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Abstract: The introduction of superior grain corn genotypes with high and stable yield (YLD) in
most environments is important to increase local production and reduce dependency on imported
grain corn. In this study, days to tasseling (DT), plant height, and YLD of 11 grain corn genotypes
were observed in 10 environments to evaluate the effects of genotype (G), environment (E), and
genotype by environment interactions (GEI) using GGE analysis and the stability of genotypes using
stability parameters. In each location, grain corn genotypes were arranged in three replications
using a randomized complete block design. An analysis of variance showed that all three traits were
highly significant toward G and E factors, whereas GEI showed that only DT and YLD were highly
significant. Genotype V14 produced the highest YLD of 10,354 kg/ha, followed by V4 (10,114 kg/ha)
and V2 (9797.74 kg /ha). These three genotypes also dominated in seven out of 10 tested environments.
With regard to stability ranking, genotype V4 was the most stable genotype, with a big gap difference
between the second (V14) and third places (V2). Therefore, V14, V4, and V2 were the most promising
genotypes because of their great YLD performance and most stable across tested environments, which
can be recommended to farmers for high-scale planting.

Keywords: grain corn; G x E interaction; GGE analysis; stability analysis

1. Introduction

Grain corn (Zea mays) is a primary ingredient in broiler feed in Malaysia, which is used
as a protein source in their diet. However, the sources of grain corn are heavily dependent
on imported stock because of abandoned grain corn production [1]. According to Nor
et al. [2], Malaysia imported four million tons of grain corn in 2018, indicating an increase
of 42% compared to 2010. However, no domestic grain corn production was recorded in
Malaysia. Furthermore, the currency speculation crisis that affected the Malaysian ringgit
resulted in higher expenses with regard to imported grain corn [3]. This situation is a big
risk to Malaysian food security. Hence, it will affect the cost of poultry feed, primarily in
poultry production, by up to 70% of the total cost [4]. In addition, the COVID-19 pandemic
and war between Ukraine and Russia have affected the world food security. Based on the
United States Department of Agriculture (USDA) and the Organization for Economic Co-
operation and Development (OECD), the pandemic and war has threatened the agricultural
sector and created uncertainties in the worldwide stock of corn and vegetable oils, which
have increased by nearly 140%. Therefore, the government of Malaysia implemented the
“Grain Corn Development Master Plan” in 2018 (which will last until 2032) to promote
domestic production and domestic uses up to 30% [2].

Encouraging farmers to plant grain corn is the key factor supporting the government
plan. However, an environmental evaluation must be conducted to produce adaptable and
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high yield (YLD) genotypes because the genotype by environment interaction (GEI) can
influence YLD production and other performance variation [5]. Therefore, the selection
of site-specific genotypes through multilocation trials (MLT) is necessary to evaluate the
stability and YLD performance of grain corn genotypes. The MLT may provide superior
genotypes and guidance for breeders in selecting superior genotypes based on YLD perfor-
mance and stability analysis of genotypes across environments [6]. Several studies have
reported that the MLT toward the GEI has discovered five highly potential genotypes in
Malaysia and four stable genotypes in Ethiopia, which can be used for further trials to
release new varieties through breeding programs [5,7]. Setyawan et al. [8] identified four
superior grain corn genotypes being better than or equal to their commercial grain corn
variety, BISI 18. These genotypes can be released as the new national superior varieties that
can be planted in the maize production center. In addition, some studies in Malaysia and
North Western Ethiopia have evaluated established genotypes through MLT to identify
suitable environments to create maximum production of grain corn [9,10].

The MLT plays an important role in improving the crop, as it can produce reliable
results by evaluating the genotypes in certain periods and in different environments [11].
Furthermore, it can allocate specific and discriminating environments by differentiating
the genotype performance within minimal replications [12]. The GEI is considered as the
main factor in trials, as it may influence the genetic progress by reducing the interaction
between phenotypic and genotypic factors [11]. Consequently, the superior genotypes will
have stable performances across environments by minimizing the GEI effect [7]. Thus, this
study aimed to select the most promising and stable grain corn genotypes for Malaysia
by evaluating 11 tested genotypes in 10 different environments through stability and GEI
analyses. The results of this study will be an advantage to farmers and plant breeders, as
the information will be useful in selecting a compatible variety within an environment and
in preselecting an experimental grain corn breeding program.

2. Materials and Methods
2.1. Planting Material

A total of 11 commercial grain corn genotypes from four seed companies were used
in this experiment (Table 1). All genotypes were imported except for V8, which is a
local genotype. V1 was used as a control, as it recorded the highest YLD and stability in
previous studies [10]. Meanwhile, the other 10 genotypes were selected on the basis of the
recommendations by seed companies.

Table 1. List of tested genotypes and their information.

