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ABSTRACT. Sweet sorghum has considerable potential for ethanol
and energy production. The crop is adaptable and can be grown under a
wide range of cultivation conditions in marginal areas; however, studies
of phenotypic stability are lacking under tropical conditions. Various
methods can be used to assess the stability of the crop. Some of these
methods generate the same basic information, whereas others provide
additional information on genotype x environment (G x E) interactions
and/or a description of the genotypes and environments. In this study,
we evaluated the complementarity of two methods, GGEBiplot and
Toler, with the aim of achieving more detailed information on G x
E interactions and their implications for selection of sweet sorghum
genotypes. We used data from 25 sorghum genotypes grown in different
environments and evaluated the following traits: flowering (FLOW),
green mass yield (GMY), total soluble solids (TSS), and tons of Brix
per hectare (TBH). Significant G x E interactions were found for all
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traits. The most stable genotypes identified with the GGEBiplot method
were CMSXS643 for FLOW, CMSXS644 and CMSXS647 for GMY,
CMSXS646 and CMSXS637 for TSS, and BRS511 and CMSXSS647
for TBH. Especially for TBH, the genotype BRS511 was classified as
doubly desirable by the Toler method; however, unlike the result of the
GGEBiplot method, the genotype CMSXS647 was also found to be
doubly undesirable. The two analytical methods were complementary and
enabled a more reliable identification of adapted and stable genotypes.

Key words: Complementarity method; Ethanol; Multi-environment trial,
Genotype x environment interaction; Sorghum bicolor

INTRODUCTION

Sweet sorghum [Sorghum bicolor (L.) Moench] is a bioenergy crop with considerable
potential to contribute significantly to ethanol production in Brazil. The harvest time of the
crop is complementary to that of sugar cane and thus not only contributes to an increased etha-
nol production but also reduces the period of inactivity of ethanol processing plants. Sweet
sorghum is highly tolerant to abiotic stresses and can be used for renewal of sugarcane fields
due to its short life cycle of 4 months (Souza et al., 2013).

Improvement in sweet sorghum breeding requires evaluation of the performances of
candidate cultivars in trials of value for cultivation and use (VCU). Such VCU trials are re-
quired by the Ministry of Agriculture, Livestock and Supply (MAPA), which aims to validate
potential genotypes under different crop conditions and to promote trustworthy and reliable
comparisons with cultivars on the market. After these assessments, breeders can use the appro-
priate biometric procedures to identify the genotypes best suited and most stable in a particular
region and to recommend these to farmers.

Nevertheless, there have been few studies on the adaptability and stability of sweet
sorghum with respect to the impact of genotype x environment (G x E) interactions (Rao et al.,
2011; Souza et al., 2013). Various methods are available for investigating G x E interactions
(Ferreira et al., 2006). For example, multivariate methods can be used to analyze adaptability
and phenotypic stability: the AMMI method (Additive Main Effects and Multiplicative Interac-
tion) combines additive terms for main effects (genotype and environment) and multiplicative
terms for G x E interaction effects into a single model (Gauch, 2013); the GGEBiplot method
combines the main effects of genotype with the multiplicative effects of the G x E interaction
(Yan, 2001, 2013). Although these methods are very informative, they are unable to describe the
response pattern of genotypes to variation in environmental quality (Ferreira et al., 2006; Yan
and Tinker, 2006). The analytical method proposed by Toler (1990) can provide this information.

Here, the complementarity of the GGEBiplot and Toler analytical methods was exam-
ined in order to better define G x E interactions and to determine whether these methods can
be jointly applied to the analysis of adaptability and phenotypic stability of sweet sorghum
genotypes in multi-environment trials.

MATERIAL AND METHODS

This study includes data from nine trials to determine the VCU of sweet sorghum
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varieties. These trials were conducted by the Brazilian Corporation for Agricultural Research
(Embrapa) Maize and Sorghum in the 2011/2012 growing year (Table 1).

