Crop Science Research in Arid Regions

homepage: https://cropscience.uoz.ac.ir/

Research Article
Volume 8, Issue 1, 2026, P. 47-63

Analyzing chickpea grain yield stability using AMMI indices and biplots
in dryland conditions

Payam Pezeshkpour *2, Reza Amiri?, Adel Jahangiri®

a Crop and Horticultural Science Research Department, Lorestan Agricultural and Natural Resources Research
and Education Center, AREEO, Khorramabad, Iran

b Dryland Agricultural Research Institute, Sararood Branch, Agricultural Research, Education and Extension
(AREEO), Kermanshah, Iran

*Corresponding Author: Papezeshkpour@yahoo.com
Received: 28 February 2025 Accepted: 3 June 2025 DOI: 10.22034/CSRAR.2025.509345.1471

How to cite this article:

Pezeshkpour, P., Amiri, R. and Jahangiri, A., 2026. Analyzing chickpea grain yield stability using
AMMI indices and biplots in dryland conditions. Crop Science Research in Arid Regions, 8(1),
47-63. https://doi.org/10.22034/csrar.2025.509345.1471

Abstract

Introduction: Environmental factors significantly influence crop yield and other quantitative traits,
posing a challenge for scaling up agricultural production. Additionally, climate change and the
variability of environmental conditions in experimental settings necessitate the development of
resilient cultivars capable of adapting to unpredictable changes. To effectively identify the best-
performing cultivars for specific environments, conducting multi-environment trials is essential. This
process requires evaluating genotype-by-environment interactions (GEI) to select cultivars with
optimal stability and performance. This study aimed to develop high-yielding chickpea cultivars
adapted to the tropical and subtropical rainfed regions of Iran, utilizing indicators derived from the
AMMI (Additive Main Effects and Multiplicative Interaction) analysis method.

Material and Methods: In this study, 13 chickpea genotypes along with two check genotypes
(cultivar “Mansour” and local landrace “Bivanij”) were grown for three cropping years (2019-2022)
in a three-replicated randomized block design at Sarab-Changaie Agricultural Research Station,
Khoramabad, Lorestan. The experimental plots consisted of four four-meter planting lines with a row
spacing of 30 cm and a density of 60 seeds per square meter. The annual rainfall in the first, second,
and third cropping years was 523.6, 304.9, and 0.307 mm, respectively. Stability analysis was
performed using the AMMI multivariate method. For statistical analyses, the multi-environment trial
analysis package (Metan) and GGE were used in the R software environment.

Results and Discussion: In this study, the contribution of environment, genotype, and genotype x
environment interaction to the total sum of squares was 79.18, 6.93, and 4.81 percent, respectively.
AMMI analysis of variance showed that the effects of the environment, genotype, and their interaction,
as well as the first two main components, were significant. Genotype 12 (FLIP07-125C) had the
highest grain yield with 1602 kg/ha. The ASV index selected genotypes 14, 6, and 1, the SIPC and
EV indices selected genotypes 14 and 1, and the ZA and WAAS indices selected genotypes 14, 1, and
6 as the most stable genotypes. Based on the ssiASV index, genotypes 1, 10, 8, and 12, based on the
ssiSIPC and ssiZA indices, genotypes 1, 10, 8, and 14, and based on the ssiEV and ssiWAAS indices,
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genotypes 1, 10, and 8 were the best genotypes in terms of grain yield and stability. Based on the
AMMIL biplot, genotypes 10, 1, and 8 with grain yield higher than the total average yield and the
lowest IPCAL values were identified as stable genotypes with high general compatibility. According
to this biplot, the second and third environments (E2 and E3) had the lowest IPCA1 content and the
lowest genotype x environment interaction, and therefore, these environments had better yield
stability. The first and third environments (E1 and E3) had higher grain yield than the overall average.
In the AMMI2 biplot, genotypes 12, 10, 5, 11, 8, and 1, in addition to high general stability, had grain
yield higher than the total average. Using the AMMI distance parameter, genotypes 14, 1, and 2 were
identified as genotypes with stable performance. Based on the ssiDist index, genotypes 10, 1, and 14
were the best. The most stable genotypes based on the Lin and Binns superiority index were genotypes
12,10, 5, and 8.

