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Evaluation of grain yield stability of irrigated barley (Hordeum vulgarel.) promising lines

in temperate agro-climatic conditions of Iran-using GGE biplot analysis
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Evaluation of grain yield stability of irrigated barley (Hordeum vulgare L.)
promising lines in temperate agro-climatic conditions of Iran-using GGE biplot
analysis

Barati. A}, H.R. Nikkhah Chamanabad?, E. Arazmjoo?, S.A. Tabatabaei?,
M. Mahlooji®, M. Taherian®, S. Tahmasebi’, F. Hassani® and
M. Taheri Mazandrani®

ABSTRACT

Barati. A., H. Re. Nikkhah Chamanabad, E. Arazmjoo, S. A. Tabatabaei4, M. Mahlooji, M. Taherian, S. Tahmasebi, F.
Hassani and M. Taheri Mazandrani. 2023. Evaluation of grain yield stability of irrigated barley (Hordeum wvulgare L.)
promising lines in temperate agroclimatic conditions of Iran-using GGE biplot analysis. Iranian Journal of Crop Sciences.
25(1): 154-169. (In Persian).

Introduction: The genotype and environment interaction is one of the main challenges in the breeding of
different crop plants and causes different genotypes to perform differently under different environments.
Assessment of genotypes and environment interaction for quantitative traits such as grain yield is very important
for development of new improved cultivars.

Materials and Methods: Nineteen barley promising lines together with a commercial barley cultivar (cv.
Behrokh as check) were evaluated across eight agricultural research stations in Karaj, Varamin, Neishabour,
Mashhad, Birjand, Yazd, Isfahan and Shiraz (Zarghan) in 2020-21 and 2021-22 cropping seasons. Combined
analysis of variance was performed for grain yield, andGGE bi-plot graphic analysis used fore the assessment of
grain yield stability of barley promising lines.

Results: The results of combined analysis of variance showed that the effects of location, genotype, year x
location and genotype x year x location interaction effect were significant on grain yield. Mean comparison,
using LSD test, showed that promising lines; No. 3, No. 4, No. 11, No. 12 and No. 13 with grain yield of 6673,
6663, 6412, 6340 and 6249 kg.hal, respectively, were high yielding compared with cv. Behrokh as well as
others. The grain yield stability analysis facilitated to identify promising lines with with high grain yield and
yield stability. In the first year lines; No. 3, No. 4 and No. 11, in the second year lines; No. 4 and No. 12 and in
the two years lines; No. 3 and No. 4 were close to the ideal genotype.

Conclusion: Barley promising lines; No. 3 and No.4 were identified as high yielding with high yield stability.
These promising lines are adapted to temperate agro-climatic condition in Iran and can be used in irrigated
barley breeding programs. Of the eight test locations, Karaj was the most discriminative and representative
environment. Therefore, this location can be recommended as a suitable test location for the selection of superior
genotypes adapted temperate agro-climate conditions in Iran.
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Table 1. Pedigrees of promising lines of barley used in the experiment

Rl gl Y sl o
Barley promising lines Origin Pedigree
1(Check-1) Iran Behrokh
2 Iran Michailo/Dobrinya//Y ousef
3 Iran 26216/4/Arar/3/Mari/Aths*2//M-Att-73-337-1/5/Nosrat
4 Iran 82S:510/3/Arinar/Aths//DS 29/4/Sahra
5 Iran 82S:510/3/Arinar/Aths//DS 29/4/Sahra
6 Iran Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Sahra
7 Iran Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/Alm/Una80//....)/4/Sahra
8 Iran Anoidium//Alanda/Hamra-01/3/Lignee527/Nk1272//JLB70-63/4/Nik
9 Iran Anoidium//Alanda/Hamra-01/3/Lignee527/Nk1272//JLB70-63/4/Nik
10 Iran Arbayan/Nk1272/4/Arar/3/Mari/ Aths*2//M-alt-73-337-1/5/Y ousef
11 Iran Yousef/3 / Dasht//Ebc(a)/Badia/4/Nik
12 Iran Canela/3/Hegegs679.82/Shyri//Laurel/4/Cerise/Shyri/. .. /5/Malouh//Aths/Lignee636/6/Nik
13 Iran Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/Alm/Una80//....)/4/Sahra
14 Iran ZBL-2640/Nosrat
15 Iran Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/AlIm/Una80//....)/4/Y ousef
16 Iran Ashar/Beecher/5/Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//DI71/Strain 205
17 Iran Ashar/Beecher/3/Lignee527/NK1272//JLB70-63
18 ICARDA BREA/DL70//TOCTE/3/BREA/DL70//CABUY A/4/TRADITION
19 Iran Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/Alm/Una80//....)/4/Sahra
20 Iran Lignee 527/NK1272//)LB 70-

63/4/Bgs/Dajial/L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/Alm/Una80/!....) (MB-97-3)
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Table 2. Mean of grain yield (kg.ha) of promising lines of barley at eight location of temperate regions of Iran and the comparison of the total average of (2020-2022)

