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Table 1. Pedigree of promising varieties and lines of barley and code in the studied environments

« S et 5 e
Code Genotype pedigree Genotype origin
Dryland Agricultural
Genl Ansar Research Institute
. Dryland Agricultural
Gen2  Abidar Research Institute
Dryland Agricultural
Gen3  Sararoodl Research Institute
Gend  Crossing Block - Karaj (93-94)-328 (Unknown) Dryland Agricultural
¢ ossing Block - Baray (F3-2%)- ow Research Institute
. . Dryland Agricultural
Gen5  Crossing Block - Karaj (93-94)-361 (Unknown) Rescarch Institute
. . Dryland Agricultural
Gen6  Crossing Block - Karaj (93-94)-392 (Unknown) Research Institute
. . Dryland Agricultural
Gen7  Crossing Block - Karaj (93-94)-396 (Unknown) Rescarch Institute
Gen8 Dayton/Ranney//Sadik-02/Sararood-1 IRB-009-08-0MH-OMH- Dryland Agricultural
OMH-OMH Research Institute
Geno Aday1/4/Tokak/3/Ligneel31/ArabiAbiad//Alpha/Durra/5/Sadik- Dryland Agricultural
n 02/Sararood-1 IRB-009-23-0MH-OMH-OMH-0MH Research Institute
Genl0 Tokak*2/3/CWB117-5-9-5//CWB117-77-9-7/ICB-104073/4/Zarjau/80- Dryland Agricultural
5151//DZ-40-66/3/Meteor ~ IRB-009-28-0MH-OMH-OMH-OMH-4MH Research Institute
Genll Zarjau/80-5151//DZ-40-66/3/Meteor/4/YESEVI93/TIRCHMIR-43 Dryland Agricultural
IRB-009-32-0MH-OMH-OMH-OMH-2MH Research Institute
Genl2 CWB117-77-9-7//Roho/Masurka/3/K-88 M1/4/EC84-10  IRB-009- Dryland Agricultural
44-0MH-OMH-OMH-OMH-3MH Research Institute
Genl3 Radical/3/ICB103351/Arta//GkOmega/TokakICB09-1379-0AP-0AP- Dryland Agricultural
OMH-OMH-2MH Research Institute
Genl4 CWBI117-5-9-5/3/1gri/MOB2639//P13161/1gri/4/Alpha/Cum//CWB117- Dryland Agricultural
77-9-71CB09-1522-0AP-0AP-OMH-OMH-4MH Research Institute
Genl5 Wieselburger/Ahor 1303-61//Ste/Antares/3/Roho/MasurkalCB09-1906- Dryland Agricultural

0AP-0AP-OMH-OMH-3MH

Research Institute

Gl oo S 5SS e 3T 3 anllan 5550 (gla Jases Y gl

Table 2. Environments studied in uniform nationwide test

s Lo s Lo s Jaoe s Lose
Code Environment Code Environment Code Environment Code Environment
Bl Maragheh, First E7 Shirvan, Third E13 Sararood, Third E19 Urmia, First
Year Year Year Year
E2 Maragheh, Second ES Zanjan, First El4 Hamedan, First E20 Urmia, Second
Year Year Year Year
E3 Maragheh, Third E9 Zanjan, Second E15 Hamedan, Second B2l Urmia, Third
Year Year Year Year
E4 Qamlo, First Year E10 Zanji{lz,a"fhlrd El6 Ardebil, First Year
ES Qamlo, Second El1 Sararood, First E17 Ardebil, Second
Year Year Year
E6 Shirvan, Second El2 Sararood, Second E18 Ardebil, Third
Year Year Year
e 3030 (65398 Slidio gle oSl ST iz 5 SWl s Slasite ¥ sl
Table 3.Geographical characteristics and soil type of the investigated agricultural research stations
@Bl Jsb .
Ko (Pl b 2) Gl 250 (B o) ()12 gl g S il
Stati Latitude (North degree) tude Height above sea level Soil texture
ion ude (No egre Longitude (East (meters) oil textur
degree)
Maragheh 37.15 46.15 1720 Clay Loam
Kurdestan- 352 47 1500 Clay Loam
Qamlo
Zanjan-Qeydar 36.58 48.49 1875 Silty Loam
Ardabil 38.15 48.17 1342 Clay Loam
Sararood 37.23 57.55 1086 Clay Loam
Hamedan 34.53 48.32 1733 Sandy Loam
Urmia 37.32 45.05 1313 Clay Loam
Shirvan 37.19 58.07

