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ABSTRACT: Adaptability and stability estimates are used by plant breeding programs to identify cultivars that exhibit predictable 
behavior and great performance in more than one environment. Thus, the objective of this work was to compare biometric 
techniques for simultaneous selection of carioca bean pre-cultivars for high adaptability, stability and yield of grains under the 
conditions of Agreste-Sertão Pernambucano of the Brazil. The trials were conducted in the municipalities of Arcoverde, São João, 
and Belém de São Francisco. Ten pre-cultivars and four commercial witnesses were used and the randomized complete block 
design was employed, with three repetitions. Grain yield was evaluated in the period 2014-2015. Variance analyzes were performed 
and the adaptability and stability were estimated by the techniques of Eberhart & Russell, Lin & Binn modified by Carneiro, and 
AMMI. The techniques were compared using Spearman’s correlation. No correlation was observed between Eberhart & Russell 
and Lin & Binns modified. AMMI is the most complete for isolated use. The pre-cultivars CNFC 15460, CNFC 15462, CNFC 15504 
and CNFC 15507 contemplate wide adaptability, stability and productivity, and are indicated for Agreste-Sertão of Pernambuco.
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Adaptabilidade e estabilidade de pré-cultivares de feijão carioca
no Agreste-Sertão Pernambucano

RESUMO: As estimativas de adaptabilidade e estabilidade são utilizadas em programas de melhoramento de plantas para 
identificar cultivares que expressam comportamento previsível e ótimo desempenho em mais de um ambiente. Assim, o 
objetivo deste trabalho foi comparar técnicas biométricas para seleção simultânea de pré-cultivares de feijão carioca para alta 
adaptabilidade, estabilidade e produtividade de grãos nas condições do Agreste-Sertão Pernambucano do Brasil. Os ensaios 
foram realizados nos municípios de Arcoverde, São João e Belém de São Francisco. Foram utilizados dez pré-cultivares e quatro 
testemunhas comerciais e o delineamento em blocos casualizados com três repetições. A produtividade de grãos foi avaliada no 
período 2014-2015. As análises de variância foram realizadas e a adaptabilidade e estabilidade foram estimadas pelas técnicas 
de Eberhart & Russell, Lin & Binn modificado por Carneiro, e AMMI. As técnicas foram comparadas por meio da correlação de 
Spearman. Nenhuma correlação foi observada entre Eberhart & Russell e Lin & Binns. AMMI é o mais completo para uso isolado. 
As pré-cultivares CNFC 15460, CNFC 15462, CNFC 15504 e CNFC 15507 contemplam ampla adaptabilidade, estabilidade e 
produtividade, sendo indicadas para o Agreste-Sertão de Pernambuco. 
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Introduction
The common bean (Phaseolus vulgaris) is a species of 

great socioeconomic value, mainly due to the combination 
of four characteristics: nutritional quality, high production 
potential, high genetic variability and wide adaptability (Lima 
et al., 2020). In Brazil, the preference in almost all states 
refers to beans from the carioca group, representing 85% 
of consumption in the country (Conab, 2021), having a very 
important role in subsistence agriculture, but also standing 
out in the national business aspect.

Common bean production has increased by about 35% 
over the past 40 years, parallel to a 30% reduction in planted 
area, mainly in response to the use of new cultivars, obtained 
through breeding programs with a focus on increasing crop 
productivity (Embrapa, 2017).

In the Agreste-Sertão region of Pernambuco, common 
bean cultivation is carried out in several areas, including 
contrasting edaphoclimatic conditions, which directly 
influence grain productivity (Rocha et al., 2020). It is worth 
noting that in the pre-cultivar evaluation process, one of the 
main challenges that breeders face refers to the interaction 
between genotypes and environments on the behavior of 
materials. The genotype × environment interaction (G × E) 
is explained as the differential behavior of genotypes as a 
function of variations in the environments in which they are 
selected (Ramalho et al., 2012).

After the interaction is estimated, a pertinent alternative 
is the use of biometric techniques to discriminate the 
adaptability and stability of genotypes (Tavares et al., 2017). 
Adaptability is the ability of genotypes to take advantage of 
environmental changes and stability refers to the predictability 
of genotype behavior in the face of environmental variations 
(Santos et al., 2018).

In the bean culture, the most used biometric techniques 
are: Eberhart & Russell (1966) that show adaptability 
and stability from different parameters, facilitating the 
independent observation of these two attributes; AMMI 
(Zobel et al., 1988), which stands out for the treatment of the 
waste, reducing the experimental error from the separation 
of the noises and the results shown graphically; and Lin & 
Binns (1988) modified by Carneiro (1998); standing out for 
its ease of understanding, since it use a single parameter 
in the classification of materials. However, each technique 
has its particularity and there are still few studies on the 
complementarities and divergences of these techniques 
in the selection of more productive genotypes, adapted 

and stable, and when it comes to Agreste-Sertão region of 
Pernambuco, this work is a pion in the approach of combining 
these biometric analyzes. 

