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Extended Abstract

Introduction and Objective: Barley (Hordeum vulgare L.) ranks second in terms of cultivated
area in Iran after wheat, and according to the latest statistics of the Ministry of Agriculture Jihad
(2019), its cultivated area in the country is reported to be 1.547 million hectares, which the amount
the production of seeds was 3.514 million tons. The objective of this study was to select the
superior barley genotypes based on grain yield and its stability, and also yield components, and
important yield-related agronomic traits in temperate regions of Khorasan Razavi province.
Materials and Methods: To identify the optimal genotypes of barley, three promising lines along
with Nusrat, Yusuf, Gohran, and Rihan cultivars in the form of randomized complete block design
with five replications in three cities of Firouzeh, Bardeskan (Anabod sector) and Khalilabad
(Kander sector) during the crop year 2018-2019 were cultivated and studied. Several main traits
i.e., number of spikes per unit area, number of kernels per spike, plant height, thousand kernel
weight, biological yield, harvest index, and grain yield were recorded. GGE (genotype and
genotypexenvironment) biplot analysis and genotypexfunctionXxtrait biplot analysis were used to
investigate the objectives of this research.

Results: Based on the results of stability analysis, the promising line MB95-4 was the Ideal
genotype, and the closest genotype to it was the promising line MB95-11. In this study, GYT
bioplate was used to identify desirable genotypes based on several traits simultaneously. Based
on the results, the promising lines MB95-4 and MB95-11 promising lines were the best in
combining grain yield with the evaluated traits, respectively. According to the GYT index, the
promising lines MB95-4 and MB95-11 had the highest values, respectively. On the other hand,
these two lines did not have negative values for combined yield with different traits. This
indicated the relative superiority of these cultivars in combining grain yield with the evaluated
traits. The value of the GYT index for the Goharan cultivar was close to zero (0.01) and this
means that this cultivar had average values of traits in this study.

Conclusion: In general, based on the results of this study, the best genotypes in temperate regions
of Khorasan Razavi province based on grain yield and its stability as well as yield components
and important agronomic traits were MB95-4 and MB95-11 promising lines.

Keywords: Effective trait, Genotypexenvironment interaction, GYT biplot (Genotype, yield,
trait) Ideal genotype


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

-

WO VY 50l TV ojleds [ead 3l Juo [ 2lyj LS Mol doliingy, W
Sl b ilie 5 (55,5l pgle s>
"o e an

Slo g 3,50 gyl wlwl o (Hordeum vulgare L.) 9> 5 o sWCuwig; ol
&8y oWl gl ;3 (£l ool
ol axe

ohnl e 53,318 g5 9 Objsel liios Glosl w590y plulp (b alio 5 5,988 Ghjgel 5 Ui 3 e (£l g (o5 pole Slidos i ol
(taherian. m@ut.ac.ir : Jggus o0lin33)
VEYVS 55y gl VEANNY il s oyl
YAD B AWYF caan

by 0355
529U Sl ylig Jlel T o g 3)b 1y pgd plie iyl 5 cutS 5 pdaw blod | paS I ax (Hordeum vulgare L) g :Bu g doddo
ol 5 in ol 033 5 Cyseleo YIOVE Wl 1g5 o peaws () 1 45 sl 005 L3155 S Cpgnleo VOBV 10l )3 o S o5 e (YRQ)
2,80ae b biye o5 mpe Slio 5 3,Shes (il cizmen 5 o ()bl g @l 3Shas bl o 2050 52 SloelS it RS Lheok

P9 g8y gl gl Jame bl >

Sk b B 5l 5 (S g iyl pByl olen & (il (Y dw s osllas lacaisi (aluls pdaiea 1409, g dlge
3 adllae 3)90 9 et WA (25 Jlo (b (148 i) LI 5 (Wb i) (32 09,08 (b e duw 3 )85 &y 3 (Bolas JulS
WS (¢S ol cudln gy adls o Sojglam 3 Slas il 5 ySlas gy glasyl caily Hl5a )59 calius 50 Al Slaw cpdaw sy > b Sl Clas a8
A5 ool (g ol Shal () g cihiox Slosx sy Ol 4o (Ml (buexGudsi) 5 ouis)) GGE a5 5l

oiguiel Y o] 4 g S5 g 03g wsllas g Clyiea MBIS4 isuael oY «silul 4o 5l ol @l olul  laaidly
ol lojan joboty o (i il Cllas (Slacig] olulid Cae EM (Shoxd Slasxiys§) GYT jl Jiags cul > 59 MBIS-11
e b)) 390 Slao b iy 3 Slee oS 5 43 ity MBIS-11 3 MBO5-4 isuiel (glop¥ (imgs cpl 53 sdel Candats zoli Lululy 05
sl jolaidl sgs a1y polis oy YL Cus iy MBI5-11 g MB95-4 jisuisel (slaip¥ (cioxs Slasxcawigs) GYT asls Solwly .34
330 lio b il 3,80as oS 5 3 a8, ol osmd 2t 55k yol o) 339y s lio by 5,Slas S )3 (gl st ppolio 331 Y 95 1yl LB b
2 il 290 Slio bawgia yolie (Sl 15) (ol & Cusl psrde i g 392 (+/4)) Hho 4 S35 hasS o8) Gl GYT (adli jlade g b))
Caslodg (imgh oyl

Gzl 559 ol ool 5 a0 ,Slas bl (6905 sl B il Jatme Sbllo )5 ncisil oyt Gioas ol @l (olusly gsae ) 35 a5 Aol
39s MBO95-11 g MB95-4 isussel clop¥ el); are Slio 9 3,Shoe

Mgl (duoxd Slasx i) GYT ¢li8 b Cho wogllas cuisi) daoax i) blite 11 galS” gWaojly

oials a4 Clel Chuo SO jd d9u0 45 (g sbds (i yld oallasls doddo

Yan, ) spbie prie S S Ko i b e

[Frégeau-Reid et al. 2019
@ olgen P b asliy )3 Jp Glacss) lelis
Sl opl blate 31 g Bun sblie )0 Jaoe il sy b
sgbatods cnlply ABboe JSbe (gw)p 3)90 Sy b
sty 2 2,Shae (5)nl 5 Jpazmo 155 5| ol
sl bl b sk 3 Wb aidyiy slaenY (oolpa
Yan and ) 8sd b5, cglate sla Sl 53 5 calisee slon
iz glalass j5 Yaaxe cuigij < (Rajcan,2002
W) Spba )b Flite bisly 3Sles Ll
ol S ooy 503 e 4 bz S5l ol 2 Shes
98 g o] Laa 5 iy ot S e 3 oS et
ol 0l a3ls el blite wlgl olge cod
Jlée 3l aosls (Mohammadi and Amri, 2016)
elolis sejls Solfia asl b e lexeuis;
3 cslaials 3 ol bnd a5 i b Sluly (slacaiss
Taherian, Bihamta ef al.) aib o Gua slalase
b bgy b g bs] Oaody cunl (S (gylul (2019
Lis 4 bl laeiss o) o o casl (o Lyl g)luk
Sbig silul 2 5 8 1) lase dos )5 LSy 5 Sles

