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ABSTRACT: The objective of the work was to verify the effect of the genotype x environment interaction and its implication 
in the recommendation of bean genotypes in the first and second crop in Santa Catarina, together with the simultaneous 
diagnosis of productive and stable genotypes. The data come from the state and southern Brazilian tests of lines and cultivars 
conducted in the state, totaling twenty-four environments and forty-eight genotypes of beans, which were evaluated in the 
conditions of first and second crop (12 environments each), in agricultural years 2012/13, 2013/14 and 2014/15. The analyzes 
were divided into the two cultivation conditions, using the model of main additive effects and multiplicative interaction. The first 
crop showed a greater effect of the genotype x environment interaction on the total variation, compared to the second. The 
genotypes showed stability to few environments, with favorable or unfavorable association of grain yield. The stable genotype 
with the highest production in the first crop condition was 46 and 26 in the second.
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Implicações da interação genótipo x ambiente na indicação de cultivares
de feijão em Santa Catarina, Brasil

RESUMO: O objetivo do trabalho foi verificar o efeito da interação genótipo x ambiente e sua implicação na recomendação de 
genótipos de feijão na primeira e segunda safra em Santa Catarina, conjuntamente ao diagnóstico simultâneo de genótipos 
produtivos e estáveis. Os dados são provenientes dos ensaios estadual e sul brasileiro de linhagens e cultivares conduzidos 
no estado, totalizando vinte e quatro ambientes e quarenta e oito genótipos de feijão, que foram avaliados nas condições 
de primeira e segunda safra (12 ambientes cada), nos anos agrícolas de 2012/13, 2013/14 e 2014/15. As análises foram 
divididas nas duas condições de cultivo, utilizando o modelo de efeitos principais aditivos e interação multiplicativa. A primeira 
safra apresentou maior efeito da interação genótipo x ambiente na variação total, em comparação a segunda. Os genótipos 
apresentaram estabilidade a poucos ambientes, com associação favorável ou desfavorável do rendimento de grãos. O 
genótipo estável com maior produção na condição de primeira safra foi o 46 e na segunda o 26. 
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Introduction
Foods from leguminous plants are considered important 

for diverse, healthy, and nutritious diets. Because of these 
characteristics, the common bean (Phaseolus vulgaris L.) is 
widely cultivated. In Brazil, the average productivity of this 
type of bean is approximately 1500 kg ha-1, considered to be 
below the crop’s potential (Conab, 2021). In Santa Catarina 
the sowing occurs in two seasons, first crop from September 
to November and the second from January to February 
(Kavalco et al., 2018). 

Grain yield is affected by many abiotic factors, such as 
water stress, low or high temperatures, and nutritional 
deficiencies (Konzen et al., 2019). This scenario is further 
aggravated by the fact that most of the cultivation is carried 
out by family farmers, in large proportion with low input 
addition. Such characteristics of the production environments 
favor the relative performance of the genotypes. 

The differential effect of the production of these 
genotypes, in the different environments, is conceptualized 
as genotype × environment interaction (Falconer & Mackay, 
1996). This variation in production may be due to the 
polygenic control of the trait, leading to the occurrence of a 
distinct reaction to changes in the environment, resulting in 
different environment-induced interactions in the regulation 
and gene expression of the genotypes (Berny Mier Y Teran et 
al., 2020). 

Thus, the genotype × environment interaction represents 
one of the greatest difficulties for the breeder, evidenced 
in the final phase of breeding programs. In previous studies 
for the bean crop in Santa Catarina, these demonstrate 
close genetic variability for the grain yield character in the 
genotypes evaluated and a wide variation of environments 
(Bertoldo et al., 2009). Thus, alternatives to this scenario are 
related mainly to the use of stable genotypes, since these 
present as a characteristic a constant production in different 
environments (Falconer & Mackay, 1996). 

