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PHENOTYPIC VARIATION OF WINTER WHEAT COLLECTION
FROM CENTRAL ASIA HARVESTED IN KAZAKHSTAN

In this work, the ecological testing of 139 accessions of the winter wheat collection from Central
Asia was conducted on the field plots of the Kazakh Research Institute of Agriculture and Plant Industry
(Almaty region, South-east Kazakhstan) and Krasnovodopad Breeding Station (Turkestan region, South
Kazakhstan) during 2020-2021 and 2021-2022 growing seasons. The collection was analyzed using
12 traits: heading date, seed maturation date, vegetation period, plant height, peduncle length, spike
length, number of kernels per spike (NKS), number of productive spikes, weight kernel per plant, weight
kernel per spike, thousand kernel weight (TKW) and yield per square meter (YM2). The Pearson correla-
tion index showed positive correlations between yield component traits in the two studied regions. The
average YM2 value of 107 and 134 accessions exceeded the local check cultivars in Almaty (Zhetisu)
and Turkestan (Pamyat 47) regions, respectively. Seven cultivars (Karaspan, Mars 1, Pamyat, Dank, Zha-
min, KYIAL, and Talimi) were revealed to be highly productive for three traits (NKS, TKW, and YM2)
in two regions. The analysis of variance showed that genotype x environment interaction affected the
studied traits of the winter wheat collection from Central Asia under Kazakhstan’s conditions. The results
of this research will be used for further studies related to the adaptation and productivity of winter wheat
in the breeding program for the selection of best candidate lines and genome-wide association study for
yield and yield-related traits in winter wheat.

Key words: winter wheat, genotype x environment interaction, yield components.
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KasakcTaH )kaFAaiblHAQ ©CIpIAreH OpTaa3UsIAbIK,
KY3AIK OMAQlM KOAAEKUMSCbIHbIH, DeHOTUNTIK e3repriluTiri

byA 3eptTey >xymbicbiHAQ 2020-2021 xaHe 2021-2022 XblAAapAaFbl BEreTauMsIAbIK, Ke3eHAEP
iwiHAe Kasak, eriHwWiAik >keHe 6CiMAIK LWapyallblAblFbl FbIABIMU-3EPTTEY WHCTUTYTbIHbIH, (AAMaTbI
OOABICbI, OHTYCTIK-LLbIFbIC) XoHe KpacHOBOAOMaA ayblA LIAPYALLbIAbIFbI TOXIPMOE CTAHLMACHIHbIH,
(TypkicTaH 06AbICbI, OHTYCTIK) ToxipnbeAik askanTapbiHAa ecipiareH OpTa A3UsIAbIK, KY3AIK 61Aan
KOAAEKLMSICbIHBIH, 139 YATICIHE 3KOAOTUSIAbIK, TECTiAY XXYPrisiaai. Koaaekums 12 6eari 6oibiHLLA
TAaAAQHAbBI: MacakTaHy YakbiTbl, MIiCYy yaKbITbl, BEreTauMsAbIK, KE3eH, ©CIMAIKTIH OMIKTiri, >korapfbl
OyblH apaAbIfblHbIH Y3bIHABIFbI, MACaKTbiH Y3bIHAbIFbl, MacakTarbl ASHAEpAiH caHbl (MAC), eHiMAI
MacakKTapAbIH, CaHbl, 6CIMAIKTEH aAbIHFAH ABHAEPAIH Maccacbl, MacakTaFbl A9H Maccacbl, 1000 ABHHIH,
maccacbl (MAM) xaHe 1 M2 eHiMAIAIr (M26). MNMnpcoH GOMbIHLIA KOPPEASILMS MHAEKCI 3epTTEAETIH
eKi aMakTa eHIMAIAIKKe GarAaHbICTbl OeAriAep apacbiHAAFbl OH 6GariAaHbICTbI KepceTTi. KoAAekLms
COpPTTapbiHbiH iwiHAE M26 opTawa MaHAep 6oibiHIA AAMaTbl OOAbICbIHAAFbI COPT-CTAHAAPT
(Kerticy) 107 yarici xoaHe TypkictaH obAbicTapbiHaa [Namsatb 47 copTbidbiH 134 yArici acbin TycTi.
KeTti copt (Karaspan, Mars 1, Pamyat, Dank, Zhamin, KYIAL >xaHe Talimi) exi aiiMakTa 6HIMAIAiKKe
GanAaHbICTbl Y 6eari (MAC, MAM, M26) 6onbiHa >KoFapbl KepceTkiwTepai kepceTTi. OpTaAbik,
A3BUSIAQH KEATEH KY3AIK OMAal KOAAEKUMSICbIHbIH AMCMEPCUSIABIK, TaAAdybl TEHOTMI X OpTa e3apa
KaTblHaCbIHbIH Ka3akCTaH >karAanblHAQ 3€PTTEAreH OeAriaepre acepiH KOpCeTTi. AAbIHFaH HOTUXKEAEpP
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KY3AIK 6MAAMABIH OERIMAEATILITIFT MEH OHIMAIAIriHE KATbICTbl KOCbIMLLA 3ePTTEYAEpP YLUiH, €H >KaKCbl
YMITKEP-AMHMUSAQPADBI TaHAQY YILUIH CEAEKLMSIAbIK, 6GarAapAaMasa >KoHe 6HIMAIAIKKEe 6GarAaHbICTbI
GeAriAepAi TOAbIK, FEHOMADBIK, aCCOLIMATUBTI TaAAQY YILIH ManAaAaHbIAYbl MYMKiH.

