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YIELD STABILITY ANALYSIS OF BREAD
WHEAT GENOTYPES IN KAZAKHSTAN

Bread wheat (Triticum aestivum L.) is a significant crop for human nutrition and global food secu-
rity. Ensuring stable wheat yields is crucial, as fluctuations in production can have major effects on food
availability and prices globally. We evaluated 82 bread wheat genotypes in two growing seasons using
multi-environment trial analysis (eight environments) in Kazakhstan to identify superior genotypes using
AMMI-based stability statistics. The analysis of variances (ANOVA) of AMMI showed that environmental
effects largely explained yield variability (87.6 %), whereas the contribution of genotype (2.79 %) and
genotype-environment interaction (8.19 %) had minimal influence. An estimated set of stability pa-
rameters showed positive correlations between each other, and these measurements can be utilized to
choose stable genotypes. The mean yield of bread wheat genotypes ranged from 24.5 to 17.9 centners
per ha. Genotypes 342/08 (G62), Line P-1413m (G8), Lyutescens 54 190/09 (G54), 233/10 (G58), Ba-
jterek 15 (G25), and Lyutescens 57 4/09 (G52) were shown to be the most stable and productive based
on AMMI-based stability scores for grain yield. Breeders and farmers could use these samples as stable
and high-performing genotypes in a wide range of environments in Kazakhstan. Future studies could use
more growth seasons to identify the most stable genotypes.

Key words: yield, AMMI, bread wheat, productivity, stability, multi-environment trials, genotype-
environment interaction, superior genotypes.
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KaszakcraHaafbl XKymcak, 6MAait reHoTunTepi
OHIMAAITiHIH, TYPAKTbIAbIFbIH TAaAAQY

Kymcak 6uaarn (Triticum aestivum L.) aAaMHbIH TaMak TaHybl MeH XKahaHAbIK, a3bIK-TYAIK Kayinci3Airi
YLWiH MaHbI3Abl AAKbIA 60AbIN TabbiAasbl. BUAANABIH TYPaKThl BHIMAIAITIH KaMTaMachl3 €Ty 6Te MaHbl3Abl,
OMTKEHI BHAIPICTIH aybITKybl BYKIA 9AEMAE a3biK-TYAIK MeH Garara alTapAblKTal acep eTyi MyMKIH.
biz AMMI HerisiHA€eri TypakTbIAbIK, CTaTUCTMKACbIH MaAdAaHa OTbIPbIMN, €H, >KaKCbl F€HOTUMTEPAI
aHbikTay ywid KasakcraHaa ap TYPAI CblHAK, TaAAQYbIH KOAAQHbIM (Ceri3 3KOAOTMSAbIK >KaFaan), exi
BEreTauusiAbIK, MayCbIMAA KYMcak 61AariAbiH 82 reHoTUMIH HararaAblk. AMMI AMCepCUsIAbIK TaAsaYbl
(ANOVA) kopluaFaH opTaHblH 8cepi Heri3iHeH OHIMAIAIKTIH e3repriwTiriH (87,6%) TyCiHAIPETIHIH
KOPCETTIi, aA reHOTUNTIH, (2,79 %) >X8He reHOTUMN-0pPTaHbIH ©3apa apekeTTecyiHiH (8,19 %) yAeci eH a3
acep eTTi. TypakTbIAbIK, MapaMeTpAepiHiH 6araraHFaH KMbIHTbIFbI ©3apa OH KOPPEASLMSIHBI KOPCETTi
XoHe BYA OALIEMAEPAI TYPaKTbl FreHOTUNTEPAI TaHAAY YLIiH ManaasaHyra 6oAaabl. XXymcak Gmaan
reHOTUMNTEPIHIH opTala eHIMAIAIri 24,5-TeH 17,9 u/ra-Fa aeiiH 6oaabl. 342/08 (G62), P-1413m (G8),
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AtoTecueHc 54 190/09 (G54), 233/10 (G58), banTepek 15 (G25) xaHe AtoTecueHc 57 4/09 (G52) re-
HoTunTepi AMMI HerisiHAeri A8H OHIMAIAIMIHIH TYpPaKTbIAbIFbIH OaFaAay HerisiHAe eH TypakTbl XKeHe
eHiMAI 60AAbI. CeaekumoHepAep MeH hepmepaep GyA yAriaepai KasakcTaHHbIH KeH ayKbIMbIHAQ Ty-
pakTbl >KOHe XKOFapbl OHIMAI FEHOTUNTEP PETiHAE NarAaAaHa aAasbl. boAallak 3epTTeyAep eH TYpaKTbl
reHOTUINTEPAI aHbIKTay YLIiH Ke6ipeK BereTaumsaAbiK KE3eHAEPAI KaMTYbl MYMKIH.

