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Abstract

Silva, C. M., Mezzomo, H. C., Casagrande, C. R., Lima, G. W., Olivoto, T. & Nardino, M. (2021). Selection of
tropical wheat lines based on classical and modern parameters of adaptability and stability. Bulg. J. Agric. Sci., 27
(5), 933-941

The differential response of lines to the variation of environments makes it necessary to use robust biometric tools for efficient evalua-
tion and selection of wheat lines in tropical regions of Brazil. The objective of this work was to select tropical wheat lines with high grain
yield, adaptability, and stability for the Central region of Brazil using classic and modern methodologies. For this purpose, three experiments
were conducted in the agricultural years of 2018 and 2019 in the state of Minas Gerais, Brazil. The treatments were 26 tropical wheat lines
developed by the UFV’s Wheat Breeding Program, in addition to two commercial cultivars (checks). Four methodologies were used of
adaptability and stability: AMMI, GGE Biplot, Lin and Binns and HMRPGV. The VI 14194, VI 14127, VI 14026 and BRS 264 lines have
high grain yield and broad adaptability and stability according to all four methods. AMMI and GGE biplot pointed line VI 141045 with high
productivity, adaptability and specific stability for the Alto Paranaiba region.

Keywords: Triticum aestivum L; genotype by environment interaction; AMMI; GGE Biplot; Lin and Binns; HMRPGV
Abbreviations: AEC: average environment coordination; AMMI: additive main-effects and multiplicative interaction; GEI:
genotype-environment interaction; GGE: genotype plus genotype-environment interaction; GY. grain yield; HMGV: har-
monic mean of the genotypic values; HMRPGV: harmonic mean of the relative performance of genotypic values; MET:
multi-environment trials; REML/BLUP: Restricted maximum likelihood/Best linear unbiased prediction; RPGV: relative
performance of the genotypic values

Introduction

Worldwide, it is estimated that 222.7 million hectares of
wheat will be harvested in the 2020/21 harvest, an increase of
2.63% compared to the 2019/20 harvest. The estimated world
production of wheat is of 773.6 million tons. In Brazil, the
total production expected for the 2021 harvest is 6.1 million
tons for the 2021 harvest, a negligible amount when compared

to the largest world producer (China), with an expected pro-
duction of 136.4 million tons for the 2021 harvest (CONAB,
2021). These data reinforce the importance of genetic im-
provement for the development of cultivars that are more pro-
ductive and adaptable to tropical conditions so helping Brazil
to become self-sufficient in the production of this cereal.

The differential behavior of the lines according to the vari-
ation of the environments is known as genotype-environment
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interaction (GEI). The presence of significant GEI influences
the selection and recommendation of cultivars, requiring the
use of criteria and methodologies to quantify such a GEI,
increasing the accuracy of selection of superior lines (Cruz
et al., 2012). The performance evaluation of lines in multi-
environment trials (MET) is a useful tool in the identification
and quantification of GEI. The results of MET analysis allow
the understanding of the relative contribution of lines and GEI
components in the performance of cultivars (Yan, 2000).

Several methodologies can be used to estimate parame-
ters of adaptability and stability in wheat. Among several, we
can cite multivariate parametric models (Zobel et al., 1988;
Gauch et al., 1996; Yan, 2000), non-parametric models (Lin
& Binns, 1988) and mixed models (Resende, 2007).

Methodologies such as Additive main-effects and multi-
plicative interaction (AMMI, Zobel et al., 1988; Gauch et al.,
1996) and Genotype plus Genotype-Environment interaction
(GGE Biplot) (Yan, 2000) allow the evaluation of the per-
formance of lines based on biplot interpretation, being very
useful and widely used by breeders due to the visual aspect
of data interpretation. The method proposed by Lin & Binns
(1988) and modified by Carneiro (1998) allows the partition-
ing of environments into favorable and unfavorable environ-
ments, having a great application due to the ease of interpre-
tation and selection of the best lines. The Harmonic mean
of the relative performance of genotypic values (HMRPGV)
proposed by Resende (2007) is advantageous because it al-
lows to make an integrated evaluation of stability, adaptabili-
ty and productivity. AMMI, GGE biplot, HMRPGYV and Lin
& Binns (1988) modified by Carneiro (1998) methods has
particularities and is not always unanimous in the selection
of promising lines. It is up to the breeder to determine the
most appropriate methodologies according to his objectives.