In this work, the objective was to compare biometric 
techniques to establish strategies for simultaneous selection 
of carioca bean pre-cultivars for high adaptability, stability 
and grain productivity in the conditions of Agreste-Sertão 
Pernambucano.

Materials and Methods
The experimental data used, relative to grain productivity 

(kg ha-1), were obtained from the Network of Tests for the 
Evaluation of Genotypes of Carioca Beans, coordinated by 
Embrapa Rice and Beans, Agronomic Institute of Pernambuco 
(IPA) and Federal Rural University of Pernambuco (UFRPE), 
and they come from competition trials of common bean pre-
cultivars, type carioca, conducted in the State of Pernambuco, 
from 2014 to 2015. These data came from six experimental 
trials, these being carried out in three municipalities in the 
Agreste-Sertão of Pernambuco (Table 1). 

The number of genotypes between the trials was 14, 
including strains and cultivars, provided by the National 
Center for Carioca Beans (CNFC) (Table 2). In the experiments, 
four witnesses were used, cultivars that are recommended for 
cultivation in the state of Pernambuco.

The experimental design used was completely randomized 
blocks, using three replications, with experimental portions 
composed of four rows, with 4 m in length and 0.5 × 0.2 m 
of spacing between and within rows, respectively. The useful 
area took into account only the two central lines.

The soil was prepared in a conventional way and chemical 
fertilization was carried out before the implementation of 
the experiments, using 200 kg ha-1 of chemical fertilizer 04-
20-20. The control of invasive plants consisted of manual 
weeding and the pest was carried out through the application 
of the insecticide Metamidofós Fersol (600 in the dose 0.5 
L sha-1). Irrigation was performed when necessary, using a 
conventional sprinkler system. The harvest was carried out 90 
days after sowing, in the R9 phase, and the grain yield was 
recorded in each experiment.

Statistical analyzes were performed considering 
each location-year combination as an environment. The 
homogeneity of the residual variance was verified using of 
the ratio between the largest and smallest mean square of 
the residue (Pimentel-Gomes, 2009). Joint analyzes were 
performed according to the model for random blocks:

As - Tropical; BSh - Semiarid (Agritempo, 2021); Alt - Altitude; Prec - Precipitation; Temp - Temperature.

Table 1. Characteristics of the municipalities of Pernambuco, where the genotypes of carioca beans were evaluated in the years 
2014 and 2015.
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where, Yijk - phenotype value of genotype i in environment j; 
μ - general mean; (B/E)jk - effects blocks (k = 1, 2, …, r) inside 
environments (j = 1, 2, …, q); Gi - effect of genotypes (i = 1, 
2, …, p); Ej - environments effects (j = 1, 2, …, q); GEij - effect 
of genotypes × environments interaction; εijk - random error 
(Cruz et al., 2012).

Disposing of the analysis of variance and the presence of 
GxE interaction, the parameters of adaptability and stability of 
the genotypes were estimated, using the biometric techniques 
of Eberhart & Russell (1966), Lin & Binns (1988) modified by 
Carneiro (1998), and by the AMMI (Zobel et al., 1988) method.

Eberhart & Russell (1966) method is based on linear 
regression analyses simple, according to the following 
mathematical model:

Analyses by the AMMI method (Zobel et al., 1988) 
considers the effects of genotypes and environments as fixed 
and the model according to the model:

Table 2. Carioca bean genotypes evaluated in competition trials between 2014 and 2015, treatment identification number (IG).

ijk i j ij ijk
jk
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where, Yij - average of the i-th genotype in the j-th environment; 
β0i - general mean of the i-th genotype; β1i - coefficient of linear 
regression which measures the response of i-th genotype to the 
variation on the environment; Ij - encoded environment index

i

j
j
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δij - regression deviation of the i-th genotype in the j-th 
environment; εijk - experimental error (Cruz et al., 2012).

The adaptability and stability parameter proposed by the 
Lin & Binns (1988) method is estimated by measuring of Pi 
superiority using the following equation:

( )n
ij j

j 1

Y M
Pi

2n=

−
= ∑

where, Yij - yield of the i-th genotype in the j-th environment; 
Mj - maximum response obtained among all genotypes in the 
j-th environment; n - number of environments (Cruz et al., 
2012).

n

ij i j k ik jk ij ijk
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=
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where, Yij - phenotypic value of genotype i in environment 
j; μ - general mean of the trials; Gi - effect of genotypes (i 
= 1, 2, …, p); Ej - environments effects (j = 1, 2, …, q); λk - 
the k-th singular (scalar) value of the original interaction 
matrix (G × E); Yik - the element corresponding to the i-th 
genotype in the k-th vector single column of the matrix G × E; 
αjk - corresponding to the j-th environment in the k-th vector 
single line of the G  × E matrix; ρij - the noise associated with 
the term (ge)ij of the classical interaction G × E; εijk - random 
error (Cruz et al., 2012).

The environments were classified according to the 
environmental index, as of the subtraction of the average 
grain productivity from the environment by the average grain 
productivity, classifying as favorable those with a positive 
index and unfavorable those with a negative index. The 
techniques were compared using Spearman’s correlation. 
The analyzes were performed with the aid of the computer 
software GENES (Cruz, 2016).

