IRSTI 68.35.03 https://doi.org/10.52081/bkaku.2026.v78.i13.350

ROLE OF PHENOLOGICAL PERIODS IN GRAIN YIELD FORMATION OF SPRING
WHEAT ACCESSIONS FROM DIFFERENT MATURITY GROUPS UNDER DRY
STEPPE CONDITIONS OF NORTHERN KAZAKHSTAN

Dolinny Yu. Yu., Candidate of agricultural Sciences
ura_dolin@mail.ru, https://orcid.org/0000-0001-5820-0804
Zhirnova I. A.", PhD
ira777.89@mail.ru, https://orcid.org/0000-0003-1716-8793
Kalibayev B.B., PhD
b.kalibayev01@gmail.com, https://orcid.org/0000-0002-8116-1150
Miller E.A.
yevgeniya.miller.81@bk.ru, https://orcid.org/0009-0007-4658-1858
Melkonyan S. M
sabi.melkonyan.05@mail.ru; https://orcid.org/0009-0008-0601-0142

Al Barayev Scientific and Production Center for Grain Farming Nauchny, Shortandy District, Akmola
Region, Kazakhstan

Annotation. This study was conducted to evaluate the duration of the main phenological phases in
spring soft wheat (Triticum aestivum L.) accessions belonging to different maturity groups and to determine
their contribution to grain yield formation in the dry steppe zone of northern Kazakhstan. The research was
conducted in 2021-2023 at the A.l. Barayev Scientific and Production Center for Grain Farming using a
collection of 99 spring soft wheat accessions of various ecological and geographical origins. The accessions
were divided into early-ripening, mid-season, and mid-late groups depending on the duration of the growing
season. Phenological observations included recording the dates of germination, heading, and wax ripeness.
Data were processed using analysis of variance (ANOVA), Tukey’s multiple comparison test (HSD), and
Pearson’s correlation analysis. The results of studies between maturity groups for the duration of the overall
growing season and the “seedling-to-heading” period were statistically significant, while the duration of the
“heading-to-wax ripeness” period and average grain yield did not differ statistically significantly. The
increase in the overall growing season was primarily due to an extension of the “seedling-to-heading” period.
A positive correlation between the duration of the “seedling-to-heading” period and grain yield was
established for early- and mid-late-ripening varieties. No statistically significant relationships were found in
the mid-ripening group. Graphical analysis revealed the following varieties: Tyumenskaya 27, Zauralskaya
Volna, Niva Priirtyshya, Start, L.654, and Stepnodar 90, which combine favorable phenological
characteristics with high yield. The study results indicate that the germination-to-heading period is the main
phenological component determining differences between maturity groups and can be considered an
important breeding trait for increasing the adaptability and yield stability of spring soft wheat in northern
Kazakhstan.

Keywords: spring soft wheat maturity groups, phenological phases, emergence-heading period,
yield.

Introduction. Bread wheat (7riticum aestivum L.) provides a significant proportion of
calories and protein consumed worldwide and therefore remains a key crop for global food security
[1]. Maintaining stable wheat production has become increasingly challenging as climate change
has altered temperature regimes, precipitation patterns, and the frequency of droughts and heat
waves affecting many wheat-growing regions [2,3]. These environmental changes modify crop
development, shorten critical growth stages, and can reduce grain yield, making adaptation to
changing climatic conditions a major challenge in modern wheat breeding. For this reason,
increasing attention is being paid to phenological adaptation, as the timing of developmental stages
determines whether sensitive reproductive processes occur under favorable or stressful
environmental conditions [4].

Phenological development in wheat results from complex interactions between genotype and
environment and is primarily regulated by the vernalization (VRN), photoperiod (PPD) and
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earliness per se (EPS) gene systems, which determine the duration of successive developmental
stages and synchronize flowering with favorable environmental conditions [5]. Among the
developmental phases, the emergence-heading (EH) period is considered particularly important
because it determines the duration of vegetative growth, vegetative development, spike
differentiation and the potential number of grains per unit area [6].

