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Multienvironment testing is an important phase to study the interaction of G×E and to select stable hybrids for a broad
environment or for a specific environment. To study the interaction of G×E and the stability of earliness and yield of Indonesian
new sweet corn hybrids under different locations and seasons in West Java, Indonesia, eighteen hybrids were evaluated in six
environments in West Java, Indonesia, and were analysed using parametric and nonparametric stability models, additive main
effects and multiplicative interaction (AMMI), and GGE biplots. Results showed that the most promising sweet corn hybrids
including hybrids G5 (SR 24 x SR 17) and G11 (SR 31 x SR 17) were identified. &e parametric and nonparametric stability
parameters and ASV were complement to the AMMI and GGE biplots in selecting stable and adaptable hybrids in terms of
earliness and yield. G5 was selected as a high-response hybrid for grain yield to Jatinangor (E1, E2), Lembang (E3, E4), and
Wanayasa (E5, E6), as well as earliness to Jatinangor (E2), Lembang (E3, E4), and Wanayasa (E5, E6). G5 sweet corn hybrid,
therefore, is suggested to be extensively evaluated on farm and produced for smallholder farmers in West Java, Indonesia.

1. Introduction

Sweet corn is a major and an important vegetable cultivated
in Indonesia. &is vegetable contains complete nutrients,
such as carbohydrates, protein, vitamins, and several im-
portant minerals. &e demand for sweet corn in Indonesia is
increasing dramatically nowadays, but production and its
productivity are low due to some limiting factors including
variations in agroclimate conditions and cultivation of
nonhybrid sweet corn [1].

Production and productivity of sweet corn in Indonesia can
be increased by cultivating early-maturing hybrids, improving
productivity of the land, and rotating early-maturing hybrids
which are adaptive to particular agroclimate and planting
times.&is strategy could be successfully implemented if early-
maturing and high-yield hybrids can be selected.

Earliness and high yield are important characteristics of
sweet corn varieties to develop in West Java, Indonesia.
Farmers usually cultivate sweet corn in unirrigated rice field
at the end of rainy season or at the very early part of the rainy

season when water is available for irrigating sweet corn but
not enough for irrigating the rice paddy field. Earliness and
high yield are complex traits, which are inherited by poly-
genic inheritance [2]. Selection of the superior hybrid with
early maturing ability and high yield, therefore, is only
possible to perform when information about the interaction
of genotype× environment is available.

Multienvironment test (MET) is a critical stage in hybrid
selection before superior hybrids are commercially released.MET
is conducted to analyze the interaction of hybrid× environment
(G×E) and to select stable hybrids for a broad environment or to
select adaptive hybrids for a specific environment [3]. Crop
evaluation under different agroclimatic conditions and year
during MET influences the phenotypic stability of particular
genotypes [4]. Selection of the genotype with high yield under
different environments was difficult due to complex responses of
the crop as indicated by inconsistency of its rank in different
locations. &erefore, identification of causal factors of the IGE is
important to decide the breeding objectives, ideal location of
MET, and selection of regional-adaptive genotypes.
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Some statistical methods are commonly applied to define
stability and adaptability of new varieties, i.e., ANOVA,
linear/nonlinear regression, multivariate analysis, non-
parametric method, and biplot. AMMI (additive main effects
and multiplicative interaction model) analysis and GGE
biplot are multivariate statistic methods to study the in-
teraction of G×E, stability, and adaptability based on the
biplot. AMMI is applied to analyze stability as well as IGE in
many important crops such as barley [5, 6], Mesoamerican
bean [7], faba bean [8, 9], maize [10–13], passion fruit [14],
rice [15], potatoes [16], sugarcane [4], sun flowers [17], sweet
sorghum [18], and wheat [19].

Yan et al. [20] recommended the GGE (genotype and
genotype-environment interaction) biplot as a modification
of AMMI to select and to identify potential high-yield va-
rieties which are stable and adaptive under multienviron-
ment conditions. GGE biplot had been used to analyze the
interaction of G×E by many breeders in many crops such as
barley [5], chickpeas [21], maize [3, 13, 20], sorghum
[18, 22], Mesoamerican bean [7], and wheat [23].