Ty#in ce3aep: Ky3AiK KyMcak, 61Aan, FreHOTUN X opTa KaTbIHACbI, OHIMAIAIK KOMMOHEHTTEPI.
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®eHoTHNMYECKasi UBMEHYUBOCTb KOAAEKLIUM 03UMOW MLLEHULLbI
n3 CpeaHei A3uu, BbipallleHHOM B ycAOBUSAX Ka3axcTaHa

B AaHHOM paboTe npoBeAeHO 3KOAOrMUYeckoe TecTupoBaHue 139 06pasiLoB KOAAEKLMM O3MMOM
nweHnubl 13 CpeaHeit A3unn, BblpalEeHHbIX HA OMbITHbIX MOASX Ka3axckoro Hay4YHO-MCCAeAOBaTEAbC-
KO0 MHCTUTYTA 3EMAEAEAMS M PaCcTeHMEBOACTBA (AAMATMHCKas 06AacTb, 10ro-BocTok) M KpacHoBo-
AOMAACKOWM CEAbCKOXO3SMCTBEHHOM OMbITHOM cTaHumm (TypkecTtaHckasi 06AaCTb, t0r) B TeyeHue Be-
reTaumoHHbIX neproaos 2020-2021 n 2021-2022 roaos. Koarekumsi 6biaa npoaHaAmsmnpoBaHa rno 12
NpM3HaKam: BpemMst KOAOLLIEHWS], BPEMSI CO3PEBaHM, BEreTaLMOHHbIN NePUOA, BbICOTA PACTEHMS, AAMHA
BEPXHEro MeXAO0Y3AUS, AAMHA KOAOCA, KOAMYECTBO 3epeH B KoAaoce (K3K), KoAnyecTBO NPOAYKTUBHbIX
KOAOCbEB, MaccCa 3epeH C pacTeHus, Macca 3epHa € koaoca, Macca 1000 3epeH (MT3) 1 ypoxxaitHOCTb
c 1 mM? (YM2). MHaekc KoppeAsiumm no [MMpcoHy nokasaa NMoOAOXKMTEAbHYIO CBS3b MEXAY MNMpU3HaKa-
MM, CBSI3aHHbIMM C YPOXKaMHOCTbIO, B ABYX MCCAeAyeMbIX pernoHax. Cpean copToB KoAAekummn 107
006pa3sLLOB NMPEB3OLUAM MO CPEAHMM 3HaUYeHMsIM YM2 copT-cTaHAapT B AAmaTuHckon (OKeTbicy) n 134
ob6pasua copt MNamatb 47 B TypkectaHckor obaactsx. Cemb copTos (Karaspan, Mars 1, Pamyat, Dank,
Zhamin, KYIAL u Talimi) npoaeMOHCTPMPOBaAM BbICOKME MOKasaTeAun rno Tpem npmsHakam (K3K, MT3,
YM2), CBS93aHHbIM C YPOXXaNHOCTbIO, B ABYX PerMoHax. AMCNEePCUOHHbBIN aHaAM3 KOAAEKLMM O3UMOM
nweHnubl n3 CpeaHelt A3nn NokKasaA BAUSHME B3aMMOAENCTBUS TEHOTUM X CPeAQ Ha M3YYeHHble Npu3-
Haku B ycaoBusx KasaxcraHa. MNoAyueHHble pe3yAbTaTbl MOMyT ObiTb MCMOAb30BaHbl AAS AAAbHEMLLINX
MCCAEAOBAHMI, CBA3aHHbIX C apanTaumeit M MPOAYKTUBHOCTbIO O3MMOW MLLEHWLbI, B MPOrpamMme CeAek-
LMK AAS OTOOPA AYULIMX AMHWMIA-KAHAMAQTOB, a Tak)Ke AASl MOAHOTEHOMHOIO aCCOLMATUBHOMO aHaAM3a

