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Analysis of grain yield stability and assessment of genotype x environment
interaction for grain sorghum (Sorghum bicolor L. Moench) genotypes

FoT . T ¥oaa e e . S L
"Lf‘J"A’LSJ"Lstﬁ LI“"EUASBLSR’M‘Y&\J’JM‘\LS"J}V:M

ol

- o
055 23 SLACS 55 1 larome 53 G355 S bl 5 413 5 Shes (551l 425 Ve ObT 5 (63T .6 9 i b (e (15 P € (Sl
TN - YYY(F) Y Ol el (8155 pols 4 i [Sorghum bicolor (L.) Moench] clsls

=125 OLBLS (63554 9 (21034 Sl 55 § ol 3 Uos (w28 (5 M Sbml Sl fusma 10 il o
9 1S SI15 P35 39w i 9 (Y n83 1A 3 Lo 53 g e 2 9 3 5o (b5l Sl Beh 0 Dgume b O
120 Jlw 93 30 Olgho! 9 Wiz g (O F (5 U0 slez 98 3155 4w b Bolai Jol™ Ses gl 7 b LB 5o isbo)T (21
SIS 418 8y Khoe 135 31 LaoT ukon 1 9 wisi daOKo 45 315 LS odld o8 0 (il 519 4 1585 gl .l (211745 9
Ry (81518 LS 55 p 5 ols” YAAS L (High yield700) 10 Cuigs) 45 310 GLES by puSluo duslio guld (A58 (518 xo L9l
1S 51 5B (G (SLadd ) 40 UKD Ho p Tl 05 905 FIVY LA L LW jah 917 & Y Sbwgi) § 410 & Khos
4 25 gL NS o ol & pho YL (S5I b 09N 9 Wdgy (S0 995 (il 319 oyt 0" SIS 1Y 910 (Slbuigis
T 35 ol ol 450 gy 457 318 i Lo 30 g3 o g 4 ol SBddge b3l 9 (AMMI) of 595 4 (w19
4o B AS0008 dur ol [y o 90 i 95 ol p O g 31 o 50 AF/Y Eaommo 50 4o guy (! WO 1D S0 oS T
L Gl aigii 45 318 Ol Lilo3T ool s 590 adin 1y aui 935 09 5 slazr (ol 3 ol Ao ool (ol g (Sldgs
(ASV) (ol Slaml sl ol § (o! Joo gl o 4 gi L .09 3 (omwlio & Khos (Sl l (51518 YU 410 > Khos
5 31 (Human900) 1# ¢ (High yield700 )14 (FGCSI04) # (Fast greend400) ¥ < (Drought tolerant) 1Y slacwisi)
445" ;5 (Drought tolerant) 1Y g (High yield700) 10 sy uigii 9 wud 081 yandeli Cuwlio & ot (531b 9 41 & ;o
S ddllae 3390 S Luzo b Vb (0908 (537 3 D508 9 0393 B9 (x5 3 & 7 B

PO 9w 9 Slabgs & 2 ( ol SBadso 4 4 or5 (ool oIl b))l 1 uls™ Svelly

Ll o 5 g 4 5 2 Dl e g0 e+ P o ¥ A0NOP ol S b 51 el ) VE SN e ITR/Y N 13 5 b
(S” 4318%0) O 2l ez S 46523188 g5 5 35 50T ol Ol s 5 g 4 5 sl liciond a0 skl -

(@z42095@yah00.com ¢ 5 S )
Ot 0Lk e 3598 s 5 5 25 saT el Ololn cOlgionl 5 5ol 5 onud s 56555187 Sl S j0 5 sl =Y
Ot 8 5 55518 TS 5 sl elades Olejle OedS 55T 5 b el 5 $50sliS Sl S e skl ¥

Ol ez €558 9 5 5 (3558 il Olo s ¢ g s Ol 3 258 5 onabo mlin 5 (65 )5LiS™ ol S o jloslonsd -F

ARR


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.2.0
http://agrobreedjournal.ir/article-1-1167-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-09 |

