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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 contrasting agro-climatic
conditions of Kostanay Region, Northern Kazakhstan. Field experiments were conducted during 2022-
2024 in two agro-climatic zones represented by Bannovka (ACZ-1) and Sadchikovka (ACZ-2) under
two agronomic backgrounds: fallow and cereal stubble. The varieties Patricia, Granny, KWS Buran,
Odintsovskaya, Inzhu 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 by agro-climatic
conditions, hydrothermal regime and predecessor type. The fallow background provided a yield
advantage ranging from 11 to 21 ¢ ha™! compared with cereal stubble. Significant varietal differences
were identified in Agro-Climatic 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, agro-climatic 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 the region’s adaptive farming system. The yield
performance and stability of varieties under northern conditions are largely determined by
agro-climatic factors and the genetic characteristics of the cultivars [1, 2]. In the context of
increasing climatic aridization, unstable 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 agro-ecological 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 studies [3-5]. Spatial heterogeneity of agro-climatic
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 conditions [6-8].

The “genotype x environment” (GXE) interaction is one of the key issues in modern
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 agro-ecological conditions.

Under conditions of increasing climatic variability, the assessment of ecological
stability and yield stability parameters becomes especially significant [17-19]. Recent studies
confirm the necessity of a comprehensive approach to productivity evaluation, taking into
account agro-climatic differentiation of regions [20-22].

The spatial differentiation of agro-climatic 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
genotype-specific responses to variations in moisture availability, temperature regime, and
soil conditions. The application of a gradient-based 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 high-yielding, stress-tolerant, 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 agro-climatic 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 agro-climatic 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 agro-climatic conditions of Kostanay Region and in
determining the relative contribution of agronomic background, agro-climatic zone and
varietal characteristics to grain-yield 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 grain-filling 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? The region represents a key grain-producing 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 agro-climatic zones forming a distinct
gradient of moisture availability and thermal resources.

The first agro-climatic zone is represented by a moderately arid steppe with elements
of forest-steppe, dominated by medium-humus chernozems and relatively favorable moisture
conditions (300-350 mm of annual precipitation). The second zone corresponds to an arid
steppe with southern low-humus chernozems and constitutes a transitional belt with increased
climatic instability. The third zone includes two subzones: (1) moderately dry steppe with dark
chestnut soils (220-250 mm precipitation), and (i1) dry steppe with chestnut soils (190-220
mm precipitation), reflecting progressive aridization toward the south.

The experimental sites were predominantly located within the second agro-climatic
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 temperature in January ranges from —18 to —19 °C,
while in July it reaches 19-21 °C. Extreme temperature values vary from —35...—40 °C in
winter to +41...+43 °C in summer, resulting in an annual amplitude of up to 75-88 °C. The
growing season lasts 160-170 days, with a frost-free period of 105-130 days. The sum of
active temperatures (>10 °C) reaches 2200-2400 °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 to 60-80% occurring
during the warm period (May-October), typically peaking in July. However, intra-seasonal
precipitation distribution is highly uneven, with May frequently representing the most critical
moisture-deficient period for crop establishment. Under these conditions, hydrothermal stress
is intensified by persistent wind activity (average wind speed 5-6 m s™'), which enhances
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evapotranspiration and accelerates topsoil desiccation. Consequently, soil moisture
availability becomes the primary limiting factor for yield 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 strong intra-seasonal
heterogeneity: May precipitation (53.4 mm) exceeded the long-term 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 long-term average in May-June but exceeded it by 0.7-1.2 °C
during July—August, intensifying evapotranspiration demand.

In contrast, the 2023 growing season was characterized by pronounced drought
conditions during June-July, coinciding with critical phenological stages (tillering-stem
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 Bannovka, early-season 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 grain-filling and harvesting periods negatively affected crop
maturation and harvesting efficiency.

The soils of the experimental sites are classified as medium-humus 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
agro-climatic conditions. Field trials were conducted in 2023 across two agro-climatic zones
of Kostanay Region: LLP “Altyn Invest”, PC “Bannovka” (Fedorovsky District, Bannovka
village) — Agro-Climatic Zone 1 (ACZ-1), and LLP “Olzha Sadchikovskoye” (Kostanay
District, Sadchikovka village) — Agro-Climatic Zone 2 (ACZ-2).