Ty#in cesaep: WbIFbIMABIABIK, AMMI, >kymcak, 61Aai, OHIMAIAIK, TYPaKTbIAbIK, 9PTYPAI OpTarapAa
CblHAYy, FEHOTMM-OPTaHbIH 63apa 9PEKeTTeCYi, KOFapbl FeHOTUMNTEp.
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AHaAM3 CTAOMABHOCTM YPOXKAMHOCTH FT€éHOTHIOB
msarkon nwenuubl B Kazaxcrane

Msirkas nwenuua (Triticum aestivum L.) 9BASETCS BaXKHOM KYAbTYPOM AAS MUTAHWS YeAOBeka M
rA0GaAbHOM MPOAOBOALCTBEHHOM He3onacHocTr. ObecrneyeHre CTabMAbHBIX YPOXKaeB MueHULbl Mme-
€T peliaiollee 3HaueHue, NOCKOAbKY KOAebaHWsi MPOM3BOACTBA MOTYT OKa3aTh CEPbE3HOE BAMSIHME Ha
AOCTYMHOCTb MPOAOBOABCTBUS U LieHbl BO BCeM Mupe. Mbl oLeHnBaAn 82 reHoTMNa MArkoi miieHuLbl
B TeyeHue ABYX BereTtalMOHHbIX MepuoAoB B KasaxcTaHe, MCMOAb3YsS MyAbTU-CPEAOBbIM aHaAM3 (BO-
CeMb CpeA), UTOObI BbISIBUTb AyUlliME FreHOTUIbI C UCMOAb30BAaHMEM CTAaTUCTUKM CTABMABHOCTM Ha OC-
HoBe AMMI. AucnepcuronHbiit aHaan3 (ANOVA) AMMI nokasaa, 4To BAUSHWE OKPY>KatoLLLen CpeAbl B
3HaUMTEAbHOM CTerneHn 0ObICHIET M3MEHUMBOCTb YPOXKaMHOCTH (87,6 %), TOraa Kak BKAQA reHoTumna
(2,79 %) v B3aumoaencTBmg reHotun-cpeaa (8,19 %) MMeAn MMHUMAAbHOE BAMSHME. AHAaAU3UPYEMble
napameTpbl CTABUABHOCTU MOKA3aAM MOAOXKUTEAbHYIO KOPPEASLIMIO MEXAY CO60M, 1 3T M3MepeHus
MO>KHO MCMOAb30BaThb AAS BbIGOPA CTABMAbHBIX FTeHOTUMOB. CPEAHSISI YPOSKANHOCTb FEHOTUIMOB MSTKOM
nweHnubl korebaaachb oT 24,5 Ao 17,9 u/ra. INokasaHo, yto reHotunbl 342/08 (G62), AvHug P-1413m
(G8), AtotecueHc 54 190/09 (G54), 233/10 (G58), bantepek 15 (G25) n G52 (AoTecueHc 57 4/09)
6bIAM HanboAee CTabUAbHBIMM M MPOAYKTMBHBIMM Ha OCHOBE 3HaueHnii AMMI cTabMAbHOCTM yposKaii-
HocTh. CeAeKLMOHepb! 1 (hepMepbl MOTYT UCMOAb30BaTb 3TW 06pasLibl B KaUeCTBe CTabUAbHbIX M BbICO-
KOMPOAYKTMBHbIX FT€HOTMIMOB B LLUMPOKOM AMana3oHe cpea KasaxcraHa. byaAylume nccaepoBaHus MoryT
BKAIOYATb GOAbLLE BEr€TaLMOHHbIX CE30HOB AAS BbISIBAEHMSI HAMOOAEE CTAaBUAbHBIX FEHOTUIMOB.