s Y BN dele Ay 3 Olgis! B
sla Y Karaj Varamin Neishabour Mashhad Birjand Yazd Isfahan Shiraz
o iSudal “VFee “VF “VFee “VF S\ —VF S\ —VF S\ VF S\ VF S\ —VF -\Fe “VF
Barley 1¥4q \Feo 1¥4q \Feo LAt Voo LAt Voo At Voo At Voo At Voo it 12 I oSl
promising 2020- 2021- 2020- 2021- 2020- 2021- 2020- 2021- 2020- 2021- 2020- 2021- 2020- 2021- 2020- 2021- Total
lines 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 mean
1 7556 8020 7775 6353 5964 5872 6350 3803 5867 6506 3556 4769 5946 8245 5889 6467 6184
2 8283 6970 5997 5647 5444 5853 6458 4521 5961 7144 3589 3471 6664 7799 5511 4963 5892
3 8667 9120 6469 6394 6033 6542 5822 6604 6883 7994 5508 5810 7013 7653 6856 3403 6673
4 9156 8530 7781 5875 6575 5231 6453 5424 7022 7478 4975 6354 6549 7819 5861 5526 6663
5 8922 7580 5978 5628 5339 4531 6978 5868 6439 6794 5381 4060 5733 8618 4617 4447 6057
6 7578 7130 7775 5931 5725 5708 6425 5529 5050 6211 5883 4276 5603 7958 6289 3956 6064
7 6489 7120 7069 6753 4892 4758 6306 4601 6156 6628 5264 4416 6113 6678 4250 3321 5676
8 9039 8690 7303 6519 5814 4333 6344 4076 6300 6656 4061 5547 5615 7181 5394 4577 6090
9 7800 8400 8333 6025 5269 5467 5978 3903 6700 6394 3992 5238 5582 7493 4483 4596 5978
10 7594 7850 6381 7789 5708 5319 6483 4292 5678 6239 3158 4958 4815 6593 4461 3627 5684
11 9528 8590 7525 7106 5889 5886 7169 4924 6128 6339 3875 5944 5844 6523 6972 4344 6412
12 7794 8620 6900 6122 4928 5319 6122 5390 6772 7428 5444 5603 5638 7704 5789 4406 6249
13 8233 7990 8097 6431 5567 5217 6353 6153 6483 6961 4622 5734 5669 8451 4517 4967 6340
14 7567 8090 4019 6081 5086 4783 5689 2412 6672 7128 4108 5248 5272 6708 5756 3814 5527
15 8211 7870 6697 5531 5519 4708 6247 3563 5817 7356 3972 4738 5433 7576 6439 4774 5903
16 8256 7730 9256 6281 5256 4375 6103 4640 7361 7050 5639 4674 5277 6699 5233 4851 6168
17 6672 7630 8761 5622 5153 4514 6061 5344 5683 6600 4281 4303 5590 8741 5117 4769 5927
18 9083 8720 6603 5992 5394 4025 6222 5406 4906 7583 5097 4279 5872 8319 6178 5363 6190
19 8144 7900 6125 7233 4369 3731 5908 5042 5528 5944 4592 5064 6300 7884 5211 4404 5836
20 8978 8750 7706 6347 5097 4042 6042 6338 6472 7717 4272 4913 6328 6194 6206 4302 6231
LSDsw%: 631 kg.hat LSD1%: 478 kg.ha't
104


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

"VOFNFA AP Y OLSn 5 S g Sl by 3 Shes ol oL, "

w\,;,w;ﬁj@&@gcmu)\;w,vmc
Laleses )l rl.\S T 2 s s &S das s Ol
Jsl dlw o) e el bl s . is 45 o 5
S s a5 5 e5,S 55 55 blases (2slesT
A 8 515058
535 ey sLael Wl dames o3 5 53
03,5 ol 53 oy g 5 A 8 108 e
(TS SLaoCal Jals o3 Laome 5 VP (555
B ol G5 b alas 5 dehe Olgheol b
P a5 5 05,5 sler s blasme ps Jlu s
£9° Jw jo .60 Lg.k_:{v.’_wéjajj_?g;_&.a
22 plST o paly g 5 5t Olgis! SLae&e|
Los ¢S s 5 § 515 ol s gladose
35 5 sl ek gt S (Slaoanl OIS
FEPEPEL UL P SN SR g} gt J g
P55 50,5 w3 bilase dlo 53 5 Sls
LJ\:—MUJ.V\J.\_&&A—QN_W.SJUJ_?@_A&
Loows S5 53 plaST a dgdin 5 sl oyl
s Gl 5 i S Lasn! 5 B
I 5 OIS oo S 3 o 5 Olgiol
FossiaY oasienS ol Spadss s S
93 53Y G55 35 ) G 55 4 e S
FraSssolse 4l 53 o Ske 5 055 Jlo -
A oo ol 1y olKaw| o i S 55 25 5 1,
&35 Cals Jaoms 0y 8 a3 52 50 Sl 55
WA F slacs g e Olse @ amils [ SKuS o
5 Shas 15 51 Il 55 . SSe oIl 55 VA
WO GUELPH B SRR PULPYES - Wy
(503l M S ASen 3 g e a4 ST
el O glite Cadides sladases ;5 b 555 45
OlL,LSes 5 0l ,alb ((Yan and  Tinker, 2005)
5, Shee 0L 5 5, 5L (Taherian et al., 2022)
i Lol en ) ikl sla Y VA s
o i 53 O ) ez o 6155 (al)

oslizul 3550 g Ga 55 413 5 Shes a5 st
o ) S (P LY e JS) 5,8
Ol Calibee (SLaOLS )3 s Glacd g 4 b g o
WAl Al e gl el b esls
ot S sl S s el s 2 e
AL S0 oo s 5 Labass 5 S 555
o= 4 s i ol (Yan et al, 2010) Cl
T 31 deols o 5593 45 olacas 65 i sm
bybs leslinul U o wly slacs 3) Lols &N
L 035 3 ;5 slagd5f 5 o (e s
Slals y wly slacas 505,58 e 1,5 Al
OLi aS Lola o a4 by e o 5o b
Lo 55 Sk G5ST1s 5 Lames 4 gl O ookins
355y by o glalgr s lacig) ple il
):dsl.soLi.}@L:}.J_;AsdaoLingJ;JdiSl}
WP AF N Y lacs ) Sl Jsl Jle
o3 F N @ ¥ sla 3 55 03 e 3
Hdujgﬁg,g.pgﬁouc;\,ujtgﬁ
L ils 5 el 3 V8 s VP OY Y O slac s g
IS s sy e a0V sl () JS8)
,;Y‘gr_::jsj)p;jJ,\Jl_,uﬁvg_.,:sjsj.;ﬁom
..\Jw,\_;,tj_ﬁdt_wy&.i;g,wd\_ﬂ
i s 3 Slae Bl 51 5 55 8815 glaca 55
Lacs 35 OF 5V op ocans b 5 (V7 5VY )
S o3 dheols oy i) 5 s g adases 3 cam 5o
A;g-gua_égsjﬂ&b}_bﬁ-.w\:b;;)ggl{
PR 503, el iy Az 4o ) SNl kS
Lo 53 ale s o3p oly o3 &K Gl Jism
N353 5 68 3 Sas S OL s b (5 3
G5 G 48T it 8 534S () 3 sy
Qw‘ugmlx;ﬁ,@&,@g,\uﬁjwi,
uhwj\&szwi)%_g}jdusw
esliiul CIl 55 Jlie Ol ge 40 . Cd G 85 0 5