Therefore, the study of this interaction and its correct 
interpretation comprises a possibility for the consistent 
indication of genotypes with high yields, for general or specific 
environments. In this sense, tests are carried out at the time 
of evaluation of the genotypes, since they are submitted to 
comparative trials, in the final phase of the breeding programs. 
The objective is the correct and reliable recommendation of 
cultivars with better performance to certain regions (Ramalho 
et al., 1993).

Toward this goal, trials are conducted in multiple 
environments (year and locations). However, when interaction 
is found to be present, analyzing and interpreting the results 
additively becomes difficult (Gauch, 2013). The difficulty of 
interpretation stems from the problem of obtaining estimates 
of the magnitude of the interaction, since the growing regions 
are extensive and so are the genetic differences between the 
genotypes. 

Based on this context, the study aimed to verify the effect 
of the interaction genotype × environment and its implication 

in the recommendation of bean genotypes, along with the 
simultaneous diagnosis of stable and productive genotypes, 
in the first and second crop in the state of Santa Catarina.

Materials and Methods
The information for the execution of this work comes from 

the state and South Brazilian trials of Value for Cultivation and 
Use, of bean lines and cultivars. These trials are coordinated 
by the Empresa de Pesquisa Agropecuária e Extensão Rural 
de Santa Catarina (EPAGRI). The character under study is 
grain yield (kg ha-1), from trials conducted in 9 cities in Santa 
Catarina, Brazil, being: Chapecó (CH), Canoinhas (CA), Campos 
Novos (CN), Águas de Chapecó (AC), Ponte Serrada (PS), 
Xanxerê (XA), Ituporanga (ITU), Urussanga (UR), and Lages 
(LA), during three agricultural years 2012/13 (13), 2013/14 
(14) and 2014/15 (15), totaling 24 environments, and a total 
of 48 genotypes were evaluated in these environments.

The experimental design used was randomized blocks 
with four repetitions. The experimental unit was composed 
of four rows, four meters long, with uniform inter-row spacing 
of 0.45 m and sowing density of 15 seeds per linear meter. 
The usable area of each experimental unit was composed of 
the two central rows, excluding the two outer rows, in order 
to minimize border effects. The sowing and top dressing 
fertilizations were based on the interpretation of the soil 
analysis, following the technical recommendations for the 
crop. 

The additive and multiplicative interaction main effects 
model (AMMI) analysis, was performed according to Gauch 
(2013), with the model:

n

ijk j j i k ik jk ij ijk
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=
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where Yijk is the observation in the i-th genotype (i = 1, 2, 3, 
..., g), evaluated in the k-th block (k = 1, 2, 3, 4), in the j-th 
environment (j = 1, 2, 3, ..., e); µ is the average of all genotypes 
in all environments (overall average); ej is the main effect of 
environment j; bej is the effect of blocks, in the j environments; 
gi is the main effect of genotype i; λk, γik and αjk are the singular 
decomposition (DVS) terms of the matrix GEgxe={(ge)ij}, that 
express and capture the model associated with the interaction 
of genotype i with environment j, where is (ge)ij the additivity 
deviations of the data (Yij) in relation to the main effects gi and 
ej; ρij is an additional noise to be eliminated in the analysis, 
relative to the (ge)ij term, traditionally taken as the interaction 
itself; Ԑijk is the average experimental residual.

The breakpoint determining AMMI model selection (PCA1, 
PCA2, ..., PCAn) was obtained based on F-test significance for 
successive interaction terms, pooling the remaining terms not 
retained in the selected model into complementary portions 
of SSG×E by F-test. Based on the analysis of variance, the genetic 
variance component was estimated (σg

2) and G × E interaction 
(σge

2), by the following expressions:
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and

environments and G × E interaction (Table 2). The percentage 
explained of the sum of squares (SS) for environments was 
65%, with an increase in this proportion compared to the first 
crop. Furthermore, there is a reduction in the proportion of 
genotypes and G × E interaction, with consecutive values of 
6.8 and 11.2%. Table 2 demonstrates a reduction in the value 
of the genotypic variance (σg

2), so that the buffering variations 
of the genotypes’ production in different environments are 
minimized. However, the interaction variance component 
(σge

2) also showed a lower value in the second crop compared 
to the first crop, and this value was approximately 3.7 times 
greater than the genotypic variance (σge

2/σg
2).