[ DOR: 20.1001.1.15625540.1400.23.3.2.0 ]

\Feo J‘,il_;gfa)k.igfyj%Jl?"'o‘ﬁ‘scbjrjl&Aifii"

Laosls 3 (Seo5is ST ls gms ms 5 05,8 ¢SS
Ols5 o o0 ol 3 ealiil Lo gDl 5 S a1
o 5 e oL 5 B L gl s
32 5 (Ebdon and Gauch, 2002) 5 S* sl |,
31 esliwl L (Farshadfar and Sutka, 2006) (S5 s
215 p0 a8 S S5 YY ML AMMI i,
/D 4 515 OLES gl Lsls I3 50 350 0Ll
a;u:_M\LgQLa{ftM@bﬁfc)\xﬁ;\w,;
Ls 4> 5 AMMI3; AMMI2 AMMIL gl s, 5|
e 85 4025 s 31 b A /0 Ol ol &
¥ ol (Farshadfar, 2008) ,55L5 5 .5 40 Lo
,Lg_;s.u;;gjq(,aﬁoug;_;fﬁfgﬂ:,;j
oMl ool el laslimal L1y (eSS (6, LT
Sl b s, el i ¢l (ASV)
Ll 83 93 s e3ls 518 olu 5yl 5, e (GSD)
Mk Ol 03, e o Kole oy 2y (8l
OLHLSen 5,8 -dlass § glulis Lacs 45
Sl by a—wlie )5 (Al-Naggar et al, 2018)
slags 555, Shes (a2l sl sl m e
L3S B s 55 Calies sladaes 53 p 555 5
5 o—lis GGE-biplot s AMMI gla 3, S
s Lames 5 g5 SR L5 sl due
(55 SN ol QLG AMMI il jls 4 2 el
e s 8 S s L
A3 & Jlail a3 08 553 o Shee
Sl 55 el Jia bl 2 OB 5 sl 35 13 e
L sl s Olsea |, ICSB-1808 s BTX TSC-20
o 35 slakise 13 YU olul 55, Shes
BTX- 407 51CSB-8001 (slac 55 5 L5, 3 e
(st 3 Shos ey o VL (0 o5 e

> (Khazaei et al., 2019) oIl 5 S5 . Lxsls

5 14l 08 g oy glate 53 oy (oIl b
&= ! 4—'&55”3564—33}*3,:‘)‘)—?6‘4—;;19

Mjbﬁn&j“é}l&)ﬁaﬁ‘d‘}}ﬂa&

ARA

4ok

oY 5l S5l 55 s (oIl b5
5 =i slaasl 5o o (il Ll 2 s
sy s 5 Slosm g Ll 51 21y QLAL; a4
Aol Lamms 2 53 (55 il > Shes .l
L 53 G 55 RSen 5 L i 55 A
SSen o 51 AT (Yan and Kang, 2003) &l
23 5 S e oSS 01 Ssl 5 4 Jams 53 55
blacas o) oo i it S Lo 55 (2L
4xg p3 53 4 4z 5 L (Purchase, 2000) AuS™ sl
juiLg\pq_k»yu@)tfjujwucu,\
Lo 53 G355 S 1 2551 ol Dol
5w glacs 55 A Hsban . Col 55,5
15 (o cabiinn (Slo Jame 53 &5 555 o poms
L slacs 53 bl 3 5lul YU s, Shee 054
3 Shas Ladase 5l (3ldns &K )3 &3 <85k
23| pamie S glaes 55 (Js il b 5 Lo e
Ll s s garisls VU s, Shes Oglbs Ll o
Ol g—eay oL ool 3 Shas glyls cdelanl
e 330 ()85 L La S 55