In contrast, the heading-maturation period (HWP) primarily involves grain filling and
physiological maturation and is more dependent on environmental conditions during the repro-
ductive stage. A longer period before flowering is associated with greater accumulation of spike
biomass and an increase in the number of grains, which may contribute to increased grain yield
under favorable growing conditions. However, under water-stressed conditions, earlier heading may
provide an adaptive advantage, allowing plants to avoid drought at the end of the growing season
[7]. These observations suggest that the influence of individual phenological phases on grain yield
depends on the interaction between developmental characteristics and the environment.

Spring wheat in northern Kazakhstan is grown in highly variable weather conditions typical
of a sharply continental climate. Significant temperature and precipitation fluctuations from year to
year often expose crops to drought and heat stress during the reproductive development period,
making stable grain production a constant challenge for breeders [8]. Therefore, improving
adaptation through appropriate phenological development remains a top priority for regional
breeding programs. Although many studies have examined the influence of environmental factor on
wheat phenology, significantly less attention has been paid to the role of individual developmental
periods in determining grain yield in specific maturity groups. This aspect remains understudied in
the arid steppe conditions of northern Kazakhstan.

Previous studies conducted under the conditions of Northern Kazakhstan have primarily
focused on the evaluation of agronomic and yield-related traits and the identification of promising
breeding material using multivariate statistical approaches. However, the contribution of individual
phenological phases to grain yield within different maturity groups has remained insufficiently
investigated [9,10,11]. Therefore, the objective of the present study was to evaluate the duration of
the emergence-heading, heading-maturity and total vegetation periods in spring wheat accessions
representing different maturity groups and to determine their relationships with grain yield under
the environmental conditions of Northern Kazakhstan.

Materials and Methods. Field experiments were conducted over three growing seasons
(2021-2023) at the A.I. Barayev Scientific and Production Center for Grain Farming, Nauchnyy
village, Akmola region, northern Kazakhstan. The experimental site is located in the dry steppe
zone, which is the main spring wheat growing region in the country.

The study examined 99 accessions of spring soft wheat (7riticum aestivum L.) of various
ecological and geographical origins. The collection was evaluated in accordance with the guidelines
of the N.I. Vavilov Institute of Plant Genetic Resources (VIR) [12]. Sowing was carried out at the
recommended time for the region using an SSFC-7 seeder. Each accession was grown in 2 m? plots
with two replicates, according to the standard experimental design adopted in wheat breeding.
Throughout the experiment, all accessions were cultivated using the same agricultural practices
recommended for growing spring bread wheat in northern Kazakhstan. Grain was harvested at full
maturity using a Wintersteiger combine.

Phenological observations were conducted throughout the growing season by recording the
dates of emergence, heading, and wax maturity. Based on these observations, three development
periods were calculated: emergence-heading (EH), heading-wax maturity (HW), and the full
growing season (VP). For subsequent analysis, accessions were assigned to maturity groups based
on the average length of the growing season over the three experimental years. Three maturity
groups were identified: early-maturing (75-83 days), medium-maturing (84-86 days), and medium-
late (=87 days). For each accession, three-year mean values (2021-2023) were calculated for the
duration of the emergence—heading (EH), heading—wax maturity (HW), and total vegetation period
(VP), as well as for grain yield. These three-year mean values were subsequently used for
comparisons among maturity groups.
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Statistical analysis included descriptive statistics, one-way analysis of variance (ANOVA),
Tukey’s Honestly Significant Difference (HSD) test, and Pearson’s correlation analysis. Mean
values, standard deviations, and coefficients of variation were calculated for the evaluated traits
within each maturity group. Differences among maturity groups were assessed using one-way
ANOVA, followed by Tukey’s HSD test for pairwise comparisons at p < 0.05. Pearson’s
correlation coefficients between the duration of phenological periods and grain yield were
calculated separately for each maturity group. All analyses were performed in R version 4.5.2 using
standard statistical functions available in the R environment [13].

Result and discussion. Phenological development is one of the principal characteristics
distinguishing maturity groups in spring wheat. To obtain an initial overview of trait variation, the
average value, standard deviations, and coefficients of variation were calculated for each maturity
group. The descriptive statistics are presented in Tablel.