KAtoueBble cAOBa: ypoXKanHoCTb, AMMI, Msirkas nieHuua, NpoAYKTMBHOCTb, CTAOMABHOCTb, MYAb-
TUCPEAOBbIE MCTbITaHUSI, B3aMMOAENCTBME FeHOTUMA M OKPY>KaIoLLEe CPeAbl, AyYllve reHOTHUIbI.

Introduction

Triticum aestivum L., commonly known as com-
mon wheat or bread wheat, is one of the world’s
most widely cultivated cereal grains. Enriched with
carbohydrates, proteins, dietary fiber, and an ar-
ray of essential vitamins and minerals, including B
vitamins, iron, zinc, and magnesium, bread wheat
grains form an indispensable component of diets
worldwide [1]. It is used in a variety of food prod-
ucts, such as bread, pasta, and cereals. Wheat is a
cornerstone of Kazakhstan’s economy, contribut-
ing significantly to the country’s agricultural output
and export earnings. Kazakhstan consistently ranks
among the world’s top wheat exporters, with a sub-

stantial portion of its agricultural land dedicated to
wheat cultivation [2].

Yet, the country’s wheat yield, averaging 1.2-1.3
tons per hectare, experiences fluctuations attributed
to various factors, encompassing climatic nuances
and agrotechnical conditions. In 2023, wheat pro-
duction was estimated at 12.1 million tons, below
the five-year average [3]. In contrast, total wheat
production, including winter and spring crops, was
16.4 million tons in 2022, above the five-year av-
erage [4]. These fluctuations indicate the dynamic
nature of wheat yields in Kazakhstan, which is influ-
enced by various internal and external factors.

Identifying high-performing wheat cultivars is
crucial for improving wheat production and nutri-
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tional security, especially in regions heavily reliant
on wheat. The highest grain yield in most cases was
not the most stable. Stability, in this context, refers
to the consistent performance of a variety despite
fluctuations in environmental conditions [5]. As a
complex trait, yield is largely determined by various
agronomic characteristics, with environmental and
genetic factors exerting significant influence [6].

Multi-environment trials (METs) are a cru-
cial component of wheat breeding and agronomic
research as they are designed to assess the perfor-
mance of wheat genotypes (cultivars, lines, hybrids,
etc.) across multiple locations (environments) and
over multiple growing seasons. The primary goal of
METs is to identify genotypes that exhibit consis-
tent performance and adaptability across diverse en-
vironments, thereby facilitating the selection of su-
perior genotypes for further breeding advancement
or commercial release [7, 8, 9].

The degree of genotype-environment (G x E)
interaction may be analyzed using various numeri-
cal and graphical stability methods, which can also
be used to identify genotypes with high seed yields
and stability under different environmental cir-
cumstances [10]. AMMI-based stability statistics
refer to stability measures derived from the Addi-

tive Main Effects and Multiplicative Interaction
(AMMI) model [11]. AMMI-based stability statis-
tics aim to assess the stability of genotypes across
different environments (such as varying growing
conditions, locations, or years) by accounting for
the main effects of genotypes and environments and
their interactions. The AMMI offers advantages in
capturing GEI patterns, improving yield estimates,
providing meaningful interpretation, and identifying
stable high-yielding genotypes through its analyti-
cal and graphical capabilities. This study aimed to
identify superior genotypes of Kazakhstan breeding
using METs and AMMI analysis to select genotypes
with high yield and phenotypic stability.

Materials and methods

The seeds of 82 bread wheat genotypes used
in this study were sourced from various breeding
organizations in Kazakhstan (Table 1). The collec-
tion included 12 cultivars and lines from the Aktobe
Agricultural Station, 13 from the Karaganda Agri-
cultural Station, 31 from the Karabalyk Agricultural
Station, 16 from the Barayev Research and Pro-
duction Center for Grain Farming, and 10 from the
North Kazakhstan Agricultural Station.

