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Abstract

Maize is the most frequently widely grown crop in the world; one of the major constraints affecting maize production and
productivity is the inadequacy of widely adapted, high-yielding, disease- and insect-resistant varieties. The objective of this
study was to select widely adapted, stable, high yielder and good agronomic traits hybrid maize varieties for the study area.. The
study was conducted at Mechara, Boke, and Doba locations for two years, during 2022-2023 main cropping seasons.
Seven-hybrid maize Varieties were examined in six environments under rain-fed conditions using the RCB Design with three
replications. Analysis of variance revealed highly significant (p <0.001) variance due to varieties, environments, and GEI among
all traits. days to silking, days to maturity, plant height, Ear height, Number of row per ear, ear length, hundred seed weight and
grain yield were highly affected by environment, and varieties, while Days to silking, Number of Kernel per ear, hundred seed
weight, Ear length and Grain Yield were mainly affected by GEI variations. AMMI analysis indicated significant genotype,
environment and GEI effects; accounting for 6.8%, 47.7% and 8.6%, respectively, to the total variation. IPCA1 and IPCA2
accounted for 84.3% (63.2% and 21.1%) of the G + GE variation for grain yield of the varieties evaluated at six environments.
Among testing sites, Three Varieties (BH549, Damote and DK-77) were superior and stable across test environments for grain
yield and related traits. Overall, based on mean grain yield, AMMI and GGE biplot, BH549 was the most stable and
high-yielding hybrid maize variety.. It can be concluded that this superior hybrid maize variety can be demonstrated and
popularized, as well as being important for inclusion in further breeding programs since they may contribute favorable alleles in
the synthesis of new varieties and make a great contribution to the food security of the target areas.

Keywords
Maize, Hybrid, Genotypic Variation, Agronomic Traits, Grain Yield, GEl, AMMI, GGE

1. Introduction

Wheat, maize and rice are the world’s leading staple cere-  co/Meso America [6, 31], following the earlier domestication
als, each cultivated on some 200 million (M) ha (rounded). some 10,000 years ago of wheat in the Fertile Crescent of the
Maize (Zea mays L., also commonly known as corn) was Near East and rice in the Yangtze Valley, China [6]. Maize is
domesticated more than 9,000 years ago in southern Mexi-  One of the most adaptable developing crops, it has a wide
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range of uses. Due to its maximum genetic production poten-
tial, maize is referred to as the “queen of cereals” interna-
tionally. The only food cereal crop that can be cultivated in a
variety of climates, ecosystems, and environments is maize
[38]. Other varieties of maize include regular yellow/white
grain, sweet corn, baby corn, popcorn, waxy corn,
high-amylase corn, high-oil corn, and quality protein maize,
among others [12]. Maize is used for livestock feed and hu-
man consumption and a raw material for several industrial
products [30, 41]. In addition, maize is a significant industrial
raw material that offers significant potential for value addition
[38].

Maize is the cheapest source of cereal calories [25]. Maize
has been used extensively for human and animal consumption
in addition to its widespread use as raw material for industrial
products [44]. Maize is a dietary staple food for more than 200
million people providing an estimated 15% of the world’s
protein and 20% calories [17]. Three fourth of the grain pro-
duced is consumed at household level, 16% is used for gen-
erating cash and small proportion of the remaining is used for
livestock feed and seed [11]. The stalk and stover of harvested
maize plant is also used as feed, fuel, and construction mate-
rial. In addition to this maize is an important source of income
and means of employment for tens of millions of farming and
business communities [50]. This number can be expected to
grow as the world’s population approaches 8 billion by 2025
[16, 34], indicating maize’s status as an important crop in the
context of global nutrition.

