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Adaptability and stability of maize genotypes
in growing regions of central Brazil

This study aimed to estimate and compare parameters of adaptability and stability for maize grain yield in a variety
of environments by different projection methods. Data from experiments on 36 maize genotypes, in simple lattice 6x6, in
2012/13 season performed at nine growing locations in central Brazil were used. Adaptability and stability analyses were
performed using the methods of Lin & Binns (1988) with decomposition, MHPRVG through REML/BLUP, AMMI-Biplot,
and GGE-Biplot analysis. These methods have similarities in terms of genotype ordering but differ in precision and
amount of information provided on genotype-environment (GxE) interactions. When compared to GGE-Biplot, AMMI
method retained a good percentage of the total square sum, based on pattern of GxE interaction. The method of Lin &
Binns with decomposition is similar to MHPRVG, but these one is more accurate, practice and informative. MHPRVG and
GGE-Biplot methods should be used together to select the most promising genotypes. The genotypes G5 and G8 can be
recommended for cultivation in central Brazil due to their adaptability, stability, and yield.
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INTRODUCTION
The Genotype x Environment interaction reflects the

way genotypes behave in different environments
(Rezende et al., 2020). This is because the most effective
traits for improvement of genotypes are of metric nature
and have continuous distribution and polygenic
inheritance when under the constant influence of
environmental changes (Borem et al., 2017).

Over the last two decades, several studies have been
performed to develop stability indices for quantification
and selection of promising genotypes. These methods
use multivariate parametric models, such as additive main
effects and multiplicative interaction analysis (AMMI-
Biplot) (Bocianowski et al., 2019), as well as genotype +
genotype-by-environment biplots (GGE-Biplot) (Machado
et al., 2019), harmonic mean of relative performance of
genetic values (MHPRVG) method through REML/BLUP
(Oliveira et al., 2017), and non-parametric models (Lin &

Binns, 1988; Cargnelutti Filho & Guadagnin, 2018). The
selection among the existing methods depends on the
ability to explain the sum of squares of GxE interactions.

Some studies with maize have compared several
methods for GxE interaction analysis (Faria et al., 2017,
Machado et al., 2019, Santos et al., 2019, Rezende et al.,
2020). However, few of them have assessed parametric
and non-parametric or even mixed models, such as REML/
BLUP. Furthermore, the number of publications has been
decreased over the last several decades in Brazil. Eberhart
and Russel was the traditional predominant method in the
study of adaptability and stability in maize and soybean.
Other methods as AMMI, GGE Biplot and MHPRVG had
their used increased (Rezende et al., 2021).

To improve selection accuracy and hence the
recommendation of superior maize genotypes, studies
comparing traditional and recent statistics should be
carried out. In this line, this study aimed to estimate and
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compare parameters of adaptability and stability for maize
grain yield in a variety of environments by different
projection methods.

MATERIAL  AND METHODS
Data grain yield were used to evaluate 36 maize

genotypes in experiments conducted in the 2012/13 season
at nine growing locations in central Brazil (E1: Sete Lagoas/
MG, E2: Londrina/PR, E3: Goiânia/GO, E4: Janaúba/MG,
E5: Planaltina/DF, E6: Paragominas/PA, E7: Altamira/PA,
E8: Campo Grande/MS, and E9: Manduri/SP). All the
experiments were conducted using a 6 x 6 simple lattice
design. Each experimental unit consisted of two four-meter
rows with an interrow spacing of 0.8 meters (1.6 x 4 m) and
a useful plot area of 4.8 m2.

Maize plants were sown in October and November
and harvested 120 days thereafter. Planting and
topdressing ferti l izations followed crop
recommendations and were performed based on soil
analysis of each growing site. Grain yield (GY) estimates
(kg ha”1) were made by rescaling harvested grain mass
per experimental unit to grain mass per hectare, and
moisture correction to 13%.

Intra-block variance analysis with adjusted treatments
and blocks within unadjusted repetitions was performed
for each environment and significance tested by the F-
test. After confirming homogeneity of variances by the
Hartley F-max test, a joint analysis was carried out to test
the significances of effects of genotype (G), environment
(E), and GxE interaction. The environmental effect was
considered random and the genotype one as fixed.
Selection accuracy was calculated as described by
Resende & Duarte (2007).

