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ABSTRACT. This study aimed at verifying the adaptability and 
stability of soybean cultivars, considering the grain yield and 
quality of seeds, adopting univariate and multivariate approaches. 
The experiments were conducted in two crops, three environments, 
in 2013/2014 and 2014/2015 crop seasons, in the county of 
Inconfidentes, Lavras, and Patos de Minas, in the Minas Gerais 
State, Brazil. We evaluated 17 commercial soybean cultivars. 
For adaptability and stability evaluations, the Graphic and GGE 
biplot methods were employed. Previously, a selection index 
was estimated based on the sum of the standardized variables 
(Z index). The data relative to grain yield, mass of one thousand 
grain, uniformity test (sieve retention), and germination test were 
standardized (Zij) per cultivar. With the sum of Zij, we obtained 
the selection index for the four traits evaluated together. In the 
Graphic method evaluation, cultivars NA 7200 RR and CD 2737 
RR presented the highest values for selection index Z. By the GGE 
biplot method, we verified that cultivar NA 7200 RR presented 
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greater stability in both univariate evaluations, for grain yield, and 
for selection index Z.

Key words: GGE biplot; Graphic method; Glycine max L. Merrill; 
Selection index

INTRODUCTION

Soybean grain yield in Brazil, in 2015/16, presented a growth area encompassing 
33,176.9 thousand/ha, with average grain yield of 2882 kg/ha (Conab, 2016). Minas Gerais 
State has been prominent in the soybean crop production. It is the largest producer of the 
southeastern region. The 2015/16 crop season estimates an increment of 20.6% in a grain yield 
when compared to the previous one, reaching an average of 3206 kg/ha (Conab, 2016).

However, adverse weather, as temperature or irregularity in rain distribution, 
causing the so-called “short mini-droughts”, is one of the factors that compromise the good 
development of soybean culture. This factor together with the intrinsic characteristics of 
genotype x environment interaction (G x E) culminate in phenotype expression. Breeders 
through plant breeding seek to mitigate the effect of this interaction in the development of 
adapted and stable cultivars for various regions and climate conditions (Amira et al., 2013).

Seed quality is one of the important aspects in the search for an elevated grain or 
seed production, given that quality directly interferes over culture development. Therefore, 
seeds with an elevated degree of quality provide uniform stands, with the absence of seed-
transmitted diseases, resulting in high vigor plants (França-Neto et al., 2014). Soybean seeds 
are very sensitive to environmental factors. It is known that the region of cultivation influences 
the physiological quality of the seed due to oscillations in temperature and moisture conditions 
during plant maturation (Gomes et al., 2012). These environmental variations trigger distinct 
interactions between the cultivars and the cultivation environment (Meotti et al., 2012). The 
selection of more adapted cultivars, with good stability, quality assurance and technologies 
for different regions, and edaphoclimatic conditions provide production and grain yield gain 
for the crop. Research associate production and seed quality to soybean represent important 
gain for the cultivars selection and recommendation; however, there are few studies about it 
and no reports of research for the Minas Gerais State. The objective of this study was to verify 
the adaptability and stability of soybean cultivars considering the production and seed quality.

MATERIAL AND METHODS

The experiments were carried out in two crop years, the 2013-2014 and 2014-2015 
crop seasons, in three distinct locations in the Minas Gerais State. a) At the Instituto Federal de 
Educação, Ciência e Tecnologia de Minas Gerais, Inconfidentes campus, in experimental farm 
located at 869 m in altitude, 22°19'01''S and 46°19'40''W. The soil was classified as Eutrophic 
Red-Yellow Oxisol, of clayey texture. b) At the experimental farm situated in the Centro de 
Desenvolvimento Científico e Tecnológico em Agropecuária - Muquém, of Universidade 
Federal de Lavras - UFLA, located in the county of Lavras, at 918 m in altitude, 21°12'11''S 
and 44°58'47''W, in soil classified as typical Distroferric Red Oxisol - fRO, with clayey 
texture. c) At the EPAMIG experimental farm in Patos de Minas, located at 1074 m in altitude, 
18°29'70''S and 46°26'55''W. The results of the soil analysis per environment are presented in 
Table 1, and the weather data are presented in Figure 1.
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Table 1. Chemical characteristics of the soils in the studied environments, 2013/2014 and 2014/2015 crop seasons.