NMPU3HAKOB, CBS3aHHbIX C YPO>KAMHOCTbIO.

KAroueBble cA0Ba: 031Mas Markas nuweHnua, B3aMMOAENCTBME reHOTUN X cpeAd, KOMNOHEHTbI YPO-

JKag.

Introduction

The Central Asia region includes five former
Soviet Union Republics, including Kazakhstan,
Uzbekistan, Turkmenistan, Kyrgyzstan, and Tajik-
istan, and they collectively grow wheat in an area
of over 15 million ha [1]. Kazakhstan is one of the
top 10 bread wheat producers and exporters in the
world marketplace [2,3]. According to the Foreign
Agricultural Service of the US Department of Ag-
riculture (USDA), wheat production in Kazakhstan
in 2022-2023 is expected to reach 16.0 million tons
[4]. In Uzbekistan, estimated production will in-
crease to 6.6 million tonnes in 2022-2023. Wheat
production in 2022-2023 in Kyrgyzstan and Tajik-
istan is expected to reach 593 thousand tons and
820 thousand tons, respectively [4]. By the year
2050, the wheat yield should increase by 60% to
provide the world’s population with sufficient pro-
tein [5].

Kazakhstan is traditionally a large area of pro-
duction of high-quality grain of wheat. In Kazakh-
stan, wheat is mainly grown in the northern part
of the country, with a major focus on the spring
type of habitat. The main lands under winter wheat
are located in the south and south-east regions of
Kazakhstan [6]. The yield of winter crops is 25-
30% higher than that of spring type because they
productively use autumn and spring moisture. Ear-
ly ripening of winter wheat makes it possible to
carry out its harvesting in a warm, dry time, which
positively affects the grain’s technological quali-
ties [7,8]. The development of new cultivars is the
most important factor in increasing yields and im-
proving the quality of agricultural products. It is
important to study the agronomic traits to devel-
op high-yielding and high-quality cultivars. Ag-
ronomic traits such as heading date, plant height,
number of productive tillers, number of kernels per
spike, spike length, thousand-kernel weight, har-
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vest index, and kernel weight per spike are impor-
tant factors affecting wheat yield [9,10].