Results and Discussion
In the summaries of the joint analysis of variance of the 

trials, significant differences were observed by the F test 
(P < 0.01) between the sources of variation corresponding 
to genotypes, environments and G × E interaction, indicating 
genetic variability between genotypes, heterogeneity in the 
environmental conditions in which the experiments were 
conducted and that the genotypes present different responses 
to different environments (Table 3). The G × E interaction 
interferes in the stage of genotype selection and subsequent 
indication of cultivars, since the observed phenotype may not 
be befitting with the real potential of the genotype, requiring 
the choice of more adapted and stable genotypes in order to 
take advantage of information on the interaction, justifying 
the application of statistical analyzes of adaptability and 
stability (Souza et al., 2018).

The F Max, equivalent to the ratio between the largest and 
smallest mean square of the residue, was less than 7, validating 
the assumption of homogeneity of the residual variances and 
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enabling the joint analysis of the experiments (Pimentel-Gomes, 
2009). The coefficient of variation (CV) was 11.00 %, indicating 
good experimental precision, being in accordance with other 
experiments carried out with common beans, as observed by 
Rocha et al. (2020), who recorded CV of 8.37 % in genotypes of 
carioca bean group in Pernambuco State (Table 3).

The municipalities of Belém de São Francisco and 
Arcoverde, presented average productivity above the general 
average productivity of the environments, being classified as 
favorable (Table 4). In contrast, São João presented average 
productivity below the general average productivity of the 
environments, being classified as unfavorable (Table 4). 

In all environments, the evaluated genotypes showed 
average productivity above the state average (748 kg ha-1), 
regional (412 kg ha-1) and national (984 kg ha-1) (CONAB, 2021; 
IBGE, 2021). It’s worth pointing out that, the heterogeneity of 
the municipalities of Agreste-Sertão of Pernambuco provided 
a high contrast in productivity, incurring in the classification 
of some environments as unfavorable from the calculation of 
the environmental index. Similar results were found by Souza 
et al. (2018); Santos et al. (2018); Santos et al. (2019), and 
Lima et al. (2020), confirming that heterogeneity alters the 
classification of environments.

Average grain productivity for the 2014-2015 biennium 
ranged from 1,875 to 2,632 kg ha-1, with an overall average 
of 2,203 kg ha-1. In the total of fourteen evaluated genotypes, 
it was observed that seven obtained angular coefficient 
estimates equivalent to unit (β1 = 1) and seven presented 
different unit estimates (β1 ≠ 1), according to the t test, showing 
the existence of some genotypes with wide adaptability and 
others with specific adaptability, respectively (Table 5). 

Genotypes with specific adaptability have a complex 
interaction under the conditions of Agreste and Sertão in 
Pernambuco, since the position of the genotypes it is not 
maintained throughout the environments and those with 
higher productivity in one environment are not necessarily 
in the others. Similar results were observed by Oliveira et al. 
(2020), who observed the performance of complex interaction 

Table 3. Summary of the joint variance analyzes of the carioca 
bean competition trials, evaluated in the state of Pernambuco, 
from 2014 to 2015. 

** Significant at 1% probability by the F test.

IG - genotype identification; β0 - general mean of genotype; β1 - linear regression coefficient; s2d/1000 - stability parameter; r2 - determination coefficient; Pi - Pi parameter for 
general environment; PiF - Pi parameter for favorable environments; PiU - Pi parameter for unfavorable environments; ns, * and **: not significant, significant at the level of 5 and 1% 
respectively, by the t test (H0: β1 = 1.0) and by the F test (H0: s²d = 0).

Table 5. Estimates of the parameters of adaptability and phenotypic stability, obtained by the biometric technique of Eberhart 
& Russell (1966), and the Lin & Binns modified by Carneiro (1998) for the carioca bean competition trials in the period 2014-
2015, evaluated at Agreste-Sertão of Pernambuco.

Table 4. General means and environmental indices referring to grain yield, in kg ha-1, of carioca bean genotypes, evaluated in 
the state of Pernambuco from 2014 to 2015. 
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in their research about the bean genotype selection in the 
Agreste-Sertão region of Pernambuco. 

The genotypes CNFC 15458 (2), CNFC 15460 (3) and the 
cultivars IPR 139 (1), BRS Notável (13) and BRS Pérola (14), 
stood out for presenting β1 = 1 and β0 > general average, 
indicating that they have the capacity to present good results 
in contrasting environmental conditions of Agreste-Sertão 
Pernambucano, keeping their productivity around the general 
average (Table 5).

Regarding the materials that presented β1 ≠ 1, the inbred 
lines CNFC 15462 (4), CNFC 15475 (5), CNFC 15507 (9) and CNFC 
15513 (10), obtained values of β1 < 1, indicating that they have 
specific adaptation to unfavorable environments, that is, they 
have the capacity to maintain productivity close to the general 
average in environments where conditions are not ideal for 
cultivation. The inbred lines CNFC 15480 (6), CNFC 15534 (11) 
and the cultivar BRS Estilo (12), presented values of β1>1, 
pointing out that these genotypes have specific adaptation for 
favorable environments, therefore, they have the capacity to 
take advantage of the improvements offered by environments 
with good cultivation conditions (edaphoclimatic or inherent 
to agricultural management techniques), responsive and with 
productivity that surpass the general average (Table 5).