Currently, maize is grown in 170 different nations. Around
193 million hectares of maize are grown globally, and 1147.7
million metric tonnes are produced globally [49]. Maize in
Africa is grown by small - and medium-scale farmers who
cultivate 10 ha or less [8] under extremely low-input systems
with average maize yields at 2.2 ton/ha [39]. The productivity
of maize in Africa (2.2 ton/ha) is less than the global average
which is currently 6 ton/ha [19]. South Africa leads the Af-
rican continent’s maize production followed by Nigeria and
Ethiopia, respectively [54]. Use of improved cultivars and
management practices help to increase maize productivity and
reduce imports in Africa [27, 42, 45]. In Ethiopia, Maize is
largely produced in the western, central, southern, and eastern
parts of the country. Its total annual production and produc-
tivity exceed all other cereals and are second only to tef
(Eragrostistef) in area coverage [11]. It ranks first in total
production (>10.5 milion tons) and grain yield (4 t/ha), and
second in area coverage (> 2.5 million hectares) among all the
cereals [11, 54]. In terms of regional distribution, 57% of the
producers are found in Oromia, 23% in Amhara 13% in SNNP
regional states [11]. Ethiopia is a significant maize producer
in Africa. The maize sector in Ethiopia has experienced a
significant transformation over the past two decades. Im-
portant factors for the increased productivity include In-
creased availability and use of modern inputs (e.g. improved
hybrid seeds and inorganic fertilizers), better extension ser-
vices and increasing demand [52]. Despite the recent progress,
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maize national average grain yield in Ethiopia is still very low
relative to the potential of the crop and world’s average due to
lack of well-adapted and improved cultivars and due to gen-
otype by environment (GE) interaction [33]. The national
average yield of maize is higher than Africa’s average (2.21 t/
ha), the figure is lower than the world’s average yield (6 t/ha)
[19]. However, the national average yield of 4 tons ha™* [11] is
still far below the world average of 6 tons ha™.

Maize in Ethiopia is cultivated in wide range of environ-
ments. The optimized use of adapted and exotic germplasm in
various production environments is a key to the continued
success in increasing grain yield and other trait-specific
products. However, the changing environmental conditions
affect the performance of maize genotypes which requires a
breeding programme that needs to consider the consequences
of genotype by environment interaction in the selection and
adapted improved maize genotypes. One of the major con-
straints affecting maize production and productivity is the
inadequacy of widely adapted, high-yielding, disease- and
insect-resistant varieties. In addition, the weather condi-
tions‘ varying between seasons and locations within these
agro-ecologies is another limitation. Such factors associated
with the low level of crop management practices, the in-
creasingly dwindling soil fertility situation, the incidence of
erratic rainfall, diseases and insect pests, and the escalation of
climatic changes are growing concerns for maize production
in Ethiopia [26].

Despite such circumstances, the potential of maize
productivity in the West hararghe zone is not yet exploited
and is unable to play a role in ensuring food security for the
zones. The low yield in this area is mainly due to not only a
lack of improved varieties but also to the improper environ-
ment for the variety. Testing different newly released varieties
in Ethiopia for their environmental reactions is crucial to
avoid the risks of various environmental effects. Hence, it is
important to test maize varieties for their adaptation to those
areas where limited access to these newly released maize
varieties is a challenging factor for the production and
productivity of smallholder farmers in West hararghe zones.
Therefore, this study was initiated with the objective of se-
lectimg widely adapted, stable, high yielder and good agro-
nomic traits hybrid maize varieties for the study area.

2. Materials and Methods

2.1. Descriptions of the Study Area

The experiment was conducted at three environments
namely: Mechara, Boke and Doba during 2022-23 growing
season. These environments are different in soil type, altitude,
and rainfall. The detailed agro-ecological features of the
testing environments are indicated below in Table 1.
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Table 1. Profile of the study area.

Average temperature <C

Environments Altitude (m.a.s.l) Rainfall (mm)

Max
Mechara 1796 963 15
Boke 1882 1213 14
Doba 1800 995 11

2.2. Experimental Plant Materials

The experimental consists seven hybrid maize varieties
were obtained from Bako national Maize Agricultural Re-

Latitude (North) Longitude (East)
Min
28 4019 0835
28 40.64 8.73
27 41.10 9.20

search center, Melkasa Agricultural research center, Ha-
ramaya University, MacoBu Enterprise PLC and Dupont
pioneer Hi-Bred PLC. The list of the experimental varieties
and their descriptions are presented in Table 2 below.

