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Extended Abstract

Background: Considering that a major part of Iran is part of arid and semi-arid regions, obtaining
stable genotypes with good yield stability is one of the ways to deal with drought stress. Due to
the genotype x environment interaction effect, however, it is difficult to identify cultivars and
genotypes that have good stability and acceptable yields in various environmental conditions.
Many methods are known to determine the genotype x environment interaction effect to identify
stable cultivars, which are divided into two univariate (parametric and non-parametric) and
multivariate groups. Each of these methods shows different aspects of the stability of genotypes,
and one method alone cannot investigate the yield of a genotype in different environments from
different aspects of stability. This research aimed to select promising bread wheat genotypes with
high yields and suitable stability in the water deficit conditions in the cold climate of Iran using
various univariate and multivariate stability analysis methods.

Methods: Fourteen wheat genotypes along with Mihan, Heydari, Zarineh, and Zare cultivars (18
genotypes) were investigated under water deficit conditions in a randomized complete block
design (RCBD) with three replications in the research stations of Karaj, Mashhad, Miandoab,
Arak, and Zanjan in crop years 2020-2022. The stability of genotypes was examined using some
parametric and non-parametric univariate methods, AMMI multivariate analysis, and AMMI
analysis parameters. Moreover, parametric and non-parametric univariate methods and AMMI
stability parameters were integrated using the selection index ideal genotype (SIIG).

Results: The location, genotype, year x place, and genotype x year x place interaction effect at
1% and the genotype x place interaction effect were significant at a 5% probability level. The
main effect of the environment, the genotype x environment the interaction effect, and the main
effect of the genotype explained 43.61%, 22.92%, and 8.03% of the sum of squares of the
experiment, respectively. In parametric methods, G17, G5, G13, and G1 genotypes based on the
regression coefficient of Finley and Wilkinson, G9, G7, and G1 genotypes based on the variance
of deviation from the regression line, G9, G1, G7, G17, and G4 genotypes based on Wrick's
equivalence indices and Shokla stability variance, G9, G1, G17, G4, and G7 genotypes based on
Plaisted and Peterson's method, G9, G1, G17, and G4 genotypes based on Plaisted's method, and
G9, G1, G7, and G4 genotypes based on Kang's total rank method were known as stable
genotypes. In non-parametric methods, G9, G15, and G7 genotypes based on Si(1) and Si(2), G9
and G1 genotypes based on Si(3) nd Si(6), G9, G1, and G7genotypes based on NP(1), G3, G9,
G17, and G1 genotypes based on NP(2) statistics, and G9 and G1 genotypes based on NP(3) and
NP(4) statistics were regarded as stable genotypes. In AMMI analysis, the first and second
components showed the largest contribution (57.8%) in explaining the genotype x environment
interaction effect according to the significance of the six main components from the first to the
sixth. Based on the AMMI1 biplot, G9 and G17 genotypes, and Zanjanl and Arak2 environments
were recognized as the most stable genotypes and environments due to higher than average grain
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yield and very low value of the first component. Based on the AMMI2 biplot, a specific genotype
cannot be introduced as a genotype with high general compatibility due to its lack of proximity
to the coordinate origin. However, G9 and G17 genotypes showed somewhat better general
compatibility than the others, and they could be recommended because of their higher yields than
the average. Genotypes G18, G17, G15, G9, and G16 based on ASV, G9, G1, G7, G4, and G17
genotypes based on WAAS, G9, 33, G1, and G17 genotypes based on SIPC, G9, G15, and G17
genotypes based on ZA, G9, G1, G3, and G7 genotypes based on EV, G9 and G1 genotypes based
on ASTB, G17, G18, G15, G9, and G16 genotypes based on ASI, G9, G1, G17, and G7 genotypes
based on FA, G9, G3, G1, and G7 genotypes based on DZ, G9, G1, and G7 genotypes based on
DA, G9, G17, G18, and G16 genotypes based on MASI, G9, G1, and G4 genotypes based on
MASV, and G9, G1, and G7 genotypes based on the AVAMGE index were selected as the most
stable genotypes.