The results show an inconsistency in the relative 
performance of the genotypes from one environment to 
the other, given the significance of the G × E interaction. 
However, the overall effects of genotypes are also significant, 

( )2 1
g G GEMS MS be−σ = −

( )2 1
ge E RMS MS b−σ = −

where: MSG: is the mean square of genotypes; MSGE: is related 
to the G × E interaction; MSE: referring to the mean square of 
the environment; MSR: is the residual mean square;  e: number 
of environments; b: is the number of blocks (Cruz, 2005). 

The potential yield loss due to the G × E interaction was 
estimated following the expression:

( )
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where, C is the potential productivity loss; σg
2 is the genetic 

variance component; σge
2 is the variance component of the 

interaction; and, σ2 is the variance of the residual. The stability 
index by AMMI (ASV) was calculated using the following 
formula:

( )
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SS
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SS
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where, ASV is the AMMI stability value; SSPC1 and SSPC2 is the 
sum of squares of the first and second interaction axis; PC1 
and PC2 are the genotype scores from the AMMI model. 
Analyses were performed in two steps: initially for first crop 
and later for second crop, with 12 environments inherent to 
each, using R software (R Core Team, 2018).

Results and Discussion
The analysis of variance for the first crop, in 12 environments 

with 48 genotypes (Table 1), revealed significance for 
environments and genotypes (p < 0.05), along with genotype 
x environments interaction (G × E). Environments showed 
variation approximately 25 times greater than genotype 
variation and 57% of the sum of squares (SS) explained. 
Genotypes and G × E interaction show consecutively 9.5 and 
17.7% of the SS, the effect of blocks within environments 
represented 1.3% of the sum of squares. The percentage 
explained of the residual is 13.5%, a value reflected by the 
model’s coefficient of variation (CV) of 18.6%. The genotypic 
variance component (σg

2) was 47396, approximately 5.3 times 
(σge

2/σg
2) smaller than the G × E interaction component (σge

2), 
estimated at 254826.

The second crop had 12 environments and 39 genotypes, 
and differences (p < 0.05) were observed for genotypes, 

Table 1. Analysis of variance and AMMI model for first crop, 
for 48 bean genotypes in 12 environments, evaluated for yield 
in kg ha-1.

* Significant at 5% probability, by the F test; DF: degrees of freedom; MS: mean squares; 
PE: proportion of the sum of squares explained; PA: proportion of cumulative sum of 
squares; σg

2: component of genotypic variance; σge
2: variance component of the G × E 

interaction; σ2: residual variance; C: potential yield loss by the G × E interaction; CV: 
coefficient of variation.

* Significant at 5% probability, by the F test; DF: degrees of freedom; MS: mean squares; 
PE: proportion of the sum of squares explained; PA: proportion of cumulative sum of 
squares; σg

2: component of genotypic variance; σge
2: variance component of the G × E 

interaction; σ2: residual variance; C: potential yield loss by the G × E interaction; CV: 
coefficient of variation.

Table 2. Analysis of variance and AMMI model for second 
crop, for 39 bean genotypes in 12 environments, evaluated 
for yield in kg ha-1.
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and some of these can be indicated in a generalized way 
for all environments and not only with restricted interest 
in one location. The proportion of the sum of squares of 
environments, analyzed in the first and second crops were 
equivalent to 57 and 65%, implying that much of the additive 
effects of the model are related to the environmental 
component. The magnitude of these values, is evidenced as 
the main factor of influence for the bean genotypes tested 
in the state of Santa Catarina, Brazil, being also reported by 
Bertoldo et al. (2009).

