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ABSTRACT
In the present study, 18 lines and cultivars of chickpea were evaluated in three cold dryland stations
including Maragheh, Kurdestan and Shirvan for three years (2014-2016). Results showed that the
environments, genotypes and their interaction effects were significant. Interaction analysis using the
AMMI model indicated that the two principal components (IPCAs) significantly accounted for 67.9% of
the total variation. However, these two components accounted for about 65% of the changes in the GGE
biplot method. Evaluation of genotype yield stability using AMMI statistics was very similar to AMMI2
biplot. This similarity was also partially observed between the AMMI and GGE biplot methods. In both
models, the environments were subdivided into groups with separate superior genotypes and the behavior
of some sites in the selection of genotypes was similar across years, while in some other sites, it was
different. Therefore, it is concluded that the reproducibility pattern of superior genotypes in each site is
challenging under dryland conditions. Control cultivars of Samin, Gazvin and Jam showed good grain yield
and stability. Although, the ability to select high yielding and stable genotypes among the lines was poor
compared to control cultivars, genotypes NO. 1, 3, 6, 12 and 14, due to their high yield, can be used in
specific adaptation and suitable genetic sources for introducing drought and cold tolerant cultivars in the

studied fields.
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Table 1. Characteristics of the studied genotypes and environments

Genotypes

No. Name Origin No. Name Origin

Gl ILC 484 ICARDA G10 FLIP 06-88C ICARDA

G2 FLIP 86-5C ICARDA Gl1 FLIP 07-6C ICARDA

G3 FLIP 86-6C ICARDA Gl12  FLIP 07-105C ICARDA

G4 FLIP 87-45C ICARDA G13 FLIP 07-109C ICARDA

G5 FLIP 88-85C ICARDA Gl4 FLIP 08-10C ICARDA

G6 FLIP 93-58C ICARDA Gl15 FLIP 08-55C ICARDA

G7 FLIP 03-22C ICARDA Gl6 Samin Check IRAN

G8 FLIP 03-50C ICARDA G17  Gazvin Check IRAN

G9 FLIP 06-52C ICARDA G18  Jam Check IRAN

Environments

No. Location Year Annual rainfall (mm) Latitude Longitude Altitude
M1 Maragheh 2014 289.2

M2 Maragheh 2015 4249 37.15N 46.15E 1720 m
M3 Maragheh 2016 4293

K1 Kordestan 2014 332.6

K2 Kordestan 2015 2354 3543 N 48.08 E 2100 m
K3 Kordestan 2016 381.5

S1 Shirvan 2014 200.4

S2 Shirvan 2015 316.2 37.23N 57.55E 1086 m
S3 Shirvan 2016 334.2
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Table 2- AMMI model statistics and their details

AMMI Stability Parameter

Details Reference

AMMI Stability Value

AMMI Stability Index

Sum across environments of absolute value of GEI
modelled by AMMI

Annicchiarico’s D parameter

Zhang’s D parameter

Averages of the squared eigenvector values

Stability measure based on fitted AMMI model

Sums of the absolute value of the IPC scores

Absolute value of the relative contribution of IPCs to
the interaction

SSIPC,

2
SSIPC, % PCI) + (PC,)? Purchase, (1997)

ASI = J [PC2 x 62] + [PCZ x 62]
E N
AV = Z Z Mnyin(sjn'

DA =

n=1
N

SIPC = Z 225y,
n=1

N
28 = 10a7ul
=1

Jambhulkar et al. (2017)

Sneller et al. (1997)

j=1n=1

N
> Qain?
n=1

Annicchiarico, (1997)

Zhang et al. (1998)

Sneller et al. (1997)

Zali et al. (2012)

Sneller et al. (1997)

Zali ef al. (2012)