Conclusion: Since all significant principal components with different weights are used in calculating
the WAAS index, this index better reflects yield stability, and the genotypes selected with this index
have more reliable stability. In this regard, this method can be further investigated and used in future
research. In general, based on different indices, genotypes 12 (FLIP07-125C), 1 (FLIP09-319C), 10
(X010TH163K2), and 8 (X010TH121K1) had favorable stability and could be a suitable option for
further research.
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1 Additive Main effect and Multiplicative

2 - Principle Components

% Sum of IPCs scores (SIPC)

4 AMMI stability value (ASV)

5 Sustainability Index

® Genotype Selection Index

7 Eigenvalue (EV) stability parameters of AMMI
8 Modified AMMI stability value
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Table 1- Names of promising chickpea cultivars and genotypes used in the experiment

as o sl
Code Name Origin
Gl FLIP09-319C ICARDA
G2 FLIP09-331C ICARDA
G3 FLIP09-402C ICARDA
G4 X010TH72K2 IRAN
G5 X010TH72K3 IRAN
G6 X010TH104K1 IRAN
G7 X010TH115K1 IRAN
G8 X010TH121K1 IRAN
G9 X010TH123K1 IRAN
G10 X010TH163K2 IRAN
Gl1 Hashem/FLIPO078CIDKER-2010-SKER-OKERK?2 IRAN
G12 FLIPO7-125C ICARDA
G13 FLIP97-149C IRAN
G14 MANSOR IRAN
G15 BIVANI IRAN
Gl 4 s als Y Jgu
Table 2- Stability analysis indices
o5 L il e
Code Index Formula References
1 AMMI stability value (ASV) ASV = [;Zig;](”’Cl)"Z +(1pC2)? Purchase et al., 2000
2 Sum of IPCs scores (SIPC) SIPC= Y N_, %5 vis Sneller et al., 1997
3 Eigenvalue (EV) stability parameters of AMMI EV=YN_.ly2l/n
Absolute value of the relative contribution of IPCs .
; ) Zai=YN_116,Vinl Zali et al., 2012
to the interaction (Za)
. _ ZN=4[IPCAiy XEPy| .
5 Weighted average of absolute scores (WASS) WAASB; = B — Olivoto et al., 2019a
6 Simultaneous selection index (SSI) SSI = R(AMMI Stability Indices) Pezeshkpour et al., 2021
7 Superiority index (Pi) Pi:M Lin and Binns, 1988
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Table 3- Combined analysis of variance for grain yield

Oyt 2bo @3l 4z y0 lasyo & gozo ©la yo 255l F olade Solo e o
S.0.V df Sum of Squares Mean of Squares F Value Pr (>F)
(JW) be
2 49279420 24639710 256.2349 1.55E-06
ENV (YEAR)
(J) e sla
6 576964 96161 3.8851 0.001798
REP(ENV)
s
’ 14 4309836 307845 2.8783 0.008363
GEN
(Jb) Lagome xcaisi
28 2994667 106952 43211 1.03E-07
GENXENV(YEAR)
oJ.\LA@Ln
. 84 2079107 24751 256.2349
Residuals
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Table 4- AMMI combined analysis of variance for grain yield of chickpea genotypes

Jilisa 1 5 S e oo

Egoxo 3l duoyd . S o0
ks ol | T Sl ggeme Slupe Sl oo JS ©lape W03 P Oy
Sl & S I s The percentage of _

o Sum of Mean of P percentage of L Cumulative
S.0vV F Value variation from the
df Squares Squares Pr (>F) the total sum ) percentage of
genotype-xenvironment
of squares . . changes
interaction
L,
ENV 2 49279420.4  24639710.2 256.23 1.55E-06 79.18
Lo gl
6 576963.7 96160.6 3.89 1.80E-03
REP(ENV)
:;I;:I) 14 4309836.0 307845.4 12.44 4.13E-15 6.93
bze x Gudsi
28 2994666.6 106952.4 4.32 1.03E-07 4.81
GENXENV
| | aalg
Js ";Lgl i 15 2080430.6 138695.4 5.60 0.00E+00 69.47 69.5
| a8l
£9° ‘;ng > 13 914236.0 70325.8 2.84 2.00E-03 30.53 100
ouile b
i 84 2079107.5 24751.3
Residuals
F 162 62234660.8 384164.6
Total
S9—is 35 yo3 (Jl—) e xqodghy SRy 5 i) X9 5 igi Sl a5 Ll g s (600 e 500 LB