Table 2. The list and description of Hybrid Maize Varieties used for the study.

Code Varieties Source
G1 Bate HU

G2 Shone

G3 Damote

G4 Kortu

G5 DK-77

G6 BH549 BNMARC
G7 MH-138 (St.check) MARC

Dupont pioneer Hi-Bred PLC
Dupont pioneer Hi-Bred PLC
Dupont pioneer Hi-Bred PLC
MacoBu Enterprise PLC

Environment

E1= Boke 2022
E2=Boke 2023
E3= Doba 2022
E4=Doba 2023
E5= Mechara 2022
E6=Mechara 2023

Abbreviations:- BNMARC: Bako National MaizeAgricultural Research Center; MARC: Melkasa Agricultural research center; HU: Haramaya

University; St.check: standard check

2.3. Experimental Design, Layout and
Management

The experiment was set up using a Randomized Complete
Block design (RCBD) with three replications. Each experi-
mental plot measured 22.5m? (4.5 m x5m) and had six rows
that were 75cm x 35cm between rows and plants apart. Dis-
tances between blocks and between plots were 1 and 0.75 m,
respectively. Within each replication, the varieties were dis-
tributed randomly to plots.. Seed rate of 25 kg ha™ and Ferti-
lizer rate of 150 kg ha™ NPSB was applied at planting. Urea
applied at the rate of 150 kg ha™*. Urea (N) application was on
split basis; half at planting and the remaining half at tillering
stage. All additional crop management practices and recom-
mendations were uniformly implemented to all varieties as
previously recommended for the maize crop.
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2.4. Data Collected

Data were collected from ten plants in four rows of each
plot and randomly tagged, and the relevant data was rec-
orded. The following are the major parameters recorded:
Days to 50% emergence (days), days to tasseling (days),
days to silking (days), days to 75% physiological maturity
(days), Plant height (cm), ear height (cm), ear length (cm),
number of rows per ear, number of kernels per row, hundred
seed weight, and grain yield (kg ha™).

2.5. Statistical Analysis

Various statistical software applications were utilized to
analyze the data. In accordance with the usual technique
recommended by [24], the analysis of variance for each loca-
tion and the combined data over location were carried out
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using a mixed linear model to evaluate the differences
among genotypes in their performance for yield and
yield-associated traits. Analysis of variance (ANOVA) of the
individual location as well as pooled data over locations,
AMMI, and GGE biplot analysis were performed using R
statistical software). The least significant difference (LSD)
test was used to compare genotype means. For GGE biplots
GEA-R (Genotypic x Environment Analysis with R Widows)
Version 4.2.2 [5] was utilized.

3. Results and Discussions

3.1. Pooled Analysis of Variance

The combined analysis of variance (Table 3) revealed that,

there were very highly significant differences (p<0.001)
among Locations, variety and their interactions. The vari-
ances due to location was highly significant for days to silking,
days to maturity, plant height, Ear height, Number of row per
ear, ear length, hundrend seed weight and grain yield, indi-
cating the distinct and differential effects of different envi-
ronmental conditions. The variances due to Varieties were
highly significant for days to silking, plant height, ear height,
Number of kernel per row, number of row per ear, ear length,
hundred seed weight and grain yield indicated the genetic
differences of the genotypes in the environments. This sig-
nificance difference indicates the presence of variability in
genotypes as well as diversity of growing conditions at dif-
ferent locations and reflects the differential response of gen-
otypes in various environments.

Table 3. Combined analysis of variance for different phenological, yield and yield related parameters of 7 hybrid maize varieties tested over

three locations.