Table 1 — Origin of bread wheat genotypes field-tested in eight environments of Kazakhstan

Code Genotype name Origin Code Genotype name Origin
Gl Aktyube 39 Aktobe AS G42 Ajna Karabalyk AS
G2 Stepnaya 2 Aktobe AS G43 Fantaziya Karabalyk AS
G3 Stepnaya 50 Aktobe AS G44 5-14 Karabalyk AS
G4 Ekada 113 Aktobe AS G45 3-26 Karabalyk AS
G5 Dinastiya Aktobe AS G46 14-12 Karabalyk AS
G6 Stepnaya 53 Aktobe AS G47 15-14 Karabalyk AS
G7 Stepnaya 75 Aktobe AS G48 17-19 Karabalyk AS
G8 Line P-1413m Aktobe AS G49 Lyutescens 47 55/00 Karabalyk AS
G9 Line P-1415m Aktobe AS G50 Lyutescens 3 67/02 Karabalyk AS
G10 Line 201/ 21g. Aktobe AS G51 Lyutescens 17 174/08 Karabalyk AS
Gl11 Line 205/ 21g. Aktobe AS G52 Lyutescens 57 4/09 Karabalyk AS
G12 Line 225 /21g. Aktobe AS G53 Lyutescens 32 12/09 Karabalyk AS
G13 Lyutescens 2261 Karaganda AS G54 Lyutescens 54 190/09 Karabalyk AS
Gl4 Lyutescens 2262 Karaganda AS G55 Lyutescens 20 161/08 Karabalyk AS
G15 Lyutescens 1519 Karaganda AS G56 Lyutescens 11 95/10 Karabalyk AS
Gl6 Lyutescens 2202 Karaganda AS G57 176/09 Barayev RPCGF
G17 Lyutescens 2203 Karaganda AS GS58 233/10 Barayev RPCGF
G18 Lyutescens 2205 Karaganda AS G59 347/11 Barayev RPCGF
G19 Lyutescens 2207 Karaganda AS G60 312/10 Barayev RPCGF
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Continuation of the table

Code Genotype name Origin Code Genotype name Origin

G20 Lyutescens 2210 Karaganda AS G61 16/09 Barayev RPCGF
G21 Karagandinskaya 55 Karaganda AS G62 342/08 Barayev RPCGF
G22 Lyutescens 2264 Karaganda AS G63 248/10 Barayev RPCGF
G23 Lyutescens 2240 Karaganda AS Go4 55/08 Barayev RPCGF
G24 Lyutescens 2265 Karaganda AS G65 21/11 Barayev RPCGF
G25 Bajterek 15 Karaganda AS G66 330/12 Barayev RPCGF
G26 2-9 Karabalyk AS G67 225/12 Barayev RPCGF
G27 3-9 Karabalyk AS G68 66/10 Barayev RPCGF
G28 5-12 Karabalyk AS G69 129/12 Barayev RPCGF
G29 8-13 Karabalyk AS G70 25/13 Barayev RPCGF
G30 9-13 Karabalyk AS G71 371/13 Barayev RPCGF
G31 10-13 Karabalyk AS G72 238/09 Barayev RPCGF
G32 11-13 Karabalyk AS G73 435/1yut2 North Kazakhstan AS
G33 12-13 Karabalyk AS G74 659/12 North Kazakhstan AS
G34 13-13 Karabalyk AS G75 486/lyut22 North Kazakhstan AS
G35 14-13 Karabalyk AS G76 63/lyut37 North Kazakhstan AS
G36 15-14 Karabalyk AS G77 23/07 North Kazakhstan AS
G37 16-14 Karabalyk AS G78 218/10 North Kazakhstan AS
G38 20-16 Karabalyk AS G79 Erit 42/12 North Kazakhstan AS
G39 21-16 Karabalyk AS G80 Lyut 13/12 North Kazakhstan AS
G40 22-16 Karabalyk AS G81 Shl‘l’lrfli?l‘siﬁi‘;ayyaa% North Kazakhstan AS
G41 25-16 Karabalyk AS G82 Omskaya 36 North Kazakhstan AS

Note — AS — Agricultural Station, RPCGF — Research and Production Center for Grain Farming

The studies were conducted in the 2022 and 2023
growing seasons under non-irrigated conditions at
four locations in Kazakhstan (Table 2). These sites
were chosen to represent different agroclimatic
zones. The longitude, latitude, soil type, and precipi-
tation of those ecological areas are shown in Table
2. The experiment was laid out in a randomized

complete block design with two replications. A plot
size of 5 m? was used for the grain yield evaluation.
The locations where the experiment was con-
ducted were different regarding seasonal rainfall
and temperature (Table 3, Fig. 1). Therefore, combi-
nations of years (2022 and 2023) and four locations
were considered eight different environments.