Variety Seed Producer Country of Origin Code
P 4546 Pioneer Thailand Vi1
P 3875 Pioneer Thailand V2
P 3582 Pioneer Thailand V3
P 4554 Pioneer Thailand V4
P 3537 Pioneer Thailand V5
P 3136 Pioneer Thailand V6
GWG 888 Green World Genetics Malaysia V8
GT 722 Golconda Thailand V12
GT 822 Golconda Thailand V13
DK 9979 C Monsanto Thailand V14
DK 9950 C Monsanto Thailand V15

2.2. Test Environment

The MLT was conducted in six locations in peninsular Malaysia in 2019 and 2020.
Genotypes were evaluated for two seasons in four locations but only for one season in
MARDI Pontian and PPK Labis because of the attack of wild animals, pests, and diseases
that affect the amount and quality of the plant. The factors that differentiate each envi-
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ronment included the type of soil, region, planting period, temperature, relative humidity,
and total rainfall. In this study, each combination of location and season of planting was
considered as one environment to evaluate the genotypic response per season. The agro-
climatic condition for each environment is presented in Table 2. Ten selected locations
were analyzed by measuring the temperature, humidity, and amount of rainfall. These
environmental parameters were provided by the Malaysian Meteorological Department
(MET). Based on the mean temperature, these environments had a normal temperature
ranging from 25.4 °C to 28.4 °C. The relative humidity recorded (72.5-84.5%) remained in
the average level of Malaysia’s humidity. The lowest amount of rainfall was recorded for
E9 (MARDI Serdang), whereas the highest rainfall was recorded for E1 (MARDI Bachok).

Table 2. Agroclimatic conditions of the selected environments.

. . . . . . Mnt Mxt Met RH TR
Env Location Coordinate Region Soil Type Planting Period €0 €0) €0) (%) (mm)
El I\é[aAdIi]iI 5.97838, 102.42752 East Bris Aug-Dec 2019 259 279 27.0 82.2 1078.8
E2 AR 597838, 102.42752 East Bris Jul-Nov 2020 260 281 271 834 7150
MARDI .
E3 Kluang 1.942824, 103.356674 South Mineral Aug 2019-Jan 2020 254 275 26.6 81.2 280.1
MARDI .
E4 Kluang 1.942824, 103.356674 South Mineral Feb-Jun 2020 26.2 28.2 274 83.5 734.4
E5 PPK Labis 2.3743913, 103.0151 South Mineral Aug 2019-Jan 2020 242 26.3 254 76.5 607.6
MARDI
E6 Pontian 1.50673592857, 103.446522947 South Peat Feb-Jun 2020 259 279 27.0 79.5 384.3
MARDI
E7 Seberang 5.5399872, 100.4700515 North Mineral Dec 2019-May 2020 27.7 29.0 28.4 72.5 113.4
Perai
MARDI
E8 Seberang 5.5399872, 100.4700515 North Mineral Aug-Dec 2020 26.0 27.6 26.8 84.5 3759
Perai
E9 MARDI 2.926361, 101.696445 West Mineral Jan-May 2020 27.5 28.6 28.0 75.6 89.8
Serdang
MARDI .
E10 Serdang 2.926361, 101.696445 West Mineral Jul-Nov 2020 26.2 28.2 27.3 80.3 391.4

Mnt, minimum temperature; Mxt, maximum temperature; Met, mean temperature; RH, relative humidity; TR,
total rainfall.

2.3. Agronomic Practices

The experiment was conducted using a randomized complete block design with three
replications. The main factor is the grain corn genotype, whereas the subfactor is the
environment. The amount of organic fertilizer applied was 3000 kg/ha, whereas lime
was applied on the basis of soil pH. Considering the poor nutrient content of Bris soil,
a double amount of fertilizer was applied. Meanwhile, for the E6 environment, which
contained peat soil, organic fertilizer was not applied because the soil already had a high
amount of organic matter. Each genotype plot consisted of seven rows with a length of
5 m for each row, whereas the planting distance was 20 and 75 cm within and between
rows, respectively. Two seeds were sown in each hill, but only one seedling was allowed
to grow after a week. In reducing the border effects, data were recorded from five central
rows of each plot. Compound fertilizer 15:15:15 NPK at 400 kg /ha and urea at 60 kg/ha
were applied to each plot at 10 and 30 days after sowing (DAS). The chemical control for
pests and diseases was implemented when a disease or an insect infestation was observed
in the plot area. At 110-120 DAS, the corn will be harvested when the average cob moisture
content is lower than 30%.

2.4. Data Collection and Analysis

Two types of data were collected in this study, those being plant morphology and YLD.
The data included days to tasseling (DT), plant height (PH), and yield (YLD). These data



Life 2022, 12,1773

40f12

were obtained at 50-70 DAS (DT), 90 DAS for PH, and the harvesting stage for YLD. DT
was recorded by observing the genotype pollens, whereas PH was recorded on the basis
of four plants in each genotype. For YLD data, all cobs in the five central rows at each
genotype plot were measured. Data measurement included the clean weight of the total
cobs and the grain moisture content (14%). The formula for 1-ha YLD data is shown as
follows:

Total cob weight with no husk (kg) x 1 ha
YLD at 14% (kg/ha) = *‘i LD area () (kg)

YLD area (sample size) =2.00 m x 2.25 m (3 rows) = 4.50 m?

