Plant Production and Genetics LS Sy g udg
Vol. 6, No. 1, Spring & Summer 2025, p. 87-100 AV =Yoo amio NFF Lawol g )L ) o)l F ol
DOI: 10.22034/PLANT.2025.143212.1151 gy allio

3l ooliwl b sladgle po5 ygm v Gl yod 0 Sos 1 lansmo X i gi iSod 2 (213
WM b GGE (g,

@95 9 Ohgel Ol lojl (ladS il (xde qolia g (55,9laS Shjgal 9 Dl 35 pe o 2L g (o5 Slidos asu Ll )
RUTRRL S T3Sy
Ol w598 s 9 igel oliion plojle i 5 Jlb a5 bol Slision dnnnge ltils T

VEYNY/Y cdl o &b

VEFNYINS ol &6

CRWAE

=i b 99 Do 4 G55 5 7,5 ablaie 99 )0 d(apdagenl) vall vy g sladsle po 0m Gy 00 Gl 4o
s olol S5 d b ol el slacS sl b B 45 Liolej] k5 S L5 ) 3y50 VES1VEY SV FYVELY
S e a2 b 53, Untig bl 5 s £ s, ol b s e b e ol 5 o
Sis g 5 adgle 0Slee n b ol iSeey 5 Lase cqedsiy S AS ol LaS ool (S he ey a3 il
Sl 3 2oy Y1) g Jgl ol e &) Logs o S s 5 3 5T o5 digle (sl GEI ko okl 2 2397 o cine
5 GBI Jlos 5 4325 (bl 52 50,8 s | S Sl pees 51 ao )0 AYTY ggomma 13 a5 35 pod Lol adlie a4y gy pe IS
calin 45 lsie 4 g g 0,65 5 o9 SUSE 5508 51 Liabesl Jle g0 8 y0 7,5 ciulej] laxe (GGE-Biplot
Jol Jlo) 5 asle slio KHFS10 (A2XR109) oy yord ahols guls ool ;b aislids 5y sloay yead Liiis 35 g
10 GESE 5 5 TVIA 5 YOI oy 4 pgo 5 Jof Jlo) Kt dbgle g S jo o5 VYR 5 VYD o 4 pgo
KHFS10 (A2xR109) 5 (AICSB8005xolS,) KHFS3 sloay yod ks 4151t comlin arlica waldl (sl 3blie 5 5,5
o VYIY s YYIF i @ pgd 5 sl Jl) S abgle ,Lai 51 (AICSBB005xelS,) KHFS3 oy e g 55 abgle (sl

W w3l cenlio g8 o (LS

O ae cosllae igh @ Slee (5laul ase x el iiSen p 1 5lgunds

Feyz_54@aree0.aC.ir: : Jsius ssicusgs Joosl


https://jwr.uok.ac.ir/article_63895.html

AA

Om baly; 5l Gneal enm i (SIS sl loges oS
S o a1 LT (iSem s g ae ccdsi
Sl a8 sl ol GBE s, 5l clicl
pyy90 paS «Singh et al, 2019) L puiS 5,
Khanetal., ) . slol (Mohammadi et al., 2023)
Shojaei et ) «,3 (Ghaffar et al., 2023) e (2021
M3L 4 (Tolessa et al., 2013) 55,8 o950 «(al., 2022
5 (Sheikh et al., 2021a; Greveniotis et al., 2023)
3 eolaiwl canlosss 5,158 (Zhang et al., 2016) ;)
wolpa jo bt Glidns bwg WMk GGE (3,
(Ganapathy et al., 2014; Gill coul 4, IS 4 655 0
et al., 2014; Batista et al., 2017; Enyew et al., 2021,
Jles! Lol s>l 51 5, ! Teodoro et al., 2016).
Glp GXE Lol adlol & oigrs Sl gg, p oads
ol bl Fn sllame 3,5 sgome
WS oo ool lacdsll e e 5 ol
s JSo (Dallo et al., 2019; Singh et al., 2020).
o dlox 5l iload ooy las My b o Xl
DIl 5 gl (s (S y3 4 A (lalejl b oy
Sl 5 s 5 Lodl G x B bl
4 bgpo ae g0 a5 w0 LS ;G X E S
Oleyed Hobar Wb g wites lacais) b))l )0 g9
ad S Sl e el ae (e b3l Gl
L b 51 olaegS ololid plply el
5 (O lalame) alie (oodldl 6,55l sla Sy
oolKe a5 Yl &us b olarKe desT (5,0 o
aslllas 5 GBun ol wie Hlons g oo 00mal (59,0
5 adgle o Sas i 51 S5 sladamo lulis ol
9y & 39 Egdge cnl ol (LA 5 e g SAS
el $lr Gaare slaplle wlsiee GGE oMl
@ azg LS oluls (DS e 2 0 1) ook
ezl gl g ol ks Ol 5 edldl o
9k Glaceds) anngi 5 (Bpme csoliia sla gy
b gble ly g Gl @ Cund Joxie
Geios opl 5l Baw ol 1o 595 5 (VL Coeal 5l el
byl oatie d e So lp Bae b olulis
Slad e uds) § b g g ASean
Gl g o Shes Sl ulul r (sladsle p55 ) 5m
Sz b ally by ceslie By (Byre jslaieay

doddio

ceb pu3l glal (b 55aS 50 65kl of gl sgueS
odd i ol s 5 2y OlalS o Shee oS
olals adg slp ple)lSal; il o3Y cnlplo 5 ol
g odpiodl O Bras 0 p9zadie ed (o))
l sgame mlie bads Gl sle)Sal, 5l (S
@D L (S 4 Jomite ol5 plalS eS|
4 pario GBS b psS 5w wilge Yo Ol Bran
Sl slogis & Joxs ez ) o) 4 03
03,58 g Bros liia) placn oS g (S o9
LS 5l (Ko pleeds o g 4 S ler Srmgtd e
WSl ey Sadaes 5 Sas @bl )3 wee S5
Jyaze, plB)l 3,20 (Tavazoh et al., 2022) .45 oo
Sy9r2 saylSal; ozl olS cpl (Sis 4 pglie 4
S 0 yeb g s plie Ll ik el sl
Kazaei et al., 2019; Feyzbakhsh, ) 598 o Cgwos
50 a5 398 o0 Bl 5L el 4y IS jeboay (2016
ol b o Slee 2l God dalazs I (slaals
o 3l g S o s 5550 b ployl il
svbar a5 LBl s il ks lawgte s See
23,0055 @2Yb o Shee ) iogllas Lulpl )0 pamie
Oleeds g s s 0,Sles lhls waelunl Layl s
Lin & binns, ) wed oo ai5lids dgaome (5,550 L pl3)
(1991

