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Abstract 
 
Low yields of early ‘Carioca’ and black bean varieties are a consequence of instability and low yield adaptability to specific growing 
environments. The goal of this work was to evaluate the genotype x environment interaction of early ‘Carioca’ and black bean new 
lines aiming at obtaining genotypes with high grain yield and good adaptability and stability. In (2012), 15 genotypes of the black 
group were evaluated in Ibimirim, Belém do São Francisco, and Petrolina municipalities, in Pernambuco State, Brazil; and, in (2016), 
11 genotypes of early ‘Carioca’ bean were evaluated in Caruaru, Arcoverde, and Araripina municipalities, also in Pernambuco State. 
The experiment was conducted in a randomized block design with three replicates, and grain yield data were submitted to analysis 
of variance, in which means were compared by the Tukey’s test and analysis via GGE Biplot. In Arcoverde, the grain yield was 
greater for all early ‘Carioca’ bean genotypes, whereas, in the environment of Petrolina, there was the worst grain yield in kg ha-1 
for all black bean genotypes, individually. The GGE Biplot methodology was found to be efficient in identifying genotypes with good 
adaptability, stability, and yield. Differences presented by the genotypes for the grain yield trait give the basis to recommend the 
genotypes and express the possibility of selection for genetic improvement of the species. 
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Introduction 
 

As estimated by the Companhia Nacional de Abastecimento 
– Conab (National Food Supply Company), Brazil recorded, in 
May 2019, a total area of 2,977.7 mil ha of bean cultivation, 
with a yield of 1,042 kg/ha, and production of 3,104.3 mil t 
(Conab, 2019). Not only is the country the largest producer 
of this grain, it is the largest consumer of it, with 17 kg/year 
per inhabitant, corresponding to 3.52 mil t per year (Silva 
and Wander, 2013, FAO, 2015). Also, in May 2019, the 
growing of total black common beans was responsible for 
10.7 mil ha of cultivated area, 638 kg/ha of yield, and 6.8 mil 
t of production in the Pernambuco State. With regard to the 
total ‘Carioca’ common beans, Pernambuco State has 88.9 
mil ha of cultivated area, 603 kg/ha of yield, and 53.6 mil t of 
production (Conab, 2019). 
In Pernambuco State, bean crop is grown in different areas 
with contrasting edaphoclimatic characteristics, causing 
significant effects on grain yield of common bean. In 
accordance with Barros et al., (2013), many abiotic problems 
that affect bean crop yields should be taking into account by 

breeding programs, so that producers adopt the best 
decisions. 
Black beans and ‘Carioca’ beans have a cycle that varies from 
85 to 95 days, usually cultivated in the 1st season of the year 
(harvest of water) in the Pernambuco State. It stands out for 
being more sensitive to environmental variations (Rosse and 
Vencovsky, 2000). Sudden climatic changes cause changes in 
grain yield (Paranzini et al., 2009). The predicted conditions, 
such as climate, soil, and agronomic techniques, and 
unpredictable, as rainfall distribution, temperature, soil, and 
frost, contribute directly to the interaction G x A (Paranzini 
et al., 2009). 
Therefore, the development of new cultivars with favorable 
alleles for the traits of interest is necessary to meet the 
needs of rural producers (Coimbra et al., 2008). 
Nevertheless, the interaction genotype x environment (GxE) 
in the phenotypic constitution of a character is a problem for 
the breeder, whose goal is to select genotypes with greater 
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yield, adaptability, and stability (Ribeiro et al., 2008; 
Bertoldo et al., 2009). 
In accordance with Vale et al. (2009), the component of the 
genotype x environment interaction is able to prove that a 
genotype that presents vitality and productivity in a certain 
environment may not show the same performance when 
cultivated in another environment. For this reason, after 
developing lines, they should be tested in different 
environments (Torres et al., 2015). Within this context, the 
development of a plant breeding program focused on 
obtaining adapted bean lines with high stability is justified, 
as they can significantly improve yield systems. 
A number of methods enables the estimation of adaptability 
and stability of genotypes based on different principles 
(Eberhart and Russel 1966, Verma et al., 1978, Lin & Binns 
1988, Cruz et al., 1989). Nevertheless, the GGE Biplot 
methodology is distinguished for being a versatile and 
flexible analysis allowing the selection of genotypes by 
means of graphical representations in an easy and efficient 
way (Badu-Apraku et al., 2012, Yan, 2014). 
The efficiency of this methodology in selecting genotypes 
with good adaptability and stability has been validated in 
different crops (Paramesh et al, 2016, Yokomizo et al., 2017, 
Oliveira et al., 2018). In view of that, this work intended to 
evaluate the adaptability and stability of early strains of 
‘Carioca’ and black bean in Pernambuco State, Brazil. 
 