{(Lin and Binns, 1991)4 45 o
2o b i SIS p s mear DI SN 4 S
a0 ke Az SLa by 3 (oSS (AMMID)
555 88 6ol 5 68 Sl ST ol ol
&lﬁj)\tg\ﬁj_:ﬁ-\a\_a.s):);ujjﬂuiﬁb
ol 4 S 15 eslital 5y 48 Sl b s ol
s, -(Hongyu et al., 2014; Rodrigues et al., 2014)
baadljo 4 525 5 eibols 425 5 (oS 5 AMMI
cbioly 4z Slesliwl b 2yl s oSl o
o 3 0di 355 1 L me 5 S 85 ol )
A ol (glaadd fo i 4 Sl sl L
3,5 0 5 o 5 0 i 3550 aoe 5 55
Ols5 o AMMI L 25 5l eslezwl L .(Crossa, 1990)


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.2.0
http://agrobreedjournal.ir/article-1-1167-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-09 |

[ DOR: 20.1001.1.15625540.1400.23.3.2.0 ]

"YANSYYY OF O Sl gl g als 3 Ses Sl 4 "

33, hee (Mol oLl S s plil S
Ql;\,ﬁ;g@?wl;lng,j\‘éjfju
AMMI i 55 s o3l (AMMD) b s olize
3 (ANOVA) iU ly as e Juos 1 oS 5 &ls 53
OT Jus 63 9 (PCA) J—o (slnaid 3o 4 4 25
(Gauch, 1992) ol \ daly &) soas

Yger=p + ag + e + I knygnden + pge + eger () alail )

IS s ple Loms 53 plg 55 5 Shes :Yger
Sl e s Be sag bl 5 oSl m cplr
s3oen Sl 2 e e M lame 5 o 55 !
25 Sl S 55 5 ol e i ol adl 5
&yl Eger 5 (Noise) sdSlesl Hlu_is jpge eln
AMMI Jus Jgl e s b L 4 b gy
oSlols a5 5l pdymer i xR+ g+ Be)
5355 AL S Sl 355 o 03zl (J gene
Al S oKl 5l G 55 Ol il ) 504 ()
S0s Sl Laoes i 3l il Oy gty (BE) Jaes
£33 i (Gauch, 1992) 555 5580 = S
Slas conl Jids 5l O ,8 Cad (3] Anygnden)
S o paas (Jool laadl 3o 4 4
o3litul ol ad 3o N U S0 i Lo 5 i 555
AMMI gy 55 a8 Cobls am g Aol osd o
Loe 5 ) S 1 polie gg) Slnlows
Olwls ¢ Lol slaad 3o 55 s Lﬁﬁf@ REPPW
plnil Laosls JS° b 3l Lol slaesls Jolis (54,
LASV (g b oyl amlos (Gauch,1988) 5 4i
.(Purchase, 2000) A& alil Y alasl 5l oslal

[aorPCA a n
ASV= [ (pcat? + 1PCA2Y) (Y dal,)

5SIPCAZ
v

o 5 L Sile aslie 5 Ll 4 i (S

ANPle s 3l solnly s 6l - 5 SAS 9.0 153
Lol Hlas 3l oslannl b A 05lwIGENSTAT12.0
4 e g odd > Il (glmesls bl 1 —wdddl
(Ward) 5,15 jwlo sy Jlas gy Lo glas =

3l s A plasl p S g Slacd 55 ey S

YV\Y

PVIA Jgl ad 3o 55 a5ls 5, o (gl 5 039 I3 Sne
3 ged o 5 ) RS gy Dol e gezes I o)
= ol Ao bl s AMME Juse 4 e 55
L (KDFGS9 ) ¥ 5 (KDFGS6) ¥ sLa Y (ASV)
L eysbie 53 slagm¥ op Sl YL 0L
Vla oY sols oluli asha g o Jyf
L o) s—late 55 pL 35, (KDFGS4) ) 5 (KDFGS26)
=555V el s adsle At g o Sl
33, Shee LAY A lacs 55 slad gle 55 5w
wld lie slac 35 Olse 4 5L ool
.(Khazaei et al., 2019) i