Chemical properties Environments 
Inconfidentes Lavras Patos de Minas 

Env. 1 Env. 2 Env. 3 Env. 4 Env. 5 Env. 6 
pH H2O 5.7 5.98 6.4 5.7 5.4 5.8 
Ca2+ cmolc/dm3 6.1 2.98 5.0 3.3 1.3 2.0 
Mg2+ 1.4 0.67 1.4 0.6 0.5 0.9 
Al3+ 0 0 0 0.2 0.5 0.1 
H++Al3+ 4.3 2.86 2.9 4.0 7.9 4.0 
SB 7.7 3.96 6.7 4.2 1.9 3.0 
P mg/dm3 20.3 41.84 11.4 24.6 16.0 43.8 
K 70.1 121.6 118.0 116.0 56.0 36.0 
Zn2+ 3.17 5.62 4.9 2.6 3.18 2.2 
Mn2+ 5.9 8.4 31.7 20.6 3.99 3.1 
Cu2+ 0.34 0.01 1.4 0.08 1.1 0.8 
B 0.001 0 0.17 0.2 0.19 0.1 
Fe2+ 20.8 25.6 34.8 54.3 33.3 35.0 
S - - 4.7 9.0 15.05 10.1 
OM dag/kg 4.14 3.45 3.4 2.2 4.14 3.0 
V (%) 64.2 58.03 69.8 83.5 19.8 42.8 

 
Env. 1: 2013/14 crop season; Env. 2: 2014/15 crop season; Env. 3: 2013/14 crop season; Env. 4: 2014/15 crop 
season; Env. 5: 2013/14 crop season; Env. 6: 2014/15 crop season.

Figure 1. Month variations of precipitation and temperature in the period from October to April, under the 
experimental conditions in the evaluated counties. Source: Instituto Nacional de Meteorologia - INMET (2016).

In each environment, i.e., crop seasons and locations, 17 commercial soybean cultivars 
from different companies were evaluated (Table 2).
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A completely randomized block experimental design was adopted, with three 
replicates. Each experimental plot consisted of four 5.0-m length rows, spaced at 0.50 m, 
using the two center rows as a useful area, with elimination of 0.50 m at their extremities.

The experiments were set up in an area under a no-tillage system, for 10 years in 
a soybean/maize rotation. Desiccation was performed 10 days before sowing. Fertilization 
followed the recommendations of Souza and Lobato (2004) was performed at the planting 
groove, with 350 kg/ha of the commercial formula N-P2O5-K2O (02-30-20) being applied in 
the planting furrow. Inoculation was performed in the groove after sowing, using the Nitral 
peat-based inoculant (Bradyrhizobium japonicum), with the aid of a motorized pulverizer, 
applying six times the recommended dose, in the proportion of 1,200,000 bacteria per seed, in 
the dose of 4 mL/kg seeds.

Sowing was conducted manually with a density of 12 seeds per meter and the thinning 
was performed at 25 days after germination. The other crop treatments were employed 
according to the premises for cultures in the region.

For the purposes of evaluation, data were obtained of grain yield in kg/ha, and at the 
time of harvest the following were assessed: lodging rate, evaluated according to Bernard et 
al. (1965) with the following scores: 1 - for all upright plants, 2 - for some plants leaning or 
slightly lodged, 3 - for all plants moderately leaning or 25-50% lodged, 4 - for all the plants 
severely leaning or 50-80% lodged, and 5 - for more than 80% lodged plants; plant height 
(distance from the root collar up to the extremity of the main stem, in centimeters, measured 
in 5 random plants); and height of the lowest pod (distance from the root collar of the plant up 
to the node of the first pod, in centimeters, of 5 random plants). Subsequently, we conducted 
the mass of one thousand grain test, with eight replicates of 100 grains, calculated according 
to Brasil (2009), with the result obtained in grams; uniformity test (sieve retention), in which 
the sieve indicated for the cultivar was determined by means of percentage of seeds retained 
in the sieve (Brasil, 2009); and the germination test in Germitest paper, conducted according 
to criteria established in the Rules for Seed Analysis (Brasil, 2009).