Conclusion: Based on the SIIG index in both univariate and multivariate methods, genotypes G9,
G1, and G17 have the closest value to one, and these genotypes produced yields above the
average; therefore, they were selected as the most stable genotypes. Furthermore, the use of the
SIIG index in both univariate and multivariate methods showed somewhat the same results;
therefore, it is better to use this general index to summarize all the information obtained from
different methods.
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Table 1. Wheat genotypes investigated and pedigrees in different cold climate regions of the country

Ent.no. Pedigree

Gl Mihan

G2 Heydari

G3 Zarrineh

G4 Zareh

G5 Alvd/4/Ghk"s/"Bow"sa-//"Zhong87/3/Shiroodi

G6 Alvd/4/Ghk"s/"Bow"sa-//"Zhong87/3/Shiroodi

G7 Charger//[CMHB80A.768/3*Cno79/3/Zrn

G8 Charger//[CMHB80A.768/3*Cno79/3/Zrn

G9 Spb"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87

G10 Shahpasand/Norman

Gl1 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

G12 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

G13 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

G14 Spb"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87

G15 AU/3/MINN//HK/38MA/4/YMH/ERA/5/PMF//CNO/GLL/6/KAUZ//ALTAR 84/A0S/7/TAM
105/3/NE70654/BBY//BOW"S"/4/Century*3/TA2450

G16 GRK79/TUKURU

G17 MV NEMERE

G18 ARS97135-9/03A-B4//KS0603A~49

GBI5Se lgicee Frax vty ool (g bine
A silejl slaled Gubyly (Bl Ggejl cap &S
oLzl Lo il lg (531615 puf s (glyr a0l i 5l ol
SHSG dahg) Sl (So (> (395 )l ge g0 53 90,5
98 &ly Jod 390 (ohilejl lalas (sl

.(Valizadeh & Moghadam, 2010)

bl Glols by SIS o S
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5590 solSius] 13 5 Jlo 55 10 3 Slas (gly il dpwle
5 iyl ygeil 09 I3 dme 4 dngi b b dule aslllae

38 byl e el 5 (Jb)le FMax sl ygeil g (ol Jlo 93 53 sy 3y90 SlilSo 3 ptalofl slas iyl =Y Joa>

il g

Table 2. Variance of experimental errors in different place in two crop years and Fmax Hartley and Bartlett's tests to

evaluate the uniformity of variances

iilejl slbs Slayye (S0

Lo uT9J.;L4 J‘)l ubu) z)f
0.1554 0.2679 0.2178 0.2309 0.2286 Jol Sl
0.1629 0.1719 0.2622 0.1311 0.182 293 Jlo

Frmax Hartley = 2.043 ™
Bartlets test= 58.82**

**and *: significant at the probability level of 1 and 5%, respectively
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Table 3. The results of composite variance analysis of yield of promising wheat lines in the studied stations during two
years in the cold climate of the country in water deficit conditions.
F

Source Sum of Square Mean Square Percentage of Sum of Square
55 galie @llap ol gsexe Slaye 5:ke Slayye ggome doyd
year J 1 0.3 0.3 0.03
location o 4 349.37 87.34™ 36.69
yearxlocation oex Jlo 4 235.28 58.82™ 24.71
block(yearxlocation) (O x Jlo) Soly 20 4.25 0.21 0.45
Genotype PV 17 76.47 4.49" 8.03
Yearx Genotype Jlx g 17 17.99 1.06 1.89
locationx Genotype O gl 68 124.09 1.82" 13.03
yearxlocationx Genotype O&ex JluX Cuigs 68 76.17 112" 8.00
Error s 340 68.38 0.2 7.18
Total xz 539 952.31
CV% Ty g > 8.67%

*sand *: significant at the probability level of 1 and 5%, respectively
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Table 4. Average grain yield, parametric and non-parametric stability indices in promising wheat genotypes

