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Abstract

Background and objectives: Chickpea is one of the most important and valuable food sources in the
world due to its protein and carbohydrate-rich seeds, ability to be cultivated in adverse environmental
conditions, and high economic benefits. this crop, as the second most important legume in terms of
cultivated area, is often cultivated under rain-fed conditions, and under these conditions, drought stress
is the most important factor limiting the yield of this important crop. Usually, one of the main steps in
introducing a variety is to produce and compare the performance stability of promising lines under
different environmental conditions. Accordingly, the present research was conducted using various
stability assessment indices to identify stable lines with desirable performance.

Materials and methods: In this study, the yield stability of 18 promising chickpea lines during four
years with four repetitions in each year using various stability indices, including within genotype
variance, within genotypic coefficient of variance, Wricke’s ecovalence, Shukla’s stability variance,
Finley and Wilkinson's regression coefficient, Finley and Wilkinson triangular method, Eberhart and
Russell’s regression model were evaluated.

Results: According to the results of the combined analysis of variance, the genotype x environment
interaction was significant (p<0.01). This indicated the necessity of analyzing yield stability in the
lines. Due to the positive and significant correlation (r=0.961) between the Finley and Wilkinson
regression coefficient and the Eberhart and Russell regression coefficient, these indices were selected
as appropriate criteria for distinguishing desirable and stable lines. Lines No. 18, 17 and 6 recorded the
highest average grain yield, whereas lines 14, 13 and 1 exhibited the lowest, respectively. Lines 18 and
17 with average grain yield of 660 and 653 kg ha™, respectively with higher yield than the overall
yield of all genotypes (572 kg ha™), showed the highest genotypic index, the highest positive
phenotypic index, and the lowest Finley and Wilkinson regression coefficient. The mean square
deviation from the regression for lines 18 and 17 was not statistically significant. Accordingly, and
with regard to grain yield, these two lines were identified as the most desirable and the most stable
lines. Line No. 5 also with lower yield than the average yield of all genotypes, showed the highest
Finley and Wilkinson regression coefficient and the highest Eberhart and Russell regression
coefficient. This line with the above characteristics and considering the mean square deviation from
the regression was identified as the least desirable line in terms of grain yield stability.

Conclusion: Given the high and stable yield of the lines 18 (FLIP09-251C) and 17 (FLIP11-203C),
These two lines demonstrated the necessary capability for use in breeding programs and may be
considered new varieties adapted to rain-fed conditions.

Keywords: Within genotype variance, Wricke’s ecovalence, Shukla’s stability variance, Finley and
Wilkinson regression, Eberhart and Russell model
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Table 1. Characteristics and pedigree of the 18 studied chickpea lines

HEW o Y el Yool
Origin Pedigree Line name Line No.
ICARDA X04TH109/X03TH-177XFLIP96-154 FLIP10-352C 1
ICARDA X04TH115/X03TH-183XFLIP99-34 FLIP10-353C 2
ICARDA X04TH151/S01020XFLIP95-68 FLIP10-362C 3
ICARDA X04TH175/FLIP95-51XFLIP97-165 FLIP10-370C 4
ICARDA X04TH177/FLIP97-90XFLIP97-229 FLIP10-375C 5
ICARDA X04TH182/FLIP98-137XFLIP97-229 FLIP10-379C 6
ICARDA X04TH186/1CC 12004 XFLIP97-116 FLIP10-381C 7
ICARDA X04TH206/Leb.Market-1XUC 15 FLIP10-383C 8
ICARDA X04TH60/X03TH-60XFLIP96-154 FLIP11-25C 9
ICARDA X04TH112/X03TH-180XFLIP99-48 FLIP11-97C 10
ICARDA X04TH129/FLIP98-233XFLIP99-48 FLIP11-119C 11
ICARDA X04TH182/FLIP98-137XFLIP97-229 FLIP11-157C 12
ICARDA XO05TH8/X04TH-127XFLIP97-131 FLIP11-161C 13
ICARDA X06TH2/X05TH83XFLIP02-84 FLIP11-179C 14
ICARDA X06TH9/X05TH114XFLIP03-138 FLIP11-182C 15
ICARDA X06TH113/FLIP03-138XFLIP03-80 FLIP11-187C 16
ICARDA X06TH120/FLIP03-138XFLIP03-53 FLIP11-203C 17
ICARDA S01135(30 KR)-13/CIDTN-2015 FLIP09-251C 18

ol sl sl o Wl Slas 5 algr 5 Of SNl -Y Jyus
Table 2. Weather information and geographical coordinates of the experimental sites