Results and Discussion 
 
Analysis of variance  
 
The ‘Carioca’ group experiment had a good precision, with a 
coefficient of variation below 15 percent; for the black 
group, the coefficient of variation was between 18.19 and 
32.12 percent, representing, respectively, medium and low 
experimental precision (Carbonell et al., 2010; Pereira et al., 
2018). Results of the analysis of variance demonstrated 
significant effects for genotypes and environments 
suggesting the presence of genetic variability between bean 
lines and edaphoclimatic differences between environments, 
in this order (Table 1). The significance of genotypes x 
environments interaction proves that the lines presented 
distinguished performances regarding environmental 
changes (Torres Filho et al., 2017). 
With regard to plant breeding, it is essential, for the 
selection of superior phenotypes, to have previous 
knowledge of the contribution of each of the components of 
variance. The value found in the estimate of the coefficient 
of genotypic determination (H2%) for ‘Carioca’ bean was of 
90.95, 94.62, and 95.01 percent, in the Araripina, Caruaru, 
and Arcoverde environments, respectively. Nevertheless, it 
is perceived that there is a greater additive genetic variance 
and a smaller environmental variation when there is a higher 
coefficient of genotypic determination, proving that the 
environment had a small influence on the characters under 
study.  
For the black group, the value found in the estimate of the 
coefficient of genotypic determination was superior for 
Ibimirim (77.11%), Petrolina (73.25%), and Belém do São 
Francisco (54.41%) environments. The coefficients of 
genotypic determination were considered as medium for 
Belém de São Francisco environment and high for the other 
ones. 

 
Mean test 
 
The highest grain yields, in Araripina, were obtained by the 
BRS Notável control and the CNFC 15502, CNFC 15874, CNFC 
15873, and CNFC 15625 lines, respectively (Table 2). With 
the exception of the CNFC 15625, these lines also showed 
yields above the overall mean in the Caruaru municipality, 
together with the CNFC 15875 line. The good performance 
of the CNFC 15502 line in Caruaru is different from the 
results found by Watanabe (2014). Regarding the Arcoverde, 
the highest yield means were obtained by the CNFC 15626, 
CNFC 15874, BRS Notável, IPR Colibri, CNFC 15625 lines, 
respectively. 
Generally speaking, the CNFC 15874 line and the BRS 
Notável control adapted well in all three environments, 
being among the ones that provided yields above the overall 
mean. It is worth pointing out that the CNFC 15874 had a 
higher mean than the IPR Colibri and early ‘Carioca’ controls 
in the three environments under evaluation. With respect to 
the black bean commercial group, the CNFP 10104, CNFP 
10794, CNFP 15171, CNFP 15178, CNFP 15193, and CNFP 
15207 lines presented yield above the overall mean in 
Ibimirim, being superior to the three controls. The ones 
which had the worst yields are the CNFP 15198, CNFP 15208, 
and the Esplendor control. 
In Belém do São Francisco, the CNFP 15171, CNFP 15178, 
CNFP10104, CNFP 15177, IPR Uirapuru, CNFP 15198, and 
CNFP 15208 lines had higher grain yields, respectively. The 
CNFP 15208 provided the worst yield in Petrolina, 
significantly different from the CNFP 15194 line, which had 
the highest yield, with 1344.16 kg/ha-1, in this environment. 
The other lines, which showed yields above the mean, were 
BRS Campeiro, CNFP 15171, CNFP 10104, CNFP 15194, and 
BRS Esplendor. 
It can be noted that the Ibimirim environment was the one 
that provided the highest grain yield means followed by the 
Belém do São Francisco environment, in which only CNFP 
10794 and CNFP 15193 lines performed the worst yields. The 
smallest means were obtained by the Petrolina 
environment. Statistically, when comparing the 
environments, it could be seen that only the BRS Campeiro 
control and the CNFP 15194 genotype behaved the same 
way in yield in the three environments. 
 
