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Extended Abstract

Introduction and Objective: It is necessary to develop new sustainable high-yielding cultivars in
drought-prone areas. The yield of cultivars in different environments is different and their yield rating
varies from one environment to another. Reduction of interaction effects and production stability in
different environments is one of the goals of breeding program and introducing cultivars in different
regions. The purpose of this study was to evaluate the genotype xenvironment interaction effect in
different cold climate regions of Iran and to determine the superior genotypes and introduce the most
stable wheat genotype in these conditions.

Material and Methods: To investigate of the stability of 17 wheat genotypes along with Mihan, Heydari
and Zarineh cultivars (check cultivars) under water deficit conditions, these genotypes were tested in a
randomized complete block designwith three replications in the research stations of Karaj, Hamedan,
Mashhad, Jalgarokh, Miandoab and Ardabil in the two crop years 2018 to 2019. In order to check the
stability of genotypes, AMMI and GGE-biplot analysis were used.

Results: AMMI analysis showed that the first ten main components were significant and in total
explained nearly 97% of the changes in the genotype x environment interaction and the two main
components, the first and the second, contributed 46% to the expression of the genotype x environment
interaction. Based on SSiASV and SSIWAAS indices G2, G19 and G4 were identified as the best
genotypes, respectively. The G3 was the most stable genotype. GGE-biplot analysis showed that G16, G1,
G3 and G7 had the highest general stability compared to other genotypes. G16 can be considered as a
desirable genotype that has high average yield and high yield stability. G12 and G9 genotypes were in the
next ranks. On the other hand, the ideal environment was not observed, but the environments of Mashhad,
Ardabil and Karaj in the first year can be introduced as the closest environments to the ideal environment
for the selection of superior wheat genotypes in water deficit condition in the cold climate of the Iran.
Conclusion: G3 was the most stable genotype, and then G16, G1 and G7 had the most general stability
compared to other genotypes, so that G16 was identified as the desired genotype with high average yield
and high yield stability. The environments of Mashhad, Ardabil and Karaj in the first year can also be
used to select superior genotypes.
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Table 1. Characteristics of wheat genotypes and different investigated stations
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Table 2. Composite variance analysis of grain yield of wheat genotypes under water deficit stress conditions at the
end of the season during two years in different cold climate regions
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Percentage chg;ug:rgf total sum of Mean of square Sum of square fogggnaf S.0.V.
S5 Slape gsacme Slyds o) Sy oSl oy ggoe sl 4y St e
0.018 21.02" 21.02 1 (Year) Jlo

0.384 70.97" 425.8 6 (Place) e

0.229 42.4™ 254.4 6 (YearxPlace) C)K“ x Jlw

0.024 0.95 26.65 28 (Errorl) V (glas

0.044 2.55" 48.42 19 (Genotype) w5}

0.015 0.9 17.06 19 (GenotypexYear) Jlox cugss

0.108 1.05™ 120.16 114 (GenotypexPlace) Sox casg}

0.062 0.603™ 68.7 114 (GenotypexPlacexYear) ;5o x JloX cuis)

0.115 0.24 127.17 532 (Error2) ¥ (gl

1109.39 839 (Total) Js

9.03 (Coefficient of variation) !y <o s
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*and **: significant at the probability levels of 5% and 1%, respectively


http://dx.doi.org/10.61186/jcb.15.48.78
http://jcb.sanru.ac.ir/article-1-1465-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.78 |

(088 dgrume 9 bl (B (oS98 L jale owlB Cd e (sd0n] G dgrue ((Zuly B3 e (il WS e el oSl

AY

Mo (it pgd adlpe 5 WS (s | boadlye i)y
S >0 oy Jol adlpe Sl am I el il
Karimzadeh et al., ) cuol sais ol Jgl adlse lawg
ol G @ls b @l > (2020; Sharifi, 2020
Aghaee-Sarbarzeh et al., ) ,Ken 5 o5y Ul

buoo X gy hlite 3l Oy a4 gy ) Jyl (Lol adle
Jilie > 62,8 ) Jley Ll )3 pgy0 paS 3 1,
X i) Jlite Bl g > Syl (ol alie (VL e
zb L« Cowl 00 u»)tf E5R oy by lae
Najafi Mirak et al., 2021 ) cuily calhs yobs siiss
Solas Loy llail pae cpl &S sy o laiay (& 2019
dalllas clacuiss; olaai g alasws Sl o Jae balyds )