Adaptability and stability parameters were estimated
using the following methods: Lin & Binns (1988) with
decomposition (Cruz et al., 2012), harmonic mean of
relative performance of genetic values (MHPRVG) by a
mixed model method with restricted maximum likelihood
and best linear unbiased prediction (REML/BLUP)
(Resende, 2016), additive main effects and multiplicative
interaction biplots (AMMI-Biplot) (Zobel et al., 1988),
and genotype + genotype-by-environment (GGE-Biplot)
(Yan & Tinker, 2006). The statistical software used for
these analyses were GENES (Cruz, 2013), SELEGEN
(Resende, 2016), and R (R Core Team, 2018).

In Lin & Binns (1988) with decomposition, adaptability
P

i
 was measured by the mean-square distance between

genotype i and the genotype with maximum response to
the environment j , using the following equation:

; wherein: P
i
 is the superiority index of

genotype i, Y
ij
 is the yield of the i-th genotype in the j-th

environment, M
j
 is the maximum response observed among

all genotypes in the j-th environment, and a is the number
of environments. However, Carneiro (1998) suggested
decomposition of  statistics to favorable and unfavorable
environments by the following equations:

; wherein: f is the number of favorable

environments, and ; wherein: d is the

number of unfavorable environments.
An additive main effect and multiplicative interaction

(AMMI-Biplot) model is a combination of analysis of
variance (ANOVA) and principal component analysis
(PCA). The equation used for this method is

; wherein:  is
the mean yield of the genotype i (i  = 1. 2, …, 36) in the
environment j (j  = 1, 2, … 9); µ  is the overall mean of
experiments; g

i
 is the effect of the genotype i; a

j
 is the

effect of the environment j;  is the effect
of multiplicative G x E interaction, wherein: λ

k
 is the

singular value, γ
ik
 and  α

jk
 are the PCA scores of  k axis

for genotype and environment, respectively, and n is
the number of axes or principal components retained to
describe the pattern of  GxE interaction; r

ij
 is the residual

effect of AMMI model (noise); and ε
i j
 is the

experimental error of random effect. As a measure of
stability, the first component (IPCA1) scores of each
genotype, obtained from AMMI1 analysis, were used.
In addition, AMMI stability value (ASV) was used as a
statistical parameter to replace graphical analysis by
AMMI2. ASV is defined in terms of the Euclidean
distance between the Cartesian plane origin and the
coordinate of genotype or environment point (Purchase
et al. ,  2000), as in the equation

;

wherein: SS IPCA1 is the sum of squares of IPCA1 and SS
IPCA2 is sum of squares of IPCA2.

As proposed by Yan  (2011), the analysis by GGE
method was made by the equation: Y

ij
 - µ - E

j
 = Y

1
ε

i1
P

i1
 +

Y
2
ε

i2
P

j2
 + ε

ij
; wherein: Y

ij
 is the yield of the i-th genotype in

the j-th environment, µ is the overall mean, E
j
 is the

environment effect, Y
1
 and Y

2
 are the singular values of

IPCA1 and IPCA2, respectively, ε
i1
 and ε

i2
 are the IPCA1

and IPCA2 scores for the i-th genotype, respectively, P
j1

and P
j1
 are the IPCA1 and IPCA2 scores for the j-th

environment, respectively, and ε
ij
 is the residual effect

not explained by any of the factors (noise). After
constructing the plot of  PCA scores associated with
environments and genotypes, the following parameters
were analyzed: which-won-where pattern, genotype mean
performance and stability, environment discriminating-
ability and representativeness, and ideal-genotype ranking
(Yan & Tinker, 2006).
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Mixed linear model analyses were carried out by REML/
BLUP method using model 52 of SELEGEN software, by
the following equation (Resende, 2016): y = Xr + Z

g
 + W

b
 +

T
i
 + e; wherein: y is the data vector; r is the vector of fixed

effects of repetition added to the overall mean; g is the
vector of genotypic random effects; b is the vector of
random effects of blocks; i is the vector of random effects
of genotype x environment interactions; e is the error
vector, considered random; and X, Z, W, Y, and Z represent
the incidence matrices for these effects. Simultaneous
measures of adaptability and stability for each genotype
were obtained by means of MHPRVG, as in the following

equation: ; wherein: n is the

number of environments and PRVG
ij
 = VG

ij
/VG

j
, in which

VG
ij
 is the genetic value of the genotype i in the

environment j and VGj is the genotypic mean in the
environment j.