&e objective of the research is to study the interaction of
G×E, stability, and adaptability of earliness and yield of
sweet corn hybrids under different locations and seasons in
West Java, Indonesia.

2. Materials and Methods

2.1. ExperimentalMaterials andTreatments. &e experiment
was run in three locations in West Java, namely, Jatinangor-
Sumedang (760m above sea level-asl.), Lembang-Kabupaten
Bandung Barat (950m asl.), and Wanayasa-Kabupaten
Purwakarta (700m asl.), for two different seasons, i.e.,
season 1 (March–July, 2017) and season 2 (March–July,

2018). Sixteen new Indonesian sweet corn hybrids and two
check hybrid cultivars, namely, BS (G1), SB (G2), SR 15 x 17
(G3), SR 22 x 17 (G4), SR 24 x SR 17 (G5), SR 25 x SR 17
(G6), SR 26 x SR 17 (G7), SR 30 x SR 17 (G8), SR 31 x SR 17
(G9), SR 32 x SR 17 (G10), SR 33 x SR 17 (G11), SR 4 x SR 17
(G12), SR 41 x SR 17 (G13), SR 43 x SR 17 (G14), SR 46 x SR
17 (G15), SR 47 x SR 17 (G16), SR 52 x SR 17 (G17), and SR 9
x SR 17 (G18), were evaluated. &e genetic materials were
planted in a randomized complete block design with three
replications in each location and each season.

2.2. Statistical Analysis. Analysis of variance (ANOVA) for
earliness (male flowering) and yield followed the study of
Gomez and Gomez [24]. Homogeneity of variance error for
six locations and two seasons was tested using Bartlett test
[24]. Combined ANOVA for the six locations and two
seasons was pursued to determine the interaction of G×E
when variance errors were homogenous.

Stability and adaptability of hybrids were determined
using parametric and nonparametric stability as well as
multivariate analysis. Parametric stability to be estimated
included linear regression coefficient (bi) and AMMI sta-
bility value (ASV), whereas nonparametric stability included
Si [25, 26], NP [27], and Kr [28]. Multivariate analysis was
done using AMMI and GGE biplot as well.

Linear regression was estimated using Eberhart and
Russell’s study [29]. Based on this model, if the regression
coefficient (bi) equals 1 and deviation variance (s2 di) equals
zero, then the hybrids were identified as stable. AMMI
stability value (ASV) was estimated as the following formula
[20]:

AMMI stability value �
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score IPCA 1 � score IPCA 2
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Nonparametric stability of hybrids followed Nassar and
Huehn [25], Huehn [26], &ennarasu [27], and Kang [28].
Nonparametric stability of Nassar and Huehn [25] and
Huehn [26] was formulated as
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where rij � rank of genotype i in environment j, ri. � rank of
mean of the genotype in all environments, and N� total
environment.

&ennarasu [27] stability of NP(i) was estimated using
the following formula:
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where r∗ij � rank of genotype i in environment j based on
adjusted data, M∗di � rank of mean of the genotype based on
adjusted data, Mdi � parameter that was estimated based on
unadjusted data, and N� total environment.

Rank stability of Kr was estimated following Kang [28].
In this method, the weight of stable and high yield genotype
is one. To estimate yield stability based on parametric and
nonparametric methods, STABILITYSOFT software is used
[30].

AMMI is based on the analysis of variance and principal
component analysis (PCA) combined into a single model
with additive and multiplicative parameters. Linear model of
AMMI was described by Gauch and Zobel [31] as follows:

Yger � µ + αg + βe + 
n

λncgnδen + ρge + εger, (4)

where µ� general mean, αg � the genotype deviation,
βe � the environment deviation, λn � the singular value of
component n, cgn � eigenvector of the genotype,
δen � eigenvector of the environment, ρge � residual, and
εger � error.