As for the behavior predictability, the cultivars BRS Estilo 
(12) and the inbred lines CNFC 15460 (3), CNFC 15504 (8), and 
CNFC 15507 (9), obtained non-significant deviations from the 
regression by the F test (s²d = 0), demonstrating stability and 
indicating that the average productivity of these genotypes 
is constant over the years and municipalities in the Agreste-
Sertão of Pernambuco (Table 5).

It is worth mentioning that, in some situations, it is 
possible that many of the genotypes that were evaluated and 
stood out with productivity above the general average, could 
present regression deviations statistically different from zero 
and in these cases the determination coefficient (r²) can be 
used as an auxiliary measure for comparing the stability of 
genotypes, where r2 greater than 80% indicates low dispersion 
of experimental data and show high predictability in the type 
of environmental response (Peluzio et al., 2010). Considering 
the genotypes that presented r2 > 80%, it was possible to 
classify three more materials as stable, corresponding to the 
inbred lines CNFC 15534 (11) and the cultivars BRS Notável 
(13) and BRS Pérola (14).

The Pi values obtained from the Lin & Binns technique for 
all environments, as well as the unfolding according to the 
proposal of Carneiro (1998), for favorable and unfavorable 
environments, are shown in Table 5. The genotypes with the 
lowest general Pi values were the cultivars BRS Estilo (12) and 
BRS Notável (14), and the inbred lines CNFC 15458 (2), CNFC 
15460 (3), and CNFC 15480 (6), and it indicates that they are 
among the most productive and have responsiveness and 
stability.

It was found that the genotypes BRS Estilo (12), CNFC 
15480 (6) and BRS Notável (13), were classified among the 
five lowest Pi values, both when considering environments in 
general, and in favorable and unfavorable, indicating that they 

have wide adaptability and high stability to Agreste-Sertão of 
Pernambuco, in addition to having the first (2,632.36 kg ha-1), 
second (2,586.25 kg ha-1) and third (2,453.61 kg ha-1) higher 
productivity averages, respectively (Table 5). In the method 
of Eberhart & Russell, these genotypes were also classified as 
widely adapted, however, the inbred line CNFC 15480 (6), did 
not have its behavior considered as stable. Franceschi et al. 
(2010) point out Lin & Binns method as practical and simple 
to understand, however, they emphasize that the genotypes 
selected through this method do not always relate high 
stability to greater productivity.

Despite the inbred lines CNFC 15458 (2) and CNFC 15460 
(3), have been classified with wide adaptation, their lower Pi 
values in the decomposition of environments, demonstrate 
that they have preferential adaptation to favorable 
environments. In contrast, the cultivars IPR 139 (1) and BRS 
Pérola (14), presented well-defined behaviors, evidenced by 
lower Pi values for unfavorable environments when compared 
with favorable or general environments, pointing out that they 
have specific adaptation to unfavorable conditions (Table 5). 

The occurrence of inbred lines that presented similar Pi 
values for the general environment, favorable and unfavorable 
environments, parallel to the identification of inbred lines with 
specific values, with well-defined behavior for just one type of 
environment, were also noticed by Oliveira et al. (2006), when 
using Lin & Binns technique in their research on adaptability 
and stability of common bean inbred lines in Minas Gerais.

From the AMMI technique, it is possible to observe 
that the São João in 2015 environment and the inbred lines 
CNFC 15460 (3), CNFC 15462 (4), CNFC 15504 (8) and CNFC 
15507 (9), are the points that are closest to the origin and 
demonstrate in turn, the lowest contributions to the GxE 
interaction (Figure 1B). 

There is a positive interaction between inbred lines CNFC 
15504 (8), CNFC 15507 (9) and CNFC 15513 (10) with São João 
in 2014, Arcoverde in 2015 and São João in 2015 environments 
(Figure 1B), demonstrated by scores of the same sign and 
small angle between the vectors from the origin. 

In the graphical representation of the AMMI1 analysis 
(Figure 1A), the data are distributed according to Cartesian 
coordinates, where the abscissa axis represents the 
main effects, referring to the average of genotypes and 
environments and the ordinate axis refers to the scores of 
genotypes and environments for the interaction axis, in this 
way, the genotypes and environments that approach to the 
origin are considered stable (Ferreira & Hongyu, 2018).

Grain productivity in relation to the general average, both 
for environments and for genotypes, can be easily noticed in 
Figure 1A, through the vertical reference line. The inbred lines 
CNFC 15458 (2), CNFC 15460 (3), CNFC 15462 (4), CNFC 15480 
(6) and in the IPR 139 (1), BRS Estilo (12), BRS Notável (13) 
and BRS Pérola (14), presented averages above the general 
average (> 2,203.62 kg ha-1), and the other genotypes showed 
productivity below the general average. Regarding the average 
of the environments, those that were below and above the 
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general average coincide with those already classified in 
Table 4 as unfavorable and favorable, respectively, since 
the environmental index also separates the environments 
according to the general average.