The trials evaluated 25 genotypes, including 18 varieties developed by the breeding pro-
gram of Embrapa Maize and Sorghum (BR501, BR505, BRS506, BRS508, BRS509, BRS511,
CMSXS629, CMSXS630, CMSXS633, CMSXS635, CMSXS636, CMSXS637, CMSXS639,
CMSXS643, CMSXS644, CMSXS646, CMSXS647, and CMSXS648) and 7 commercial hy-
brids released by Embrapa Maize and Sorghum (BRS601), by Advanta (Sugargraze, V82391,
V82392, and V82393) and by Monsanto (XBSW80007 and XBSW80140). All the varieties
from the breeding program of Embrapa Maize and Sorghum are lines, and the hybrids are all
simple hybrids. The experimental design was a triple-square lattice. The experimental plot con-
sisted of four rows of 5 m. The spacing between rows was 0.7 m and the approximate population
density was 140,000 plants per hectare. Fertilizer was added at a rate of 400 kg/ha NPK 08-28-16
at planting and 200 kg/haurea as a top dressing.

In the trials, the flowering period (FLOW) of each genotype was estimated as the
time when approximately 50% of the plants in the plot were in flower. Before harvesting, the
total number of plants per plot was counted. The experimental plots were cut at physiological
maturity of the grain. In each plot, we measured the green mass yield (kg), which was con-
verted into green mass yield per hectare (GMY). Ten stalks per plot were ground and pressed
in a hydraulic press (Sete Lagoas and Pelotas) or a mill for juice extraction and determination
of the extraction yield (%EXT). A juice sample was used to determine the total soluble solid
content (TSS) using an automatic digital refractometer (°Brix). After that, we estimated the
tons of Brix per hectare (TBH) as the product of GMY x %EXT x TSS.

The FLOW, GMY, TSS, and TBH trait data were subjected to analysis with recovery
of interblock information by environment, in which seven environments were used for FLOW
(except Mata Roma and Passo Fundo) and eight for GMY (except Pelotas), TSS and TBH (ex-
cept Goiania). Homogeneity of residual variances was tested by the Bartlett test at 5% prob-
ability. In the case of heteroscedasticity, we standardized the phenotypic data by multiplying
the data of each trait in each environment using the following factor /7 (Resende et al.,
2008), where r°_ is the coefficient of genotypic determination for the trait c in the environment
jand 72 is the average coefficient of genotypic determination of environments to the trait c.

After, we performed the multi-environment analysis according to the following model:

Yijki = U + € + Tk(j) + bl(jk) + g+ ge;; + €jki (Equation 1)

where Y : value observed of the plot in the block / within the repetition k& in the environment
J, which received the genotype i; e effect of the environment j; r, 0 effect of the repetition k&
in the environment j; b, , - effect of the block / within the repetition & in the environment j, b, m
~N (0,6,%); g;: effect th the genotype i; ge,;: effect of the genotype by environment interaction
associated with genotype i and environment j; € effect of the within-environment error as-
sociated with observation y,, , where jjk/ ~ N (0,6,9).

The analyses (by environment and joint) were using Henderson’s mixed model ap-
proach. The restricted maximum likelihood method was used to estimate the variance associ-
ated with random effects. The experimental precision was measured by selective accuracy
(Resende and Duarte, 2007) expressed by: 7, =[1 - (1/F)]"?, where F is the Snedecor’s F value
associated with genotype effect. Moreover, we estimated the least square means of the geno-

Genetics and Molecular Research 14 (3): 11211-11221 (2015) ©FUNPEC-RP www.funpecrp.com.br



U.J. de Figueiredo et al. 11214

types in each environment to perform the analyses of stability and adaptability. The adjusted
means were grouped by Scott-Knott test (Scott and Knott, 1974).

To describe the response pattern of each genotype in the evaluated environments, we
proceeded to adjust according to the following non-linear models [single-straight line or non-
segmented (Equation 2) and extended or bi-segmented model (Equation 3)] proposed by Toler
and Burrows (1998):

Yji=a+ B + 6; + & (Equation 2)

YL] = (Zi + [Zjﬁli + (1 - Z]),le]u] + 6Lj + Sij (Equation 3)

where Y : adjusted mean of the genotype i (i = 1, 2,..., p) in the environment j; o,: response
intercept value at M= 0 associated with genotype #; . and f, : regression coefficients related
to response sensitivity of the genotype 7 in environments of lower and higher quality, respec-
tively; u.: denotes the effect of the environment j; f: regression coefficient quantifying the

j e Lo i e .
response sensitivity of the genotype i in different environments; 51./.: deviation of the regression
of the genotype i in the environment j; ¢,: average experimental error; Z=1,ifu,<0and, Z
=0, ifp,>0.