5 omY by (B s BTl lsT ol 51 O
oo 5553 Vs Shas b 85 5 51l s b
S AMMI gy 5l eslizal L glals Uf)y

by 5959 3Mg0

S8 LS b - b B s Sl salesT

OIS 8 oz S e jlgr 535,04 b sl
rl_?g‘\ (V40 -4%) Jlw 35 Sl 4 Olgrnl 9 L 0
Jols e g Sldas (5 LST Jle 55 )3 i
selasl s e e ankid (65, e 5 s (o3t
W e (6355 5L S L BT s bl
Sl 4y 03l Ol 3 Sl 2 5m by g e Slas S
,\_&a,;pf,_g{c» SIdie 4 059,55 555 s esls
BECCRE pf}l:f Or 5 als” Olej 53 (sl me 5D
S oy laas gLl (a5l B B0 ale e s
Lo i )y sl oo &S a0l eols
5= pale Ve bd g fold g e Sle P ol
ety o8 5 g A o 5 Y (e 8 oy
by, S 55 caslesT aids wlal 5 (V Jsds)
3, Shee 3,57 g Sils  Ole s Lk CiS
Gl cadl ol | ey oy iy 53 cails
3 ot 3 S5l e Wnosls 5 Jlo LY s Lk

a5 (oinlo ST Salal il sl Ken L5


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.2.0
http://agrobreedjournal.ir/article-1-1167-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-09 |

[ DOR: 20.1001.1.15625540.1400.23.3.2.0 ]

W;"}:{l:',‘r")u‘(‘}”‘)‘;"“:‘.Jl?‘uo‘ﬁ‘;s“')).fjk‘“ifi‘""

Sl el 53 o s s ity el ol 5550
Al

L sl Sl 3y g o) sbues 8 IS o

Jﬁ@gb&‘wﬂﬂgoéj;(d‘aﬁu)

115 p 85 g o 535 a5 ol =V s

Table 1. Names and origin of grain sorghum genotypes

ooled 05 o a5 e e Y ) S el
No.  Sorghum genotypes Origin Cultivar, Line, Hybrid  Name of company
1 FGCSI01 France Hybrid Euralis (ES)
2 FGCSI02 France Hybrid ES
3 FGCSI03 France Hybrid ES
4 Fast green400 USA Hybrid NAVAJOSEEDS
5 Payam Iran Cultivar SPIIx
6 FGCSI04 France Hybrid ES
7 FGCSI05 France Hybrid ES
8 Drought tolerant600 USA Hybrid NAVAJOSEEDS
9 PGS1 ICRISAT(India) Hybrid Pajpal
10 KGS23 Iran Line SPII
11 KGS32 Iran Line SPII
12 Kimiya Iran Cultivar SPII
13 Sepideh Iran Cultivar SPII
14 FGCSI07 France Hybrid ES
15  High yield700 USA Hybrid NAVAJOSEEDS
16 Human900 USA Hybrid NAVAJOSEEDS
17 Drough Tolerant USA Hybrid NAVAJOSEEDS
18 FS Double USA Hybrid NAVAJOSEEDS
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Table 2. Mean comparison of grain yield of grain sorghum genotypes in two years (2016 and 2017) and four locations

PHEY .sjgla.c
Treatments eslsT s,ls  Grain yield (kg.ha)
Years Ju
Year " 2016 Y40 5342.6
2017 \Y¥45 5294.6
Karaj 5 7621a
: ) Gorgan o€ g 2596d
Location o8« giiand s 4339
Isfahan Ol 6718b
Karaj =5 8165a
Gorgan Kg 3309d
2016 ™ Birjand s 3420d
Isfahan Ol 6477b
Karaj 5 7077b
Gorgan Rty 1884e
2017 ™ Birjand s, 5258¢
Isfahan R 6959b
(aels) =Y J s
Table 2. (Continued)
oyleds &l .s}gL.o
No  Sorghum genotypes  Grain yield (kg.ha)
1 FGCSI01 5430d-f
2 FGCSI02 4811f-h
3 FGCSI03 4863f-h
4 Fast green400 7039b
5 Payam 4406gh
6 FGCSI04 6172c
7 FGCSI05 5776c-e
8 Drought tolerant600 5906¢d
9 PGS1 5001fg
10 KGS23 4930fg
11 KGS32 4207h
12 Kimiya 5017fg
13 Sepideh 5025fg
14 FGCsSI07 5146ef
15 High yield700 7986a
16 Human900 5960cd
17 Drought tolerant 6894b
18 FS Double 1165i