Source of Variation DT DS DM PH
Variety 30.7ns 25** 119ns 2352**
Location 15.7ns 46.2*%* 813** 6524**
Replication 53.5* 8.3ns 220ns 196ns
Year 1447** 753** 2366** 2753**
Var *Loc 19.7ns 5ns 209ns 379ns
Var*year 28.5ns 8.2ns 245ns 77ns
Loc*year 1465** 1409** 1957** 2578**
Var*Loc*year 13.6ns 11.8* 109ns 205ns
Residuals 14.22 5.53 131.73 311.8

3.2. Varietal Evaluation

3.2.1. Grain Yield (kg ha™)

The ANOVA result presented in Table 3 indicated notable
variations between the studied varieties on grain yield. The
seven hybrid maize varieties mean grain production perfor-
mances in each of the six environments are shown in Table 4.
The varieties mean grain yields varied across all environments,
with MH-138 at E4 (Doba-2023) having the lowest mean
yield of 3339.3kg ha™ and BH549 at E3 (Doba-2022) having
the highest mean yield of 8832.5kg ha™. BH549 and Damote
was the highest yielding and most consistent variety out of
those that were examined. The variation might be due to the
change in the genetic background of these varieties [2, 43, 60]
and their response to environmental conditions [32]. Similarly,
the photosynthetic ability of different varieties to utilize

EH NRPE NKPR EL HSW GY

1670**  6.5** 435*%*  41.4** 145** 3379602**
6826**  4.8** 0.8ns 1812**  621** 19856525**
105ns 0.2ns 0.4ns 1.5ns 1.18ns 389610ns
5784**  1.8ns 18.4ns  406** 447%* 9724517**
253ns 0.8ns 7.1ns 2.73ns 6.3ns 1077838ns
162ns 0.96ns 5.8ns 6.97ns 7.6ns 1173423ns
3194**  0.3ns 102**  325** 502** 46153050**
167ns 0.54* 5.97* 2.5** 7.3* 475678*
135.3 0.65 5.47 3.71 7.54 1023468
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maximum light energy, maximum assimilate production, and
its conversion to starch could alter the grain yield [14].

3.2.2. Hundred Seed Weight (Gram)

One major yield factor that makes a big difference in the
final grain yield of the maize crop is the hundred-seed weight.
Table 5 presents information on the weight of one hundred
seeds as influenced by various types. Based on statistical
analysis result, there was a substantial variation (P < 0.01) in
the one-hundred seed weight among the tested varieties. Va-
riety Damote had the highest seed weight (37 gram), followed
by Shone and BH549 recorded 36.4gram and 35gram respec-
tively. The Bate variety has the lowest reported weight
(30gram) for 100 seeds (Table 5). The fluctuation in
one-hundred seed weight among different varieties might be
due to a change in the size of the grains [4]. This might also be
due to the change in the time period of the grain filling stage,
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which alters the final grain weight of maize varieties [48]. The
change in the genetic capability of different varieties for nu-
trient uptake might also be one of the reasons for a change in
one-hundredth seed weight. [3] also found significant changes
regarding one-hundredth seed weight in different tested vari-
eties of maize.

3.2.3. Number of Kernels Per Row

Table 5 shows the number of kernels per row as affected by
different maize varieties. Statistical analysis of the data shows
significant variation for the number of kernels per row among
tested varities (P < 0.01). The maximum number (41.4 kernels
per row) were produced by variety BH549, followed by vari-
eties Shone, DK-77, and Damote, which produced 40, 39, and
38.9 kernels per row respectively. Whereas, varieties Kortu
and MH-138 produced the lowest number of kernels per row
(36.5) and (37.5) kernels per row. The result was in line with
[22], who also found significant variation in kernel number
per row for different maize genotypes.

3.2.4. Number of Rows Per Ear

Number of rows highly significantly (P < 0.01) affected by
different maize varieties. More rows per ear were recorded by
variety BH-549 (16 row per ear), followed by shone (15.4
rows per ear), which was statistically similar to bate (15.3
rows per ear) and MH-138 maize variety recorded (15.2 rows
per ear). Likewise, the number of rows per ear in the varieties
Kortu and DK-77 was (15.1 and 15 row per ear) respectively.
The minimum rows per ear, were found in variety Damote (14
row per ear) (Table 5). Similarly, the findings of [28, 53] also
reported significant variations in the number of row per ear for
different maize genotypes.