In the model, the imposed restrictions Xf fi; = X¥ fo =p and X7 j; = 0 are required so
that the average performance of genotypes (&;) takes place with i = 0 in the scale of f; envi-
ronmental effects and that their response to the average sensitivity is equal to unit (Rosse and
Vencovsky, 2000).

The response patterns of the genotypes were then categorized into five groups accord-
ing to Toler (1990): Group A - Criterion: reject H: B, = ,, with , <1 <f,; Group B - Crite-
rion: does not reject H: f, = f,, reject H: B, = 1, but common f, is higher than 1; Group C
- Criterion: does not reject H: 8 = B, , accept H: . = 1; Group D - Criterion: does not reject
H,: B,,= B, reject H: B, = 1, but common g, is lower than 1; Group E - Criterion: reject H:
b=l with > 155,

For the Toler method, we used the Estabilidade3.0 software (Build 13) (Ferreira
and Zambalde, 1997). We also estimated Spearman’s rank correlation between the observed
and fitted means according to the Toler non-linear models, to check the predictability of
genotype behavior.

For the GGEBiplot analysis, we used the singular value decomposition of the matrix
G + GE according to the model in Equation 4 (Yan, 2001):

G +GE = [(g: + gey)] = vin1 + L2vi2z + py (Equation 4)

where G + GE: matrix of the effects of genotypes added to the effects of genotype x environ-
ment interactions; A, and A,: singular values of the first and second principal components; Y,
and Y: eigenvectors of the first and second principal components associated with the effect of
the genotype 7; d, and ,,: eigenvectors of the first and second principal components associated
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with the effect of the environment j; p,: residual of the model associated with the genotype i
in environment j.

The scores of genotypes and environments were calculated from the estimates of
singular values and eigenvectors associated with the principal components (Yan, 2001). We
generated biplot graphs to better understand the interrelationship among genotypes and/or
environments, as proposed by Yan and Tinker (2006). This analysis was performed using the
GGEBiplot software (Yan, 2001).

RESULTS AND DISCUSSION

The results of the joint analysis demonstrated selective accuracy above 95% for all traits.
According to Resende and Duarte (2007), these magnitudes represent a very high experimental
precision, i.e., they indicate good reliability of the experimental data for selective purposes.

A significant environmental effect (P < 0.01) was found for all traits, indicating differ-
ences among environments; these differences may be due to variations in macro-environmental
aspects, such as soil type, climate, altitude, geography, and/or differences related to the crop
cycle in the studied environments (Table 1). Such information is of value for the breeder given
that the aim is selection of high-performance genotypes under different conditions of cultivation.

Table 1. Geographical description of the nine trial environments, date of planting, of harvesting, and crop
cycle of value for cultivation and use trials in 2011/2012.

Locations Abbreviation Latitude Longitude Altitude Planting Harvesting Cycle
Boa Vista - RR BV 02°49'S 60°40'W 85m 07/17/2012 11/01/2012 107
Goiénia - GO GO 16°40'S 49°15'W 823 m 03/13/2012 07/10/2012 119
Janatba - MG IN 15°48'S 43°18'W 533 m 12/09/2011 04/10/2012 123
Mata Roma - MA MR 03°37'S 43°06'W 80 m 02/10/2012 05/19/2012 99
Passo Fundo - RS PF 28°15'S 52°24'W 687 m 01/13/2012 05/15/2012 123
Pelotas - RS PE 31°46'S 52°20'W 7 m 12/13/2011 04/28/2012 137
Sete Lagoas - MG SL 19°27'S 44°14'W 767 m 11/10/2011 03/02/2012 113
Sinop - MT SI 11°50'S 55°38'W 384 m 11/29/2011 03/22/2012 114
Capdo do Ledo - RS TB 31°45'S 52°29'W 21m 12/04/2011 04/30/2012 148

The effect of genotype was highly significant (P < 0.01) for all traits, demonstrating
that the observed differences in performances had genetic causes and, thereby, offer the pos-
sibility of selection and genetic gains.

In light of the significant genetic and environmental variations, G x E interactions
have increased importance. Significant G x E effects (P < 0.01) were found for all traits, in-
dicating the need to perform additional biometrical procedures to evaluate their influence on
adaptability and stability of sweet sorghum genotypes. In the presence of a significant G x E
interaction, there is a differential response of genotypes to the environments evaluated, and
there may even be genotypes that display specific adaptability. Several analytical methods
have been published that can be used to study the adaptability and stability of genotypes in
VCU trials with the goal of assisting breeders by releasing the best genotypes as cultivars.