Table 1 — Descriptive statistics of phenological traits and grain yield

Trait Statistic Early-maturing Medium - maturing Medium-late
Vegetation period Mean 81.2 84.8 87.3
(VP), days SD 1.05 0.97 0.85
CV, % 1.30 1.15 0.97
Emergence-heading Mean 39.3 42.6 44.4
(EH), days SD 2.31 2.28 2.19
CV, % 5.87 5.36 4.94
Heading — wax Mean 42.0 423 42.6
maturity (HW), days SD 2.13 2.39 1.52
CV, % 5.07 5.65 3.56
Grain yield, g/m? Mean 181.0 198.0 198.0
SD 31.6 423 38.6
CV, % 17.4 21.4 19.4

Descriptive statistics showed variation in phenological development among the maturity
groups (Table 1). The total duration of the vegetation period (VP) increased from 81.2 days in early
maturity accessions to 84.8 and 87.3 days in the medium and medium-late maturing groups,
respectively. This pattern is largely explained by variations in the emergence — heading period
(EH), which ranged from 39.3 to 44.4 days across the maturity groups. The duration of the heading
—wax maturity period (HW) varied only slightly, ranging from 42.0 to 42.6 days.

Average yields across groups were 181.0 g/m? for early — maturing samples and 198.0 g/m?
for medium and medium late maturity samples.

The coefficients of variation for phenological traits remained below 6%, indicating
relatively low variability in developmental timing. In comparison, grain yield showed considerably
greater variability, with CV values ranging from 17.4 to 21.4%. The results of the statistical
analysis show that differences between maturity groups developed primarily during the emergence-
heading period. However, the overall growing season gradually increased from early-maturing to
medium-late maturing samples, while the reproductive phase remained remarkably similar across
all groups. A similar pattern was observed for spring wheat grown in the continental conditions of
the Northern Kazakhstan, where differences in the growing season develop primarily in the early
stages of plant development (Lutchenko et al, 2022) [10]. Hyles et al (2020) [4] likewise
emphasized that adaptation of wheat maturity is largely achieved through variation in
developmental processes before heading. Therefore, the emergence — heading period appears to be
principal phenological trait distinguishing the maturity groups evaluated in the present study.

While these descriptive statistics provide a clear overview of the observed variation, they do
not indicate whether the differences among maturity groups are statistically significant. To verify
this, the data were subjected to one way analysis of variance (ANOVA), and the results are
presented in the Table 2.
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Table 2 — One way ANOVA comparing phenological traits and grain yield among maturity groups

Trait df (between group, residual) F p-value
Vegetation period (VP), days 2,96 313.2 <0.001
Emergence-heading (EH), days 2,96 43.55 <0.001
Heading — wax maturity (HW), days 2,96 0.60 0.551
Grain yield, g/m? 2,96 2.50 0.088

One-way ANOVA revealed significant effects of maturity groups on the total vegetation
period (VP) and emergence-heading period (EH) (Table 2). The largest variation among maturity
groups was observed for the total vegetation period (F=313.20, p<0.001), followed by emergence-
heading period (F=43.55, p<0.001). By contrast, neither the heading—wax maturity period (HW; F =
0.60, p = 0.551) nor grain yield (F = 2.50, p = 0.088) differed significantly among maturity groups.
These results demonstrate that differences in maturity were associated mainly with development
processes before heading rather than with the duration of grain filling.

The absence of significant differences in the heading—wax maturity period suggests that the
extension of the total vegetation period resulted primarily from variation in pre-heading
development. This agrees with the concept that adaptation of spring wheat maturity is achieved
mainly through changes in pre-heading development, while the reproductive phase remains
comparatively stable. Similar conclusions were reported by Villegas et al (2016) [14], who showed
that grain filling duration is influenced predominantly by environmental conditions during
reproductive growth and therefore exhibits less genetic variation than the period preceding heading.
Under the dry-steppe conditions of Northern Kazakhstan, the present results indicate that
differentiation among maturity groups is established largely before heading, whereas the duration of
the heading—wax maturity period changes only slightly. Although ANOVA confirmed the presence
of overall differences among the maturity groups, it does not identify which specific groups differ
from one another. Therefore, multiple pairwise comparisons were performed using Tukey’s
Honestly Significant Difference (HSD) test, and the results are presented in Table 3.

