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Table 1. Climatic information and geographical characteristics of test environments (2017-2020)

oS bl 5 o 9 Jb b3 o 5l g5l Jl 5 _ (O S5k
Location Longitude & Latitude Altitude (m) Year Code Jl\jl‘;\r? )I:ASzlf Precipitation (mm)

37°26'N 97-1396 Mal 185 37.0 4232

4y 46° 45'E 1720 98-1397 Ma2 -145 374 494.6

Maragheh 99-1398 Ma3 -25.0 326 326.8

37°43'N 97-1396 Kul 156 336 3339

oliile)s 48°08'E 1520 98-1397 Ku2 -12.6 30.0 495.0

Kermanshah 99-1398 Ku3 141 325 395.6

25yl 30 3956 edlaiwl 350 (slacuie) lasuin =Y Jol>
Table 2. Specifications of chickpea genotypes used in this study
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Table 3. Evaluated traits in 108 chickpea genotypes with their abbreviations
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Table 4. Mean squares in the analysis of variance of evaluated agronomic traits
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Table 5. Comparison of average grain yield per unit area for 108 chickpea genotypes

RS oSke gy OS] oSke By TS ke Sy Y] oSke Sy
genotype mean letters genotype mean letters genotype mean letters genotype mean letters
10 54.38 a 99 47.300 def 67 44.463 ghijk 3 41.625 mnopqr
26 53.25 a 91 47.275 def 32 44.438 %hi k 76 41.438 nopars
49 52.950 a 44 46.825 defg 28 44.50 hijkl 104 41.350 oparst
54 52.838 a 20 46.713 defg 7 43.988 hijklm 11 41.338 opqrst
74 51.875 ab 108 46.13 efgh 27 43.763 hijklmn 30 41.325 opqrst
1 51.813 ab 21 45,950 efgh 57 43.175 ijkimno 70 41.15 opgrstu
29 50.313 be 41 45.850 efgh 94 43.163 ijklmno 90 40.925 opgrstu
23 50.288 bc 59 45,750 efgh 24 43.113 ijklmno 63 40.700 parstuv
101 50.238 bc 18 45.475 fghi 35 42.963 jkImnop 98 40.363 qrstuv
65 50.50 bc 79 45.325 fghij 15 42.925 JkImnop 39 40.300 qrstuv
60 49,988 bc 37 45,225 fghij 9 42.450 kImnopq 25 40.275 qrstuv
5 48.825 cd 4 45,135 fohij 50 42.400 kImnopq 17 40.213 grstuvw
43 48.100 cde 69 44.975 fghi) 48 42.288 klmnopq 66 40.138 qrstuvwx
93 48.13 cde 22 44,925 f%h_i 88 41.800 Imnopgr 61 40.75 qrstuvwx
86 47.965 cde 8 44513 ghij 68 41.738 In]nopqr 12 39.838 rstuvwxy
(P> 0.05) w,l5 gixoyue (g ylol Has 1 (SaoS b S5 3) ailiio Bgpo b sl Sileo
=0 Jgd> el
Continued Table 5.
9 Ol g > ) Ol By > 59 ALY gy
genotype mean letters genotype mean letters genotype mean letters
92 39.788 Rstuvwxy 33 38.400 vwxyzABC 55 34.63 HIJKL
47 39.600 Rstuvwxy 75 37.825 wxyzABCD 7 34.13 HIJKL
100 39.588 Rstuvwxy 87 37.750 xyzABCD 95 33.900 HIJKL
103 39.575 Rstuvwxy 83 37.488 yzABCD 13 33.500 1JKL
46 39.525 Rstuvwxy 36 37.463 yzABCD 14 33.88 JKLM
53 39.513 Rstuvwxy 85 37.13 zABCDE 58 32.875 JKLMN
97 39.500 Rstuvwxy 52 36.963 zABCDEF 71 32.438 KLMN
78 39.488 Rstuvwxy 73 36.963 zABCDEF 38 32.38 LMN
6 39.450 Rstuvwxy 51 36.600 ABCDEFG 16 32.13 MN
96 39.175 Stuvwxyz 45 36.53 BCDEFG 106 30.850 MNO
89 39.13 Tuvwxyz 82 36.525 BCDEFG 56 30.675 NO
64 39.0 tuvwxyzA 80 36.138 CDEFGH 40 30.663 NO
102 38.988 tuvwxyzA 31 35.925 DEFGH 84 28.575 oP
105 38.975 tuvwxyzA 19 35.800 DEFGHI 42 27.13 P
62 38.838 uvwxyzAB 2 34.988 EFGHIJ
81 38.500 vwxyzABC 34 34.575 FGHIJK
72 38.425 vwxyzABC 107 34.250 GHIJKL

