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ABSTRACT

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 wer@dapthbility and stability analyses were
performed using the methods of Lin & Binns (1988) with decomposition, Mi@RRrough REML/BLUPAMMI-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) interactidmsn compared to GGE-BipléMMI
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 MHRR, but these one is more accurate, practice and informative. MERRd
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 adaptatstapility, and yield.

Keywords: Zea mays..; Lin & Binns with decomposition; REML/BLUP; GGE-Bipl@&tMMI-Biplot.

INTRODUCTION Binns,1988; Cargnelutti Filho & Guadagnin, 2018). The

The Genotype x Environment interaction reflects thg€lection among the existing methods depends on the
way genotypes behave in different environmentability to explain the sum of squares of GXE interactions.
(Rezendet al, 2020). This is because the most effective SOMe studies with maize have compared several
traits for improvement of genotypes are of metric natuf@ethods for GxE interaction analysis (Fatal, 2017,
and have continuous distribution and polygeni#achadcetal, 2019, Santost al, 2019, Rezendet al,
inheritance when under the constant influence #020). Howeverfew of them have assessed parametric
environmental changes (Boresnal,, 2017). and non-parametric or even mixed models, such as REML/

Over the last two decades, several studies have bé&dJP. Furthermore, the number of publications has been
performed to develop stability indices for quantificatiorfiecreased over the last several decades in Brazil. Eberhart
and selection of promising genotypes. These metho@8d Russel was the traditional predominant method in the
use multivariate parametric models, such as additive mat/dy of adaptability and stability in maize and soybean.
effects and multiplicative interaction analysis (AMMI-Other methods asMMI, GGE Biplot and MHPR'G had
Biplot) (Bocianowskket al, 2019), as well as genotype +their used increased (Rezeredal, 2021).
genotype-by-environment biplots (GGE-Biplot) (Machado To improve selection accuracy and hence the
et al, 2019), harmonic mean of relative performance decommendation of superior maize genotypes, studies
genetic values (MHPRG) method through REML/BLUP comparing traditional and recent statistics should be
(Oliveiraet al, 2017), and non-parametric models (Lin &carried out. In this line, this study aimed to estimate and
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compare parameters of adaptability and stability for maizdl genotypes in the'jenvironment, and is the number
grain yield in a variety of environments by differentof environments. HoweveCarneiro (1998) suggested
projection methods. decomposition of statistics to favorable and unfavorable
environments by the following equations:
MATERIAL AND METHODS ! 5 o
L. . D :M; whereinfis the number of favorable
Data grain yield were used to evaluate 36 maiz8 2f
genotypes in experiments conducted in the 2012/13 season ' s4_ (%~ M)? o
at nine growing locations in central Brazil (E1: Sete Lagoashvironments, ang .y =——-——; whereindis the
MG, E2: Londrina/PR, E3: Goiania/GO, E4: Janalba/MGumber of unfavorable environments.
ES: Planaltina/DFE6: Paragominas?E7: Altamira/mA, An additive main effect and multiplicative interaction
E8: Campo Grande/MS, and E9: Manduri/SH).the  (AMMI-Biplot) model is a combination of analysis of
experiments were conducted USing a6x6 Simple |atti%riance (ANO“) and principa| component ana|ysis
design. Each experimental unit consisted of two four-metepcA). The equation used for this method is
rows with an interrow spacing of 0.8 meters (1.6 x 4 m) aryd W+ g+ a+ i o+ + e Wherein:y; is
a useful plot area of 4.8'm the mean yield of the genotypd H(1. 2, ..., 36) in the
Maize plants were sown in October and Novembefnvironment jj= 1, 2, ... 9)j is the overaII mean of
and harvested 120 days thereaftBianting and experimentsg, is the effect of the genotypes;is the
topdressing  fertilizations  followed  crop effect of the environment J£! | &y o i the effect
recommendations and were performed based on sgfl multiplicative G x E interaction, wherein; is the
analysis of each growing site. Grain yield (GY) estimategingular valuey, and a, are the PCA scores 'of Kk axis
(kg ha') were made by rescaling harvested grain massy genotype and envwonment respectivelgd n is
per experimental unit to grain mass per hectare, afge number of axes or principal components retained to
moisture correction to 13%. describe the pattern of GxE interactiopis the residual
Intra-block variance analysis with adjusted treatmentisffect of AMMI model (noise); andg is the
and blocks within unadjusted repetitions was performegkperimental error of randomfett. As a measure of
for each environment and significance tested by the Etapility, the first component (IPCA1) scores of each
test.After confirming homogeneity of variances by theyenotype, obtained fromMMI1 analysis, were used.
Hartley F-max test, a joint analysis was carried out to tegf addition AMMI stability value (ASV) was used as a
the significances of effects of genotype (G), environmengatistical parameter to replace graphical analysis by
(E), and GXE interaction. The environmental effect wagvmI2. ASV is defined in terms of the Euclidean
considered random and the genotype one as fixegistance between the Cartesian plane origin and the
Selection accuracy was calculated as described Byordinate of genotype or environment point (Purchase