The use of different methodologies for the investigation
of the environment genotype interaction in wheat has been
reported in the literature (Singh et al., 2019). However, the
scarcity of studies related to the selection and recommen-
dation of lines using the parameters of adaptability and sta-
bility of tropical wheat lines in Central Brazil justifies the
accomplishment of this work, since it presents classic and
modern methodologies. In light of this, the objective of this
work was to select tropical wheat lines with high grain yield,
adaptability, and stability for the Central region of Brazil us-
ing classic and modern methodologies.

Material and Methods

Field experiments and plant material
Three experiments were conducted in the 2018 and
2019 harvest seasons in the cities of Rio Paranaiba and

Vigosa in the state of Minas Gerais, Brazil. The trial lo-
cated in Rio Paranaiba was carried out at the experimental
farm of the Cooperativa Agropecuaria do Alto Paranaiba
(Coopadap) (19°21'31"S; 46°07'22" W, at 1150 m altitude)
in 2018 and 2019. The trial located in Vigosa, was carried
out in the experimental area Professor Diogo Alves de Melo
(20°45'14"S; 42°52'55" W, at 648 m altitude) belonging to
the Department of Agronomy of the Federal University of
Vigosa (UFV), in 2019, totaling three environments. The
experiments were carried out during the months of May to
August and June to October, for Rio Paranaiba and Vigosa,
respectively.

Twenty-six tropical wheat lines in the value for cultivation
and use (VCU) stage developed by the UFV Wheat Breeding
Program were used, in addition to two commercial cultivars
recommended for sowing in the Center-South region of Bra-
zil: BRS 264 (Embrapa) and CD 151 (Coodetec). The experi-
mental design used was a randomized complete block design
with three replications. Each plot was composed of six, 5-m-
long cultivar rows, spaced at a 0.2 m, with a sowing density
of 350 seeds m™. Only the three central cropping rows were
considered as a useful area for evaluation.

Management

The experiments were carried out under sprinkler irriga-
tion to supply the water needs of the crop during its develop-
ment. Fertilizations were carried out according to the chemi-
cal analysis of the soil to meet the nutritional requirements
of the crop. For sowing, 300 kg ha! of the formulated 08-
28-16 (nitrogen, phosphorus, and potassium) were applied.
In coverage, 90 kg ha' of nitrogen was applied in the form
of urea (45%) split into two stages of development (tillering
and booting stages). The other cultural treatments were car-
ried out according to the technical recommendations for the
cultivation of wheat (Embrapa, 2018).

Evaluated trait

After harvesting, the plants in each plot were threshed to
obtain the grain mass, which were weighed and standardized
to 13% moisture. Finally, the values were transformed to kg
ha! to determine the grain yield estimate (GY).

Statstical analyses

*  Analysis of variance

Initially, individual analysis of variance and the homo-
geneity test of the residual variances were performed using
the Hartley F-maximum test, using the criterion that the rela-
tionship between the largest and the smallest residual mean
square do not exceed the 7:1 ratio. Then, a joint analysis of
variance was performed, assuming all the model effects, ex-
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cept the residual, to be fixed. After a significant interaction,
GEI was decomposed into a simple and complex part (Cruz
and Castoldi, 1991) and with the dissimilarity between en-
vironments. These analyzes were made using the GENES
software (Cruz, 2016).

*  Modern method — Mixed models

For the analysis of adaptability and stability via mixed
models the method of the harmonic mean of the relative per-
formance of the genotypic values (HMRPGV) proposed by
Resende (2007) was used. Genotypic values were predicted
by the REML/BLUP methodology in the Selegen software
(Resende, 2016): y =X + Z,+W +e, where y is the vector
of the data; r is the vector of the replication effects (fixed ef-
fect); g is the vector of the genotypic effects (random effect)
(g~N(0, cé)), where cszg is the matrix of genotypic variances;
i is the vector of the GEI (random effect); and e is a vector
of (random) errors (e~N(0, Gé)), where cs%g is the matrix of
residual variance. X, Z ¢ W corresponds to the incidence
matrices for 7, g and i, respectively.