GGE (genotype and genotype-environment Interaction)
biplot was recommended by Yan et al. [20] as a modification
of AMMI to select and to identify potential high-yield va-
rieties which are stable and adaptive under multienviron-
ment conditions. GGE biplot groups the additive of
genotype effect in AMMI altogether with the interaction of
G × E and analyzes of their effects by principal components.
GGE biplot is more advanced than AMMI 1 and AMMI 2
mega-environment. GGE biplot explains the mean pro-
portions of mean square of genotype + genotype × envi-
ronment (G+GE). &is explains why GGE biplot is more
precise than AMMI 1 and more practical than AMMI 2
mega-environment [32, 33]. GGE biplot model is described
as follows [34]:

Yhij � µ + Eh + Gi + GEhi + Bj(h) + ehij, (5)

where μ� population mean, Eh � environmental effect,
Gi � genotypic effect, GEhi � genotype-by-environment in-
teraction effect, Bj(h) � block effect, and ehij � random error.
Biplots of AMMI and GGE were constructed from the
general mean and IPCA score. Combined ANOVA, AMMI,
and GGE analysis as well as their biplots were computed
using STAR and PB Tools software developed by IRRI
[35, 36].

3. Results and Discussion

Mean flowering and yield of new Indonesian sweet corn
hybrids showed a broad range of variation in the six no-
ticeable environments (Table 1). &e earliest male flowering
was in Wanayasa-season 1 (700m asl.), whereas the longest
male flowering was in Lembang-season 1 (950m asl.). &e
highest grain yield was in Wanayasa-season 1, while the
lowest grain yield was in Lembang-season 2.

Sweet corn hybrids differed for male flowering and high
yield due to their broad genetic base, distinct environment,
and the interaction of G ×E. Genetic studies on flowering
and yield and environment factors affecting their

performance had been extensively studied [2, 37–39]. Many
maize traits including flowering and yield are controlled by
many genes and are inherited by quantitative genetic
variations resulting from the combined action of multiple
genes and environment [37]. &e genetic architecture of
flowering time and photoperiod sensitivity in maize are
associated with 25 synthetic consensus QTL and four hot-
spot genomic regions [39]. However, architecture of the
tassel was controlled by five candidate genes, namely,
ramosa1 (ra1), barren inflorescence2 (bif2), unbranched2
(ub2), zea floricaula leafy2 (zfl2), and barren stalk fasti-
giate1 (baf1); thus, tassel size variation is inherited by maize
photoperiod gene ZmCCT [39]. A major QTL (qTL9-1) for
length of the tassel had been physically mapped to a 513 kb
physical region [33]. &is major QTL, clustered into a
group of genes, contributes to the phenotypic variation for
flowering time [37, 38].

&e interaction of G×E plays an important rule for
earliness and yield as well as genotype in this study (Table 2).
From Table 2, it is shown that all hybrids express various
responses in distinct environments. Many researchers
supported the significant interaction of G×E for complex
characters [10–12, 40, 41]. As a complex trait, earliness and
yield result from the interaction of a set of combinations of
the biochemistry reaction from many genes and environ-
ments such as soil structure and fertility, rain, temperature of
soil and air, and the interaction of G×E [19].&e interaction
of G×E is the source of inconsistency for earliness and yield
performance of sweet corn hybrids in various test locations.
In a specific environment, superior hybrids are able to
minimize the effect of negative factors in that environment
but at the same time can maximize the effect of positive
factors in the environment resulting in high yield of hybrid
performance. Based on this study, it is possible to develop
high-yield sweet corn hybrids for specific locations and
seasons.