ol slacs 55 & i 53 ddle 5o Sl


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

\Fe Y Ql:....!U«Y oyleds ‘Vq;-;;}\'_,..ﬂ.:{.&\?snotﬂ\ Lfcb)f)l; A.lfi.}"

\ A / i N\ \ -
| LT y e . J.YZD

o {E)ff"f“"‘"‘j KR

e/ ¢ |d MSHD
N\ 2 XD . e
: \\"‘AM“ VAMN | > &
f¢ 2 - 2
' B P
N U
ANES 12 90 % 2 ! ) ! 2 ) . 2 1 0
ANSTHR S

ANS13102%
afllan 3 5n ladass b g iduitial slacp ¥ Gl SIS bl - S8
Jle 33 5K € 5 (VP10 Y) ps> dlo b (ivaa-1fe ) Jyldled s SHRZ colgast ISFN 55 :YZD et o BRI gz :IMSHD ¢, e :NEIBR ¢ 0,5 -VRMN s :KRJ
Fig. 1. Graphical display for promising lines of barley adapted to the test environments
KRJ: Karaj, VRMN: Varamin, NEIBR: Neishabour, MSHD: Mashhad, BRJ:Birjand, YZD: Yazd, ISFN: Isfahan, SHRZ: Shiraz
a: first year (2020-2021), b: second year (2021-2022) and c: average of two years

. — —
|
\ |
\ |
eult? \ v |
.,‘»{ﬁ‘u WA BRI jef) |
- \ o NEGR i B
\ - e
o s ) \ | —
¥ 3 BERE I:‘vﬁ i L - o |— \
h: i A ) : =25 L \
- S MEAET - & - |
z ) Z = .
S K \ < !
2, H \ |
s \
~ \ |
A \».\ ‘.-d.’ |
\\ \ |
|
g |
[ |
! — = e V)| ¢ VMY |
1 ¢ 0 2 =
ARG 3258 % ANGT2802% ANST I 2%

Sl 53 s :Kila plal s Sidmidasl sla Y (sbuas, S sb =Y S
(o 55 5 S5La 1€ 5 (VP21 F4Y) p53 Jl b vaa-1fe ) Jyldld i s SHRZ (Olgiawl ISFN 5 :YZD i 0 BRI cagze :MSHD ;52 :NEIBR 1,5 VRMN S KRJ
Fig. 2. Ranking biplot of promising lines of barley based on the average yield and stability. KRJ: Karaj, VRMN: Varamin, NEIBR: Neishabour, MSHD: Mashhad,
BRJ:Birjand, YZD: Yazd, ISFN: Isfahan, SHRZ: Shiraz, a: first year (2020-2021), b: second year (2021-2022) and c: average of two years

|}


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

"VOFNFA AP Y OLSn 5 S g Sl by 3 Shes ol oL, "

5, (A el g slaal 5, Shes s glac—s 55
g 33 SBGS S5 e 3 0 5 s Shes
LY ) J%LAJT{’JJ Jlo s dsls Lolas| 5 e
Aol e an sty 5 Shes o mé 039 115 342
A8 ol b i 55 Ol ey (B s Sl 0L 5
0395 b LV 5 Jlw e o b bl
555 ARl Ol (B s 1S Al
3 S s, Shas lyls 48 s o el s asls
350 SLAGS 55 o 3 LY a5 555 IS oSl
ol S5 35050 4 a5 LY Jgdr) 350 15 (o 2
5 YL s Shes Olojon i 8 48 350 0 55 s
Slacs 55 Sl p3Y 50355 pLOKWI VL 5,0l
SNl st 6l p8 SRS Lol g A
(¥ USE) s osliznl o sllae o5 5

2570 S92 B3l slre pls Y 5 Y sl S s
55 el s lae S 5 e LS ()
sS85 P d ey il p (b o s
o Ol s ol et b s Sae 0 551y
2 2o il e S 55l oLl ¢l
A5 bl o S5 S o S
S5 oh P gmins S oS B3 Ol e 4 ABL il
oslasT Jsl sy .(Yan and Kang, 2003)
Sbacisil coslhe 55 4 g 85 00 S
33 9\Y 5¥f ‘_gl.agf._.:fj 69> Jlo s Lse VY 5F
R rSF ¥ 5T e 55 s Jle 52 KL
Jlw 5o ¥ i) o s o stas 3 55 4 oS 55
Slacs 55 ader 51l 3 5:K0be 5 J2ole3T Ul
Jlo 53 553 F Gisif s s 55 4 S0 3
Slaa— 55 51 (=SS Wl 53 (Slee 5 033 5 Ul
55 ool (55 g sl (8 e o5
Gl op VL 53, Shas o i gyl 457 ol
]