oodll cudb Bkl sy 2 ol oSles
oo 5 gy (Seny 5 e 1] (Uil
5 oobel e o(Yan & Kang, 2003) 048 oo (s
Sl b 5 coigi Senn ) Sles )l s
9y o piiadiz Sty 50 005 1B Az 900
Greveniotis et al., ) o,ls slo3g Cuenl &L GGE
<l AMMI 5 &3 sl GGE (sla g, dnlin (2023
aS col ool las 6,85l g 0 Sae (gl b3
@ 5y Oledbl g 009 ol I8 &M sk GGE iy,
Singh et al., 2019; Arif et al., ) oS oo &) laas
s 50 (Solw g bayog o Cds g Cdggew (2021
Sl sk BGE (g, bl (it Loisrs >
kol sloadlse 4 4y o5 by, ol (Yan, 2016)
Sl Lo ;0 gl iSe g cogi) (hel Sl sln



&l s e A

AQ

Tl bools 5o Cqa am al> o j0 0l plxil LS e
agesl 5l eslawl boesile BL oo Jly ygesl
SPSS19 I35l 5 5l eolaswl b g Bgi yuamsl — 35,5 50)5
sl a9 310G 5l Glaebl gl al bl
S pe by s b el byl Gges] (ol
Pl oog Bola g bacaissy og ol (2,8 L leosls
oolawl b Bolas oS slaSoly 7 )b bl Lo
oy skie 4 0l plxil SAS ver 9.4 8l 5
Sl Jyazen Slacaiss s 5 DMl slologes
Wb 50 il S Ojgen it lalae o
&l 205 (Byme SOl GGE I8l o) &y 5 ooty
25 slal Joa 5l odbsb GBE iy, 4 sl 45

(Yan & Kang, 2003) o ool

(V) ala,
Yij - H_Bj = 7L1§i11”|j1 + 7“2%i2nj2 tE;

Hodaize fpel] jo igiy mall (Sle :Yij

s Mol e 1 oSl Py s oSl
:Gip 5 Gt «alse wagd 5 oodsl lp oy polia
shee sl Mo s Mip oo s sloylo
Pl sy sl owilogdl Jludo 8 5 pgo 5 Jsl adlso

Db GGE g, 51 eolaiwl L golias sladasl

g, g olge
T B L GBS 5 g adhie 5o )0 G5
Jl 90 e 4 SIS 4wy Bolal JulS slasl
Jsoz) o plol (VE-Y-1FY 5 VE-Y-1F00) el s
s 8 4l Slilae <ilei] slzl Jla o 50 0
A )90 e axhd (g9, alle 5 Sewd (b Jold
e 6085 3l S Gaail ell g al el
KHFS1) (sladgle 065 j0m wypod 00 jod 0u0 )8
KHFS6 KHFS5 (KHFS4 (KHFS3 (KHFS2
5, b 1,an (KHFS11 5 KHFS10 KHFS8 KHFS7
s, o cisleyl asi Lulul 5 (Audowl) vals
posigal Slind 355 lyee (¥ Jod) Wi CuiS Logy o
Sley 5> oyl pFekS Ve 5 LSe 3 0, 55LS YO
g, a5 Gloj oygl Sl 3 pSoks Vee g cils
DS b @ e el YO - o4 ey
5 saglo Fo s, Jolp b g ¥ L5 ¥ Ll
Ol bl 2 kel 590 09 o o A ladisy Jolgd
il A IS s S5 s | i ke
P 4 bgie jeba (5 5 25 Ll o a5 s
Sl 5 am ol pll g)lal )b G 5 00 9 Cie e
2 eSS Ve ol gl b gley o sl oz
S50y Car caloy ploy o 5wy oyl LS
dalez cubls p adls Bds g lawg Loz 40 0 ,Sles
Aoz Oieod 86 » glosls Jlo oy o
o 9 sger @l pled pgd Jlo bl 50 0ad 4525
wis cialejl slallas wibly (31eSs b))

owlesl syt Joxo (glaolioum | o8l Oledbl g oLl pre Olaiske -Y Jgo

aldls sles (:Ske Sk fjo if s 5l glis | ‘
VEY (eslee) 1) Gaghe) ST -

\A/® 04 54°25'E  36°4'N ) OS5

VF/ ) 50°55'E  35°47'N Y s




L) 0390 Sladgle 055 jom (SN jud 0y g sLiiie S (el =Y Jgu

s o et el 3,
Gl AICS88005 X s KHFS1 \
G2 AICS88005 X 415 s KHFS2 Y
G3 AICS88005X ., KHFS3 ¥
G4 AICS11 x Rsp KHFS4 ™
G5 AS9 X -z KHFS5 S
G6 AICS84 x Rsp KHFS6 s
G7 A3 x Rsp KHFS7 y
G8 A18xR109 KHFS8 A
G9 A2xR109 KHFS10 N
G10 F2(M)xR109 KHFS11 \e
Gl1 RVERVN el "
Solaie el caws lid 5o lame 5 sl

o e a5 ols plis e g gy iiSen
l psS o sl e adgle o Sl Ol s ovas
YD laowe uib)ly yol> iogh j0 S oo a>gd
DS g oy VA eeadisss G mibylg oo
Lo il )y g S ddgle o Sloe o gl ools
g oy UV o) w oedbyly sy 0410
Ay |, Sis ddgle o Slae gl 1) osls il )lg
35 psS e S9) Slides ple @l (F Jsaz) wis)s
oxbylg sdes o Jase Ol sy a5 Conl ool ylis
Batista et al., 2017; Yan et al., ) o2 oo JSa5 |,
als o IS ,sbay .(2000; Demelash, 2024
a5 A sy o (sladhie sloioles]
X% e (S 9 st Sl g Cenl 0 Sles Ol s
(Yan & Kang, 2003) witws SsS Liws lase
ol s el bl 45 caims lis e 51 I )5
ST s Sk Olee sy 5 b ples slas (S

o 5 Jsb «SB Slasgas «SB anacl o]
5,90 ol 0 Lo mhoe 5l oeld)l 5 oLS e

G a5 ol s balagmme s ool uilylg 43320
3 5 agle o Slee L5 5l oy 990 Slad o (o
S adgle 5 Slos sl izmen 5 (B2) pgo Jlo g5
dlie (7 Jga2) 390 jl3gne (B2) pgo Jlo 255 )
aS ol plas Gl slalaze jo ooy e (Sl