The mean of all parameters and statistical analyses of G, E, and GEI were conducted
using Statistical Analysis System version 9.4. Meanwhile, “Genotype by Environment Anal-
ysis with R” was used in stability analysis. Stability parameters used in this study included
the coefficient of variation (CV), Shukla’s variance (0?), and Wricke’s ecovalence (W).

3. Results
3.1. Combined Analysis of Variance (ANOVA) and Variability Study

The combined ANOVA (Table 3) shows that the effects of genotype (G), environment
(E), and GEI were highly significant for DT and YLD. However, for PH, the effect of GEI
was not significant. We also found that for YLD, G accounted for 74.4% of the total variation,
whereas E and GEI accounted for 12.9% and 12.7%, respectively, of the total variation.

Table 3. Analysis of variance (mean square values), mean, CV, and heritability for days to tasseling
(DT), plant height (PH), and yield (YLD) across 10 environments.

DT PH YLD
Sources DF
SS MS %SS SS MS %SS SS MS %SS
Env (E) 9 6770.1 752.2 ** 86.3 53337.0 5926.3 ** 345 1381818260 153535362 ** 74.4
Rep (Env) 20 347.6 17.4 ** 19478.9 973.9 ** 239091700 11954585 **

Gen (G) 10 147.9 14.8 ** 1.9 66337.2 6633.7 ** 429 235618383 235618383 ** 129
GxE 90 924.5 10.3 ** 11.8 35067.1 389.6 ns 22.7 404422753 4493586 ** 12.7
Error 199 691.7 35 59116.6 297.1 459032793 2306697

Mean + S.E. 56.6 + 0.3 2200+ 1.5 91929 + 158.6

CV (%) 9.2 12.1 31.3

Heritability 500 877 5.4

(%)

ns, not significant; ** significant at 0.01 probability level.

On the contrary, a variability analysis showed that the YLD was slightly high in data
dispersion around the mean values, and the average of the tested genotype produced a
YLD of approximately 9000 kg/ha across the environments. This statement was supported
by the CV of 31.3% and mean of 9192.9 kg/ha. With regard to morphology, DT showed
the lowest CV of 9.2%, whereas PH showed a CV of 12.1%. The mean data revealed that
DT had a mean of 56.6, and PH had a mean of 220.0. Most of the genotypes flowered at
56 DAS with an average height of approximately 218 cm.

Meanwhile, the highest heritability value was recorded for PH at 87.7%, followed by
YLD at 75.4% and DT at 52%. Based on these data, all of the traits were found to be more
influenced by genetic factors than environmental ones.

3.2. Mean Value Comparison of Tested Traits across Environments

The comparison of mean values of DT, PH, and YLD for each genotype across en-
vironments is shown in Table 4. For PH, V2, V6, and V1 were the top three genotypes
with values of 241.5, 234.9, and 232.0 cm, respectively. In addition, V2 has surpassed the
control genotype, V1, by 9.5 cm. V2 remained in the top three for every tested trait and
surpassed the control genotype. V4 recorded the shortest DT, followed by V2 and V14. The
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longest DT was recorded for V3 and V6. In addition, V14 recorded the highest YLD, which
was significantly different from the control genotype, V1, followed by V4 with the second
highest YLD across the 10 environments. The lowest YLD was recorded for V8.

Table 4. Mean value comparison of tested traits for 11 genotypes across environments.

Genotype DT (days) PH (cm) YLD (kg/ha)
V1 57,0 abe 232.0 be 9451.8 be
V2 55.7 d 24152 9797.7 abc
V3 5752 207.2 be 9648.7 abc
V4 55.6 4 2239 ¢d 10,114.0 2P
V5 56.5 bed 228.0 be 8455.2 d
V6 57.5ab 234.9 ab 8998.0 °d
V8 56.3 ¢d 197.5¢ 7214.7 ¢
V12 57.42b 201.4¢ 9255.3 bed
V13 56.4 bed 201.0¢ 9353.7 be
V14 55.8d 217.74 10,354.0 2
V15 56.4 bed 21524 847154

Mean values with different letters are significantly different (Duncan’s Multiple Range Test).

3.3. GGE Biplot
3.3.1. Which-Won-Where/What Biplot

Figure 1 shows the which-won-where/what polygon pattern, indicating the winning
genotypes in each environment. V14 showed the best performance in E4, E1, E6, E7, ES, E5,
and E9. Meanwhile, V13 showed the best performance in E2, E10, and E3. Furthermore,
V15, V8, and V5 showed a poor performance in all of the tested environments (Figure 1).

Which Won Where/What

AXISZ 20.87 %
v] 2000 4000

-2000
1

-4000
1

T T T T T T
-4000 -2000 0 2000 4000 6000

AXIS1 48,53 %

Figure 1. Which-won-where/what biplot for yield indicates the best environment for the
tested genotypes.