Individual analyses of variance evaluated per trait were carried out adopting a 
procedure similar to that presented by Ramalho et al. (2012). Before the joint analyses, the 
error variance homogeneity test was performed (Hartley test). Subsequently, the R2 calculation 
was obtained by means of the difference between the square sum of the interactions and the 
difference of the total square sum of the residue, to evaluate the contribution of the factor for 
total variance (Ramalho et al., 2012). With the phenotypic measurements, the joint analyses 

Table 2. Cultivars used in the experiments in the 2013/2014 and 2014/2015 crop seasons.
Cultivar Origin R.M. G.H. Information 
1- TMG 123 RR Tropical Melhoramento and Genética 7.4 Determined Resistance: to rain at harvest, to cyst 
2- TMG 1176 RR  7.6 Determined Resistance: to cyst 
3- TMG 1179 RR 7.9 Determined Resistance: to cyst 
4- TMG 1181 RR 8.1 Determined Resistance: to cyst 
5- BRSMG 760 SRR EMBRAPA 7.6 Indeterminate Resistance: stem canker, bacterial pustule, frogeye leaf spot 
6- BRSMG 780F RR 7.8 Determined Resistance: moderate to Asian rust 
7- CD 250 RR COODETEC 5.5 Indeterminate Resistance: stem canker, bacterial pustule, frogeye leaf spot 
8- CD 2737 RR 7.3 Indeterminate Resistance: cyst nematodes, races 3 and 14 
9- CD 237 RR 8.1 Determined Resistance: gall forming nematodes and race 3 cyst 
10- BMX Potência BRASMAX 7.0 Indeterminate Resistance: root rot of Phytophthora, races 1 and 4 
11- BMX Força 6.2 Indeterminate Resistance: root rot of Phytophthora, races 1 and 3 
12- NA 5909 RG Nidera 6.1 Indeterminate - 
13- NA 7200 RR 7.2 Indeterminate - 
14- NS 7100 RR 7.1 Indeterminate Resistance: moderate to water deficit 
15- V-MAX RR Syngenta 6.2 Indeterminate Resistance: to cyst, races 1 and 3 
16- P 98Y11 RR Du Pont Pioneer 8.1 Determined Resistance: to cyst, races 1 and 3 
17- Monsoy 7211 Monsoy 7.2 Indeterminate Resistance: lodging 

 
R.M.: relative maturity. G.H.: growth habit.



5Adaptability and stability of soybean cultivars

Genetics and Molecular Research 16 (2): gmr16029646

were carried out per location, also adopting the procedure developed by Ramalho et al. (2012). 
All statistical analyses were carried out through the R program. The phenotypic mean values 
were clustered using the Scott and Knott (1974) procedure at 5% probability.

Once determined the presence of the G x E interaction (significant F-test), we 
proceeded to the calculation of Z index, denominated the sum of standardized variables 
(Mendes et al., 2009).

The observations relative to grain yield, mass of one thousand grain, uniformity test 
(sieve retention), and germination test were standardized by cultivar, aiming at making them 
directly comparable. Standardized variable Zij was obtained by the following estimator: Zij = 
(yij - ȳ.j) / sj, in which Zij is the value of the standardized variable of cultivars i (i = 1, 2, …, 
17), in replicate j (j = 1, 2, 3); yij is the observation of the variable of cultivar i in replicate j; 
ȳ.j is the general mean of the variable of the 17 cultivars, in replicate j, and sj is the phenotypic 
standard deviation of the variable of replicate j. After standardization of the variables, the 

sum Zij (
1

i

ij
k

Z
−
∑ ) was obtained, corresponding to the sum of the four standardized variables. 

Variable 
1

i

ij
k

Z
−
∑  was used as selection index (Z index), in which the values correspond to the 

index favorable to selection. Since Z index was obtained for each cultivar, it was possible to 
perform analysis of variance for the remaining evaluated traits. Then, the following methods 
were employeed: Graphic method (Nunes et al., 2005), for adaptability and stability study of 
the cultivars, and the GGE biplot method, which evaluates the effect of the genotype and of 
the G x E interaction (Yan et al., 2000).

The Graphic Method was employed, given that it is an analysis of easy visualization 
and data interpretation in experiments conducted in different environments. This method is 
based on the standardization of the means evaluated in the experiments conducted in different 
environments, according to the expression: ( ). ./ij ij j jz x x s= − . In this study, zij is Z index, 
i.e., the sum of the variables standardized. Standardization of variables zij can assume positive 
and negative values, making for an easy graphic visualization with the addition of a constant. 
Thus, the values of zij because always positive. The standardization of the values for Z index was 
used for constructing a diagram for each cultivar. The dimensions of the axis (environments) 
are equivalent to the values of Z index for cultivar i (1, 2, …, 17) in environment j (1, 2, 3) 
(Nunes et al., 2005).