3.2.5. Ear Length (cm)

The main effect of location, variety and GEI has a signifi-
cantly (P < 0.01) affect maize ear length. The longest ear
length was recorded from BH549 (19.2 cm), followed by
MH-138 (19cm) and DK-77 (18.6cm). The shortest Ear
length was recorded by Damote (17.7cm) and Bate (17.5 cm)
(Table 5). In constrast to this results, [26] reported a signifi-
cant effect of the environment on maize varieties and no sig-
nificant effect of G x E interaction.

3.2.6. Ear Height (cm)

Data concerning ear height is shown in the Table 5. The
Combined analysis of variance indicated that the ear height
was significantly affected by varieties (P <0.01) (Table 3).
Higher ear height (122.3cm) was documented for BH549,
which was not statistically at par with variety shone
(113.1cm), followed by kortu (111.6cm). The lowest ear
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height (93cm) was recorded for variety MH-138. The possible
reason for differences in ear height among different tested
genotypes might be the differences in their genetic makeup
[37, 40, 47].

3.2.7. Plant Height (cm)

Pant height is a crucial characteristic for grain yield as well
as for varietal development. There was a significant difference
(P<0.01) in the combined mean effect of plant height within
variety and location (Table 3). In general, MH-138 recorded
the lowest plant height (200.6cm) and Shone variety recorded
the highest (239.2cm) plant height (Table 5). The variations in
the maize varieties for plant height is most probably due to the
genetic variation, Similarly, environmental factors are also
closely linked with the change in plant height [1]. Plant height
was also genetically linked with the reproductive stage;
whenever the plant is shifted to the reproductive stage, it stops
its inter-node formation. This fact indicated that maize varie-
ties, which are early in their maturity, would have shorter
plant heights [51].

3.2.8. Days to Maturity

The Combined analysis of variance indicated that the days
to maturity was significantly affected Within and among
locations at (P < 0.01) (Table 3). A genotype's maturity is a
crucial characteristic that influences economic yield either
directly or indirectly. It is the most detrimental traits in vari-
ety selection in the current climate challenging condition as
it helps the escaping of that crop in the scarce condition of
rainfall and providing some production with minimum loss
of its yield potential. A number of factors, including days to
50% tasseling, silking, brown husk maturity, etc., determine
maturity itself. Previous reports indicated, the female inflo-
rescence in ear production of maize is typically quite sensitive
and unaffected by such circumstances [23].

3.2.9. Days to Silking

The combined analysis of variance showed wide variability
(P<0.01) among the varieties for the days to Silking (Table 3).
The highest days to silking (81.7 days) was recorded from
BH549 late and the earliest days to silking by Kortu (78.3
days, Table 5).

3.2.10. Days to Tasseling

The combined analysis of variance of variety performance
for days to tasseling within and among locations revealed a
non significant difference at (P<0.05) (Table 3). Of the
tested varieties of maize, Kortu (77.4 days) recorded the
shortest day and Bate (85.6 days) was the late tasseling
variety (Table 5).
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Table 4. Mean performance of 7 hybrid maize varieties in 6 environments.

Genotype El E2 E3 E4 E5 E6 Combined mean yield (kg/ha)
Bate 3602 4522.6 6881.9 3736.3% 3737.5 4873.9° 4559°
Shone 3641.1™ 4946.2 7292.6 4875.2% 4824 5866.5% 5241%
Damote 4884.8° 5436. 7617.7 4510 5319.6° 55262 5549°
Kortu 3971.7%¢ 4898.7 6930.6 4972.7° 5507.9° 5212.4%® 5249%
DK-77 4494%° 4379.3 8150.8 3825 5064 5580.7% 5249%
BH549 4416.7%° 4603.8 8832.5 5310.5° 5408° 5640.5® 5702°
MH-138 3422.6° 5441.3 5637.8 3339.3° 4685 5157.7% 4614
Mean 4061.84 4889.7 7334.8 4367 4935.14 5408.24 5166.1
cVv 145 13.94 26.9 12.9 17.45 8.6 19.6
LSD 1050.3 1212.4 3511.95 10015 1532.2 823 670.84

Table 5. Combined Mean Performance of Hybrid Maize of 2022-2023 Cropping Season at Boke, Doba and Mechara.

