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Avrticle Info ABSTRACT
Article type: Background and objectives: Chickpea is one of the most important and
Research Full Paper ya1yable 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. Chickpea, as the second most important
legume in terms of cultivated area, is often cultivated under rain-fed
conditions, and under these planting conditions, water shortage is the
most important factor in yield loss 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

?gztg:'f ';Ei.ftory: various stability assessment indices to identify stable lines with desirable
2025-11-7 performance.

Materials and methods: In this study, the vyield stability of 18
promising chickpea lines during four years with four replications 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

\va?m;) g:f]:otype indi_cfated the n<_ece_ss_ity of analyzi_ng yield stability in the lines. IZ_)ue to the
variance positive and significant correlation (r=0.961) between the Finley and
Wricke’s ecovalence  Wilkinson regression coefficient and the Eberhart and Russell regression
Shukla’s stability coefficient, these indices were selected as appropriate criteria for
‘F"i‘”ance - distinguishing desirable and stable lines. Lines No. 18, 17 and 6
inley and Wilkinson . ] . R
regression recorded the highest average grain yield, whereas lines 14, 13 and 1
Eberhart and Russell ~ exhibited the lowest, respectively. Lines 18 and 17 with average grain
model yield of 660 and 653 Kg ha™, respectively with higher yield than the
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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: Because of 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.
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Table 1. Characteristics and pedigree of the 18 studied chickpea lines

oY esle xYeb o s sl o
Line No. Line name Pedigree Origin
1 FLIP10-352C X04TH109/X03TH-177XFLIP96-154 ICARDA
2 FLIP10-353C X04TH115/X03TH-183XFLIP99-34 ICARDA
3 FLIP10-362C X04TH151/S01020XFLIP95-68 ICARDA
4 FLIP10-370C X04TH175/FLIP95-51XFLIP97-165 ICARDA
5 FLIP10-375C XO04TH177/FLIP97-90XFLIP97-229 ICARDA
6 FLIP10-379C X04TH182/FLIP98-137XFLIP97-229 ICARDA
7 FLIP10-381C X04TH186/ICC 12004 XFLIP97-116 ICARDA
8 FLIP10-383C X04TH206/Leb.Market-1XUC 15 ICARDA
9 FLIP11-25C X04TH60/X03TH-60XFLIP96-154 ICARDA
10 FLIP11-97C X04TH112/X03TH-180XFLIP99-48 ICARDA
11 FLIP11-119C X04TH129/FL1P98-233XFLIP99-48 ICARDA
12 FLIP11-157C X04TH182/FLIP98-137XFLIP97-229 ICARDA
13 FLIP11-161C X05TH8/X04TH-127XFLIP97-131 ICARDA
14 FLIP11-179C X06TH2/X05TH83XFLIP02-84 ICARDA
15 FLIP11-182C X06TH9/X05TH114XFLIP03-138 ICARDA
16 FLIP11-187C X06TH113/FLIP03-138XFLIP03-80 ICARDA
17 FLIP11-203C X06TH120/FLI1P03-138XFLIP03-53 ICARDA
18 FLIP09-251C S01135(30 KR)-13/CIDTN-2015 ICARDA

va
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Table 2. Weather information and geographical coordinates of the experimental sites

sl bl gl e gl g 5 oyl b e STEESL SO0 L s 5 Job
Cropping Location and cities of () (o) Longitude &
season experiment Altitude (m)  Rainfall (mm) Latitude
1399-1400 SRUPECE
. 2045 205.3 35°39'N 47°06'E
2020-2021 Saral-Divandarreh
1400-1401 o kil - dlle
. 2045 185.2 35°39'N47°06'E
2021-2022 Saral-Divandarreh
1401-1402 o kil o= dlsle
. 2045 414.8 35°39'N 47°06'E
2022-2023 Saral-Divandarreh
1402-1403 i 1824 297.3 35°03'N 47°57'E
2023-2024 Dezaj-Qorveh

2 _ P WZ
%ics T [(q—l)(p—z) % i] B
SSgp
@-D(P-1)(p-2)

, L
SSep = ZWL' = zz<yi1_y-i_yf~
i i j
2

+7)
R S UERP RN VPSP CR BN PAO SRUNG- R
Wil ol Sl ol gl Sl S
Q)}w @ b (rl J_]a.:z-.a u.,a;-l..fu G?‘"'.‘u‘il.’.) 9 l'“g'
S el e 3 a5 adS 5 Shee ( SL"
ol R Sope © B O_};—»ﬂﬁ) el Lals
Z<Yij— ?.i>(?.j—?”)