A5l o

VEY Gl /FA oyless /o233l Js [ 2ly5 HalS oMol doliiang,

AMMI & 356
5 il Lol LBl Gl AMMIE i mlbs

T illy a5 ol ond 03,5l ¥ g ) pdgo s
dacwiel o )bhme weler &5 Db gl aliél
S Jlin] maw > lasre X Cuigi blite 1 g balaxe
Sl ol w20 U gl ol adlge 0> ccusld 2939 duopd
SZAY & 055 ggeme 43 9 139 )15 xe AMMI & 5
5 ool W3S angi 1) b X cudgiy blate 1 lyuss
Jlaze 51 glo 3 1) (A¥F) o (pydis (ol adlfe yrogd
Gim Glyd 500 chadie g i luse X g
bug IS Guib)ly g dop (S)n 85 )15 coenl
blgy Jluel g lewisl e K& ) badie jI S50
cshol slbaalse @ 4500 he; 5 Cuwl yi3e 0l odmlie
o)y e cppiie omd Glp bpte (Jad oSy
Mo (il adlge (gl & 09 g0 3yl glSgS 4 ]

Sy a8l )3 had slpsl (S (iS5 cod pAS oy 4l 3,Sles sl AMMI & 500 =Y ol
Table 3. AMMI analysis for grain yield of wheat genotypes under water deficit stress conditions in cold climate

Percentage change of total sum of Mean of square Sum of square I?reegerggrgf S.OV.
5 J Slupe ggemme Sl 2oy Slye ol e Eyers il 423 St gl
53.94 701.23 13 (Environment) lasxe

0.95™ 26.65 28 (EnvironmentxReplication) L x ,S5

2,557 48.42 19 (Genotype) cusisis

0.83 205.91 247 (GenotypexEnvironment) s X cuig

0.267 177" 54.95 31 IPCA 1

0.192 1.387 39.58 29 IPCA 2

0.13 0.99” 26.74 27 IPCA 3

0.111 0917 22.82 25 IPCA 4

0.074 0.67"" 15.32 23 IPCA 5

0.064 0.63" 13.23 21 IPCA 6

0.047 051" 9.77 19 IPCA7

0.045 0.54™" 9.18 17 IPCA 8

0.024 0.327" 4.86 15 IPCA 9

0.017 0.277 3.52 13 IPCA 10

0.205 5.54 27 (Residual) s.lessl

0.23 127.17 532 (Error) las.

121 15133 1086 (Total) Js

#*and *: Significant at the levels of 1 and 5%, respectively
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Table 4. Grain yield and principal components 1st to 10th, for bread wheat genotypes