Table 3 — Tukey’s HSD multiple comparison test

Vegetation period
Comparison Mean difference Lower CI Upper CI p-value
Early-maturing 6.08 547 6.69 <0.001
Medium - maturing 3.65 3.10 4.19 <0.001
Medium-late -2.43 -3.08 -1.77 <0.001
Emergence-heading (EH)
Comparison Mean difference Lower CI Upper CI p-value
Early-maturing 5.10 3.70 6.51 <0.001
Medium - maturing 3.37 2.12 4.63 <0.001
Medium-late -1.73 -3.24 -0.22 0.021
Heading — wax maturity (HW)
Comparison Mean difference Lower CI Upper CI p-value
Early-maturing 0.59 -0.70 1.89 0.524
Medium - maturing 0.25 -0.92 1.41 0.869
Medium-late -0.35 -1.74 1.05 0.826
Grain-yield
Comparison Mean difference Lower CI Upper CI p-value
Early-maturing 17.03 -5.67 39.72 0.180
Medium - maturing 16.20 -4.14 36.54 0.145
Medium-late -0.83 -25.24 23.58 0.996

Tukey’s HSD test showed that the total vegetation period (VP) differed significantly among
all maturity groups (Table 3). The greatest difference was observed between the early- and medium
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late — maturing accessions (6.08 days), whereas the medium - and medium late — maturing groups
differed by only 2.43 days, although this difference remained statistically significant (p<<0.001).

A comparable trend was found for the emergence — heading period (EH). Early-maturing
accessions reached heading significantly earlier than both the medium — and medium — late
maturing groups. Although the difference between the latter two groups was relatively small (1.73
days), it was also statistically significant (p=0.021).

No significant differences were detected for the heading — wax maturity period (HW) or
grain yield (p>0.05). Thus, the separation of the evaluated accessions into maturity groups was
determined mainly by variation in the pre-heading development phase, whereas the duration of
grain filling remained remarkably similar across all groups.

The results of Tukey’s test refine the ANOVA findings by showing that phenological
differentiation followed a gradual rather than abrupt period. The medium-maturing group occupied
an intermediate position between the early- and medium-late-maturing groups for both the total
vegetation period and the emergence-heading period. Such a distribution suggests continuous
variation in developmental timing rather than the presence of sharply defined maturity classes.

The lack of significant differences in the heading — wax maturity period further supports the
conclusion that most of the variation developed before heading. Similar relationships have been
reported in studies of spring wheat under continental climatic conditions, where the pre-heading
period accounted for most of the variation in maturity, whereas the reproductive phase remained
comparatively stable (Hyles et al., 2020, Morgounov et al., 2024) [4,15]. These observations
indicate that breeding for different maturity groups under the conditions of Northern Kazakhstan
relies primarily on modifying vegetative development rather than on extending the grain-filling
period. Although Tukey’s test identified the maturity groups that differed significantly in
phenological development, it does not explain whether these differences are associated with grain
yield. To examine this relationship Pearson’s correlation analysis was performed separately for each
maturity group. The results are present in Table 4. The relationship between phenological
development and grain yield depended on the development characteristics of the assessed samples,
as shown by the obtained correlation coefficients, which differed between groups according to
ripening time (Table 4). A weak positive correlation (r = 0.36, p = 0.001) was found between the
yield of early maturing grain varieties and the increase in the duration of the period from
germination to heading (EH), while the period from heading to wax maturity (HW) was negatively
correlated with productivity (r = —0.46, p = 0.001). No relationship was found between grain yield
and the vegetation period (VP).