vu)\xL;)l:d;uQ;Li.LpJ:@Jblchdjaéjoijwbljgwdfﬁhij L;l)l:&l.a;,:i;l._.a[)):_d}aﬁ
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Table 3. The values of the main components for grain yield of sorghum genotypes in experimental environments

Lo 615 3 Shas Jol ol adlze  pos Juoladlpe oo Joladle ool ol i oz ol adlge
Environment  Grain yield (kg.ha?) IPCA1 IPCA2 IPCA3 IPCA4 IPCA5
1 (Karaj) 8165 23.85 23.09 40.57 -35.15 32.02
2 (Karaj) 7236 28.16 8.89 32.19 9.58 -48.42
3 (Gorgan) 3309 13.13 -5.57 9.80 22.73 17.67
4 (Gorgan) 1884 24.42 -27.43 -6.99 28.87 -1.95
5 (Birjand) 3420 46.50 -34.31 -41.33 -11.75 10.04
6 (Birjand) 5258 -74.46 -56.59 10.56 -21.50 -6.45
7 (Esfahan) 6477 -48.67 41.64 -8.30 39.06 15.94
8 (Esfahan) 6959 -12.93 50.29 -36.49 -31.85 -18.86
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Table 4. Values of the first to fifth main components and ASV parameter for grain yield of sorghum genotypes

als s Sas
5 5 a3 55 Grain i ol allye s> Jolalpe  ppw doladlie  pler doladlie ey olalli ol 53

Sorghum genotypes yield (kg.ha™) IPCA1 IPCA2 IPCA3 IPCA4 IPCA5 ASV
1 (FGCSI01) 5430 144 -0.86 121 0.22 -0.69 2.07
2 (FGCSI02) 4811 2.88 -0.27 -152 -0.95 031 357
3 (FGCSI03) 4863 194 -0.42 -0.12 043 011 245
4 (Fast green400) 7039 -.050 -1.33 211 1.05 134 1.64
5 (Payam) 4406 0.67 0.59 0.76 0.01 0.11 1.10
6 (FGCSI04) 6172 0.77 -1.02 0.56 0.26 113 1.58
7 (FGCSI05) 5776 0.61 -1.49 133 0.04 -0.19 1.98
8 (Drought tolerant600) 5906 -1.80 0.01 -0.66 -1.50 -0.46 222
9 (PGS1) 5001 041 168 -0.24 -0.92 -1.02 213
10 (KGS23) 4930 1.65 0.04 0.19 -0.31 0.14 2.03
11 (KGS32) 4207 0.92 -0.46 -0.93 071 -051 127
12 (Kimiya) 5017 0.35 1.03 -0.44 -1.64 0.25 1.34
13 (Sepideh) 5025 -1.30 0.23 -0.04 0.53 -0.79 1.63
14 (FGCSI07) 5504 0.44 -1.09 2.00 -0.12 0.17 145
15 (High yield700) 7986 -3.89 0.63 0.95 -0.75 147 4.86
16 (Human900) 5960 -3.10 0.49 0.04 1.58 -1.38 3.87
17 (Drought tolerant) 6894 -2.20 -151 -1.05 0.04 0.01 3.29
18 (FS Double) 1165 1.50 3.75 0.07 1.33 0.85 4.98
Cumulative Percentage - 41.4 62.5 76.1 86.2 94.1 -

(O 5 Jlo oS 5) Lame 12 03 0 85 5 52 Gl 55 (Lol (6 ool 525 s -0 st

Table 5. Result of AMMI analysis for identification of superior sorghum genotypes in each environment

(combination of year and location)