GGE Biplot analysis 
 
Which-won-where 
 
The Biplot analysis of genotypes x environment (GGE Biplot) 
showed 95.79 and 78.01 percent of the total variation for 
the ‘Carioca’ and black group, in this order (Figure 1). These 
results reveal the efficiency of the Biplot graphs, which 
explained the large proportions of the square sums of 
genotypes and the genotype x environment interactions, 
enabling an accurate understanding of the results and 
reliability to select superior genotypes (Oliveira et al., 2018).  
The which-won-where Biplot establishes a set of 
perpendicular lines, which divide it into a number of groups, 
defining that the lines with the best performance are those 
located at the Biplot vertices, which grouped at least one  
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Table 1. Analysis of variance for grain yield variable (kg.ha-1) of 11 genotypes of ‘Carioca’ bean group in 2016 crop year and 15 
genotypes of the black group in 2012 crop year, evaluated in different environments in Pernambuco State. 

------------------------------Early ‘Carioca’ Bean----------------------------- 

VS DF MS CV% H2% 

Block/Environment 6 8476.18   
Environment (E) 2 17964034.63**   
Genotype (G) 10 240470.48**   
G x E Interaction 20 113180.66**   
Araripina 10 7566.38** 14.82 90.95 
Caruaru 10 5353.70** 8.66 94.62 
Arcoverde 10 14165.81** 6.02 95.01 
Residue 60 9028.63   
Mean  1135.12   
CV%  8.37   
QMRmax/QMRmin = 2.64     

----------------------------Black Bean--------------------------- 

VS DF MS CV% H2% 

Block/Environment 6 608026.01   
Environment (E) 2 14402964.62**         
Genotype (G) 14 344053.51**   
G x A Interaction 28 310201.13**         
Ibimirim 14 489886.60** 18.19       77.11           
Belém do São Francisco 14 213458.33**  17.72        54.41           
Petrolina 14 261110.85** 32.12        73.25           
Residue 84 93100.52   
Mean  1474.18   
CV%  20.69   
QMRmax/QMRmin = 1.60     
* Significance at 5% error probability by the F test. ** Significance at 1% error probability by the F test. H2%. 

 
 

 
 
Fig 1. (A) GGE biplot representing: "Which-won-where". Genotypes: IPR Colibri, CNFC 15626, CNFC 15873, CNFC 15874, CNFC 
15502, CNFC 15875, CNFC 15629, BRS Notável, CNFC 15630, Early ‘Carioca’, and CNFC 15625. Environments: Arcoverde, 
Caruaru, and Araripina. (B) Genotypes: BRS Esplendor, BRS Campeiro, IPR Uirapuru, CNFP10104, CNFP 10794, CNFP 15171, 
CNFP 15174, CNFP 15177, CNFP 15178, CNFP 15188, CNFP 15193, CNFP 15194, CNFP 15198, CNFP 15207, and CNFP 15208. 
Environments: Ibimirim, Belém do São Francisco, and Petrolina. 
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Table 2. Mean test for the grain yield variable (kg.ha-1) of 11 genotypes of early ‘Carioca’ bean group and 15 genotypes of black 
bean group, cultivated in three environments. 

 

Means followed by the same capital letters, in the horizontal line, and lowercase letters, in the vertical line ,do not differ statistically between each other by the Tukey’s test at 5% 
significance. 