On this basis, Ferreira et al. (2006) reported that some methods used in stability studies
can be complementary. For example, although the AMMI method does not allow analysis of G
x E interactions, it could be supplemented by the use of a non-linear regression method, such
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as that of Toler (1990).

The multivariate GGEBiplot method (Yan, 2001) has been widely used in studies
of adaptability and phenotypic stability (Oliveira et al., 2010; Rao et al., 2011; Mattos et al.,
2013) due to its versatility and informative graphical interfaces, which are easy to view and
informative to breeders (Yan and Kang, 2003). Nevertheless, the GGEBiplot method does not
clearly describe genotypic responses in different environments, but can be supplemented by
the Toler (1990) method.

In the present study, the GGEBiplot analysis resulted in a cumulative explanation along
the first two principal components of 90.2% (FLOW), 81.5% (GMY), 84.9% (TSS), and 82.9%
(TBH). These results indicate that the performance of the different genotypes in the studied en-
vironments, as represented by graphic patterns, had high reliability given the contribution of the
total variation of genotype performance added to the G x E interactions (G+GxE).

The direction and magnitude of the correlation between the environments are il-
lustrated in Figure 1 by the cosine of the angles between the vectors of the environments
from the origin.

Figure 1. GGEBiplot graph showing the discrimination and representativeness of the test environments in relation
to flowering (FLOW), green mass yield (GMY), total soluble solids (TSS), and tons of Brix per hectare (TBH).
Names in blue represent genotypes, the abbreviations in red are trial plot locations (see Table 1).

For FLOW, Goiania showed no correlation with Janatiba but had a positive correlation
with other environments. In general, the traits GMY, TSS, and TBH had positive environmen-
tal correlations. Environments with highly positive correlations may indicate that the geno-
types are similarly ranked, raising the possibility of using only one or a few environments that
enable high discrimination for this purpose; this would be especially true if the associations
have repeatability over many years, and therefore could be used with minimal loss of informa-
tion. In Figure 1, the continuous line is the average environment axis and environments with
smaller angles to this line are the most representative. Thus, Boa Vista is the most representa-
tive for TBH, Terras Baixas for TSS, Mata Roma for GMY, and Pelotas, Boa Vista, and Terras
Baixas for FLOW. These environments are representative, but not distinctive, since they have
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a short axis relative to the origin; thus, they are not good testing environments to select widely
adapted genotypes (Yan et al., 2011).

With regard to identification of mega-environments on the basis of winning genotypes,
the GMY and TSS traits formed two groups of testing environments. For GMY, a group was
formed by Goiania and Passo Fundo, and for TSS, the group was formed by Pelotas and
Mata Roma (Figure 2). For FLOW, three groups of testing environment were determined:
one involved only Goidnia; the second group included Janauba and Sinop; and the third
included the other environments. TBH likewise formed three groups: one was formed by only
Passo Fundo; the second by Janauba and Boa Vista; and the third group contained the other
environments.

[PC1 = 67.3%, PC2 = 22.9%, Sum = 90.2%
6.0 —{Transform = 0, Scaiing = 0, Centering = 2, SVP = 2
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45+
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Figure 2. Groups of mega-environments for flowering (FLOW), green mass yield (GMY), total soluble solids
(TSS), and tons of Brix per hectare (TBH).

The criteria for the formation of mega-environments are that there are significant dif-
ferences between the genotypes in different environments (Gauch and Zobel, 1997) and that
the variation in one group must be significantly greater than in the other group, which is ob-
served graphically (Yan and Kang, 2003). In this sense, the graphs do not show the distinct
groups for all traits, except for FLOW, in which we verified the formation of three groups;
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this makes it difficult to visualize mega-environments and to reduce costs by eliminating un-
representative and non-discriminating environments in the evaluation of sorghum genotypes.