3.3.2. Mean vs. Stability Biplot

The mean vs. stability biplot shown in Figure 2 aimed to rank the tested genotypes
based on the YLD mean performance and stability. As shown in Figure 2, V1 ranked first
as the most stable genotype, followed by V6, V2, V4, V8, V3, V12, V14, V13, V15, and
V5. On the contrary, V14, V4, V2, V3, V13, V1, and V12 had higher YLD mean than the
overall mean performance, and V6, V5, V15, and V8 had lower YLD mean than the overall
mean performance.
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Mean vs. Stability

AXIS2 20.87 %
-2000 0 2000 4000

-4000
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-4000 -2000 0 2000 4000 6000

AXIS148.53 %

Figure 2. Mean vs. stability biplot analysis, indicating the ranking of the tested genotype based on
yield mean and stability.

3.3.3. Ranking Genotype Biplot

Figure 3 shows the genotype ranking based on the YLD performance in the tested
environment. V4 ranked first because it was the closest to the innermost circle, followed by
V2 and V14. Meanwhile, V8, V5, and V15 ranked in the bottom three, as these genotypes
were the furthest from the innermost circle. As shown in Figure 3, the genotype ranking
from top to bottom was as follows: V4, V14, V2, V3, V1, V13, V12, V6, V5, V15, and V8.

Ranking Genotypes

6000

\e5

4000
1

V4

B
T2
e ™2 i '
=2

AXIS2 20.87 %
0 2000
1 1
/
=]
Iy
N

—

-2000
|

-4000

-6000
1

T T T T T T T
-6000 -4000 -2000 0 2000 4000 6000

AXIS1 48,53 %

Figure 3. Ranking genotype biplot shows the best genotype performance in yield mean
across environments.

3.3.4. Discriminativeness vs. Representativeness Biplot

Discriminativeness versus the representativeness of the environment is shown
in Figure 4. This biplot was used to determine the discriminative ability of the envi-
ronment based on the length of the environmental vector. Therefore, among the 10
studied environments, E9 exhibited the most discriminating environment, followed by E3,
E5, and E8, whereas E2 was the least discriminating. As shown in Figure 4, environment
E7 was the most representative environment, followed by E8, E1, and E6.
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Discriminativeness vs. representativenss

6000
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AXIS2Z 20.87 %
o 2000 4000
1
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-4000
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-6000 -4000 -2000 0 2000 4000 6000

AXIS1 48.53 %
Figure 4. Discriminativeness vs. representativeness of tested environments toward yield mean.

3.3.5. Ranking Environment Biplot

The ideal environment was located at the center of the concentric circles, which served
as the most discriminating representative of the target environment (Figure 5). Thus,
environment E8 was the closest environment to the ideal environment. As shown in
Figure 5 the ranking from top to bottom was as follows: E8, E6, E7, E1, E4, E3, E2, E9, E10,
and E5.

Ranking Environments

AXIS2Z 20.87 %
0 2000 4000

-2000

-4000

T T T T T T
-6000 -4000 -2000 0 2000 4000

AXIS1 48,53 %
Figure 5. Environment ranking was determined by comparing the “ideal environment” with yield mean.

3.3.6. Stability Statistical Parameters

Table 5 shows the stability statistical parameters among the tested genotype and en-
vironments. These parameters were based on the smallest values to determine the best
stability among genotypes. Based on Francis cumulative values, V1 had the smallest value,
followed by V4 and V13, accounting for 16.7, 18.0, and 19.3 CV respectively. Meanwhile,
based on Shukla stability variance (02) and Wricke’s ecovalance (W), V12 had the lowest val-
ues, followed by V6 and V4, whereas V15 had the highest values. Therefore, V4 showed the
best stability among the genotypes, as it was in the top three of these stability parameters.
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Table 5. Stability statistical parameters.

Gen Mean Francis (CV) GR Shukla (0?) GR Wricke’s Ecovalence (W) GR
Vi1 9451.8 16.7 1 1069303 4 9102252 4
V2 9797.7 24.3 5 1133867 5 9577677 5
V3 9648.7 32.5 9 1469220 8 12047096 8
V4 10,114.2 18.0 2 680575.8 3 6239804 3
V5 8455.2 31.5 8 2952960 10 22972815 10
Vo 9058.6 24.5 7 494521.2 2 4869765 2
V8 7214.7 38.7 10 1413761 6 11638714 6
V12 9255.3 23.0 4 238061 1 2981286 1
V13 9353.7 19.3 3 1645989 9 13348753 9
V14 10,354.0 24.5 6 1446722 7 11881423 7
V15 8471.5 39.3 11 3968710 11 30452429 11

GR, genotype ranking.

4. Discussion

In the present study, 11 hybrid grain corn genotypes were evaluated. In the total varia-
tion partitioning, the higher percentage of variation for GEI compared with G indicates the
large difference in the performance of genotypes across the tested environments. According
to Yan and Kang [13], when a significant amount of variation was detected for GEI, the
existence of different mega-environments was inferred, where different genotypes would
have the best YLD in each of the mega-environments.