Table 4 — Pearson correlation coefficients between phenological traits and grain yield

Trait Early - Maturing Medium-maturing Medium-late

r p r p r p
VP —Yield |-0.09 0.559 10.13 0.477 0.36 0.103
EH —Yield | 0.36 0.001 ]0.07 0.709 0.59 0.004
HW —Yield | -0.46 0.001 | -0.02 0.895 -0.30 0.174

In the medium maturing group of samples, no significant correlations were found with any
of the assessed phenological traits (p>0.05), suggesting that differences in development time were
not the primary factor influencing productivity in this group. For medium late season samples, grain
yield was positively correlated with emergence — heading period (r=0.59, p=0.004), while no
significant relationships were found for either the total growing season or the heading-to-wax
maturity period. The emergence — heading period was the only phenological trait that consistently
demonstrated a relationship with grain yield, although both the strength and direction of this
relationship varied across maturity groups.

The results indicate that prolongation of vegetative development before heading may
contribute to higher productivity in some maturity groups, but this response cannot be regarded as
universal. Similar conclusions were reported by Gonzalez et al (2011) and Foulkes et al. (2011),
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who demonstrated that moderate extension of the pre- anthesis period promote spike growth, floret
survival and grain number under favorable environmental conditions [6,7]. At the same time, the
absence of significant correlations in the medium maturing group suggests that variation in grain
yield was influenced by additional factors beyond phenological duration alone.

Comparable observations were obtained in the KASIB spring wheat collection, where
heading date was identified as an important adaptive trait associated with grain productivity
(Morgounov et al., 2024) [15]. The present study extends these findings by showing that the
contribution of the emergence — heading differs among maturity groups. Consequently, optimiza-
tion of phenological development should be considered separately for each maturity group when
selecting breeding material. To illustrate this relationship, the association between the emergence-
heading period and grain yield was examined for individual accessions within each maturity group.
Figure 1 presents the distribution of spring bread wheat accessions according to the duration of the
emergence-heading period and mean grain yield within the different maturity groups.

Accessions with comparable phenological characteristics frequently differed in productivity,
indicating that the length of the emergence-heading period alone was insufficient to explain grain
yield variation. At the same time, several accessions consistently combined favorable
developmental timing with high productivity and therefore represent promising breeding material.
Tyumenskaya 27 and Zauralskaya Volna showed the best performance among early maturing
accessions, whereas Niva Priirtyshya and Start were distinguished within the medium maturing
group. In the medium — late group, L. 654 and Stepnodar 90 were characterized by both an extended
emergence-heading period and grain yield, making them valuable candidates for breeding programs
under the environmental conditions of Northern Kazakhstan.
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Figure 1 — Distribution of spring wheat genotypes according to the emergence — heading period and
mean grain yield across maturity groups

The graphical evaluation provides additional evidence that phenological development should
be considered together with grain productivity during the selection of breeding material. Although
accessions with similar developmental timing were present within each maturity group, their grain
yield differed considerably, emphasizing the importance of simultaneous evaluation of phenological
and agronomic traits. These observations are consistent with our previous study of the same spring
wheat collection, in which multivariate statistical analyses and selection indices identified several of
these accessions as highly productive genotypes (Dolinny et al., 2025) [11]. The present results
extend those findings by demonstrating that favorable agronomic performance is accompanied by
advantageous phenological characteristics under the dry-steppe conditions of Northern Kazakhstan.
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Conclusion. The present study evaluated the duration of the principal phenological phases
and their relationships with grain yield in 99 spring bread wheat genotypes representing three
maturity groups under the environmental conditions of Northern Kazakhstan. The obtained results
demonstrated that phenological differentiation among maturity groups was determined primarily by
variation in the duration of the emergence-heading period, whereas the heading-wax maturity
period remained comparatively stable.

Despite significant differences in phenological development, mean grain yield did not differ
among maturity groups, indicating that different maturity strategies may provide comparable
productivity under the dry-steppe conditions of Northern Kazakhstan. Correlation analysis further
showed that the influence of the emergence-heading period on grain yield was maturity-group
dependent. Significant positive relationships were detected in the early- and medium-late maturity
groups, whereas no significant association was observed among medium-maturing genotypes.