For a better interpretation of results, the MHPRVG
values were multiplied by the overall mean of all
environments (MHPRVG*MG), representing the results
in the same magnitude of the studied variable.
Subsequently, environments were grouped into favorable
and unfavorable as a function of the overall yield mean of
all environments, and separate analyses were conducted
for each group. The environments showing averages
above the overall mean were considered as favorable and
those with values below as unfavorable, according to
Mendes et al. (2012).

RESULTS AND DISCUSSION
The analysis indicated significant effects (p < 0.01)

for genotypes, environment and the G x E interaction. The
effect of the environment was responsible for more than
38% of the variation sum of squared, as observed by Faria
et al. (2017) with commercial maize hybrids in five locations
em Minas Gerais. Most of environment variations effect
is due the differences between locations. During the period

of conducting the experiments were observed monthly
rainfall volumes is a range of 62 to 323,9 millimeters
(INMET, 2017). The growing locations also differed em
relation to altitude (90 to 971 meters), and consequently
in the mean temperature. This implies that the performance
of genotypes was influenced by environments conditions,
what justifies the study of adaptability and phenotypic
stability (Table 1).

For the method of Lin & Binns (1988) with
decomposition, the genotypes G1, G34, G31, G8, and G5
presented the lowest P

i
 value for the overall environment

(Table 2). These genotypes, except for G1 (only 11.11% of
genetic variation), contributed little to the GxE interaction,
reflecting considerable participation of the genetic variance
to express grain yield.

Twelve, out of the 13 genotypes with the highest
grain yield, showed the lowest P

i
 value for overall

environment (G1, G34, G31, G8, G30, G5, G21, G7, G12,
and G20). This is because P

i
 statistics considers as highly

adaptable and stable (low P
i
) genotypes those whose

yields are closer to maximum for each environment (Cruz
et al., 2012) as a comparison between genotypes and an
ideotype. Therefore, higher stability will always be
associated with higher yields (Lin & Binns, 1988).
Currently, this method has been recommended to study
adaptability and stability in maize when the number of
experiments analyzed does not exceed nine (Cargnelutti
Filho & Guadagnim, 2018).

Besides recommended for general environment, G1 also
proved adaptability to favorable environments, as did G5
and G8. To unfavorable environments, the three best-
performing genotypes were G1, G34 and G31. G1 is a simple
hybrid developed for high-medium investment fields with
a history of high-medium yields. According to Oliveira et
al. (2020) this genotype had greater performance under
harvest season and off-season in Amazonas.

The method Lin & Binns (1988) with decomposition
does not allow the detection of the predominant type of

Table 1: Summary of joint variance analysis of grain yield (kg ha”1) in 36 maize genotypes at nine different environments of central
Brazil

SV DF MS %SS
F

(1)

Replication 1 6803899**

Block (Replication) 10 6610551**

Genotype (G) 35 14050219** 30.00
Environment (E) 8 79444006** 38.00
G x E 280 1899783* 32.00
Residual 313 1004964  

Mean 6853.14
CV% 14.63

 0.96  
(1): percentage of sum of squared factors: genotype, environment, and GxE interaction. *Significant by the F-test (P < 0.05),** Significant
by the F-test (P < 0.01). CV%: coefficient of variation. : accuracy.
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GxE interaction. But it can select productive, adapted, and
stable genotypes to the environments, under a interaction
predominant simple.

The decomposition of the sum of squares of GxE
interaction was decomposed into eight principal
component axes (IPCAs) by the AMMI-Biplot method,
which four showed significance. The first (IPCA1) and
second (IPCA2) were highly significant (P < 0.01) by the
Gollob (1968) F-test (Table 3).

The lack adjustment of AMMI models evidenced by
Cornelius test denotes that AMMI1 residuals were not
significant, confirming the selection of AMMI1. This
model explained 35% of the total variation (pattern), using

only about 15% of the original degrees of freedom (Table
3). About one-third of the changes in grain yield related
to deviations of the main effects (genotypes and
environments) could be explained by the first component
(IPCA1). And about 65%, in others axis, corresponds to a
large amount of noise.