ANOVA (Table 3) revealed the significant effect of GEI on DT and YLD, which in-
dicated the need for further evaluation. Meanwhile, for PH, as the effect of GEI was not
significant, mean comparison analysis was sufficient to detect the differences among geno-
types across environments. For DT and YLD, GGE biplot analysis was performed to obtain
more information for the selection of superior genotypes [14]. However, considering that
the YLD was the main focus of this study, only YLD traits were used in these analyses.

A heritability analysis aimed to investigate the relationship between phenotypic and
genotypic values toward environmental factors. In addition, it was also used to improvise
the genotypic selection based on the phenotypic performance [15]. In this study, the
genotypic selection was based on the phenotypic performance that has a high heritability
value, which was influenced by the additive gene action and could improvise the genotypic
selection [16]. The high heritability values for all tested traits indicated that such traits
were affected greatly by environmental factors; thus, the genotypic selection based on
the phenotypic performance became reliable and effective [17]. In addition, according
to Syafii et al. [18], the quantitative traits that contained high heritability values can be
used as a selection parameter for producing a new genotype. Furthermore, Amzeri and
Badami [19] stated that high heritability values can be directed to assemble pure line
and hybrid varieties. On the contrary, the ANOVA results showed a high significance of
DT and YLD toward GEI, which provided positive support through genotypic selection.
This finding may lead to the identification of “ideal” genotypes that contain the highest
mean performance and heritability values among tested genotypes [20]. In addition, it
revealed the ideal environment that provided the most discriminative and representative
abilities [21]. Therefore, analyses of GEI and GGE biplots could make a specific and accurate
selection, evaluation, and identification of ideal genotypes for multienvironments [22].
Moreover, GEI analysis determined the ideal environment that effectively identifies the
superior genotype [23].

The which-won-where biplot pattern is determined by relative genotypic stabilities
and the average performance of genotypes in tested environments. According to Yan and
Rajcan [24], the pattern in the biplot can also explain the presence or absence of crossover
in GEL. The existence of a mega-environment can also be inferred on the basis of the biplot
pattern. In the present study, a crossover type of GEI was detected, as different genotypes
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won or performed best in different environments. Given the presence of crossover, more
than one mega-environment was detected.

All of the tested environments recorded values of temperature and relative humidity
that were within the normal range. However, a large difference was found in the amount
of total rainfall, particularly between E1 and E9, with a difference of 989 mm. According
to Kang and Gorman [25], the interaction between genotypes and environments will lose
1.4% sum of squares if there was rainfall during the growing season and lose 1.1% sum of
squares of heterogeneity if it was a preseason rainfall. Based on the environment ranking
biplot (Figure 5), E8, E6, and E7 were the top three, with total rainfall of 375.9, 384.3, and
113.4 mm, respectively. Meanwhile, E1, which recorded the highest amount of total rainfall,
only ranked fourth. Therefore, the high total rainfall may affect the flowering process,
thereby causing a low YLD production.

In addition, these tested environments contain peat, Bris, and mineral types of soil.
These different types of soil may become the subfactor to evaluate the environmental
performance, as each type of soil contains a different character. As for Bris soil, its sandy
texture and low soil fertility affected fertilizer application, which may be lost from the soil
system and cause pollution and negative effects on the surrounding water environment [26].
Thus, E1 and E2 received two times the amount of organic fertilizers. For peat soil, it was
formed from the decays of accumulated organic matter, which then produced low pH,
different particle-size distribution from inorganic soils, and high organic and water content,
making it a good physical medium for annual crops [27]. On the contrary, mineral soil
has a fine texture that can retain sufficient moisture and excellent drainage, which is
good for root penetration if no stones or laterite is found in its profile, but its lack of
phosphorus leads to the need for the regular application of fertilizer [28]. Given these soil
characteristics, the type of soil may become the subfactor affecting the YLD performance of
the tested genotypes.

In selecting the ideal test environment, it has to be discriminative and representative
of the genotypes and mega-environment [23]. If an environment has a high capacity for
genotypic discrimination and representativeness, then it is an ideal environment. Based on
the discriminativeness and representativeness biplot (Figure 4), most of the environments
cannot hold the top position in both analyses, such as E9. This environment was the most
discriminating but not the most representative. Similar to E7, it was the most representative
environment but not the most discriminative. Meanwhile, only E8, which holds the top four
positions in both analyses, makes the nearest toward the “ideal” environment to evaluate
an adapted genotype [29]. This result was supported by the environment ranking analysis
(Figure 5), which stated that E8, E6, and E7 were the best three environments for the tested
genotype based on the YLD mean performance. This analysis also showed that E8 was
the best environment, providing suitable temperature, humidity, and total rainfall, which
causes the genotypes to perform better than in other environments.