 
 

 
 
Fig 2. (A) GGE Biplot representing the Means x stabilities. Genotypes: IPR Colibri, CNFC 15626, CNFC 15873, CNFC 15874, CNFC 
15502, CNFC 15875, CNFC 15629, BRS Notável, CNFC 15630, Early ‘Carioca’, and CNFC 15625. Environments: Arcoverde, 
Caruaru, and Araripina. (B) Genotypes: BRS Esplendor, BRS Campeiro, IPR Uirapuru, CNFP10104, CNFP 10794, CNFP 15171, 
CNFP 15174, CNFP 15177, CNFP 15178, CNFP 15188, CNFP 15193, CNFP 15194, CNFP 15198, CNFP 15207, and CNFP 15208. 
Environments: Ibimirim, Belém do São Francisco, and Petrolina. 

-----------------------Early ‘Carioca’ Bean----------------------- 

Genotypes Araripina Caruaru Arcoverde 

IPR Colibri 524.16 C bcd 741.66 B cd 2031.66 A bc 
CNFC15626 321.66 C d 657.50 B cd 2465.83 A a 
CNFC15873 694.16 C ab 911.66 B abc 1691.66 A e 
CNFC15874 725.00 B ab 893.33 B abc 2350.00 A a 
CNFC15502 810.83 C a 1117.50 B a 1915.83 A cde 
CNFC15875 497.50 C bcd 1009.16 B ab 1898.33 A cde 
CNFC15629 368.33 C cd 598.33 Bd 1385.83 A f 
BRS Notável 835.83 C a 1123.33 B a 2240.00 A ab 
CNFC15630 530.00 C bcd 811.66 B bcd 1746.66 A de 
Early ‘Carioca’ 538.33 C bcd 760.66 B bcd 1972.50 A cd 
CNFC15625 607.50 B abc 667.50 B cd 2015.00 A bc 
Mean 586.66 844.75 1973.93 

-------------------------Black Bean------------------------ 

Genotypes Ibimirim Belém do São Francisco Petrolina 

BRS Esplendor 1196.66 AB e 1716.66 A ab 1045.83 B ab 
BRS Campeiro 1622.50 A bcde 1658.33 A ab 1224.16 A ab 
IPR Uirapuru 1537.50 A bcde 1858.33 A ab 720.00 B ab 
CNFP10104 2251.66 A abc 1908.33 A ab 1148.33 B ab 
CNFP 10794 2399.16 A ab 1383.33 B b 790.83 B ab 
CNFP 15171 2222.50 A abcd 2466.66 A a 1213.33 B ab 
CNFP 15174 1828.33 A abcde 1566.66 A b 589.16 B ab 
CNFP 15177 1767.50 A abcde 1883.33 A ab 529.16 B ab 
CNFP 15178 1935.00 A abcde 1925.00 A ab 486.66 B ab 
CNFP 15188 1670.00 A bcde 1691.66 A ab 640.83 B ab 
CNFP 15193 2633.33 A a 1300.00 B b 726.66 B ab 
CNFP 15194 1697.50 A bcde 1733.33 A ab 1344.16 A a 
CNFP 15198 1373.33 A de 1850.00 A ab 625.83 B ab 
CNFP 15207 2025.00 A abcde 1683.33 A ab 790.83 B ab 
CNFP 15208 1440.00 A cde 1775.00 A ab 462.50 B b 
Mean 1839.99 1759.99 822.55 
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Table 3. Description of the 11 genotypes of the early and semi-early ‘Carioca’ group evaluated in Caruaru, Arcoverde, and Araripina 
(2016) and of the 15 genotypes of the black group evaluated in Ibimirim, Belém de São Francisco, and Petrolina (2012). 