& Lolal aos ix sla jtleT as S|

5,8 el esliul 340 Lacos 55 ol

"y

o et i el S) (Slades
ol sy S8 LU 5Hl s 50 (Olgreal 5 0B
2 laas55 5 05,5 Jler o3 blasws ¢ Juol =k
aee 03,8 sl b (G s 05 8 ot
5 TS Jold (amma 05,8 ass cilys Jold
5 dgtn ol Jols amms 09 8 o0 g 0B
35 Olgiol Sl Jols o)l Jame 5 5 Lo
Sy ke e s
Lacs 55 olhl 5 3,Sdas Olojon 250 sl
Lb oslinwl (AEC) Lw st oses Oliaiiee H13 50 )
Slaises I 5o .(Ahakpaz and Ahakpaz, 2014)
o5 Ly adal) 53 1) (gdde DLedbl o 520 Lo
SUGGE w255 53 oLl 355 sl g alss
©uas,y (Samonte et al., 2005) das o <1, S
i 3 3, Kbt il oot 1 Lnmii
DL Y i 55 aslllas 5, 40 sladams 55 (550
Jolie 55 o S0ke Sl s ga ol ol 0 05l
N N - T SO PS. P PN Wi pES RY
BLESE 55 0 s 54 L oS ol 0ol ity 5 Lo s
ol 3 bzl b Jaw 520 Jaswe ol ol 0l 0315
b Looms (PC2 5 PCL) 33 5 Jsl ol 4l 3o (gl o
Lomn 5 SO L T 5148 st ods Gy o
Olsie s O g5 o 1y (Gl 5 som) LS o ) go Jamn g2
DLt (B 5 pome 23 8 5 )5 Lo gia Lams ) s
Bl 3oen 4 &S (o 555 A 5 Sl (S e
s 51487 (63 508 sms el 5l (il 5ECs 5
(ol )y pmn 5y ae 53,08 0 S L
Claas 55 s e Ol 1) e 55 5 Shee Kb
5 YL s Shas ols Lo sin Lasms S 53 5 50
(b gio e Callses s 533 2 50 G 55
Lodisb s S 00l 51 5 ombs 3, Shee 1yl
534S Al et ia (Y S2) SVl ol Sl eslizul
Lol Jyb LAY 5A lagi s dlo 53 :KLs
ador Sl geddsyas Bl by bt a8


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

VY Okl (Y oyl (s s M g";)\ﬂ\ =) (}Lo m_f.‘:..?"

2l 3 S ol s dyb (g izbls 03
s o 45 das o OLES 5035 565 5 LaolSian!
Lo slas ) pled 5 oleldr 5o 6 i oIS
3 oS el 2leT p53 Jlu 3 350
3 Shee Sile 5 gmme Ly a3l 0 y2eS gt
s Jab 0550 ls b dgien oSl 5 axils _Jaes
5 Gl gl st 2UI5 555 o
Wl 33 5Kl 535,05 |y 4o Glacs 5 plas
Ll aasls oS 75 5 opbis oo jn oy
LeT o 3l 5 4l ame 5, Shoe 5 S0Lie ) goms
S1emE s5m ame 5l 034 Jls L 2 S oy
s slacs) pled 5 oleldr Ho (6 2 Uy
s Sl a3 2 S ol oy 15
o o3 w33 5l 5 i la3T Jol Jew s
3 ke o S0ka 5 gme b (5 7S w515 oS g laolSon
340 yla e 5 ngig)}ul_sj‘)}bjhm‘;s@»
U5 5 oSl ) dns e DL g g0 ol &
M g S 5 pled s ol Ho (6 2
i b o 5ESG5 G b 3l 4 a5 b
2 8 s 2 S ol Ol e 5 o pllae oo
L ;5 (Taherian et al., 2022) ol LS 5 0L alb
Aol sla Y als 5 Shas 65k 5 6850 L5
S s S 558 S s o Bl s o i
355 PG5 s oo Ll b 4 S o
Sl s @olFa glaasl p ol Jl e 55 Ol 5
sl 2Ll slm O ol 51l Jdzme o
oslitul 4t iy slacd 55 G UL 5 4l 5 Shes
LT a8 g 550 o0l 3550 53 68 ponsds 10 25
Lacs 55 bl lr (alesT 0K 5 51 015 o
4S5, 8 a5 3,50 65l b oS eslin
@15 02 s el e dls 0L OT
e85 e GBS pled sloml 5 g5l

(Yanetal., 2007) Lsb azils

Sl oo ly) OLLE (ool slaasl 55 b iy

1y

g o 3 OIS o 5 Lades Gl Gl m s
ks Lo Slasin s, S osleal l_aub"l_o)T
o i sl 0L o Usly —Cadl il s le
S sl S8l s slag 5
Lo 85 o ales 0515 Ol 5 5 led Sl (los
Sledbl Lo as ples Codil 13l ladases 5 ol
P a8 S s 11 pLE )1 3550 3 15 (il
5 0liS ol 1S 5 03 5 0f e w3 Sl Ly ol
3y Slaless plu (gl o 05 g oduld S
¢SS .(Yan and Kang, 2003; Yan et al., 2010) aallas
sded S5 S5 93 51 il b o g lan Lo
L5 sl b (05 edules oUls 5 e SlB)
Cou La K5y ol il awdls S8 5l K)ol
LT 0355 edled Jolis 55 alases (il Ol 5o
(Yan and Kang, 2003; Yan and & 35 e a-lil
SL 33 4 gas Lases & oLkl gl Tinker, 2005)
Olsie 4 0T 3 5 o iy jo o gt Lo 65 (0,
o l3 (F IS 53 35 on o3liiwl Aals L o
oML&AJ\AQlS:.; Bl gl s S9y — g&;
sos s tan Lo 3,8 15 o 5 555 e
o sk e O smime S5les o glle Lases Ol se e
sl ysmen s OT Aol 5 i oo s o Job
Nl S5 o llan Lams oy s 0T il S
SUI5 il 5685 e 5l 0 J b 55
O P W NV [P JPS W KRS
e 3, Shoe (SKilbe ) gen 5 Jame o 515 35
Lok gl Lo OT 055 oy lad oukins OLES 3
A (Bl 2eS 4ol opl 58 a5 ol anlllas 5 50
Laloros o (sl (55 otislod oS 55 00 88
(Sl 0l 033 Ol ¥ S 55 oS 5 5b Oles .l
OT 31 dms 5 5 sl ol (2olasT sl S 5
L oasls oo S Ghilo S 505 el oSy
Lol (o is gy amme > Shae S0l sous

oyl (1 (6 ity bl Laolans ] e 4 o


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

"VOF-IE OFY OLSan 5 S ez (iS5 Shas ol sl "