The ranking in the mean vs. stability biplot (Figure 2) can be measured by referring to
the green line with a single arrowhead, which serves as the average environment coordinate
(AEC) abscissa. The genotype closest to the green line will be established as the most stable
genotype, whereas those further away will become more variable and less stable across
the environment [30]. The highest and lowest mean performance of genotypes is defined
by referring to the vertical lines passing the origin perpendicular to the AEC abscissa. In
ranking the genotypes using the dry YLD mean, the arrowhead pointing toward the right
is referred. Based on the results, the control genotype (V1) was the most stable genotype
among the other genotypes. However, only a slight gap difference was observed among
the top four positions. V6, V2, and V4 were the top four genotypes. Meanwhile, genotypes
V13, V15, and V5 were not selected because of their gap from the green line. In the overall
mean performance, V1 ranked sixth, whereas V14 and V4 had the highest mean YLD. The
ranking genotype biplot was based on the distance between the genotypes and the ideal
genotype that is located at the center or the innermost circle. An ideal genotype should
have the highest mean performance and great stability [30]. Evidently, V4 was the closest
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genotype to the ideal genotype, which was found at the third circle layer, followed by V14
and V2 at the fourth and fifth circle layer, respectively. Meanwhile, the control genotype,
V1, was found at the seventh layer of the circle from the innermost circle, placing it in fifth
place in the overall genotype ranking.

According to Shukla [31] and Wricke [32], the most stable genotypes are those with the
lowest stability variance. Meanwhile, as stated by Francis and Kannenberg [33], genotypes
that exhibit low CV and high YLD are considered stable. Therefore, the selection of superior
genotypes must be based on the combination of stability and YLD performance. Although
V12 has good values of stability parameters, the recorded YLD was lower than that of V4,
V14, and V2.

Combining these analyses, V4, V14, and V2 were the best genotypes based on their
genotype ranking, stability, and YLD mean performance. Although these genotypes were
the best in this study, performing a validation test on farmer’s farm before promoting this
genotype for commercial farming is recommended. Thus, the results will provide specific
data which may minimize Malaysia’s rate of grain corn imports and indirectly support the
government’s plan to implement the Grain Corn Development Master Plan.

5. Conclusions

Based on the results and discussion, V4 becomes the most appealing genotype in
overall tested traits, which has dominated the top two values in DT, YLD mean, and stability
rankings. Moreover, V4 shows great performance in most of the tested environments and
becomes the closest genotype to the ideal genotype. Furthermore, V14 and V2, which were
included in the top three in the genotype rankings, can be the second option in promoting
the genotype. The best environment to conduct domestic grain corn production was in
the north of peninsular Malaysia, which was represented by E8, which dominated the
environment ranking biplot. E9 was found to be the most suitable environment to conduct
research because it had the most discriminating environment. Based on the analysis, these
winning genotypes and environments should be recommended to farmers to achieve the
objectives of the government programs and indirectly reduce the country’s imported rate
of grain corn. Moreover, these winning genotypes and environments should be included
for further trials of grain corn in MLTs.

Author Contributions: Conceptualization, N.A.A.S., M.B.A.G. and A.A.; methodology, N.A.A.S,,
M.B.A.G. and A.A,; formal analysis, A.A. and A.M.L; writing—original draft preparation, A.A.,
N.A.AS, M.B.A.G. and A M.L; writing—review and editing, A.A., N.A.A.S,, M.B.A.G. and A.M.I; su-
pervision, N.A.A.S., M.B.A.G. and A.M.L; project administration, M.B.A.G., N.A.A.S. and A.A; fund-
ing acquisition, M.B.A.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Malaysian Agricultural Research and Development Institute
(MARDI) and Ministry of Agriculture and Food Industries (MAFI), grant number
K-RM167-0903-KSR999.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restriction of company procedure.

Acknowledgments: The authors wish to thank the Malaysian Agricultural Research and Develop-
ment Institute (MARDI) and Ministry of Agriculture and Food Industries (MAFI) for the research
grant K-RM167-0903-KSR999 and Pertubuhan Peladang Kawasan (PPK) Labis for their assistance in
achieving the objective of this study.

Conflicts of Interest: The authors declare that they have no conflict of interest.



Life 2022, 12,1773 11 0f12

References

1. Rosali, M.H.; Rabu, M.R.; Adnan, M.A_; Nor, N.A.A.M. An overview of the grain corn industry in Malaysia. FFTC Agric. Policy
Platf. 2019, 10, 2020.

2. Nor, N.A.A.M.; Rabu, M.R.; Nazmi, M.S.; Omar, N.R.N.; Abidin, A.Z.Z.; Rosali, M.H.; Sulaiman, N.H. Potensi industri jagung
bijian di Malaysia. Bul. Teknol. MARDI 2020, 18, 83-90.

3. Nor, N.A.AM.; Nazmi, M.S.; Omar, N.R.N.; Abidin, A.Z.Z.; Rabu, M.R. Potensi industri jagung bijian. e-Bul. Teknol. MARDI 2019,
7, 66-75.