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 high-yielding intensive-type variety characterized by good drought
tolerance and stable grain production under favorable growing conditions. Granny and KWS
Buran are medium-maturing varieties distinguished by high productivity and adaptability to
variable environmental conditions. Odintsovskaya is characterized by stable performance
under moisture-deficit conditions and good grain quality. Inzhu and Aina are locally adapted
varieties recommended for cultivation in dry-steppe 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 contrasting agro-climatic conditions of Kostanay
Region.
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Sowing was carried out using a unit composed of two SKP-2.1 seed drills. The
seeding rate was 3.4 million viable seeds ha™ in ACZ-1 and 3.2 million viable seeds ha™ in
ACZ-2. The plot accounting area was 32.6 m?. 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 contribution of the factors “variety”, “agro-climatic zone”,
“agronomic background”, and their interactions to grain yield variability. Means were
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 least significant difference (LSDo.0s). Grain quality traits were analyzed using descriptive
statistics and non-parametric Kruskal-Wallis tests where normality assumptions were not met.

Table 1 — Grain yield of spring bread wheat varieties across agro-climatic zones and agronomic
backgrounds (mean for 2022-2024, 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
Odintsovskaya 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 grain-yield values obtained during
2022-2024.

The analysis of yield variability based on mean grain-yield 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
agro-climatic 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 agro-climatic zone was less pronounced.

Statistical analysis showed significant differences in yield among varieties in
Sadchikovka (ACZ-2) (p = 0.039; Fisher’s F-test). In Bannovka (ACZ-1), no significant
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 from 11 to 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 interaction between the factors “zone % agronomic
background.” In ACZ-2, reduced moisture availability during critical organogenesis stages
(tillering-heading) led to a reduction in productive tiller density and thousand-grain 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 thousand-grain weight were detected (p =
0.513; Kruskal-Wallis 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 higher-yielding varieties were characterized by moderate protein content, whereas lower-
yielding varieties exhibited higher protein percentages.

Table 2 — Grain quality traits of early-maturing bread wheat varieties

Variety Thousand- Test weight Gluten Protein Falling
grain weight (g/L) content (%) content (%), | number (s)
(g o
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 14.5 322
Odintsovskaya 39.6 756 274 13.6 298
Inzhu 37.8 748 26.9 13.4 287
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 thousand-grain
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 agro-ecological rationale for using fallow in risky farming systems. The
observed varietal differences indicate a genotype-dependent 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 “zone x agronomic background” indicates a high
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 on water-use efficiency
(WUE). The increase in protein content under water deficit conditions corresponds to the
concentration of nitrogen-containing 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 production-scale
conditions. Further investigations involving multi-environment trials and advanced stability
analyses (AMMI, GGE biplot and Eberhart-Russell 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
agro-climatic 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 variety, the yield increase ranged from 11 to 21 ¢ ha™.

3. Comparative analysis demonstrated that agronomic background was the principal
factor affecting grain productivity, followed by varietal characteristics and agro-climatic
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 Agro-Climatic 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 thousand-grain 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 risk-prone 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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Anmarna. Makamana Conrycrik  Kazakcrammarsl Kocrtanalt  oOJBICEIHBIH — OpTYpIIi
arpOKJIMMATTHIK JKaFIaiiapbliHaa ka3 bIK sxyMcak ounaitabiy (Triticum aestivum L.) anThl COPTHIHBIH
OHIMJILIINT MeH OSHIMAENTIITITIH KelleH Il Oaranay HOTHXKeENepl YChIHBUIFAH. Jlaanbik 3epTreyiep
2022-2024 xeumaper  bannoBka (AKA-1) xome CamumkoBka (AKA-2)  arpokiamMarThIK
aliMakTapbIHAa CYpi JKep KoHE IOHMI MAaKbUIHap aHbI3Bl (POHBIHAA KYPri3iami. 3epTTey HBICAHBI
peringe [latpunmsa, ['panan, KWS Buran, Oagunnosckas, [Hxy xoHe AifHa copTTapbl ajbIHIBL
CopTrapablH KOpIIaFraH oOpTa >XarjaimapblHa OeHiMaeny epeKIIeNiKTEepiH aHBIKTay MAaKCaThIHIA
OHIMILTIK KOPCETKIIITepi MEH JIOH caItachl 3epPTTENIi.

3epTTey HOTHXKENepl OHIMAUTIKTIH arpoKIMMATTHIK KafAainapra, THAPOTEPMISUIBIK PEXKUMTE
JKOHE aIIFBl JAKbUIFa aiTapiblkTail Toyenni ekeHiH kepcerri. Cypi xep QoHBIHAA ecipiireH
eTICTIKTepAiH OHIMIUIIr aHBI3OLIK (OHMEH caibsicThipranga 11-21 m/ra >xoraper Oonapl. Exinmri
arpoknuMatrTelK  aiimakra (AKA-2) coprrap apacelHAa = CTaTUCTUKANBIK TYPFBIAAH — MOH/II
afipipMambUIBIKTap aHbikTanApl (p = 0,039), Oy reHoTHHTEpHiH KOopliaraH opra (akTopiapbiHa
opTypii neHreige skayan OeperiHiH kepcerti. Ilatpunmsa, I'pannu xone KWS Buran coptrapst
OHIMJIITIK TIeH OeWiMIENTIITIK KepceTKimTepi OOMBIHINA JKOFaphl HOTHXKeNepre Koi keTkizmi. oH
CamachlHBIH KOPCETKIIITEpI HEri3iHeH BereTalMsyIbIK KE3CHJIEri aya paibl KarJgaijlapbIMeH
AHBIKTAJIBI )KOHE COPTTHIK €PEKIIENIKTEPIiH 9Cepi CABICTHIPMAITEI TYPJE TOMEH OOIIbI.