2 daw blod 5l puiS I axy (Hordeum vulgare L.) o
e @)lig el Bl B g 2)1b 1y pod plie ol y> cuts
01 o i (e AVOEYE oy 5 LS SVIAE ) ksa
039 0y Cyoakee YIOVY &ils WJg Jlade pdaw oyl ) &S cl
Service ) cusl 035y S ;5 p,55lS VWWEA 130 byl 1 45 4
ot J e g2 g 298 (VFY) o)l Sl 5 (1963
Il 53y aaby y9iS dgle qale )b 53 5 00 pulus]
o5 @ dagi b (b jlcwlond blod wis aily 3 ol A
Jypazme (ol SB g ol llyd & Cons 2 Jgamo By
395 bl o8 e 3 551 5 sz ol e
Sl Al HeusS Ol oS

9 b bowgy bl (Mol acbyy Sy Koy
sl e X3 Mize 51 () ol @y hol 2l
O G i Slas y wgllasl by (V Baa i
5 wi9j) GGEwio & )5 bae Xeigj blite I
Yan and ) adb oo omlio gy Mgl (laax iy
gl las o gllasl blg,y il Ll (Kang, 2002
Samsods B Slao Yoo 45 Cawl s ol 51 56

1- Genotype and Genotype by Environment biplot


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

byl aoe

WE e S5y ool ol ) ely) Gollas Slao g 5,Slas ()lub wlsly (Hordeum vulgare L) o 35y ey ololis

5 YOI FANY b iy uigil il g lamoxcadgh Jilite 51
b VY bah LS5 1y JS Olrye goosme | s )d ¥/
] Sy hmepl a5 g WS 18 e ol 4w
a8 sl (pY Sy ggerme ) g s p b
aoy bl plod sl 09 Csllae (6)luk § YU 5 Shos
(Taheripourfard, Izadi-Darbandi et al. 2017 1&

2l oglhe lacayl (LS g medbey) (b))
wlpa Blal 1 5 Hlojer jabay 850 Glaw ool
el Frégeau-Reid et al. 2019(Yan,ssl
Glpa Jol Gan > Slee aS eyl depg L Y gae
Dyt lopg cusnl I 55 ely) Glae plo Wbl o
L oS cuwl YL Cao S (oolail o5 (SHee 40
YU o,Slos (o015 a4y Bun (x8ly 50 .0l ol jo i 5,Slos
) ) Slio 505 glbe ol b olyen Jgd LB
i) Ol by pshie (mes 4 Bl
Yan and Frégeau-Reid ) cuol s slpiid Ciio oy
by (GYT) caoxs Slosxoisy Myl (2018
$90 5 Gl Chio p St 2Sles &S Cuwl porie oyl
olyor WU by 5 yShoe b a8 w5y cuenl Jloj s cilaw
Yan, Frégeau- ¢Yan and Frégeau-Reid 2018) sl
(Reid et al. 2019)

Sl g S0 pSoilul |y IS s GYT adls
4 Cans GYT Lo ls g o ooliiiwl brewisss (sanad,
ol oelwly Ty sl o 5y oS Glsesl sla sl
S92 9l Chio (it 3Sles & sl porde
3fdes b & Wgd oo yaiedi)l Clao )3 VL zobaw
)I GYT ua:-l.w L)"L"" » ul.‘xul u;l)JL.s J.m.sb ol/w.ib \fl.:
(Yan, Frégeau-Reid et al. 2019)

P Medge () o lpied sl GYT o)
Karahan and Akgiin ) o (¢lp cwlo plB)l in55
Al-Abdallat, Karadsheh et al. Kendal 2020 2020
Merrick, Glover et al. 2020) L pu5 (2017
psyed  pAS  (Rahmati and Ahmadi 2020
Gl 045y )l35 (Mohammadi 2019)
oololy 92 S®] Cnpe (AR5 GRagR cnl I San
b biye el clie pls o o) lul 5 alb 5 Slee
D9 92y Gl Gl Juiae 3blie 53 3)Slos

L 9 9 dlge

b B () Jgix) o> pisuel (pY a9 o8 sl
@9y ()l yoed A 53 1SS ey > (Bolad JolS dkfsli
Sl 5 Bl (3 4 s (45 ailae) ST L
9o 9 Sl WA ol; o (b 550, Gl B
55,5 1,5 alllns

llae ) Sltl 4 Cond Guig) Sy 3 Slas 251
S paSly s wjled b cl gy SO gl
bl 3 bowy) oSlee (1Ske b Sile 9]
.(Becker and Leon, 1988) 1ib o calisce

@ ol ol @ opsie da by, e
Ao kol sloadlge & 4y jo5 2 (Sie & sl 29,
(GGE &My sb GGE iy, (Gabriel 1971) 3505 o,L]
L (GE) baxcwig Jlite 51 5 (G) cuigij 51 biplot)
A @S 2y s 92 4 1) GGE 5008 L o2 |,
s bewig oMl b, ;o (Yan, Hunt et al. 2000)
b oS g0 S 53 lojen ol lag] Jilie 51 g lae
bl 2 a8 assl g e 00l yiales 395 c0 oduel My
ol b o Cuoal Plo s calise slalasre > iwiss)
JB Lol 03 S5 sl dylge ST 3 lasme 51 48
P59 odls jl e 3l Bl (plpls sunsss 5)lo o
ol Caonl $lo s x adyi Wlise 1 5 gy 5
Jlie 3l 5 g 1 ks (Yan and Kang 2002)
Sl b gy S & cwl howexeds;
i Bl gy aS cunl oyl walwla\;&ss.u)l: Caedl 5,Slos
GGE (9, g3 (wyp ol &9 4 1L laeox s
9 593) Sl 93 (nl &5 A8 (0 @al3 1) ISl pl sl
B (9 2)90 (o5 oty 9 Olojen (bdnoxcaio]
I, &My gl GGE jss, o3 oies (Yan, 2001) 35,5
by boaxcaigs Mite Sl ey sl 2L (b,
2 e SleMbl (hgy cpl & Slazil by g 0903
B )Ll ) ) cod ke § lguis) (ogas
cuslio pBB)l i 8 0 Ml GGE 5,5 a0 )8
Hudzenko, ¢Barati, Zali et al. 2021) ¢ (ly
Kendal, Karaman et al. Demydov et al. 2019
‘Koocheki, Sorkhilaleloo et al. 2012 2019
‘Mortazavian, Nikkhah et al. 2014
Vaezi, Taheripourfard, [zadi-Darbandi et al. 2017
ob puS  (Pour-Aboughadareh et al. 2017)
Mohammadi, ¢Ahmadi, Mohammadi et al. 2012)
Omrani, Naji et al. 2017 Hosseinpour et al. 2016
Nikkhah, ¢Pour-Aboughadareh, Barati et al. 2023
Mohammadi, ) pgyed> puS o (Tajali et al. 2022
Gl 00 45|35 (Armion et al. 2016