4. Abdurofi, L; Ismail, M.M.; Kamal, H.A.W.; Gabdo, B.H. Economic analysis of broiler production in Peninsular Malaysia. Int. Food
Res. ]. 2017, 24, 761-766.

5. Saleh, G.; Abdullah, D.; Anuar, A.R. Effects of location on performance of selected tropical maize hybrids development in
Malaysia. Pertanika J. Trop. Agric. Sci. 2002, 25, 75-86.

6. Crossa, J. Statistical analyses of multi-location trials. Adv. Agron. 1990, 44, 55-85.

7.  Ararsa, L.; Zeleke, H.; Nigusse, M. Genotype by environment interaction and yield stability of maize (Zea mays L.) hybrids in
Ethiopia. J. Nat. Sci. Res. 2016, 6, 93-101.

8.  Setyawan, B.; Suliansyah, I.; Anwar, A.; Swasti, E. Grain yield, stability and adaptability of 11 prospective genotypes across 16
multilocation trials. IOP Conf. Ser. Earth Environ. Sci. 2019, 347, 012089. [CrossRef]

9. Anley, W, Zeleke, H.; Dessalegn, Y. Genotype x environment interaction of maize (Zea mays L.) across North Western Ethiopia.
Glob. ]. Plant Breed. Genet. 2013, 1, 92-102. [CrossRef]

10. Ghaffar, M.B.A,; Karim, N.A.; Bakar, N.A. Performance of current commercial grain corn hybrid cultivars at three different
locations. In Proceedings of the Regional Corn Conference 2019 (RCC 2019), Penang, Malaysia, 2628 February 2019.

11. Katsenios, N.; Sparangis, P.; Chanioti, S.; Giannoglou, M.; Leonidakis, D.; Christopoulos, M.V.; Katsaros, G.; Efthimiadou,
A. Genotype x environment interaction of yield and grain quality traits of maize hybrids in Greece. Agronomy 2021, 11, 357.
[CrossRef]

12.  Choudhary, M.; Kumar, B.; Kumar, P; Guleria, S.K.; Singh, N.K.; Khulbe, R.; Kamboj, M.C.; Vyas, M.; Srivastava, R.K,;
Puttaramanaik; et al. GGE biplot analysis of genotype x environment interaction and identification of mega-environment for
baby corn hybrids evaluation in India. Indian J. Genet. Plant Breed. 2020, 79, 658-669. [CrossRef]

13.  Yan, W,; Kang, M.S. GGE Biplot Analysis: A Graphical Tool for Breeders, Geneticists, and Agronomists; CRC Press: New York, NY, USA,
2002.

14. Babic, M.; Andjelkovic, V.; Babic, V. Genotype by environment interaction in maize breeding. Genetika 2008, 40, 303-312.
[CrossRef]

15. Dagla, M.C; Gadag, R.N.; Sharma, O.P.; Kumar, N. Genetic variability and correlation among yield and quality traits in sweet
corn. Electron. |. Plant Breed. 2015, 6, 500-505.

16. Niji, M.S.; Ravikesavan, R.; Ganesan, K.N.; Chitdeshwari, T. Genetic variability, heritability and character association studies in
sweet corn (Zea mays L. saccharata). Electron. |. Plant Breed. 2018, 9, 1038-1044. [CrossRef]

17.  Ogunbayo, S.A; Sié, M.; Ojo, D.K.; Sanni, K.A.; Akinwale, M.G.; Toulou, B.; Shittu, A.; Idehen, E.O.; Popoola, A.R.; Daniel, 1.O;
et al. Genetic variation and heritability of yield and related traits in promising rice genotypes (Oryza sativa L.). ]. Plant Breed. Crop
Sci. 2014, 6, 153-159. [CrossRef]

18.  Syafii, M.; Rokhman, F.; Harpenas, A. Genetic Diversity, Heritability and Correlation of Quantitative Traits Sweet Corn (Zea Mays
L. Var. Saccharata Sthurt) Ms-Unsika Inbred Lines. In Proceedings of the 1st International Conference on Islam, Science and
Technology, ICONISTECH 2019, Bandung, Indonesia, 11-12 July 2019. [CrossRef]

19.  Amgzeri, A.; Badami, K. Estimation of combining ability, heritability and genes action of yield components of inbred corn lines in
diallel crosses. Adv. Soc. Sci. Educ. Humanit. Res. 2019, 383, 1212-1216. [CrossRef]

20. Sankar, S.M,; Singh, S.P; Prakash, G.; Satyavathi, C.T.; Soumya, S.L.; Yadav, Y.; Sharma, L.D.; Rao, A.R,; Singh, N.; Srivastava,
R.K. Deciphering genotype-by-environment interaction for target environmental delineation and identification of stable resistant
sources against foliar blast disease of pearl millet. Front. Plant Sci. 2021, 12, 656158. [CrossRef]

21. Oladosu, Y; Rafii, M.Y.,; Magaji, U.; Abdullah, N.; Ramli, A.; Hussin, G. Assessing the representative and discriminative ability of
test environments for rice breeding in Malaysia using GGE biplot. Int. J. Sci. Technol. Res. 2017, 6, 8-16.