The graphical analysis identified Tyumenskaya 27, Zauralskaya Volna, Niva Priirtyshya,
Start, L.654, and Stepnodar 90 as promising breeding material combining favorable phenological
characteristics with high grain productivity. These accessions represent valuable parental material
for breeding programs aimed at improving adaptation and yield stability under the environmental
conditions of Northern Kazakhstan. Overall, the results indicate that optimization of the emergence-
heading period, rather that extension of the total vegetation period, should be considered an
important breeding target for the development of highly adapted and productive spring bread wheat
cultivars.

Financing. This research was funded by the Ministry of Agriculture of the Republic of
Kazakhstan BR22885305 Breeding and genetic agrobiodiversity development technology (long-
term storage, restoration, monitoring, rational use) as basic for improving breeding programs of the
Republic of Kazakhstan (2024-2026).
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COJITYCTIK KASAKCTAHHBIH KYPFAK JIAJIAJIBI AUMAK KAFJABIH/JIA IIICY TOBBI
OPTYPJII JKA3JBIK "KYMCAK BUJIA YJTLJIEPIHIH OHIM KAJIBIITACTBIPY IAFBI
®A3AAPAJBIK KE3EHJIEPIHIH PO.II

Hoaunnelii FO. 0., kaHIuaaT CENbCKOXOXANCTBEHHBIX HAYK
Kupnosa M. A.", PhD
Kanuo6aes B.b., PhD
Muiep E. A., illi FbUTBIMH KBI3METKED
Meakonssa C.M., Killli FEUTBIMHA KBI3METKEP

«A.U. bapaes amvindaevt Acmuix wapyauviiviesl £ OO0» KIIC, Hayunvii kenmi, Kazaxcman

Anparna. Ocbl 3epTTeyIiH MakKcaTbl 9pTYpJi MIiCy TONTApbIHA JKATATBIH JKa3JbIK JKYMCaK Oumjai
(Triticum aestivum L.) yArinepiHiH HeTi3r1 (EHONOTHIIBIK Ke3CH/ICPIHIH Y3aKThIFbIH 3ePTTEY KOHE OJIapbIH
Contyctik KazakcTaHHBIH KYpFaK Jaja aiMarbl JKarJalblHa acThIK OHIMAUIITIHIH KaJlbIITacyblHa KOCAThIH
yJiecid anblkray Oonapl. 3eprreynep 2021-2023 xbpuinapsl AW bapaeB aTbiHIarbl ACTBIK IIapyaIibUIBIFbI
FBUIBIMH-OH/IIPICTIK  OPTAJBIFBIHIA OPTYPIi  OKOJOTHSIIBIK-TEOrpadUsUIbIK  TEKTETl IKa3AbIK IKYMCaK