dabais can 2 |y oo isusel pY VY (o yen 9 IS
GGE § AMMI (¢la g, il oslawwl b 2]y Jo 90 b
b sl o ehmg cal o ol 08 ) sl
b 595 92 rimen 9 W3S By |y (oges )5
Kendal, ) 55,8 (in 8 (sdn o wyp 0 Wy lsica
.(Karaman et al. 2019
» e ol Y Can GhlSen 5 35 Hue el
ookl b Jho 90 e 4y jgulS )5 5 Jline ddlaio yiud
aes lago ggmcre 135 (i) S3esl GGE by,


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

Wy

obyalb some

Table 1. The name of barley cultivars and promising lines

3 0% el gla Y 5 pB)l pb—Y Jgi>

beuiss pb
The name of genotypes

beuigy &
Genotype code

(Rihan) >,
(Yusef) cawg
(Goharan) )l 245
(Nosrat) & yai
MB95-4

MB95-5
MB95-11

N B W N =

adlas 5 cw)p 390 slacuis) Closad b)) ¢l

Jao j) il @lio b 3,Sles @l ) oy (Sansad

5 odlawl (GYT biplot) cuasxd Slosxcuisi} sl

Omrani, Naji ) asb o ¥ aasly a0l p 3, ol s)lel o

(et al. 2017

Ty T,
S

93 8es oS5 4lp i g bwgie (b3l Ty QT P

dod (5] Cauo g 3)Slas oS 5 bawgie (351 Ty § o
o) e g 3 Sles S i lilinl Blyal S daguies
Sile plie cigh Ay g A gy o SSle
PCI (sbaoyoi cui it §ip 9 51 epgd 9 Jol (ol (slaadlye
&l PC2 g PCI (sloo yoi Tpj 9 Ty d quigij sl PC2
Lol 039 Jdo odilaudls €5 9] Cho g dSdes oSS
laol o iyl slate (slassly calisee Clas &Syl 4 as g5

J
=&t + 260725 + &ij (V) sl

L3S Gyas asly 0 il gl oaly (g5l sl
W E VAP VISV PSR PV I W TS PR 31 WL R o

b &l o Slas g Cido o oS 5wl p GYT Jgus
GYT [asls ol sty (YIA) a2 5 ol Uy
i 3 Shat o S 5 Slhe dolons J 35 sy
Yan, ) sol Coss ods Skl GYT Jgdo bl o of
(Frégeau-Reid et al. 2019
5 &Ml GYT Mk GGE (sl ylyges pusy yolaiods
ADEL-R  (slajli8lpy 5l odly Sye uibyly 420
GEA-R 4 (Pacheco, Rodriguez et al)
oslawwl (Yashavanthakumar, Baviskar et al. 2021)

dibaie Lol 5l &S oy ol odly S e uilyyly 4500
2l g &l Shoe (gl adbatoxcoiy) Jlite 3l g cuigi) g
L5090 )b gime (gylol Hai I ey laws

ot Sk sslaiats S | IS ilef]

2 97 Comd & oS eS8 (A5 B L iy Sl
o515 ol e it 3o S e 15 3
sly &l )5 (5 (85 5 3 L g @pe e 3 Al YO
9 4l g S92 Cjgo 4 S DS (el (0 g 08) 2
bl 32355 (lise g 98 085S plonil it g )l
oy Oldlguw zuie 5 ol 36571050 )5 B s S g0l
3531295 5 4y g posigel Slind pio Sl jaud oS
CulS o)l Ny Bpan & Sy g by g 0yl st
o 3 sladile boj)le gl g Ul Ao it ja
logz 9 ydl S (leedS le 5l (oglne 5 SOk 9 S
dlo o )3 )8 53 ) S g ) Ve e 4 4 g
S503ll 5y50 lawo A odlitwl 18,y dBle U 5 az
doly 50 i dla «Sigan 2, Sas @il 3 Slos Jolis
w9 by jlia e gy o)l calin (o by sl cpdaw
Dy Culdy

o pite Wiz g jl oLl b o (Y g pB)l (5 Il (o)
GGE > ous olizul Jao .45 pbul <Myl GGE
ol 0393 ) dlaly o yg0 4 My 6L

Yij - pu- Bj = gilelj + gi2e2j + &ij (V) alal,
5812 J be g lewisss slp adgl (claoyes telj o gil
gl g ] b 9 1 Guigi ln agl ooy €2
03 s gl 493l g gl Ol 3l dliusgdy a5 sl (glosilasdly
elj 5812 blis ;0 gil puwy L GGE <My gl S5 0405 05
adol (loo yoi s pawy ¢ STy g0 Sy 025 olde 4o
(Singular  Value syee  Hlade  ajod @b
10085 g Y alayly &) a0ds Decomposition; SVD)
Yij - p- Bj = ME NG + 2822 +aij () dla,

kol Ao pogd g gl Dyaie palie Coi gy A2 5 AL
Caigii o sbayby cuigay L2 4 Eil (PC1 4 PC2)
opg sloyloy iy 1 M2j g Mlj s PC2 g PCL (ol pli
Yan, ¢Yan 2001) ssb 0 PC2 4 PCL (gl plj lae

