consortium oPseudomonabacteria increased plant resistance to stressful conditions,
contributed to a Ii®5% improvement in biometric indicators, and stabilized the enzymatic
and antioxidant systems.

Financing. The research was carried out under the Progeageted financing of the
Ministry of Science and Higher Education of the Republic of Kazakhstan for-Z02el
BR24993105 «Creation of a biotechnology R&D center for the development and
commercialization of agricultural products and technologies».
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STUDY OF THE ADAPTATION POTENTIAL OF DROUGHT -TOLERANT PLANTS
UNDER CLIMATE CHANGE IN SOUTHERN KAZAKHSTAN
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Annotation. This article presents the results of a study examining the quantitative and
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gualitative impact of droughesistant plant seeds on vegetation development in the foothill and semi
desert zones of southern Kazakhstan, taking into account field quality and meteorological conditions.
Based on an analysis of meteorological data and laboratory studies conducted in 2024, the main
factors contributing to the deterioration of natural pastures in the region's foothill andlessrii

zones were identified. It was found that 2024 was characterized by a lack of extreme temperatures: the
number of hot days decreased, minimum night temperatures increased, and the winter season became
milder. Compared to previous years, the hottest summer of 2022 (maximum temperature reached
+44°C), and the minimum temperatur@g.7°C) was recorded in 2023. Furthermore, average annual
temperatures in 2022 and 2023 were similar, while 2024 was characterized by more moderate
temperatures. Annual precipitation was relatively stable, at approximately 600 mm, with no significant
fluctuations between years. A pattern of maximum air temperature increases in June and July was
observed, which significantly impacted the growth and development of vegetation. Laboratory studies
showed that the germination rate of drougddistant plant seeds ranged from 41.3% to 50.0%.
Among the studied crops, saxaul seeds had the lowest germination rate, at 8.5%, which should be
taken into account when determining the seeding rate per hectare. Optimal agronomic sowing
parameters were determined by studying the influence of meteorological conditions and seed quality
on the rapid restoration of muttbmponentgrophytocenoses. The optimal seeding depth for drought
resistant plants was%cm, and the optimal topsoil depth was33cm.

When evaluating the germination of drougbsistant plant seeds for creating matimponent
pastures on mountain slopes and in sdesert areas, wormwood seed germination did not exceed
19%. The germination rates of keyreuk and chogon seeds withotreptment were 25% and 8%,
respectively.

Keywords: arid plants, foothill zone, steppe zone, sowing qualities of seeds, multicomponent
pastures, agrophytocenasis
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MONITORING OF RESISTANCE OF COMMON COCKLEBUR ( XANTHIUM
STRUMARIUM) TO SPECIFIC GROUPS OF HERBICIDES AND POSSIBLE WAYS TO
OVERCOME IT

Arystangulov S.,candidate of agricultural sciences, professor
Bekezhanova M. candidate of agricultural sciences,ass.professor
Yessimov U.candidate of agricultural sciences
Bashkarayev N.,senior researcher
Nurmanov Zh., researcher
Nyssanbayev Sjunior researcher

LLC «Kazakh Research Institute of Plant Protection and Quarantine named after Zh. Zhiembayev»,
Almaty, Kazakhstan

Annotation.The problem of herbicide resistance formation in weed plants remains highly
relevant and continues to attract the attention of researchers. The systematic application of herbicides
with the same mechanism of action, the cultivation of monocultures, as well as insufficient
phytosanitary control of agrocenoses contribute to the selection of resistant weed populations. As a
result, the effectiveness of herbicides decreases, and the risk of environmental pollution increases due
to the growing pesticide load. The development of resistance in harmful organisms is considered one
of the key factors limiting the sustainable development of modern crop production.

The results of repeated phytosanitary monitoring showed that the tested herbicides differed in
their effectiveness in suppressing the developmeiiaothium strumariumThus, when applying the
herbicide Corsair, SL (2.0 L/ha), signs of possible resistance development were observed: the
proportion of surviving plants reachedi 20%, which corresponds to a high biological efficiency of
the product (8090%). When using the herbicide Benagro, SL (2.5 L/ha), a low level of weed
resistance was established, with a control efficiency b86%. On irrigated lands of the peasant farm
AZheksembi yevo, when treating soybean crops of
(0.4 L/na), a moderate level of resistance was recorded, accompanied by a decrease in herbicide
efficiency to 4060%. Thus, the biological effectiveness of herbicides varied depending on the active
ingredient, mechanism of action, growth stage of the weed, and the level of resistance developed.