Nonparametric stability and parametric stability for
earliness and yield are presented in Table 3. Based on the
parametric stability of earliness in Table 3, most hybrids in
the current study showed higher b values, indicating better
adaptability of these hybrids to high-yielding environments
[29]. It is shown that sweet corn hybrids SR 33 x SR 17, G11,
with b� 1.01, and SR 24 x SR 17, G5, with b � 0.99, have
slopes nearest to 1.00 among the 18 hybrids in the data set,
whereas for the yield character, sweet corn hybrid SR 31 x
SR 17, G9, with b � 0.99, has slope nearest to 1.00 among
the 18 hybrids in the data set. On this criteria, hybrids G11
and G5 would be selected as the most stable of the 18
earliness hybrids over the 6 environments in this multi-
location and season test, whereas, hybrid G9 would be
selected as the most stable of the 18 high-yield hybrids.
Furthermore, these hybrids have the smallest deviation
from regression on site index. &is is measured by the
deviation mean square of s2di of all hybrids for earliness
and yield. Sweet corn hybrid G5, SR 24 x SR 17, on the
contrary, performs to be adapted to better environments.
&is is confirmed by the slope for this hybrid, b� 1.27,
which is greater than 1 and also showed the highest grain
yield out of 18 hybrids over 6 environments.
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Table 1: Range, mean, and standard deviation of sweet corn hybrids for flowering and yield.

Locations
Male flowering (days after planting) Yield (ton/ha)
Range Mean± std dev Range Mean± std dev

Jatinangor-season 1 60–74 66.44± 3.68 7.89–20.69 13.06± 2.96
Jatinangor-season 2 57–70 65.54± 2.23 8.55–18.19 12.84± 2.21
Lembang-season 1 76–78 76.07± 0.33 8.77–19.23 13.32± 2.52
Lembang-season 2 69–83 75.22± 3.33 3.54–17.19 7.85± 2.86
Wanayasa-season 1 56–67 63.00± 1.43 7.31–22.99 14.65± 3.08
Wanayasa-season 2 57–66 62.46± 2.06 6.80–15.31 10.48± 1.75

Table 2: Combined analysis of variance for earliness and yield of sweet corn hybrids.

Source DF Male flowering Yield
Mean square Mean square

Environment (E) 5 1959.1679∗∗ 325.2384∗∗
Hybrids (G) 17 16.9317∗∗ 11.7243∗∗
Hybrids× environment (G×E) 85 7.8202∗∗ 9.8468∗∗
Pooled error 204 4.0294 3.7728
∗∗, ∗ and ns: significant at the 0.01 and 0.05 probability levels, respectively, and nonsignificant.

Table 3: Stability of earliness and yield based on nonparametric and parametric methods.