Table 2 — Characteristics of environmental conditions at experimental research stations

Environment Altitude (m) Latitude Longitude Soil type
Barayev Research gnd Pr0(.1ucti0n Center for 340 51037°58), 71°02°28 southern carbonate
Grain Farming chernozem
Karaganda Agricultural Station 531 50°10'42" 72°44"20" dark chestnut
North Kazakhstan Agricultural Station 143 54°10'42" 69°31'31" ordinary chernozem
Karabalyk Agricultural Station 208 53°51'06" 62°06'14" ordinary chernozem
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Table 3 — Weather characteristics at the experimental research stations in 2022 and 2023 growing seasons

Environment Parameter April May June July August September October
T 2022 (°C) 8.3 15.7 20.2 21.1 17.2 13.2 34
R 2022 (mm) 3.0 16.9 22.2 52.9 252 8.0 14.9
Barayev RPCGF
T 2023 (°C) 32 15.3 20.0 24.4 19.0 11.8 6.6
R 2023 (mm) 4.1 2.5 13.2 10.6 12.7 332 19.7
T 2022 (°C) 7.9 15.1 24.9 20.2 17.0 13.5 39
R 2022 (mm) 6.8 15.3 12.0 55.9 10.2 4.5 24.4
Karaganda AS
T 2023 (°C) 5.2 13.7 14.9 22.5 19.1 12 6
R 2023 (mm) 3.5 16.6 40.3 40.1 29.2 31.5 342
T 2022 (°C) 8.6 14.8 18.7 21.2 18.0 13.3 4.4
North Kazakhstan | R 2022 (mm) 18.2 7.6 527 | 836 353 14.0 23.4
AS T 2023 (°C) 6.9 14.1 19.1 24.1 18.4 13.4 6.0
R 2023 (mm) 2.2 223 41.1 22.7 59.3 343 48.6
T 2022 (°C) 9.8 13.5 18.9 23.4 222 14.7 4.8
R 2022 (mm) 13.4 40.6 20.9 17.7 10.5 17.0 22.0
Karabalyk AS
T 2023 (°C) 8.2 16.9 19.9 25.2 18.8 14.0 59
R 2023 (mm) 2.3 10.3 393 232 117.4 54.4 58.2
Note — T — Temperature, R — Rainfall
Barayev Research and Production Center for Grain Farming, Kazakhstan Karaganda Agricultural Station, Kazakhstan
S1N, T1E | Elevaton: 340 m | Climate Class: Dib | Years: 1593-2022 50N, 72E | Elevation: 531 m | Climate Class: Dfb | Years: 19932022
Tre o T Tee e e | T | e
- - Feb -14.4 16.8 Feb 135 207
Mar 58 197 ] e War &0 251
Apr 50 207 Apr 64 238
an o Way 140 307 24 [ May 138 347
un 82| 422 Jun 191 438
2 2 Jul 207 852 2 B m 207 | 502
Aug 190 333 Aug 102 | s12
o - Sep 12611 200 o [ Sep 125 185
. 49| 264 ot 48 277
0 0, Nov a7 255 o Nov 54 308
. Dec 126 210 Dec  -121 | 244
Tempessiure Mearc 3.4 °C Precipitation Sum: 326.1 mm Temperature Mean: 3.7 °C Precipitation Sum: 350.7 mm
North Kazakhstan Agricultural Station, Kazakhstan Karabalyk Agricultural Station, Kazakhstan
54N, B0E | Elevation: 143 m | Climate Glass: Bfb | Years: 1903-2022 53N, 62E | Elevaticn: 208 m | Climate Class: Dfb | Years: 1993-2022
Ll [y Month | Temp  Precip . La Month = Temp | Pracip
e A
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Figure 1 — Long-term meteorological data in 4 experimental locations in Kazakhstan [12]
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All of the statistical analyses presented in this
study were performed with R statistical software
(version 4.1.3), using the package “METAN” for

Table 4 — Stability statistics and indices used in this study

stability analysis of multi-environment trial data
[13]. Table 4 represents different statistics and indi-
ces analyzed to evaluate yield stability in this study.