Regarding stability, the inbred lines CNFC 15460 (3), CNFC 
15415 (5), CNFC 15504 (8) and the cultivar BRS Pérola (14), 
were the closest to zero in relation to the horizontal axis 
(IPCA1), indicating that they are associated with high stability, 
being in consonance with what was observed in the Eberhart 
& Russell method, with the exception of inbred line CNFC 
15475 (5), which was not indicated as stable (Figure 1A).

The environments Arcoverde in 2014, Belém de São 
Francisco in 2014 and Belém de São Francisco in 2015 were the 
most unstable, but all associated with high grain productivity. 
The inbred lines CNFC 15458 (2) and CNFC 15480 (6), and 
the cultivars BRS Notável (13) and BRS Estilo (12), were the 
most productive (> 2,203.62 kg.ha-1), however, due to their 
high deviation, they show instability. The cultivar BRS Pérola 
(14) and inbred line CNFC 15460 (3), produced slightly above 
average and showed high stability (Figure 1A). In studies 
carried out with common beans, such as by Melo et al. (2018) 
and Rocha et al. (2020), the results found were similar when 
using AMMI. 

The similarities and differences between the methods used 
can be seen more precisely from the Spearman coefficients 
shown in Table 6. The high significant and negative correlation 
between the average grain productivity and the Pi parameters 
(-0.9516) and PiF (-0.9341), means that the higher the 
productivity values, the lower the Pi values for general and 
favorable environments, as predicted by the technique. 

It was observed agreement between the methods of 
Eberhart & Russell, Lin & Binns and AMMI in the classification 

of genotypes with wide and specific adaptability, through the 
high and negative correlation between β1 and the parameters 
Pi (-0.8461), PiF (-0.8593), and IPCA1 (-0.7099) since higher β1 
values indicate wide (β1 = 1) or specific (β1 > 1) adaptability 
to favorable environments, while in the Lin & Binns and AMMI 
techniques the lowest values are associated with adapted 
genotypes (Table 6). 

Regarding the classification of genotypes according to 
stability, there was a discrepancy between the Eberhart 
& Russell method and the Lin & Binns method, since the 
correlation between s2d and the parameters Pi (0.2923) and 
PiF (0.3055) shows that lower values of s2d are associated 
with higher values of Pi and PiF. Considering that the stability 
condition is associated with s2d = 0, the inverse proportion 
between the parameters indicates a lack of coincidence 
between them, evidencing the disagreement between the 
methods and reinforcing that the most productive genotypes 
are not always the most stable. The same type of disagreement 
was found between these methods in relation to parameter r2 
(Table 6). 

Significant interaction was not observed between 
parameters IPCA1 with s2d (0.2000) and r2 (-0.4066), 
indicating that they are independent, so that they allow 
admitting agreement between the Eberhart & Russell and 
AMMI methods regarding the stability of the materials 
(Table 6). In the classification of genotypes from unfavorable 
environments, almost all parameters showed no correlation 
between the methods, indicating that for these environments 
the use of any of the four methods alone would be efficient.

There was a significant positive correlation between IPCA1 
and the parameters Pi (0.7275) and PiF (0.7363), indicating 
that these methods have a coincidence in the classification 

Figure 1. Analysis biplot: (A) AMMI1 and (B) AMMI2, for grain productivity of 14 carioca bean genotypes evaluated in the 2014-
2015 biennium, in Agreste-Sertão of Pernambuco. G1 - IPR 139; G2 - CNFC 15458; G3 - CNFC 15460; G4 - CNFC 15462; G5 - CNFC 
15475; G6 - CNFC 15480; G7 - CNFC 15497; G8 - CNFC 15504; G9 - CNFC 15507; G10 - CNFC 15513; G11 - CNFC 15534; G12 - BRS 
Estilo; G13 - BRS Notável; G14 - BRS Pérola; A1 - Arcoverde-2014; A2 - Belém de São Francisco-2014; A3 - São João-2014; A4 - 
Arcoverde-2015; A5 - Belém de São Francisco-2015; A6 - São João-2015.

A. B.
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of genotypes, corroborating with what was observed by 
Domingues et al. (2013), in his research on adaptability analysis 
and stability for the identification of promising bean inbred 
lines for cultivation in Rio Grande do Sul, which reported a 
correlation between Lin & Binns and AMMI methods (Table 6).

The results obtained from Spearman’s correlation 
corroborate with what was reported by Pereira et al. (2009), 
Franceschi et al. (2010) and other authors who showed no 
correlation between the Lin & Binns and the Eberhart & 
Russell methods, but disagree about the correlation between 
the Lin & Binns method with the AMMI method.

It is worth mentioning that, the different information 
offered by these methods justifies the combination of them 
for the identification of materials in terms of adaptability and 
stability, entailing to greater reliability in recommending the 
best genotypes for certain environments (Franceschi et al., 
2010). 