The harmonic mean of the genotypic values (HMGV),
relative performance of the genotypic values (RPGV) and
harmonic mean of the relative performance of the geno-
typic values (HMRPGV) were obtained by the following
expressions: HMGV = n/Zj:l(l/ Vg,) where 7 is the num-
ber of environments where the genotype j; Vg, is the geno-
typic value of the genotype i in the environment j; RPGV =
= 1/nX(Z;?=1 Vg,.j)/Mj, where M, is the average performance of
lines in the environment j;; HMRPGV = n/z;;lxl/ Vg,.j/ . F i-
nally, the RPGV and HMRPGYV of each genotype were mul-
tiplied by the general average of the lines. These values were
also estimated in the Selegen software (Resende, 2016).

e Classical methods

The Lin and Binns (1988) methodology were used to
determine the performance of the 28 lines evaluated against
the three tested environments. In this method, the general
performance of the lines is given by the average square of
the distance between the average of the cultivar and the
maximum average response for all sites, so that lines with
lower values correspond to the lines with better perfor-
mance. The stability parameter estimate is given by the fol-
lowing expression: P = Z}LI(YIJ - Mj)2/2n where: P, is the
estimate of the stability parameter for genotype #; Y, is the
grain yield of the i-th genotype in the j-th environment; M,
is the maximum grain yield in the environment j; n is the
number of environments. Then, the model described above
was decomposed to group the genotypes into favorable and
unfavorable environments according to the methodology
proposed by Carneiro (1998): P, = Z;.zl(Y[j - Mj)z/Zfand P,
= »j;l(Y[/ - Mj)z/Zd, where: P, is the estimate of the stability
parameter for the favorable environments; P, is the esti-

mate of the stability parameter for the unfavorable environ-
ments; f'is the number of favorable environments; and d is
the number of unfavorable environments.

The AMMI analysis (Zobel et al., 1988; Gauch et al.,
1996), adjusts the genotypic and environmental additive ef-
fects through analysis of variance (ANOVA) and then ad-
justs the multiplicative effects of the interaction using the
principal component analysis (PCA), according to the model
(Zobbel et al., 1988) Y =putgtet 2N Yy o, tp, €,
where: Y, is the grain yield of the genotype  in the environ-
ment j; u is the grand mean; g;is the fixed effect of the geno-
type i; e, is the fixed effect of the environment j; A, is the -th
singular value of the interaction matrix; v, is the k-th singu-
lar vector of the i-th genotype; o, is the k-th singular vector
of the j-th environment; P, is the residual of the model; e €
is the polled random error. This analysis was performed in
the R software version 4.0.2 (R Core Team, 2018) using the
function performs_ammi () of the R package metan (Olivoto
& Lucio, 2020) version 1.7.0.

The analysis via GGE Biplot allows the graphical visu-
alization of the data matrix. It considers the main effect of
the genotype together with the genotype-by-environment in-
teraction. Such a methodology is described by the following
model (Yan et al., 2000): Y, —p— Bj = Xlél[nlj + ?»ZE_,Z[nzj te,
where: Y, is the grain yield of the genotype i in the environ-
ment j; p is the grand mean; B, is the effect of the environ-
ment j; A, e A, are the eigenvalues associated with PC1 and
PC2 respectively; &, e &, are the scores for PC1 and PC2
axes, respectively, for the genotype i; n, en, are the scores
for PC1 and PC2 axes, respectively, for the environment j;
and € is the polled random error.

Results and Discussion

Individual analysis of variance

There was a significant difference (p <0.05) for grain
yield of the lines in the three environments (Table 1). The
general average in Rio Paranaiba 2018, Rio Paranaiba 2019,
and Vigosa 2019, were 5633.68 kg ha'', 3364.58 kg ha! and
3987.71 kg ha'!, respectively. The CV for these locations was
7.09%, 10.7%, and 10.98%. It is observed that the coeffi-
cients of variation were of low magnitude. The coefficients
of genotypic determination (h2) were 82.62%, 68.78%, and
85.81% for Rio Paranaiba 2018, 2019, and Vigosa 2019, re-
vealing a greater contribution of the genotypic constitution.

e Joint analysis of variance, genetic parameters, and
environmental dissimilarity

The result of the joint analysis of variance revealed a sig-

nificant (p < 0.05) difference for the GEI component, show-
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ing the differential behavior of the lines in the environments.
For genotype and environment effects, there was also a sig-
nificant (p <0.05) difference (Table 1).