Resende & Duarte (2007). et al, 2000), as in the equation
Adaptability and stability parameters were estimated \/[ SIPCA

using the following methods: Lin & Binns (1988) WIthASV ssica IPCAI ?wre)] + [IPCA2 score]? ’
decomposition (Cruzt al, 2012), harmonic mean of wherein: SS IPCA1 is the sum of squares of IPCA1 and SS
relative performance of genetic values (MHRER by a IPCAZis sum of squares of IPCA2. _

mixed model method with restricted maximum likelihood ~AS Propsed byYan (201), the analysis by GGE
and best linear unbiased prediction (REML/BLUPgethOd was made by the equativp: |- E =Y,£,P, +
(Resende, 2016), additive main effects and multiplicativi£2P * & Wherein:Y; is the yield of the't genotype in
interaction biplots (AMMI-Biplot) (Zobekt al, 1988), the " enwronmentp is the overall meank, is the
and genotype + genotype-by-environment (GGE- B|p|06nwronment effecty, andY, are the singular values of
(Yan & Tinker, 2006).The statistical software used forPCALl and IPCA2, respectwelyl ande, are the IPCAL
these analyses were GENES (Cruz, 2013), SELEGEMN IPCA2 scores for the"igenotype, feSpeCt'Ve'?l
(Resende, 2016), and R (R CBeam, 2018). and P are the IPCA1 and IPCA2 scores for tﬁé j

In Lin & Binns (1988) with decomposition, adaptabilityenv"onme”t* respectivelande, is the residual ééct

P. was measured by the mean-square distance betwdét €xplained by any of the factors (noiséjfter
genotype and the genotype with maximum response tponstructing the plot of PCA scores associated with
the environmeni, using the following equation: environments and genotypes, the following parameters
pP= Zj-105- M) ; wherein:P. is the superiority index of were analyzed: Which-vygn-where patterr?, ggnc_)typ_e mean

1 2a ' performance and stabilitgnvironment discriminating-
genotypei, Y, is the yield of the*! genotype in the'f  ability and representativeness, and ideal-genotype ranking
environmentM, is the maximum response observed amongyan &Tinker, 2006).
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Mixed linear model analyses were carried out by REMLdf conducting the experiments were observed monthly
BLUP method using model 52 of SELEGEN software, byainfall volumes is a range of 62 to 323,9 millimeters
the following equation (Resende, 2016): Xr= Z+W,+ (INMET, 2017).The growing locations also f#fred em
T +e whereiny is the data vector;is the vector of fixed relation to altitude (90 to 971 meters), and consequently
effects of repetition added to the overall megiis the inthe mean temperature. This implies that the performance
vector of genotypic random effects;is the vector of of genotypes was influenced by environments conditions,
random effects of blocksjs the vector of random effects what justifies the study of adaptability and phenotypic
of genotype x environment interactioresjs the error stability (Table 1).
vector considered random; and X,\&, Y, and Z represent For the method of Lin & Binns (1988) with
the incidence matrices for these effects. Simultaneodscomposition, the genotypes G1, G34, G31, G8, and G5
measures of adaptability and stability for each genotypeesented the lowestWlue for the overall environment
were obtained by means of MH®®, as in the following (Table 2) These genotypes, except for G1 (orllyl1% of
genetic variation), contributed little to the GxE interaction,
reflecting considerable participation of the genetic variance
number of environments aRRVG = VG, /VG, inwhich  to express grain yield.