The genotype and the environment dramatical-
ly affect the grain yield and its components. Geno-
types are stable if they show only slight deviations
in the genotype performance across various growing
conditions. It has long been recognized that wheat
productivity and grain quality vary considerably
because of the genotype (G), environment (E), and
their interaction (G X E), but there is no consensus
about which of these factors is more important [11].
To increase the yield, the study of the effects of yield
components provides the basis for its successful
breeding program. Hence, yield increase can be im-
proved more effectively because of the performance
of yield components. Multiple genes usually control
agronomic traits, and a large number of quantitative
trait loci (QTL) for them have been reported on A,
B, and D genomes in bread wheat [12,13,14].

There is a necessity to pay special attention to
the breeding and genetic research of common wheat
using the best resources from other countries and re-
gions of the world in a breeding program, as well
as to apply modern methods of molecular genetics,
including new genomic technologies [14,15]. One
of these methods is genome-wide association study
(GWAS), which relies on genotypic and phenotypic
variation assessment of quantitative traits in large
and diverse collections [16,17,18]. As a result of
an international workshop between participants of
the countries of Central Asia and the UK, conduct-
ed by scientists from the UK and the Institute of
Plant Biology and Biotechnology, the Central Asian
Wheat Breeding Initiative (CAWBIN) was devel-
oped, where a special place was given to the breed-
ing of winter wheat [19]. One of the major parts of
the CAWBIN collection study is the evaluation of
the agronomic traits performance of a winter wheat
collection in the conditions of south and south-east

Kazakhstan, the main areas for winter wheat growth
in the country. The results may help to assess the
CAWBIN collection for the selection of best can-
didate lines for further breeding purposes of winter
wheat in these regions and play a vital role in the
identification of new QTLs for agronomic traits with
the following application of marker-trait association
approach in breeding schemes.

Materials and methods

Plant materials. The subject of the study is a
winter wheat collection consisting of 139 accessions
from Central Asian countries — Kazakhstan (KAZ,
42), Kyrgyzstan (KGZ, 52), Uzbekistan (UZB, 38),
and Tajikistan (TJK, 11).

Assessment of the field data. All genotypes were
tested in two regions of Kazakhstan — on the field
plots of the Kazakh Research Institute of Agriculture
and Plant Industry (KRIAPI, Almaty region, South-
east Kazakhstan) and Krasnovodopad Breeding
Station (KBS, Turkestan region, South Kazakhstan)
during 2020-2021 and 2021-2022 growing seasons.
The collection was analyzed using 12 traits: heading
date (HD, days), seed maturation date (SMD, days),
vegetation period (VP, days), plant height (PH, cm),
peduncle length (PL, cm), spike length (SL, cm),
number of kernels per spike (NKS, pcs), number
of productive spikes (NPS, pcs), weight kernel per
plants (WKP, g), weight kernel per spike (WKS,
g), thousand kernel weight (TKW, g) and yield per
square meter (YM2, g/m?). Studied accessions were
planted in a random design in double rows and two
replications per genotype. The distances between
rows were 15 cm [20]. The standard cultivars
“Zhetisu” and “Pamyat 47 were planted as check
cultivars for KRIAPI and KBS, respectively. The
meteorological data recorded during the trials are
shown in Table 1.

Table 1 — Location, environment, and weather data at two regions in Kazakhstan

Site / Region Almaty region (South-east of Kazakhstan) Turkestan region (South Kazakhstan)
Latitude / Longitude 43°21'/76°53' 41°46' / 69°45'
Soil type Light chestnut (humus 2.0-2.5%) Light serozem (humus 1.1%)
Conditions Rainfed Rainfed
Year 2020-2021 2021-2022 2020-2021 2021-2022
Annual rainfall, mm 464.7 568.9 279.4 421.0
Mean temperature, °C 10.5 12.2 17.5 11.7
Max temperature, °C 26.9 26.5 31.6 233
Min temperature, °C 1.8 1.1 2.7 4.0
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Statistical data analysis. The descriptive statis-
tical analyses of all traits and the yield graph were
conducted using MS Excel. Pearson correlation
analysis, analysis of variance (ANOV A), variability
of key yield traits, and principal component analysis
(PCA) have been calculated using the Rstudio soft-
ware [21].