Lo a3 > Shes 555 o) S5 s S5 e S e
Environment  Grain yield (kg.hal)  First genotype Second genotype  Third genotype Fourth genotype
1 (Karaj) 8165 G4 G17 G6 G15
2 (Karaj) 7236 Gl G7 G17 G6
3 (Gorgan) 3309 G4 G17 G6 G15
4 (Gorgan) 1884 G4 Gl G10 G6
5 (Birjand) 3420 Gl4 G6 G15 Gl
6 (Birjand) 5258 G15 G8 G9 G12
7 (Esfahan) 6477 G16 G4 G17 G15
8 (Esfahan) 6959 G15 G17 G16 G4
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Analysis of grain yield stability and assessment of genotype xenvironment
interaction for grain sorghum (Sorghum bicolor L. Moench) genotypes

Khazaei, A.l, M. Torabi?, M.T. Fyzbakhsh® and A. Azari Nasrabad*

ABSTRACT

Khazaei, A., M. Torabi, M.T. Fyzbakhsh and A. Azari Nasrabad. 2021. Analysis of grain yield stability and assessment of
genotype x environment interaction for grain sorghum (Sorghum bicolor L. Moench) genotypes. Iranian Journal of Crop
Sciences. 23(3): 211-222. (In Persian).

The interaction of genotype x environment creates complications in yield prediction and is a challenge for
agronomy and plant breeding programs. To evaluate grain yield stability and genotype x environment interaction
for 18 local and exotic grain sorghum cultivars, lines, and hybrids, a field experiment was conducted using
randomized complete block design with three replications in four regions of Karaj, Gorgan, Birjand, and Isfahan,
Iran in two cropping seasons (2016 and 2017). Combined analysis of variance showed that locations, genotypes
and their interaction effect were signifinat on grain yield. Mean comparisons showed that genotype No. 15 (High
yield700) had the highest grain yield (7986 kg.ha*) followed bygenotypes No. 17, 6, 16, and 8 with grain yield
of 6894, 6172, 5960, and 5906 kg.ha respectively. Genotypes No. 15 and 17 had the lowest year within
location variance, and in addition to high grain yield stability had optimal grain yield. Analysis of variance by
AMMI model and fitting of principal components to the interactions of genotype x environment showed that five
main components were significant (P <0.01). These five components explained 94.1% of the observed variance
of genotype x environment interaction. Cluster analysis identified four genotypic groups based on the first main
component of genotype x environment interaction. In this study, high yielding genotypes also had good grain
yield stability. AMMI model and AMMI stability value (ASV) parameter showed that genotypes No. 17
(Drought tolerant), 4 (Fast green400), 6 (FGCSI04), 15 (High yield700) and 16 (Human900) had high grain
yield and yield stability. Genotypes No. 15 and 17 identiifed as superior genotypes well adapted to different test

environments, in this study.

Key words: AMMI stability value, Cluster analysis, Principle component analysis, Adaptatability and

Sorghum

Received: January, 2021 Accepted: July, 2021

1. Assistant Prof., Seed and Plant Improvement Institute, Agricultural Research, Education and Extension Organization
(AREEO), Karaj, Iran (Corresponding author) (Email: az42095@yahoo.com)

2. Assistant Prof., Agricultural and Natural Resources Research and Education center of Esfahan, Agricultural Research,
Education and Extension Organization (AREEO), Esfahan, Iran

3. Assistant Prof., Agricultural and Natural Resources Research and Education Center of Golestan, Agricultural Research,
Education and Extension Organization (AREEO), Gorgan, Iran

4. Assistant Prof., Agricultural and Natural Resources Research and Education Center of Southern Khorasan, Agricultural
Research, Education and Extension Organization (AREEO), Birjand, Iran

ARA


http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Torabi
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Fyzbakhsh
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Torabi
http://agrobreedjournal.ir/search.php?slc_lang=en&sid=1&auth=Fyzbakhsh
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.3.2.0
http://agrobreedjournal.ir/article-1-1167-en.html
http://www.tcpdf.org