VG, is the genetic value of the genotype i in the Twelve, out of the 13 genotypes with the highest
environment j and/Gj is the genotypic mean in the grain yield, showed the lowest Ralue for overall
environment j. environment (G1, G34, G31, G8, G30, G5, G21, G7, G12,

For a better interpretation of results, the MWRR  and G20). This is becausesBatistics considers as highly
values were mU'tIplIEd by the overall mean of a'hdaptame and stable (IOVY) Rjenotypes those whose
environments (MHPRG*MG), representing the results yields are closer to maximum for each environment (Cruz
in the same magnitude of the studied variablest al, 2012) as a comparison between genotypes and an
Subsequentlyenvironments were grouped into favorabledeotype. Therefore, higher stability will always be
and unfavorable as a function of the overall yield mean gksociated with higher yields (Lin & Binns, 1988).
all environments, and separate analyses were conduct®grently this method has been recommended to study
for each group. The environments showing averagegiaptability and stability in maize when the number of

above the overall mean were considered as favorable %eriments ana|yzed does not exceed nine (Cargne|utti
those with values below as unfavorable, according {gilho & Guadagnim, 2018).

, : 1 N
equation:MHPRVG=")/3]-, PRVG, Whereinin is the

Mendeset al (2012). Besides recommended for general environment, G1 also
proved adaptability to favorable environments, as did G5
RESULTSAND DISCUSSION and G8.To unfavorable environments, the three best-

The analysis indicated significant effects (p < 0.01performing genotypes were G1, G34 and G31. G1is asimple
for genotypes, environment and the G x E interaction. Thgybrid developed for high-medium investment fields with
effect of the environment was responsible for more thamnhistory of high-medium yieldAccording to Oliveiraet
38% of the variation sum of squared, as observed by Fagila (2020) this genotype had greater performance under
etal (2017) with commercial maize hybrids in five locationdarvest season andf-skason irAmazonas.
em Minas Gerais. Most of environment variations effect The method Lin & Binns (1988) with decomposition
is due the differences between locations. During the periddes not allow the detection of the predominant type of

Table 1: Summary of joint variance analysis of grain yield (k§)hia 36 maize genotypes at ninefdient environments of central
Brazil

SV DF MS %SS.®
Replication 1 6803899

Block (Replication) 10 6610551

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

Mean 6853.14

CV% 14.63

fag 0.96

@: percentage of sum of squared factors: genotype, environment, and GxE intef&tgjnificant by the F-test (P < 0.05%ignificant
by the F-test (K 0.01). CV%: codicient of variation.fsg: accuracy
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GxE interaction. But it can select productive, adapted, aiahly about 15% of the original degrees of freedoab(@
stable genotypes to the environments, under a interacti®y About one-third of the changes in grain yield related
predominant simple. to deviations of the main effects (genotypes and
The decomposition of the sum of squares of GxEnvironments) could be explained by the first component
interaction was decomposed into eight principallPCAL).And about 65%, in others axis, corresponds to a
component axes (IPCAs) by tAdMI-Biplot method, large amount of noise.
which four showed significance. The first (IPCA1) and The AMMI method has the objective of capturing
second (IPCA2) were highly significant (P < 0.01) by théhe pattern of the variation of the GXE interaction and
Gollob (1968) F-test @ble 3). discarding the noise (random variation that little
The lack adjustment &MMI models evidenced by explains the GXE interactiorhs more parameterized
Cornelius test denotes thaMMI1 residuals were not models are considered (AMMI2MMI3), noise can
significant, confirming the selection &fMMI1. This distort the interpretation of the performance of
model explained 35% of the total variation (pattern), usingenotypes and environments regarding stability in