S OlPee (2o i da ydu—, sl (Sharifi, 2020) [SUPRCI RGN SRV PP P PH QNS PEL P SICOIY IR EVCIN
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Table 5- Stability indices, rank of genotypes and simultaneous selection index (SSI)
Gyl Shes
IPCA1 IPCA2 ASV SIPC EV ZA WAAS  AMMIDist rY rASvV

Gen Yield (Kg/ha)

Gl 1293.3 -1.83 1.1E-01 4.2 19E+00 0.002 0.046 131 1.83 6

G2 1220.4 1.927 -9.9E-01 45 29E+00 0.003  0.059 1.64 217 10 4
G3 1263.6 -7.9 4.8E-03 18.0 79E+00 0.038 0.190 5.49 7.9 9 12
G4 1090.9 -1.041 4.6E+00 5.2 57E+00 0.020 0.085 2.13 473 13 5
G5 1318.5 -5564  -57E+00 139 1.1E+01 0.048 0.208 5.61 7.97 3 8
G6 1185.4 0.9507 -2.5E+00 3.3 3.5E+00 0.006 0.056 143 2.69 12 2
G7 1285.8 -10.29 1.2E+01 26.3 22E+01 0.194 0.404 10.80 15.8 7 14
G8 1294.8 1.489 -5.4E+00 6.4 6.9E+00  0.028  0.106 2.68 5.59 4 6
G9 1075.6 7.417 2.0E+00 17.0 9.5E+00 0.037  0.205 5.78 7.69 14 11
G10 1390.3 -3.50 2.0E+00 8.2 55E+00 0.011 0.111 3.05 4.05 2 7
Gl1 1295.0 7.20 -9.3E+00 18.8 1.7E+01  0.109 0.294 7.84 11.8 5 13
G12 1601.7 -3.62 -1.1E+01 14.0 15E+01 0125 0.235 5.98 11.9 1 9
G13 1277.4 -6.85 5.6E+00 16.6 12E+01  0.057 0.238 6.47 8.84 8 10
G14 1206.8 0.5625 1.0E+00 1.6 1.6E+00 0.001  0.027 0.70 1.16 11 1
G15 737.1 21.04 7.8E+00 48.5 29E+01 0321 0.608 17.00 225 15 15

(it s 5 IPC i s 3llas ;08 = ZA AMMI (5 lasls 2l oss e = EV slaailze slajsme (slooyai gsamme = SIPC o ol (5 bl syl = ASV
ASV asls a3, = TASV tails s Shas a3, = Y 1 ol alols = AMMIDist s slls ol yoi i35 (nSile = WAAS

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; AMMIDist = AMMI distance; rY = rank of grain yield;
rASV = rank of ASV

Oleyad il (aslh g eaisi) 4y «syluly basli -0 Jguor aolsl

Table 5 Continued- Stability indices, rank of genotypes and simultaneous selection index (SSI)

Gencwig rSIPC rEV rZA  rWAAS  rDist  sSIASV  ssiSIPC sSiEV ssiZza  ssiIWAAS ssiDist
Gl 2 2 2 2 2 9 8 8 8 8 8
G2 3 3 3 3 3 14 13 13 13 13 13
G3 8 9 9 9 9 21 17 18 18 18 18
G4 6 6 6 6 6 18 19 19 19 19 19
G5 10 10 10 10 10 11 13 13 13 13 13
G6 4 4 4 4 4 14 16 16 16 16 16
G7 14 14 14 14 14 21 21 21 21 21 21
G8 7 7 7 7 10 11 11 11 11 12
G9 9 8 8 8 8 25 23 22 22 22 22

G10 5 5 5 5 5 9 7 7 7 7 7
G11 13 12 12 12 12 18 18 17 17 17 16
G12 12 13 13 13 13 10 13 14 14 14 14
G13 11 11 11 11 11 18 19 19 19 19 19
G14 1 1 1 1 1 12 12 12 12 12 12
G15 15 15 15 15 15 30 30 30 30 30 30