- e m———
\ 1
HRZ
> WS \ \
HRE \ 1
T BRJILF) \
\ | - -
: \ e E6k £
\ - = P Ty
- = {0 ® BlEAs T o
~ C e e g8 |— \
- : N e > |
= ) v L = \
0 ~ cdBR ST — .
% S MEAD 2 o \ -2 \
7o < c \ < A \
= \ 1
/ R \ |
\;\\ HI¥ I|
/ —— \ 4 |
~ |
a N LR \ \
" ‘ > < A\ ? 2 N !
2 K 2 > 4 ¥
e AXIS128 0 AXIS 0

> s 55l 5 45 5 Sas bl p Csllae (I 53k g S el sla Y alae Y IS
Jle 55 5K € 5 (1F+ VP2 Y) ps3dl b (a8 ) Jol Jlo @ 5l,es SHRZ «lawsl AISFN 55 :YZD ks o BRI cigie IMSHD  ple NEIBR (1,5 :VRMN S :‘KRJ
Fig. 3. Comparison of promising lines of barley with ideal genotype based on grain yield and stability. KRJ: Karaj, VRMN: Varamin, NEIBR: Neishabour, MSHD:
Mashhad, BRJ:Birjand, YZD: Yazd, ISFN: Isfahan, SHRZ: Shiraz, a: first year (2020-2021), b: second year (2021-2022) and c: average of two years

» 7 o~ I — 34
/ - SHRZ ; s
YD / —_ -
/ DR iz KRJ BMF?‘ = ;.3 \
) E o | NEBR /..~ \ et
: (1 - / AEEpA N ST uek s | TN/
1 gl D O Y e o b T 4 N4 ) 3ra A0y
N {fmadhafi N\ e & o { [ Sl | - O 218 - ?
- | {3 j-pel o VX B =
[ L 7 ")) : < < MSHD -
AN : i
/ 3y 2 4 z _ugd
' 2 v v - - - - -
3 i o0 A3 y o4 v < ) _VRMN_
A 3 T R 28 y 0
AQSTBe N

LT " 035 odiules blie 55 e 55 o ¢SS Sl 5 51 gT slin 5 (aaoes) OG0 Luly, -F S5
Jle 55 5Kk € 5 (1F+ -V F2Y) ps> b b (a1 ) Jol Jle @ 51,as SHRZ «liwsl (ISFN 55 :YZD s o BRI cagie IMSHD e NEIBR 1,5 VRMN (- s:KRJ
Fig. 4. Relationship between locations (environments) and their comparison in terms of "discriminative vs. representative”. KRJ: Karaj, VRMN: Varamin, NEIBR:
Neishabour, MSHD: Mashhad, BRJ:Birjand, YZD: Yazd, ISFN: Isfahan, SHRZ: Shiraz, a: first year (2020-2021), b: second year (2021-2022) and c: average of two years

\h$3


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

VY Okl (Y oyl (s s M g";)\ﬂ\ =) (}Lo m_f.‘:..?"

2 il G s a5 Slas ol (o
2o b O GGE i) Sl eslial L
ysiS (,J_f bl ¢l o 1, (G10, G17, G18, G19)
0L 31487 sl 0L OLT s s 87 gl
YU e shyls 18 ol ¢y 3590 (Sl
93 0L gesan lyLacsY o sl gos s
il 1y e ldie o 2eS Olie

¥ Sl 55 45 315 0L b ke aglie s
2l 5 (Aald) & g o8, 4 S W5 VY O (F
dr 5 5y IS g 5 ails 65V > Slas S 55
3O slagss e besT sl Jlo s k5,8 513
33 Sl 53 5% 5IY Glaci 55 e3> Jlu 5 N
o a8 o S5 P Y slacs 85 e
T 2l 55,5 7 5oL L llas 555
5, Shes shyls oY Olge 0 F 5 ¥ glapY ol
L s dione bl jo oS (ol o 5ol 5 o s lbas
wslis O ol ST o gnliian (glaasl s oslizul
—4Y) el) dlw s lacs g opl adgl S s
5, Shes ghyls slaas 55 4 obcws Cada L VT4
3 el 2 ST 53 o (bl L, 5L 5 VL
3 odialonl 6aeS 555 L Lol en o550
X5 o s 4 Oy 5 SSE I 3 sla fos
(23l 3l ge pla b ol jan e 95 ol i ol
Juan GbLis slaolKnsl 53 (ol5a Aul b anlsl 53
g sl (ealys (o oz ST Jold ) 5iS
ol o lasT B s 5l s 5 Olgaol 3o
5, ke dlie 5 Slodie 3 Shas duslin o glodalin
O35 yls s a5 a8 8 51,5 sl o) e 4 iy
Slseds Ol ol oslas Sliwo 5 YU 5 Slas
S5 55 IV) Lol sl plu Lol en VY44 JLa
sl SalasT 5o egalias aml Calises o1 e
3550 dle 33 Se 4 413 5 Shes ()l 5 6,6 5L
s Sl s S5 Vs 5 S 51 e