Genotype MFL S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ R s2di bi ASV
SR4 x SR17 68.56 8.00 43.87 21.23 3.29 4.33 0.49 0.44 0.77 14.00 0.83 1.02 0.99
SR9 x SR17 68.61 7.53 1.79 33.15 4.62 3.83 1.21 0.85 1.16 24.00 6.64 0.81 4.00
SR15 x SR17 67.72 0.29 34.27 22.35 3.91 4.67 0.89 0.75 0.94 28.00 2.22 0.95 1.94
SR22 x SR17 69.06 8.73 50.57 24.87 3.44 0.21 0.56 0.58 0.86 12.00 1.07 1.07 1.13
SR24 x SR17 68.56 5.53 21.77 12.32 2.42 2.00 0.37 0.25 0.63 10.00 0.16 0.99 0.38
SR25 x SR17 67.33 4.27 12.67 14.62 3.85 4.00 2.76 1.28 0.98 25.00 1.44 1.10 1.16
SR26 x SR17 69.89 4.87 0.80 6.86 1.52 5.17 0.56 0.39 0.34 15.00 2.14 1.01 1.73
SR30 x SR17 67.89 0.17 0.59 13.00 3.27 2.33 1.00 0.55 0.84 14.00 0.25 0.96 0.35
SR31 x SR17 67.28 7.27 37.37 27.34 4.54 4.83 1.58 0.93 1.06 32.00 4.06 1.09 2.96
SR32 x SR17 68.67 6.67 30.27 13.35 2.47 4.33 0.43 0.41 0.59 11.00 0.68 0.97 1.04
SR33 x SR17 68.22 0.17 13.77 11.16 2.76 1.33 0.59 0.31 0.75 11.00 0.09 1.01 0.34
SR41 x SR17 67.11 3.47 10.67 14.55 3.64 4.83 3.53 1.44 0.95 29.00 1.31 1.13 1.85
SR43 x SR17 69.00 6.33 30.17 13.92 2.12 3.00 0.45 0.34 0.58 8.00 0.30 0.95 0.48
SR46 x SR17 69.11 7.13 34.97 17.20 2.49 4.17 0.52 0.50 0.70 15.00 1.66 0.90 2.01
SR47 x SR17 67.83 5.00 0.71 13.46 2.77 3.67 0.69 0.65 0.77 17.00 0.59 1.02 0.73
SR52 x SR17 68.44 7.13 34.17 16.80 2.66 2.83 0.39 0.33 0.70 17.00 0.94 0.99 1.31
SB 65.72 0.13 0.54 22.00 5.33 0.25 4.33 2.39 0.04 34.00 3.44 1.00 1.83
BS 67.22 4.93 0.71 0.71 4.00 4.83 1.88 1.14 0.99 26.00 1.37 1.03 0.73
Genotype GY S⁽1⁾ S⁽2⁾ S⁽3⁾ S⁽⁶⁾ NP⁽1⁾ NP⁽2⁾ NP⁽3⁾ NP⁽⁴⁾ R s2di bi ASV
SR4 x SR17 11.99 7.20 34.27 20.56 3.60 4.50 0.63 0.58 0.86 20.00 1.32 1.30 1.18
SR9 x SR17 11.99 6.73 31.37 17.11 2.98 4.33 0.56 0.60 0.73 17.00 1.33 1.24 1.02
SR15 x SR17 12.44 6.80 32.00 14.55 2.36 4.33 0.39 0.49 0.62 12.00 0.87 0.65 0.75
SR22 x SR17 11.65 3.67 9.37 5.73 1.59 2.67 0.29 0.39 0.45 17.00 0.61 0.93 0.46
SR24 x SR17 13.56 3.87 10.00 3.57 1.00 3.83 0.41 0.36 0.28 16.00 1.63 1.27 1.06
SR25 x SR17 12.12 7.33 35.47 19.00 3.00 4.83 0.59 0.59 0.79 18.00 1.54 1.20 1.19
SR26 x SR17 11.63 5.67 22.57 11.47 1.97 3.67 0.40 0.50 0.58 31.00 3.20 0.58 1.69
SR30 x SR17 11.87 3.87 11.07 5.93 1.79 2.33 0.33 0.28 0.41 13.00 0.48 0.83 0.47
SR31 x SR17 12.59 4.20 11.50 5.00 1.48 1.83 0.25 0.23 0.37 4.00 0.19 0.99 0.12
SR32 x SR17 12.09 6.60 29.77 15.14 2.75 4.17 0.41 0.46 0.67 13.00 0.78 0.83 0.22
SR33 x SR17 12.34 7.67 43.90 19.09 2.87 5.33 0.39 0.53 0.67 18.00 1.21 0.59 1.35
SR41 x SR17 11.44 6.60 28.97 20.21 3.77 5.00 0.69 0.71 0.92 27.00 1.54 1.19 1.00
SR43 x SR17 11.67 7.73 39.20 21.78 3.33 5.00 0.63 0.63 0.86 27.00 3.74 1.17 1.51
SR46 x SR17 11.80 4.33 13.50 7.94 2.12 2.83 0.28 0.41 0.51 13.00 0.33 1.12 0.39
SR47 x SR17 11.63 6.13 25.87 15.52 3.12 4.67 0.46 0.61 0.74 21.00 1.31 1.00 0.91
SR52 x SR17 11.51 5.40 22.57 14.40 2.89 3.83 0.64 0.58 0.69 21.00 0.44 0.70 0.56
SB 14.01 8.67 55.20 25.09 3.64 8.33 0.58 0.76 0.79 19.00 3.06 2.09 2.78
BS 10.31 8.80 61.60 44.00 5.71 5.67 2.39 0.91 1.26 35.00 4.99 0.30 2.55
MFL� earliness, GY� grain yield; S⁽1⁾, S⁽2⁾, S⁽3⁾, and S⁽⁶⁾� nonparametric stability of Nassar and Huehn [25] and Huehn [26]; NP⁽1⁾, NP⁽2⁾, NP⁽3⁾, and NP⁽4⁾�
nonparametric stability of &ennarasu [27]; R�nonparametric stability of Kang [28]; s2di � standard deviation parametric stability of Eberhart and Russell
[29], bi � regression coefficient parametric stability of Eberhart and Russell [29]; and ASV�AMMI stability value [20].
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Nonparametric stability estimation of sweet corn hy-
brids of S(i), NP(i), and KR is also presented in Table 3. Based
on stability parameters of S⁽i⁾, NP⁽i⁾, and KR, it was showed
that sweet corn hybrids G5, G8, and G11, for earliness, and
G5, G9, and G11, for yield, have the lowest values among the
18 hybrids [25–28]. &ese hybrids represented the most
stable hybrids over 6 environments in multilocation and
season tests. On these criteria, hybrids G5 and G9 would be
selected as the most stable out of the 18 earliness and yield
hybrids over 6 environments in this multilocation and
season tests. Based on criteria of parametric and nonpara-
metric stability for earliness and yield, hybrids G5 and G9
showed the lowest average rank of stability (Supplemental
Table 1 and Supplemental Table 2.).