The cause of variation genotypes, presented 9.5 and 6.8% 
consecutively, of the percentage explained by the sum of 
squares, for the first and second crop. The G × E interaction 
observed in the additive model, demonstrates that the 
analyses in the two growing seasons correspond to different 
magnitudes of interaction. This is because the genotypes 
interact with a greater number of environments for the first 
crop. Looking at the variance components, different ratios of G 
× E interaction variance, per genotypic variance, are found. In 
the second crop this ratio is lower (3.7), inferring the presence 
of more pronounced general genotype effects, compared to 
the first (5.3). In this way, it is possible to indicate a larger 
number of genotypes related to different environments for 
the second crop condition. 

In this sense, the genotypes in the first crop have higher 
proportions of G × E interaction explained by the sum 
of squares compared to the second crop. The explained 
percentage of the G × E interaction, for the distinct growing 
seasons, matches those reported by Gauch (2013), this author 
reports a frequency in the range of 10 to 20% of the sum of 
squares, attributed to the G × E interaction component. 
However, in practical situations the researcher has the interest 
directed beyond the knowledge of the magnitude of the G × E 
interaction. It is important to know whether or not there are 
different classifications of genotypes. 

Thus, in addition to variance ratios (σge
2/σg

2), the average 
yields of the genotypes tied to potential grain yield losses 
are relevant. The average yield in the first crop (2746 kg ha-1) 
was approximately 25% higher than the second (2202 kg ha-

1). This lower productivity observed in the second crop can 
be attributed mainly to the occurrence of high temperatures 
during flowering and pod formation, which intensifies the 
abortion of flowers and pods (an important yield component 
of the crop). Together with a better distribution of rainfall 
during the first crop season, favoring higher grain yields 
(Carbonell et al., 2004). 

However, in addition to higher grain yield, the first crop 
also showed higher potential yield loss (C) inherent in the G 
× E interaction. This value is approximately 0.25 for this crop 
condition (Table 1), compared to 0.15 for the second crop 
condition (Table 2). With this, in the first crop the genotypes 
suffer yield oscillations with greater intensity, inherent to the 
G × E interaction term. These oscillations in percentage terms 
are in the range of 25% in the first and 15% in the second crop. 
Thus, this fact can be attributed mainly to the environment 
conditions, because in the first one where the yield is higher, 

consequently the yield fluctuations of the genotypes are 
also higher, inherent of the interactions of these with the 
environments favorable and unfavorable to grain yield. 

The magnitude of these variations captured by the G 
× E interaction, has as a basic implication a difficulty in 
interpreting the additive terms of the model, which results 
in an inconsistent ordering of the genotypes in the different 
environments. Due to changes in ranking, the focus is mainly 
on whether the best genotype in one environment is also the 
best in another, implying that relative characterizations and 
comparisons of the genotypes (rankings) are more important 
than absolute characterizations and comparisons. Based on 
this context, Eisemann et al. (1990) emphasize that there 
are at least three ways to mitigate the G × E interaction, 
being: i) identifying specific cultivars for each environment; 
ii) performing ecological zoning; and, iii) identifying cultivars 
with greater phenotypic stability. 

In general, the adaptability and stability of a cultivar is 
intrinsically related to its genetic constitution, that is, to the 
sum of genes that constitute this genotype. This fact results 
in the characteristics of phenotypic plasticity, composed of 
the modification of the phenotype that occurs at the expense 
of the genotype. In practical terms it is the ability to respond 
to environmental changes and adaptation, which allows the 
genotype to withstand an environmental stress (Konzen et al., 
2019; Lyon et al., 2020).