The AMMI method has the objective of capturing
the pattern of the variation of the GxE interaction and
discarding the noise (random variation that little
explains the GxE interaction). As more parameterized
models are considered (AMMI2, AMMI3), noise can
distort the interpretation of the performance of
genotypes and environments regarding stability in

Table 2: Estimates of overall P
i
, favorable P

i
 (P

i(f)
), and unfavorable P

i
 (P

i(u)
), and genetic value (GV) by the Lin & Binns (1988)

method with decomposition regarding grain yield (kg ha”1) of 36 maize genotypes grown in nine environments of central Brazil in the
2012/2013 season

Genotype Mean P
i

P
i(f)

P
i(u)

%GV

G1 10817.7 3353.81 6036.85 0.00 11.11
G2 6294.13 12070812.80 9112900.04 15768203.75 85.79
G3 6082.55 12322237.00 11449907.47 13412648.91 92.03
G4 6568.73 11552043.01 7304913.23 16860955.24 79.15
G5 7932.03 6445160.04 2382057.03 11524038.79 65.83
G6 6909.75 9222527.99 7537902.12 11328310.33 83.96
G7 7395.88 7370106.76 5382267.76 9854905.52 80.71
G8 7701.63 5862180.92 3504298.75 8809533.63 84.28
G9 6994.61 9664839.59 8074860.63 11652313.28 76.70
G10 6303.22 13179694.02 10913636.63 16012265.75 78.26
G11 7066.88 9039410.05 4983765.17 14108966.16 78.96
G12 7251.99 8186980.81 5468002.44 11585703.77 78.84
G13 6657.36 9942158.27 6635300.92 14075729.94 88.19
G14 6871.67 8485670.12 7101066.34 10216424.86 93.02
G15 7033.31 9022388.20 6476189.38 12205136.74 80.52
G16 6686.04 10065849.35 8241981.91 12345683.65 85.92
G17 6193.47 12628804.53 8444391.05 17859321.39 85.66
G18 5353.55 18115438.96 13759096.90 23560866.54 83.23
G19 6558.24 11120866.32 8721562.90 14119995.59 82.62
G20 7026.20 8406863.83 7542001.33 9487941.95 86.74
G21 7305.50 6593532.81 5218815.80 8311929.07 95.00
G22 6784.99 9977037.15 7087094.63 13589465.29 82.61
G23 5387.09 16466759.99 14229730.97 19263046.26 90.45
G24 6266.63 12889252.67 7366311.15 19792929.58 81.31
G25 5565.02 15883993.99 10057407.52 23167227.07 87.76
G26 6188.53 13372557.11 7899649.03 20213692.22 81.07
G27 6674.15 9824825.43 7649637.59 12543810.23 88.53
G28 6180.25 13147607.30 10605437.64 16325319.37 82.75
G29 7043.75 8428907.79 7088005.17 10105036.06 85.71
G30 7556.21 6280188.29 5222370.96 7602459.95 86.11
G31 7780.03 5477440.40 4285832.88 6966949.79 85.75
G32 6734.88 9366677.87 6622362.68 12797071.86 90.18
G33 5921.91 14284812.69 11293048.07 18024518.47 84.83
G34 7915.18 4927469.04 4133240.30 5920254.96 87.10
G35 6807.73 10475095.71 7142561.48 14640763.49 77.80
G36 6902.21 10148469.43 8815773.16 11814339.77 76.59

Overall mean 6853.14     
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graphics analysis. Thus, it is inferred that the high value
for noise in this analysis (65%) has no relevant content.
Similar results were observed by Oliveira et al. (2010),
21.8%; Hongyu et al. (2014), 56,2%; and, Machado et
al. (2019), 45.4%.

Despite the selection of an axis, it is only expected to
select the highest percentage of the G x E interaction
pattern. Therefore, AMMI1 biplot is enough to explain
the real G x E interactions, disregarding the rest of the
variation that has the most noise. The graphical analysis
of AMMI1 shows that the control G1 (1) contributed the
most to GxE interaction since it had the greatest range of
scores in the interaction axis (Figure 1). Even with the
highest yield, this genotype showed no specificity in terms
of adaptability to any of the evaluated environments,
attesting its instability.

Still, this method demonstrates that the most stable
genotypes should also be the most productive in the studied
environments, among which G11 and G6 stood out.

Another way to interpret an AMMI-Biplot model is
through ASV analysis. It measures how much each
genotype contributed to GxE interactions considering the
first two IPCAs. For this reason, these statistics can be
used as a measure equivalent to biplot AMMI2 (IPCA1 x
IPCA2), for classification purposes (Abate, 2020). In
accordance with AMMI1 graphical analysis, G1 and G10
remained as the most unstable genotypes by ASV analysis
(Table 4). Conversely, G3, G9, G32, G7, and G5 contributed
less to GxE interaction and were the most stable by AMMI1
biplot. ASV analysis also indicated that G8 and G23
presented the lowest values of ASV but not confirmed by
AMMI1.