Oupmaiapiy 99 yariciHeH TypaThiH KOJUICKLMSHBI IMaijagaHa OTBIPBIN SKYPri3iiml. YJriiep BereTalisulbiK
KE3CHIHIH Y3aKThIFbIHA Kapail epTe IiCeTiH, OpTalla IiCeTiH jKoHEe OpTalla Kell MiceTiH TonTapra OemniHmi.
deHonorusIbIK  OaKpUIayliap KOKTEY, MacakTaHy >KoHe OaliaybI3laHblll Ticy Qa3alapblHbIH Oacrairy
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Mep3IMJIEpiH TIpKEy apKbUIBl KYPTi3iaAi. AJBIHFAH JEPEeKTEpl OHACY VIIIiH IUCHEPCHSIIBIK Talnay
(ANOVA), Terokunia (HSD) kenTik caibICTBIpYy KpHUTEpHui koHE IIMPCOHHBIH KOPPEISIFSUIBIK Taaaaybl
KOJNJaHbUIABL. 3epTTey HOTHXKECIHAE MiCY TONTAphl apachblH/a Kbl BEreTalUsUIbIK KE3CHHIH )KOHE «KOKTEY
— MacakTaHy» Ke3iHiHIH Y3aKTBIFbl OOWBIHIIA CTATUCTHKAIBIK TYPFBIAAH MaHBI3IBl albIpMaIIbUIBIKTap
AHBIKTAJBI, al «MacakTaHy — OallaybI3JaHbBIN TiCy» KE3eHiHIH Y3aKTHIFBI MEH OpTalla acThIK ©HIMILTITi
OoWBIHIIA eneyTi allpIpMAaIbLIBIK OaiikanmMansl. JKanmel BereTannsyIblK Ke3eHHIH Y3apybl HETi31HEH «KOKTEy
- MacakTaHy» Ke3eHiHiH y3apybIMeH OalnaHbIcThl 00m1bl. «KeKkTey — MacakTaHy» Ke3eHiHiH Y3aKThIFbl MEH
aCTBIK OHIMJUIITT apachlHAa OH KOPPEIIUSILIK OaiJIaHBIC epTe ITCETIH JXOHE opTalia KeIl ITiCeTiH
YiTinepAe aHBIKTANABl, al oOpTalla ITCEeTIH TONTa CTATHCTUKAJBIK TYPFBIJAH MaHBI3ABI OailmaHbICTap
TaObUIFaH koK. ['padukansik Ttanmay HoTmwkeciHme TromeHckas 27, 3aypanbckas Bomna, Hwupa
[Mpuupteimmbs, Crapt, L. 654 xone CrenHomap 90 ynrinepi Konainbl (EHONOTUSIIBIK €PEeKIIETIKTepi MEH
YKOFapbl OHIMAUTIKTI YAJIECTIPETIH MEPCIIeKTHBAIBI CENEKIMSIIBIK MaTepHall PETIHAE epeKIIelIeH Il. 3epTTey
HOTHXKeJEpl «KOKTEY - MacaKTaHy» Ke3€Hi MiCy TONTaphl apachlHIAFbl ailbIpMaIlbIIBIKTAP/bl aHKBIHAAWTBIH
HeTi3ri (PeHOJOTUsIIBIK KOMIOHEHT ekeHiH oHe Contyctik Kaszakcran skarmaiiblHaa Ka3ablK KYMCak
OmmaiaplH OeWiMIEeNTimTiri MeH ©HIMIUTIK TYPaKTBUIBIFBIH apTTHIPYJa MaHBI3IBI CENEKIUSUIBIK Oelri
peTiHme KapacTHIPHUTYbl MYMKIH €KE€HiH KOPCETTI.
Tipek ce3nep: Xa3mbIK >KYMcak OWaid, micy TONTapbl, (EHOJNOTHSIIBIK KE3CHICP, «KOKTEy —