¥4
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Table 4.The average annual rainfall and temperature of the agricultural research stations investigated in the three-year

study
1 b G-l o
‘5;))% o Olas 4 M0es s Ol 35,0 &l J=2)
Cropping Variable Hamedan  Urmia Kurdestan- Zanjan- Shirvan  Sararood Maragheh  Ardabil
season Qamlo J
Qeydar
1399- Sl
1400 Rainfall 246.9 290.9 297 178.4 317.5 245.7 223.7
L
2020- ’
Temperature
2021 st 9.3 10.2 7 9.1 - 13.8 6.3 8.1
1398- Rainfall
u 389.2 351.7 396.3 426.3 252.7 518.8 326.8 226.4
1399 >
2019- Temperature 8.4 9.4 6.9 7.5 9.3 11.7 52 8.6
2020 g ’ ' ’ ' ’ ’ ' '
1397- Rainfall
1398 s 506.8 5717.5 4445 430 337.8 782.5 494.6 2472
2018- Temperature 8.4 9.4 7.4 7.6 9.8 11.1 5.6 8.1
2019 g ’ ' ’ ' ’ ’ ' '
Long Rainfall
. w 285.3 325.6 339.4 349.2 247.1 413.9 356.1 251.9
time 2
Temperature 8.5 9.1 6.5 7.5 10 11.4 5.3 7.5

2 BGS 85 a8, g Jole S alne
SAMMI (6)lul slajasls 5l e il
eles 3 laegsf als 5 Shee (Sibe 43,
(Farshadfar et al., 2012) Cwl Wbloses
IPCAL) AMMI Jgl ¢ 5 9l sl (slals gos
IPCA2 vs) AMMI2 5> EE, (vs Yield
Zobel) LAs ) s,lksl S, L (IPCAL
oxleinl b S 0 il lg 4 52 (et al., 1988
w25 bl a5 SAS il Sl
4 50 dts ) eslizwl L GGE-biplot s AMMI
Multi) Metan oG b Jaows L s i)l
R I J'_'a!( » > (environmenttrail analysis
.(Olivoto, 2019) A& el
S 9 b
Sl WSLF 05057 Sl eslazul b iz
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4 SIPCF 4 SIPC1 LS‘jf oS Sl 4.&5}.4 w\n
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Table 5. Parameters, indices and equations used for simultaneous selection of genotypes

dolee AMMI (s yiol 5l e
Equation AMMI Parameters References
]
,_ |(ssipca1) )
1 ASV = qm (IPCA 1) 4+ (IPCA 2)2 Purchase et al., 2000
B |IPCA, = ER
5 Waas, ==22——— = Olivoto, 2019

z

3 El.'r":zyi

.

p
4 SIPE :Zﬁ.:*

EP,

Yin

:
5 za= |67l
TS |

,
6 ASTE= z;..,y;,

Zobel et al., 1988

Sneller et al., 1997

Zali et al., 2012

Rao & Prabhakaran, 2005

7 AS;:JLPE; * 8]+ [Pk w 6]

N
8 FA= z v

"
9 DE :Zy;l
T |

Jambhulkar et al., 2014

Raju, 2002

Zhang et al., 1998

P —
10 MASI= | Y PCEuw 6t Ajay et al., 2018
d flm]
T —
11 DA= |ZI:}..,E.:_,, ‘ Annicchiarico, 1997
\I TS|
Y
12 MASV = |z (%}x (PC,)Ex (PC,)? Zali et al., 2012
S5IFC, . : ”