&e ASV of 18 sweet corn hybrids is presented in Table 3.
&e ASV of the hybrids ranged from 0.35 to 4.00 for earliness
and from 0.12 to 2.78 for yield. Hybrids G5 (0.38), G9 (0.35),
and G11 (0.34) were the most stable with low ASV values for
earliness, whereas hybrids G4 (0.46), G9 (0.47), and G11
(0.12) were the most stable with low ASV values for yield.
Hybrid G9 is seen to be stable for earliness and yield. Based
on the criteria of parametric and nonparametric stability and
multivariate parameter of the ASV, it is seen that hybrids G5
and G11 were themost stable hybrids with the most earliness
and the highest yield. &is result was similar to the study by
previous researchers [6, 41, 42] that revealed the stable
genotype with low average rank of parametric and non-
parametric stability with high grain yield.

In Table 4, AMMI analysis revealed the significant ac-
cumulation percentage of mean square for the first inter-
action principal component axis (IPCA-1) and the second
interaction principal component axis (IPCA-2) as follows:
63.1% and 80.0% and 51.4% and 81.7% for male flowering
and yield, respectively. On the contrary, GGE analysis
revealed similar significant accumulation percentage of
mean square for IPCA-1 and IPCA-2 as follows: 55.6% and
82.5% and 53.3% and 79.6% for male flowering and yield,
respectively (Table 5). AMMI for the yield of Indonesian
sweet corn hybrids in six distinct environments revealed that
5.26% of total mean square (MS) was contributed from the
genotype. Around 42.98% of total MS was due to envi-
ronment (locations and seasons), and 22.12% was due to the
interaction of G×E. &is result revealed that sweet corn
hybrids express various responses for male flowering and
yield due to their broad base genetic background and the
interaction of G×E by locations and seasons.

&e AMMI biplot revealed a graphic appearance of the
association between IPCA-1, IPCA-2, and G and E
(Figures 1(a) and 1(b)). Hybrids in sections II and III of the
biplot showed average male flowering longer than the grand
mean, whereas hybrids in sections I and IV had mean male
flowering shorter than the grand mean. On the contrary, the
male flowering hybrids in sections II and III showed average
grain yields higher than the grand mean, whereas hybrids in
sections I and IV exhibited average grain yields lower than
the grand mean. Hybrids that were adjacent to the starting
point of IPCA-1 expressed low contribution to the IGE;
therefore, these hybrids are stable in all test locations and
seasons.