>l Jls 5o o ,0 KHFS10 o KHFS3 claws
elasl o |y 5 adgle o Slae (i (absjl
A ad,S 18 (wdanwl) G wals 51 5V 4 wsols
lalems plo ;s (EL) z,8 ablae ;5 Jsl Jlo sl
dgle o Slee L5 ;| KHFS105 KHFS3 glaws pun
SFp (o) GI1 vald wyee 4 cond S
VSN

e labime gl sabejl glallas <l 55
clas Lully o3leSy o, (Xf=T: 1051™)
@l 0,8 wb Gl ol o o | oibes]
sl baszme Sl sloosls (ol 2 o8 o (ib)lg 452
i Shol Jlas ols lid 5 g Sis adgle o Slos

Jliol gl o dawe g codg) GhiSenn g L
O E555 oadylis gl (pl aisg o e doy0 S
GRSeny Had e g psS e SlacaSs)



<P 9 i ad

A

Bl ) asdllas cnl )3 095 550 Slovy o (i slis
2V J502) 0 g SiS g 5 adgle o Slee
Sl s om @Yb g5 5 Slids ple @l
(Khazaei et al., 2021) cwl oods (5,35 ps5 gm
sl e Sis g 5 adgle o Slee o9 Sglite
G SR 3579 9 Al slakaze ;5 55 9w
6ol e 0 Sles (g Il a5 o o lid Jae x
Sl i i Lle el 5 0o abgle o Shae o
R rlple wgd oo it glakae ;o ooy yon
Wlgieed Qe S 5o ol oSl wl » oy
bl b el Goig) SO Ao gl 9wl @80
Slogaisss 9 058 plaxil (e 9 Jlo (paiz ;o ol s
(Figueir, wss ololis o Ses s)lub oluly 5y
Sheikh 2015; Rakshit et al., 2017; Rao et al., 2011;
DS 40 )bsz.m 4 4>g5 poc (et al., 2022a
5 S5 i) @bl phels cely e x Gyl
OlSiegn w3l sladle ;5 095 e s3l5a (a0
Sl o e alolid sl Sk GGE (2,
Figueir, 2015; Rakshit et al., ) ailos S colaiwl 045 g

(Raoetal., 2011; 2017

GiSen yy pol> ialel 50 () Jgaz) wilice (o)
£55 55 S e O Slas [y Dol g Laroee x 0y 50
g Loy o dae 50 e 4 (Jase ) (gladgle
By bz X Gulgl ASern (o9 o sae &
S9h (ololid ooy yon (n e Jaszme j0 50 B 0l plox]
5oadle oSl Sl Ol aels (Y Jgoz)
Slp Se o 5 A Gl s iee Slacadss
SVMEEHIFY Jlo 55 0 KHFST (g
(ENVF-Y Jlo z,5 ;0 KHFS10 Cwigss sl )L o
Ol pie 5 S (V0 Jeax) oe e
90 5 dle g0 (ke olul 5 Sz adgle o Slae
KHFS3 5 KHFS7 slacuwisy a4 baye ool
(Y Jouz) 09 (LSa o o5 YAIZ o VYV o pa)
KHFSE slaas ot <5 adsle o Slae puSile olusl
(08l5) Subiarnsl A yesd 4 i KHFS8 5 KHFS7
adgle o Slas 2 Sbe (IS ol jo ails (6555
Sled (xXke 09 75 xSl Gl S S g 5
Sljy) el 9 feS (Surdje> adall g Simb

oeals Jlamt LYo wlS gus, ol jo i 5l
(O Jaoz) s o] (ol jo dils o ,Slee



ay

bz jloz jo lddale 095 o LB s (LS )0 () SUlS g 5 adgle & Slos (uSSleo dunglio g il ylg 41 3225 —F Jgur

O3 oKt ey e o Lane 5o Lame Jllme g eehes psmbee epben b e i
S (S22 039) (S22 039) (S25 559) (S22 559) e G 039 (5 039 (5 059 (5 039 -
E4 E3 E2 El E4 E3 E2 El
- P roae” Fa/AL" N - o o5FN " A VvAARFT VIS SCH PSRN < W
— LAAR) Y/ LAl 4AV/F — W/ O /Y OFA/D VEVAS/E las Slayyo uSiloo
— AN §/Y VO/A V$/IA - AN /Y O/ Y/4 Oy g
055 3 (S0 ot
\ T2 Y Y$/A Y4/4 YoV VY810 \oF \YVIY VEY VY /E KHFS1
\ 2% Y\/f Yo/s YO/A Y/ \YA Ves/Y \YA \SY IV VEY KHFS2
YA/$ ¥V Yo/4 Yy *Y/$ ) MVas Yy YA \00/F KHFS3
YA Yo/f VAR Aard) Y8/4 VYOV V14/F aF/0 12} \Fe KHFS4
Yo/4 YE/N V4/A YN Yo/4 \YO/% V14/A 44 VoY /¥ VP KHFS5
YE/O \§18 Y5 V/Y YeN NYN AD/A Vv \SYIV AA/Y KHFS6
YYN \0/0 VA/A v YO/A VY4 A qq YO/ M/ KHFS7
\{% Y&/N YE/NV YY/¥ YYN \YY/$ 114/F VY/F Y% Ve84 KHFS8
¥ YV/A Yo/A A/ Y4/¥ YNV \Y$/4 Y40 YaA 10 KHFS10
A% YF/A YV/N Y0 Yo/ YYA/Y VA/F \YF Y24 e KHFS11
Y510 14 Y\/$ FY/F \7Ax YO/ 4./0 VYA W /0 \YEY aals
1% YY/0 Yv/¥ YEIY A% \YO/4 Vev/F Ny OV/F \YS/ ook
o ¥/ Y/0 /¥ V/ab YY/A \F/a7 \Y/4 ¥./% YV/A )\JJ'.&A oD Jil.\,
LSDq.0s

