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Table 1. Name and origin of chickpea genotypes

as ol [
No. Name Origin
1 FLIP 03-71C ICARDA
2 FLIP 03-64C ICARDA
3 FLIP 98-106C ICARDA
4 FLIP 00-40C ICARDA
5 FLIP 99-66C ICARDA
6 FLIP 00-21C ICARDA
7 FLIP 99-34C ICARDA
8 FLIP 01-32C ICARDA
9 FLIP 01-50C ICARDA
10 FLIP 01-52C ICARDA
11 Flip 97-120C ICARDA
12 FLIP 03-71C ICARDA
13 FLIP 03-135C ICARDA
14 FLIP 03-152C ICARDA
15 FLIP 04-18C ICARDA
16 FLIP 82-150C ICARDA
17 FLIP 88-85C ICARDA
18 FLIP 93-93C ICARDA
19 ARMAN IRAN
20 AZAD IRAN
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Table 2. Geographic characteristics and soil texture of trials area
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Location Altitude (m) Longitude Latitude Soil texture Average rainfall (mm)
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llam clay-loam
e 1147 48°.18'E 33°.20'N e d 445
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Table 3. Annual percipitation of test areas during the cropping season in 2010-2013
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Location S Sk TR | L PR L8 1va)-1ray
2010-2011  2011-2012  2012-2013
U
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|
I::::ﬁ 171.5 (E4) 329 (E8) 396.1 (E11)
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Table 4. Stability analysis indices
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1 o Solwl ) _ 2 Purch t al., 2000
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N
adlse slo (2o yoi 0.5
2 5o SR Sy Egere = d Sneller et al., 1997
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AMMI (5 laly szal)ly o2 jlade N 2
3 Eigenvalue (EV) stability EV = Z}/in In Zobel et al., 1988
parameter of AMMI n=1
2 IPC s g 3llas a3
. N
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4 Absolute value of the relative Za, = Z|6n 7/in| Zalietal., 2012
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oloyen Gl asls
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Table 5. Simple analysis of variance of seed yield of

o (US55 0, 55heS) ails 3,Shae  Soly Slapo oXils g Slayo oFle  oilojl slhs Slarpo Kile Syl g b
Environment Seed yield (Kg Ha™) MSB MSG MSE Cv
1 1309 403000** 56100** 20700 10.99
2 1851 421000** 119000** 25000 8.54
3 1688 21.4™ 327000** 27300 9.79
4 1054 24400™ 435000** 34000 17.49
5 1753 223000** 50600** 17300 7.50
6 874 68100™ 97700** 26500 18.63
7 2335 445000** 180000** 27000 7.04
8 553 1090™ 41800** 10900 18.88
9 1436 206000** 19000 30400 12.14
10 2362 315000** 498000** 23400 6.48
11 711 18200™ 49500* 25700 22.55

ao)0 ) g ao,00 Jleiol mha )0 s e g lo e puf st g 3 NS

ns, *, **: Non-significant and significant at 5% and 1% probability levels, respectively
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v. International Center for Agricultural Research in the Dry
Arreas (ICARDA)
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Table 6. AMMI analysis of variance for seed yield of chickpea genotypes

Sl 2alio @oll a4z ©lazyo ggozo ©la yo (Sl oy
S.0.V Df Sum square Mean square Percent
e 10 226909632 22600963%* 792
ENV
e sl 22 4213610 191528
REP(ENV)
e 19 6873836 361781%* 24
GEN
DAL 190 28732495 151224%* 10.0
GenxEnv
il stel edls 28 12208013 436000%* 425
PC1
Py bl edlse 2% 5582662 214718%* 19.4
PC2
P bl ol 24 4058045 169085** 14.1
PC3
Pl shol e 22 2572514 116932%+ 9
PC4
g shel adle 20 1663631 83182* 58
PCS5
i shol edlie 18 950796 528221 33
PC6
s el ade 16 903208 56450 31
PC7
e hol edlse 14 490762 35054" 17
PC8
o el adlse 12 189963 15830"™ 0.7
PCO
' e
o shol e 10 112902 11290 0.4
PC10
il sl 418 19791356 47348
Residuals
s 659 286520929, 434781
Total