Results and discussion

Phenotypic variability in yield components of the
winter wheat collection in two regions of Kazakhstan

The phenotypic variability of studied traits was
assessed in two regions over two years. The average
PH was higher in samples grown in the Almaty
region than in accessions harvested in the Turkestan
region (Table 2). The means of the yield components

(SL, NKS, WKS, TKW, and YM2) showed higher
values at KRIAPI. However, the average NPS was
higher at KBS in comparison to KRIAPI.

Theaverage value of YM2ranged from 80.9+2.55
g/m?> (KBS) to 423.5+8.10 g/m*> (KRIAPI). The
analysis of the means for YM2 revealed that 107 and
134 accessions exceeded the local standard cultivar
in south-east and south Kazakhstan, respectively
(Figure 1).

In addition, the results of YM2 showed that the
Central Asia winter wheat collection suits local en-
vironmental conditions (Figure 1). Seven cultivars
(Karaspan, Mars 1, Pamyat, Dank, Zhamin, KYIAL,
and Talimi) were revealed to be highly productive
for three traits in two regions (Table 3). They can
be successfully used for further breeding studies of
winter wheat in Kazakhstan.

Table 2 — Average values of agronomic traits of winter wheat collection growing in two regions of Kazakhstan

Traits Almaty region (KRIAPI) Turkestan region (KBS)

Heading date (HD, days) 102.5+0.23 99.3+0.23
Seed maturation date (SMD, days) 35.840.18 36.7+£0.24
Vegetation period (VP, days) 137.9+0.90 136.1+0.27
Plant height (PH, cm) 73.5+£0.95 45.2+0.40
Peduncle length (PL, cm) 24.3+0.44 18.8+0.32
Spike length (SL, cm) 9.7+0.09 8.1+0.06

Number of productive spikes (NPS, pcs) 3.6+0.07 4.4+0.06

Number of kernels per spike (NKS, pcs) 46.7+0.42 39.90+0.40
Weight kernel per spike (WKS, g) 1.8+0.02 1.27+0.02
Weight kernel per plant (WKP, g) 7.9+0.11 5.1+0.12

Thousand kernel weight (TKW, g) 39.2+0.41 32.9+0.30
Yield per square meter (YM2, g/m?) 423.5+8.10 80.94+2.55
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” -J.%'wiﬂinﬂj "L'_"_.- o e e :l'!'?._,,'f,,',-":'-"""‘i."".
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+KRIAPI mKBS

Note: check cultivar “Zhetisu” and “Pamyati 47" — red colour, accessions — blue and orange colour.
Over the red line are samples with the highest YM2 values compared to the local check cultivar

Figure 1 — The range of averaged YM2 of winter wheat collection in two regions
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Table 3 — The list of accessions of winter wheat collection showed the best average values for three yield components (NKS, TKW,
and YM2) in two regions

Cultivars Origin KRIAPL KBS
NKS, pcs TKW, g YM2, g/m?> | NKS, pcs TKW, g YM2, g/m?
Karaspan KAZ 51.3 455 359.1 41.8 31.0 64.3
Mars 1 UZB 54.4 433 479.4 37.3 35.4 82.1
Pamyat UZB 51.9 43.0 5253 473 35,7 124.4
Dank KGZ 54.3 43.9 534.5 30.0 31.1 68.0
Zhamin KGZ 51.6 47.1 549.6 37.8 34.7 99.8
KYIAL KGZ 52.0 47.5 399.6 38.8 355 80.6
Talimi KGZ 55.8 42.5 458.5 39.4 30.5 81.5
Local check cultivar 50.5 40.7 | 354.8 18.5 30.3 36.7