To prevent the formation of resistant weed b
of preventive measures. First of all, with prolonged and systematic use of herbicides with the same
mechanism of action, regular phytosanitary monitoring of weed infestation in crops should be carried
out to identify resistant biotypes. One of the early indicators of resistance formation is a decrease in
the biological effectiveness of applied herbicides.

To prevent the emergence and spread of resistant populatidfantifium strumariumit is
necessary to alternate herbicides with different chemical groups and mechanisms of action within crop
rotation systems. The use of herbicides with different mechanisms of action helps to suppress
surviving resistant biotypes during subsequent treatments of agricultural crops.

When resistant forms of weeds are identified, it is essential to maximize the use of agronomic control
methods, including optimization of crop rotation, soil tillage, adjustment of sowing dates, and other
practices aimed at reducing weed infestation in crops

Keywords: Durnishnik vulgaris, herbicides, resistance, phytosanitary monitoring, field crops,
phytomass.
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PROSPECTS FOR THE BIOLOGICAL CONTROL OF THE NOXIOUS QUARANTINE
WEED FIELD DODDER ( CUSCUTA CAMPESTRISYUNCK.)

Boltayeva L.A., Senior Researcher
Rysbekova A.M, Head of Department
Tursunova A.K., Head of Laboratory

Boltayev M.D., Leading Researcher

Maulen A.T., Senior Laboratory Assistant
Yermekbayev B.U, Head of Laboratory

LLP «Kazakh Research Institute of Plant Protection and Quarantine named after Zh. Zhiembaev»,
Almaty, Kazakhstan

Annotation. Field dodder Cuscuta campestri¥unck.) is a dangerous quarantine parasitic
weed widely distributed in the agrocenoséthe southern and southeastern regions of the Republic of
Kazakhstan, causing significant damage to agricultural production. Due to the insufficient
effectiveness and environmental unsafety of chemical control methods, the development of biological
approaches for controlling this species is highly relevant.

The aim of the study was to assess the prospects for the biological control of field dodder based
on the investigation of phytopathogenic fungi associated with this weed species.

The studies were conducted in the Turkestan, Almaty, Kyzylorda, and Zhetysu regions of
Kazakhstan. The species composition of fungal microflora was determined using classical
phytopathological methods and multilocus molecular genetic analysis (ITS, LSU, Bdtirpulin,

EF10).

As a result, fungi of the geneFRausariumandAlternaria, as well as accompanying saprophytic
microflora, were isolated from the organs of dodder plants. Laboratory screening revealed high
biological activity of certain isolates &usarium proliferatumandAlternaria alternata which caused
infection of dodder seeds at a level of up to 100%.

Keywords: quarantine weed, field doddeZuscuta campestridiological control, distribution,
phytopathogenic fungi
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Annotation. The article presents the results of comprehensive studies aimed at improving the
technologies for mass rearing, encapsulation, and field application of the entomophages
Trichogrammaspp. andHabrobracon hebetofor the biological protection of tomato crops against
lepidopteran pests. During laboratory rearing, temperature and humidity regimes were optimized, and
their influence on developmental dynamics and key biological parameters was assessed. As a result of
optimization, the developmental periodToichogrammawas reduced from 9.2 to 7.5 days, while the
development time ofHabrobracon hebetordecreased from 10.2 to 8.3 days, accompanied by
increased survival, fecundity, and overall viability of adults.

During the study, an automated microclimate control system was developed to ensure
continuous regulation of temperature, relative humidity, and atmospheric pressure. In addition,
biodegradable PLA capsules produced by 3D printing were developed for the mechanized release of
entomophages, and their structural and biological efficiency was evaluated under laboratory and field
conditions.

Field experiments conducted in the Turkestan region demonstrated that the combined
application of encapsulated@richogrammaand Habrobracon hebetorprovides high biological
efficiency against the cotton bollworhlelicoverpa armigera)Depending on the release density, the
effectiveness ranged from 65.3% to 79.0%.

The obtained results indicate that the developed technologies are environmentally safe,
scientifically substantiated, and have high practical significance for the biological control of major
lepidopteran pests of tomato.

Keywords: tomato, biological control, Trichogramma spp., Habrobracon hebetor
entomophagesjelicoverpa armigeraSitotroga cerealellagapsule
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