(P> 0.05) b imest <5510 55 3 (S35 b 5,3) e 35 & slaiiin

e 51 Cple (33 o {A) 5k o (1 Jele ol)
dlie 9 ggome o5 295 ol "B e > g
(slos & Jy 215 5 |y 35290 s 51 M55 g
Mgl GGE 4555 (YY) sl od sl 390 uinols
VoA Glp g Giolesl opl g bae ¥y aily 3 Sles (ol
Ay cwigs S ol Jol sadlye 93 ad ploxl g
PC1=55% 4&))9]44 o yd a ’/\A Egoxe »
Iy 29350 JS" ibylg 31 (PC3=13.91% 4 PC2=21.27%
Sl Hlges Vb ls el [Sily o5 3905 4y
w5 Al cwl GHGE Olps s Jobs
Bl Jae uib)ly 4550 domds 3udod ol > AMMI
obis AMMI (2g) & (uibly 40325 Jgdor )3 pigea b

W b GGE g AMMI &y 355
Voo Jl aw) b ke lulyd (3 oglate Judsa
29 0% 93 53 Gialejl (gl Jlo ) 4l mesg (S
¥oggorme 1 &5 €85 plnl e o dm sl
Cudy 9 pByl oy sl 9 (€85 g0 Jlo 4w g lae
ST sl GBE (bg) @ls il Jy 28,5 1,8
e wopad OBl m Sl des dizpn 08
Lol o)l sy 9 o clalase & oy olusl
W gl Yo o wad e odlaiel Mgl s
O0Sle)  pdiger ol Gl enasplis (8l e
rhops Jlite SISl oxmdlis (g39es 5o g (3)Sas


http://dx.doi.org/10.61186/jcb.15.45.219
http://jcb.sanru.ac.ir/article-1-1377-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.61186/jcb.15.45.219 |

Yo

959 Ol Ao g e (e o5 el Lol
oY ke /¥ 0lads /me):b Jl /L;cl))' O\stl.:f C)Lol doliing sy

Jold Syp e (pegd OF 9 AV Ve g laciy
FA 5 gy boliile)S e 9 Jsl laJlo slakao
P g bolileS pow Jluo Jold S)j bazee (ragu
el ls 5| joliie oS cusl S LB s lols ¥Y
IR e ) 50 o sl QT (] slasilg) 5
Dren s JodpSe pin S 5 )5
L Glodas lacals e T I oMé‘s slbcais;
ol g Wlad S 15 T 3 a8 Slacuwis) Uyl b
a Swb plpl g 0p S ad; b bhow
I N slcaiss ke lasd )l cslite slalaore
G5l g azil cals 10 L Ve 5y cudgi L YE 4 50
090 e g K03 Bibjl )b Sy laee b (a5
ooy P VY g5 B e lged &S olaciowd
Py ol &S Canl pl cpme &S )l 2929 Wwlas 5 )8 ‘_’ﬂ
(o zd o b ooyl gud 3 dayl 4 Koo Byl L
2 s Ju) e Geosleg cclpogde amdly 5y
be olyied o 215 gdly Sl 550 5 olisleys
b el & Cons 3959 pBB)l g ol Cgumore JioAg.‘
Ol Sy S5 > oS Bl (S sl s a8l
@ (pges )5l g bawgie 3)Sles Iyl 3 (S5
oo glodls 53 )lns 051 Jla)5 0 Salojl (slalans
@l & cwl 5 4 ¥ g )30 Sy 4,
AMMI cMysl b GGE 4jo8 0 (Y JS) edlly
9 b Ao B0 (J.:ln)..w) odld uLM) AMMI CJLJ 5! L5.>)J)
31 M sl GGE (gl lyges aSls y 03905 2l |y S
P5392 51355 3 (6 s e 9 S NS 9 99

oy 3 odlizal b (Y8) ohSen 5 Ligheo lay ol 5
38es lp bame )3 g Jlite Sl &gl GGE
Sz e dw a5 03l 13 gy 090 |y lnl 53 e
lolid jolateds 55 (8) ohlSen g glls bsge olulis |
Golio 55 )l 5 YL 413 3Shae s Ly (slacis
YN0 o YOF X0 ol Jlo ¥ b iy chlises
oalaiwl b ldases oyl 00,8 edlaiwl My sl GGE b,
S5l g Vb oSlee by Glacsss hey ool
Olge Sy 008 glwlis 1) calises gble (gly 0dys
PS4 Cond cutS bl aen Job > ajo 58
sl it Jlos) G Lol (gl Jlo 4 Jlo