Hybrids found above 1 or −1 performed a high inter-
active response with locations and seasons nearby and were
unstable. In the same way, locations and seasons with IPCA-
1 values close to the starting point showed low interaction
with hybrids and thus showed low distinction of hybrids.
Most hybrids showed PC1 between 1 and −1; similarly,
environment had PC1 between 1 and −1 both for male
flowering and grain yield. G5, G8, G11, and G14 were close
to zero and, therefore, were stable hybrids for male flow-
ering. G9 and G10 were also near to zero and were stable
hybrids for grain yield. High response of male flowering to
environments was shown by G3 (+1) for Jatinangor (E2),
Lembang (E3), and Wanayasa (E5); G9 (+2) for Lembang
(E4) and Wanayasa (E6); and G18 (-2) for Jatinangor (E1).
On the contrary, high response of grain yield to environ-
ments was shown by G2 (+2) for Jatinangor (E1), Lembang
(E3), and Wanayasa (E5) and G1 (+2) for Jatinangor (E2),
Lembang (E4), and Wanayasa (E6).

A GGE biplot in which hybrids had won and in which
locations and seasons were drawn using IPCA-1 and IPCA-2
values for both hybrids and locations and seasons is shown
in Figures 2(a) and 2(b). &e GGE biplot showed that hy-
brids G4, G7, G18, G2, and G9 were the uppermost from the
starting point and performed a high response (±) with
particular locations and seasons for male flowering
(Figure 2(a)). Hybrids G14, G2, G5, G7, and G1 were found
at the outermost from the starting point and showed a high
response (±) with specific locations and seasons for grain
yield (Figure 2(b)).

A polygon was drawn by connecting the outermost
hybrids with lines. Lines upright to the edges of the polygon

Table 4: AMMI analysis for earliness and yield of sweet corn in
West Java.

Source of
variance DF

Male flowering Yield
Mean sq. % Acum Mean sq. % Acum

PC1 21 19.9659∗∗ 63.1 63.1 20.4987∗∗ 51.4 51.4
PC2 19 5.9006∗ 16.9 80.0 13.3296∗∗ 30.3 81.7
PC3 17 4.0663 ns 10.4 90.4 5.1804∗ 10.5 92.2
PC4 15 3.3336 ns 7.5 97.9 2.2774 ns 4.1 96.3
PC5 13 1.0910 ns 2.1 100.0 2.3855 ns 3.7 100.0
PC6 11 0.0000 ns 0.0 100.0 0.0000 ns 0.0 100.0
∗∗, ∗ and ns: significant at the 0.01 and 0.05 probability levels, respectively,
and nonsignificant.

Table 5: GGE biplot analysis for earliness and yield of sweet corn
hybrids in West Java.

Source of
variance DF

Male flowering Yield
Mean sq. % Acum Mean sq. % Acum

PC1 21 25.2236∗∗ 55.6 55.6 26.3239∗∗ 53.3 53.3
PC2 19 13.4791∗∗ 26.9 82.5 14.3307∗∗ 26.3 79.6
PC3 17 4.7578 ns 8.5 91.0 6.0466∗ 9.9 89.5
PC4 15 4.2246 ns 6.7 97.7 4.1606 ns 6.0 95.5
PC5 13 1.6115 ns 2.2 99.9 2.5247 ns 3.2 98.7
PC6 11 0.1409 ns 0.2 100.1 1.1982 ns 1.3 100.0
∗∗, ∗ and ns: significant at the 0.01 and 0.05 probability levels, respectively,
and nonsignificant.
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were connected and these shaped four sections of which
only one showed environment undoubtedly appointed to
a hybrid at the high point of the polygon. In this study, E2,
E3, E4, E5, and E6 were in sector one, and the summit
hybrids were G4 (+) and G7 (+), which were the longer
male flowering hybrids in these environments. G5 and
G14 were hybrids in sector one and also showed long male
flowering. E1 was in sector two, and the summit hybrid

was G18 (+), which was the longest male flowering hybrid
in these environments. E5, E3, and E1 were in sector one,
and the peak hybrids were G2 (+) and G5 (+), which were
the highest yield hybrids in these environments. G9, G10,
and G12 were also in section one and performed high
yield. E2, E4, and E6 were in sector three, and the summit
hybrid was G1 (−), which was the highest yield hybrid in
this environment.