Table 2: Estimates of overall Pfavorable P(P,;), and unfavorable RP, ), and genetic value (GV) by the Lin & Binns (1988)
method with decomposition regarding grain yield (k@)iaf 36 maize genotypes grown in nine environments of central Brazil in the
2012/2013 season

Genotype Mean P Pi(f) Pi(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
G114 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 Still, this method demonstrates that the most stable

for noise in this analysis (65%) has no relevant contergenotypes should also be the most productive in the studied

environments, among which G11 and G6 stood out.
Another way to interpret aAMMI-Biplot model is

Similar results were observed by Olivegtal. (2010),
21.8%; Hongy'et al. (2014), 56,2%; and, Macha&t

al. (2019), 45.4%.

attesting its instability

throughASV analysis. It measures how much each
Despite the selection of an axis, it is only expected @enotype contributed to GXE interactions considering the
select the highest percentage of the G x E interactidinst two IPCAs. For this reason, these statistics can be
pattern.Therefore AMMI1 biplot is enough to explain used as a measure equivalent to biaiMI2 (IPCAL x
the real G x E interactions, disregarding the rest of tHECA2), for classification purposes (Abate, 2020). In
variation that has the most noise. The graphical analysiscordance witAMMI1 graphical analysis, G1 and G10
of AMMI1 shows that the control G1 (1) contributed theremained as the most unstable genotypdsQ)yanalysis
most to GXE interaction since it had the greatest range (@able 4). Converselz3, G9, G32, G7, and G5 contributed
scores in the interaction axis (Figure 1). Even with thiess to GXE interaction and were the most stabfeviyil1
highest yield, this genotype showed no specificity in terntsiplot. ASV analysis also indicated that G8 and G23
of adaptability to any of the evaluated environmentqresented the lowest valuesA8V but not confirmed by

AMMI1.

Table 3:Analysis of variance with interaction GXE decomposition foAthi®/I model and the explained variance for grain yield (kg

ha') variable

Source DF SS MS Fs F. Explained (%)
IPCA1 (pattern) 42 93093078 2216502 3.70° - 35.3
AMMIL error (noise) 238 170925721 718175.3 - 1.20 -
IPCA2 40 55520332 1388008 2.37 - 21
AMMI2 error 198 115405389 582855.5 - 0.97s -
IPCA3 38 35949509 946039.7 1.58 - 13.6
AMMI3 error 160 79455872 496599.2 - 0.83¢ -
IPCA4 36 32201802 894494.5 1.49 - -
AMMI4 error 124 47254069 381081.2 - 0.64¢ -

Error 450 269299169 598442.6 - - -

G: Gollob (1968), C: Corneliust al (1992);", *, and"s: significant (P < 0.01), significant (P < 0.05), and non-significant by the F-test,
respectively

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

Rank Genotype IPCAL IPCA2 ASV Rank  Genotype IPCAl 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 G1l4 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.
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Considering bottrAMMI1 and ASV analyses, the The vertex genotype was G1 and presented the highest
results ofAMMI analysis pointed G9, G7, and G5 as thanean yield in Sector 1. When the genotypes are at vertices
most productive and stable genotypeSV analysis has where it is not possible to define which sector they belong
the purpose to assist breeders in selecting promisitg and does not have related environments, it can be
genotypes, avoiding using solely visual graphicahssumed that these genotypes were not responsive to
analysis. any of the grouped environments. They are considered

In the GGE-Biplot method, the first two principalunfavorable and have low productivity
components (IPCA1 and IPCA2) accounted for 71.88% of E6 was the most different environment when compared
the total variance of maize yield in the genotypes. Thul the others. Therefore, different genotypes should be
this method explained a good part of the sum of squareslected and developed specifically for such mega-
of genotypes and GxE interaction, but this percentagavironment. E6 is located to the north of the Brazilian
may be related by noise. This value is within the range tdrritory and, among the evaluated environments, itis at a
60-83.12% showed by other authors when evaluatingwer altitude (90 m) and has an average annual maximum
maize genotypes (Hongyat al, 2015; Machadet al, temperature of 33 °C (INMER017).These factors may
2019, Oliveireet al, 2019). have influenced its classification as the most different

The GGE-Biplot method has a series of graphical toofsom the others by the GGE-Biplot method.
for effective genotype selection. Regions limited by red Another analysis enabled by GGE-Biplot method is
lines were created byhich-won-wherelot (Figure 2), investigating the relationship between grain yield and
which groups evaluated environments into megagenotype stabilityrepresented by a mean x stability graph
environments, representing the most similar environmentgigure 3).