P e cuigl blie Jl g loe Lol clgl &5 sl
R I P L AN
) ey BB dop 5 ol adle 93 5 039 H (e
AMMI 455 2l 5l (5 2) d905 429 1) 39290 Sy
e ]a;_19) N dwauT )‘l e .(J.Slo.).di.i odl> uL»J
Pl b g sl on g bl G dacuig] o
2 Ml e 3l iy sy gl W cwl couonl
(which-won-where) (¢sX1 (gl o)lae iovws (sluo
&S 15 oolatwl laze cpdin g ewie) il Lol slaoaly
5 Sop ol ololid g 035 (oo dix ()loges
o] el )3 gy S 8 S lacss)
g odd ate 0S5 4 )b le ) dlold xSl oS
Glaize Mo I Lo iS00 o] Abss S
g od )y (Ao W ol @Ml 4 dgee (gl
G5 ol 3 (1) Wede patde S) slalaoe
Gollob gl o liel (laylime b ool (29 (55,15
aalpo ¥oojlad e 4yt oleMbl ¢ly) Cornelius
alhe ¥ g She g oo e ol (593
Cud & gV glab ) bcss) Giles cax (IPCA)
g o 03] dbgrye (clacM gl caldl )3 4S54 okal
osbyly 5l asys £ Jile aMgl b oS LK
ol sy ol 5l Glge il 4ag ) laedly
a1 L(YY) 5,8 (Mega-environments) ookl S5
2 o5y o el § S)n plalase (3900 pasuie
loda Sy S ) &5 odd gy ) JSS e
5 01 3l v 4 (lase 1) P81 o590 Jlasl 51 &S 029y
ot SKaSay w3 o 8 Lo ksl 53 1, ssiads))) ML
Pl 5 S slalame plgieac] (93 Aoz 5 <ML
(06 b J) Lo o 5 3 Skee Jliidas 1, 5
Y bt @b e o0 YV S5 50 &S jslatlen Dged olwlid
S p dges Vb 5o g T Sacds] p dgee
dg0e ¥ las V¥ o VY slacig) pdges ¥V s & g ).
Sl p 290 VB0 bolas FV 5V (i) »
Vel g 5r lacasss » dges A 9 A bl ¥V 4 O
Iy balase (ga09,8 Caold OMygl opl Conl ouds
5 Ui A 4 l) Ol Jlages b A cpl (gBly 3050 55
Jlo SMsh cpl ) sl 03,8 puanits (Ko) S5 layo ¥
ol 45 15 ololis Loyl el olyisas aéle ol


http://dx.doi.org/10.61186/jcb.15.45.219
http://jcb.sanru.ac.ir/article-1-1377-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.61186/jcb.15.45.219 |

93 olimme Ao 5 litse] (e o(gpmal Slalgus

\Ald 133555 slaceiss (ol o Shg il (S r x5 Ab 3 Sles (55l0k 5 )83l b))

Which Won Where/What

AXIS221.27 %

06 <04 02 0.0 02

AXIS155%

Ranking Genotypes
Secaling = 0, Cenfering =2 SWP=1

PC2 (21.28%)

|
25 0 25 50 75
PC1 (55.02%)

Which Won Where/What

451058

o
g

" 576467

L]
_Mar

AXIS313.91 %

-06 -04 -02 00 02

AXIS155 %

GE

pow U Jol (Lol adlge ¥ (gl bamo 2 ) 68 (st 9 Spi slolame (alolid cgr 0k GBE (aloniz jbges YL -V S
Cae pgd 9 ol (ol slaadie Jhges il Hasee 5 i) Jlite 3l g cuSgi) e (laled sl M Saljge sl ol
Jloa) 08) (lulid olpenas o) g4,