26216/4/Arar/3/Mari/Aths*2/IM- o o= s LY 5 55

110

355 Ot SR 3y 4 ey (oS Dl
Sl AL gy (1Ses p pl a5 Cel Lo
SIS LT (58 el o sllas Glac 55
Sl L 5 i 55 s SR 35 dal
Sl Lo 5 48 Sl 5, Shes O gomen oS Slio
Aoy s5 p Gless s Smenl 58 o0 d 28705 3L
o gl i lasT 5 31 sl Lol ol ol el
A ol ol Sas |5 sl gr Dl Jas
Ll o595 4ST 5l 258 i € 51 B0 S
Lol sl o bus G5 o8, 65 4 gl
95, Shes (ool U5 s s Calises glalass 5o
Ghle 3l (5 2 L Gblie ppas 4m 0T (5,8 5L
O sl G ylite en (1 b L5 ol
o 5 L0 i 531y 5 Shas dulie sla j2ole 3T
Lo 5 55 RS e 2 B S |
O35 1ls me e Csdbs 5 .08 o |,
3y Gla ko 5o oyl s 5, e KL
Sysa ladaise j3 3, Shes ool lyls candllas
a0 dsb (n e LIS (o5 55 e S 5wl
231y i Bl 50350 Lacs 55 o Sle Lls o
(SLSe i Al s Lo 5 (g5 S
45 8 515 S plldoa ples S a 55 osllan 5 5
S llan Ol e 0 phle 5 5 51 Lo Y Al
S adeiia |y OT

J-s a0 S GGE SIS s i)
Juﬁ&ﬁjg{_;,gwl;\;mujr_mm_A
SO 6 Sds8 265 mlr bt Lo 5 o5 535
L g oo D G b ] 5 ST gl 55 5 030
sl 350 sadas 53 Sl 5 YU s Slas (sl
Oliiee plo low g O GLGGE b, .35 dial
(Maniruzzaman et al., Cwl odl oslaul s> oS s
2019; Barati et al., 2021; Barati et al., 2022;
.Ghazvini et al., 2022; Taherian et al., 2022)

ssbeas (Barati et al., 2020) 0, 5 1,


https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

"VOFNFA AP Y OLSn 5 S g Sl by 3 Shes ol oL, "

825:510/3/Arinar/Aths//DS 29 Y 5 (s e Lls)
3 BL 3 sl g Sl e o8 ol (530 )
(Com) pS 5 53 (M oy Sl 55
3035 VU (glos 4y famte 035 ol ol 0l |
Cnglin glyls js 6 Sl s4ls ip plp 0o
= TV oY 3 sl g ynle Wy
2 5 it Al gl Y s Sles o5l 5 6,8 5l
23 b L WWAV-AS Jl s 48735 Jima (o Bl
s Shas e o V0 G g5 opl ol islasT
(Anonymous, —ils oLyl 3,4e (K55 390 w3
Olsie au g (gol5a laask > 555 o0l 2010)
el B s i slizal 5 S S0 lly 5SS
L o5 onl (W) Jole 2851 (S 55 ilesT

S 5 4o

Sl sLa ¥ 4S5 U ikl gl

)QIJJJSL«;J_EJ)'\JJJ{L;LAO_:Y;J}-'F)V}?
3 i) aelsl sl LT 51 015 n 5 0553 6oL
Sy y3 a8 ol 3, S eslal C)\j Ll il
Sl 03, Ol sean by pL ) ag S (5 5 Jai
s P laal ook g es s (Bime JB L
AJJ_AC)\SA&;_&A&):.MJL&:_A&G@T
5 3l 53 6 ke QU5 5l S o canllas
Lalases plw 05 odsled Lo 55 o LS
Sl e G2 LT OLSG Ol gt 4 5 350 13y 5

S Al 5 S5 S

S Sl
SAPERANNNF oyl U Sl 055 51 lie o)
5L 4 5 Pl DLt dn o e 12 VY
OLSRer Stolas 1l g ol 0k ol sl 5y
hgmie i copalys S Sl RN

J‘}A&@Gb)ﬁj;‘ﬁ)\ﬁﬁj Olgdal @35 el 4o

Ay

ol 33 85 553}l Jol> Alt-73-337-1/5/Nosrat
3 et 55 el Ol s (T s o015
S [P (P EUES 1) JCT SRS PR JOp ',
A1) 26216/4/Arar/3/Mari/Aths*2//M-Att-73-337-1
Wis) 25 85 S5l ol & 185 ol (5530
<& 5Ll 55 ol il (g 3l A1) 05,05 (55
wﬁ)\w_;jdﬂz&\mwﬁwL;,uiu’,@,
lo e 25 sl 903 5 wlaomdas oy 55 5l 53
Lyl O 3287 3 e Jsna bLie )3 03 ol 52
sl sl oY 5SS eas 55 opl sl Ul s
WAS-AV ely5 sladlo s odi | ol 6 )8 5l iule3T
ceelrs 0L 5 e o bl 7 S ooyl 5
it g 305 s i 93 8T el 5 5 Olgis
3 oY onl (Anonymous, 2008) Susls | 3 Shes
(Tajalli et al., ol Joammze Juab olgsl S 2is
L (Khomari et al., 2018) ol ,Lea 5 g Los 2013)
wﬂéuuj\&_,a,;ﬁ(.ts,\u:s\)&umg.u
bz ol 51y ol 3l ool ST e il o
Ol o 5 Jaomn 5 i 55 ASan 1 5 iy 05
Wl F O 8) ks g o3, )+ lbas T (L
SOEF rsiee St milly Gy s o S
53 el i o ST O ey 53 1 (e
el Ol STl Ol @lﬁ Lsls 518 sbsis,se T
Sl il o Il 5 Lo 5 55 ASen 5 5
jabﬁ)‘bﬁu)b&dw‘ckw)bywx
el L 5 3 55 ESen 1 Lol 4l )
et 13 Sen 2 Sln o e Sl o5 VF 55>
fomoma Sl Ao )3 Y0 laoa 5 355 Sn 15, S
Lo & 055 530 Golaastl s a1y JS Sl
Lokl o8 Ol e 70800 5 5V s Shae 03
Al asls YL >J§L..:«
82S:510/3/Arinar/Aths//DS o e s L ¥ 5 5}
@3l 4l 5,865 555 3l Jool> 55 20/4/Sahra


https://www.sid.ir/search/paper/%D8%A8%D8%B1%D9%87%D9%85%DA%A9%D9%86%D8%B4%20%DA%98%D9%86%D9%88%D8%AA%DB%8C%D9%BE%20%D9%88%20%D9%85%D8%AD%DB%8C%D8%B7/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A8%D8%B1%D9%87%D9%85%DA%A9%D9%86%D8%B4%20%DA%98%D9%86%D9%88%D8%AA%DB%8C%D9%BE%20%D9%88%20%D9%85%D8%AD%DB%8C%D8%B7/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AC%D9%88/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AC%D9%88/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AC%D9%88/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AC%D9%88/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%A4%D9%84%D9%81%D9%87%20%D8%A7%D8%B5%D9%84%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%A4%D9%84%D9%81%D9%87%20%D8%A7%D8%B5%D9%84%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%A4%D9%84%D9%81%D9%87%20%D8%A7%D8%B5%D9%84%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%A4%D9%84%D9%81%D9%87%20%D8%A7%D8%B5%D9%84%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

VY Okl (Y oyl (s s M g";)\ﬂ\ =) (}Lo m_f.‘:..?"