Table 3: Analysis of variance with interaction GxE decomposition for the AMMI model and the explained variance for grain yield (kg
ha-1) variable

Source DF S S MS F
G

F
C

Explained (%)

IPCA1 (pattern) 42 93093078 2216502 3.70**    - 35.3
AMMI1 error (noise) 238 170925721 718175.3 - 1.20*    -
IPCA2 40 55520332 1388008 2.32**    - 21
AMMI2 error 198 115405389 582855.5 - 0.97ns    -
IPCA3 38 35949509 946039.7 1.58*    - 13.6
AMMI3 error 160 79455872 496599.2 - 0.83ns    -
IPCA4 36 32201802 894494.5 1.49*    -    -
AMMI4 error 124 47254069 381081.2 - 0.64ns    -
Error 450 269299169 598442.6 -     -    -

G: Gollob (1968), C: Cornelius et al (1992),** , *, and ns: significant (P < 0.01), significant (P < 0.05), and non-significant by the F-test,
respectively.

Table 4: Genotype rank by AMMI stability value (ASV) for grain yield (kg ha”1) of 36 maize genotypes grown in nine environments
of central Brazil in the 2012/2013 season

Rank Genotype IPCA1 IPCA2 ASV  Rank Genotype IPCA1 IPCA2 ASV

1 G8 12.01 -0.15 5.07 19 G17 -5.91 -6.28 22.89
2 G23 -10.54 -20.59 6.26 20 G29 14.52 4.03 24.09
3 G26 -15.11 11.17 7.71 21 G16 -3.68 -1.73 24.70
4 G3 0.55 -6.22 8.35 22 G25 -8.86 11.36 25.15
5 G9 -4.91 25.93 9.90 23 G6 0.25 -27.48 25.62
6 G32 5.22 -3.70 10.11 24 G21 26.13 -2.02 25.68
7 G7 -8.30 7.64 12.45 25 G20 9.38 15.37 25.70
8 G34 35.65 -5.46 13.18 26 G36 -21.83 -16.16 26.70
9 G5 -6.65 5.29 13.28 27 G33 -11.45 -25.12 27.48
10 G24 -14.76 12.60 14.16 28 G27 15.40 -16.21 29.17
11 G35 -17.52 -8.09 15.56 29 G15 -5.58 -10.14 30.28
12 G18 -31.61 -14.87 16.15 30 G30 10.86 1.68 32.56
13 G11 0.73 -8.29 16.56 31 G14 19.78 0.12 33.90
14 G31 19.41 -0.99 17.48 32 G4 -13.29 3.07 35.77
15 G22 1.28 30.24 19.23 33 G2 -12.22 -12.64 40.92
16 G13 9.61 -4.62 19.58 34 G10 -21.30 30.24 43.55
17 G12 17.32 27.86 20.26 35 G28 -19.83 -0.19 46.49
18 G19 -6.33 14.39 22.53  36 G1 41.56 -10.03 54.74

IPCA: Interaction principal component axes.



206 Euriann Lopes Marques Yamamoto et al.

Rev. Ceres, Viçosa, v. 68, n.3, p. 201-211, may/jun, 2021

Considering both AMMI1 and ASV analyses, the
results of AMMI analysis pointed G9, G7, and G5 as the
most productive and stable genotypes. ASV analysis has
the purpose to assist breeders in selecting promising
genotypes, avoiding using solely visual graphical
analysis.

In the GGE-Biplot method, the first two principal
components (IPCA1 and IPCA2) accounted for 71.88% of
the total variance of maize yield in the genotypes. Thus,
this method explained a good part of the sum of squares
of genotypes and GxE interaction, but this percentage
may be related by noise. This value is within the range of
60–83.12% showed by other authors when evaluating
maize genotypes (Hongyu et al., 2015; Machado et al.,
2019, Oliveira et al., 2019).

The GGE-Biplot method has a series of graphical tools
for effective genotype selection. Regions limited by red
lines were created by which-won-where plot (Figure 2),
which groups evaluated environments into mega-
environments, representing the most similar environments.
Genotypes located at the vertex of the polygon are more
distant from the origin and classified as more responsive
to environmental stimulus; yet, those within the polygon
are less responsive.