Sl o s db Ganke) Sk 0l () L3 e 31 5l il Sl s sl e 5 ool Sl
Longitude & Latitude  Rainfall (mm) Altitude (m) Location and cities of experiment  Cropping season
35° 39' N 47° 06' E 205.3 2045 il Jule 1399-1400
’ Saral-Divandarreh 2020-2021
o, - Jl L 1400-1401
35°39'N 47°06'E 185.2 2045 .
Saral-Divandarreh 2021-2022
o, - Jl L 1401-1402
35°39'N 47°06'E 414.8 2045 .
Saral-Divandarreh 2022-2023
35°03'N47°57'E 297.3 1824 05 53 1402-1403
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Table 3. Results of combined analysis of variance for grain yield of 18 chickpea lines during four years

Sla e Sl @3l ax s e e
Mean Square df S.0.v
4.210* 3 Ju
Year
0.387 12 Sl st
First error
0.055" 17 i
Genotype
0.027* 51 o #5% dl
Yearx Genotype
0.012 204 r® sl

Second error

7Y 510 s sl 53l fre S Sa s
*and **: significant at the 5% and 1% probability levels, respectively.
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Figure 1. Bi-plot diagram of genotypic index (Yi,) versus Finley and Wilkinson regression coefficient (b;) for 18
chickpea lines during four years
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Figure 2. Bi-plot diagram of genotypic index (Yi,) versus Eberhart and Rassell regression coefficient (Bi) for 18
chickpea lines during four years
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Table 4. Stability indices values and ranking of 18 chickpea lines for grain yield trait during four years

SATESE e s e _ R O AT SP S I S PP Sk 3% 3% 38 35 _

= S s ek oeser T Gimens ST by o ofeds  difse @ 3 @ oa hoa T o

S e Sos e T o P o s 5 Shae Gsa oy 3 % 2 % 3 % 2 % -
NERSRN TP NERSRN TP 585

Ranks of b, by Ragl;s of &, Ra\r;\l;; of W2, Ragl\</s_ of v, Ragl;g of 5e? Rar;_l;s of Yiesl?di of Yiil((j of Yitil(ti of Yiil(cil of Yiil((j of ng

sh i i i (t haly (thaly (thal) (thaly (thad :

10 1.023 2 0.000 2 0.002 11 46.070 9 0.061 3 0.536 0.409 0905 0435 0394 G

13 1.100 13 0.009 13 0.026 17 51.428 14 0.078 6 0.542 0560 0929 0332 0346 G;

16 1.309 12 0.009 12 0.025 16 51.313 16 0.101 15 0.620 0.428 1.091 0539 0423 G

6 0.881 7 0.002 7 0.007 6 39.765 6 0.046 4 0.539 0.406 0.858 0.476 0418 G

17 1.373 17 0.016 17 0.045 18 60.070 18 0.115 10 0.565 0559  1.045 0357 0.298 Gs

18 1.402 15 0.011 15 0.030 15 49.891 17 0.114 18 0.676 0571 1176 0502 0454 Gs

12 1.089 10 0.006 10 0.016 12 46.399 12 0.073 11 0.582 0.390 0973 0551 0414 Gy

5 0.871 6 0.001 6 0.005 4 37.434 5 0.044 9 0.561 0456 0.876  0.469 0.444 Gs

15 1.146 9 0.004 9 0.012 10 45.556 15 0.078 14 0.614 0474 1017 0581 0385 Go

14 1.125 S 0.001 S 0.004 13 48.996 13 0.073 7 0.552 0424 0956 0.443 0.385 G

9 0.982 11 0.008 11 0.022 9 45.197 10 0.063 8 0.555 0574 0902 0355 0388 Gu

0.920 3 0.001 3 0.003 5 38.079 7 0.049 12 0.583 0.540 0.906 0.482 0.406 G2

0.825 8 0.003 8 0.009 7 42.477 4 0.040 2 0.473 0438 0768 0345 0344 G

8 0.933 1 0.000 1 0.002 14 49.272 8 0.050 1 0.455 0375 0784 0.387 0276 Gu

11 1.060 4 0.001 4 0.003 8 43.365 11 0.065 13 0.590 0456 0968 0524 0412 Gis

2 0.636 16 0.013 16 0.036 3 30.711 1 0.028 5 0.541 0536 0.753 0530 0.346 Gis

0.653 18 0.019 18 0.052 2 28.608 3 0.035 16 0.653 0473 0.886 0717 0535 Gy

1 0.310 14 0.010 14 0.026 1 25.546 2 0.028 17 0.660 0.611 0.907 0525 0599 Gis

0.572 0482 0.928 0475 0404 Y|
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Table 5. Comparison of grain yield values, genotypic and phenotypic indices, components of the Eberhart and Russell regression model, and ranking of 18 chickpea lines during four years
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i (PDG) P, i (tha) (tha™) (tha™) (tha™) '