Falconer & Mackay (1996) report a difficulty in 
interpretation, when considering only as one character, 
the measurement of a certain character in two different 
environments. Because the physiological mechanisms that act 
in different environments are not the same. Considering the 
G × E interaction present, since its significance, the singular 
value decomposition (SVD) adjustment was performed. This 
technique is applied in order to obtain results derived from a 
matrix with smaller dimensions. 

Parallel to the use of this technique, the unfolding of 
the sums of squares, for model validation, is observed on 
the respective axes of the principal components (PC) for the 
first and second crops (Table 1 and 2). These captured an 
explained proportion of the SS of the interaction successively 
of 55, 12, 7.2, and 6.4%, totaling a cumulative proportion 
of 81% for the first crop, with the remaining unfoldings not 
significant by the F-test at 5% error probability. In the second 
crop condition, significance by the F-test at 5% is seen in the 
first two components, with successive proportions of 32.7 and 
28.8%.

Thus, with the significance of the components we 
proceeded to graphical representation by means of 
two dimensions, using the graphs called biplot for the 
understanding of the G × E interaction. In this work, the 
abscissa axis was used to represent the first component (PC1) 
and the ordinate axis to represent the effect of the means 
of genotypes and environments. With this visualization it is 
possible to obtain adaptive inferences, considering the grain 
yield of the genotypes. Also of relevance is the identification of 
constant environments that are favorable or not favorable for 
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grain production. For, the evaluation of genotypes in constant 
environments infer that the differential effects observed are 
mainly due to genetic variation.

With Figure 1, it is possible to observe the relationship of 
CP1 and Productivity (Y) for the first crop, the environment 
PS14 (Ponte Serrada 2013/14) presents low stability, favoring 
the differential performance of the genotypes tested. The test 
genotypes at this location, showed a similar behavioral trend. 
This fact is due to the greater variation in the environment, 
which contributes effectively to the sum of squares of 
the interaction. The LA14 environment (Lages 2013/14) 
demonstrates a behavior in this sense, favoring the differential 
response of the genotypes. 

Such behaviors are propitiated mainly by the variation 
present at each site, that is, the greater the variation, 
the less stable is the site. This concept is easy to interpret, 
when we imagine that different responses of genotypes, in 
a given environment, come from many micro-environments 
constituting the macro-environment (Environment). With 
this, the variation within the genotypes presents a great 
magnitude due to the environmental differences, which 
makes it difficult to differentiate them, regarding their higher 
or lower production.

The genotypes with the highest average yield Y (kg ha-1) 
in the first crop are located in the upper part of the graph 
(Figure 1), with 41, 38, 40, and 42. Above-average yield (line 
perpendicular to the Y yield axis), is observed in genotypes 
21, 22, 19, 24, 32, 17, 30, 27, 20, and 26, however they are 
less stable, whereas, they correlate with environments CA14 
(Canoinhas 2013/14) and LA14 (Lages 2013/14). Lower than 
average yield and lower stability was observed in genotypes 
36, 35, 11, and 13. Environments PS13 (Ponte Serrada 
2012/13) and CA13 (Canoinhas 2012/13), demonstrate a 
greater contribution to productivity, linked to the stability of 
the genotypes. In parallel, LA15 (Lages 2014/15), PS15 (Ponte 
Serrada 2014/15) and CN14 (Campos Novos 2013/14), are 
stable, however with lower production stimuli, situated below 
average. 

Figure 2, shows that the genotypes with the highest yields, 
coupled with good stability by visual biplot analysis are 39, 35, 
38, and 18. The environments with above average production 
rates are AC15 (Águas de Chapecó 2015), IT14 (Ituporanga 
2014), IT13 (Ituporanga 2013), XA15 (Xanxerê 2015), CN14 
(Campos Novos 2014) and CH13 (Chapecó 2013), the latter 
two being superior as to production and stability, relative 
to PC1. The UR14 environment (Urussanga 2014) shows a 
lower production rate. The use of favorable or unfavorable 
environments for production when evaluating and analyzing 
genotypes has already been discussed in the literature. 