(S N FeY 5,5 EA OF) (Sis 5008 ,5 E3 0 FY (Sas (59z,5 B2 0 F) (Sas 59 2,5 EL (5 oo £ Yo 5,5 E4 af

NG oS B3 OY (5 osors B2 0¥ (5 g9 &5 EL



<P 9 i ad

ay

buxo jlezr 50 oud (S35l po5 yom G P) SKlS adgle g i adgle o Sl (6l oS po il ylg 49325 —F Jgu

S abgle

5 adgle ax°

S olels 45w oy fle Sy amany  ceoSile sl
VA AR R 7A \ POV H* \s Ja,;u,
- F/ YAY/F A Vgl
v 04/0v** \PVa Y Ve 95
Yox Fy/YF Y ad . Dlae 31
— VYA YFA/4 A Y glas
— — — 13 Js

SN 510 Jlai o )3 ls x5 (Sl e pke Sy

Moye3p @b (seses olul 5l 5 addle o Slee
Slyuasd 5l s, YAY Sis ddgle o ,Slos bl
(2,0 Yo/V) pgd g (do,y0 OAIY) Jol ddlie g0 lawgs
OW leme 4w DMl Howiz 0wl azy
E2 pgs (0 F+) 2,9 EL Jgl oM Lames s olulis
s E3 slolass Jolis pgu (DS Lo 5 (VY £5)
s KHFSA slavy o o5 (VF-Y 5 VF4) 55 E4
5 Jsl O ke S slow e ol 4 KHFS3
KHFS10 5 KHFSL 5 5, ooisiy KHFS10 5 pgo
9 1F) S5 pom W e b )55l slows 0
e3P aly p () JSD) Wsdoe gmme (VFY
b sy plyeas Dbl Tae & KHFSE oy,
b olulis ilejl sladaze 4 YU (agee )l
;0 KHFS8 4 KHFS7 KHFS6 (KHFS2 slaos pon
saaaslis &5 w5 3 D slabae 5l o

ol iulos] slalase adS o bl 5,55k pas
x Geies bl S+ quisi S GGE Jaw ulul
shls slacuigy Wb 48 50 ((G +GEI) e
Y S (o g Y JSE) wias olulid Y sl
ol Jlowyl o8, Gulol 1) ooy e uias, Al
abii 4 o Clae lowe I sk (pay e o
A oo I dolsl bbb ay Sg g0 g o 1 Sleo
5% el 513 55 pllasie Rl 55 e j0 a5 plas e
oy Gl 5 axsls 1, 0 Shae 0 5Vl bolas 45

gl oo Dgmte gllae Coigi) g 009

ns

bl 2 el GOE aloniz GEI Juo Lol
5 ol 5l asye £V 5 ddgle 5 Slee slrosls
S Olts jlae)s VoY g Jol hol addie @) Loy
o )3 AV Sgamme 10 45 041 pgd ol adlie 4y by 1o
Soged (@Y JSE) oS Ay |, IS oluss
Tose 5 locadsiy nyip iwgm o 5l orloniz
5 ool g laaiss 5 B s asbie sl Sl
Yan & ) 5,8 o0 )8 Aosiz (9,0 0 00 Sy
s> sz s gy, lawe 5l .(Kang, 2003
355 el ool Wiz 4 S5 b 55e gec
it b o it Ol sl Tae 51 Lo cn 590
385 Gysbar witua bl pled b (B0 )0 95
Gt ol oy o WS g oo A s
Yanet) cwl ol )5 @8ly slodasxe sl il (e

£

oy 5 a5 KHFS3 4 KHFS10 (slacossis .al., 2000
e Fr e Olyea @il 3 alo v
W e g0 odleds .ads aSlil 5 adgle o Slas
E2 laows aws Jolis Jol (DS James .ias olulils 50
OF-Y 555 Ed 5 0F-) 45,5 E3 [V F-Y £,5)
Lk s s g 5 0 KHFS10 o) pus oS 04
Lo Jols pgo (M aore ol () JS5) 090 oo
Olsieds « KHFS3 clagy peun 5 555 {(VF+) ) E1
Glocass b olels be Gl Fp ayme
ol b S5k sloay peen KHFS4 4 KHFS2 KHFS1
@ Wl 18 e Suoy oS pla e iog Lae
Gl wms oo lis eoly STy b (a0l oe
slr B3 g Sas adgle 5 Sloe slp Gl lavy yn



af

Lo onl po Glalejl szl g il SBL slaces s
E4 4 E3 E2 slalao (y ool agl) 058 cad dpogs
PR PR COION- PR XN

S8kee 5 b Jlre 93 oolle el e sl
& Sl slhae (5935 Culple i Sl o500 VU
Py ik golwl She g oSlee Sl il
adls oollae iy L) abold (2So5 &5 59
Yan & ) o)l 3 conglle gom gloas, o adl
Sol a4 4 Lol iegy o (Kang, 2003
5 digle 5 Slae glls KHFS10 § KHFS3 (slacssis
CiS sl o L5 wia Vb 4 lavgte 6 Ik 5
s (@S 9 OB adlls sy9e bl o
5 KHFS11 § KHFS5 KHFS4 KHFST (lacssis
8 SaS adgle o Slee Llod 5l as S 8 pes 4
4 G YL 4, 45 KHFS4 3 KHFS3 glagy yepn
5 KHFS10 (law a5 wid)S )13 ooy el
(F JS5) a5 oo olSyl> o KHFSI1