Grain
IPCA10 IPCA9 'Pjﬁa‘a nig‘m 'ij*ﬁ '2555 'ZSZM ”13?‘3 IPCA2 IPCAL Yield Genotype
. o 5 5 % % % 9 ; ; 5o
s . . pooailpe  Joladlye  2Nes %
PN peeiy o o e 2 &b
035 013 011 0.05 0.15 0.09 022 0.06 04 04 5.586 GI
0.17 -0.49 0.55 0.3 -0.43 -0.09 -0.44 0.3 0.22 0.22 5.625 G2
0.45 -0.05 -0.04 0.25 -0.18 0.08 0.27 0.05 0.02 0.02 5.489 G3
0.25 -0.17 -0.09 -0.08 -0.28 -0.64 0.32 0.74 -0.15 -0.15 5.467 G4
-0.13 0.32 0.25 0.15 0.23 -0.35 -0.35 -0.59 -0.36 -0.36 5.431 G5
0.05 0.05 -0.03 0.31 -0.13 -0.07 0.23 0.76 -0.01 -0.01 5.234 G6
-0.04 0.28 0.17 0.07 0.49 -0.16 0.44 0.77 -0.29 -0.29 5.385 G7
-0.35 0.04 0.19 -0.26 0.22 -0.02 0.09 0.15 -0.71 -0.71 4.685 G8
0.01 -0.08 033 0.12 -0.08 -0.17 0.71 0.4 071 0.71 5.487 G9
0.41 0.23 0.25 -0.12 0.52 -0.35 0.18 -0.18 -0.03 -0.03 5.27 G10
0.04 -0.01 -0.43 -0.17 -0.09 03 -0.23 0.23 1.07 1.07 5.623 G11
-0.09 0.23 -0.17 -0.05 -0.07 -0.32 -0.32 0.04 0.41 0.41 5527 G12
-0.39 0.11 0.1 0.76 -0.24 0.58 0.58 -0.49 0.3 0.3 5.417 G13
-0.15 0.22 0.48 -0.73 0.19 0.26 0.26 0.02 0.51 0.51 5.447 Gl4
0.03 0.11 -0.41 0.2 0.56 -0.19 -0.17 -0.13 0.55 0.55 5.209 G15
0.1 0.01 0.37 0.02 -0.05 -0.18 -0.14 0.09 0.61 0.61 5.611 G16
0.18 -0.25 -0.34 -0.15 -0.04 0.5 0.69 0.09 -0.55 -0.55 5.502 G17
-0.27 -0.17 -0.49 031 0.22 0.27 0.24 -0.18 0.09 0.09 5.542 G18
0.08 -0.41 0.02 0.09 0.51 -0.41 -0.43 -0.47 -0.37 -0.37 5.734 G19
0.22 0.6 0.05 -0.04 -0.64 -0.24 -0.24 -0.18 -0.22 -0.22 4.934 G20
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Table 5. Stability indices, genotype rank and simultaneous selection index for bread wheat genotypes

Simultaneous Simultaneous Rank of weighted Weighted Rank of AMMI Rank of
selection index selection index average of average of AMMI stability value grain yiel
of WAAS of ASV absolute scores absolute scores stability value .. p N Genotype
GRSl gaf el oSl paslies, oSl oasls ploldag, Dbl Sl s oy
WAAS lojns  ASV gljea glhe chei bjs glhe Chai js  AMMI gluly  AMMI Gl «b

13 20 8 0.3 15 0.81 5 Gl
5 12 3 0.18 10 0.58 2 G2
28 11 19 0.51 2 0.07 9 G3
16 15 5 0.25 4 0.31 11 G4
20 22 7 03 9 0.56 13 G5
30 18 13 0.34 1 0.07 17 G6
26 22 11 0.33 7 0.5 15 G7
38 37 18 0.45 17 0.98 20 G8
26 29 16 0.39 19 1.35 10 G9
20 19 4 0.2 3 0.23 16 G10
20 23 17 0.4 20 1.52 3 G11
19 18 12 0.34 11 0.59 7 G12
24 20 10 0.33 6 0.41 14 G13
13 26 1 0.09 14 0.79 12 Gl14
27 31 9 0.31 13 0.76 18 G15
18 22 14 0.35 18 1.25 4 G16
10 24 2 0.18 16 0.86 8 G17
21 11 15 0.36 5 0.34 6 G18
7 13 6 0.3 12 0.7 1 G19
39 27 20 0.58 8 0.54 19 G20

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.78 |

b we) Ab S oS jeb olen (Yan et al., 2000) )l
b s o i 1) oYL bl oS sl g
ol i oyl Gl (o b cate) Sy ol
G3 G10 G6 slacwys (wlol opl p amil o Jolie
Sl jlayes p (s de sylb 51 G4 (o905 b 4 G18
L aby; 88y o ol 3 odlatul 3)90 oLl Pl oy
Sy )k g 0 baee b Jlite S1 28 (1)l G3
b8l (lp Wlgi e 0l (Bpee 0fl 05, S plgiear o)
Ol bl 5l (e 5 Gy ST a8l cuslio )58 55
5 Cute Jlite I gy sl coMe v lite 3l adhe