Stability statistics Symbol Pattern of Selection | Type of Method References
Averages of the squared eigenvector values Ev Minimum value Parametric [14]
Sums of the absolute value of the IPC scores SIPC Minimum value Parametric [15]
Distance of IPCAs point with origin in space DA Minimum value Parametric [16,17]
Zhang’s D Parameter DZ Minimum value Non-Parametric [17]
Stability measure based on fitted AMMI model FA Minimum value Parametric [18,19]
AMMI stability value ASV Minimum value Parametric [20]
Modified AMMI stability value MASV Minimum value Parametric [19]
;lglé: :Esolute value of the relative contribution of 7a Minimum value Parametric [19]
I?é;%ﬁig;i;?;iﬁﬁ?ms of the absolute value AV(AMGE) Minimum value Parametric [19]
AMMI stability index ASI Minimum value Parametric [21]
Modified AMMI stability index MASI Minimum value Parametric [22]
Weighted average of absolute scores WAAS Minimum value Parametric [13]

Results and discussion

Eighty-two bread wheat genotypes sourced from
Kazakhstan’s germplasm were evaluated for grain
yield performance. The yearly temperature and wa-
ter supply fluctuations throughout the two growing
seasons created diverse environmental conditions
for assessing bread wheat yield stability. The mean
grain yield varied across all environments, ranging
from 6.8 (Karaganda AS) to 30.7 (Karabalyk AS)
centners per hectare. The descriptive statistics for
yield, including mean, maximum, and minimum,

standard error of the mean, and standard deviation
across all environments, are detailed in Table 5. The
highest mean grain yield among the genotypes was
observed at the Karabalyk Agricultural Station. At
the same time, the lowest was recorded at the Kara-
ganda Agricultural Station, highlighting significant
differences in yield between these locations. Spe-
cific genotypes demonstrating superior performance
under distinct environmental conditions were iden-
tified, offering valuable insights for breeding pro-
grams to develop more resilient and high-yielding
crop varieties.

Table 5 — Bread Wheat Yield Values (centners per hectare) by Location and Year

Environment Year min max Mean SE SD Winner genotype
2022 7.7 20.6 15.5 0.3 2.9 15-14 (G36)
Barayev RPCGF 2023 9.8 20.8 15.6 0.3 2.3 342/08 (G62)
average 8.8 20.7 15.6 0.3 2.6 Fantaziya (G43)
2022 24.1 39.8 33.0 0.4 34 Dinastiya (G5)
Karabalyk AS 2023 17.9 35.7 28.4 0.4 3.6 486/lyut 22 (G75)
average 21.0 37.8 30.7 0.4 3.5 Lyutescens 32 12/09 (G53)
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Continuation of the table

Environment Year min max Mean SE SD Winner genotype
2022 26.9 42.4 34.6 0.4 3.5 248/10 (G63)
North Kazakhstan AS 2023 11.6 234 17.6 0.3 2.6 16/09 (G61)
average 19.3 32.9 26.1 0.3 3.0 Line P-1413m (G8)
2022 5.4 18.5 11.2 0.3 2.5 Bajterek 15 (G25)
Karaganda AS 2023 8.1 23.5 18.4 0.3 2.7 248/10 (G63)
average 6.8 21.0 14.8 0.3 2.6 Bajterek 15 (G25)

Note — c/ha — centners per hectare, SE- standard error of the mean, SD- standard deviation

The AMMI ANOVA was introduced in the
current investigation concerning the yield perfor-
mance of 82 bread wheat genotypes evaluated in
eight environments. This statistical method par-
titioned the total variance of squared yield into
components attributed to genotype, environment,
and their interaction (Table 6). The main effects
of environment, replication, genotypes, and in-
teraction were all highly significant at P < 0.01.
The environment contributed the most to yield

variability (87.6 %), with a significantly smaller
contribution from the genotype (2.79 %) and
genotype-environment interaction (8.19 %). The
Principal Component Analysis (PCA) further re-
vealed that PCA1 and PCA2 explained 34.1 %
and 18 % of the total GE variance (51.1 %) in
AMMI analysis for grain yield, respectively. Pre-
vious findings confirmed that employing the first
two PCAs may explain the greatest GEI in the
majority of cases [23].