The presentation of the inter-relation between environments and genotypes was done 
by means of the GGE biplot method [genotype (G) and G x E interaction] developed by Yan 
et al. (2000). The analysis was performed according to that presented by Oliveira et al. (2010), 
considering the simplified model of two main components (Equation 1):

1 1 1 2 2 2ij j i j i j ij ijY µ λ γ α λ εγ α ρ− = + + + (Equation 1)

where 1 1 1i jλ γ α  is the first main component (PCA1), of the effect of G + G x E interaction; 
2 2 2i jλ γ α  is the second main component (PCA2), of the effect of G + G x E interaction; 1λ  

and 2λ  are the eigenvalues associated with PCA1 and PCA2; 1iγ  and 2iγ  are the scores of 
PCA1 and PCA2, respectively, for genotypes; 1jα  and 2jα  are scores of the PCA1 and PCA2, 
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concomitantly, for environments; ijρ  is the residue of the G x E interaction, correspondent 
to the main components not retained in the model; and ijε  is the residual of the model with 
normal distribution, with mean zero and variance σ2/r (in which σ2 is the variance of the error 
between plots for each environment, and r is the number of replicates).

RESULTS AND DISCUSSION

The accuracy estimates reflect the precision with which the experiments were 
conducted, as well as the existence of variability, and if its value were above 70%, it is 
considered of great magnitude (Resende and Duarte, 2007). In this research, all evaluated 
characters presented values superior to 70% (Table 3).

From the combined analysis of variance presented in Table 3, it can be observed that, in 
all three environments studied, there was significant difference (Pr > FC) for the characteristics 
of grain yield, lodging, plant height, and height of the lowest pod. Thus, these results show that 
there is wide variability between the cultivars.

The interaction between treatments and locations (T x L) was significant for grain yield 
and for the remaining production components evaluated. This corroborates that the performance 
of the cultivars was not coincident in the different locations, i.e., the genotypes used in this 
research presented inconsistent behavior in each environment, and presented variation in the 
magnitude of the responses for each grain yield traits, as well as for the production components 
in virtue of environmental variation (Table 3). The remaining interactions of treatment x year 
(T x Y) and location x year (L x Y) were also significant for the evaluated characteristics, 
confirming that the behavior of the evaluated genotypes differs in relation to the year of 
experiment implementation, and that there is variation in the magnitude of the responses of 
the evaluation of the L x Y interaction. This draws us to the need of experimenting in different 
location, crop years and ecological zoning for recommendation of cultivars.

Table 3. Joint analysis of variance in the traits evaluated in field.

SV d.f. Pr > FC (R2)Yield Pr > FC (R2)Lodg. Pr > FC (R2)Hei. Pr > FC (R2)Pod 
Treatment (T) 16 0.0000** - 0.0000** - 0.0000** - 0.0000** - 
Replicate 12 0.0000** - 0.0414** - 0.0000** - 0.0066** - 
Location (L) 2 0.0000** - 0.0000** - 0.0000** - 0.0000** - 
Year (Y) 1 0.0000** - 0.0000** - 0.0000** - 0.0000** - 
T x L 32 0.0003** (21%) 0.0003** (10%) 0.0006** (18%) 0.0000** (12%) 
T x Y 16 0.0025** (9,3%) 0.0000** (11%) 0.0177* (25%) 0.0017** (6%) 
L x Y 2 0.0000** (30%) 0.0000** (15%) 0.0000** (41%) 0.0000** (13%) 
T x L x Y 32 0.2150 (30%) 0.0000** (18%) 0.1062 (42%) 0.0083** (6%) 
Error 192 - - - - 
General mean - 47 bags/ha 1.37 85.88 13.94 
Accuracy (%) - 92.94 89.92 97.3 89.9 
VC (%) - 21.51 37.11 9.01 21.66 

 **Significant at 1% of probability, *significant at 5% of probability by the F-test. SV: source of variation. d.f.: 
degrees of freedom. Pr > FC: correction factor. Lodg.: loodging (score 1 to 5). Hei.: height (cm). Pod: height of the 
lowest pod (cm). VC: variation coefficient.