Z(Y_v,j_Y:v,,)z

b; = YY) 3 s

Slael a Gime 3 il 5 bl e A
Dases Shas a0 VAT L s July 5 b
A s S Lold bos 55 woll oLl ¢l
O Bl 5 )l S S5 B oyl

(YE 5 YY) Lals &) 1y &g S5 Lot 51 Gl ol

4 V..x1:
ijlY”xlj

B; = YL liery=Y.; =
Y. P=Y,.-7Y.

S ol sty gl bl e e ls
Slas iy slacnY golul bl g
A eslanal o3 T ol gl el
|
A9 ‘}a.wjﬂ u.A>-L:u U'i‘ Zuja.;;e.a JJL{.)\J—\
Sk Sk of 5es e 5 45 = ke (V41Y)
RGSU B S
2 Z(Yij - 7~i)2
e q )
3 el B S 85 0505 D s o 5 Y
SR Sl 0T 5aS Jlaie :04VA) S ls

Se
CVi = —
Y,

Sk of oS Jde 1087Y) Sy VISt Y

500 Cl S okl

RGSUH B

x 100

n

Wzi = Z (Yij _1_/4' _;j~ + 1_/)2

j=1
ol S e i(0VY) NS goll bl -t

SAADRCH RS WRFS Kl

1. Romer
2. Francis and Kannenberg



Ol BoR § Cud S Loy [ 3950 iduane] sl 3,80es (gl

soals ol U s sl psba | o s
cldle 5 Sas 1 Kle oy Jls e Sl 4 e
S Jsa) cu Gl (VE) cul ol alises
OAs 53 gae A HIs gxe Ao s ) Clzﬂ BEREN Py
gl il 5 S5 £ Sl 53
Coow adls s Shes b5l aallas 5,50 glaspY
g5 3 Ol 5 Sl 035 GilaT ol Jaol
@l ST sbaaal s (eadlips3 cnl 53 397 50
g_,:J)U JMJ.» aS ol Olis @L"J N) 55 el
(¥ Js>) ol Dl e Aoy ) CLJJ Jle x
Al dle b s 5 phiSen 1 Sl e
Cilsen sLadlon 53 Lagg 6§ &osliza Sl
315 Glos s el s3l3a 5 51 S il il
Dl sme gy AL o Waesls CS 0 45 Bl
(OLSe b Jlw) o Ly 55 iSen 2 0252
e x i85 ies 1 OAd s e .l
sdas o Al 1y o5 bl ol 5 55
b 3 a5 Aol ol el S
il gas 3, Slas Lok s ple 3 a8 55 8
O35 Jls e oy o 3 o elal ol S
L) ol g oo L 55 iSen
e3Y Lesls (gL a2 el (o sllas Slac i 55
e 1B S G OF 5 W) el (5555
aalsl 53w x S 55 aaSen 1 O Iy sme
sl e ls 5l eslinad b 4ils 5 Sas ol 2
Sl ey bas el bl ol
g Jyol Soles @ ubl ol slajamls
o=l a8 S 53 bls Lis vixwf\j (bl
Gl oMb glaslas 03,5 i sl
Sl 2l 53 be 2L 5 2UlS s 59
Cley O5f sl il s ils 1 Il o6
el Sl Olsea LG laslae o st

YV 5Y0) 35 8 e sl

M

1 _ _
7
N2
+7..)
- (b;