Some authors point out that the testing of genotypes in 
environments that favor production is of utmost importance, 
so that genotypes can express their productive potential 
(Whitehead & Allen, 1990). However, others advocate testing 
genotypes in unfavorable environments, arguing a possible 
greater ability to indicate the most promising genotypes 
(Ceccarelli & Grando, 1991). Both conceptions are valid, 
especially when we look at the different agricultural scenarios. 

A test in stable environments favorable to production can 
be advantageous, taking into consideration, the indication 
of genotypes adapted to environments that provide their 
maximum performance. Thus, the possible locations for 
a grouping (use information already available, aiming at a 
targeted analysis), aiming at the indication of genotypes in this 
sense, may be Ponte Serrada (PS13) and Canoinhas (CA13), for 
the first crop, the second indicates the environment of Chapecó 
(CH13 and CH14). Besides performance, a positive point for a 
correct indication of genotypes based on this situation would 
be that the genotypic variance (σg

2) is evidenced, in relation to 
the G × E interaction variance (σge

2), which would enable the 
indication of genotypes with a greater phenotypic plasticity.

However, the opposite can also be advantageous, since 
a considerable fraction of farmers are not provided with 
favorable environments based on controllable characteristics. 
These controllable characteristics can be, for example, 
investments in fertility and irrigation, stemming from a limited 
availability of financial resources. In this context, the first crop 

Figure 1. Biplots of the AMMI model for first crop, 
elucidating the effects of the primary component (PC1) and 
yield in kg ha-1 (Y).

Figure 2. Biplots of the AMMI model for second crop, 
demonstrating the effects of the primary component (PC1) 
and yield in kg ha-1 (Y).
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indicates the environment Lages in the year 2015 (LA15) and 
the second Urussanga in the year 2014, to be mined (Cluster 
Analysis), aiming at an identification of superior genotypes in 
stable and unfavorable environments for production. 

The indication of genotypes, based on this environmental 
condition is relevant mainly when the objective is to identify 
stable genotypes. Thus, the recommendation for grain yield, 
using information from trials conducted under unfavorable 
conditions, tends the genotypes to be less sensitive to changes 
in environments, compared to those tested for grain yield 
under stable conditions and favorable to production.

The concept of stability observed in the biplots (Figure 1 and 
2) is derived primarily from conceptions of homeostasis, used 
in quantitative genetics, and can be considered a biological 
or static concept of stability. This concept is characterized 
by the predictable response of the genotype, i.e. a stable 
production in all environments, resulting from adaptations of 
physiological functions, or the maintenance of these aspects, 
in the face of environmental changes (Becker & Leon, 1988).

Traditionally, most breeders, since the first conceptions, 
use the term stability aiming at the characterization of 
genotypes that demonstrate a constant yield, regardless of 
the environmental conditions they are submitted to. However, 
this information is often not desired, because many times the 
performance of the genotype does not follow the improvement 
of the environment, and stability may be associated with an 
intermediate grain yield in certain environments, especially 
favorable ones (Ramalho et al., 1993).

In this way, the indications of only the stability of the 
genotypes, with stable production in different environments, 
can be explored as a recommendation index for farmers with 
less technological availability, since this is characterized by 
constant production in different environments, due to the 
small variation of the genotypes in the face of environmental 
changes. This trait can ensure a relatively constant yield, 
however the response of these genotypes to favorable 
environmental stimuli is limited in some cases. Its singular 
use can be considered inconvenient for areas favorable to 
production and with high technological level, such as areas 
with irrigation and high investments in fertility and precision 
agriculture (Becker & Leon, 1988; Pereira et al., 2014). 