E L
13 AVAMGE =ZZ|;_.,}-=J,E;.,|

Zaliet al., 2012

ASV: AMMI Stability Value, WAAS=Weighted Average of Absolute Scores, SIPC: Sum of IPCs Scores, EV: Eigenvalue
Stability Parameter of AMMI, Za: Absolute value of relative contribution of IPCs to the interaction, ASTB: AMMI Based
stability parameter, ASI: AMMI Stability index, FA: Stability measure based on fitted AMMI model, DZ: Zhangs D
parameter, DA: Annicchiaricos D Parameter, MASI: Moddified AMMI stability index, MASV: Modified AMMI stability
value, AVAMGE: Sum across environments of absolute of GEI modelled by AMMI
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Table 6.Variance of experimental errors in the studied stations in the three cropping years and Hartley's F max test to evaluate
the uniformity of variances.

s
ggb} ‘,JLA T J=2)l Oles }KL‘G_dObJ; 3550 Ol sl )‘Z@_f)b’dj @l
ropping Degree  Ardabil Hamedan urdestan- g, arood  Shirvan  Urmia Anen- Maragheh
season of Qamlo Qeydar
freedom
1397-1398
2018-2019 42 5.749 2.139 3.759 4312 3.137 4.796 6.596
1398-1399
2019-2020 42 4.427 4.219 7.253 2.983 4.22 4.653 5.244 6.632
1399-1400
2020-2021 42 6.684 4587 2725 6301 3.46 3.799
F max Hartly = 3.08
Fams - 3.6
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Table 7. The results of the combined variance analysis of yield for promising barley lines in the studied stations during
three years in the cold climate of the country under dryland conditions

IS Sla e g sazes Sty

Eel o sal5T ) Sl g Do Sl Percentage change
S.0.V. Digree of freedom Sum of square Mean square from the total sum of
squares
Jl o
2 15358.7 7679.3 15.3
Year
o -
7 33968.8 4852.7 339
Place
O x Jlw -
14 34570.4 3142.8 355
Year x Place
sl sl
ve 63 1043.18 16.6 1
Ea
haiel 14 1696.5 121.2" 1.7
Genotype
Lo X o 95 o
o3 28 700.5 25.01 0.7
Genotype x Year
O8e x 555 -
e 98 3694.5 37.7 3.7
Genotype X Place
O x Jl X i 55
Genotype  Year x 154 3851.8 25" 3.8
Place
(=3
(¢ 882 3960.7 449 3.9
__________ B
Ol i o
e 436%
CV%

““and *: significant at the levels of 1 and 5%, respectively
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Table 8.The results of the combined variance analysis of grain yield for promising barley lines in the studied stations during
three years in the cold climate of the country under dryland conditions.

U5 Sl g g 3 ooy

R b 3T ) et éand e o SSLs Percentage change
S.0.V. Digree of freedom Sum of square Mean square from the total sum of
squares
Lo .
; 20 791927416.5 39596370.82
ENV
(e | S5
eSS 63 9537780.8 151393.35
REP(ENV)
o 14 15559204.7 1111371.76™
GEN
Looex 3555 .
GENAENV 280 82641409.5 295147.89
el "
ol ey 33 23104740.2 700143.65 28
PC1
¥ "
f22 40 31 19373194.7 624941.77 23
PC2
¥ "
fo = 29 9702327.1 334563 12
PC3
¥ "
ks 27 8733905 323477.96 11
PC4
ol "
s 25 5923544.9 236941.8 7
PC5
25 4l -
e 23 54162324 235488.36 7
PC6
ia ad) "
e 21 3391110 161481.43 4
PC7
2ia ol "
s 19 26489041 139416 3
PC8
r—ei ad 4o .
17 15492412 91131.84 2
PC9
= 55 2925928.2 53198.7 3
Noise
oliledls
S 882 37080308.9 42041.17
Residual
< 1539 1019387530 662370.06
Total