5L = SSIASV ¢l alols a3, = 1Dist WAAS sl a3, = WAAS ZA asls a5, = IZA EV a5l a3, = TEV SIPC asls 4, = 1SIPC
ologan bl asls = SSIZA EV (a5l olojer il jasls = SSIEV SIPC _asls lajes il sasls = SSISIPC ASY sl lejas ol

ol alols ylejen Sl jasLs = SSIDist WAAS a3l oyl jes Cbl a3l = SSIWAAS ZA a5

rSIPC =rank of SIPC; rEV =rank of EV; rZA =rank of ZA; rWAAS = rank of WAAS; rDist = rank of AMMI distance; ssiASV = Simultaneous
selection index of ASV; ssiSIPC = Simultaneous selection index of SIPC; ssiEV = Simultaneous selection index of EV; ssiZA = Simultaneous
selection index of ZA; ssiWAAS = Simultaneous selection index of WAAS; ssiDist = Simultaneous selection index of AMMI distance
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Table 6- Four selected genotypes in each environments based on AMMI method

buzo als 5 ySlos kel Jol 4 P90 4y Pow 4 Pk &)
Environment Yield (kg/ha) Score First rank Second rank Third rank Forth rank
Jel (JW) oo
- 1828 -23.56 G12 G7 G10 G5
P98 (Jlw) buzmo
Eo 406.2 11.58 G10 G12 G7 G13
paw (Jlw) o
E3 1473 11.98 G12 Gl1 G8 G5

B3 e Slacaies sy eoliiwl b et 5l S
obol a5V g Ao jled slacess (bl (Sgms po 28,5
b 5 glogaisy plsisar bl s s AMMI (olo ol
aiS o)L ool o 350nd 00y 35 p a1 SSI sla w3l 4 axo5
xoig) S e p 8l duzrgi aS Sloj aS el oa
ged 51, Al bawgio b oS o Jsl ol dilge g0 b asome
o bl eedd (o canl 03 (ASV ozl aile jo
65N 15 Lo ysome 5l (6o Sloes 45 Cul Ko |y
> 456 sbods il Bl (MBS Lane xoSgi) A e
Lo iS00 (55 (oot Wlsioe b BT ol slaadlia

(Olivoto et al., 2019a) sl aisls
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(Karimizadeh et al., 2020) ol
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Table 7- Identification the superior chickpea genotypes by superiority index in all, favorable and unfavorable environments

[evepey: ailo o ,Slos

Pi-a R-a Pi-f R-f Pi-u R-u
Gen Yield (Kg/ha)
G1 1293.3 60552.97 5 87820.9 5 6017.0 5
G2 1220.4 87542.91 9 125112.8 12403.1 7
G3 1263.6 72499.81 7 97577.2 7 22345.0 11
G4 1090.9 155850.26 13 220809.8 13 25931.2 13
G5 1318.5 44574.24 3 54212.6 2 25297.5 12
G6 1185.4 97756.79 11 133486.7 10 26296.9 14
G7 1285.8 106395.3 12 159526.5 12 132.8 3
G8 1294.8 54711.64 4 75538.8 4 13057.3 9
G9 1075.6 172627.16 14 250107.9 14 17665.7 10
G10 1390.3 38820.16 2 58230.2 3 0.0 1
G11 1295.0 64372.51 6 90105.3 12906.9 8
G12 1601.7 31.28 1 0.0 93.9 2
G13 1277.4 80861.2 8 119175.8 8 4232.0 4
G14 1206.8 95171.63 10 136879.7 11 11755.6 6
G15 737.1 493300.04 15 721440.5 15 37019.2 15
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Figure 1- AMMI1 biplot to identity the superior chickpea genotype based on mean grain yield and PC1. The name of genotypes is
based on the Table 1. The E1, E2 and E3 shows 2019-2020, 2020-2021 and 2021-2022 cropping years, respectively.
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Figure 2- AMMI2 biplot to identity the superior chickpea genotype based on the first two PCs. The name of genotypes is based on
the Table 1. The E1, E2 and E3 shows 2019-2020, 2020-2021 and 2021-2022 cropping years, respectively.
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