~ Figure 1. Above: GGE bi-plot polygon diagram to identify large environments and the best variety in each
environment for the first three components of the first to third. Bottom-right: A mosaic plot to show the genotype

contribution and the interaction between genotype and environment. Bottom-left: Diagrams of the first and second
main components for ranking cultivars along with identifying the ideal cultivar.

g 4l callhe o)Slos 1Ske Oluslio guls b &5 Wy
95 GGE &l gy 99 5 dbgrye sbaldgel (yizren
(lopasls 3llas)is (9590 (wSle) WAASB 3 AMMI
(¥ JS) 390 b |y JSosen 3
g 0 b exm i (g0 jee (pizen
Pk sl g8 g (al b ol ppal Jsbo o (asi)
o 5l oS 9 b AEC L sjlea (M) cul

« Wil AEC oo p dg0s 5 035 jee Il
0SS @ly > &S 039 lame Xy iz JI Sibles
Sl (A) ame (Ui |y eyl ylubb b ylub
95 OA 5 YV XA N 8 Wler placuig) oS
wizd Glinbjl o &Ll 4 dag b g by 5l
W g 485 a5 53 plys ol g 3,Skes syl
5 o> syl s VY 5 BV N Y AF A lacwys

Lt oYL > Slos

Gl oy o (Y USS) (im0 jlages caldl )

s8] yome g Cpl 50 05 ool acuigis 5,Sles g
domsow &S L;o?f o)ib )'l 9 03¢ ulSw CeoMe dl)b
AS o e Olate e 55 g ol e lawgie
B Ol LS el 2 Bl pgal 4S50k
i oyl Conly o )0 29390 lacuis) (Cunlysl 3, Slos
s [)?.I G Caoww d é§|9 dh’wﬁ’) P )_»YL b)ﬁlo.c 5!
o) (OF) b e IS bwgie I 5ol oSles gyl
AEC Jsb L bwxe buwgio jpme izzen |y oo
9 odd b, ol Job > laan)ly a5 gyske siel o
bl b (1Sle Cundg sdiailis Ky cwdle
b ocwpa Byl b slacasgs ¥ JSB) gy o
Yi 9 a\" c\‘i ‘YY cYY‘ f'a cY; ‘A' N\‘ ‘a\" c\’ dLbb)‘.A.w
sloojlad 4 (LB L glacuisgy 5 3,Sdes op iy


http://dx.doi.org/10.61186/jcb.15.45.219
http://jcb.sanru.ac.ir/article-1-1377-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.61186/jcb.15.45.219 |

Yyv

99 Ol Mo g el e (gl jlolg

Y x WAASB biplot AMMI1 Biplot

VY g /F0 ol [l Jlo /slj lS oMol acliingy

Mean vs. Stability

|
Y1 _Mar
pe

2.Y‘1_Ker

v2 Kert & 54
Bispace st Y8 9.0 10

Weighted average of the absolute scores

= 10

_Mar -

I
30 40 50 80 T
YLD 30

5|0 &0 -0.6 04 0.2 0.0 0.2

AXIS155%

(cusl)) GGE Mgl (slylogas 3l oozl b caliseo (glalaomo 3 3656 (slacisiy 5 Slas g)luly 9 06S0ke (lojan (2l -V JSS
3955 &ls 5,Slas YLD &)be WAASB &Msl i 5 (o) AMMI

Figure 2. Simultaneous evaluation of mean and stability performance of chickpeagenotypes in different

environments using GGE (right) and AMMI (left) bipod di

Jlods) gy Cumdyo oS sallaio nlsd 350 (¥+) 3500
5 ohalejl 2y90 Slacsg (Aol puos 4 0 5
G pl 0 (W) wlde S8 sl cadgs;
al> o 43 g 00y JioJ..AI Feoojloud cuigil F U Y sl JS0)
LY )9]5:1.0.& )90 u:l )’.) ...\5)‘.) )]).9 ARA 9,‘,; A fb)‘ :Ja.g
Jlie 31 (V) oblaeslgogeme ol le 4 NS
Sy 5l ol b1y o)) slasgss )5 bapeaX iyl
4S50l 555 g 03905 adllee sl GGE y AMMI
i ph o9 oal Jlite S5 cig) dase Sl
(E+GHEXG) &lyis JS 5l doyd VVAY 5 F/0D AY/0F
bz dw j3 Sk GBE Lo 3 5 w3903 4y
G20 asigj gk o2 Sy ol i 4o 5 5
L g YU 50, Sles b jll ) Ol (FLIP-006C)