(5, -7

i

o2 LS J e Mae (O la el bl

S a5 P i a5 () 55
st gy (8%) e 3l el
(W) Sy Vs STACVY) s 55 00
5 Ogn S5 (8%0) NS 55 L Ll
MSpg)) & S5 51 Sl ol Sl o S0l
Ll Lacssil ¢l p Gohe @olbly slre Ol s
O35 ilte 5 (eSS s sk 4 008
3 = iz sladase a3l glas bl
S O g5l daesls S e (il s el
S e A plasl (S 053D bl
Minitab 5 SPSS SAS (gla,l53l ¢ 5 L Laesls &bl

el

Cou g b
S5 gl b sbesls S o byl e
s la ialasl gUast (bl oS sls oLis
5 OIS 5 P-value=+/YaA) Wil o o SKan
@S 2= sl oS e WLl e nl e
5 omsss Hhdle S aS sl olas (¢ Jsa>)
3 3 me bl 5l x G5 S
Lyl s oS el cpl Kb ol 51 0350 Jls e
Sl Ol e )il gladle Jaoms
don gles i 5 eSS Guu b oY Joi)
e s b S plad 5 (S Slosas
et Lol man Liys o 51l 5 sl

Muubj_{w:g)\)ﬁi:ﬁ\jw‘ebﬁw



Y€+0 ) D)Lw.:} AR 0,93 cdﬁl))’ d‘hlﬁf ..\.3.‘93

Jl Sl b s s (YA gl &l 5 Shas i S 0 il ylg 428 el APRTY
Table 3. Results of combined analysis of variance for grain yield of 18 chickpea lines during four years

B e @331 4y Sl e :Se
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e 12 0.387
First error
ey 17 0.055%
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Yearx Genotype
53 St 204 0.012

Second error

JARRWA-NS|Z lea.w 03,3 gme o ey e 5

* and **: significant at the 5% and 1% probability levels, respectively.
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Figure 1. Bi-plot diagram of genotypic index (Y . l.) 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 (Y.l.) versus Eberhart and Rassell regression coefficient (Bi)

for 18 chickpea lines during four years
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Table 6. Results of analysis of variance for grain yield in Eberhart and Russell’s model
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* and **: significant at the 5% and 1% probability levels, respectively.
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Table 7. Results of correlation analysis between stability parameters
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* and **: significant at the 5% and 1% probability levels, respectively.
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Table 8. Mean of grain yield, 100-grain weight and plant height for 18 chickpea lines during four years

5 el LS 53 o) o £ Shee o Sibe (p,5) «ls 4o 035 (ol ) @ plis |
Genotype No. Yield of Yi (tha) 100 - grain weight (g) Plant height (cm)
1 0.536 32.014 25.344
2 0.542 32.044 25.133
3 0.620 30.809 24.586
4 0.539 31.548 24.258
5 0.565 34.374 26.602
6 0.676 31.866 25.531
7 0.582 29.676 24.305
8 0.561 33.476 24.102
9 0.614 30.548 23.375
10 0.552 32.912 25.234
11 0.555 33.395 25.148
12 0.583 31.939 25.398
13 0.473 36.093 27.195
14 0.455 32.684 25.258
15 0.590 34.329 25.266
16 0.541 33.941 25.453
17 0.653 31.706 23.977
18 0.660 32.496 27.953
Y.i 0.572 32.547 25.229
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Table 9. Information obtained from the values of stability parameters for grain yield of 18 chickpea
lines during four years
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Type of stability parameters value value
w5 el
g - 1,13,14 6,17,18
Genotypic index (Y;)
! 1,13,14 6,17,18
Phenotypic index (P;)
565 HIgY
Y 17,18,16 3,65
Environment variance (Se®)
e #5003 SRS b
- . S . 16,17,18 32,5
Within genotypic coefficient of variance (CV;)
S VIS
. 12,1,14 5
Wricke’s ecovalence (W)
S 55 ol bl
: 12,1,14 5
Shukla’s stability variance (S%n)
Opiflis 5 Rd Osem S5
. . . . 17,16,18 3,6,5
Finley and Wilkinson’s regression coefficient (b;)
(050055 a2 5 855 02 l8) O gtk 5 b Jbe o el 1718 5
Parameters of the Finley-Wilkinson model (Y; and b)) '
o 3 ot S S5 18,17,16 365
Eberhart and Russell’s regression coefficient (B;) B ”
Lot 31 Ol Slag e 0 Siln 50,55 i p0) el sl Je (gl el Sl
Parameters of the Eberhart-Russell model (B;, 18 >
AAC InAY
5 S8 bl ke oSl OLSJS 51 pioen Sl 5wl
"\‘jd‘ Jos o Sls,08 I Q-‘”l—:§ sge ang 53 a8 SluS 3l abewsin s