L 5 (Khazaei et al., 2019) (Y-19) ol )Kan 5 o3>
sladgle 9850w lacasiy SOl by 5l ool
soeiss 5 @lbd 1) ke glalame 4 55l
S & Seop Jlie Sl ]y sl 35 50 &l
OLes g jlie wo)S (Byre e (seges Syl s
S5 b,y 5l eslaul b 5 (Ghaffar et al., 2023)
5o aadllae 3)50 use lacessy w5l Sk GGE
b oslhe cuig Ol |) G iy chare i
) BT 5 G5 G4 G2 gy Yoz 9 Jlub oSlee
5 L -l wiss Bee wolhe sy olsieay
Gl il sl by, dmlis 5 (T-VA) oSen
3 S em Ao slacassy oSlee )lml (2L
P9y 45 Woged (IS pas 3 e slala
lie 151 syl sl Jw o2 yimslio GGE-Biplot
ol Lagms x 5535

OSle (e boie) sanas; sles (nlnle
oy (Yan et al, 2000) cool g kb g 0,Slas
Colle gl wilo Cgllas s Sl 6 S alols oS
ddgle 5Slas Lolul 1 azies ol o YU o Slas b
SR S llasie plgs 5556 0 KHFSI0 &y G
Ol 5l o oV S0) 0900 ogmme gy 5 atilo
3 5 0y Sy oslhe ey 4 KHFS3 il
S abgle 5Slae plul S san 4,
B3 S el ples S50 55 law e 5l plaS s
Qe 550 opls A s FSG05 g CESS
o abal, ol ol gl (o ¥ USS) o KHFS3
bl ol joaS Ml loged 51 ciulejl slalases
ol oolaiul (Wgh oo s Toae @ el g
ez )00 93 gl ugtamsS (o 9 AT D)
9o 4Ll lobaome (oo (Shaod oo Glyiew
O S0P Cude bls)l (Yan &Kang, 2003)
50 alie Sledbl a5 sas o Hlis Gialejl slalese
oS shalesl slo b 5| Wl oo lacasis 9,90
ol 5l S o Ly lasles] Glgise oalpby wul oy
5 ol madbeys 2l ange B ool el ladasone
ol 5 (Azon et al., 2023) ol iolEl Aol ST

Ol pled oUlss eaias (lis o s jloy Jsb S0
ol 1) laswe o1 Sgy0 jlae Gldl § cwl lases
Ol o,y (Yan & Kang, 2003) weo se
adgle 5 Slos Zbo 93 0 slp bolaze o (Siron
S b YU ples Dhad cains lid i 3
o 5l (o s Al Y SE) s ED) VFeY Lo
bl VEY s o 7,5 Lo ‘&il.o)'T slase
Ol g adls bagaishy o nled 9 3luloa 5o (6 ytien
ladole a5 S Slodyme 23S Glp eole
o Jsb ayeS (VF+Y £,5) B2 bame o axslis

‘5\).3 ‘_,,_;Yl.; )Jl.o) O yad L Q.;.| uql.w‘ Q..s.|).1 sl |)



<P 9 i ad

0

=R0.1%, Sum=T8.8%
=1, Centering =2, SWP =2

PC1=587%, P
Transform = 0, Sgalng

=]

T T T T T T T
04

PC1

R

buzo jlez 30 095 9w CTgi) Shs g 7 adgle o Slos sosls wlw! g & LU GGE (2lovis —Y JSCi

PC1 = 63%, PC2 = 20.1%, Sum=83.1%
Transform = 0, Scaling = 1, Centering 1 2, SWP =2

NO T

04

08+

T
04
PC1

5 abgle —all

A3l e VE Y5 EA N F ) S ES NV S E2 NFe) 25 EL ooy 4 badasme 05 5 conl ) Jgom olul 5 biaadess ol

PC1=58T°

C2 = 20,1%, Sum = 15:6%
Transform = ing =2,

ing'= 1, Centering = 2, SVP = 1~

E

0.0 04

PC1

Ranking entries based on both mean and stability

Seis adgle -0

20 24

PC1=63%, PC2 =20
Transform = 0, Scafin

. 5um=83.1% -
1, Centering =2, SVP=1 .~

0.8+

MO

0.4

0.0+

04

08

T
04
PC1

Ranking entries based on both mean and stability

5 absle —ll

Colho Cuigii b poS o i o e WMy b -Y JSCi

il e VFY 5,5 A N Fe) T E3 N Y ,S B2 0 F ) 2,8 L (o5 ) badasms oS 5 canl ) Jsuz olul s bao

PC1 = 58.7%, PC2 =.20.1%, Sum = 78.8%
Transform = 0, S¢dling = 1, Centering = 2, SVP=2
12 :
08—
. o
04 [
fa2 B
P : |
¢ :
2 00+ i
G5 ;
0.4 I
Gl1
0.8 .
. G6
1.2 G e
T T T T T T T T T
12 08 0.4 00 04 08 12 16 20
PC1

Seis ddgle -0

MO

PC1=53%, PC2=20.1%, Sum=83.1%
12 Trangform =0, Scaing = 1, Centering.= 2, SWB=2
alo
08 Gy
e
0.4
a6

0.0+

0.4+
6i

08 . el

12 T T T T T T T T

12 08 0.4 00 0.4 08 12 18 20

PC1

5 adgle —all

inlojl sl o bl oy 3 Sl - Y S5
b o VE Y55 ES ) 5,5 E3NF Y2 S B2 0F) 25 EL Cs 5 4 badasme 05 5 ) Jour aiilen baeass ojled



a5

PC1 = £8.7%, PC2 =20.7%, Sum = 78.8%
Tri 0,5¢alng = 1, Centering =2, SVP =2

08

PC1

Average Tester Coordination for Teseter Evaluation

Seis adgle -

PCT = 3%, PC2 = 20, 1%, Sum=83.1%
Trangform = 0, Scaling = 1, Centering =2, SVB 22 _

o8-{ . el P
o
127 T T T n T T T T
1.2 0.8 0.4 0.0 04 0.8 1.2 16 20
PC1

Average Tester Coordination for Teseter Evaluation

5 ddgle —all

Jloay! tuzo b axfliae 0 yg0 (sl b duns o (5l <Dy UL -F i
Al o VR Y55 B4 NF) 5,5 E3 N F- Yo S B2 0F) 25 EL e 4 badasme 05 5 ) Jsor alen baouiss o lad

T[PCT = 55T RePCZ = 20.1%, Sum = 75.6%
Transform =0yScaling = 1, Centering = 2, SVP =1