*and *: significant at the levels of 1 and 5%, respectively
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Fig 1. Distribution of genotypes and environments based on average yield and IPC1 values of AMMI
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Fig 2. Biplot diagram resulting from drawing the first two components of AMMI analysis
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Table 9. Yield and main components from the first to the nineth, for the studied genotypes and environments

S5 5 Slos dsladlse  ppradlye pswadls dl y eyl Rrade piadls il gl
Genotype Yield IPCA1 IPCA2 IPCA3 oler IPCAS IPCA6 IPCA7 IPCAS IPCA9
IPCA4

Genl 2522 -18.07 6.58 -4.23 3.09 -5.09 -4.68 -3.05 2.42 -3.98
Gen2 2567 -13.47 6.97 -18.3 2.34 -7.13 -1.95 -1.27 -3.48 1.54
Gen3 2537 9.23 -2.49 -3.9 12.51 0.73 20.07 3.57 11.21 -3.28
Gen4 2547 19.04 21.36 -9.86 -17.17 13.1 4.99 3.53 2.58 0.47
Gen5 2467 26.6 -8.07 9.72 17.54 -3.5 -4.27 -1.79 -7.29 -2.08
Gen6 2393 7.73 7.49 11.27 -9.27 -8.91 -17.91 8.79 2.84 2.35
Gen7 2203 11.25 -29.77 -19.36 -8.24 2.38 -6.64 -2.08 -2.67 2.32
Gen8 2303 9.87 19.46 -1.8 5.83 -6.42 -4.12 -9.25 -0.42 -5.41
Gen9 2426 -4.58 5.7 4.55 1.64 -4.55 11.68 5.26 -14.11 16.21
Genl0 2464 -4.23 -7.63 10.92 -17.08 -13.9 10.07 -14.95 2.23 -2.56
Genll 2576 -8.42 -4.89 9.72 -6.95 14.72 3.44 0.31 -13.6 -11.07
Genl2 2267 -8.96 1.54 6.14 9.53 19.38 -7.13 -14.26 6.31 8.85
Genl3 2531 -12.88 -1.57 4.08 4.52 3.33 -0.91 13.68 0.69 -7.06
Genl4 2420 -3.89 -11.39 10.6 -4.64 0.71 0.24 7.54 12.87 5.14
Genl5 2363 -9.23 -3.29 -9.56 6.35 -3.4 -2.88 3.97 0.41 -1.44
LSD 112.53

Envi 2240 105 593 428 6.98 262 435 236 43 09
Env2 1467 151 175 6.92 433 921 256 -1609  -1.28 231
Env3 2804 877 3.91 2.88 10.53 11.8 8.87 432 0.04 15.39
Envéd 2412 2828 9.44 -5.76 215 1592 365 0.6 3.75 226
Env5 2013 -1377 705 9.11 0.65 5.77 11.71 0.14 0.78 335
Envé 2329 111 -8.55 3.66 601 -1427  -8.09 2.11 -7.08 5.11
Env7 2096 -1558  -19.02  -406  11.65 5.92 5.62 333 521 -5.34
Env8 2148 2.49 6.35 1.17 517 7.54 286 037 032 -2.57
Env9 1730 3.09 837 054 -1.56 3.8 5.82 -6.9 7.5 -1.44
Env10 1130 1.64 325 0.75 246 0.47 549 3.8 3.12 727
Envll 3867 1903 -2132 1482 1016  -5.92 6.1 -0.52 10.9 438
Envi2 3410 405  -10.59 2412 -579  -0.25 5.57 481 5.57 0.8
Envi3 2043 277 1.82 482 6.15 41 1447 7179 1 497
Envl14 2869 1382 2035 8.91 1.44 557 5.11 11.83  -5.11 4.84
Envls 3426 7.61 5.54 193 -1615 1104  -498  -9.92 5.45 2.9
Env16 3075 406 15.36 0.23 5.85 -5.08 29 5.64 225 -9.63
Envl7 3255 -8.09 0.7 8.9 294 1021 -1556 838l 1.96 318
Envig 2346 1429 3.05 535 1236 4.89 867 593 -1516  -4.66
Env19 3759 428 -1363 889  -2058 066 4389 8.2 -6.74 1.69
Env20 1182 3.53 148 105 345 439 052 496 338 -6.08
Env21 1518 1091 201 -1578 408  -324 7.85 2.15 3.64 2.43