The analysis of variance allows the partitioning of phe-
notypic variance into three components: genotypic compo-
nent, GEI component, and residual variance. The component
estimates in Table 1 revealed that there was a greater con-
tribution of the GEI interaction component to grain yield,
characterizing 50.20% of the phenotypic variance, while the
residual variance and the genotypic component, corresponds
to 33.10% and 16.70%, respectively, of the total variance. It
was observed that 67% of the GEI variance is represented by

genotypic effects, indicating that the genotypic constitution
of the lines contributed significantly to the average perfor-
mance. Even so, it is known that quantitative characters such
as grain yield are strongly influenced by the effect of the
environment (Piepho et al., 2012).

The CVg, responsible for quantifying the share of the
genotypic variation in the total variation, was 6.56% (Table
1). It is also observed that the residual variation coefficient
(CVe =9.22%), as well as the relative coefficient (CVg/ CVe
= 0.71), were satisfactory for the set of tests, which allows
inferring high accuracy and good precision in conducting the
experiments (Resende and Duarte, 2007). In this work, a high

Table 1. Individual analysis of variance for the three environments, Analysis of variance for the AMMI model, genetic
parameters for grain productivity (kg ha') and estimates of the correlation between environments (upper diagonal)
and percentage values of the complex part (lower diagonal) resulting from the decomposition of the interaction between
genotypes and pairs of environments by the methodology of Cruz & Castoldi (1991) of 28 tropical wheat lines evaluated
in three environments in the State of Minas Gerais in the years 2018 and 2019

Individual analysis

Environments MS Fc (p <0.05) Mean CVe h?
Rio Parnaiba 2018 918635.29 5.75 5633.68 7.09 82.62
Rio Parnaiba 2019 414943.75 3.20 3364.58 10.70 68.78
Vigosa 2019 1353480.27 7.05 3987.71 10.98 85.81

Joint analysis and AMMI
Source of variation' DF MS Fc (p<0.05) GEI explained (%) | GEI accumulated (%)
Block/Env 6 357717.77
Genotype (G) 27 886617.41" 5.56
Environment (A) 2 115910623.90" 324.03
GxA 54 886230.05" 5.56
PC1 28 1266368.40" 7.94 74.10 74.10
PC2 26 476850.30" 2.99 25.90 100.00
Residual 162 159521.42

Genetic parameters

Mean 4332.64

80788.44

24223621

159521.42
H?(%) 82.01
ICC 33.62
CVe (%) 9.22
CVg (%) 6.56
CVg/CVe 0.71

Dissimilarity between environments

Ambientes Rio Parnaiba 2018 Rio Parnaiba 2019 Vigosa 2019
Rio Parnaiba 2018 0.22 -0.13
Rio Parnaiba 2019 80.32 0.02
Vigosa 2019 104.96 84.31

!, Genotypic variance; , Genotype-environment interaction variance; , residual variance; H2, Genotypic coeficient of determination; ICC, intraclass correla-
tion coefficient; CVe, residual coefficient of variation; CVg, genotypic coefficient of variation

* Significant at 5% probability error
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value was obtained for the coefficient of genotypic determina-
tion (H> = 82.01%), which indicates that a large part of the
observed phenotypic variance is due to the genotypic variance
of the lines.

The decomposition of the GEI revealed that there was a
predominantly complex interaction (Table 1). This result can
be explained due to the low values found in the correlation
estimate between environments. Cruz et al. (2012) classified
the GEI as simple and complex. The simple interaction is
characterized by the differential response of the lines accord-
ing to the variation of the environment; however, there is no
change in the ranking of the lines in terms of productive per-
formance. In the complex interaction, there is an inversion
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in the ranking of superior lines. Thus, the genotype of supe-
rior performance in one environment may not have the same
performance in another. This fact minimizes the magnitude
of the association between phenotypic and genotypic values,
influences the prediction of selection gains, and makes it
difficult to recommend broadly adapted lines (Shukla et al.,
2015). In this case, the breeder is responsible for assessing
its magnitude and significance, as well as adopting proce-
dures to minimize or take advantage of it (Cruz et al., 2012).

