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Background and objectives: Chickpea is one of the most important
legumes in Iran and accounts for almost 84% of dietary legumes. Chickpea
seed yield is strongly influenced by environments, and breeders often
determine the stability of high-yielding genotypes across different
environments before being introduced as a cultivar. Accurate study of the
nature of genotype x environment allows breeders to identify stable and
compatible genotypes and has always been one of the important issues in
the production and release of new stable and high-yielding cultivars in
breeding programs. Adaptation of chickpea genotypes to environmental
conditions is important for crop production stability in different years and
places. Existence of the interaction of genotype and environment affects
the value of genotypes in different places. The present study was conducted
to investigate the effect of genotype by environment interaction on grain
yield of chickpea genotypes and cultivars in four environments and to
identify stable and high-yielding genotypes under rainfed conditions as
autumn planting.

Materials and Methods: In this study, twelve cultivars and advanced
genotypes of chickpea were planted during two cropping years (2016-
2018) in a randomized complete block design with three replications in
semi-warm (Kuhdasht) and temperate (Khorramabad) areas of Lorestan
province. Various nonparametric methods such as non-parametric statistics
of Si ", Si @, Si @ and Si ®, Thennarasus statistics of NPi (", NPi @, NPi
@ and NPi ¥, mean rank stability statistics (R), stability statistics of Ketata
et al (or, omy), Kang stability statistics (Ysi), Fox stability statistics (TOP,
MID and LOW) and Genotype Stability Index (GSI) were used for
estimating the stability of genotypes. The principal component analysis
method was used to better understand the relationships between different
statistics.

Results: The results of combined analysis of variance showed that the
main effects of environment (including location, year and location xyear)
and genotype xenvironment were significant at the 1% probability level
and the main effects of genotype, location x genotype and year x genotype
were significant at the 5% probability level. The effects of genotype,
environment and the genotype by environment interaction accounted for
6.48, 77.4 and 13.03% of the total squares, respectively. The biplot of the
first principal component (PC,;) versus the second principal component
(PC,) classified the studied nonparametric stability statistics into three
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groups. Based on the statistics of NPi M NPi @, NPi @ and NPi @, the
genotypes with the lowest values are considered as stable genotypes.
According to NPi M statistics, Gy, G and Gy genotypes were identified as
the most stable and G; and Gs genotypes as the most unstable genotypes.
Based on NPi ¥ and NPj @ parameters, G;, G and Gy genotypes were the
most stable and Gs, G, and G4 genotypes were the most unstable. Based on
the results, the first two principal components explained 68% (42% and
26%, respectively), of the variance of the main variables). Cluster analysis
using mean seed yield and non-parametric statistics, placed chickpea
genotypes in two main groups. The first cluster included mean seed yield,
TOP, MID, or and omy. The second cluster consisted of four sub-clusters.

Conclusion: Based on Si V), Si @, Si ® and Si © statistics, G1, G10 and
G9 genotypes with the lowest values were identified as the most stable
genotypes. G1 and G9 genotypes with the lowest GSI were recognized as
the best genotypes in terms of grain yield and stability. Based on the
parameters with the dynamics concept of stability, genotypes G1, G10 and
G9 were identified as stable genotypes with high yield.

Cite this article: Habibpour, P., Ansari, S., Vazirizadeh, A. 2022. Seed Yield Stability of Autumn
Sowing Chickpea Genotypes Using Nonparametric Methods. Crop Production Journal, 14
(4), 1-20.
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Table 1- Name and origin of chickpea cultivars and genotypes.

sl S NP sLie sl S PG L
Genotype code Genotype name Origin Genotype code Genotype name Origin
4S5 . 15,
Gl Aksu G7 Flip84-182C
Turkey ICARDA
4S5 . 15,
G2 Azkan G8 Flip86-6C
Turkey ICARDA
R . 13,
G3 Adel G9 Flip09-67C
Iran ICARDA
R . 13,
G4 Saral G10 Flip09-72C
Iran ICARDA
R . 13,
G5 Azad Gl11 Flip09-289C
Iran ICARDA
g SN
G6 Arman o Gl12 Large Seed o
Iran local ICARDA

33 s dsl e o hasn @l Gl St plesd 5 (o5 Sl gat =Y Jsr
Table 2- Soil physical and chemical properties of the research sites in first and second year.