The goal of every breeder is an ideal genotype, i.e., one with high adaptability and sta-
bility. The GGEBiplot graphs in Figure 3 show the adaptability and stability characteristics of
the various genotypes (Yan and Tinker, 2006). From these graphs, the genotype CMSXS643
showed on average the latest (87.51 days) and most stable flowering (Table 2). For GMY, the
genotypes CMSXS644 and CMSXS647 stood out, while for TSS, the genotypes CMSXS637,
CMSXS646, BRS508, and BR505 were identified. In relation to TBH, which is derived from
GMY and TSS and reflects the volume of ethanol to be produced, the genotypes with greatest
adaptability and stability were BRS511 and CMSXS647.
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Figure 3. Average-environment coordination (AEC) by the GGEBiplot graph method evidencing the average
adaptability and stability of genotypes for the traits flowering (FLOW), green mass yield (GMY), total soluble
solids (TSS), and tons of Brix per hectare (TBH).

Although the results of the analysis shown in Figure 3 are of interest, the best option
is to have genotypes recommended for different environments from a more reliable recom-
mendation, thus reducing the risk of rejection of the cultivar by farmers. By means of the
graphical representation “who-won-where”, we observed the behavior of the genotypes in
different environments (Figure 2); however, as mentioned previously, the formation of groups
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of environments was not clear. Additionally, Yan and Tinker (2006) suggested that it was es-
sential to check that the pattern of G x E interactions was maintained over a number of years.

Table 2. Estimates of means and groups of stability based on stability parameters of sweet sorghum genotypes
according to the uni-segmented and bi-segmented models described by Toler (1990).

FLOW GMY TSS TBH

Genotype Mean* G* R* Mean G r Mean G r Mean G r

BR501 83.25¢ E 0.92 36.32° C 0.88 14.84¢ D 0.85 2210 C 0.97
BR505 79.91¢ A 0.99 40.68° A 0.98 17.78 A 0.98 2.95 B 0.98
BRS506 84.33° B 0.99 39.01* C 0.96 15.30° C 0.95 2.64 A 0.97
BRS507 85.17° B 0.99 41.11° A 0.99 17.24° B 0.96 2.88 B 0.98
BRS508 83.70¢ D 0.99 37.83" E 0.98 18.81° B 0.92 2.51° C 0.95
BRS511 81.42¢ B 0.98 42.79* C 0.98 17.66° B 0.97 3.17¢ A 0.97
CMSXS629 83.27¢ A 0.99 38.15° D 0.97 16.99° C 0.97 2.75° E 0.98
CMSXS630  85.75° C 0.98 4474 A 0.98 16.83° C 0.92 3.03* B 0.97
CMSXS633 80.91¢ C 0.96 35.65° A 0.93 16.08° C 0.93 2.28° B 0.95
CMSXS635 82.48¢ B 0.99 41.220 C 0.99 14.44¢ C 0.93 2.43¢ C 0.96
CMSXS636  75.43° D 0.97 36.26" A 0.97 15.90° C 0.97 2.37° C 0.95
CMSXS637  79.59° A 0.99 38.08" A 0.99 17.89° B 0.96 2.56° C 0.98
CMSXS639  78.15° D 0.98 39.45° C 0.95 16.20° C 0.95 2.67° C 0.87
CMSXS643 87.51° B 0.99 43.80° B 0.97 16.28° C 0.90 2.90° B 0.96
CMSXS644  82.35¢ E 0.99 49.60° B 0.97 14.25¢ B 0.95 2.51° C 0.94
CMSXS646  78.59° C 0.99 42.13° E 0.95 18.19° B 0.99 3140 B 0.96
CMSXS647  77.29° D 0.98 47.55 B 0.97 16.10° C 0.90 3.220 E 0.91
CMSXS648  81.12¢ A 0.99 45170 B 0.95 15.97° C 0.93 3.05¢ A 0.95
BRS601 78.33¢ D 0.94 30.78° E 0.84 12.02¢ A 0.84 1.38° D 0.33
Sugargraze 75.45" E 0.97 36.57° E 0.84 12.85¢ D 0.89 1.82° E 0.88
V82391 75.36" D 0.97 32.01° E 0.98 12.26¢ D 0.84 1.73° D 0.86
V82392 72.52¢ D 0.97 28.47° D 0.89 11.21¢ D 0.82 1.23° D 0.79
V382393 73.83¢ D 0.98 30.77° E 0.97 11.57¢ D 0.87 1.43° D 0.92
XBSW80007  75.15° E 0.96 41.15° C 0.94 15.30° C 0.96 2432 C 0.91
XBSW80140  79.35° E 0.95 39.60° C 0.97 14.13¢ C 0.90 2.26° C 0.93

*Means followed by the same superscript letters belong to the same group by the Scott-Knott test at 5%.
A(Classification of groups of stability by the Toler method. *Association between the mean observed and estimated
according to the fit to the bi-segmented or uni-segmented model of the Toler method.