References

1. Saberi Mahmoodabaadi, S., Vessal, S. R., Bagheri, A. R., & Shafaroudi, S. M. (2020).
Determination of genetic variation of drought tolerant chickpea genotypes using SSR and
CAPS markers. Crop Biotechnology, 10(1), 1-13. [In Persian].

2. FAOSTAT, (2023). https://www.fao.org/faostat.

3. Tiwari, P.N., Tiwari, Sh., Sapre, S., Tripathi, N., Payasi, D. K., Singh, M., Thakur, S.,
Sharma, M., Tiwari, S., & Tripathi, M .K. (2023). Prioritization of physio-biochemical
selection indices and yield-attributing traits toward the acquisition of drought tolerance in
chickpea (Cicer arietinum L.). Plants, 12, 3175.

ay


https://cropbiotech.journals.pnu.ac.ir/article_7287.html?lang=en
https://cropbiotech.journals.pnu.ac.ir/article_7287.html?lang=en
mailto:https://cropbiotech.journals.pnu.ac.ir

Y€+0 ) D)Lw.:} AR 0,93 c‘;ﬁl))’ a‘hlﬁf ..\.3.‘93

4. Ganjeali, A., Porsa, H., & Bagheri, A. (2011). Assessment of Iranian chickpea (Cicer
arietinum L.) germplasms for drought tolerance. Agricultural Water Management, 98(9),
1477-1484.

5. Cattivelli, L., Rizza, F., R., Badeck, F.W., Mazzucotelli, E., Mastrangelo, A.M., Francia, E.,
Mare, C., Tondelli, A., & Stanca, A. M. (2008). Drought tolerance improvement in crop
plants: an integrated view from breeding to genomics. Field Crops Research, 105, 1-14.

6. Naveed, M., Shafig, M., Rafig, Ch. M., Naeem, M. K., & Amin, M. (2016). Grain yield
stability of newly evolved desi chickpea strains under rain-fed conditions. The Journal of
Animal & Plant Sciences, 26(2), 481-486.

7. Amiri, S., Arminian, A., & Hosseinian Khoshrou, H. (2023). Evaluation of compatibility and
stability of grain yield and evaluation of some agronomic characteristics of chickpea (Cicer
arietinum L.) genotypes in rain-fed conditions. Journal of Crop Breeding, 15(45), 219-233.
[In Persian].

8. Karimizadeh, R., Pezeshkpour, P., Mirzaee, A., Barzali, M., Keshavarzi, K., & Sharifi, P.
(2022). Evaluation of seed yield stability of chickpea genotypes using GGE bi-plot method.
Journal of Crop Production and Processing, 11 (4), 81-92. [In Persian].

9. Adugna, W., & Labuschagne, M. T. (2003). Parametric and nonparametric measures of
phenotypic stability in linseed (Linum usitatissimum L.). Euphytica, 129, 211-218.

10. Bakhshayeshi Geshlagh, M. (2012). Study on grain yield stability of some bread wheat
cultrivars using different stability indices in cold climate of kurdestan. Iranian Journal of
Field Crops Research, 10(1), 170-178. [In Persian].

11. Mohammadi, R., & Mahmoodi, K .N. (2008). Stability analysis of grain yield in barley
(Hordeum vulgare L.). International Journal of Plant Breeding, 2(2), 74-78.