The classification of genotypes by the method of Lin & 
Binns, aimed at those who showed higher productivity and 
the conformity of the classification by the AMMI and Eberhart 
& Russell methods, focusing on the most stable genotypes, 
reveals the harmony and potential for using the combination 
of these methods, allowing a more complete view, which 
allows to more efficiently attend the selection of materials 
that contemplate high productivity, adaptability and stability.

Conclusions
The biometric techniques of Lin & Binns prioritize high 

productivity, while, Eberhart & Russell and AMMI are more 
judicious and efficient in discriminating carioca bean pre-
cultivars for adaptability and stability to the Agreste-Sertão of 
Pernambuco.

The joint use of the Lin & Binns technique with the 
Eberhart & Russell technique is indicated, since they present 
complementary information, high productivity associated 
with adaptability and stability. 

The biometric techniques AMMI is the most complete 
for isolated use, simultaneously associating genotypes with 
the attributes of high grain productivity, responsiveness and 
predictability to the environments of the Agreste-Sertão of 
Pernambuco.

The pre-cultivars CNFC 15460, CNFC 15462, CNFC 15504 
and CNFC 15507 contemplated wide adaptability, stability and 
productivity, according to the AMMI technique, and may be 
indicated for Agreste-Sertão de Pernambuco. 

Acknowledgements
The authors thank the program of graduate studies in 

agronomy - genetic plant breeding (PPGAMGP), the Agronomic 
Institute of Pernambuco (IPA) for the experimental data, and 
the Coordination for the Improvement of Higher Education 
Personnel (CAPES) for funding.

Compliance with Ethical Standards
Author contributions: Conceptualization: GGM; JWS; Data 

curation: GGM, AFC; JWS; Formal analysis: GGM; Funding 
acquisition: GGM; JWS; Investigation: GGM; AFC; Methodology: 
GGM, PRS, RJSG; MRN, JWS; Project administration: GGM; 
JWS; Resources: GGM; JWS; Supervision: GGM, PRS, RJSG; 
MRN, JWS; Validation: GGM; JWS; Visualization: GGM; Writing 
– original draft: GGM; Writing – review and editing: GGM, PRS, 
RJSG, MRN, AFC, JWS.

Conflict of interest: The authors declare that are no 
conflicts of interest in order: personal, commercial, academic, 
political and financial.

Financing source: The Embrapa Arroz e Feijão and the 
Instituto Agronômico de Pernambuco.

Literature Cited
Agritempo. Sistema de monitoramento agrometeorológico. https://

www.agritempo.gov.br. 01 Nov. 2021.
Carneiro, P.C.S. Novas metodologias de análise da adaptabilidade e 

estabilidade de comportamento. Viçosa: Universidade Federal 
de Viçosa, 1998. 168p. Dissertation PhD.

Companhia Nacional de Abastecimento - Conab. Acompanhamento 
da safra brasileira – grãos. Brasília: Conab, 2021. 93p. (v.9 - safra 
2021/22, n.2, segundo levantamento). https://www.conab.gov.
br/info-agro/safras/graos/boletim-da-safra-de-graos/item/do
wnload/39691_7cfce4cdbe69deafc9a9a0cad72d554d. 07 Dec. 
2021. 

β1 - slope; s2d - variance of the regression deviations; r2 - coefficient of determination; Pi - General Pi values, PiF - Pi for favorable environments; PiU - Pi for unfavorable environments; 
IPCA1 - value of the main interaction component.

Table 6. Spearman correlation coefficients between the general average grain productivity (kg ha-1) of carioca bean genotypes 
and the adaptability and stability parameters of Eberhart & Russell (1966), Lin & Binns (1988) modified by Carneiro (1998), and 
AMMI (Zobel et al., 1988), in competition trials conducted in the period 2014-2015, in Agreste-Sertão of Pernambuco.

https://www.agritempo.gov.br
https://www.agritempo.gov.br
https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos/item/download/39691_7cfce4cdbe69deafc9a9a0cad72d554d
https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos/item/download/39691_7cfce4cdbe69deafc9a9a0cad72d554d
https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos/item/download/39691_7cfce4cdbe69deafc9a9a0cad72d554d


Adaptability and stability of carioca bean pre-cultivars in Agreste-Sertão Pernambucano

Rev. Bras. Cienc. Agrar., Recife, v.17, n.3, e1697, 2022 8/8

Cruz, C.D. Genes Software – extended and integrated with the R, 
Matlab and Selegen. Acta Scientiarum, v.38, n.4, p.547-552, 
2016. https://doi.org/10.4025/actasciagron.v38i4.32629.

Cruz, C.D.; Regazzi, A.J.; Carneiro, P.C.S. Modelos biométricos 
aplicados ao melhoramento genético – vol. 1. 4.ed. Viçosa: 
Editora UFV, 2012. 514p. 

Domingues, L.S.; Ribeiro, N.D.; Minetto, C.; Souza, J.F.; Antunes, I.F. 
Metodologias de análise de adaptabilidade e de estabilidade 
para a identificação de linhagens de feijão promissoras para 
o cultivo no Rio Grande do Sul. Semina: Ciências Agrárias, 
v.34, n.3, p.1065-1076, 2013. https://doi.org/10.5433/1679-
0359.2013v34n3p1065. 