(Hunt et al. 2000


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

obale ome

WA s, S5y ool il )5 ely) Gollas Slao g 5,Shas (o lub wluly (Hordeum vulgare L)) o 5y ey ololis

dilale dw ;> Slho Sye uibyly 4525 @ Y Jo

Table 2. Combined analysis of variance for traits in three regions

Sl (1:5ke

Mean of square

ol i ol i s 5 &l sl Al dlaws 3,Sles 3,Sles )
& > .
clsy #ES &l s Sojogn &l @l e
Thousand Number of . . :
Hal(‘ivest Plant height kernel kernels in Numier of Bl()l_()%écal Grallcrll df Source of variation
index weights epike spikes yie yie
4137.39" 2974.41™ 131.84™ 913.43" 550873.11" 378.07"" 3.73" 2 Region dilaio
7.84 11.95 1.66 3.42 2207.55 0.63 0.13 12 m_)b ‘S?L
Block in region
38.77" 119.69™ 28.59" 112.81" 65281.08" 16.13%* 3.34™ 6 Genotype cuig;
55.54™ 202.28" 20.27" 66.39" 26954.58"" S1/5%* 0.43" 12 adlaie x w”
Genotypexregion
6.1 19.48 3.6 4.04 2103.33 0.93 0.16 72 >
Erorr
5.3 4.86 4.64 5.62 6.33 7.09 6.61 - CV%

Jsi) o9 55 5 5 51450 Galeg] (sl ko o
(Y

dibale dw faetme 0 o> lapY a3 Slee . Sko
) FIAYA G (g 03) OIFAY (0 (glaials )3 ¢ yilojl

ab o Sles J§ 5SSl il 1,8 S o o5 (F ojled

otelejl sl Gble )3 g slacaisis (il ) 4l 5, Shes Sike =Y Joi>
Table 3. Mean of grain yield (t/ha) of barley genotypes in regions of trials

ok ojoxd PNy Ul )
Mean Firoozeh Kondor Anabad Genotype
5.545¢ 5.483% 5.656% 5.498¢ (Rihan) >, ,
5.487¢ 5.697% 4.865° 5.900 (Yusef)cawgs
6.185% 6.055%¢ 5.900b¢d 6.600° (Goharan) 265
6.025¢ 5.867% 5.560¢ 6.650% (Nosrat) & puas
6.838% 6.556% 6.732° 7.222% MB95-4
5.976¢ 5.433¢ 6.051% 6.444% MB95-5
6.396° 6.111% 6.299° 6.777% MB95-11
6.065 5.886° 5.867° 6.442° (Mean) Ske

ool sl Gblie )3 2 lacaigs ol Slao IS (:Ske -F Jgix
Table 4. Total mean of agronomic traits of barley genotypes in regions of trials

. . o pae FR T So59am 3,Slos
aliw ol 53] I> )l 2099 St
Cuslyy yadls aliw > &l ol 2 ke S m“}{ & J o8 )"‘j o) (kSaf o) L)

gaw 25l (3eisile) (¢55)
: Thousand . . .

. Number of Number of Plant Height : Biological yield
Harvest index kernels in spike spikes (cm) kerneé gv;/)elghts é /ha) Genotype
45.78° 35.78¢ 632.27¢ 90.53b 40.93° 12.64¢F QL"“
(Rihan)
47.95% 37.35% 651.27¢ 87.86° 42.59° 12.08 A9
(Yusef)
47.05%¢ 31.89¢ 732.13¢ 87.2¢ 42.43* 13.11¢% N
(Goharan)
46.95%¢ 32.06¢ 724.80° 90.33b 40.64° 13.55% © pai
(Nosrat)
48.46* 38.09*° 816.13% 92.8% 40.95° 14.13 MB95-4
43.62¢ 38.51* 752.13% 91.73° 38.48.° 14.89* MB95-5
46.01° 36.77" 779.87° 95.4* 40.32° 14.61*° MB95-11
46.54 35.78 726.94 90.84 40.90 13.57 (Mean) Ske

55590 hwgi Lo )3 2 lacis) 3Ses (g)lulb
5 {Hudzenko, Demydov et al. 2019) |,Ken 4
Loy V¥R 250> o b GGE jl Jobs gl ddlge
oo bawg d9290 g9 yidn S| dng ) Ol
okimy Lt il g LB ped 5 ol Lol slo adlge
potie 4yl Lol 039y lammox il Jildte y3l ol cunlo
(Yan and Tinker 2006) cuws &M b o9 slael o
o> i) i haaxuig] hlite Sl slaged piales 5

alye o sk GGE () jl Jolbs guls bl
WIEY pgd Juol ddgo o g AVIA IS &l yuss 51 Jgl Lol
IS5 a0 ABIFY dgas gaemme ;0 ddlge 90 (pl g do)yd
9 22 omeel () JSE) 835 ang 1) 290 g9
Taheripourfard, Izadi-Darbandi et al.) .,
03jl93 3 52 g} Cumr 3 Soe (5)lk (2bj)) 2 (2017
GGE 4356 3l Jols Jgl ddlge 93 &5 008 lo s
oo PS> o) gy Gl 1o ¥ Ol


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

wva

oborle dome

22 (Voojled uigss) MBOS-11 Lisuael Y Jke
i) aldo (555l g 5 Slos i I ool adlais 4
953) 25 15y 35 pB)l Gl 5> N3 MBIS-4 5
Pl ety & Connd 5 <l )15 s 09,5 ol 53 (Vo )loud
wilieo glaboe ) bowe) 3Sles Cold g 5
ady ol &S cwl gyl S blae B el
Yan and ) siiws glite walise glalaze o laeuis)
5 (V o)led <)) ol Bl Wiz p» (Tinker 2006
Lol caidls 518 (alo diz (ol )3 (V 0)lod Guighy) g
Ol gdse onl 9 Cudlis s ol BLL > SSe gn
3Slac gy dppm Golin 551 53 oY ) & a3 e
Oer 5 33 memlb i el
Y+ (Taheripourfard, Izadi-Darbandi et al. 2017)
GGE by, 5l oolizsl b lame 2 )3 1y 93 Lisasel oY
MR b pl w3 haoe b 2038 2Ll @Ml

D92 $p S Gigy S lamopl 2 y> g a8 S

issly Sy sl e ) Aol op i o lacs
2lo g 0l Jiog w4 paitee bl (ool dhgey
S bogy) SlasS 5 Wlo da g9y 5 ey
0392 Josll puSe (p ptiin > )03 518 (alo wiz o) 5
So 2 owig (nyiciend b (p e 4> 3 Sles Ll 5l 4
P iy adhold gyt 5 g oo gune b i b
Mgl 3550 5l (Yan and Kang 2002) x> <My b
Ol 45 395 o0 ooy dg0e S Sy (AlS Lo dis 2
P bl o cpd g A8 (o0 mandl GiSu (ptix 4 )
P90 oy Hgb oo ly (Solite b g LS slapsise
ikt glalao )3 iy lacpY s jolateds (Al N>
G 5 (1 olas i) ooy Pl &5 s ol (1 52
oyl i 5i5) MBOS-4 (isusel (¥ g (¥ 0 lod cuisi)
Bblie V s bl aitly j18 (als xix (pegi) 5 (0
) ) )13 liome 09)5 )3 acadigi] g 09)5 Sy
Scy) 20 MBIS-4 g alojl adlate a3 5
gy Al S00Sy 4 (0bj Calids 09,5 52 53 d9290