IPC: interaction principal components, SSIPC,: sum of squares of the nth IPC, N": number of significant IPCAs, 0,: percentage sum
of squares explained by nth principal component interaction effect, E: number of environments, A,: singular value for nth IPC, "Y',
eigenvector value for ith genotype and 5j,: eigenvector value for jth environment.
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Table 3. Variance analysis of the grain yield of 18 Kabouli chickpea genotypes in 9 environments using

AMMI method

S.0.V Df Sum Sq Mean Sq F.value Pr(>F) Percent Acum
ENV 8 43.862 5.483 68.75 5.551e-16

REP(ENV) 27 2.153 0.080 5.10 2.532e-14
GEN 17 0.602 0.035 227 0.002797

ENV:GEN 136 2.890 0.021 1.36 0.010554
PC1 24 1.344 0.056 3.58 0.0000 46.5 46.5
PC2 22 0.619 0.028 1.80 0.0149 21.4 67.9
PC3 20 0.489 0.024 1.56 0.0583 16.9 84.9
Noise 70 0.437 0.006 15.2 100

Residuals 459 7.175 0.016

Coefficient of variation (CV%) 28.30

(S’L))| 0)94 .Ia.\zn Y )Q wy) YA 6l).: AMMI it Lngo)Lo] 9 Gl \))S.l.é..c -f Js..\>
Table 4. Grain yield and different AMMI statistics for 18 chickpea genotypes in 9 evaluated

environments
Gen GY ASV ASIT AV DA DZ EV FA SIPC ZA
Gl1 0.466 0.25 0.053 0.33 0.13 0.32 0.050 0.017 0.26 0.11
G2 0.441 0.50 0.108 0.38 0.19 0.34 0.059 0.034 0.34 0.18
G3 0.466 0.24 0.052 0.33 0.15 0.37 0.067 0.021 0.26 0.10
G4 0.464 0.15 0.033 0.23 0.10 0.24 0.030 0.009 0.16 0.06
G5 0.451 0.13 0.029 0.10 0.05 0.09 0.004 0.002 0.09 0.05
G6 0.470 0.28 0.061 0.22 0.10 0.17 0.015 0.010 0.15 0.09
G7 0.434 0.72 0.155 0.50 0.25 0.44 0.098 0.065 0.38 0.22
G8 0.428 0.60 0.129 0.46 0.22 0.42 0.089 0.050 0.41 0.21
G9 0.427 0.11 0.024 0.13 0.05 0.11 0.007 0.003 0.11 0.05
G10 0.365 0.39 0.083 0.36 0.16 0.32 0.050 0.024 0.31 0.15
Gl1 0.399 0.58 0.124 0.47 0.22 0.44 0.099 0.051 0.44 0.22
G12 0.454 0.82 0.176 0.75 0.33 0.66 0.219 0.107 0.65 0.32
G13 0.420 0.23 0.049 0.32 0.12 0.30 0.046 0.016 0.25 0.10
Gl4 0.473 0.23 0.049 0.31 0.12 0.30 0.045 0.015 0.24 0.10
Gl15 0.452 0.37 0.080 0.26 0.13 0.23 0.026 0.017 0.19 0.11
Gle6 0.475 0.36 0.077 0.26 0.13 0.22 0.023 0.016 0.17 0.10
G17 0.471 0.41 0.088 0.34 0.16 0.33 0.055 0.027 0.32 0.16
G18 0.495 0.16 0.035 0.17 0.08 0.18 0.016 0.006 0.16 0.07

GY: Grain yield (t/ha"'), ASV: AMMI stability value, ASI: AMMI stability index, AV: Absolute value of the sum across
environments, DA: Annicchiarico’s D parameter, DZ: Zhang’s D parameter or AMMI distance, EV: Averages of the squared
eigenvector values, FA: Stability measure based on fitted AMMI model, SIPC: Sums of the absolute value of the IPC scores, ZA:

Absolute value of the relative contribution of IPCs to the interaction.
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Figure 1. Biplot of the grain yield means versus first principal component (AMMI1) and first principal
component versus second principal component (AMMI2)
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