Y Wi % s2d; bi CVi 06 6; KR
Genotype | ¢ oS gplul publy ksl Bl uilylg oy oyl b9 9 ady B9, 45 ggexe
S Ko 095 oSy Ol ad O el
Gl 5.421 1.953 0.214 0.277 0.964 21.299 0.491 0.368 5
G2 5.207 3.648 0.426 0.518 1.048 25.218 0.478 0.467 22
G3 5.296 2793 0.319 0.390 1.074 24562 0485 0.417 15
G4 5.296 2.266 0.254 0.320 0.953 21871  0.489 0.386 14
G5 5.698 4.970 0.591 0.709 1.021 23.578 0.469 0.545 16
G6 5.394 9.541 1.163 1.091 0.581 20.766 0.435 0.814 23
G7 5.134 2.118 0.235 0.220 0.769 18.304 0.490 0.377 17
G8 5.317 4.003 0.471 0.290 1.426 30.762 0.476 0.488 19
G9 5.678 0.838 0.075 0.108 1.089 21.643 0.499 0.302 3
G10 5112 2.961 0.340 0375 1176 27355 0483 0.427 22
Gl1 4.665 6.934 0.837 0.931 1.196 33.524 0.454 0.660 32
G12 5.408 4.472 0.529 0.568 1.215 27.533 0.472 0.516 18
G13 4.838 4,949 0.589 0.705 1.032 27.974 0.469 0.544 29
G14 4.207 10.221 1.248 1.185 0.578 27.355 0.430 0.854 36
G15 4518 3.260 0.378 0.442 0.875 24893 0481 0.444 27
G16 5.259 3.044 0.351 0.334 1.255 27917 0483 0432 19
G17 5.408 2.043 0.226 0.292 1.003 22177 0.490 0.373 7
G18 5.159 2.737 0.312 0.291 0.746 18.347 0.485 0.414 18
S(1) S(2) S(3) S(6) NP(1) NP(2) NP(3) NP(4) SIIG
p p bl asls
Genotype et 3 Lol ool G3h5 (slae ol o
wolbae g
Gl 7556 15611 12017 2522 2.800 0325 0.318 0.39% 0.874
G2 5622 24722 23.421 4316 4.000 0.355 0522 0,592 0.695
G3 4467 14544 13222 2.747 3.700 0.290 0.450 0.451 0.802
G4 5.133 19.122 16.709 3.786 3.400 0.411 0.360 0.498 0.801
G5 6.000 25.956 19.148 3.443 5.900 0.433 0.534 0.492 0.662
G6 6.889 37.556 28.167 4.000 4.600 0.357 0.488 0.574 0.515
G7 4.156 14.767 16.407 3.383 2.900 0.386 0.485 0.513 0.813
G8 7.089 34.544 30.782 4.851 4.800 0.490 0.533 0.702 0.650
G9 3.133 7.211 4.669 1.540 1.900 0.303 0.172 0.225 0.980
G10 5056  26.667 26.667 4.222 4.200 0.471 0.543 0.662 0.696
Gl1 6.089  27.556 35.429 6.571 5.800 1.022 0.911 0.870 0.470
G12 6.844 34.044 26.414 4.379 5.100 0.356 0.505 0.590 0.650
G13 5.644 26.489 36.121 6.545 5.300 1.257 0.925 0.855 0.520
Gl14 5.778 30.400 57.000 9.083 5.900 4.867 1.374 1.204 0.056
G15 3578 10,011 19.170 5.617 4.600 1567 1.077 0.761 0.612
G16 6111 26,722 25316 4211 4.600 0.506 0.592 0.643 0.700
G17 5067  18.044 14.246 3.088 3.400 0.312 0.372 0.444 0.839
G18 5.844 24.233 25.069 4.552 4.500 0.456 0.600 0.672 0.717

Jlosl Cigrs olbasl (adlis ¢ 5,Sles b o juiie S (g)luk L;LM)LA] O SN =0 Jado
Table 5. Correlation between univariate stability statistics with yield and ideal genotype selection index