According to Santos et al. (2016), when there is a complex
interaction, the simple analysis of the GEI does not provide
sufficient information on the performance of lines across the
environments, requiring further studies on adaptability and
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Fig. 1. A — Stability of genotypic values (HMGYV), adaptability of genotypic values multiplied by the general aver-
age (RPGV * GY) and stability and adaptability of genotypic values multiplied by the general average (HMRPGV
* GY) for grain yield (kg ha'); B — Adaptability and stability parameters obtained by the method of Lin & Binns
(1988) modified by Carneiro (1998) through the decomposition of Pi into favorable and unfavorable environments;
C- AMMI1 biplot for grain yield (kg ha') of 28 tropical wheat lines evaluated in three environments in the State of
Minas Gerais in 2018 and 2019
Lines: 1 =BRS 264; 2=CD 151; 3 = VI 09004; 4 = VI 09007; 5 = V1 09023; 6 = VI 09031; 7= VI 09037; 8 = VI 09039; 9 = VI 130535;
10 =VI 130679; 11 = VI 14017; 12 = VI 14022; 13 = VI 14026; 14 = VI 14048; 15 = VI 14050; 16 = VI 14055; 17 = VI 141045, 18 = VI
14114; 19 = V1 14127; 20 = VI 14158; 21 = VI 14166; 22 = VI 14171; 23 = VI 14194; 24 = VI 14197; 25 = VI 14204; 26 = VI 14208; 27
=VI 14286 ¢ 28 = VI 14327. Environments: 1 = Rio Paranaiba 2018; 2 = Rio Paranaiba 2019 e 3 = Vigosa 2019
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stability for the selection and recommendation of lines.

*  Harmonic mean of the relative performance of geno-

typic values

The genotypic values of stability (HMGV), adaptability
based on GY scale (RPGV * GY), and simultaneous selec-
tion by stability and mean performance based on GY scale
(HMRPGV * GY) of the 28 lines evaluated in the three envi-
ronments by the HMRPGV methodology are shown in Fig-
ure la.

The top six lines (VI 14194, VI 14026, VI 14127, VI
14197, BRS 264 and VI 14208) with the best genotypic
values for stability (HMGV) and adaptability (PRGVG *
GY) were also the best performers in the joint analysis of
adaptability and stability of the genotypic values multiplied
by the general average (HMRPGV * GY). The most pro-
ductive, adapted, and stable line in the three environments
was VI 14194. Of the two commercial cultivars evaluated in
this study, only BRS 264 was in the group of lines with the
highest values for HMGV, PRGVG * GY, and HMRPGV *
GY simultaneously. This cultivar presented GY only lesser
than the lines VI 14194, VI 14026, VI 14127, and VI 14197.
These estimates suggest the high productive potential of
these lines combined with the high adaptability and stability
of production, allowing their recommendation for cultiva-
tion in the Central and South-Central regions of Brazil.

The analysis of genotypic stability based on HMGV is
related to the dynamic concept of stability since it is associ-
ated with grain productivity. Thus, lines with high HMGV
values are productive and stable in different environments.
The selection based on HMGV*GY takes into account the
average yield and the adaptability of the lines. In this sense,
the best lines are the most productive and best able to re-
spond to variations in the environment. The joint analysis of
these factors given by HMRPGV * GY allows the selection
considering mean performance, stability, and adaptability si-
multaneously (Woyann et al., 2019).

The REML/BLUP methodology is advantageous be-
cause it allows the interpretation of genotypic values already
penalized or capitalized by the adaptability and stability es-
timates. However, this method does not allow the analysis of
the relative performance of lines in specific environments,
which limits the identification and selection of potential lines
with adaptability and / or stability restricted to certain envi-
ronments (Resende, 2007).

*  Lin and Binns

Through the methodology of Lin and Binns (1988) modi-
fied by Carneiro (1998) it is possible to observe the aver-
ages of productivity, the values of general Pi, favorable Pi,

and unfavorable Pi of the 28 lines in the three environments
(Figure 1b).

Considering the general Pi it is observed that the first
five lines (VI 14194, VI 14026, VI 14127, VI 14197 and
BRS 264) with the lowest values, that is, the most adapted
and stable, are also the ones with the best performance by
the methodology HMRPGYV, therefore, there is an agreement
between these two methods in the identification of superior
lines. Paula et al. (2014) also reported similarities between
these two methods when studying the adaptability and stabil-
ity of 15 sugarcane clones in nine environments in the state
of Minas Gerais.

Genotype VI 14194 showed the lowest overall Pi value.
It should be noticed that, in addition to presenting the best
performance in terms of adaptability and general stability,
the VI 14194 strain obtained the highest average productiv-
ity (5098.99 kg ha!'), which allows it to be characterized as
an ideal genotype since its high productive performance is
consistent in heterogeneous environments.