Eberhart, S.A.; Russell, W.A. Stability parameters for comparing 
varieties. Crop Science, v.6, n.1, p.36-40, 1966. https://doi.
org/10.2135/cropsci1966.0011183X000600010011x.

Empresa Brasileira de Pesquisa Agropecuária - Embrapa. Genética 
eleva em um terço a produtividade do feijão-carioca no País. 
Brasília: Centro Nacional de Pesquisa de Solos. 2017. https://
www.embrapa.br/busca-de-noticias/-/noticia/30670636/
genetica-eleva-em-um-terco-a-produtividade-do-feijao-
carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20
em%20um%20ter%C3%A7o%20a%20produtividade%20d-
o%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-
Compart i lhar&text=Nos%20%C3%BAlt imos%2040%20
anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20
toneladas%20atuais. 07 Dec. 2021.

Ferreira, A.A.; Hongyu, K. Avaliação de rendimento de genótipo 
de milho em multiambientes. Biodiversidade, v.17, n.3, p.16-
26, 2018. https://periodicoscientificos.ufmt.br/ojs/index.php/
biodiversidade/article/view/7504. 05 Nov. 2021. 

Franceschi, L.; Benin, G.; Marchioro, V.S.; Martin, T.N.; Silva, R.R.; 
Silva, C.L. Métodos para análise de adaptabilidade e estabilidade 
em cultivares de trigo no estado do Paraná. Bragantia, 
v.69, n.4, p.797-805, 2010. https://doi.org/10.1590/S0006-
87052010000400004.

Instituto Brasileiro de Geografia e Estatística - IBGE. PAM – Produção 
Agrícola Municipal. Culturas temporárias e permanentes. 
https://www.ibge.gov.br/estatisticas/economicas/agricultura-
e-pecuaria/9117-producao-agricola-municipal-culturas-
temporarias-e-permanentes.html. 01 Nov. 2021.

Lima, T.V.; Santos, P.R.; Oliveira, T.R.A.; Nascimento, M.R.; Costa, 
K.D.S.; Costa, A.F.; Silva, K.R.G.; Oliveira, T.L.P.; Araújo, E.R.; Silva, 
J.W. Adaptability and stability of early carioca beans by mixed 
models. Bioscience Journal, v.36, supplement. 1, p.173-182, 
2020. https://doi.org/10.14393/BJ-v36n0a2020-48288.

Lin, C.S.; Binns, M.R. A superiority measure of cultivar performance 
for cultivar x location data. Canadian Journal of Plant Science, 
v.68, n.1, p.193-198, 1988. https://doi.org/10.4141/cjps88-018.

Melo, P.G.S.; Alvares, R.C.; Pereira, H.S.; Braz, A.J.B.P.; Faria, L.C.; 
Melo, L.C. Adaptability and stability of common bean genotypes 
in family farming systems. Pesquisa Agropecuária Brasileira, 
v.53, n.2, p.89-196, 2018. https://doi.org/10.1590/S0100-
204X2018000200007.

Oliveira, G.V.; Carneiro, P.C.S.; Carneiro, J.E.S.; Cruz, C.D. 
Adaptabilidade e estabilidade de linhagens de feijão comum em 
Minas Gerais. Pesquisa Agropecuária Brasileira, v.41, n.2, p.257-
265, 2006. https://doi.org/10.1590/S0100-204X2006000200010.

Oliveira, T.R.A.; Nascimento, M.; Santos, P.R.; Costa, K.D.S.; Lima, T.V.; 
Michelon, G.K.; Faria, L.C.; Costa, A.F.; Silva, J.W.; Gravina, G.A.; 
Oliveira, G.H.F. Bayesian perspective in the selection of bean 
genotypes. Journal of Agricultural Science, v.12, n.9, p.173-180, 
2020. https://doi.org/10.5539/jas.v12n9p173.

Peluzio, J.M.; Afférri, F.S.; Monteiro, F.J.F.; Melo, A.V.; Pimenta, 
R.S. Adaptabilidade e estabilidade de cultivares de soja em 
várzea irrigada no Tocantins. Revista Ciência Agronômica, 
v.41, n.3, p.427-434, 2010. https://doi.org/10.1590/S1806-
66902010000300015.

Pereira, H.S.; Melo, L.C.; Del Peloso, M.J.; Faria, L.C.; Costa, J.G.C.; 
Diaz, J.L.C.; Rava, C.A.; Wendland, A. Comparação de métodos de 
análise de adaptabilidade e estabilidade fenotípica em feijoeiro 
comum. Pesquisa Agropecuária Brasileira, v.44, n.4, p.374-383, 
2009. https://doi.org/10.1590/S0100-204X2009000400007. 

Pimentel-Gomes, F. Curso de estatística experimental. Piracicaba: 
FEALQ, 2009. 451p. 

Ramalho, M.A.P.; Abreu, A.F.B.; Santos, J.B.; Nunes, J.A.R. Aplicações 
da genética quantitativa no melhoramento de plantas autógamas. 
Lavras: UFLA, 2012. 522p.