Which Won Where/What

@
o
=®
o
@
o~
& o
;D
2
©
2

-0.5

0.0

Kondd
7
Firoozeh Anaba
T
05 1.0

AXIS182.8 %

iz gl )5 9> iy clacws) lulid ¢y oM GUGGE (alo xix =) S
Figure 1. Polygon of GGE biplot to determine the superior barley genotypes in different regions

bl g JIy55n (wlie 3 Sles (ylul g 3Shee
Soly d9es jeme Sl 4 dxg by jeSde Sk
Ceows 53 &S placaie) ol cuig) o 3 Sles (1SSko
9 ke 5y 0,See i 5l aiily J1)3 jeme ol ol
3,8 es szl H3 ks pl Co Cwws &S slacwys

Al JS 5:ke 5l (6 a8

Ol 1) sy 38es (ke (390 jooa ¥ S5 5
Ol 9wl 3Slas ulul g (anas) Ands
ol 0ads 03l L ¥ S5 50 cdalais ¥ 0 )l ()5 5l
MBOI5- (8 o loss igs5) MBI5-4 sla Y ol opl p
(2olhe sl 9 3,See) 5 gy (V o)led csgif) 11
F¥ o)led cuigiy) lpeS 08y j pB)) e 53 9 L3092


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

obalb e

WA S5y ool il 5 elyj Gollas Slao g 5,Shas (o lul wloly (Hordeum vulgare L) ¢ 5y slbcasys ololis

Mean vs. Stability

Kondq

AXIS2 12.62 %

N

Firoozeh Anaba

-0.5

05 1.0

AXIS182.8 %

> sbewis; gylul g a0 Slee lojer ik 5 lp (AEC) bwgis baowe Claise oMy b - IS
Figure. 2. Biplot of the average-environment coordination (AEC) for simultaneous selection of grain yield and
stability of barley genotypes

) ss5he (Sitp 55 ) il b Jlon] Lame e iyl
Pl Shs ol bl awsh ,85ke So5 g dewss gy
bolaee (slulix (g olyie 206 &M sk GGE Jas
Yan and ) cul o ol " gl g sailes blie
oph ¥ IS5 45 (Yan and Tinker 2006 Kang 2002
@l oboly (Bl e 59y g oad ey L SoeS
Olpeds dads opl 5,5 )13 o) lace WL &S
@ p oplpls Db 485 )5 5 (gibre Jlowl baee
361y a8 38 o 4 ol g iy oo oyt b
Yan ) og dalgs 505 Jlody) lases 4y Jlas 350 lays
by &S cwl opl Sl 55,5 Jawe 4y Job (2001
J ablie ok S0, 5l laguigs siluliz )3 bxe ]
u")’&>9§ d])b &S u.:l.mla..xo Y VN ‘_’)I)’.,,n Ll
2l Gl 6 yie odizled citen JolSy (I jee b 4l
g o 0blie ¥ JSS 10 &S jobojlon a0 balare
b gl eSSl 098 ddlaio ol ) a5 Ul ddlais
Lld il js8ie slalazee cplply s )8y (81 9o
Al 1) Gl oyt e Sadel sl (o9 odiales
dame o & amd o (U5 FSa S laze oy Jobo Ll
N2y i} o e g (il )3 6508 Ul ]
Oy 3l Ul dalaie ¢ yiolojl ddlrie dw o 5l ol by ol
2 sboss) on Ol alld 5 giloba ) cllb

D2 )1y55

sk s bl g 0jg 8 Bbolie oy W3 oo (i3 ¥ S

aS 09y A5 Hluus ddlaio 90 ) o diolj bl Dgmg (0L
sl (ghnddy j0 blase pl wlie jld, sias L
dg 00> Ay S dlale b y5S ke adlaie 93 dglj il o
55123 39 5 | i 3 ) S Sinnt J S Js
< 391 HXS g 0jgyd adlaie 93 &) bgye dalae (o 4gl;
sz slialejl &5 a2 ym g bl a8 (Stsen Sl (S
LS )3 ol 3)90 i} L) ly lawme
S0 4 g b byl cre ]y g Gl s
WS ass) om ©olls zody 4 Ll Jlo] b
ol A3l i Ban lame | g5 ediled lojen
Jol tdiin sdes Camogad 93 > ogrde Jai 5l Jlow
odles pgd 9 Leaissy o Rled g siluli > Vb LUl
Yan and Kang ) gej] )90 slabase plo clp o9
sl il parao oyl (Yan and Tinker 2006)) 2002
Fan, Kang ) @3 dles I ciliseo &Y game gl o)
Blanche and Myers 2006) gy et al. 2007
poyed pMS o (Baxevanos, Goulas et al. 2008
8 edlawl 350 (Mohammadi, Armion et al. 2016)
0992 8 & e S kel 5 (giluls oUly .l 48 )3
Lol o313 o)l s gsf o 05 S lis ioled s lawco
lusee G a8 dad o i baee S 098 0dbles oblgs
Cuol Hai Dy50 imeh 0 bl plo byl sable
(Yan and Tinker 2006 :Blanche and Myers 2006)


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

VAN

byl de

Discrimitiveness vs. representativenss

Kondq

o 1
o

B

o

&

o

3 o

;O

=
o | 2
2

0.0

0.5 1.0

AXIS182.8 %

oyl " gy oailed Jolie 3 lacuig] ym SuSE5 cublE a5l ladagxe dulio g lalao oy Lailg, =V 05
Figure 3. The relationship among different environments and comparison of them in terms of “discriminative vs.
representative of testers”

(V o3lod g5 MBIS-TT (Y o 4y iy} 02 3505
ol plgisd chwg 5 (bu) pBl 03 Bk g,
Sen 5 JS (F JS5) 503 485 5 5 bosss
9 Lisudel Y VY (Kendal, Karaman ef al. 2019)
ot el GGE g, 5l oozl |y Lages i 53 1,
ool lagaisis 4, Ml 5l eslitul L ol x5S
bl Jlox) cuisis clyiea |, G4 quigss Jlowl i
9] iud g Culld )18 5 pellacdie plgd 5 pe )3 45T N0 S
Canl) Cuoww 33 (Jg 35 yellioxia plgd 3950 5l )b 53 45 S0
olysar widg Jlnl g 4 S5 5 @ges jye