A Byre o] bae lgicay 50 EG

?grams and WAASB bipo

YLD refers to chickpea grain

s pasede Cax Jlonl gl Jbgel ey

bopialojl 3 lainyge slacisl om salols (SIS
O Sl Jlo) quig dbee 08 o) i
bl g o3 0y n (Jpame) 38hes 5 )k
SoSle & bape Jby 59y » (Job e cpyide
GE Ll 1 )5 o8 i dly s Vb5 Slos b (slaceisi;
S5y S2s5 o S Ojgodr g odd iy e
Oljee D980 03 (oled dcaigif 5, Sos (ke 9200
Jloa) cuigy 5l plaalols ojlul & bacuis) (9 sl
i) @ olysa Jlonl sl Sluj )b (So
Jlesl g3 fogei 5 93 e Jael6 Ll s (3905
Om wloly g ol PL'cJI')i;,.\@ LoSles 5 sylub
w53 o el o Jlnl g dacuiys alot
w955 ideazen 9 il pelelp (858 Jlow]
Ol S dlols (pyieS oS () pp g d9dipe Chys
WS 5y gy oyea il wsh o8 by

Discrimitiveness vs.representativenss

0.2

AXISZ 2121 %

AXIS1 55 %

sl GBE gy ol 1 Jlo! Laoma 5 i a1 JS3
Figure 3. Determination of genotype and ideal environment based on GGE bioplot method


http://dx.doi.org/10.61186/jcb.15.45.219
http://jcb.sanru.ac.ir/article-1-1377-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.61186/jcb.15.45.219 |

93555 Olitms dae g Slitso] e oyl jlalgus

YYA 133555 slaceiss (ol o Shg il (S r x5 Ab 3 Sles (55l0k 5 )83l b))

5 03903 (lwlid alae (ooloi )3 |y Jlul "l Guigi)
Sas o |y lpuss op i E1 lagee a8 L0903 ylgie
Iy &Msh GGE by, ¢ cpiizee opl 1V .ol atsly «l
Canlo LYl lacuiyy los caa wall (o3, clyiea
35 yue alaea 3 (5L pe 5 6l
Sl Jols Jol sadlie 93 ol o 4 &S jslailen
GGE by » b > oig) blie Jl 9 o9
Iy 3290 S piliylg 5l doyd YEIYY ggam0 40 My gy
&y AMMI g &b GGE (sla g, 1 5 3505 g5
Iy oyl ledMbl ( guivs cpl CleMbl o ¢ 4500
ol 2 AMMI & 55 il 51 (5 p) wob L3 jLasl o
oo uis)‘lﬁ oelel opl .(_\Jlo_\.@ o3l oLl Buizs
e Lol adie gl Blie o a5 Sles ol
09 Bl )3 29d o odmlie ¥ JSS )3 &5 €8S O
BY oS dol Cawd &y (gdiasd )l @l 55 BLUP L AMMI
b oSl )l g Bgd e oaaline ¥ IS5 )3 Ll )
& Cunl cpl gy oyl e (YUY o JSCE) canl 59
g Slas lojen ey WAASBY e asls
2P p e ol plelp ]y pByl g ad)S jlains 1) gyl

035 53 gl 5oNl ppptamlio e Jloy] Lo

@l (pB)) b o)) jlowd o jlos jShe Sk b
Gy )y Micl oyl Lo Jloges 5,8 e Lisles
2 S o i 08hes 5 (5l ol bl alie
oazede Gl Sy dlwy 4 oS oply wgibeel ey
IS u.\a.o:.n g 0Oy ‘_ﬁo.\;‘l b a.\;h.)dLi;J &S ol
sl ansh L8 o8 hee opl galols o ySedp
2 g daly ol Wl clus 4 gl o lgica
pg Jlo) Y3 Ker Lo & S 4 L geios oyl
Y1 5 Y2 Ker slaboome g 5 5y oo (olislo)S
olyear (elsleys Jol Jlo 5 pg> Jlo cuiyn) Ker
(") U ol s sl blase (o yoelle
(olisleys” > po> JWo) pos 9 (sl Jlo 1) Jgl slalace
Job & dagi L) Mg b ie Rl ©)5
3 (10) hlSen 5 Ggupe daly cnl > (& sl
P o Sl Gl pes jshiea sladlas
Mgk GBE by 93 5l win 3 Joo adlate Jlod (2ly
Mgl GOE by, guls 4 Ly g 03905 odlizel AMMI
o (ol 5 3 Shes (ke lojen (85 3 3 Ly