12.Becker, H. C., & Leon, J. (1988). Stability analysis in plant breeding. Plant Breeding, 101,
1-23.

13.Lin, C. S., Binns, M. R., & Lefkovitchet, L. P. (1986). Stability analysis: where do we stand?
Crop Science, 26(5), 894-900.

14. Farshadfar, E., Mahtabi, E., & Jowkar, M. M. (2013). Assessment of parametric stability
statistics for selecting stable chickpea genotypes. International Journal of Agriculture and
Crop Sciences, 5(21), 2568-2575.

15. Fasahat, P., Rajabi, A., Mahmoudi, S.B., Abdolahian Noghab, M., & Mohseni Rad, J.
(2015). An overview on the use of stability parameters in plant breeding. Biometrics &
Biostatistics International Journal. 2(5), 1-11.

16. Kanouni, H., Sadeghzadeh Ahari, D., Saeid, A., Shobeiri, S. S., Mahdieh, M., Haji Hasani,
M., Sotoudeh-Maram, K., & Beheshti Danalou, M. (2020). Investigation of grain yield
stability of desi type chickpea across different environments and introducing promising lines.
Journal of Agricultural Science and Sustainable Production, 31(1), 295-312. [In Persian].

17. Ahmadi, J., Vaezi, B., & Naraki, H. (2013). Analysis of canola stability in rain-fed
conditions and comparison of stable genotypes selection methods using stability indices. The
Plant Production, 36(2), 13-22. [In Persian].

18. Mohammadi, R., Sadeghzadeh, D., Armion, M., & Ahmadi, M. M. (2011). Analysis of
stability and adaptability of grain yield in durum wheat geneotypes. Agronomy Journal
(Pajouhesh & Sazandegi), 91, 70-78. [In Persian].

19. Wricke, G. (1962). Uber eine Methode zur Erfassung der okologischen Streubreite in
Feldversuchen. Zeitschrift fiir Pflanzenziichtung. Journal of Plant Breeding, 47, 92-96.

20.Balcha, Alemayehu. (2020). Genotype by environment interaction for grain yield and
association among stability parameters in bread wheat (Triticum aestivum L.). American
Journal of Plant Sciences, 11, 1-10.

21.Shukla, G. K. (1972). Some statistical aspects of partitioning genotype environmental
components of variability. Heredity, 29(2), 237-245.

22.Finlay, K. W., & Wilkinson, G. N. (1963). The analysis of adaptation in a plant breeding
programme. Crop and Pasture Science, 14(6), 742-754.

¢


https://jcb.sanru.ac.ir/search.php?sid=1&slc_lang=en&author=Amiri
https://jcb.sanru.ac.ir/search.php?sid=1&slc_lang=en&author=Arminian
https://jcb.sanru.ac.ir/search.php?sid=1&slc_lang=en&author=Hosseinian+Khoshrou
https://jcb.sanru.ac.ir/article-1-1377-en.pdf
https://jcb.sanru.ac.ir/article-1-1377-en.pdf
https://jcb.sanru.ac.ir/article-1-1377-en.pdf
https://jcpp.iut.ac.ir/article-1-3107-en.pdf
https://jcesc.um.ac.ir/article_35325_ab7243201b6f2f6d9e441c7bd771d4d5.pdf?lang=en
https://jcesc.um.ac.ir/article_35325_ab7243201b6f2f6d9e441c7bd771d4d5.pdf?lang=en
https://jcesc.um.ac.ir/issue_4210_4211.html?lang=en

Ol BoR § Cud S Loy [ 3950 iduane] sl 3,80es (gl

23.Eberhart, S. A., & Russell, W. A. (1966). Stability parameters for comparing varieties. Crop
Science, 6(1), 36-40.

24. Mohammadi, M., Sharifi, P., & Karimizadehet, R. (2015). Stability analysis of seed yield of
safflower genotypes (Carthamus tinctorius L.). Journal of Crop Breeding, 7(16), 104-114.
(In Persian).