Sl ol MWM)AOCE.»JJLSD
LSD is calculated at the 5% level
P U P N IR VP R LR PR PR
Table 10. Stability indices calculated for barley genotype under dryland condition

Yiel ASTA _ASI _AS AVAM DA DZ  EV FA  MAS MAS  SIP ZA  WAA
d B vV GE 1 v c s
Gl 2522 476 529 225 3111 1001 0506 00285 1001854 534 285 512 0186 8.6
G2 2567 641 411 175 3048 1073 0.618 00424 1152136 4.67 31.4 65.5  0.198 8.92
Gy 2537 816 265 113 3868 1031 0828 00762 1063611 33 44 67 0171 7.13
G4 2547 1427 7.31 31.2 6220 1648 0.897 0.0894 2717169 7.69 58.3 92.1 0.337 15.3
Gs 2467 1266 768 327  SI85 1591 0833 00771 2530635 8 477 809 0297 137
Go 2393 820 279 119 3745 1069 079 00704 1143467 352 415 766 021 883
G7T 2203 1522 765 327 6555 1735 0898 00896 3010321  8.04 669 847 0318 146
G8 2303 687 533 227 3977 1136 0653  0.0474 1290020 54l 4.6 266 0213 9.7
G 2426 724 185 79 2879 833 0933 00967 693294 2.19 381 683 014 558
G0 2464 1017 214 915 4388 1164 0902 00904 1355017  3.37 438 83.6 0215 8.75
GIl 2576 774 262 112 3830 972 0.864  0.0829 945706 3.18 37 731 0182 757
G2 2267 959 254 108 4051 1084 0932 009 76031 325 384 821 019 7.67
GI3 2531 455 363 154 3041 804 0623 00432 678637 374 26.2 487  0.139 6.15
Gl14 2420 528 2.88 123 2928 856 0.678 0.0511 732909 322 36.5 57 0.154 6.59
GI5 2363 266 27 115 2266 636 0404 00182 469984 3.02 207 405 0134 508
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Mean vs. Stability
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Fig 3. Simultaneous selection for grain yield and stability of barley genotypes in different
environments
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Fig 4. Graphical display for barley adaptation to the studied dryland environments
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Table 11. Simultaneous selection indices based on different stability indices for barley genotypes under dryland condition

Yield ASTAB ASI

ASV AVAMGE DA DZ EV

FA MASI MASV SIPC ZA WAAS

Gl 6 9 17 18 12
G2 2 7 12 12 7
G3 4 13 9 9 13
G4 3 17 16 14 17
G5 7 20 22 21 20
G6 11 21 18 18 18
G7 15 30 29 30 30
G8 13 19 25 26 23
G9 9 16 10 10 11
G10 8 20 10 10 20
Gl1 1 9 5 5 9
G12 14 25 17 17 25
G13 5 7 14 14 9
Gl4 10 14 18 18 13
G15 12 13 18 18 13

12
11
11

20

8

8 12 17 9 10 13 14
5 11 12 6 8 11 13
12 11 10 15 11 9 9
14 17 16 17 18 18 18
16 20 21 20 18 20 20
18 19 19 20 21 21 21
27 30 30 30 29 29 29
18 24 25 25 14 24 25
24 12 10 16 17 12 10
21 20 15 18 21 20 17
11 6 4 7 10 7 7
28 24 19 22 26 22 21
9 7 14 7 8 7 8
16 14 14 15 15 14 14
13 13 14 13 14 13 14
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Discriminativeness vs. representativeness
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Fig 5. The relationship among testing environments and the comparison of the environments based on
their barley genotypes discrimintiveness vs. representativeness.
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Figure 7. Biplot comparing the environments with the ideal environment based on the ability to
distinguish and represent the target environment
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Table 12. Performance and stability of genotypes in the station and years under study
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Introduction:

Rainfed barley, mainly grown in cold and cold temperate regions of Iran, is largely
affected by inadequate rainfall and its uneven distribution. Cold temperature
i1s one of the main limiting factors in barley production in the drylands of
cold regions of iran, which significantly restricts the expansion of barely
cultivation areas. Genotype x environment interaction is the main reason
for the differences in the adaptation of cultivars in different environments
(Clevland, 2001). The various methods used to investigate the interaction can
be traced back to AMMI and GGE biplot (Khamari et al., 2018). The AMMI
analysis identifies genotypes and environments in relation to each other and the

studied environments by locating genotypes and environments on the biplot.
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In GGE biplot method, the effects of genotype and genotype interaction X
environment are graphically investigated; Also, genotypes can be evaluated
based on yield in separate environments, all environments, stability and yield
composition, private and general adaptation. (Yan & Tinker, 2005). The aim of
this study was to analyze the interaction of genotype % environment in barley
genotypes using multivariate methods to evaluate genotypes, environments,
relationships between genotypes and environments and also to determine
stable genotypes in terms of yield.

Materials & Methods:

In this study, 12 promising barley genotypes along with 3 control cultivars —
Ansar, Abidar and Sararudl — were studied under rainfed conditions in a
randomized complete block design with four replications at dryland research
stations in cold and temperate cold regions of Iran for three cropping years
(2018 to 2021). After determining grain yield, combined analysis of variance
was performed. AMMI and GGE biplot analysis were used to evaluate the
stability of genotypes. After performing AMMI analysis, stability analysis
parameters and simultaneous selection indices were calculated.

Results & Discussion:

The combined analysis of variance showed that simple and interaction eftects were
significant at the 1% probability level. This was the reason for the varability
in environmental conditions across the different stations and throughout the
years under test. The main environmental effect and genotype x interaction
had the highest share of total squares observed in the experiments, accounting
for 83.7% and 8.2%, respectively. AMMI analysis showed that genotypes
G14, G10 and GY had low interaction and with a near-average yield could
be introduced as genotypes with general adaptation. In contrast, G1, G2,
G4 and G13 genotypes with the highest yield were introduced as genotypes
with private adaptation. Based on the stability indices obtained from
AMMI analysis and simultaneous selection index, among all the calculated
parameters, genotypes G1, G11, G2, G13 and G3 exhibited the lowest totals,
indicating their potential as stable, high-yielding genotypes. The selection of

14



Investigating ...

control genotypes G1, G2 and G3 using this method validated the accuracy of
the calculations and estimations. Based on GGE biplot method, G9 genotype
demonstrated the greatest overall stability and in the next stage, G11, G2,
G4, G1 and G13 exhibited the highest yield with relatively low stability. This
method introduced genotypes G9, G2 and G11 as compatible characterizing
them as desirable genotypes due to their high average yield and strong
yield stability. In the next step, genotypes G1, G3 and G13 were included.
According to the results of two analyses, genotype G9 was distinguished
as the most stable genotype and genotypes G1, G11, G2, G13 and G3 were
recognized for their high adaptability and yield.

Conclusion:

Considering that a great deal of time and financial resources are expended on cultivar
breeding, it is imperative to employ the most effective method for analyzing
the stability and adaptability of cultivars. This ensures the selection of high-
yielding genotypes with the least environmental interaction and if there is
a specific adaptation, certain genotypes are introduced for specific regions.
Therefore, due to the multiplicity of stability analysis methods, it is advisable
to examine the results of experiments by several methods in order to be more
confident when it comes to identifying and introducing superior genotypes as
relying solely on one particular method does not seem reasonable.
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