9272
a0 MBI 5 g
4l 40
o8 517m
53 8,
! 27 a7
18 ” 1
&
8 73 £
12 2 1
@ o .
1 3
9 0 55
3 13
108 g
£ 02
o7 § @
37 &3 o
a
2 7 = h-]
68 8 g s
uid (d o Za
il T ] w60
65 6 g
2 E) 5
19 g z
o 07
& 89 £
) +
% 4
76 a8
] 103
oo 7'
“u ‘EM»I el
5 ® Ao
“r n%s4 ®
i o Below
10586 5 a7 46515 C
1421 J_Ker Y3 Ker Y1_Mgr
T T T T ?
25 50 75 0 1 2 4 5
WAASBY Environment PC1 [square root of

® lNonselected ®  Selected

Y8 O (o ol & a6, sy WAASBY pdlie bl tlawy . oo ol adlge gl olie 1 ails 5 Slas (oml (uS5be 51y pl,Sh el ¥ S5
e H)l0)55 p (WAASBY) 5 Sles 5 g)lily plojen (a3ls (i jlaos (YL 53 V0N
i YO 5 50 (slasie 90 b ply sl s (3,8 Jaips L (V Jgde i den (slp MTSI) thosiz (ylul (pasls (slp kil 45 5 beus sl anas)
(SIVENE (STFNY (SIFFAY g5 Vo (olily g sl 0ad G5l 5lg0 (slinas 30,5 plgs o )3 & WAASB asls o "ty lis 5 5,8las™
&S 1510,5 OBl (VYE)EY 5 (VIVEDA (VIXVYY (VIVR)AY (Y/TV)AY (VIYR)AY (V/Y+)AY (Y/A\YR] (Y/-BA)F (S/A8)V0 (STAAYE (S/A- A (SIVSRY
3 (Al S L ool GBI oail 45 FY 5 OY Y AV AY lacis; slittol 4) Ll 163 5 Slas :50ke g 4l 1y ok g)lul (asls o yieS
g b o JS 3,Sles (s Sl

Fi(?ure 4. Right): Diagram of the nominal mean grain yield versus the first major environmental component. Middle: Fitting WAASBY values
.according to cultivars in which genotype_s 1, 26 and 101 above all have the highest simultaneous stability and yield index (WAASBY). Left): Ranking
ing selection intensity equal to 15 and weights of of genotypes and their selection for multi-trait stability index (MTSI for all traits in Table 3?1 consider

65 and 35 for "performance and dependent traits”, respectively and WAASB index where red circles means selected cases and based on that 16
genotypes: 92(6.46), 23(6.49), 74(6.76), 93(6.76), 9(6.80), 24(89) 6), 15(6.96), 4(7.058), 99(7.17), 82(20.7), 53(25.7), 57(27.7), 52(29.7) ), 27(7.31),
18(7.34) and 63(7.34) were selected, which respectively have the lowest multi-trait stability index and the average performance of 11 of them (except
for genotypes 92, 82, 52, 53 and 63, which were not significantly different from the total) was also higher than the average performance of the total.
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Table 6. Ranking of genotypes in this research in each environment