Y S _S@__S@ __SE) NPy _NP(Z) _NP@) _NP@) W7 o4 vd  CVi 05 0 KR

M T

S() 002 1

S(2) -009 0987 1

S@3) 0727 0.6 077 1

S6) -0.88" 038 048 0947 1
Npglg 048" .68 0717 0797 0777 1
NP(2) -0.81" 003 047 0777 0837 048 1 _
NP(3) -093" 0.5 026 0827 0947 0727 08 1
NP(4) -0.88" 041 05 0957 0997 0777 0817 0.94 1

2 05 056 077 0817 077 0737 0637 065" 071"

o 05 056 077 087 0727 073" 0637 0657 0717 1" 1

¢d 055" 049" 0627 0767 077 0757 061" 0667 068" 0977 097" 1

CVi -041 046 046 0567 0567 0617 029 048 0567 036 036 037 1

8y 05 056" -07 7 0817 -0727 0737 063" -0657 0717 -I” 17 0977 036 1

. -05 056" 077 0817 0727 0737 0637 0857 0717 17 17 0977 036 -7 1

KR 0837 041 051" 0877 0927 0797 0667 089" 0927 0757 0757 0757 056 -0757 0757 1
SIG  0.76" -047 -06" -0.95" -0.93” -0.81" -0.84~ -0.88" -093" -0.9" 09" -0.88” -049° 09~ -09" -0.89

**and *: significant at the probability level of 1 and 5%, respectively
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Table 6. AMMI analysis for grain yield of promising bread wheat genotypes

Percentage of Sum of Square  Mean Square Sum of Square Source
Sluys fgoma doyd Slaye (1S0ke Slayo goxa dJU 4y 5 gl
64.99™ 584.95 9 (Environment) L

0.21 4.25 20 (Replication(Environment)) (L) 1,5

4.49™ 76.47 17 (Genotype) cuig;

1.42 218.26 153 (Genotypex Environment) buswX c.igj

324 2.83" 70.69 25 (PCL) Jg! (ol addge

25.4 241" 55.48 23 (PC2) pg> Lol adlgo

157 1.63™ 34.35 21 (PC3) pows (ool adlge

112 1.28™ 24.38 19 (PCA4) 5,k Lol adlge

9 1.15™ 19.66 17 (PC5) pomy ol adlge

37 0.54™ 8.12 15 (PCB) wics ol adlgo

0.17 5.56 33 Noise

0.2 68.38 340 (Residual) s.la.dly

1.69 1170.57 692 (Total) Js

g dly gy 3)Slas ()l Sod slalae 4 o
Srbar 3Sdes (1Sl V ol b ol (ol
Jol ol adlye g2 (V Jgia) cudls U (nSle ) S
P9 Ao j13)5" s ) JS Sluye ggoome | a0 YYVIY
G15 slacws; A odlaiwl 1o duoyd YO/F (o yl5se b
p3lie i )3 BB 5 G11 slacasyi] g (355 GS
3,8as 4 a2 b plpls Wog IPC2 pod Lol adlse
s Olsea Olgie ) G5 iy ks G5 iy
sl (5 Bl 10,8 5yme b lase olod jo Ik
2570 Owegd )3 plade (yieS s 35 ¥ STl g ) o
Snl 53 (alacme & Cund 5 (IPCA2) Lol ailhe

Sl (6 e 3 ySles

cshol adlla (ke b cute) S5 ol gyl (slacassss

(Jlie  ited e L oYL Blize 5 (IPCL) Jo
el JlEe Jljho 4 Soo5 e (b clacs;
s G6 4 G3 (G14 G13 slacuissi wlul opl 5.5yl
5 G17 slacuwis; Jolie jo .04 IPCAL joolie oy yidins
yoo & S5 (IPCAL) Jol ool adlie yiolio (slyl> GO
OosSbe Sl VL 3 Sles sl 55 gl 93 g Wy
Lokl ey plpea g 5 L3 JS 2Slas
Lgs Ls_a)u b b ol glp YU ogee (5550
s gl 3 (e & S35 Jlde (p oS S Y ST