38kes (Silon (i IS 2l osllan gy S
@ Cod Hlol 0Sles g adllas 3j50 (sl bazee )3 alb
os> (Yan and Rajcan 2002) sil leowe bl
By g9y Jsbo onpid b & 595 Olssa e
o Bl s 5 YL ails 3)Skes b slagissy 065ke
Gl 0l y5 Wbl lasexcas gy Jolite );I ol
Follinia lys 5,0 e i 51 Jlonl g
igi 5l epY alols (Yan 2001) syl 4,8 <Myl
A dspe 3 g 85 i Clhe Cugl lyiea

Ranking Genotypes

AXIS212.62 %

Konddg

,,,,,,,,,,,,,,,,,,,,,,,,, o

N
———————— 5
3
Firoozeh Anaba
T T T
-0.5 0.0 0.5 1.0

AXIS182.8 %

b3 Slas (5l 9 3,Sdee luw » ogllao s b g2 (slacaiyl§ dulio M (gl - ¥ JS
Figure 4. Biplot of barley genotypes in comparison with ideal genotype based on grain yield and stability

103 /VE gg0me P GYT Mgl ol Camndes Lialoj
ol ses angr 1y oad dyluliwl glaosly clyxs JS
wy)) MB95-4 upuJ...a\ O:’.\J a5 s uL“’ UM-’LSL
G8955) MBIS-11 (sl ¥ (] ) am g (0 o)led

O gL 51 oaliiw! b oo (U3,
Cdoxd ySdosx i 935

i b3 Shos 5 5] o Shooxcuiys sl
Sl ddhio 4w b 2 Cg) can 4 by o


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

byl de

WAY e S5y ool il 5 oly) Gollas Slao g 5,Skas (o lub wluly (Hordeum vulgare L) o 3y slbcasss ololis

anei |y g0 JS 5l asyn AV/E GYT sl &8 wns

Py p_.é) 9 X W) LS);O)‘]JJI Slao 4\.~l§ u.ulwl): 9 b))f

0, Sles y yige Glao plw g 4l 2)Shas Jlai 51 (Y 0,leid
L (T3] S oy {JS5) 539 o o
ol b il > adlate 93 5 pAS (S9SN )y

Which Won Where/What

10

05
I

AXIS29.36 %
0.0

-1.0

-1.0 -0.5 0.0

0.5 1.0 1.5

AXIS186.4 %

5 sbwip) Choxs Slesxcuig) Ml (losix hale -0 S
Figure. 5. Polygon view of GYT biplot for barley genotypes

9 S8l Cuwd (polie @l 4 pg)9d pAS gl W sl
Gl 1y b 3 Sles b &g glisyl g &b Yo 59 oS5

) Cansly Wiodgu eadsil Adei il
ol 3 eslawl b a8 conl op) GYT &Mysb sblse 5 (S
oablS jelaedy 1) 5 Slas )wf UL Claw e e
30 olwlid glas e Slislejl ;0 Glaw (5uSojlul 4 s
M o (698 (SNiuwwad 4 d>¢5 b (Mohammadi, 2019)
OlFe Seiglom 3,8Mes 5 g el o Sl )3 aliw
s dles ) Slaws cpl 5l (S5 (6 pSejlil &S dge5 Lo ls]
Blos oo culas Ol SHo laicds (pdaw solg 5o Al
0a3lS 9 &yl (g Slas (VU (Steren (izen
Ois A i) 1y Slas cpl il (S olg o aS 0l lis cudls
g 48,5 Lol 3 Medgw Sl SMe lgisas (ab e

Ol o Swwod ‘_,.31;:3,1
LSy den p adie S lgiea 3 Slas &S Sl
g dSles—Cho lSy Oy 2y 0 Sles—Cio
O S sl (Stuser b Jled Cute (Sen
5,Slee) Y*PLH (aliw slasxaly 5Slas) Y*NS
(590 2, Sloexaily 5 Slae) Y*BY g (w5gy glaslxasls
LSy p0 Glas opl Cocal saimd i a5 cuil 245
slagpY dox oyl (B Wy dgue sl 4l 2)Slae
osomed (5 JS5) 39 MB95-11 5 MB95-4 sl
codls 3gmg YHHI 5 YATKW (s (698 oy Sunsad
0a3lE g &byl (g S VL sledge Sily o5
bowiss) (B 0 W dee slp als 3Sdes b ey
Gk &l lia je Gl Vil (7 JSi) wil
DS o Sles Gl cel cuiby pasls il
=y Je 4w  GYT @Mygl (pwyp b (Y+I) gdoono

Discrimitiveness vs. representativenss

2,5 (5 S0l
=2
@
g
==
8
g 1
S o
g =7z
<<
o |
<@
= 4
T T
-1.0 -0.5 0.0

0.5 1.0 1.5

AXIS1 86.4 %

7 sess) g Clio o buly) Ol Giales =5 JSS
Figure 6. Biplot view for relationship between traits and barley genotypes

)y ogMe GYT sl widg Jolate 9 ogllan
e wigh) cans g g bli dasl (550 (ol o s
08y &S 5yoba djl o bled b5yl )50 i Has 51,
Sl b il 3 )Slas a8 3 i 51 (Y o)l Guisi3) oy2eS
S J9 29 pollae Cuigy cullyy jasls g &b a5

9 S —3,8Mos a8 55 bl pr Bcud 93 e
GYT _adlw

oSl Y wdomSles S5 el

Ndgr W) (pyke i o MB95-11 ¢ MB95-4

0 ol 390 Slaw Hlas Gl Y el (Y JSKS)


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

VAY

obele soxe

sy GYT [aslis wloly (0 Jaso) Bad gabas,
Cwsis cp e wud yas MB95-11 g MB95-4 jisu il
S5 Glp e polie 386 (Y 9 cpl (Bib ) dg
o S Sl el opl g calise Clas b > Slas
Dg b)) 2y90 Slao b b 5 )Sles S5 5 pB) ()l
(+/03) shoo & So35 olpgS 08 sl GYT (aslis jlade
Slawo lawgio polio (ghyld o8, (pl &S Cunl pordo (pds g 35

alodgs (Al cnl 3 (bl 3590

S sty 1 Cgms i b ausgte Slio pl
polie & 28)S )13 (B jee ml > & b
oS g 239 ilade Cudlypy (adls g 4l )l (59 VL
e VU 3 85 placain; o Jlo > vy Kol
3Sles cdliuw jd &by olawy (GYU jolio 5l wzs)S )8 a8l
Gl )15 ()39 b b Mo Sl g g i)l Sojglgn
(Y JS5) Wogy jlayed il y sl g
2 Slio 4l (1 SShe oll p iy po GYT asls
lews; asls ol polol 55 sl Camda g