Aneiaran HoTmkenep Contycrik Kazakcran karmaiiblHAa JKa3dbIK JKYMCaK OWIaiibIH
COPTTHIK KYpaMblH JKETULIPY, COHJAi-aK KJIMMATTBIH KYpFaKTaHy yJAepici KYLIeWreH jkKarjaiina
OeiiiMJIeNTeH ocipy TEXHOJIOTUSIIAPBIH d3ipJiey YIIiH Mai1anaHbuTybl MYMKiH.

Tipek ce3aep: xa3IbIK )XKyMcaK Oujail, arpOKIMMATTBIK aiiMaK, OHIMIITIK, OeHIMIESNTITIK,
SKOJIOTHSIIBIK MKEM/ILTIK, JIoH camnackl, Conrtycrik Kazakcras.
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AnHOTanus. B craThe mpeacTaBiIeHbI pe3yIbTaThl KOMIUICKCHOMN OIICHKH MPOAYKTUBHOCTU H
aIanTUBHOCTH IIIECTH COPTOB SAPOBOW MATKOW mmeHHIsl (Triticum aestivum L.) B KOHTpacTHBIX
arpoKIMMaTHdecKkux ycioBusax Kocramaiickoit o0mactm  CeBepHoro Kasaxcrama. IloneBbie
uccaeaoBanus mpoBoawnuch B 2022-2024 1T. B ABYX arpokinMaTudeckux 3oHax — banHoBka (AK3-
1) m CagunkoBka (AK3-2) Ha nByX arpodoHax: Mo mapy ¥ MO CTEPHE 3EPHOBBIX KynbTyp. M3ydamuce
copra Ilarpurus, I'panan, KWS Buran, Omgunmnosckas, [mky n AliHa. OmeHKa YpOXKaWHOCTH M
MOKa3aTeJied KadyecTBa 3€pHA IMPOBOAMIACH JUIsl ONpEACICHHS aJalNTHBHONW pEaklIud COPTOB Ha
pa3INyYHBIC YCIOBHS CPEIBL.

YCTaHOBIEHO, YTO YPOBEHb YPOXKAMHOCTH CYIIECTBEHHO 3aBHCENT OT arpoKIMMAaTHYECKUX
YCIIOBHM, THIPOTEPMHUICCKOTO PEKMMa W THITA IpemiecTBeHHNKa. [lapoBoit arpodoH obecreunBa
npubaBky ypoxaitHocTm oT 11 mo 21 1/ra 1o CcpaBHEHMIO CO CTepHEBhIM. Bo BTOpOit
arpoKJIMMAaTHYeCKON 30HE BBIABICHBI CTATHCTUYECKH 3HAUYMMBIC Pa3iIHdusi MEXIy copramMu (p =
0,039), 9TO CBHUACTENHCTBYET O PA3IUIHON peakIWH TEHOTHUIOB Ha (akTopsl cpembl. Hambomee
BBICOKHE II0KA3aTENId MPOAYKTHMBHOCTH M aJalTMBHOCTU IPOAEMOHCTpUpoBanu copra Ilarpuims,
I'panan 1 KWS Buran. KauecTBeHHBIe MOKa3aTequ 3¢pHa B OONbBIICH CTENEHH OMPEICIISIUCH
MOTOTHBIMH yCIIOBHUSIMH BET€TAllHOHHOTO TEPHOIa, YeM COPTOBBIMU OCOOESHHOCTSIMHU.

HOHy‘ICHHBIC PE3YJIbTAThI MOT'YT 6I>ITI> HCIIOJIb30BAaHbI JJIsA OIITUMHU3ALMN COPTOBOTO COCTaBa U
pa3pa60TKH aJalITUBHBIX TEXHOJIOTUI BO3€JIbIBaHUA ﬂpOBOﬁ MSTKOM MICHUOBI B YCIOBHUAX
ycuuBaromeics apuanzanuu knumara CeepHoro Kazaxcrana.

KaioueBbie cjioBa: spoBas MsTKas NIIEHWIA, arpOKIMMAaTHYecKas 30HA, YPOXKAHHOCTH,
aJlalITUBHOCTb, YKOJIOTHYECKAs IIACTUYHOCTh, KauecTBO 3epHa, CeBepHbiii KazaxcraH.
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