Seis adgle -0

Solly g0,50oe (1l (bl 2 allio cuisil b poS jom Locaish) 8 ,Slos dulio -0 JS&
sl e VEY 5,5 EA VF) QST E3 N Y S B2 0 Fe) 28 EL Cod i 4 balame 05 5 ) Joaz aiiled boaisis o los

5 90,35 o Olaite law 5l a8 ol (G S lhls
Average Tester ) ATC lauge laze oy
Cowly Cuams &5 oldai gl g 0 00l (COOrdinate
3 i 0 Ses ilaid 518 lop (nl 2 Sges 92
SIS oS ca S slacis) 5 Sl
ATC jsme 3, bods) ngad 9 wdls (ke
(Temesgen ool baecisiy o Slhos (5 kb caumaylis
Silas o,Sles yyme 5l yiaS alols et al., 2015)
SleMbl sl (Rezene, 2019) ol Cwieiy (s lab
<G4 < G3 <GY sloy yun Gl O S5 [ onds 43l
5 GB slooy,ed 5 o, Slkes oy iy G5 < G11 <Gl

sl |y 5 adele o Slos oy a8 G7

FCT = G2%, PC2 = 20 Ags, Sum = 682.1%
Tramsform =0, Scalnd § 1, Centering =2, SVP=4-.___

-12 -08 04 00 04 08 12 16 20
PCA1

5 abgle —ll

b a4 obajloy &b 5l 1) bl GGE &yl
LTy agly nteS oS (awe oS (oo Jog SMLL
5 ooy welhe laswe 4wl alils a8l oy
L‘ﬁlﬁl.:.g RIW M‘g} R IWE ool lasme Qly’.cd.e
oy Jsb slls 5 wallas lase a4 ooy slalare
el gty (Sasles ©508 5 ples oUles el
El sllaze o)l Cglhe oo b 1) alold oy yiaS
pla @yad 5l sadl Jloy Jsb il L E4 4 E3.
S OlFse 9 0992 )10, p larzme plo 4 S (6 5V
ol sleceiss ple s SSE Gly bl

2l jemme O S (0 0,8 eolaul Jlaubl slac g



<P 9 i ad

av

o5 0,53 s A adsle o Sles Sl sl
wals sl 51 YL o Slee b luly slocaiss) 9e29
£ g $3l54 slaasliy )3 (SESG dgup easmslis
SUly 72,5 oKl ol (mbesl o sl jga8
5 Sl oy o pled 5 ilebe o i
ooz (i3S slp sl Galejl (e e
SBEl SSE 4 p95 5 slocads) o558k b))
5 5 absle owlio (A2xR109) KHFS10 oy et sin
coslie wlie oaldl glls 3blie 5 5,5 (olp St
5 (AICSB8005Xol5,) KHFS3 (clawy yots s 4l
KHFS3 &, 5 5 absle (6], (A2xR109) KHFS10
ol s sl celie 7,5 0 SKiS adgle Ll |
b siog Jloye3p 2V (poga )5k 5l lacasss
£55 150 slis Syt WS 5 (ool Dyt 4 4z g
@ S Sz ) b ol lgiee sladsle

Syed drogi ;LS

Sl 5wl
g JW A g ol Dladod g 1 WIS
oj9p B o G ol gleanie el sl
o Yo P XY Y YAS Caae ojled 4y gl
Sl O I Grzes S e )Nk
b oo cnl ozl jo oS ojon slzl Joe (Slinios
S5 wandly Jodeo Iy p3Y Saclis g (5,00 0k e

Dgdse (S10,38 o

Aol oy S aSy)l Lo 4 G5 5 G1 (GO (clavy

SS9y 2o Job (p S s waniils 83l jexe L)
Cyee Gl e Gl g eos (95es 9
<G3 slowy o a5 woo oo lid 0 S gl oo
adole o Sloe eSS G2 4 G7 GO slooy,n
3ol s il G3 oy e anily |, S

g oo Dgmte S adgle 8 Slac s

ERCLEES
4 baeze (uil)ly 4328 @bs Gululy pol> talesl )
Olyas Slaye ggemme 3l oy 01V 5 FVIO 5y
aS ol plaisl ogx a ) Sz 5 5 adgle o Slae
Glosy e abgle 5 Shoe Y Colas onims las
GSeny Sl leme Shaki 4 psSem
J5 5l as,e YAV o VPV Cdpa lasrexcudss)
A0S azgl 1) Sis g 5 adgle o Slee Ol
4 ps5 g s s S g 5 adgle o Shee STy
Jolse a5 (Grge 0 e Sglite Giline slalae
Sal cel e 5 ©f St g Jlo ST aiile larrs
ot sl wied lame 5 Gaiey Sy
2% LS bl a3 e 2 At 59
5wl ooy Sl bowl cplple g el
Gl )3 2l Cews Jpamme ag SSlas 4 (Jpazme
5 KHFS2 KHFS10 KHFS6 (slocoiss (aeios
yoodle (Mgl alize slejloges o KHFS4



Lo

Al-Naggar, A. M. M., Abd El-Salam, R. M., Asran, M. R., & Yaseen, Y. S. (2018). Yield adaptability and
stability of grain sorghum genotypes across different environments in Egypt using AMMI and GGE-
biplot models. Annual Research & Review in Biology, 23(3), 1-16. https://doi.org/
10.9734/ARRB/2018/39491

Arif, A, Parveen, N., Waheed, M. Q., Atif, R. M., Wagar, I., & Shah, T. M. (2021). A comparative study for
assessing the drought-tolerance of chickpea under varying natural growth environments. Frontiers in
Plant Science, 11, 22-28. https://doi.org/10.3389/fpls.2020.607869

Azon, C. F.,, Hotegni, V. N. F., Sogbohossou, D. E. O., Gnanglé, L. S., Bodjrenou, G., Adjé, C. O., Dossa,
Bangar, S.P., & Kajla, P. (2022). Introduction: Global Status and Production of Faba Bean. In: Punia
Bangar, S. and Bala Dhull, S. (Eds) Faba Bean: Chemistry, Properties and Functionality. Springer,
Cham. https://doi.org/10.1016/j.heliyon.2023.e21656