» Jlite S Lol adge gl @Ml loges VS
2 e sl Iy (AMMIL) b 5 Sles 1 Sbo  bildo
b piges ol @l oximssbis (a8l jyme jbged oyl
b phoyps blite ljl (3500 j50 g o Slas (1,55l
sla sg0e bid 1l o Jlite 51 Lol adlge gl polia
9 bewg) 0,5 e pialejl J§ nSSke 1 lage (ol
d‘)b ‘..\J)ﬁfL;a )‘)5 bs U’l Ca.w‘) Cuows yd oS ‘_saljbuls\a
()l:&m PO \‘/\‘\\) I oSke 1 gV (0,Sles
oim s (IPCAL) Joges cpl 55 po il ygoe il o
9 gy d o bl o e 3 CuSgy lite Sl 395


http://dx.doi.org/10.61186/jcb.15.48.78
http://jcb.sanru.ac.ir/article-1-1465-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.78 |

(948 dgrne 9 bl (B (oS98 Lo jule awlB Cd e (sa0n] G dgmue ((Zuly B3 e (sl 1S e ¢ el gLl

AD

Cuto lite Sl d8 sblie by by 4 taldl o gllas
Sbbme ) o) plo & s sl cnl a5)b
adllee ol o b el oy 0 Sles a8
s b b ol 1) b s G156 s
E6 wile blize I Lol ailye sl el Sz polie
sl sl louigy JUé g jles cqx E9 5 E12
51 ol e gl poolie ghls a8 lalasxe  blis 5
&9 U g E11 ES5 sl wiiwn joo 4 Sodj Jildie
S s Jol Jlo 9 &) Sl 5 psile ) E7 4 EL

Wi calio LoaSgf (3)5 1 g pled e (pg> JWo

ANMMI1 Biplot

VEY Gl /FA oyless /o233l Js [ 2ly5 HalS oMol doliiang,

bl Pl anils LSy cads (ghls adlge ol s I 51
E13 E4 E6 E11 E7 El sl )b b
£18 615 G2 G612 G616 G111 slacwy; LELD
Jages ol > Amdly cute iz gl G14 o G13
Wik (090 ki G dluzel 3 a8 Slalas g lacadss)
S blae 5 bowy] gromes 5 B SLSy 3Shes
catelie blite 51 sl 43,5 )5 sl bs S, slal
a8 38hes gl &5 obacuig) e ol )
B ool aise oyl sl e polia sl Ll il
b g hund (2lgi g bl 3 C (lp sl Jlie

G11
>
1.0 £
9
0.5 ::';
- o '/
a':c' '.-"‘ 4!.
& - =
<00
O
a
0.5 E14
* Env
=107 = s Gen
4 5 6 7

@ B gbhow el 4 g Lok oy
P& K0 bl Wes edlail (M sl
e wiile o)ls I3 S Tae 5l dlols o 5oy
390 33 S8 Sl 5 byl Swsls bl E1L
sl lyea 1l gyl 5 5 Wm0 @)l s
Karimzadeh et al., ) 5o 45,5 IS 4 ay0 iolojl
Stasad gyt Mgl el o, l8 s j1.(2020
ol [(karimzadeh et al., 2020) cuwl blaowe
Jlo S 5 laen) E4 5 E9 E12 E2 lalas ¢ ol
E7 EL g Gyl S i) (pd Jlo Slotibo 5 Shaan o Jsl
5 Jol Jlo deete 5 Jus) o, oSle z5) E6 5 E10 E3
odabie ML o b 1) (Stsed (3 i (pg> JWo S|
Sgliste p b MolS” Jud)l 5 lhon lasro 90 a5 245 0
) 4 29 o0 odabiie (s Ol cpl 5> in

5351 s ol Sl 50 (Se5 > G3

GY
Jnad slosl (Siid i b o waldl bz VY 50 puiS Cuieii Ve gl AMMIL My gl jloges =Y ISSS
Figure 1. AMMIL1 biplot diagram for wheat genotypes in 14 cold climate environments with late season drought

stress
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yield stability
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