References odldiul 350 2l

Ahakpaz, F., Abdi, H., Neyestani, E., Hesami, A., Mohammadi, B., Nader Mahmoudi, K., Abedi-Asl, G., Jazayeri
Noshabadi, M. R., Ahakpaz, F. and Alipour, H. 2021. Genotype-by-environment interaction analysis for grain yield
of barley genotypes under dryland conditions and the role of monthly rainfall. Agricutural Water Management, 245,
10665. https://doi.org/10.1016/j.agwat.2020.106665

Azakpaz, F. and Ahakpaz, F. 2014. Stability analysis of barley lines and cultivars grain yield using GGE biplot model.
Agroecology Journal, 9(4), pp.1-12. [In Persian].

Anonymous. 2008. Barley Breeding Annual Report 2007-2008. Seed and Plant Improvement Institute. pp.221. [In Persian].

Anonymous. 2010. Barley Breeding Annual Report 2009-2010. Seed and Plant Improvement Institute. pp.227. [In Persian].

Anonymous. 2023. Agricultural Statistics of 2021-2022 Cropping Season. Ministry of Agriculture-Jihad, Vol. 1. [In Persian].

GENSTAT. 2008. GENSTAT (12" Ed). VSN International Ltd. https://mmw.vsni.co.uk. Accessed July 2009.

Barati, A., Zali, H., Lakzadeh, I., Koohkan, Sh., Jafarby, J., Hosseinpour, A., Jabbari, M., Marzoghiyan, A.,
Gholipour, A., Poodineh, O. and Kheirgo, M. 2022. Study of grain yield stability of barley promising lines in warm
regions using GGE biplot. Journal of Agricultural Science and Sustainable Production, 32, pp.65-78. [In Persian].
https://doi.org/10.22034/saps.2021.44929.2648

Barati, A., Lakzadeh, 1., Jabari, M., Poodineh, O., Alt Jafarby, J., Shahbazi Homonlo, K., Gholipour, G. and
Tabatabaei Fard, N.A. 2020. Evaluation of grain yield stability of irrigated barley (Hordeum vulgare L.) promising
lines in warm regions of Iran using GGE biplot analysis. Iranian Journal of Crop Sciences, 22, pp.212- 224. [In
Persian]. https://dorl.net/dor/20.1001.1.15625540.1399.22.3.1.2

Barati A., Zali, H., Pour-Aboughadareh, A., Gholipour, A., Koohkan, Sh., Shahbazi Homounlo, K., Jabbari,
M., Poodine, O. and Kheirgoo, M. 2021. Identification of irrigated barley genotypes with high and stable grain
yield in warm regions of Iran. Journal of Crop Breeding, 13(40), pp.162-172. [In Persian].
https://doi.org/10.52547/jcb.13.40.162

Erdemci, 1. 2018. Investigation of genotype x environment interaction in chickpea genotypes using AAMI and GGE
biplot analysis. Turkish Journal of Field Crops, 23(1), pp.20-26. https://doi.org/10.17557/tjfc.414846

Ghazvini H., Bagherikia, S., Pour-Aboughadareh, A., Sharifalhossaini, M., Razavi, S.A., Mohammadi,
S., GhasemiKalkhoran, M., Fathihafshejani, A. and Khakizade, G. 2022. GGE biplot analysis of
promising barley lines in the cold regions of Iran. Journal of Crop Improvement, 36, pp.461-547.
https://doi.org/10.1080/15427528.2021.1977448

Gumede, M. T., Gerrano, A. S., Modi, A. T. and Thungo, Z. 2022. Influence of genotype and environment on grain
yield among cowpea (Vigna unguiculata L. Walp) genotypes under dry land farming system. Acta Agriculturae
Scandinavica, B- Soil@ Plant Science, 72, pp.709-719. https://doi.org/10.1080/09064710.2022.2069593

Hilmarsson, H. S., Rio, S. and Sanchez, J. I. Y. 2021. Genotype by environment interaction analysis of agronomic

spring barley traits in Iceland using AMMI, factorial regression model and linear mixed model. Agronomy, 11, pp.499.

1y


https://www.vsni.co.uk/
https://dorl.net/dor/20.1001.1.15625540.1399.22.3.1.2
https://doi.org/10.52547/jcb.13.40.162
https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

"VOFNFA AP Y OLSn 5 S g Sl by 3 Shes ol oL, "

https://doi.org/10.3390/agronomy11030499

Khalili, M. and Pour-Aboughadareh, A. 2016. Parametric and nonparametric measures for evaluating yield stability and
adaptability in barley doubled haploid lines. Journal of Agricultural Science and Technology, 18, pp.789-803.
https://doi.org/20.1001.1.16807073.2016.18.3.20.2

Khomari, A., Mostafavi, Kh. and Mohammadi, A. 2018. Evaluation of yield stability of winter barley varieties
(Hordeum vulgare L.) using additive main effects and multiplicative interaction method. Crop Production, 11(2),
pp.185-195. https://doi.org/10.22069/ejcp.2018.13567.2043