Mean vs. Stability

05

AXIS29.36 %
00

05
1
w/

0

-1.0 -0.5 0.0

0.5 1.0 1.5

AXIS1 86.4 %

o] IS (5500 bl logisi ey sl Cons Slasx gy ATC oy sk -V S
Figure. 7. Biplot of the average-tester coordination (ATC) for ranking genotypes based on their overall superiority

inlesl () sblie )3 o slacuis; GYT [adls § cubuoxd Sloexcuis; oad 3,15kl (slaodls =0 Jai
Table 5. Standardiezed data of genotype*yield*trait and GYT index for barley genotypes in regions of trials

Lasls > Lixa Sasxaily sySles dluwixails 3 Slas el xaly 5 Slos | > | 28aexail> > Slas 5
Sxasly B y5exdild - T
GYT o= abs i Sy, S s S
bl aly
oy GY*HI GY*NK GY*NS GY*PLH GY*TKW GY*BY Genotype
-1.04 11 0.73 13 -0.89 11 112 E’),‘;‘ﬁ)
1han
0.97 0.8 0.5 113 -1.26 0.73 1.4 ;“‘“ff
use
0.01 03 -0.76 0.12 0.2 0.72 0.1 Géﬂf“ﬁs
oharan
022 0.02 0.95 0.07 0.18 0.09 -0.08 N"‘f‘i
osral
1.59 1.83 1.71 156 1.54 1.62 127 MBY95-4
011 0.7 0.54 0.08 0,09 0.93 047 MBY5-5
0.75 0.45 0.71 0.75 1.09 0.51 0.97 MB95-11

b ls 5,Slas a5 3 ity MB95-11 5 MB95-4
GYT asls wlelp L0g cpyng obj)l 350 Clew
ciya MB95-11 5 MBO95-4 isunsl clapyy
oY 93 opl Bk jlsialy olamslags aly polie oy YL
Wl 3 Sdos oS5 53 pB)) cpl (o 550 5SS el
W‘E) LS])’. GYT ua.>l.m )‘J.EA g u;‘.)))l d)g0 Slaw L
Ol & ol porie (w392 (/41 yho & S35 olagS
oo (rl 3 (bl 390 Slae lawgie polie )l 08,
o gk (nl @l pelely ggeome )3 Cuslodg
il 33y Sl olial Jitas blis > s
ot i 5 3,Shae (sl 35 5 o sl 5 410 3,80ae

2559 MBO5-11 4 MB95-4 izl clooyY el

IS (55 dol

5 (=) b ol iz 9 Joli dgbﬁlf. Eyo9°
Taherian, Bihamta et al. ) cwl (s)bl) bl (g lub

&b g 85k sl p oMl GGE i, (2019
oS Gk ol il & b W g 0dg lgtl el
YL oSl gl (85l 5 (olul p 0gMe g o
s GGE (g)bged (hg) i p cp Mdlon 30
2 Gkl g 2hes lojon (i slp (elie by,
Wik cnl @l (wlol bl (b)) 2)90 sy
5 039 wlhe Cuigy Clyisay MBIS-4 sl opY
29 MBOS-11 isuusl (Y el & @iy Sy
Sy ololid o OWGL GYT jl piagh ol
A ool uLo).o.m )9lodu Cado O U»Lw‘).s u9_UaA
ol slacpY imgh ol ) odel Candds golis bl p


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

ol a2
WA S5y ool gliwl )5 ely) Gollas Slao g 5,Shas (o lul wluly (Hordeum vulgare L)) o 3y ey ololis

&l

Ahmadi, J., A. Mohammadi and T. Najafi Mirak (2012). "Targeting promising bread wheat (Triticu
aestivum L.) lines for cold climate growing environments using AMMI and SREG GGE Biplot
analyses." Journal of Agricultural Science and Technology 14(3): 645-657.

Al-Abdallat, A., A. Karadsheh, N. Hadadd, M. Akash, S. Ceccarelli, M. Baum, M. Hasan, A. Jighly and J.
Abu FElenein (2017). "Assessment of genetic diversity and yield performance in Jordanian barley
(Hordeum vulgare L.) landraces grown under Rainfed conditions." BMC Plant biology 17: 1-13.

Barati, A., H. Zali, A. Pour-Aboughadarch, A. Gholipour, S. Koohkan, K. Shahbazi Homounlo, A.
Marzoghiyan, M. Jabbari, O. Poodineh and M. Kheirgoo (2021). "Identification of irrigated barley
genotypes with high and stable grain yield in warm regions of Iran." Journal of Crop Breeding 13(40):
162-172. (In Persian).

Baxevanos, D., C. Goulas, J. Rossi and E. Braojos (2008). "Separation of cotton cultivar testing sites based
on representativeness and discriminating ability using GGE biplots." Agronomy Journal 100(5): 1230-
1236.

Becker, H. and J. Leon (1988). "Stability analysis in plant breeding." Plant breeding 101(1): 1-23.

Blanche, S. B. and G. O. Myers (2006). "Identifying discriminating locations for cultivar selection in
Louisiana." Crop Science 46(2): 946-949.

Fan, X. M., M. S. Kang, H. Chen, Y. Zhang, J. Tan and C. Xu (2007). "Yield stability of maize hybrids
evaluated in multi-environment trials in Yunnan, China." Agronomy journal 99(1): 220-228.

Gabriel, K. R. (1971). "The biplot graphic display of matrices with application to principal component
analysis." Biometrika 58(3): 453-467.

Hudzenko, V., O. Demydov, H. Voloshchuk, M. Sardak and V. Ishchenko (2019). "Genotype by
environment interaction and yield stability of barley breeding lines in multi-environment trials."
Agriculture & Forestry/Poljoprivreda i Sumarstvo 65(1).

Karahan, T. and I. Akgiin (2020). "Selection of barley (Hordeum vulgare) genotypes by GYT (genotypex
yieldx trait) biplot technique and its comparison with GT (genotypex trait)." Applied Ecology and
Environmental Research 18(1): 1347-1359.

Kendal, E. (2020). "Evaluation of some barley genotypes with geotype by yield* trait (GYT) biplot
method." Poljoprivreda i Sumarstvo 66(2): 137-150.