Variety DT DS MD PH EH EL NKPR  NRPE HSW GY
Bate 85.6° 81.3 146.1% 215.3° 106.8" 17.5° 38.8¢ 15.3° 30° 4559°
Shone 78.8% 80.6™ 143.2% 239.2° 113.1%® 18.6™ 40% 15.4° 36.4% 5241%
Damote 79.1%® 80.4™ 149.2° 230.2¢ 106.8" 17.72 38.9 142 37 5549
Kortu 77.4° 78.3 144.4%° 232.2° 111.6° 18.2%® 36.5° 15.1° 34.6™ 5249%
DK-77 80%® 80.4% 145.7% 213.6° 98.6% 18.6 39 15° 33.3° 5249%
BH549 78.7% 81.7° 1407 233° 122.3? 19.2° 41.4¢ 16° 35 5702
MH-138 78.8% 79.9% 143%® 200.6° 93¢ 19° 37.5% 15.2° 30.3% 4614
Mean 82.2 80.6 144.6 207.9 580.5 18.4 38.2 15.3 30.2 5166.1
cVv 5 3.1 7.9 9.4 14.9 3.9 6.2 5.3 8 19.6
LSD 1.7 1.66 76 13.9 10.6 0.6 16 0.5 1.8 670.8

Abbreviation: GY= grain yield in kg per hectare, HSW=hundred seed weight (gram), NKPR=number of kernel per row, NRPE= number of row
per ear, PH= plant height (cm), EH= ear height (cm), EL= ear length (cm), DT =days to tasseling (in days); DS=Days to silking (in days),

DM=days to physiological maturity (in days)

3.3. AMMI Analysis

The AMMI model combines the traditional ANOVA and
IPCA into a single analysis with both additive and multi-
plicative parameters [21]. The first part of AMMI uses the
normal ANOVA procedure to estimate the genotype and
environmental main effects. The second part involves the
IPCA of the interaction residual (the residual after the main
effect is removed). In this study, the combined analysis of
variance and AMMI analysis is shown in Table 6. It was
observed that there are significant differences in the envi-
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ronment. The combined ANOVA showed that grain yield
was significantly affected by the environment because of
significant variance at the 1% level (Table 6), which ex-
plained 47.7% of the total variation, whereas the GEI ac-
counted for 8.62%, and the genotypes captured 6.8% of the
total sums of squares. The first interaction principal com-
ponent (IPCA 1) accounted for 63.2% of the variation
caused by the interaction, while IPCA 2 accounted for 21.1%
of this variation. This result was in agreement with the
findings of [15, 36] who reported that the yield potential of
maize in Ethiopia is greatly influenced by environmental
factors.
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Table 6. ANOVA for the Additive Main effect and Multiplicative Interaction (AMMI) for grain yield of 7 hybrid maize varieties over envi-

Sum of square explained

ronments.

Sources DF SS
MS

ENV 5 142000000 28348733**
REP (ENV) 12 12900000 1075788*
GEN 6 20300000 3379602**
GEN: ENV 30 25700000 856091*
IPCA1 10 16200000 1623302*
IPCA 2 8 5410000 676046
IPCA3 6 2630000 437738
IPCA4 4 1260000 315679
IPCA5 2 152000 76097
Residuals 72 71800000 997140
Total 155 298000000 1923163

% Total % G xE % G x E cumulative
47.7
4.33
6.8
8.62
63.2 63.2
211 84.3
10.2 94.5
4.9 99.4
0.6 100