Early ‘Carioca’ Bean Cycle Origin Black Bean Cycle Origin 

IPR Colibri Early* Iapar BRS Esplendor Normal*** Embrapa 
CNFC 15626 Early Embrapa BRS Campeiro Normal Embrapa 
CNFC 15873 Early Embrapa IPR Uirapuru Normal Iapar 
CNFC 15874 Early Embrapa CNFP10104 Normal Embrapa 
CNFC 15502 Semi-early** Embrapa CNFP 10794 Normal Embrapa 
CNFC 15875 Early Embrapa CNFP 15171 Normal Embrapa 
CNFC 15629 Early Embrapa CNFP 15174 Normal Embrapa 
BRS Notável Semi-early Embrapa CNFP 15177 Normal Embrapa 
CNFC 15630 Early Embrapa CNFP 15178 Normal Embrapa 
Early ‘Carioca’ Early Embrapa CNFP 15188 Normal Embrapa 
CNFC 15625 Early Embrapa CNFP 15193 Normal Embrapa 
- - - CNFP 15194 Normal Embrapa 
- - - CNFP 15198 Normal Embrapa 
- - - CNFP 15207 Normal Embrapa 
- - - CNFP 15208 Normal Embrapa 
 * Harvested 80-85 days after planting, ** Harvested 85-90 days after planting, *** Harvested 90-100 days after planting. 

 
 
 

 
 
Fig 3. (A) GGE Biplot representing ideal genotype. Genotypes: IPR Colibri, CNFC 15626, CNFC 15873, CNFC 15874, CNFC 15502, 
CNFC 15875, CNFC 15629, BRS Notável, CNFC 15630, Early ‘Carioca’, and CNFC 15625. Environments: Arcoverde, Caruaru, and 
Araripina. (B) Genotypes: BRS Esplendor, BRS Campeiro, IPR Uirapuru, CNFP10104, CNFP 10794, CNFP 15171, CNFP 15174, CNFP 
15177, CNFP 15178, CNFP 15188, CNFP 15193, CNFP 15194, CNFP 15198, CNFP 15207, and CNFP 15208. Environments: Ibimirim, 
Belém do São Francisco, and Petrolina. 

 
 
Table 4. Municipality characteristics where the ‘Carioca’ and black bean groups were evaluated.  

---------------------Early ‘Carioca’ Bean------------------- 

Environment Topography ºC mm Soil Type 
Caruaru Wavy 24 551 Neossoil 
Arcoverde Wavy 23 800 Regolith Neossoils 
Araripina Smooth-wavy 23.7 719 Plain soil 

----------------------Black Bean---------------------- 

Ibimirim Wavy 25.7 866.3 Litholic stony 
Belém São Francisco Smooth-wavy 24.7 507 Plainsoil 
Petrolina Smooth-wavy 26.9 483 Plainsoil 

°C= Annual Mean Temperature, mm = Precipitation Index. 
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Fig 4. (A) GGE Biplot representing Discrimination and representativeness of the environments. Genotypes: IPR Colibri, CNFC 
15626, CNFC 15873, CNFC 15874, CNFC 15502, CNFC 15875, CNFC 15629, BRS Notável, CNFC 15630, Early ‘Carioca’, and CNFC 
15625. Environments: Arcoverde, Caruaru, and Araripina. (B) Genotypes: BRS Esplendor, BRS Campeiro, IPR Uirapuru, 
CNFP10104, CNFP 10794, CNFP 15171, CNFP 15174, CNFP 15177, CNFP 15178, CNFP 15188, CNFP 15193, CNFP 15194, CNFP 
15198, CNFP 15207, and CNFP 15208. Environments: Ibimirim, Belém do São Francisco, and Petrolina. 

 
 
environment, such as the CNFC 15626 and CNFC 15629 
‘Carioca’ bean line (Figure 1A) and the CNFP 15171 and CNFP 
10104 black bean (Figure 1B) (Paramesh et al., 2016). 
Concerning, the genotypes that are within the polygons, 
they have lower performance when compared to the vertex 
genotypes (Oliveira et al., 2018). 
 