10 1.023 5 0.001 0.002 0.180 3 -0.037 3 0.536 0.409 0.905 0.435 0.394 G
13 1.100 17 0.012 0.024 0.208 6 -0.030 0.542 0.560 0.929 0.332 0.346 G,
16 1.309 11 0.004 0.008 0.295 15 0.048 15 0.620 0.428 1.091 0.539 0.423 Gs
6 0.881 9 0.002 0.004 0.134 4 -0.033 4 0.539 0.406 0.858 0.476 0.418 G,

17 1.373 15 0.010 0.021 0.325 10 -0.007 10 0.565 0.559 1.045 0.357 0.298 Gs
18 1.402 4 0.001 0.002 0.339 18 0.104 18 0.676 0.571 1.176 0.502 0.454 Gs
12 1.089 14 0.007 0.015 0.204 11 0.010 11 0.582 0.390 0.973 0.551 0.414 G
5 0.871 3 0.001 0.002 0.131 9 -0.011 9 0.561 0.456 0.876 0.469 0.444 Gs

15 1.146 12 0.004 0.009 0.226 14 0.042 14 0.614 0.474 1.017 0.581 0.385 Gy
14 1.125 2 0.001 0.001 0.218 7 -0.020 7 0.552 0.424 0.956 0.443 0.385 Gio
9 0.982 16 0.011 0.022 0.166 8 -0.017 8 0.555 0.574 0.902 0.355 0388 Gy

7 0.920 0.001 0.002 0.146 12 0.011 12 0.583 0.540 0.906 0.482 0.406 G

4 0.825 0.002 0.004 0.117 2 -0.099 2 0.473 0.438 0.768 0.345 0.344 Gus

8 0.933 0.001 0.001 0.150 1 -0.117 1 0.455 0.375 0.784 0.387 0276 Gy

11 1.060 0.001 0.003 0.194 13 0.018 13 0.590 0.456 0.968 0.524 0412 Gy
1 0.636 13 0.007 0.013 0.070 5 -0.031 5 0.541 0.536 0.753 0.530 0.346 G

2 0.653 18 0.016 0.031 0.074 16 0.081 16 0.653 0.473 0.886 0.717 0.535 Gy

3 0.671 10 0.004 0.008 0.078 17 0.088 17 0.660 0.611 0.907 0.525 0599 Gy

0.572 0.482 0.928 0.475 0.404 YJ-

8.679 16.699 8.547 7.269 Y

-0091 0356  -0.098  -0.169 ljn
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Table 6. Results of analysis of variance for grain yield in Eberhart and Russell’s model

Slaje Sk g3l 4z P
MS df S0V
1.052° 3 Jb
Year
0.014* 17 T
Genotype
0.007°* 51 e
YxG
0.065** 54 (X i 515) + b
Year +(GxY)
3.156° 1 ot
Linear environment
0.010** 17 S L S
Gx Linear environment

Deviation from environment and genotype in linear environment
b5 Sl o O S5 51 Sl
Deviation from linear regression for genotypes

0.001 2 Gl
0.012 2 G2
0.004 2 G3
0.002 2 G4
0.010 2 G5
0.001 2 G6
0.007 2 G7
0.001 2 G8
0.004 2 G9
0.001 2 G10
0.011 2 G11
0.001 2 G12
0.002 2 G13
0.001 2 G14
0.001 2 G15
0.007 2 G16
0.016 2 G17
0.004 2 G18

7Y 510 sl mshaes 53l fre S Sa s
*and **: significant at the 5% and 1% probability levels, respectively.

alisee Lgbau.a.&l.\i ‘-S:.MM 4 e n)\Ju“L“. uj.Uaa 6\.&&\! S S leu L;Lhu.a;'-Li ;.)Be:dl )}l'z;a @