Batista, P. S. C., Menezes, C. B., Carvalho, A. J., Portugal, A. F., Bastos, E. A., Cardoso, M. J., Santos, C.V., &
Julio M. P. M. (2017). Performance of grain sorghum hybrids under drought stress using GGE biplot
analyses. Genetics and Molecular Research, 16(3), 111-135. https://doi.org/10.4238/gmr16039761

Demelash, H. (2024). Genotype by environment interaction, AMMI, GGE biplot, and mega environment
analysis of elite Sorghum Sorghum bicolor (L.) Moench genotypes in humid lowland areas of Ethiopia.
Heliyon, 10 (2024) 1-13. https://doi.org/10.1016/j.heliyon.2024.e26528

Enyew, M., Feyissa, T., Geleta, M., Tesfaye, K., Hammenhag, C., & Carlsson, A. S. (2021). Genotype by
environment interaction, correlation, AMMI, GGE biplot and cluster analysis for grain yield and other
agronomic traits in sorghum Sorghum bicolor (L.) Moench. Plos One, 16(10), 0258211.
https://doi.org/10.1371/journal.pone.0258211

Feyzbakhsh, M. T. (2017). Effect of plant density on some morphological traits and quantitative and qualitative
yeild of forage sorghum hybrids in golestan province. Seed and plant production, 32(2), 223-237. (In
Persian). https://doi.org/22092/SPPJ.2016.113080

Figueiredo, U. J., Nunesl, J. A. R., Parrella, R. A. C., Souza, E. D, Silva, A. R., Emygdio, B. M., Machado, J.
R. A., & Tardin, F. D. (2015). Adaptability and stability of genotypes of sweet sorghum by GGE Biplot
and Toler methods. Genetics and Molecular Research, 14(3), 11211-11221. https://doi.org
10.4238/2015.September.22.15.

Ghaffar, M., Asghar, M. J., & Shahid, M. (2023). Estimation of G X E interaction of lentil genotypes for yield
using AMMI and GGE biplot in Pakistan. Journal of Soil Science and Plant Nutrition, 23, 2316-2330.
(In Persian). https://doi.org/10.1007/s42729-023-01182-x

Greveniotis, V., Bouloumpasi, E., Zotis, S., Korkovelos, A., Kantas, D., & Ipsilandis, C. G. (2023). Genotype-
by-environment interaction analysis for quantity and quality traits in faba beans using AMMI, GGE
models, and stability indices. Plants, 12, 3769. https://doi.org/10.3390/plants12213769

Khan, M. M. H., Rafii, M. Y., Ramlee, S. I., Jusoh, M., & Mamun, A. M. (2021). AMMI and GGE biplot
analysis for yield performance and stability assessment of selected Bambara groundnut (Vigna
subterranean L. Verdc.) genotypes under the multi-environmental trials (METS). Scientific Reports, 11,
22791. https://doi.org/10.1038/s41598-021-01411-2

Khazaei, A., Torabi, M., Feyzbakhsh, M. T., & Azari Nasrabad, A., (2021). Analysis of grain yield stability and
assessment of genotype x environment interaction for grain sorghum [Sorghum bicolor (L.) Moench]
genotypes.  lranian  Journal of Crop  Sciences, 23(3), 211-222. (In  Persian).
https://doi.org/20.1001.1.15625540.1400.23.3.2.0

Khazaei, A., Torabi, M., Mokhtarpour, H., & Beheshti, A. R. (2019). Evalaution of yield stability of forage
sorghum Sorghum bicolor (L.) Moench using AMMI analysis. Iranian Journal of Crop Sciences, 21(3),
225-236 (In Persian). https://doi.org/10.29252/abj.21.3.225

Mohammadi, R., Jafarzadeh, J., Poursiahbidi, M. M., & Hatamzadeh, H. (2023). Genotype-by-environment
interaction and stability analysis for grain yield in durum wheat using GGE biplot and genotypic and
environmental covariates. Agricultural Research, 12, 364-374 (In Persian).
https://doi.org/10.1007/s40003-023- 00661-y

Rakshit, S., Ganapathy, K. N., Gomanshe, S. S., Dhandapani, A., Swapna, M., Ehtre, S. P., &Gadakh, S. R.
(2017). Analysis of Indian post-rainy sorghum multi-location trial data reveals complexity of genotype
x  environment interaction. The  Journal  of  Agricultural  Science,  155(1), 44-
59. https://doi.org/10.1017/S0021859616000137

Rao, P. S., Reddy, P. S., Rathore, A., & Reddy, B. V. S., (2011). Application GGE biplot and AMMI model to
evaluate sweet sorghum (Sorghum bicolor) hybrids for genotype x environment interaction and
seasonal adaptation. Indian Journal Agricultural Sciences, 81, 438-444.

Rezene, Y. (2019). GGE-Biplot analysis of multi-environment yield trials of common bean (Phaseolus vulgaris

L.) in the southern Ethiopia. Journal of Plant Studies, 8, 35. https://doi.org/ 10.5539/jps.v8n1p35


https://www.researchgate.net/journal/Genetics-and-Molecular-Research-1676-5680?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.4238/gmr16039761
https://doi.org/10.1016/j.heliyon.2024.e26528
https://doi.org/10.1371/journal.pone.0258211
https://doi.org/10.22092/sppj.2016.113080
http://dx.doi.org/10.4238/2015.September.22.15
http://dx.doi.org/10.4238/2015.September.22.15
https://doi.org/10.1007/s42729-023-01182-x
https://doi.org/10.3390/plants12213769
https://www.nature.com/srep
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.2.0
http://dx.doi.org/10.29252/abj.21.3.225
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=S.%20RAKSHIT&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=K.%20N.%20GANAPATHY&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=S.%20S.%20GOMASHE&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=A.%20DHANDAPANI&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=M.%20SWAPNA&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=S.%20P.%20MEHTRE&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=S.%20R.%20GADAKH&eventCode=SE-AU
https://doi.org/10.1017/S0021859616000137

sl s pad a9

Sheikh, F., Nazari, H., & Fanaei, H. (2022)a. Graphic analysis of trait relations and stability of faba bean
genotypes using the biplot method. Journal of Crop Production, 15(2), 117-135 (In Persian).
https://doi.org/10.22069/ejcp.2022.19563.2457