Table 6 — AMMI PCA analysis under multi-location trials during 2022-23 growing seasons

o Contribution to variability, %
Source of variation df Sum Sq Mean Sq F value Pr(>F) - -
Yield Interaction
Environment 7 90578 12939.77 70.61 1,46E-06 87.6
Replication 1466 183.27 32.68 2,89E-43 1.42
Genotype 81 2881 35.57 6.34 1,04E-43 2.79
Interaction 567 8467 14.93 2.66 3,93E-33 8.19
PC1 87 2886 33.17 591 0.00e+00 34.1
PC2 85 1524 17.92 3.20 0.00e+00 18
PC3 83 1215 14.64 2.61 0.00e+00 14.3
PC4 81 897 11.07 1.97 0.00e+00 10.6
PC5 79 751 9.51 1.70 3.00e-04 8.9
PC6 77 632 8.21 1.46 8.80e-03 7.5
PC7 75 562 7.50 1.34 3.54¢-02 6.6
Residuals 648 3634 5.61
Total 1878 115495 61.5

Twelve stability metrics derived from the
AMMI model were assessed for each genotype’s
mean yield across all environments. All these in-
dices correlated positively (Fig. 2). It was found
that stable genotypes did not necessarily exhibit
high yields; thus, stability alone proved inadequate
as a selection criterion [24, 25]. To address this,
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the Stability Selection Index (SSI), the summing
of the rankings of the stability index and mean
yields, also known as GSI or YSI, was employed
[26]. The 82 genotypes were ordered according to
SSI for each of the twelve stability indices from
the AMMI model, with the highest ranking going
to the genotype with the highest yield and stability
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and the lowest ranking going to the genotype with
the lowest yield and instability (Fig. 3). Genotypes
342/08 (G62), Line P-1413m (G8), Lyutescens 54
190/09 (G54), 233/10 (G58), Bajterek 15 (G25),
and G52 (Lyutescens 57 4/09) were shown to be

Speraman's
Correlation

<10 05 00 05 10

0.42

&

«rﬁgﬁov

*p <005 ™p <001, and ™ p < 0.001

the most stable and high-yielding in the current
study, while genotype G81 (Shortandinskaya 95
uluchshennaya) displayed the lowest stability and
poor yield performance according to SSI calcula-
tions using all stability metrics.

AVAMGE

SIPC

DA — Distance of IPCAs point with origin in space; MASV — Modified AMMI stability value;
AVAMGE — The sum across environments of the absolute value of GEI modeled by AMMI;
WAAS — Weighted average of absolute scores; Z4 — The absolute value of the relative contribution of IPCAs;
EV- Averages of the squared eigenvector values; DZ — Zhang’s D Parameter;
SIPC — Sums of the absolute value of the IPC scores; A4SV — AMMI stability value; A4S/ — AMMI stability index;
MASI — Modified AMMI stability index; F/4 — Stability measure based on fitted AMMI model; Y — grain yield.
* ** and *** Significant at 0.05, 0.01, and 0.001 probability levels, respectively

Figure 2 — Correlation among AMMI-based stability parameters with yield data of 82 bread
wheat genotypes evaluated under eight test environments
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Y — grain yield; 457 — AMMI stability index; A4SV — AMMI stability value;
AVAMGE — The sum across environments of the absolute value of GEI modeled by AMMI;
DA — Distance of IPCAs point with origin in space; DZ — Zhang’s D Parameter;
EV — Averages of the squared eigenvector values; /4 — Stability measure based on fitted AMMI model;
MASI — Modified AMMI stability index; MASV — Modified AMMI stability value;

SIPC — Sums of the absolute value of the IPC scores; Z4 — The absolute value of the relative contribution of IPCAs;

WAAS — Weighted average of absolute scores.

Figure 3 — Ranking of genotypes based on simultaneous selection index (SSI) considering stability
and yield for 82 bread wheat genotypes tested in four locations
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Conclusion

The importance of wheat extends beyond its role
as a staple food; it is crucial for global food secu-
rity and economic development. Wheat production
in Kazakhstan contributes significantly to both local
consumption and international markets. Kazakhstan
faces challenges due to adverse climate conditions
such as short growing seasons, low precipitation,
and temperature extremes, which can limit yields.
Certain genotypes may thrive in specific environ-
ments but perform poorly in others, highlighting the
importance of selecting suitable genotypes for tar-
get environments. Selecting genotypes with broad
or particular adaptation involves conducting multi-
environment trials to identify which genotypes per-
form best across different conditions. This ensures
that farmers can choose cultivars that maximize
yield and minimize risks associated with environ-
mental variability.