Means x stabilities 
 
The genotype stability is evaluated in the “mean x stability” 
Biplot, where the circle represents the average 
environmental coordination (AEC), in which the ideal 
environment is shown by the line that cuts the origin, and 
the arrow indicates the highest yield (Yan, 2001) (Figure 2). 
Moreover, it can be noticed the genotypes that presented 
good stability by means of the length of the projection 
formed from the Y axis to the line. 
Notwithstanding the variations that may affect the 
environment, it is seen that the stability is achieved by the 
BRS Notável control, which performed yield above the 
overall mean, followed by the CNFC 15874, CNFC 15502, and 
CNFC 15875 lines, for the ‘Carioca’ bean group, also 
classified as stable (Figure 2A). Likewise, the black bean 
group assigned the CNFP 15171 line as yield above the 
overall mean; nevertheless, it was considered as unstable 
(Figure 2B). On the other hand, the CNFP 10104, CNFP 
15194, and BRS Campeiro lines provided yields close to the 
overall mean and good stability (Figure 2B). In accordance 
with, Nunes et al. (2014), the genotypes that offered the 
greatest predictability are the most recommended for small 
rural producers, who do not use much advanced technology.  
 
Ideal genotype 
 
The genotype considered to be ideal, used as a reference to 
evaluate the others, is the one that represents the largest 
vector length and zero GxE interaction, it means the one 
closest to the center (Santos et al., 2017, Oliveira et al., 

2018) (Figure. 3). Therefore, the CNFC 15874 and CNFC 
15502 lines are the most significant for the breeding 
program, for the ‘Carioca’ bean group (Figure 3A). Similarly, 
the black group presented the CNFP 10104 and CNFP 15171 
lines as the most relevant, being regarded as the ones 
closest to the ideal (Figure 3B). 
 
Discrimination and representativeness of the environments 
 
The discrimination of the tested environments and the 
capability of representativeness are essential measures to 
evaluate whether environments provide information about 
genotypes and whether they are reliable on the genotypes 
tested, respectively. These measures can be visualized in the 
graph named “Discriminant vs Representative” (Figure 4). 
The environments that made smaller angles with the 
coordination of the environment are the most 
representative, and the ones that have smaller vectors are 
those that best described the genotypes (Oliveira et al., 
2018). It can be verified that Caruaru and Petrolina formed 
the environments with the best representativeness and 
discriminations for the genotypes of the ‘Carioca’ and black 
group, respectively (Figures 4A and 4B). 
 
Materials and Methods 
 
Description of genotypes and characteristics of 
municipalities 
 
In 2012 crop year, 15 genotypes of black bean group (11 
early and semi-early lines and three controls) were 
evaluated, and, in 2016, 11 genotypes of ‘Carioca’ bean 
group (eight early and semi-early lines and three controls) 
(Table 3) were evaluated, both at the experimental stations 
of the Instituto Agronômico de Pernambuco – IPA 
(Pernambuco Agronomic Institute). The black group was 
evaluated in the municipalities of Ibimirim, Belém do São 
Francisco, and Petrolina, and the ‘Carioca’ group, in the 
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municipalities of Caruaru, Arcoverde, and Araripina (Table 
4). 
 
Experimental design 
  
The experiment was conducted using a randomized block 
design with three replicates, totaling 99 experimental units 
for the ‘Carioca’ group and 135, for the black one. Each plot 
comprised four 4-m rows, spacing 50 x 20 cm, totaling a 
population of 100 thousand ha- 1 plants. Productivity data 
were collected in the two central lines, disregarding the 
border lines. 
 
Agronomic practices 
 
Before implementing the experiments, a soil analysis was 
performed, in which the sowing fertilization was applied 
(200 kg.ha-1 of chemical fertilizer 04-20-20, in accordance 
with Cavalcante, (2008)). Soil was prepared, in a 
conventional way, by a single plow and two light screenings; 
the weed control was made by manual weeding. For pest 
control, the methamidophos insecticide was applied at a 
dose of 0.5 L ha-1every week, in order to control thrips and 
whitefly, 7 to 50 days after plant emergence, using a manual 
knapsack sprayer (Boiça Júnior et al., 2000). When it was 
needed, a supplementary irrigation was carried out by a 
conventional sprinkler system. 
 