MacakTaHy» Ke3€Hi, aCThIK OHIMJILIIT1.

POJIb MEX®A3HBIX IEPUOJ0B B ®OPMUPOBAHUM YPOKAMHOCTHU OBPA3IIOB
SIPOBOM MAT'KOM MIIEHUIIBI PA3JIMYHBIX T'PYIII CHEJOCTHU B YCJOBUAX
CYXOCTEITHOM 30HbI CEBEPHOI'O KA3AXCTAHA

Jonunnsiii F0.FO., kannuaaT cenbCKOX03sHCTBEHHBIX HAYK
Kupnosa U.A.", PhD
Kanuobaes B.b., PhD
Muiiep E.A., Mmnanmuii Hay4Hbl COTPYAHUK
Meakonstn C.M., Miaaaumii Hay4YHbIA COTPYIHUK

TOO «HIIL] 3eprnosoco xossticmea um. A.1. bapaesay,n. Hayunoui, Kazaxcman

AHHOTauus. JlaHHOE HCCIEOOBaHUE NPOBOAMIOCH C LENbI0 HM3YYEHHUS NPOJODKUTEIHLHOCTU
OCHOBHBIX (eHonormueckux (a3 y o0pasmoB spoBoil MaArkod mmenwunsl (7riticum aestivum L),
OTHOCSIIMXCS K Pa3IMYHBIM TPYIIIaM CIIEJIOCTH, U ONpeie]ieHne UX BKIaia B GopMUpoBaHUE YpOKaHHOCTH
3epHa B yCIOBHAX cyxocTenHoH 30HbI CeBepHoro Kasaxcrana. Mccnenosanns nposoaunu B 2021-2023 rr. B
Hay4HOo-11pon3BOICTBEHHOM LIEHTPE 3€PHOBOIO X03siicTBa uM. A.W. bapaeBa ¢ nucnoiabp30BaHUEM KOJIJIEKIIMU
u3 99 00pa3noB SIPOBOM MSTKOM TIIEHHIBI PA3NIUYHOTO IKOJIOTO-TeOrpaguIecKoro MpPOUCXOXKICHHUS.
O6pa3sipl ObIIH pacpeieTieHbl Ha paHHECTIENYI0, CPEIHECTICTYIO  CPEHEIO3/IHIO TPYIIIBI B 3aBHCUMOCTH
OT TPOJOJDKUTEIBHOCTH BereTauroHHOro mnepuoaa. deHonorndyeckne HaOMIOACHUS BKIIOYAIN (DHKCALHIO
JIaT BCXOJOB, KOJIOIICHUS W BOCKOBOH crenoctu. OOpabOTKy NaHHBIX IPOBOAMIA C HCIIOIH30BAHUEM
MeToJIoB aucnepcroHHoro aHaimm3a (ANOVA), kputeprs MHOXeCTBEHHBIX cpaBHeHUW Trioku (HSD) u
KoppensiuoHHoro aHanuza [lupcona. CTaTHCTUYECKH 3HAYMMBIMM OKAa3aJHCh PE3yJIbTaThl MCCIIeIOBaHUN
MEXIy TpyHIlaMd CHEJOCTH MO TPOAOJKUTEIBHOCTH OOIIEro BEreTaliOHHOTO Mepuoja W mepuoja
«BCXOJIBI-KOJIOIIEHNE», TOrJa KaK MPOAODKUTENBHOCTh TEPHOJA «KOJOUMIEHHE-BOCKOBAs CIENIOCTE» W
CpeAHsAs YpOXKalHOCTb 3€pHa CTATHCTHYECKH 3HAYMMO HE Pa3IUyalIniCch. YBEJIUUEHHE OOIIei
MPOIOJLKUTEIIEHOCTH  BETETallMOHHOTO TIepHoAa ObUIO OOYCIIOBIEHO TJIaBHBIM 00pa3oM yIUIMHEHHEM
MeproAa «BCXOAbI-KOJOIeHney». IlomokuTenbHas KOppemsnusi MeXAy HPOAODKUTENBHOCTRIO TepHoaa
«BCXOJIBI—KOJIOIIEHHE» W YPOKAHHOCTHIO 3€pPHA YCTAHOBJICHA Y PaHHECIIENBIX U CPEJTHETIO3THUX 00pa3IloB.
CrarucTHYeCKH 3HAUYMMBIX B3aMMOCBS3€H B CpeJHECIENION Tpylre He BbIsBIEHO. |'paduueckuil aHamms
MTO3BOJIMIJI BBIIEIUTH 00pasubl TromeHckas 27, 3aypanbckas Bomna, Husa Ilpuupteimes, Crapt, JI.654 u
CrenHomap 90, KOTOpble COYETAIOT OJAaroNpusTHBIE (EHOJIOTHYECKHE XapaKTEPHCTUKH C BBICOKOM
ypoxKalHOCTBIO. Pe3ynbTaThl UCCIEN0BAaHUSA CBUICTENBCTBYIOT O TOM, YTO MEPHOJ «BCXOJbI — KOJIOIIEHUE»
SBIISIETCS. OCHOBHBIM (DEHOJIOTMYECKUM KOMIIOHEHTOM, OIPEICNSIOUIMM pa3iuius MEXAy TIpylninaMu
CIIEJIOCTH, ¥ MOKET PacCMaTPUBATHCS KaK BaXKHBIM CEJIEKIIMOHHBIA MPU3HAK IS MTOBBIIICHHS alalTHBHOCTH
¥ CTaOMIIBHOCTH YPOXKaHOCTH SIPOBOM MATKOM MIIEHHUITH B ycnoBusix CeBepHoro Kazaxcrana.

KaroueBble cjioBa: sipoBasi Msrkas IMIIEHUIA, TPYNIBI CIIENOCTH, (GEeHONIOrn4eckue ¢aspl, Mepuos
BCXO/IbI — KOJIOIIEHHE, YPOKAUHOCTD.
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