SO ulas 23 e S el 25 Caand) jhd
Ole ( ) el " " O35/ oo
Location TR LI’M- pH el | e N (%)
EC (dsm™) K (mgkg") P (ppm)
0.47 7.59 323 4.7 0.09
Kuhdasht first year
Jlo csas
e° * 0.49 7.77 274 35 0.101
Kuhdasht second year
Jsl L sl g,
S e 0.44 7.48 298 13.4 0.10
Khorramabad first year
(ﬁé JL..« JL:I (_)>
Khorramabad second 0.48 7.56 241 13.67 0.11
year
o3l Jome sladases 85 5 e S50 Lov 2o Y Joutr
Table 3- Average annual rainfall and code of test site environments.
s IS Lo Grogshas) (SL (pKbe
Environment code Environment Mean of rainfall (mm)
Jsl dl csaa S
El S s 306.7
Kuhdasht First Year
I Jlw sblp =
E2 Jsl e sl 455.9
Khoramabad First Year
Jl e
E3 02 e 464.9
Kuhdasht Second Year
Jl sllp =
B4 (22 S e~ 473

horamabad Second Year
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Table 4- The average seed yield of 12 chickpea genotypes in four environments (Two locations in two years).

s S OlsSa 53 0 S S wls 5 Shas :Ske - 3 - -
Genotype code Mean seed yield (kg/ha™)
Gl 965.5 362.5 356 1480.3 1663
G2 859.7 477.1 295 1309.6 1357
G3 922.7 399 305 777.7 2209
G4 780.5 200 322 1431 1169
G5 1191.6 652.1 236 1357.1 2521
G6 1063.8 561.5 504 1403.8 1786
G7 1074.9 486.5 619 1600 1594
G8 1045.6 427.1 261 1633.3 1861
G9 1114.4 415.6 561 1694.8 1786
G10 1294.7 400 371 2535.7 1872
Gl11 1157.5 278.1 681 1655.7 2015
G12 610.6 62.5 110 453 1817

3Ll el 3 Loy 523 fb‘d\ S WA eslaud
A eslas! Excel 5 Minitabl9 SAS u.il.a)\}é\mj
SIS 1 (Ys) S8 (g,ldmb — 5 mShas o L]
5 (F Jsl)s Sas .S 5l eslanwl (14AA)
oS S L (YOPIS 53 gl il
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Table 5- Combined anaylsis of variance for seed yield of 12 chickpea genotypes in four environments.

. o3 ok JS Dlais gsoms 4 Coed a5 A3 G SOl fsame 4 S a5 o3
SOV 30! Sla o Percentage justification for the ~ Percentage of justification for the
T df MS sum of the total squares sum of genotype squares
-JR«N sk
n 3 19079384 77.4
Environment
uli& ok
) 1 367943
Location
JL‘" ok
1 3813233
Year
JL..«:XQ&» sese
) 1 370780
Year x Location
Jsl gl
i 8 6793208
Error 1
T 11 435554 " 6.48
Genotype
b x 555
Environment 33 291789 13.03
xgenotype
g% OSe .
. 11 69277 23.74
Genotype xLocation
G ix e .
Genotype xYear 11 18712 7.91
5% xS
Genotype 11 36466 4.5
xYearxLocation
Uax
(¢ 88 100341
Error 2
& 143
Total

Aol e Lo s ) 50 JL@'»!CLM): Cols s i 5 i g %
* and ** are Significant at the 5% and 1% probability levels, respectively.
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Figure 6- Cluster analysis of 12 chickpea genotypes based on average yield and nonparametric stability statistics.
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