Toler (1990) stated that a genotype must present a satisfactory performance in various
environments in order to provide resilience in poor environments, i.e., maintaining accept-
able yields and demonstrating responsiveness with improvements of environmental condi-
tions. Various genotypes showed a good fit to the bi-segmented Toler model (1990) (H: S, #
B,), with doubly desirable responses (< 1 <8,) and good predictability of performance (r
> 0.84): for FLOW, CMSXS629, CMSXS637, and CMSXS648; for GMY, BR505, BR507,
CMSXS630, CMSXS633, CMSXS636, and CMSXS637; for TSS, BR505 and BRS601; for
TBH, BRS506, BRS511, and CMSXS648 (Table 2). In this context, Rosse and Vencovsky
(2000) suggested that the major problem faced by breeders is to identify a productive geno-
type with doubly desirable responses. For instance, for GMY, only the genotypes in group
A (BR505, BR507, and CMSXS630) were categorized with statistical significance as best
adapted. For TSS, the genotype BR505 exhibited good adaptability, while genotype BR601
was not well adapted (Table 2).

The use of two or more methods to study adaptability and phenotypic stability is only
justified if both are complementary. In this regard, the GGEBiplot analysis found that the gen-
otypes BRS511 and CMSXS647 combined good adaptability and stability for the trait TBH.
Considering the fit given by the Toler method, it can be further inferred that genotype BRS511
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showed a satisfactory performance in both favorable and unfavorable environments, while
genotype CMSXS647 was doubly undesirable, i.e., showed markedly reduced production un-
der poor environmental conditions and was unresponsive to favorable environmental condi-
tions. Souza et al. (2013), using the Annicchiarico method, also classified genotype BRS511 as
adapted and stable, emphasizing the recommendation of this genotype as a cultivar.

The additional detail on responses of genotypes to environments provided by the Toler
method is enlightening and informative with regard to decision making by a breeder. Probably,
this was because the GGEBiplot method uses linear correlations between genotypes or environ-
ments based on principal component analysis (Yang et al., 2009). Since TBH is estimated from
GMY, %EXT, and TSS, this trait cannot present as a linear response; thus, the GGEBiplot meth-
od cannot explain the pattern of response of BRS511 and CMSXS647, unlike the Toler method.

The simultaneous use of Toler and GGEBiplot methods showed that CMSXS648 was
doubly desirable by the Toler method for TBH (Table 2), but it was located in the second con-
centric circle by the GGEBiplot method (Figure 3). Thus, the GGEBiplot method as tradition-
ally applied did not provide an inference about the scores, but the Toler method could be used
in a complementary manner to better characterize the genotype.

The genotypes considered as doubly desirable by the method of Toler were the va-
rieties (lines); most cultivars (commercial hybrids), such as BRS601, Sugargraze, V82391,
V82392, and V82393, were unstable by the GGEBiplot method (Figure 3) and were doubly
undesirable by the method of Toler (Table 2). Thus, the genetic structure of the genotypes
deserves consideration as lines are expected to be less stable due to lower heterozygosity and
heterogeneity compared to hybrids (Ramalho et al., 2012).

Only one of seven hybrids showed doubly desirable stability for TSS (BRS601); how-
ever, it was in the group with the lowest average, being a stable genotype with low adaptation,
which is not desirable. The other hybrids, Sugargraze, XBSW80007, and XBSW80140 for
FLOW, BRS601, Sugargraze, V82391, and V82393 for GMY, and Sugargraze for TBH were
classified as doubly undesirable. According to Ramalho et al. (2012), the finding that hybrids
are more stable in sorghum (grain and forage) and wheat encourages their use in autogamous
plants; however, this effect was not observed in our study.

Overall, the simultaneous use of GGEBiplot and Toler methods was justified because
it allowed a better characterization of genotypes given the G x E interactions, and enabled the
identification of genotypes with better adaptability and phenotypic stability in the different
environments evaluated. The genotype BRS511 proved to be the most adapted and stable for
TBH using these methods; the GGEBiplot method also found that the CMSXS647 line was
adapted and stable for this trait in the environments evaluated.
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