The nine environments were cut into two groups of
mega-environments: Sector 1 composed by E1, E2, E3, E4,
E5, E7, E8, and E9; Sector 2 composed by E6 (Figure 2).

The vertex genotype was G1 and presented the highest
mean yield in Sector 1. When the genotypes are at vertices
where it is not possible to define which sector they belong
to and does not have related environments, it can be
assumed that these genotypes were not responsive to
any of the grouped environments. They are considered
unfavorable and have low productivity.

E6 was the most different environment when compared
to the others. Therefore, different genotypes should be
selected and developed specifically for such mega-
environment. E6 is located to the north of the Brazilian
territory and, among the evaluated environments, it is at a
lower altitude (90 m) and has an average annual maximum
temperature of 33 °C (INMET, 2017). These factors may
have influenced its classification as the most different
from the others by the GGE-Biplot method.

Another analysis enabled by GGE-Biplot method is
investigating the relationship between grain yield and
genotype stability, represented by a mean x stability graph
(Figure 3).

When considering yield and stability, G8 and G31 were
the most stable and productive among the genotypes. On
the other hand, G10 was the most unstable, followed by
G22, G6, and G33. By contrast, G1 and G18 were not highly
unstable as seen through the AMMI-Biplot method. This
might have occurred due to the way statistical calculations
were set up for each method. In the AMMI-Biplot, the

Figure 1: Biplot of AMMI1 analysis for grain yield (kg ha”1) of 36 maize genotypes grown in nine environments of central Brazil in
the 2012/2013 season.
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effects of genotypes, environments, and GxE interaction
are subtracted from the matrix of means, while in the GGE-
Biplot, only the environmental effects are deducted from
this matrix. In this way, the environmental effect was
mitigated in the graphic representation of genotypes by
GGE-Biplot.

An ideal genotype must have both high productivity
and high stability in every environment, what is defined
by the center of concentric circles (Figure 4) and works
more as a representative model than a maize ideotype. In
this sense, genotypes located near the ideotype are more

desirable for selection (Yan & Tinker, 2006). The genotype
G1 was allocated in the third concentric circle, that is
closer to the ideal in terms of yield and phenotypic stability.

In addition, the GGE-Biplot method also takes into
account the existing relationship among the test
environments (Figure 5). For Oliveira et al. (2019),
evaluating maize genotypes an ideal test environment
should effectively discriminate genotypes and represent
the environments.

Environmental differences are indicated by vectors
originating at the center of the biplot (Figure 5). E5 and E8

Figure 3: GGE-Biplot graph: mean x stability for grain yield (kg ha”1) of 36 maize genotypes grown in nine environments of central
Brazil in the 2012/2013 season, and their respective production stabilities.

Figure 2: GGE Biplot graph: which-won-where for grain yield (kg ha”1) of 36 maize genotypes grown in nine environments of central
Brazil in the 2012/2013 season.
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were similar between each other because they had the
lowest acute angle among environments. However, similar
environments suggest data redundancy in breeding
programs, increasing the cost of developing new
genotypes and impairing representation of more
contrasting environments (Felipe et al., 2010).

These results suggest the predominance of a simple
GxE interaction, genetic variability among genotypes, and
correlation among environments. The prevailing
interaction in the evaluated dataset could not be identified
through the methods of Lin & Binns (1988) with
decomposition, and AMMI-Biplot. This led to the
selection of the GGE-Biplot method as more
advantageous.

The criterion MHPRVG*MG was able to connect yield,
stability, and adaptability simultaneously (Figure 6). This
method shows the overall adaptability of genotypes and
related genotype productivity with genotype stability and
adaptability. In this sense, G18 was the most unstable
genotype in relation to the tested environments.

Additionally, the analysis by mixed models allowed
classification of the environments into favorable and
unfavorable based on the mean yield of genotypes in each
site. E1, E3, E5, E6, and E8 were classified as favorable
environments due to their grain yield superiority (6,853.14
kg ha”1). Conversely, E2, E4, E7, and E9 were considered
unfavorable for showing yield values below the overall
mean.

Figure 4: GGE-Biplot graph: projection of an ideal genotype for grain yield (kg ha”1) among 36 maize genotypes grown in nine
environments of central Brazil in the 2012/2013 season.