_ _ w2y O30 Slalas 5 gy (sl i U Syl (Lol (slaadlge g 3,Skas <V g
Table 7. Yield and main components from the first to the sixth, for the studied genotypes and environments

IPCA6 IPCA5 IPCA4 IPCA3 IPCA2 IPCA1 3,Sles 5
0.052 0.164 0.138 0.32 0.389 0.37 5.421 Gl
0.499 0.3 0.609 -0.019 0.589 0.253 5.207 G2
0.112 0.235 -0.035 -0.012 0.179 0.697 5.296 G3
0.516 0.021 -0.288 -0.214 0.306 0.451 5.296 G4
0.089 0.949 0.094 0.538 0.051 0.563 5.698 G5
0.498 0.2026 -0.0603 0.518 1.047 0.696 5.394 G6
0.273 0.278 0.255 -0.011 0.386 0.428 5.134 G7
0.352 0.333 0.401 0.474 0.658 0.288 5.317 G8
0.215 0.118 0.059 0.05 0.329 0.005 5.678 G9
0.251 0.551 -0.327 -0.256 0.363 0.434 5.112 G10
0.197 0.053 -0.784 0.049 1.059 0.206 4.665 Gl11
0.174 0.135 -0.294 0.812 0.173 0.585 5.408 G12
0.198 0.029 0.459 -0.001 0.194 0.911 4.838 G13
0.346 0.261 -0.594 -0.396 0.647 1.154 4.207 Gl4
0.135 0.219 0.019 -0.882 0.045 0.249 4518 G15
0.132 0.736 0.531 0.306 0.163 0.237 5.259 G16
0.181 0.328 0.013 -0.614 0.308 0.045 5.408 G17
0.504 0.39 0.346 -0.564 0.158 0.211 5.159 G18
PCA6 PCA5 PCA4 PCA3 PCA2 PCA1 3,Slos e
0.087 0.883 0.147 1.159 -0.274 -0.763 6.261 Arakl
0.126 0.585 -0.12 -1.093 -0.056 -0.205 5.125 Arak2
0.485 0.267 0.429 0.296 1.531 0.327 6.101 Karajl
0.669 0.279 0.729 0.397 0.486 0.303 6.888 Karaj2
0.289 0.337 0.217 0.41 -0.24 -1.172 3.77 Mashhadl
0.042 0.707 0.12 -0.088 -0.441 -0.753 4.956 Mashhad2
0.156 0.05 0.631 0.18 -1.135 1.25 4.16 Miandoabl
0.094 0.391 -0.948 0.031 0.271 0.183 5.178 Miandoab2
0.719 0.719 -0.518 0.573 0.024 0.139 5.663 Zanjanl
0.549 0.057 -0.686 -0.252 -0.166 0.69 3.573 Zanjan2
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Fig 1. Distribution chart of tested genotypes and environments using the average yield and the first principal
component of interaction based on the AMMI1 model.
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Fig 2. Distribution chart of tested genotypes and environments based on the first and second main interaction
components based on the AMMI2 model
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Table 8. Stability indices based on AMMI analysis calculated for promising wheat genotypes