22. Mehareb, EM.; Osman, M.A.M,; Attia, A.E.; Bekheet, M.A ; Fouz, A.E.EM. Stability assessment for selection of elite sugarcane
clones across multi-environment based on AMMI and GGE-biplot models. Euphytica 2022, 218, 1-11. [CrossRef]

23.  Yan, W.; Kang, M.S.; Ma, B.; Woods, S.; Cornelius, PL. GGE biplot vs. AMMI analysis of genotype-by-environment data. Crop Sci.
2007, 47, 643-655. [CrossRef]

24. Yan, W,; Rajcan, L. Biplot analysis of test sites and trait relations of soybean in Ontario. Crop Sci. 2002, 42, 11-20. [CrossRef]
[PubMed]

25. Kang, M.S.; Gorman, D.P. Genotype X environment interaction in maize. Agron. J. 1989, 81, 662. [CrossRef]

26. Mohd Yusoff, KH.; Abdu, A.; Sakurai, K.; Tanaka, S.; Kang, Y. Influence of agricultural activity on soil morphological and
physicochemical properties on sandy beach ridges along the east coast of Peninsular Malaysia. Soil Sci. Plant Nutr. 2017, 63, 55-66.
[CrossRef]

27. Rahgozar, M.A,; Saberian, M. Geotechnical properties of peat soil stabilised with shredded waste tyre chips. Mires Peat 2016, 18,

1-12. [CrossRef]


http://doi.org/10.1088/1755-1315/347/1/012089
http://doi.org/10.5897/jpbcs2013.0406
http://doi.org/10.3390/agronomy11020357
http://doi.org/10.31742/IJGPB.79.4.3
http://doi.org/10.2298/GENSR0803303B
http://doi.org/10.5958/0975-928X.2018.00129.1
http://doi.org/10.5897/JPBCS2014.0457
http://doi.org/10.4108/eai.11-7-2019.2297766
http://doi.org/10.2991/icss-19.2019.145
http://doi.org/10.3389/fpls.2021.656158
http://doi.org/10.1007/s10681-022-03025-9
http://doi.org/10.2135/cropsci2006.06.0374
http://doi.org/10.2135/cropsci2002.1100
http://www.ncbi.nlm.nih.gov/pubmed/11756248
http://doi.org/10.2134/agronj1989.00021962008100040020x
http://doi.org/10.1080/00380768.2016.1255127
http://doi.org/10.19189/MaP.2015.OMB.205

Life 2022, 12,1773 12 0of 12

28.

29.

30.

31.

32.
33.

Fatai, A.A.; Shamshuddin, J.; Fauziah, C.I.; Radziah, O.; Bohluli, M. Formation and characteristics of an ultisol in Peninsular
Malaysia utilized for oil palm production. Solid Earth Discuss. 2017, 1-21. [CrossRef]

Wolde, L.; Keno, T.; Tadesse, B.; Bogale, G.; T/Wold, A.; Abebe, B. Mega-environment targeting of maize varieties using AMMI
and GGE biplot analysis in Ethiopia. Ethiop. ]. Agric. Sci. 2018, 28, 65-84.

Tonk, FA; Ilker, E.; Tosun, M. Evaluation of genotype x environment interactions in maize hybrids using GGE biplot analysis.
Crop Breed. Appl. Biotechnol. 2011, 11, 1-9. [CrossRef]

Shukla, G.K. Some statistical aspects of partitioning genotype-environmental components of variability. Heredity 1972, 29, 237-245.
[CrossRef]

Wricke, G. Uber eine methode zur erfassung der oekologischen streubreite in feldversuchen. Zeitschr Pflanz. 1962, 47, 92-96.
Francis, T.R.; Kannenberg, L.W. Yield stability studies in short-season maize. I. A descriptive method for grouping genotypes.
Can. J. Plant Sci. 1978, 58, 1029-1034. [CrossRef]


http://doi.org/10.5194/se-2017-60
http://doi.org/10.1590/S1984-70332011000100001
http://doi.org/10.1038/hdy.1972.87
http://doi.org/10.4141/cjps78-157

	Introduction 
	Materials and Methods 
	Planting Material 
	Test Environment 
	Agronomic Practices 
	Data Collection and Analysis 

	Results 
	Combined Analysis of Variance (ANOVA) and Variability Study 
	Mean Value Comparison of Tested Traits across Environments 
	GGE Biplot 
	Which-Won-Where/What Biplot 
	Mean vs. Stability Biplot 
	Ranking Genotype Biplot 
	Discriminativeness vs. Representativeness Biplot 
	Ranking Environment Biplot 
	Stability Statistical Parameters 


	Discussion 
	Conclusions 
	References