PC: Principal component

0o, ) 90 Jlasl mhaw ;o jls e g o e jué e g 3 NS

ns, *, **: Non-significant and significant at 5% and 1% probability levels, respectively

sleasls | (S a5 ASV (g lly asls (Y Jso)
el AMMI gy a4 g la ol a0 00 L S8
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Table 8. Four selected genotypes in any of environments by AMMI method
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Fig. 1. AMMIL1 biplot for identity the superior chickpea genotypes based on seed yield mean and PC1
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important legumes in the world after pea and bean and
is rich in protein (21.7-23.4%), minerals (iron, phosphorus, calcium, zinc, potassium and magnesium),
carbohydrates (41.1-47.4%) and vitamins (B1, B2, B3, B5, B6, B9, C, E, K). The interaction of genotype by
environment, as a response of genotypes to the environmental variation is a source of complexity for
breeding programs and preparation of high yielding and stable genotypes. One of the most important ways to
discover the nature of genotype by environment interaction is stability analysis, which identified the stable or
compatible genotypes. Different methods for investigation of genotype by environment interaction and
determination of stable genotypes have been reported, which generally include uni-variate and multivariate
methods. One of the multivariate methods is AMMI analysis. The purpose of present study is the evaluation
of the stability of chickpea genotypes using AMMI indices and biplots.

Materials and Methods

Eighteen selective advanced genotypes of chickpea from ICARDA with two check verities (Arman and
Azad) evaluated across four locations (Gachsaran, llam, Gonbad and Khoramabad) at three growing seasons,
in a completely randomized block design with three replications. The data of 3rd year in Gonbad were lost
and therefore, the analysis of data performed on 11 environments. Average seed yield of genotypes estimated
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at each environment (combination of location and growing season) and used for analysis. Statistical analyses
including simple analysis of variance, combined analysis of variance and stability analysis carried out by
metan (Multi environment trial analysis) R package. Five AMMI stability indices including ASV (AMMI
stability value), SIPC (Sum of IPCs scores), EV (Eigenvalue stability parameter of AMMI), Za (Absolute
value of the relative contribution of IPCs to the interaction), WASS (Weighted average of absolute scores)
and simultaneous selection index (ssi) of these parameters was used for stability evaluation of genotypes.

Results and Discussion

Combined analysis of variance indicated environment, genotype and genotype by environment
interaction accounted 79.2, 2.4 and 10.0% of the phenotypic variation of seed yield, respectively. The
significant effect of genotype indicated the wide genetic background of genotypes, while the significant
effect of genotype by environment interaction is indicated the diversity of genotypes in test locations and
growing years and exhibited the necessary of evaluation of genotypes in multiple environments. According
to the significant effect of genotype by environment interaction, AMMI analysis was carried out by principal
components analysis and the results indicated the significant effects of five principal components on seed
yield. The first two principal components contributed to 42.5 and 19.4% of genotype by environment
interaction. Genotype G3 (1663 kg ha™) followed by G1, G17, G20 and G5 had the highest seed yield.
According to the ASV and WAAS indices, G3, G4 and G13; EV and ZA indices, G3, G14, G16 and G6; and
SIPC, G14, G3, G11, G4 and G16 were the most stable genotypes. Selection of these genotypes was done
only on stability aspect of genotypes, therefore simultaneous selection index (ssi) based on any of these
parameters was used to evaluate the simultaneously selection of genotypes based on seed yield stability and
performance. Genotypes G3, G1, G4, G13 and G16 selected as superior genotypes by ssiASV, ssiZA and
sSiWAAS indices; while based on ssiSIPC and ssiEV, G3, G16 and G20 were as the best genotypes. The
other applications of AMMI stability analysis are selection of best genotypes in any of environments.
According to this procedure, genotype G3 was placed in the first order in E1, E5 and E7; in the second order
in E2, E3 and E9; in the third order in the E6 and E7; and in the fourth order in the E5. The AMMI1 biplot
(IPCAL vs grain yield) identified G1, G3, G17 and G13 as high yielding and stable genotypes with seed yield
higher than total mean and lowest IPCAL values. This biplot was also indicated environments E1, E9, E5, E2
and E3 had the lowest contribution in genotype by environment interaction interaction. The first principal
components explained only 42.5% of genotype by environment interaction, and therefore, it seems that using
the AMMI2 biplot is more efficient to identify the superior genotypes. In AMMI2 biplot (IPCA1 vs IPCA2),
genotypes G4, G3, G13, G1 and G10 had high general stability. The environments E3, E4 and E10 with long
vectors, had high discriminating ability and can estimate the relative efficiency of genotypes well.

Conclusion
In general, based on different indices, G3, G1 and G13 had high yield in most of environments, and in
most methods had good stability and could be candidates for introduction of new cultivars.
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