Statistical analysis 
 
Variance homogeneity 
   
The grain yield variable collected during the early ‘Carioca’ 
bean and black bean trials were submitted initially to the 
analysis of variance homogeneity (Bartlett Test) and 
normality (Lilliefors). Given that the variances were 
homogeneous and normal, analyses of variance were 
applied with no need for transformation. After that, it was 
performed a relationship test between the maximum and 
the minimum residual mean square of the environments 
(RMSMax/RMSMin), which were lower than seven for the early 
‘Carioca’ bean (2.67) and black (1.60) trials, enabling the 
joint analysis of the trials. 
 
Joint analysis 
  
The joint analysis of variance was conducted, regarding the 
effects of genotypes, environments, genotype x 
environment interaction, applying the following statistical 
model: Y̅ijk = μ + Gi + B/Ajk + Aj + GAij + εijk  in 

whichY̅ijk= observation of the genotype i (i = 1, 2., g), in the 

environment j (j = 1,2..env), in block k (k=1, 2, ..., b),μ = 
overall mean of the trial,Gi = i-th genotype (i = 1, 2, ..., 
g),B/Ajk= effect of the k-th blockin thej-thenvironment (j= 1, 

2, ..., env),Aj = j-th environment (j = 1,2. ...env),GAij  = 

genotype environment interaction,εijk = experimental error 

associated to the observationY̅ijk. 

 
GGE Biplot 
  
The GGE Biplot analysis was made on the basis of the 
phenotypic means according to the following model: Y̅ij −

μ − Aj = Gi + GAij, in whichY̅ij represents the phenotypic 

mean of the genotype i in the environment j, μis the overall 
constant, Giis the aleatory effect of the genotype i, Aj is the 

fix effect of the environment j, andGAijis the aleatory effect 

of the interaction between the genotype i and the 
environment j.  
The GGE Biplot model does not separate the effect of 
genotype (G) from the genotype-environment interaction 
(GE), keeping them together in two multiplicative terms, 
which can be seen in the next equation: Y̅ij − μ − βj =

gi1e1j + gi2e2j + εij , in which 𝑌̅𝑖𝑗 is the expected 

performance of the hybrid i in the environment j; 𝜇is the 
overall mean of the observations;  𝛽𝑗is the main effect of the 

environment j;  𝑔𝑖1and 𝑒1𝑗are the main scores for the i-th 

hybrid in the j-th environment, respectively; 𝑔𝑖2and 𝑒2𝑗are 

the secondary scores for the i-th hybrid in the j-th 
environment, respectively; εij is the residue unexplained by 
both effects.  
In this manner, the Biplot graph design in the GGE model is 
done by the simple dispersion of 𝑔𝑖1and𝑔𝑖2for genotypes 
and  𝑒1𝑗 and  𝑒2𝑗 for environments via Singular Value 

Decomposition (SVD), according to the equation: Yij − μ −

βj = λ1ξi1ηij + λ2ξi2η2j + εij , in which 𝜆1 and 𝜆2 are the 

highest eigenvalues of the first and second principal 
components PC1 and PC2, respectively, 𝜉𝑖1and 𝜉𝑖2are the 
eigenvalues of the i-th genotype for PC1 and PC2, 
respectively, 𝜂𝑖𝑗 and 𝜂2𝑗  are the eigenvalues of the j-th 

environment for PC1 and PC2, respectively. 
 
Software 
 
The GGE Biplot analyses were conducted using the R 
software (R Development Core Team, 2014) using the GGE 
Biplot GUI package in R software (Wickham, 2009). 
Differences between cultivars and lineages were also 
investigated by the Tukey’s test at 5% probability, using the 
computational resources of the Genes program (Cruz, 2013). 
 
Conclusion 
 
The GGE Biplot methodology was found to be efficient in 
identifying genotypes with good adaptability, stability, and 
yield. The analyses confirmed the BRS Notável cultivar and 
the CNFC 15874 line for the Araripina and Caruaru 
environments should be cultivated. For Arcoverde, the 
CNFC15626 line was shown to be superior to the others. For 
the black group, the CNFP15171 and CNFP10104 lines 
provided the best performance for Belém do São Francisco 
and Petrolina municipalities. The CNFP 15193 and CNFP 
10794 lines were selected for the Ibimirim environment. 
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