What-won-where biplot for MFL
PC1 = 55.6%; PC2 = 26.9%
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Figure 2: GGE biplot: (a) male flowering; (b) grain yield.
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Figure 1: AMMI-2 biplot: (a) male flowering; (b) grain yield.
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Using the polygon GGE biplot, some researchers located
superior genotypes and environments in at least four regions
in which the farthest hybrids were drawn into a polygon
[7, 18, 21, 22, 41].&e number of regions in the polygons is due
to the diverse genetic background of genotypes and distinct
environments involved. Chimonyo et al. [43] reported seven
sectors of the polygon in which the extreme South African
maize genotype as vertex were PAN 6479, Okavango, ZM627,
BR993, Afric 1, COMP 4, and Obatanpa. On the other hand,
the distinct environment were only in three sectors.&ey were
five environments from sector one, three environments from
sector two, and two environments from sector three. Hoyos-
Villegas et al. [7] stated six sectors of the polygon which have
different genetic-background of the beans as a summit. &ese
summit genotypes were Topaz of Durango, Verano of
Measoamerica, TARS-VCI-48 of Admixed, PR0340-3-3-1 of
Mesoamerica, PT7-2 of Durango, and Merlot, Lapz and
Sedona of Admixed. On the other hand, the distinct envi-
ronment involved was MRC from the sector with Merlot, La
Paz, and Sedona as the summits, SVREC1 from the sector with
PT7-2 as the summit, and SVRECR from the sector with
PR0340-2-1 as the summit.

An adaptation biplot was drawn using IPCA-1, grand
mean of male flowering (Figure 3(a)), and grain yield for both
hybrids and environments (Figure 3(b)). G5 (SR 24 x SR 17)
was a high-response hybrid for grain yield to Jatinangor (E1,
E2), Lembang (E3, E4), and Wanayasa (E5, E6), as well as
short male flowering to Jatinangor (E2), Lembang (E3, E4),
and Wanayasa (E5, E6). G11 (SR 33 x SR 17) showed high
yield as a response to Jatinangor (E2) and Wanayasa (E6).

In Indonesia, farmers are interested to cultivate hybrids
showing high yield and stable hybrids. Similar to this
condition, Chimonyo et al. [43] mentioned that farmers in
Africa preferred to select superior maize adapted to a specific
or broad environment to protect their yield and economic

revenue that was influenced by environment change.
&erefore, G5 could be selected to be cultivated inWest Java,
Indonesia, since it showed stable high yield and earliness in
the three distinct locations for two different seasons.

4. Conclusion

&is study identified the most promising sweet corn hybrids
including hybrids G5 (SR 24 x SR 17) andG11 (SR 31 x SR 17).
&e parametric and nonparametric stability parameters and
ASV were complement to the AMMI and GGE biplots in
selecting stable and adaptable hybrids in terms of earliness
and yield. G5 was selected as a high-response hybrid for grain
yield to Jatinangor (E1, E2), Lembang (E3, E4), andWanayasa
(E5, E6), as well as earliness to Jatinangor (E2), Lembang (E3,
E4), andWanayasa (E5, E6). G5 sweet corn hybrid, therefore,
is suggested to be extensively evaluated on farm and produced
for smallholder farmers in West Java, Indonesia.
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Figure 3: Adaptation map of Indonesian sweet corn for (a) male flowering (dap: days after planting) and (b) grain yield (ton/ha).
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