25.Huehn, M. (1990). Non-parametric measures of phenotypic stability: Part 1: Theory.
Euphytica, 47, 189-194.

26. Zali, H., Farshadfar, E., & Sabaghpour, S.H. (2011). Non-parametric analysis of phenotypic
stability in chickpea (Cicer arietinum L.) genotypes in Iran. Crop Breeding Journal, 1(1),
85-96.

27.Taringjad, A. R. (2017). Investigating the compatibility of bread wheat genotypes using
Eberhart-Russell, simultaneous selection, bi-plot and non-parametric ranking methods.
Cereal Research, 6(4), 451-464. [In Persian].

28.Rezaei Nia, M., Mahdi Nezhad, N., Ebrahimi, F., Aien, A., Fakheri, B. A., & Emamjomeh,
A. A. (2024). Investigation of compatibility of internal and external sesame germplasm.
Journal of Crop Science Research in Arid Regions, 6(2), 313-327. [In Persian].

29. Sharifi, P., Erfani, A. R., Mohaddesi, A., Abbasian, A., Aminpanah, H., Yousefi, M. M., &
Saeedi, M. (2021). Stability analysis of grain yield of some of rice genotypes by parametric
and nonparametric uni-variate methods. Journal of Crop Breeding, 13(3), 85-106. [In
Persian].

30. Abo-Hegazy, S. R. E., Selim, T., & Ashrie, A. A. M. (2013). Genotype x environment
interaction and stability analysis for yield and its components in lentil. Journal of Plant
Breeding and Crop Science, 5(5), 85-90.

31.Jafari, M., Asghari Zakarya, R., Alizadeh, B., Sofalyan, O., & Zare, N. (2015). Study of seed
yield stability in winter rapeseed (Brassica napus) genotypes using Eberhart and Russell’s
method. Iranian Journal of Field Crop Science, 45(4), 585-592. [In Persian].

32.Kang, M. S., and Pham. H. N. (1991). Simultaneous selection for high yielding and stable
crop genotypes. Agronomy Journal, 83(1), 161-165.

33. Mohammadi, M., Karimizadeh, R., Hosseinpour, T., Kalateharabi, M., Khanzadehe, H.,
Sabaghnia, N., Mohammadi, P., & Hasanpour Hosnih, M. (2012). Analysis of genotype,
environment and genotypex environment interaction in bread wheat in warm rain-fed areas
of Iran. Crop Breeding Journal, 2(1), 63-70.

34. Mofidian, M. A., Movahedi, Z., & Dehghani, H. (2009). Yield stability analysis for superior
alfalfa ecotypes from cold regions in Iran-using univariate methods. Iranian Journal of Crop
Sciences, 11(2), 162-173. [In Persian].

0


https://ejcp.gau.ac.ir/?_action=article&au=50749&_au=Abdolrahman++Erfani&lang=en
https://ejcp.gau.ac.ir/?_action=article&au=35773&_au=Ali++Mohaddesi&lang=en
https://ejcp.gau.ac.ir/?_action=article&au=35772&_au=Abouzar++Abbasian&lang=en
https://ejcp.gau.ac.ir/?_action=article&au=9912&_au=Hashem++Aminpanah&lang=en
https://ejcp.gau.ac.ir/?_action=article&au=58798&_au=Mohammad++Mohammad+Yousefi&lang=en
https://ejcp.gau.ac.ir/?_action=article&au=58799&_au=Mehran++Saeedi&lang=en
https://ejcp.gau.ac.ir/article_5304_a84079d8cee61dd5ae4031a1095163f3.pdf?lang=en
https://ejcp.gau.ac.ir/article_5304_a84079d8cee61dd5ae4031a1095163f3.pdf?lang=en
https://ijfcs.ut.ac.ir/?_action=article&au=166822&_au=Rasool++Asghari+Zakarya&lang=en
https://ijfcs.ut.ac.ir/?_action=article&au=166822&_au=Rasool++Asghari+Zakarya&lang=en
https://ijfcs.ut.ac.ir/?_action=article&au=179339&_au=Omid++Sofalyan&lang=en