Genotypes located at the vertex of the polygon are more When considering yield and stabilitg8 and G31 were

distant from the origin and classified as more responsiviee most stable and productive among the genotypes. On
to environmental stimulus; yet, those within the polygothe other hand, G10 was the most unstable, followed by
are less responsive. G22, G6, and G33. By contrast, G1 and G18 were not highly

The nine environments were cut into two groups ainstable as seen through &MdMI-Biplot method.This
mega-environments: Sector 1 composed by E1, E2, E3, Edight have occurred due to the way statistical calculations
E5, E7, E8, and E9; Sector 2 composed by E6 (Figure fJere set up for each method. In thelMI-Biplot, the

o _|
* E6
o |
o
o ]
A
G18
a—
g I
o
4 g G5
= - E5
- E3
8
- G34
¥ G1
I I | I I I
6000 7000 8000 9000 10000 11000

Mean

Figure 1:Biplot of AMMI1 analysis for grain yield (kg I¥9 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 interactiaesirable for selection & & Tinker, 2006).The genotype
are subtracted from the matrix of means, while in the GGIB1 was allocated in the third concentric circle, that is
Biplot, only the environmental effects are deducted froroser to the ideal in terms of yield and phenotypic stability

this matrix. In this waythe environmental &fct was In addition, the GGE-Biplot method also takes into
mitigated in the graphic representation of genotypes account the existing relationship among the test
GGE-Biplot. environments (Figure 5). For Oliveiet al. (2019),

An ideal genotype must have both high productivitgvaluating maize genotypes an ideal test environment
and high stability in every environment, what is definegdhould effectively discriminate genotypes and represent
by the center of concentric circles (Figure 4) and workthe environments.
more as a representative model than a maize ideotype. InEnvironmental differences are indicated by vectors
this sense, genotypes located near the ideotype are mariginating at the center of the biplot (Figure 5). E5 and E8

6000
!

E1 Sector2

4000
l

Sectorl

2000
|

E2

PC210.26 %

-2000
!

-4000
L

T T T T T T T
-10000 -8000 -6000 -4000 —-2000 0 2000

PC161.62 %

Figure 2: GGE Biplot graph: which-won-where for grain yield (kgthaf 36 maize genotypes grown in nine environments of central
Brazil in the 2012/2013 season.
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Figure 3: GGE-Biplot graph: mean x stability for grain yield (kd*haf 36 maize genotypes grown in nine environments of central
Brazil in the 2012/2013 season, and their respective production stabilities.
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were similar between each other because they had theThe criterion MHPRG*MG was able to connect yield,
lowest acute angle among environments. Howesimilar ~ stability, and adaptability simultaneously (FigureB)is
environments suggest data redundancy in breedimgethod shows the overall adaptability of genotypes and
programs, increasing the cost of developing newelated genotype productivity with genotype stability and
genotypes and impairing representation of moradaptability In this sense, G18 was the most unstable
contrasting environments (Felipeal.,, 2010). genotype in relation to the tested environments.

These results suggest the predominance of a simple Additionally, the analysis by mixed models allowed
GXE interaction, genetic variability among genotypes, armdassification of the environments into favorable and
correlation among environments. The prevailinginfavorable based on the mean yield of genotypes in each
interaction in the evaluated dataset could not be identifisite. E1, E3, E5, E6, and E8 were classified as favorable
through the methods of Lin & Binns (1988) withenvironments due to their grain yield superiority (6,853.14
decomposition, andMMI-Biplot. This led to the kg hat). ConverselyE2, E4, E7, and E9 were considered
selection of the GGE-Biplot method as moreainfavorable for showing yield values below the overall

