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lines in breedin s. These trials are often conducted across multiple locations and years, where the
combination of
widely used AMMI

Genotype-by-Envi

and location is considered as the environment. Most previous models, such as the
dditive Main Effects and Multiplicative Interaction) and GGE biplot (Genotype +
ment Interaction) models, calculate genotype-by-environment interaction (GEI)
based on the combination of location and year, without separating GEI into genotype-by-location
interaction (GLI), genotype-by-year interaction (GY1), and genotype x location x year interaction (GLY]).
Since year-induced variations are often random, less repeatable, and do not show consistent trends, using
these previous models for interpreting interaction effects face significant challenges. As a result, genotype

rankings differ depending on the years of evaluation, making it difficult to select superior genotypes for
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target locations. Therefore, this study was conducted to compare the efficiency of the HO-AMMI, AMMI,
and GGE biplot methods for selecting stable and high-yielding maize hybrids in multi-environment trail.

Material and Methods: To evaluate the usefulness of separating GLI from GEI, an experiment was
conducted with 14 promising maize hybrids along with two commercial control hybrids (Hybrids 15, and
16) in a randomized complete block design with four replications across eight locations (Karaj, Shiraz,
Kermanshah, Kerman, Mashhad, Isfahan, Miandoab, and Dezful) over two years (2020 and 2021). Each

plot consisted of four 6.5 m rows spaced 0.75 m apart, 0.36 m between hills with two ﬁn in each. To

eliminate the marginal effect, only the two middle rows were harvested. Grain yield was ured at
the moisture content of 14%. The AMMI and GGE biplot models were used to estimate G e the HO-
AMMI (Higher-order-AMMI) model was used to estimate GLI. e
Results and Discussion: Based on the average grain yield across 1 , hybrids No. 10 and 14
had the highest grain yields, with 12.42 and 12.36 tons per hectare, . According to the results,
the HO-AMMI model successfully distinguished the high-yielding hybrids (Hybrids No. 10 and 14) with
less yield variation than other hybrids. In contrast, the A

other hybrids from the high-yielding group.mpears th

identifies specific adaptability. In general, Hybrid No.

GE biplot model could not separate the

%E biplot method more accurately

esspyi8ld Wariability than other high-yielding
.

hybrids, and hence may be recommended to farmers:

Conclusion: In the HO-AMW I, selectin
AMMI model. The GLI @iplot i

without the confo“d'a&ffe

the location effect, mMaking

breeders to identify hi
effectively us

elding genotypes for target locations. Therefore, the HO-AMMI model can be

i-environment trials to select stable, high-yielding genotypes.
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Table 1: The Grain yield and grain yield ranks of the studied hybrids over the ‘¢
environments.
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Figure 1. Variation in grain yield of the two top-yielding hybrids (hybrids No.

10 and 14) along with the commercial check (SC704) in the tested environments (locations and

years).
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Table 2 AMMI analysis of variance to study genotype-environment interactions (GEI) for

1#hybrids studied across ‘% environments (locations and years).

Cheale ooiTanys Slupe gsene o (%) Olage Sl
Jless!
Source¥ of Degree of Sum of Cumulative Mean
’ % SS Probability
variation freedom  square (SS) (%) Square

Environment
(E) 15 13982.39 87.70 87.70 932.16 0.000




Genotype (G) 15 446.15 2.80 90.50 29.74 0.000

ExG 225 1514.05 9.50 100.00 6.73 0.000
PC1 29 364.91 0.000
PC2 27 307.72 0.000
PC3 25 249.03 0.000
PC4 23 196.98 0.000
PC5 21 107.48 0.047
PC6 19 98.98 0.048
PC7 17 74.51 0.153
PC8 15 43.61 0.566
PC9 13 41.70 0.458
PC10 11 14.22 0.957
PC11 9 8.62 0.976
PC12 7 3.96 0.990
PC13 5 1.97 0.988
PC14 3 0.34 0.991
PC15 1 0.02 0.936
PC16 -1 0.00 NA
Residuals 768 2510.31 NA
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Table 3 Higher order AMMI analysis of variance (HO-AMMI){@ study genotype-location-year

interaction (GLY1) for 1% hybrids studied in eghiglocations and over two years.

R POVE I RS Bl yo & gomo Sl yo aSileo

Source of variation Degree O(freedo Sum of square (SS) Mean Square  %SS
Location La 7 11972.70 1710.39#+  64.88
Year “( 1 7.90 7.90ns 0.04
Hybrid (Hy) W G 15 446.20 29.74%* 2.42
Replication 3 33.20 11.06ns 0.18
L:R 21 225.70 10.75** 1.22
Rep:Y 3 75.60 25.19** 0.41
LY LxY 7 2001.70 285.96** 10.85
PC1 IPCALLY 7 2001.74 285.96** 100.00
Y:Hy GxY 15 223.00 14.87** 121
PC1 IPCALGY 15 223.01 14.87** 100.00
L:Hy GxL 105 693.60 6.61** 3.76
PC1 IPCA1GL 21 230.14 10.96** 33.18
PC2 IPCA2GL 19 134.90 7.10* 19.45
PC3 IPCA3GL 17 116.09 6.83ns 16.74

PC4 IPCA4GL 15 94.33 6.29ns 13.60




PC5 IPCASGL 13 64.80 4.99ns 9.34

PC6 IPCA6GL 11 32.79 2.98ns 4.73
PC7 IPCA7GL 9 20.59 2.29ns 2.97
L:Y:Hy GxLxY 105 597.40 5.69** 3.24
PC1 IPCALGLY -21 238.76 -11.37 ns -39.97
PC2 IPCA2GLY 19 324.92 17.10** 54.39
PC3 IPCA3GLY 17 213.07 12.563** 35.67
PC4 IPCA4GLY 15 20.07
PC5 IPCASGLY 13 10.58
PC6 IPCA6GLY 11 11.29
PC7 IPCA7GLY 9 6.29
PC8 IPCABGLY 7 1.68
Residuals Error 741 11.79
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