Key: DF=Degree of freedom, SS= Sum of squares, MS= Mean of squares, SS%= percentage of sum of squares, *= significant, **= highly

significant, PC= principal components

3.4. Genotype and Genotype by Environment
Interaction Biplot Analysis

3.4.1. Genotype Evaluation Based on Mean
Performance and Stability

The GGE biplots in Figure 1A were built with environ-
mentcentered data (centering = 2), not scaled (scale = 0), with
column singular value partitioning (SVP = 1). An ideotype is
the ideal genotype for a certain environment or cropping
objective; the ideotype thus combines high mean yield and
stability in a mega-environment. The "Mean vs Stability"
GGE biplot (Figure 1A) allows the efficient evaluation of
genotypes by both characteristics. The small green circle in
Figure 1A represents the "meanenvironment”, which is an
environment built on the coordinate means for all environ-
ments in the analysis. The green line in (Figure 1A) with the
arrow passing through the origin represents the
"mean-environment axis" and the direction in which the ar-
rows point represents higher mean yield for the genotypes.
The second axis represents stability; genotypes that are closer
to the origin are more stable [29, 57]. In terms of mean yield,
the genotypes classification is BH549 > Damote > Kortu>>
DK-77 > shone > grand mean > MH-138 > Bate (Figure 1A).
Among the unstable varieties, Bate had the highest instability.
The most stable, BH549 and Damote were among the most
productive varieties. There were genotypes with high stability
and yield close to the grand mean, which was the case for
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Kortu, DK-77 and Shone. According to Figure 1A the geno-
types that are closest to the definition of ideotype for the
analyzed data were BH549 and Damote, being among the
most productive and highly stable.

3.4.2. Which-Won-Where Patterns

Visualization of the “which-won-where” pattern of MET
data is important for studying the possible existence of dif-
ferent mega-environments in a region [7, 9, 46, 58]. The
polygon view of a biplot is the best way to visualize the in-
teraction patterns between genotypes and environments and to
effectively interpret a biplot [55]. There are four sectors in this
polygon. The Varieties BH549, Damote, MH138 and Bate
that are situated at a polygon’s corner are hence vertex gen-
otypes with the longest vectors. Vertex genotypes within each
sector indicate the genotypes with the highest yields within
that sector relative to other sectors in the environment. These
genotypes were among the most environment-responsive in
the directions that they responded to. However, the
low-yielding genotypes Bate and MH-138 were spread out
among all over the test locations and showed poor vyields at
each site. Another important feature of Figure 1B is that it
indicates environment groupings, which suggests the possible
existence of mega-environments. Thus, based on biplot
analysis, two mega-environments are suggested. The first
individual mega-environment is the Doba location, with the
BH-549 variety being the winner, and the second
mega-environment contains the Mechara and Boke locations,
with the variety Damote being the winner. This result is in
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para with the findings of several authors who reported access
to delineate mega-environments using AMMI and GGE

Mean vs. Stability
Scaling = 0, Centering = 2, SVP = 1

bi-plot models [10, 56].
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Figure 1. (A) Genotype ranking based on both average yield and stability, (B) The which-won-where view of the GGE biplot to show which

Varieties performed best in which environments.

3.4.3. Discriminating Ability of the Test
Environments

The plot in Figure 2A enables evaluation of the test envi-
ronments, to identify environments that may serve to select
superior genotypes in an efficient way for a
mega-environment. The selected test environment should
have high genotype discrimitiveness and representativeness.
Environments with shorter vectors have less discrimitiveness
in relation to genotypes, i.e., all genotypes tend to perform
equally and almost no information about genotypic differ-
ences can be revealed by such environments. A short vector
could also mean that PC1 and PC2 do not represent that en-
vironment very well in cases where G + GE has not been
retained properly. The environments Doba presented long
vectors, which means they have high discrimitiveness for the
genotypes. It is also possible, by Figure 2A, to identify envi-
ronments with high representativeness: the smaller is the
angle between an environment and the mean-environment
axis (green axis), the higher is its representativeness. based on
our study, Doba was the most discriminating environment, but
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least representatives (Figure 2A). Based on representative
nature, Mechara and Boke was representative (smaller angels
with AEA) environments, but least discriminating environ-
ments. Discriminating, but not-representative environment
Doba is useful for selecting specifically adapted genotypes if
the target environment can be divided into mega-environment
[13, 58].