This study assessed 82 bread wheat genotypes
of Kazakhstan breeding for grain yield and exam-
ined eight environmental conditions. The eight en-
vironments (Location + Year) varied in temperature
and precipitation during the 2022-2023 growing
seasons.

Yields in Barayev RPCGF were 15.5 and 15.6
c/ha in 2022 and 2023, respectively, which farm-
ers consider a good result, even though 2023 was
characterized by insufficient rainfall in June and
July. Despite insufficient rainfall in June and July
of 2023, grain yields at Barayev RPCGF reached
15.5 and 15.6 c/ha in 2022 and 2023, respective-
ly, which farmers deemed satisfactory. Among
the tested genotypes, lines 15-14 (G36), 342/08
(G62), and Fantaziya (G43) demonstrated notable
performance in terms of yield. Specifically, lines
15-14 (G36) and 342/08 (G62) displayed consis-
tently high yields across all experimental locations,
whereas Fantaziya (G43) exhibited lower yield sta-
bility indices.

The lowest yield of 14.8 c/ha was observed
in Karaganda AS. Over two years, the cultivar
Bajterek 15 (G25) consistently performed well,
achieving an average yield of 24.2 c/ha. This culti-
var demonstrated notable stability across all tested
environments.

In Karabalyk AS, despite two consecutive dry
years, the highest average yield was recorded — 30.7
c/ha. Among the tested cultivars, Dinastiya (GS5),
486/lyut 22 (G75), and Lyutescens 32 12/09 (G53)
exhibited the highest maximum yields. However,
only 486/lyut 22 (G75) and Lyutescens 32 12/09

(G53) demonstrated moderate yield stability across
all eight environmental conditions.

Despite challenging conditions in the 2023
growing season in North Kazakhstan AS, the aver-
age yield reached 26.1 c/ha. Among the evaluated
cultivars, 248/10 (G63), 16/09 (G61), and Line P-
1413m (G8) demonstrated the highest yields. Partic-
ularly noteworthy, Line P-1413m (G8) exhibited ex-
ceptional yield stability across all research regions.

The average yield varied significantly across
different regions: Karabalyk AS recorded the high-
est yield (30.7 c/ha), whereas Karaganda AS and
Barayev RPCGF reported the lowest yields at 14.8
c/ha and 15.6 c/ha, respectively. Recent studies on
wheat yield have indicated a strong correlation with
precipitation levels, particularly in June and July
[19]. Furthermore, soil types varied among these
regions, with North Kazakhstan and Karabalyk Ag-
ricultural stations having ordinary chernozem soil
and Barayev RPCGF and Karaganda AS featuring
southern carbonate chernozem and dark chestnut
soils, respectively. These soil differences under-
score the significant impact of soil type on crop pro-
ductivity, particularly in challenging environmental
conditions.

The AMMI analysis of variance highlighted that
environmental factors exerted the most significant
influence on the variability in grain yield. This find-
ing underscores the crucial role of environmental
conditions, including temperature, precipitation,
soil quality, and agricultural practices, in shaping
wheat productivity. The study identified substantial
variations in grain yield across different environ-
ments, genotypes, and their interactions (GEI), with
statistical significance observed at 0.1% (p < 0.001)
based on the combined ANOV A mean squares. Ad-
ditionally, the analysis indicated that the first two
principal components effectively explained the gen-
otype-environment interactions (GEI).

The research utilized twelve stability metrics
derived from the AMMI model to assess the mean
yield of each genotype across diverse environ-
mental conditions. The positive correlation among
these stability indices suggests their suitability for
selecting desirable genotypes. Based on the Sta-
bility Selection Index (SSI), the study ranked 82
genotypes, emphasizing those with optimal yield
and stability. Genotypes such as 342/08 (G62),
Line P-1413m (G8), Lyutescens 54 190/09 (G54),
233/10 (G58), Bajterek 15 (G25), and G52 (Lyu-
tescens 57 4/09) emerged as the top performers,
exhibiting superior stability and high yield across
eight environments.
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The analysis provided valuable insights into
identifying wheat cultivars and lines that can con-
sistently yield well across various environments
in Kazakhstan. These results indicate which geno-
types perform optimally and consistently across
eight different environments. Future work could
seek to include additional growing seasons to pin-
point the most stable and high-performing geno-

types.
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