Rocha, R.S.; Santos, P.R.; Oliveira, T.R.A.; Daher, R.F.; Nascimento, 
M.R.; Souza, A.G.; Oliveira, L.J.S.; Silva, K.R.G.; Costa, K.D.S., 
Costa, A.F.; Santos, H.P. Estimation of adaptability and stability of 
early strains of ‘Carioca’ and black beans (Phaseolus vulgaris) in 
Pernambuco State, Brazil. Australian Journal Crop Science, v.14, 
n.2, p.263-270, 2020. https://doi.org/10.21475/ajcs.20.14.02.
p2121.

Santos, P.R.; Costa, K.D.S.; Nascimento, M.R.; Lima, T.V.; Souza, 
Y.P.; Costa, A.F.; Silva, J.W. Simultaneous selection for yield, 
stability, and adaptability of carioca and black beans. Pesquisa 
Agropecuária Brasileira, v.53, n.6, p.736-745, 2018. https://doi.
org/10.1590/S0100-204X2018000600010.

Santos, P.R.; Oliveira, T.R.A.; Skeen, P.; Nascimento, M.R.; Costa, K.D.S.; 
Araújo, E.R.; Pereira, H.S.; Costa, A.F. GGE Biplot and REML/BLUP 
based-analysis of yield stability and adaptability for common 
beans in multi-environment trials. Revista Brasileira de Ciências 
Agrárias, v.14, n.2, e5657, 2019. https://doi.org/10.5039/agraria.
v14i2a5657.

Souza, Y.P.; Santos, P.R.; Nascimento, M.R.; Costa, K.D.S.; LIMA, T.V.; 
Oliveira, T.R.A.; Costa, A.F.; Pereira, H.S.; Silva, J.W. Assessing 
the genotypic performance of carioca beans through mixed 
models. Ciência Rural, v.48, n.7, e20170761, 2018. https://doi.
org/10.1590/0103-8478cr20170761.

Tavares, T.; Sousa, S.; Salgados, F.; Santos, G.; Lopes, M.; Fidelis, R. 
Adaptabilidade e estabilidade da produção de grão em feijão 
comum (Phaseolus vulgaris). Revista de Ciências Agrárias, v.40, 
n.2, p.210-220, 2017. https://doi.org/10.19084/RCA16058.

Zobel, R.W.; Wright, M.J.; Gauch, H.G.J. Statistical analysis of a yeld 
trial. Agronomy Journal, v.80, n.3, p.388-393, 1988. https://doi.
org/10.2134/agronj1988.00021962008000030002x.

https://doi.org/10.4025/actasciagron.v38i4.32629
https://doi.org/10.5433/1679-0359.2013v34n3p1065
https://doi.org/10.5433/1679-0359.2013v34n3p1065
https://doi.org/10.2135/cropsci1966.0011183X000600010011x
https://doi.org/10.2135/cropsci1966.0011183X000600010011x
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://www.embrapa.br/busca-de-noticias/-/noticia/30670636/genetica-eleva-em-um-terco-a-produtividade-do-feijao-carioca-no-pais#:~:text=Gen%C3%A9tica%20eleva%20em%20um%20ter%C3%A7o%20a%20produtividade%20do%20feij%C3%A3o%2Dcarioca%20no%20Pa%C3%ADs,-Compartilhar&text=Nos%20%C3%BAltimos%2040%20anos%2C%20o,tr%C3%AAs%20milh%C3%B5es%20de%20toneladas%20atuais
https://periodicoscientificos.ufmt.br/ojs/index.php/biodiversidade/article/view/7504
https://periodicoscientificos.ufmt.br/ojs/index.php/biodiversidade/article/view/7504
https://doi.org/10.1590/S0006-87052010000400004
https://doi.org/10.1590/S0006-87052010000400004
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html
https://doi.org/10.14393/BJ-v36n0a2020-48288
https://doi.org/10.4141/cjps88-018
https://doi.org/10.1590/S0100-204X2018000200007
https://doi.org/10.1590/S0100-204X2018000200007
https://doi.org/10.1590/S0100-204X2006000200010
https://doi.org/10.5539/jas.v12n9p173
https://doi.org/10.1590/S1806-66902010000300015
https://doi.org/10.1590/S1806-66902010000300015
https://doi.org/10.1590/S0100-204X2009000400007
https://doi.org/10.21475/ajcs.20.14.02.p2121
https://doi.org/10.21475/ajcs.20.14.02.p2121
https://doi.org/10.1590/S0100-204X2018000600010
https://doi.org/10.1590/S0100-204X2018000600010
https://doi.org/10.5039/agraria.v14i2a5657
https://doi.org/10.5039/agraria.v14i2a5657
https://doi.org/10.1590/0103-8478cr20170761
https://doi.org/10.1590/0103-8478cr20170761
https://doi.org/10.19084/RCA16058
https://doi.org/10.2134/agronj1988.00021962008000030002x
https://doi.org/10.2134/agronj1988.00021962008000030002x