Pearson’s correlation analysis of studied traits
showed a negative correlation between HD with
SMD and HD with WKP in both regions (Fig. 2).
Also, it was revealed that SMD was favorable for
higher yield components (WKS, WKP, and YM2)
in KRIAPI. At the time, SMD was not a significant
factor in the yield in KBS. The PH and PL positively

TKW) in KRIAPI. In addition, in KRIAPI, there was
a predictable negative correlation between TKW
and NKS. Expectedly, the PL was noted as highly
significantly correlated with PH in both regions
(Fig. 2). The correlation analysis at KBS showed the
HD’s negative influence on WKS, TKW, and YM2
(Fig. 2B) and a positive correlation between yield

correlated with yield components (SL, WKS, WKP,  components (SL, NPS, NKS, WKS, WKP) (Fig. 2B).

a 0 » 0 o ~ [a} ® (5] 2] [ = o~
2 ¢ f 2 2 & % £ % E Z 5 & & 2 4 5 2 £ £ E 5
1 HD 028 0.13 0.09 0.2 -0.10 -0.08 033 02 04 022
HD 03 0.13 041 023 027 -0.14 -0.05 -0.06 -021 -0.03 0.02
08
08 SMD 0.02 0.10 -0.01 0.04 0.05 0.02 0.02 0.09 0.06
SMD 0.13 0.08 0.05 022 -0.04 0.13 021 0.15 0.14 0.15
06
06 VP 0.10 0.14 -0.04 -0.07 -0.06 028 -0.16 -024 -0.15

VP 032 0.10 025 -0.03 0.13 0.16 001 0.16 -0.09

04
04 PH. 037 03 016 0.04 008 -0.04 0.03

PH 0.03 -0.02 023 019 036 0.10
PL 042 0.06 -0.06 0.14 049 025 0.15 02 PL 048 0.14 002 004 001 0.03 -0.04 02
0.02  0.16
SL 018 028 042 0.04 027 0.12 0 SL. 03 . 034 034 B

NKS. 0.03 022 -0.03 s NKS 036 008 048 ot
WKS = 025 . 0.07 WKS 0.28
06 08

WKP 028 027 WKP 0.4 0.24
08 08

A TKW 0.13 B TKW  0.13

El A

Note: Correlations with P < 0.05 are highlighted in color. The color indicates positive (blue) or negative (red) correlation.

Figure 2 — Pearson’s correlation index among means of 12 studied traits
in winter wheat collection in two Kazakhstan regions in 2020-2022

The analysis of variance (ANOVA) for 12 traits
showed a significant difference between three factors
(genotype, region, year) for YM2 (6.35). In addition,
a highly significant difference was observed for two

factors (year and region) in all studied traits (Table
4). The ANOVA showed meaningful genotype-by-
environments interaction (GEI) on studied traits of
the winter wheat collection.
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Table 4 — Analysis of variance of studies traits in the south-east of Kazakhstan.

Factor af HD SMD PH PL SL NPS
F-value
Genotype (G) 142 1.649 *** 0.602 4.090%** 2.061%** 0.673 1.124
Year (Y) 1 9735.907*** | 637.352%** 563.079%** | 220.863%** 5.220% 44.033 ***
Region (R) 1 143.862 *** 6.867%* 2040.203*** | ]78.558%** 11.602%** 84.263%**
GY 141 2.010 *** 0.542 0.795 0.823 0.560 0.874
G:R 138 1.877*** 0.362 2.971%** 1.331%* 0.316 1.061
YR 1 5499.367 *** | 12.312%** 1292.122%** | 786.465%** 1.131 0.899
G:RY 132 0.758 0.400PH 1.088 0.819 0.296 0.812
Factor df NKS WKS WKP TKW YM2
F-value
Genotype (G) 155 0.727 1.199 0.639 2.850%** 5.116%**
Year (Y) 1 6.975%* 129.654%** 58.686 *** 282.944**x* 3487.223%**
Region (R) 1 42.656%** 200.414%** 0.048 222.147%** 9168.193%**
GY 154 0.609 0.609 0.520 0.994 5.046%**
GRR 150 0.784 0.849 0.546 1.372% 6.703%*%*
YR 1 0.434 26.327%** 7.821 ** 64.386%** 2454.963%**
GRY 144 0.585 0.669 0.464 0.723 6.353%**
Note: P — values are provided with a significance level shown by the asterisks; * P < 0.05, ** P <0.01, *** P <0.001