Genots Envi.1 Envi.2 Envi.3 Envi.4 Genots Envi.1 Envi.2 Envi.3 Envi.4 Genots
1 94 99 99 45 55 4 80 80 12 55
2 57 14 9 17 56 20 19 12 10 56
3 68 44 50 86 57 93 31 28 73 57
4 52 100 100 43 58 24 6 9 60 58
5 102 29 28 92 59 70 61 71 103 59
6 9 98 98 28 60 78 107 107 23 60
7 64 68 71 60 61 40 42 47 84 61
8 23 105 104 42 62 69 31 25 39 62
9 84 59 47 24 63 75 65 59 32 63
10 108 61 26 33 64 79 35 23 19 64
11 43 92 92 15 65 99 81 78 51 65
12 62 57 52 29 66 58 7 17 98 66
13 11 4 15 91 67 67 88 87 40 67
14 33 23 19 22 68 29 97 97 30 68
15 82 71 64 27 69 61 82 83 69 69
16 3 61 54 5 70 56 48 57 85 70
17 61 24 32 82 71 44 9 4 15 71
18 100 68 58 17 72 7 92 93 42 72
19 73 27 17 13 73 51 46 40 17 73
20 47 106 105 46 74 104 86 82 61 74
21 14 102 103 71 75 63 10 12 56 75
22 87 94 90 5 76 59 25 35 93 76
23 105 53 44 75 77 13 2 7 103 77
24 53 83 85 88 78 31 71 74 48 78
25 43 93 91 7 79 96 31 28 80 79
26 88 103 106 97 80 22 35 38 65 80
27 56 73 81 78 81 15 37 47 96 81
28 48 86 86 81 82 20 51 54 52 82
29 81 87 88 90 83 25 52 54 44 83
30 20 105 102 9 84 9 19 15 11 84
31 5 19 35 101 85 12 68 77 58 85
32 39 64 80 105 86 98 79 76 62 86
33 65 5 5 77 87 29 16 33 100 87
34 35 16 21 50 88 77 59 61 56 88
35 80 48 43 54 89 37 38 42 83 89
36 32 23 31 76 90 46 33 41 95 90
37 103 78 62 20 91 67 95 96 69 91
38 51 11 7 25 92 49 50 50 50 92
39 89 29 21 31 93 107 21 12 69 93
40 6 77 66 1 94 75 73 69 48 94
41 85 44 47 89 95 16 41 36 26 95
42 1 12 9 8 96 27 64 65 67 96
43 106 39 31 65 97 92 35 17 3 97
44 98 73 67 63 98 41 77 76 34 98
45 83 13 4 5 99 91 8 25 108 99
46 17 84 84 37 100 38 89 89 35 100
47 34 26 39 94 101 86 101 101 66 101
48 45 41 52 100 102 76 19 21 58 102
49 26 108 108 106 103 31 54 63 74 103
50 71 66 74 80 104 2 90 95 104 104
51 95 1 1 53 105 36 49 61 87 105
52 90 3 2 73 106 18 44 38 2 106
53 54 56 57 38 107 11 75 69 22 107
54 101 96 94 36 108 72 56 71 107 108
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Table 7. Select the 6 best varieties in each environment
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The Latin numerals in the text of the table are the pea cultivars tested.
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Extended Abstract

Introduction and Objective: Due to the increase in population and unfavorable environmental
conditions, especially various stresses and the problem of water scarcity, evaluation of plant
genotypes in various environments is inevitable. The interaction effect of the genotype and
environment can be used as a mean by plant breeders to select the best genotypes/cultivars in
plant growth environments (in one or more years).

Material and Methods: In order to evaluate the stability of grain yield, this experiment was
performed on 108 chickpea genotypes in the cropping years 2018-2019, 2019-2020 and 2020-
2021 in the form of a randomized complete block design. By carefully planting, holding and
harvesting operations, during the growing season and postharvest, seed yield, 100-seed weight,
plant height, number of days to 50% flowering, number of days to maturity, number of pods per
plant, number of main branches was recorded.

Results: The results of combined analysis of variance showed that there was a significant
difference between the genotypes in terms of plant height, grain yield, number of pods per plant,
number of main branches. Comparison of mean grain yield showed that genotype number 10
had the highest yield (54.038 gram).significancy of GE interaction effect showed the response
of genotypes within various environments so then it is possible to perform the stability analysis
of genotypes and for this reason, the GGE biplot was used in parallel with some findings of
AMMI model and mixed AMMI model (AMMI in conjunction with BLUP) which GGE biplot
resulted that first 2 components accounted for 76.3 percent of total variation of grain yield and
in this context varieties 1, 26, 60 and 101 acconted as ideal ones and so genotypes 32, 69, 76,
89, 90, 94, 98 and 108 mentioned as suitable genotypes compared to other genotypes and that
4th enfironment (year 3-Kermanshah) mentioned as ideal environment.

Conclusion: Considering the superiority of some chickpea cultivars in this study in terms of
both grain yield and yield stability, in 2 temperate and cold regions in terms of stability and high
grain yield, these cultivars can be candidates to introduce the cultivar or be used as parents of
crosses in future breeding programs of this plant.
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