0505 lsls cadisd 5 a5 Sl el o (Stwes (Vo) ml6 Gb 288 Ose golul
‘<Y aj;) %}M ngu.;b" u.a;—l.wb&) J""YU}S‘WM}(\ a}_}§> L%:}"j Qj)) u\ﬂ;& %J‘ﬁbﬁ}‘)
.L\.::LJJ@.:‘)UGJJ‘)‘)_}Q .1;1..5)\ Lﬁ~‘ \JJ J"’)b‘)b—; 6%.,4 éuajjf‘)b LAL)DLJI ‘ﬁ.l 45&‘4.349-};LM)‘36M}M

55 000 DS b s 85 0050 oelisls b OseiS s 5 b O S5 bl Sieen (VY 5)0)

'4



Q\jjda B ,\SJ\AJQ&Q&YQM«S&UU&Q ‘(T~T\)Q\)L§AA}J@)J )%&b.“)‘}@xﬁjw
3 R Vs S5 e o Sien (1) 2500 SIS L 0T 51 S el by 5 Bl eSS sl s 2 02
35 53 arld oo pl Sl ar g LY Jad) 35 Sls e 5 e Juels 5 ol ) O S5y o 5 0SS s
Stsar las 58 oslizad LoV 3 Shes (Il Cand s MO o) gl T 51 015 oo o lijls 3 $l8lus o5 8
ot SNied G s w4 oS s Sls pme 5 S 3 Jels 5 Sl g S5 Gt s a5 0 Ll o
LAl oS o585 uos Dl mis oS oS 5 S b slacnY Cl San oS 55 0503 bl 5 3 Ses S0

AWV) s a3 5 55 cbles ome L o35 Ol sea

ol A 5l pas e (Kies 428 s =V g

Table 7. Results of correlation analysis between stability parameters

MSgos)  Pi b; S WR% WA CV; Se? Yi Yi
1 1x* Y; badlo des 3 5 55 par
1 0276 0278 Se? 5 55 0355 s
1 0.872** -0.208  -0.205 cV, P RYPRCIE
1 0.081 0364 0439 0.44 W2 &y VST
1 1%* 0078 0361 0439 044 W2% Sy VST s
1 0.999** 0.999**  0.06 0.345 0.44 0.44 S%, S 52 bl
1 0.089 0.107 0111  0921** 0931**  0.06 0.062 b; R e
1 0061 0441 0441 0441 0207 0277 1%* %% P, 5
1 0222 -0062 0756** 0.759** 0.761** -0035 0078 0219 022 MSppg o= 2ok oSt
-0.086 0198 0.961** 0145 0162  0.164  0905* 0979** 0197  0.199 B, s Sl 0 S5 s

TN 570 Jlez sl 55 ls fre o e e
* and **: significant at the 5% and 1% probability levels,
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Table 8. Mean of grain yield, 100-grain weight and plant height for 18 chickpea lines during four years

(o fle) €5 ¢ a5 (p,5) 4ils o 035 OGS s ) dlafo Shas 80k 585 oslad
Plant height (cm) 100 - grain weight (g) Yield of Yi (tha) Genotype No.
25.344 32.014 0.536 1
25.133 32.044 0.542 2
24.586 30.809 0.620 3
24.258 31.548 0.539 4
26.602 34.374 0.565 5
25.531 31.866 0.676 6
24.305 29.676 0.582 7
24.102 33.476 0.561 8
23.375 30.548 0.614 9
25.234 32.912 0.552 10
25.148 33.395 0.555 11
25.398 31.939 0.583 12
27.195 36.093 0.473 13
25.258 32.684 0.455 14
25.266 34.329 0.590 15
25.453 33.941 0.541 16
23.977 31.706 0.653 17
27.953 32.496 0.660 18
25.229 32.547 0.572 Y,
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Table 9. Information obtained from the values of stability parameters for grain yield of 18 chickpea lines during four years

DMEe 5 b oY DMEe G 5eS b Y Skl ol g s
Line with maximum value  Line with minimum value Type of stability parameters
PP el
6.17.18 113,14 Genotypic index (Y;)

617,18 1,13,14 = =
Phenotypic index (P;)

555 1
36,5 17,18,16 e oY
Environment variance (Se?)
F St e s ol kS
325 16,17,18 " . ST 27 e s
Within genotypic coefficient of variance (CV;)

s |

5 12,1,14 S YIS

Wricke’s ecovalence (W%)

WS 5 oIl bl

Shukla’s stability variance (S%pn)
17,16,18 ‘)}““"‘Cﬁf.ﬁ ) L;L":‘e ‘))'.)“")S) “‘”‘1)"’
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