Kendal, E., M. Karaman, S. Tekdal and S. Dogan (2019). "Analysis of promising barley (Hordeum vulgare
L.) lines performance by AMMI and GGE biplot in multiple traits and environment." Applied Ecology
& Environmental Research 17(2).

Koocheki, A., B. Sorkhilaleloo and M. E. Hesari (2012). "Yield stability of barley elite genotypes in cold
regions of Iran using GGE biplot." Seed and Plant Journal 28(4): 533-543.

Merrick, L. F., K. D. Glover, D. Yabwalo and E. Byamukama (2020). "Use of Genotype by Yield* Trait
(GYT) analysis to select hard red spring wheat with elevated performance for agronomic and disease
resistance traits." Crop Breeding, Genetics and Genomics 2(2).

Mohammadi, M., T. Hosseinpour, M. Armion, H. Khanzadeh and H. Ghojogh (2016). "Analysis of
genotype, environment and genotypex environment interaction in bread wheat genotypes using GGE
biplot." Agricultural communications 4(3): 1-8.

Mohammadi, R. (2019). "Genotype by yield* trait biplot for genotype evaluation and trait profiles in durum
wheat." Cereal Research Communications 47(3): 541-551.

Mohammadi, R. and A. Amri (2016). "Genotype x environment interaction implication: a case study of
durum wheat breeding in Iran." Advances in plant breeding strategies: Agronomic, abiotic and biotic
stress traits: 515-558.

Mohammadi, R., M. Armion, B. Sadeghzadeh, S. Golkari, G. R. Khalilzadeh, H. Ahmadi, G. R. Abedi-Asl
and M. Eskandari Torbaghan (2016). "Assessment of grain yield stability and adaptability of ranfed
durum wheat breeding lines." Applied Field Crops Research 29(4): 25-42.

Mortazavian, S., H. Nikkhah, F. Hassani, M. Sharif-al-Hosseini, M. Taheri and M. Mahlooji (2014). "GGE
biplot and AMMI analysis of yield performance of barley genotypes across different environments in
Iran." Journal of Agricultural Science and Technology 16(3): 609-622.

Nikkhah, H. R., H. Tajali, S. A. Tabatabaie and M. Taheri (2022). "Evaluation of Yield Stability and
Drought Tolerance of Barley Genotypes in Temperate Regions of the Iran." Journal of Crop Breeding
14(44): 1-17. (In Persian).

Omrani, S., A. M. Naji and M. Esmaeilzadeh Moghaddam (2017). "Yield stability analysis of promising
bread wheat lines in southern warm and dry agro climatic zone of Iran using GGE biplot model." Journal
of Crop Breeding 9(23): 157-165. (In Persian).


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-27 |

[ DOI: 10.61186/jcb.15.47.174

byl aoe
YAD VEY b /¥ oyl [pa sl Jlo /ely; lS Mol aslisingy

Pacheco, A., F. Rodriguez, G. Alvarado, J. Crossa and J. Burgueno ADEL-R (Analysis and Design of
Experiments with R for Windows), Version 2.0; International Maize and Wheat Improvement Center:
Veracruz, Mexico, 2017.

Pour-Aboughadareh, A., A. Barati, H. Zali, S. A. Koohkan, A. Hosseinpour, A. Gholipoor and A.
Marzoghian (2023). " Analysis of genotype-by-environment interaction in advanced genotypes of barley
using AMMI and BLUP-based indices." Journal of Crop Breeding, (In Persian).

Rahmati, M. and A. Ahmadi (2020). "Assessment of interrelationship between agronomic traits of wheat
genotypes under rain-fed conditions using double and triple biplots of genotype, trait and yield." Iranian
Dryland Agronomy Journal 9(1): 1-20.

Service, U. S. N. A. S. (1963). Agricultural statistics, United States, Department of Agriculture.

Taherian, M., M. R. Bihamta, S. A. Peyghambari, H. Alizadeh and A. Rasoulnia (2019). "Stability analysis

and selection of salinity tolerant barley genotypes." Journal of Crop Breeding 11(29): 93-103.(In Persian).

Taheripourfard, Z. S., A. Izadi-Darbandi, H. Ghazvini, M. Ebrahimi, S. M. M. Mortazavian and M.
Abdipour (2017). "Identifying superior barley (Hordeum vulgare L.) genotypes using GGE-biplot
across warm and moderate environments under irrigated conditions in Iran." Crop Breeding Journal
7(2): 23-35.

Vaezi, B., A. Pour-Aboughadareh, R. Mohammadi, M. Armion, A. Mehraban, T. Hossein-Pour and M.
Dorii (2017). "GGE biplot and AMMI analysis of barley yield performance in Iran." Cereal Research
Communications 45(3): 500-511.

Yan, W. (2001). "GGEbiplot—A Windows application for graphical analysis of multienvironment trial
data and other types of two-way data." Agronomy journal 93(5): 1111-1118.

Yan, W. and J. Frégeau-Reid (2018). "Genotype by yield* trait (GYT) biplot: a novel approach for genotype
selection based on multiple traits." Scientific reports 8(1): 8242.

Yan, W., J. Frégeau-Reid, N. Mountain and J. Kobler (2019). "Genotype and management evaluation based
on genotype by yield* trait (GYT) analysis." Crop Breeding, Genetics and Genomics 1(2).

Yan, W., L. A. Hunt, Q. Sheng and Z. Szlavnics (2000). "Cultivar evaluation and mega-environment
investigation based on the GGE biplot." Crop science 40(3): 597-605.

Yan, W. and M. S. Kang (2002). GGE biplot analysis: A graphical tool for breeders, geneticists, and
agronomists, CRC press.

Yan, W. and I. Rajcan (2002). "Biplot analysis of test sites and trait relations of soybean in Ontario." Crop
science 42(1): 11-20.

Yan, W. and N. A. Tinker (2006). "Biplot analysis of multi-environment trial data: Principles and
applications." Canadian journal of plant science 86(3): 623-645.

Yashavanthakumar, K., V. S. Baviskar, S. Navathe, R. M. Patil, J. H. Bagwan, D. N. Bankar, V. D. Gite,
K. Gopalareddy, C. N. Mishra and H. Mamrutha (2021). "Impact of heat and drought stress on
phenological development and yield in bread wheat." Plant Physiology Reports 26(2): 357-367.


http://dx.doi.org/10.61186/jcb.15.47.174
http://jcb.sanru.ac.ir/article-1-1362-en.html
http://www.tcpdf.org