advantageous. mean.
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Figure 4: GGE-Biplot graph: projection of an ideal genotype for grain yield (Kg henong 36 maize genotypes grown in nine
environments of central Brazil in the 2012/2013 season.
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Figure 5: GGE-Biplot graph: discriminative x representative environments for grain yield th@ha6 maize genotypes grown in
nine environments of central Brazil in the 2012/2013 season.
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In the graph between favorable and unfavorableapitalized by adaptability and stability estimates
environments, G1 was classified as a genotype of broéi®odovalhcet al., 2015).
adaptability and high stabilityvith the highest average  The genotypes G1, G34, G31, G8, and G5 were similarly
(Figure 7). G34 and G31 showed adaptation to unfavoralikassified by the methods MHWR and Lin & Binns (1988)
environments, while G8 and G5 to favorable environmentwith decomposition. In this case, only one change was
Lastly, the remaining genotypes presented low stabilityerified in the ordering of the first five selected genotypes.
and adaptabilityas they did not perform well in any of thelt is known that these methods penalize genotypes with
tested environments. unfavorable performance in all environments when
As observed by Rodovaltet al (2015), the results of compared to the general mean of the evaluated
MHPRVG method were similar to those of Lin & Binnsenvironments (Rodovaltet al., 2015).
(1988) with decomposition. Howeveit is worth Cargnelutti Filho & Guadagnin (2018) observed that
highlighting that the former analyzes genotypic rather thagenotypes indicated by the method Lin & Binns (1988)
phenotypic features, as the non-parametric one. Besideish decomposition are usually associated with high yield
informing the type of interaction, allowing graphicaland low predictabilityln this studythis association could
analysis, and providing results in the same unit of tHae verified for G1, which was considered unstable according
variable, and all of it in a single estimate, the MW@&Hs AMMI-Biplot. GGE-Biplot classified this genotype as
more pratical and can be used together with othemoderately stable and the closest to the ideal since it is a
adaptability and stability methods, presentingimple hybrid. This difference may occur because the
complementary information. AMMI-Biplot method separates genotype and environment
The methods Lin & Binns (1988) with decompositiongffects from GXxE interaction, while the GGE-Biplot select
GGE-Biplot, and MHPRG were unanimous in selecting plants based on genotype and GXxE interaction
genotype G8 for favorable environmera8AMI-Biplot  simultaneouslyYan (201) observed that these last two
categorized it as specifically adapted to E3, which wasffects should be considered simultaneously for selecting
neither a favorable nor an unfavorable environment ksuperior genotypes because breeders seek to understand
this method. Converselthe models Lin & Binns (1988) genotype performance associated with GXE interaction.
with decomposition, and MHRR5 considered E3 as a  All the methods were in accordance in terms of
favorable environment. In brief, G8 can be recommendexthssification of G10, G18, and G34 as unstable genotypes.
for favorable environments. Nevertheless, they did not reach an agreement regarding
BothAMMI-Biplot and GGE-Biplot methods agreed the most adapted, stable, and productive genotypes. The
in classifying G5 as a moderately stable genotype; yafenotype that was closest to this relationship was G1 by
Lin & Binns (1988) with decomposition, and MHFPR  the methods Lin & Binns (1988) with decomposition, GGE-
classified it as stable and recommended for favorabRiplot,and MHPR/G.
environments. The GGE-Biplot method captured half of No relationship was verified between the GGE-Biplot
the total variation and theMMI explained even less; method and the others, and it can be used as an auxiliary
therefore, the results should be interpreted cautioustpol for genotype selection. In addition, only the GGE-
Given this,Yan (201) encouraged the association oBiplot, AMMI-Biplot, and MHPR/G methods showed the
such methods with mixed models to better understampdedominance of a simple interaction for the evaluated
the results obtained. Based on mixed models, tldataset. GGE-Biplot is a remarkably informative method
MHPRVG method provides results that must besince it allows analyzing together the performances of
interpreted at a genetic level, already penalized @nvironments, genotypes, and GxE interaction.
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Figure 6:Means of MHPRG*MG for grain yield (kg h&) of 36 maize genotypes grown in nine environments of central Brazil in
the 2012/2013 season.
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