3.4.4. Evaluation of Environments Relative to the
Ideal Environments

An ideal environment is one which highly discriminating
the tested varieties and at the same time be representative of
the target locations and desirable environments are close to
the ideal environment [55]. Accordingly, nearest to the first
concentric circle, the environment Doba was the ideal envi-
ronment to select widely adapted hybrid maize varieties,
whereas, Mechara and Boke were far from the ideal envi-
ronment and considered as unstable and it is, therefore, not a
representative environment for the other three environments
included in this study (Figure 2B).
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3.4.5. Evaluation of Varieties Relative to the Ideal
Varieties
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Figure 3. Biplots Ranking of genotypes relatives to the ideal geno-

type (the concentric circles) based on the average- environment
coordinate (AEC) abscissa.

The AEC approach was used in the GGE biplot methodology
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to estimate genotype yield and stability [59]. An ideal genotype
is defined as one that is the highest yielding across test envi-
ronments and it’s absolutely stable in performance (that ranks
the highest in all test environments) [20, 55]. Although such an
“ideal” genotype may not exist in reality, it could be used as a
reference for genotype evaluation and a genotype is more de-
sirable if it is located closer to “ideal” genotype [35]. The va-
rieties closer to the “ideal” were BH549, Damote and DK-77.
On the contrary, the lower yielding varieties Bate and MH-138
were unfavorable because they are far from the ideal varieties
(Figure 3). The relative contributions of stability and grain yield
to the identification of desirable genotype found in this study by
the ideal genotype procedure of the GGE biplot in agreement
with the report of [18] for maize grain yield.

4. Conclusions and Recommendations

A total of 7 hybrid maize including checks were evaluated
at Mechara, Boke and Doba during the 2022-2023 growing
season with the objectives of selecting widely adapted, stable,
high yielder and good agronomic traits hybrid maize varieties
for the study area. The combined ANOVA across the three
locations depicted significant effects of genotypes, Locations,
and genotypes by environments interaction (GEI) for pheno-
logical, yield and yield related parameters. The variances due
to location was highly significant for days to silking, days to
maturity, plant height, Ear height, Number of row per ear, ear
length, hundred seed weight and grain yield, indicating the
distinct and differential effects of different environmental
conditions. The variances due to Varieties were highly sig-
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nificant for days to silking, plant height, ear height, Number
of kernel per row, number of row per ear, ear length, hundred
seed weight and grain yield indicated the genetic differences
of the genotypes in the environments. The variance due to
GEI was significant for Days to silking, Number of Kernel per
ear, Hundred seed weight, Ear length and Grain Yield. The
significant GEI indicated the inconsistent performance of
genotypes across the test environments.

AMMI analysis revealed significant variation observed
among genotypes (P<0.001), environments an GEI (P<0.001)
and GEI (P<0.05). Environment captured 47.7% of the total
sum of square followed by the GEI, which explained 8.6% of
the total variation. However, genotype captured only 6.8%. The
large sum of squares of the environment implies that the test
environments were significantly different from each other in
terms of the associated environmental parameters that affected
the performances of the maize genotypes and caused most of
the variation in grain yield in this study. This suggested that the
yield potential of maize is greatly influenced by environmental
factors. GGE biplot analyses also indicated that the most dis-
criminating area was Boke and representative environment was

Mechara for selecting wide adaptable for hybrid maize varieties.

Besides, GGE biplot was also reduced in the three test envi-
ronments into two representative sub-regions for evaluating
hybrid maize for wide adaptability in study areas. The results of
the present study indicated that BH549 showed better yield
stability across all test environments, therefore, this variety
recommended for the study areas. It can be concluded that this
superior hybrid maize variety can be demonstrated and popu-
larized, as well as being important for inclusion in further
breeding programs since they may contribute favorable alleles
in the synthesis of new varieties and make a great contribution
to the food security of the target areas.

Abbreviations

AEC Average - Environment Coordinate

GEl Genotype by Environment Interaction

AMMI  Additive Main Effect and Multiplicative
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IPCA Interaction Principal Component Analysis

MET Multi Environment Trials
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