Variability in yield components

Yield is a complex trait that is associated with
main components, such as the number of productive
spikes, number of spikelets per spike, SL, NKS,
kernel size, and TKW [22]. The correlation analysis
showed that PH, SL, NKS, and TKW are the major
yield components for the studied regions (Fig. 2),
and the phenotypic variability of these four traits was
marked by the wide range indicated in Table 2. The

Min. 25.4
Max. 58.5

Mean 39.9+0.42
40 Check cv. 18.5

Min 30.7
Max. 59.2
Mean 46.7+0.42

P Check cv. 50.5

=

§ 30 Region
el KBS
320 | KRIAPI
w

A 30 40 50 60
Number of kernels per spike (NKS, pcs)

mean of NKS ranged from 39.9 pcs (KBS) to 46.7
pcs (KRIAPI). The NKS assessment showed that thir-
ty-three samples of the collection exceeded the check
cultivar “ Zhetisu” in the Almaty region (Fig. 3A).
The values of the TKW, another important yield trait,
were varied from 32.9 g (KBS) to 39.1 g (KRIAPI)
(Fig. 5B). The evaluation of TKW values suggested
that the 50 and 101 accessions exceeded the check
cultivar “Zhetisu “ and “Pamyat’ 477, respectively.
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Note: A — number of kernels per spike, B — thousand kernels weight

Figure 3 — The binomial distributions of major yield-related traits of winter wheat collection in two regions.
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The principal component analysis (PCA) for
the yield components divided the accessions of
winter wheat collection into two distinct principal
components: PC1 and PC2, which explain 23.6
% and 14.9 % total variation, respectively. Also,

PCA - Biplot

WKS StRiThPI o

Dim2 (14.9%)

NKS_KRIAPI ,

0.0
Dim1 (23.6%)

there was a similar negative correlation between
NKS and TKW at KRIAPI, with arrows pointing
in different directions (Fig. 4). The same trend
was noted using Pearson correlation analysis at
KRIAPI (Fig. 2 A).
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Note: accessions — point, directions of traits — blue color.

Figure 4 — Principal component analysis for the yield components in the winter wheat collection from Central Asia

The evaluation of yield components allowed
the selection of accessions, which could play an
important role in the future wheat breeding program
in south and south-east Kazakhstan. In addition, the
variation of the field data can be successfully used in
further activities related to GWAS for grain yield and
yield-related traits in winter wheat. The significant
difference in soil and weather conditions of the
two regions gave a variance in yield components
between South-east and South Kazakhstan.

Conclusion

This study described the field assessments
of the winter wheat collection from Central Asia
consisting of 139 accessions. The collection was
tested over the two years from 2020 to 2022 in the
fields of the KRIAPI (south-east Kazakhstan) and
KBS (south Kazakhstan). The field assessments
showed that the collection is a potentially important
genetic resource for winter wheat breeding
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projects, as it showed a wide range of variation in
yield-related traits, including PH, SL, NKS, TKW,
and YM2.

The average YM2 value of 107 and 134
accessions exceeded the check cultivars in Almaty
(Zhetisu) and Turkestan (Pamyat 47) regions,
respectively. The Pearson correlation index showed
positive correlations between yield-related traits in
the two studied regions. The ANOVA predicted a
significant effect of environmental factors on the
performance of winter wheat in the south and south-
east of Kazakhstan. Obtained results will be used
to select promising lines for winter wheat breeding
projects in Kazakhstan and for further studies related
to GWAS of yield and yield-related traits in bread
wheat.
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