Figure 5: GGE-Biplot graph: discriminative x representative environments for grain yield (kg ha”1) of 36 maize genotypes grown in
nine environments of central Brazil in the 2012/2013 season.
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In the graph between favorable and unfavorable
environments, G1 was classified as a genotype of broad
adaptability and high stability, with the highest average
(Figure 7). G34 and G31 showed adaptation to unfavorable
environments, while G8 and G5 to favorable environments.
Lastly, the remaining genotypes presented low stability
and adaptability, as they did not perform well in any of the
tested environments.

As observed by Rodovalho et al (2015), the results of
MHPRVG method were similar to those of Lin & Binns
(1988) with decomposition. However, it is worth
highlighting that the former analyzes genotypic rather than
phenotypic features, as the non-parametric one. Besides
informing the type of interaction, allowing graphical
analysis, and providing results in the same unit of the
variable, and all of it in a single estimate, the MHPRVG is
more pratical and can be used together with other
adaptability and stability methods, presenting
complementary information.

The methods Lin & Binns (1988) with decomposition,
GGE-Biplot, and MHPRVG were unanimous in selecting
genotype G8 for favorable environments. AMMI-Biplot
categorized it as specifically adapted to E3, which was
neither a favorable nor an unfavorable environment by
this method. Conversely, the models Lin & Binns (1988)
with decomposition, and MHPRVG considered E3 as a
favorable environment. In brief, G8 can be recommended
for favorable environments.

Both AMMI-Biplot and GGE-Biplot methods agreed
in classifying G5 as a moderately stable genotype; yet,
Lin & Binns (1988) with decomposition, and MHPRVG
classified it as stable and recommended for favorable
environments. The GGE-Biplot method captured half of
the total variation and the AMMI explained even less;
therefore, the results should be interpreted cautiously.
Given this, Yan (2011) encouraged the association of
such methods with mixed models to better understand
the results obtained. Based on mixed models, the
MHPRVG method provides results that must be
interpreted at a genetic level, already penalized or

capitalized by adaptability and stability estimates
(Rodovalho et al., 2015).

The genotypes G1, G34, G31, G8, and G5 were similarly
classified by the methods MHPRVG and Lin & Binns (1988)
with decomposition. In this case, only one change was
verified in the ordering of the first five selected genotypes.
It is known that these methods penalize genotypes with
unfavorable performance in all environments when
compared to the general mean of the evaluated
environments (Rodovalho et al., 2015).

Cargnelutti Filho & Guadagnin (2018) observed that
genotypes indicated by the method Lin & Binns (1988)
with decomposition are usually associated with high yield
and low predictability. In this study, this association could
be verified for G1, which was considered unstable according
AMMI-Biplot. GGE-Biplot classified this genotype as
moderately stable and the closest to the ideal since it is a
simple hybrid. This difference may occur because the
AMMI-Biplot method separates genotype and environment
effects from GxE interaction, while the GGE-Biplot select
plants based on genotype and GxE interaction
simultaneously. Yan (2011) observed that these last two
effects should be considered simultaneously for selecting
superior genotypes because breeders seek to understand
genotype performance associated with GxE interaction.

All the methods were in accordance in terms of
classification of G10, G18, and G34 as unstable genotypes.
Nevertheless, they did not reach an agreement regarding
the most adapted, stable, and productive genotypes. The
genotype that was closest to this relationship was G1 by
the methods Lin & Binns (1988) with decomposition, GGE-
Biplot, and MHPRVG.

No relationship was verified between the GGE-Biplot
method and the others, and it can be used as an auxiliary
tool for genotype selection. In addition, only the GGE-
Biplot, AMMI-Biplot, and MHPRVG methods showed the
predominance of a simple interaction for the evaluated
dataset. GGE-Biplot is a remarkably informative method
since it allows analyzing together the performances of
environments, genotypes, and GxE interaction.

Figure 6: Means of MHPRVG*MG for grain yield (kg ha”1) of 36 maize genotypes grown in nine environments of central Brazil in
the 2012/2013 season.
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CONCLUSIONS
AMMI method presented superior quality than GGE

Biplot, especially regarding the pattern of GxE interaction.

The method Lin & Binns (1988) with decomposition
presented similarity with MHPRVG, but these one is most
practice, accurate and informative than Lin & Binns.

Stability and adaptability were not always associated
with higher yield; thus, the methods MHPRVG and GGE-
Biplot should be used together to select the most
promising genotypes.

The genotypes G5 and G8 were recommended for
cultivation in central Brazil due to their great adaptability
and stability combined with increased yield.
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