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

o bl 5 oy 9 Job b3 o 5l g5l Jl 5 _ (O S5yl
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

G55yl 30 3950 edlaiwl 350 (slacuie) lasuin =Y Jol>
Table 2. Specifications of chickpea genotypes used in this study

G55 0)ledd G555 0)lasd G555 0)lad G555 0)lasd 0)ld gl

R . W R
1 e 23 ey 45 BKH2 67 BKH24 89 oy
2 o 24 ey 46 BKH3 68 BKH25 90 105
3 Ve 25 e 47 BKH4 69 BKH26 o1 105
4 s 26 T 48 BKHS 70 BKH27 92 AT
5 Ty 27 o 49 BKHS6 71 BKH28 93 1o
6 Ve 28 o 50 BKH7 72 BKH29 94 105
7 I YEnYA 29 s 51 BKHS 73 BKH30 95 oy

oy 30 LTy 52 BKH9 74 BKH31 9% 1oy

9 15y 31 T 53 BKH10 75 BKH32 97 oy
10 165 32 LT 54 BKH11 76 BKH33 98 1oy
1 1 33 LT 55 BKH12 77 BKH34 99 o
12 15y 34 oy 56 BKH13 78 BKH35 100 1y
13 1S 35 ey 57 BKH14 79 BKH36 101 1
14 1y 36 ey 58 BKH15 80 BKH37 102 oy
15 1 37 ey 59 BKH16 81 BKH38 103 oy
16 1o 38 e 60 BKH17 82 BKH39 104 1y
17 i 39 ey 61 BKH18 83 BKH40 105 1y
18 A 40 ey 62 BKH19 84 BKH41 106 1
19 YA 41 ey 63 BKH20 85 BKH42 107 1
- R
21 e 43 ey 65 BKH22 87 1oy - -
2 155 44 BKH1 66 BKH23 88 1o - -
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Table 3. Evaluated traits in 108 chickpea genotypes with their abbreviations
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Yield

DM

(Pod number in plant)
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(Branch number)
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(Hundred grain weight)
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(Biomass)
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(Grain yield)
(Plant dry weight)
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Table 4. Mean squares in the analysis of variance of evaluated agronomic traits

&l ol g M Dle Sty U39y a5 /B065,  wy el abas i olosss &b .3);10.: T as )y &le
Branch Pod number in Days to Days to 50% Plant Hundred Biomass Grain Degrees of Oy
number plant ripening flowering height grain weight yield freedom S.0.V

1.67" 5.04"™ 245.97™ 357.80™ 2.723™ 37.97™ 44778 0.006" 1 Sl
0.4152" 11.42™ 13" 8.418 23.610™ 32.31" 6067 "™ 1.957" 107 (G) wsgs
0.5340"™ 36.61" 36.91" 102.526™ 31.822™  8862.83" 110776"™  53.35™ 3 (E) koo

0.2645 7.0117 10.08™ 8.155" 16.961"™ 17.98™ 6587 2.016™ 321 G*E
0.2629 5.264 11.60 7.933 14.934 17.36 5264 1.502 428 las
30.67 23.60 3.92 5.32 18.18 22.43 54.84 39.02 - C.v.
.(P<0.01)** (P<0.05)* (P>0.05)"
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Table 5. Comparison of average grain yield per unit area for 108 chickpea genotypes

)] ok B ) oSk S 595 0SSl By ] oSke By
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 oparstu
23 50.288 be 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 fahij 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 Imnopqr 61 40.75 qrstuvwx
86 47.965 cde 8 44513 ghij 68 41.738 In]nopqr 12 39.838 rstuvwxy
P> 0.05) 153 ma e ol i 1 (Ss8 b 53] e g b slas s
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Continued Table 5.
9 0l By > 595 Ol By > 9 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
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~ 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.
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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.

L3l gy o) 3Sdes (nle L &5 0ud (aseie ¥ S) clodgel oled (1) )Sen g b & jghailen

0a3ls p gge)S)) IPC adls 5 d quigy Sladl (hvme (bpadld oaumdplts (Bl e (wl,
3fbes gl 2 oS 25 e iy (e IPCL gl sl (ADSCISSA b (B8 jpome p SogS slaidia)
BIW?)JSL)S’L")‘-’ K 9j Ja_,;u)>|w9,) L5°"“"l (£330 jgom0 g 0dg (|PC1) J.sl.q..,o).»\ L;Lol Aal}o
oAl 55 IPCLj o i ey IPCL Lasls 35 IPCLI olely ewl 3Sdee gonarplis 35 (Ordinate)
ol 3Sle obses opl > Ailbe | olme IPCL S Lcuigh pa aibie IPCL g iy 3 Shoe (:50Le
g 09 IPCL oo jadld Sl (b plgieas 28bee y =110 +IPCAL xIPCAL dhbles b el L



yva

g3 olimme A 5 letsn] (e (g pmal Sladgus
VEY s /50 oylast [omaly Jlo /el alS oMol asliinggy

(BLUP) Llee Jao b (ol gy 51 andl sil pusse
dyg0 Llgi oo dS U2 o Cuwd Ay (ke gull D)5 3.2l
g 0015 00,8 ¢ oy cdlaly cpl 3 005 418 (gl oo
PS5 g Ve 3 Sles 5 o)ll oy 4 (VF) OhSen
Oy Ul sl o g wibhy Jlo ¥ (b opg)e
Oiilp @i ol aged Sl Myl GGE
kel alse pln > bacwgy 3 Slas conl (slagnSile
9 WAASB (slajadlis 5 oad adly  Jooxe g
uu—;uog Sl dl).: JJQ)? u.o)l).» 9 .))91)4. g WAASBY
Wl saas; & plidl 03,5 cw)p e 1o 53 bacuisi;
oo a8 008 b o 0 ewl gl Sl wlul p
et g 8 @l b & S sllie (F) nj
cilhe &gl GGE jlSal) 4 baype ¥ 5 ¥ (sl JS5

:J)l.)

ero g obidyse gl Sl S (ke ggeme I le
039 Hlaidyge las 40 Jaidjee CuiglPCAL (glo sl
i Jl el e S 3 (Fp) el s g
ol 2 (VDY) cwl oyt e o 0 Lewd 3 Ses
» bowy; auad, Gilea b (ke Olpuss lyges
ol o Jao 3l lausxo il g 295 0 sdnliie alas don
gy 3,8es (o)l I (IS 05 SO e (izmen
(2lylgel i 0 0yl sy 4 bl der
LBl hayes it b b bold 1 &S placdis)
Ju &5 g sl ials by L (S sl end
Dyt b oMo | &S cwl Logi wll Lsb
Gdodiwd &S Lddime (F) cpiiee I Sp bl o
Wled anbo BB (olol ol 5 Sy bl
Slgicee ol ol Sl (S 5> andl 5 18k GBE M6l

Lo o )3 3udod ol )3 pB)l (caas) =5 Jgan

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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