The lines VI 141045 and VI 14194, with average produc-
tivity of 4614.62 kg ha' and 5098.99 kg ha' respectively,
had the lowest Pi values in favorable environments, which
indicate a good capacity of these lines to respond positively
to improvements in environmental conditions. The lines VI
14026 and VI 14194 with average productivity of 4891.43
kg ha'! and 5098.99 kg ha! respectively, had the lowest Pi
values in unfavorable environments, which reveal their low
sensitivity to the adversities of the environment, reflecting a
high productive stability (Cruz et al., 2012).

o AMMI analysis

The PC1 and PC2 main components explained 74.10 and
25.90% of the total variation (p < 0.05) (Table 1). Figure 1c
shows the behavior of the lines as a function of the environ-
ments through the biplot. The closer the lines are to the ori-
gin of the biplot, the greater the stability. Lines located in the
same quadrant of a specific environment, on the other hand,
are more adapted to this environment (Veenstra et al., 2019).

AMMI analysis allows the visualization of mega en-
vironments, which makes it possible to identify lines with
good performance and adapted to specific environments.
Figure 1c shows the formation of three environments. In
environment 1 are the lines that showed above-average pro-
ductivity, showing adaptability to this specific environment,
with the lines VI 14197, VI 141045 and VI 14158 having the
best performance. According to Paderewski et al. (2016) the
existence of lines with specific adaptability allows the subdi-
vision of the cultivation region or breeding program into two
or more mega environments, thus enabling the exploitation
of adaptive advantages and commercial recommendation.
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Environments 2 and 3 group the lines that had a below-
average performance. The lines distributed in these environ-
ments could not be selected even if they had high adaptabil-
ity and stability, since their productive performance is not
satisfactory. It is also observed that environment 2 was the
one that least contributed to the effects of GEI captured by
PC1 (Figure 1c). However, the low productive performance
of these lines limits the recommendation for cultivation.

The selection of the best lines must be carried out based on
the productivity estimates, as well as on the broad adaptability
(Gauch, 2013). In this sense, the highly productive and broad-
ly adapted lines were VI 14194, VI 14026, VI 14127, BRS
264, and VI 09004. Singh et al. (2019), investigating the GEI
in wheat lines, also used the AMMI methodology to select
highly productive and stable lines in different environments.
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The total variation explained by the two main compo-
nents corresponds to 86% (Figure 2). According to Yan et
al., (2000) the first component (PC1) indicates the degree of
adaptability of the lines, being highly correlated with grain
yield. The second main component (PC2) is related to geno-
typic stability.

Figure 2a shows the formation of six different sectors; this
is an efficient tool for analyzing the performance of lines in
mega environments. The three environments were distributed
in the two sectors at the bottom of the biplot. The Rio Paranai-
ba 2018 and Rio Paranaiba 2019 environments grouped into
the same mega environment and share lines with above-av-
erage grain yield, which reveals homogeneity between these
environments. According to Mushay et al. (2020), in these cir-
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Fig. 2. Which-won-where pattern (A), stability (B), ideal genotype (C) and ideal environment (D) obtained by the
GGE biplot method for grain productivity (kg ha™) of 28 tropical wheat lines evaluated in three environments in the
State of Minas Gerais in 2018 and 2019.

Lines: 1 =BRS 264; 2 =CD 151; 3 =VI109004; 4 = VI 09007; 5=VI109023; 6 = VI 09031; 7=VI 09037; 8 = VI 09039; 9 = VI 130535;

10 =VI130679; 11 = VI 14017; 12 = VI 14022; 13 = VI 14026; 14 =

VI 14048; 15 = VI 14050; 16 = VI 14055; 17 = VI 141045; 18 = VI

14114; 19 =VI1 14127, 20 = VI 14158; 21 = VI 14166; 22 = VI 14171; 23 = VI 14194, 24 = VI 14197; 25 = VI 14204; 26 = VI 14208; 27
=VI 14286 ¢ 28 = VI 14327. Environments: 1 = Rio Paranaiba 2018; 2 = Rio Paranaiba 2019 e 3 = Vigosa 2019
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cumstances, environments have similar power to discriminate
lines. This similarity between the two environments can be
explained by the fact that the tests were conducted in the same
location, with variation only between the years of evaluation.