w5 oske  ASV  WAAS  SIPC  ZA EV ASI FA DZ DA MAsl masy  AVAMG  gg
GI 5427 06lZ 0300 L[43 0140 00I0 044 0156 L79 033 134 0165 10T 316 0794
G2 521 0671 0358 227 0183 0068 112 0171 35 0641 187 0187 154 537 0.588
G3 53 0905 0311 127 0144 0023 058 023 266 037 163 0231 i1 403 0.701
G4 53 065 0319 18 0157 0045 0692 0165 222 0518 149 0173 103 385 0717
G5 57 0719 0389 228 0197 0085 153 0183 487 0715 221 0219 253 6.43 0476
G6 539 137 0695 356 0341 0121 25 0349 952 0853 309 0385 229 7.29 0108
G7 513 0668 031 163 0152 0028 0549 017 204 0413 143 0174 115 326 0.755
G8 532 0753 0434 251 0219 006 114 0491 397 0599 199 0213 165 543 0548
G9 568 0329 0121 0775 0062 001 0174 0084 0596 0246 077 0085  0.848 1.59 0.994
GI0 511 0661 0378 218 019 0047 0858 0166 289 0532 L7 0184 167 416 0.647
Gll 487 109 0455 235 0225 0085 182 0277 686 0715 262 0291 6.09 0347
G2 541 0765 0424 217 0209  0.054 117 0195 436 0573 209 0235 149 589 0,550
GI3 484 118 0417 179 0196 0046 112 0299 48 0527 22 0304 135 6.19 0.497
Gl4 421 16l 0722 34 0347 0107 245 0408 102 0801 319 0419 215 8.6 0.046
G5 452 032 0264 155 0135 0046 0008 0081  3.00 0522 176 0162 i4 463 0718
Gl6 526 0343 0305 211 0161 0061 102 0087 293 0606 L7l 0134  1.99 48 0.659
Gl7 541 0314 0233 149 0121 0033 0614 0079 202 0442 142 0129 129 3.89 0.801
Gl8 516 0312 0297 247 0153 0061 0913 0079 255  0.604 1.6 0131 145 411 0.693

@b sl o slade :EV cadlie (slojgmme (slaoyoi 000 SSIPC (3l Olpai (59 (nNike (asls WAAS AMMI (¢l o ol :ASV
&b wbis FA AMMI (g )lul a3l :ASTAMMI e (ol il )l :ASTB ( ilie 31 )3 IPC pad o (3o 508 :ZA AMMI
095 MASV wsis i AMMI (o)l (jadls :MAST (5 kons! D il )l DA S35 D jxelyb :DZ ot sl AMMI Jso p ise

AMMI Lwgs odis (gjloJdo 3lao GEl (slalayxe g0t AVAMGE wuis i AMMI (¢ )lub

Jossl sgss ol jasli §3,8dee L AMMI ()lub (sloobol o Siwmed =3 Jgi>
Table 9. Correlation between AMMI statistics with yield and ideal genotype selection index

Y ASTAB ASI ASV._AVAMGE DA DZ EV FA MASI  MASV__ SIPC ZA WAAS
Y 1
ASTAB  -0.44 1
ASI -044 078" 1
S -045  0.787 1~ 1
AVAMGE -0.5" 0.947 0797 0.797 1
-0.51" 0.987 0.85" 0.857 0.98™ 1
DZ -0.36 0947 059" 059" 097 097 1
EV -0.33 0977 0647 064" 0.897 0917 0.967 1
FA -05" 098" 0877 087 0.94™ 0.98”" 0.867 0.97 1
MASI -0.52" 0.877 0.987 0.987 0.887 0937 0.77 0747 0947 1
MASV  -0.21 0857 048" 048" 0.837 0817 0917 097 0767 0.59" 1
SIPC -0.34 0937 0.68" 0.68" 0.86"" 0.89” 0.947 095" 0.887 0.76"" 0.827" 1
ZA -042 0947 086" 086" 0.897 0957 0.867 0.897 0.957 0.917 0757  0.957 1
WAAS  -043 0937 0897 0897 0.897 0.957 0.837 0.867 0.967 0.94™ 0717 0927 0997 1
SIIG 048~ -0.98" -0.877 -0.877 -0.967 -0.99" -0.97 -0.927 -0.99" -094" -087 -0.927 -0977 -0.97"

Sl gelyl 059 Hlaie [EV adlie slaygmme (slaojes gaeoxe [SIPC (sl clyes (Sj9 3uNke Ladls WAAS AMMI ¢l ol :ASV
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AMMI Luwgs osds (gjlw Jde Bllas GEl slalazs g0t AAVAMGE i Jyass AMMI

Gy o pd B gV Jleis] a3 )l pixe 3 g

*and *: significant at the probability level of 1 and 5%, respectively
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