Vaezi, B., Pour-Aboughadareh, A., Mohammadi, R., Mehraban, A., Hossein-Pour, T., Koohkan, E., Ghasemi, S.,
Moradkhani, H. and Siddique, K. H. M. 2019. Integrating different stability models to investigate genotype x
environment interactions and identify stable and high yielding barley genotypes. Euphytica, 215, 63.
https://doi.org/10.1007/s10681-019-2386-5

Fatemi, F., Kianersi, F., Pour-Aboughadareh, A., Poczai, P. and Jadidi, O. 2022. Overview of identified genomic
regions associated with various agronomic and physiological traits in barley under abiotic stresses. Applied Sciences,
12(10), 5189. https://doi.org/10.3390/app12105189

Ebem, E. C., Afuape, S. O., Chukwu, S. C. and Ubi, B. E. 2021. Genotype x environment interaction and stability
analysis for root yield in sweet potato (Ipomoea batatas L. Lam). Frontiers in Agronomy, 3, pp.1-24.
https://doi.org/10.3389/fagro.2021.665564

Maniruzzaman, M. Z,, Islam, F., Begum, M. A. A., Khan, M., Amiruzzaman, M. and Hossain, A. 2019. Evaluation
of yield stability of seven barley (Hordeum vulgare L.) genotypes in multiple environments using GGE biplot and
AMMI model. Open Agriculture, 4, pp.284-293. https://doi.org/10.1515/0pag-2019-0027

Moussa, S. A. M., Hala, A. A. E. and Nashwa, I. A. E. 2011. Stability study of sweet potato yield and its component
characters under different environments by joint regression analysis. Journal of Horticultural Science& Ornamental
Plants, 3, pp.43-54. https://doi.org/10.5897/AJMR11.054

Rad, M. N., Kadri, M. A, Rafii, M., Jaafar, H. Z,, Naghavi, M. R. and Ahmadi, F. 2013. Genotype environment
interaction by AMMI and GGE biplot analysis in three consecutive generations of wheat (Triticum aestivum L.) under
normal and drought stress conditions. Australian Journal of Crop Science, 7(7), pp.956-961.

Sadiyah, H. and Hadi, A. F. 2016. AMMI model for grain yield estimation in multi-environment trials: A comparison to
BLUP. Agriculture and agricultural Science Procedia, 9, pp.163-169. https://dx.doi.org/10.1016/j.aaspro.2016.02.113

Samonte, S. O. P. B., Wilson, L. T., McClung, A. M. and Medley, J. C. 2005. Targeting cultivars onto rice
growing environments using AMMI and SREG GGE biplot analysis. Crop Science, 45, pp.2414-2424.
https://doi.org/10.2135/cropsci2004.0627

Solonechnyi, P., Vasko, N., Naumov, A., Solonechnaya, O., Vazhenina, O., Bondareva, O. and Logvinenko, Y.
2015. GGE biplot analysis of genotype by environment interaction of spring barley varieties. Zemdirbyste, 102(4),
pp.431-436. https://dx.doi.org/10.13080/z-a.2015.102.055

1A


https://doi.org/10.5897/AJMR11.054
https://doi.org/10.2135/cropsci2004.0627
https://agrobreedjournal.ir/article-1-1317-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-03 ]

VY Okl (Y oyl (s s M g";)\ﬂ\ =) (}Lo m_f.‘:..?"

Taherian M., Nikkhah, H. R., Aghnoum, R., Sharifi Alhoseini, M., Mahlooji, M., Taheri Mazandarani, M.,
Tabataei, S. A. and Hasani, F. 2022. Graphical analysis of grain yield stability for selection of suprior barley
(Hordeum vulgare L.) promising lines in temperate regions of Iran. Iranian Journal of Crop Science, 24 (1), pp.78-64.
[In Persian]. https://dorl.net/dor/20.1001.1.15625540.1401.24.1.5.6

Tajalli, H., Mousavi, S. G., Baradarn, R., Saberi, M. H. and Arazmjoo, E. 2013. Evaluation of 20 barley genotypes
under the terminal drought condition. Journal of Crop Ecophysio, 7 (1), pp.91-104. [In Persian].

Xu, N. Y., Fok, M., Zhang, G. W., Li, J. and Zhou, Z. G. 2013. The application of GGE biplot analysis for evaluating
test locations and mega-environment investigation of cotton regional trials. Journal of Integrative Agriculture, 13(9),
pp.1921-1933. https://doi.org/10.1016/52095-3119(13)60656-5

Yan, W and Kang, M.S. 2003. GGE biplot analysis: A Graphical Tool for Breeders, Geneticists and Agronomists. CRC
Press Inc, Boca Raton, USA.

Yan, W., Fregeau-reid, J. A., Pageau, D., Martin, R. A., Mitchell Fetch, J. W., Etienne, M., Rowsell, J., Scott,
P., Price, M., Dehann, B., Cummiskey, A., Lajeunesse, J., Durand, J. and Sparry, E. 2010. Identifying
essential test locations for oat breeding in eastern Canada. Crop Science, 50, pp.504-515.
https://doi.org/10.2135/cropsci2009.03.0133

Yan, W., Kang, M. S., Ma, B., Woods, S. and Cornelius, P. L. 2007. GGE biplot vs. AMMI analysis of genotype-by-
environment data. Crop Science, 47(2), pp.643-655. https://doi.org/10.2135/cropsci2006.06.0374

Yan, W., and Tinker, N. A. 2006. Biplot analysis of multi-environment trial data: principles and applications. Canadian
Journal of Plant Science, 86: 623-645. https://doi.org/10.4141/P05-169

Yan, W. and Tinker, N. A. 2005. A biplot approach for investigating QTL by-environment patterns. Molecular
Breeding, 15, pp.31-43. https://doi.org/10.1007/s11032004-1706-0

M4


https://doi.org/10.2135/cropsci2009.03.0133
https://doi.org/10.1007/s11032004-1706-0
https://agrobreedjournal.ir/article-1-1317-en.html
http://www.tcpdf.org