According to Banyai et al. (2020), stability analysis based
on biplots is used not only to group environments based on
the similarity of their effects on yield components but also
to identify lines with superior performance and stability in
one or more groups of environments. Thus, the genotype
VI 141045 is the vertex genotype of the sector in which the
Rio Paranaiba 2018 and 2019 environments are located.
This means that this genotype was the one with the best per-
formance in these two environments. Similar to the AMMI
methodology, the genotype VI 141045 could be recommend-
ed for the municipality of Rio Paranaiba with specific adapt-
ability in mind. It is worth mentioning that this line presented
the lowest Pi value for favorable environment by the Lin &
Binns (1988) methodology, which indicates that the munici-
pality of Rio Paranaiba offers favorable conditions for the
response of this genotype. The VI 14194 lines had the best
performance in Vigosa 2019. In the sectors corresponding
to the upper part of the biplot are the lines that have not had
satisfactory productive performance throughout the environ-
ments by the GGE biplot method.

Figure 2b allows visualizing the lines regarding produc-
tive performance and stability. The straight line with an arrow
that passes through the origin of the biplot, called Average
Environment Coordination (AEC), points to the lines with
the best productive performance. The genotype line perpen-
dicular to the AEC axis represents performance variability
in terms of stability. Thus, the increasing order of genotype
productivity starts from the bottom diagonal of the biplot.
The lines VI 14194, VI 14026, VI 14127, VI 141045, and
VI 14197 were the most productive according to the GGE
biplot methodology. In addition to presenting above-average
productivity, the lines VI 14194, VI 14127, and VI 14197
demonstrated high production stability considering the three
environments.

A genotype can only be considered ideal when it has
high productive performance associated with high stability.
Similar to the HMRPGYV, Lin & Binns (1988) and AMMI
methodologies, the lines VI 14194 and VI 14127 can be con-
sidered ideotypes by GGE biplot analysis, which justifies
their recommendation considering broad adaptability and
production stability (Figure 2c). Kendal & Sener (2015) also
selected wheat lines with satisfactory stability associated
with high productivity and grain quality using the GGE bi-
plot methodology. According to Paderewski et al. (2016) the
existence of lines with high productivity, wide adaptability,
and production stability is beneficial for breeding programs

due to the reduction of costs with multi-environment tests.
Besides, these cultivars can be recommended for more than
one growing region.

Figure 2d made it possible to identify ideal test environ-
ments for recommending lines adapted to mega environ-
ments. Thus, it was observed that Rio Paranaiba 2018 and
Vigosa 2019 were more discriminating compared to Rio
Paranaiba 2019. On the other hand, Rio Paranaiba 2019
was more representative. Mushay et al. (2020) pointed out
that ideal environments for the selection of lines must be
discriminating and representative at the same time. Test en-
vironments that are discriminating, but not representative,
can be used to select lines adapted to specific environments.
Representative and homogeneous environments are ideal for
the selection of broadly adapted lines (Banyai et al., 2020).

»  Join methods review

There was a general agreement among the methodolo-
gies, identifying VI 14194, VI 14127, VI 14026, and BRS
264 as highly productive, broadly adapted, and stable lines.
In terms of adaptability and stability for specific environ-
ments, the VI 141045 line was more productive and adapted
to the municipality of Rio Paranaiba according to the AMMI
and GGE biplot methodologies. Through the Lin & Binns
(1988) methodology, modified by Carneiro (1998), it is pos-
sible to infer that the municipality of Rio Paranaiba offers ad-
equate conditions for the expression of the productive poten-
tial of genotype VI 141045. The AMMI method was not able
to identify lines with productivity above-average and with
adaptability and production stability for the municipality of
Vigosa-MG. In contrast, the GGE Biplot method pointed out
the VI 14194 line as being productive, with adaptability and
stability for this location.

Conclusion

The lines VI 14194, VI 14127, VI 14026, and BRS 264
have the potential for selection in the tropical region of
Central Brazil, whose objective is high productivity, broad
adaptability, and production stability.

The VI 141045 genotype demonstrated high productive
performance and specific adaptability and production stabil-
ity for the Alto Paranaiba region.

The lines VI 14026 and VI 14194 had higher productivity
and adaptability to unfavorable environments.

Modern methods such as HMRPGYV can be used to select
productive, adaptable, and stable lines due to the ease of in-
terpretation of the results. Classic methods (Lin and Binns,
AMMYI, and GGE Biplot) should be used when the goal is to
select superior lines in specific environments.
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