Sheikh, F., Sekhavat, R., Asteraki, H., Parkasi, A., & Aghajani, M. A. (2021)a. Evaluation of seed yield stability
of faba bean (Vicia faba L.) genotypes using GGE biplot analysis. Journal of Crop Production and
Processing, 11(3), 85-99 (In Persian). https://doi:10.47176/jcpp.11.3.36412

Sheikh, F., Sharifi, P., Asteraki, H., Miri, K., & Sekhavat, R. (2021)b. Evaluation stability of seed yield of faba
bean (Vicia faba L.) genotypes by parametric and non-parametric methods. Journal of Crop
Production, 14(3), 125-144. (In Persian)._https://doi:10.22069/EJCP.2022.18908.2411

Sheikh. F., Sekhavat. R., & Aghajani, M. (2022)b. Evaluation of resistance to leaf spot diseases and yield
characteristics in faba bean genotypes through cluster analysis and Genotype by Trait Biplot. Journal of
Crop Breeding, 14(44),131-147 (In Persian). https://doi:10.52547/jcb.14.44.131

Singh, C., Gupta, A., Gupta, V., Kumar, P., Sendhil, R., Tyagi, B. S. Singh, G., Chatrath, R., & Singh, G. P.
(2019). Genotypexenvironment interaction analysis of multi-environment wheat trials in India using
AMMI and GGE biplot models. Crop Breeding and Applied Biotechnology, 19, 309-318.
https://doi.org/10.1590/1984-70332019v19n3a43

Tavazoh, M., Habibi, D., Golzardi, F., llkaee, M. N., & Paknejad, F. 2022. Evaluation of yield, water
productivity, and drought tolerance of forage sorghum [Sorghum bicolor (L.) Moench] cultivars under
different  irrigation  methods and regimes. Cereal Research, 12 (2), 115-133.
https://doi.org/10.22124/CR.2023.23165.1744

Tolessa, T., Gemechu, K., Tadesse, G., Jarso, M., & Bekele, Y. (2013). Genotype x environment interaction and
performance stability for grain yield in field pea (Pisum sativum L.) genotypes. International Journal of
Plant Breeding, 7, 116-123. https://doi.org/10.1002/agj2.21268

Tolessa, T.T., Keneni, G., Mohammed, H., & Ahmed, S. K. (2019). Decades of faba bean (Vicia faba L.)
breeding for better grain yield and seed size has inadvertently reduced G x E interaction and increased
inter-temporal performance stability. Journal of Crop Science and Biotechnology, 22, 265-274.
https://doi. 10.1007/s12892-019-0071-0

Yan, W. (2016). Analysis and handling of GXE in a practical breeding program. Crop Science, 56, 2106-2118.
https://doi.org/10.2135/cropsci2015.06.0336

Yan, W., & Kang, M. S. (2003). GGE biplot analysis: a graphical tool for breeders, geneticists and agronomists,
CRC Press LLC., Boca Raton, Florida, USA. https://doi.org/10.1201/9781420040371

Yan, W., Hunt, L. A., Sheng Q., & Szlavnics, Z. (2000). Cultivar evaluation and mega environment
investigations based on the GGE biplot. Crop Science, 40, 597-605.
https://doi.org/10.2135/cropsci2000.403597x


../../../../../user/A-10-1430-1/Journal%20of%20Crop%20Production%20and%20Processing,
../../../../../user/A-10-1430-1/Journal%20of%20Crop%20Production%20and%20Processing,
http://dx.doi.org/10.52547/jcb.14.44.131
https://doi.org/10.22124/cr.2023.23165.1744
https://link.springer.com/article/10.1007/s12892-019-0071-0#auth-Tamene_T_-Tolessa
https://link.springer.com/article/10.1007/s12892-019-0071-0#auth-Gemechu-Keneni
https://link.springer.com/article/10.1007/s12892-019-0071-0#auth-Hussein-Mohammed
https://link.springer.com/article/10.1007/s12892-019-0071-0#auth-Seid_K_-Ahmed
https://link.springer.com/journal/12892

Plant Production and Genetics LS Sy g udg
Vol. 6, No. 1, Spring & Summer 2025, p. 87-100 AV =Yoo amio NFF Lawol g ,Ls ) o)lols F ol

Research Article DOI: 10.22034/PLANT.2025.143212.1151

Interaction of genotype x environment on new hybrids yeild of forage sorghoum
(Sorghum bicolor (L.) Moench) using GGE biplot method

Mohammad Taghi Feyzbakhsh'*, Azim Khazaei?

1. Associate Professor, Field and Horticultural Crops Science Research Department, Golestan Agricultural
and Natural Resources Research and Education Center, Agricultural Research, Education and Extension
Organization (AREEOQ), Gorgan, Iran

2. Associate Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and
Extension Organization (AREEO), Karaj, Iran

Received: 25-02-2025
Accepted: 14-06-2025

Abstract

In this study, ten forage sorghum hybrids and the control hybrid (Speedfeed) were evaluated in two regions,
Karaj and Gorgan, over two growing seasons 2023-2024 and 2022-2023.The experiment was conducted using a
randomized complete block design with three replications. Each plot consisted of 4 rows, each 4 meters long,
with row spacing of 60 centimeters and plant spacing of 8 centimeters within the rows. The results of combine
variance analysis showed that the effects of genotype, environment and their interaction on wet and dry forage
yield and other studied traits were significantly different. According to the GEI model for wet forage, 63% and
20.1% of the total variations were described by the first and second component, respectively which totally
explained 83.1% of the total variations. Based on the analysis of GEI and GGE-Biplot, the experimental
environment of Karaj had a good separation power in both years of the experiment and was recognized as a
suitable place for selecting superior hybrids. Based on the data, hybrid KHFS10 (A2xR109) was suitable for wet
forage (129.5- and 126.9-tons ha in the first and second year, respectively) and dry forage yield (25.9- and
27.8-ton hal in the first and second year, respectively) in Grogan and similar climates. KHFS3
(PegahxAICS88005) and KHFS10 (A2xR109) hybrids were suitable for wet forage and hybrid KHFS3 (Pisgah
x AICS88005) for dry forage (first and second year, respectively, 32.4 and 32.2 ton. ha') in Karaj.
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