In contrast, the adaptive relationships of the genotypes in 
the different environments can be observed based on their 
degrees with the environmental vectors. Genotypes and 
environments with the same sign of scores interact positively, 
demonstrating an adaptive synergism to be taken advantage 
of at the time of recommendation, and the indication may 
be regionalized. This characteristic can be conceptualized 
as adaptability (Becker & Leon, 1988). Although most G × E 
interaction studies demonstrate importance for breeding, 
many present inconclusive information about the behavior of 
genotypes as a function of environmental changes. 

To circumvent this situation, stability and adaptability 
analyses are widely employed, with the objective of simplifying 
or extracting more information about the genotypic behavior 
of the genotypes to be studied and recommended (Eze et al., 
2020; Freiria et al., 2020; Inabangan-Asilo et al., 2019; Munda 
et al., 2020; Mwiinga et al., 2020; Nascimento et al., 2020; Sarti 
et al., 2020). Based on this, the indication taking into account 
adaptability, considers the increase in grain yield, arising from 
the G x E interaction. Thus, the genotypes present desirable 
performance, responding to environmental improvements, 
and can be considered at the time of recommendation. 

These indications can be seen in Figure 1 in the first crop, 
where genotype 41 showed association with environments 
PS13 and CA13, and in the second crop (Figure 2), with the 
association of genotypes 39 and 38 to CH13 and CH14. These 
genotypes, present as characteristics responses in productivity, 
to increments in the improvement of environments that are 
associated with their production. According to the results 
demonstrated, genotypes are often observed to exhibit 
adaptability to specific environments or also agronomic 
stability (Volpato et al., 2020). 

In this sense, aiming to identify cultivars with stability in the 
agronomic sense, Table 3 shows the stability values derived 
AMMI model (ASV) and its classification, for the genotypes 
in the first and second crop. A lower ASV score indicates 
more stable genotypes across environments (Nowosad et al., 
2017; Bocianowski et al., 2019). Thus, according to the (rASV) 
classification, in the first crop the five most stable genotypes 
were 48, 31, 25, 14, and 46, while in the second crop those 
classified as most stable were 21, 3, 11, 4, and 26.

Table 3. AMMI stability values (ASV), AMMI stability value classification (rASV) and average yield (µ) in kg ha-1 of 10 bean 
genotypes with higher stability for first and second crop in the state of Santa Catarina.
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Although the different stability statistics generally indicate 
intermediate grain yield performance associated with stable 
genotypes. These are indispensable, since farmers usually 
choose to sow genotypes with good yields, but which show 
considerable stability in the different environments (Kavalco 
et al., 2018). For this purpose, the ASV parameter can be a 
useful tool, aiming at the simultaneous indication of yield and 
stability. Based on the average yield of the first crop (2746 kg 
ha-1), the five genotypes with greater stability show production 
above this average, with the exception of genotype 14, which 
shows yields below the average. In the second crop, most 
genotypes classified as stable, have yields close to the average 
(2202 kg ha-1). 

Considering the stability together with the average yield, in 
the five most stable genotypes, in the first crop the genotype 
46 presents an average of 3770 kg ha-1, in the second crop 
the genotype 26 shows an average yield of 2419 kg ha-1, that 
is, a proportion of 1.55 times greater yield in the first crop 
than in the second crop, in the most stable genotype for 
these conditions. As noted, the indication of stable genotypes 
with above-average production is likely to be realized. Thus, 
given the magnitude of the G × E interaction in the bean crop 
observed in the work for the state, it is relevant to consider 
yield and performance stability of genotypes in different 
environments. These traits need further detailing, aiming to 
explore the useful effects of the G × E interaction, thus making 
the indication of the genotypes more precise and refined. 

Conclusion
The first crop presents a greater effect of the interaction 

genotype × environment and more pronounced potential 
for reduction of productivity of the genotypes, in relation to 
the second crop. Stability of genotypes is observed in a few 
environments, regardless of whether they are favorable or 
unfavorable for grain yield. For the first crop, genotype 46 
showed higher production along with stability, for the second 
crop condition the genotype with these characteristics was 
26.
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