In relation to the interaction magnitudes for grain yield, it can be observed that the 
interaction between treatment and location (T x L) was superior to that between treatment 
and year (T x Y). de Vasconcelos et al. (2015), aiming at evaluating grain yield, adaptability 
and phenotypic stability of soybean cultivars and lines of precocious and intermediate cycles, 
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verified that the differential behavior of the genotypes in relation to the locations was also more 
pronounced than in relation to the crop years. In research focusing on the characterization 
of soybean genotypes resistant to red root rot disease, a significant difference of the T x L 
interaction in relation to T x Y was verified (Farias Neto et al., 2013). In literature, this fact can 
also be verified for other cultures, such as common bean (Phaseolus vulgaris) (Ribeiro et al., 
2014), rice (Oryza sativa) (Regitano Neto et al., 2013) and wheat (Triticum aestivum) (Yan et 
al., 2002). However, this was not expected, given that the fluctuations that occurred from one 
year to the other are, in their majority, caused by unpredictable environmental factors (Allard 
and Bradshaw, 1964).

On the other hand, when considering lodging and plant height, we observe a higher 
magnitude of T x Y interaction when compared to the T x L interaction.

Table 4 presents the phenotypic means of the cultivars. There was ample variation 
in average grain yield. The amplitude of the variation was of 25 bags/ha. This can be 
considered quite expressive. For lodging, however, according to the classification adopted 
(Bernard et al., 1965) the cultivars framed in the same phenotype, not lodged plants. 
Concerning plant height, we also detected significant variation of 44 cm. The same was 
observed for the height of the lowest pod, with variation from 19.5 to 10.3 cm. Researches have 
been conducted in the region with the objective of selecting cultivars with good adaptability 
and stability, allied to good productive performance and agronomic characteristics (Rezende 
and Carvalho, 2007; Carvalho et al., 2010; Soares et al., 2015; Silva et al., 2015). The present 
study is in accordance with the literature. Furthermore, it associates the study in seed quality.

Table 4. Phenotypic means of the cultivars for the traits of grain yield (bags of 60 kg/ha), lodging (score 1 to 
5), plant height (cm), and height of the lowest pod (cm).

Mean values followed by the same letters belong to the same group by the Scott and Knott test at 5% probability.

Cultivars Grain yield (bags/ha) Lodging (score) Height (cm) Pod (cm) 
TMG 1179 RR 58a 1.2c 81.8d 11.9c 
NA 7200 RR 56a 1.2c 85.7c 13.2c 
CD 2737 53a 1.1c 99.4b 12.8c 
CD 237 52a 1.6b 80.6d 13.4c 
P98Y11 RR 51b 1.5b 81.1d 15.9b 
BRSMG 760 RR 50b 1.2c 104.9a 15.2b 
BMX Potência 49b 1.1c 85.1c 13c 
BMX Força 48b 1.2c 86c 13.6c 
Monsoy 7211 48b 1.8b 107.3a 15.9b 
TMG 1176 RR 48b 1.7b 88.4c 15.9b 
V-MAX RR 47b 1.2c 78.9d 12.7c 
BRSMG 780 RR 46b 1.6b 97.2b 19.5a 
NA 5909RG 44b 1.0c 63.3f 12.8c 
TMG 1181 RR 43c 1.8b 83.3c 12.9c 
TMG 123 38c 2.3a 84.2c 16.2b 
CD 250 38c 1.0c 74e 10.2c 
NS 7100 RR 33c 1.0c 78.6d 11.8c 

 

We verified that, for the tests mass of one thousand grain and germination test, the 
experimental precision, estimated by the variation coefficient (VC), was good. The same occurred 
for accuracy. These parameters evaluate the degree of precision of the experiments (Resende and 
Duarte, 2007; Pimentel-Gomes, 2009). In Table 5, a significant difference was detected for the 
sources of variation (SV), treatments (T), location (L) and year (Y) for all tests (P ≤ 0.01). For 
treatments, this difference was expected, given that, as mentioned, the cultivars are from different 
origins, thus the variation for agronomic traits (Soares et al., 2015) and soybean seed quality.
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When analyzing interactions T x L and L x Y (Table 5), it can be verified that, for sieve 
yield (6.5 mm), all interactions presented significance lower than 1%. For the mass of one 
thousand grain, these interactions presented significance of 5%. For the germination test, all 
interactions presented statistical significance (Table 5). Gomes et al. (2012), when evaluating 
the physiological quality and yield of seeds of different soybean cultivars, concluded that the 
physiological quality and grain yield of the seeds were influenced by the growing environment.

Table 5. Analysis of joint variance for sieve yield (SY), mass of one thousand grain and germination test.

SV d.f. Pr > FC (R2) SY 6.5 mm Pr > FC (R2) MTG Pr > FC (R2) Germination 
Treatment (T) 16 0.0000**  0.0000** 0.0000** 
Replicate 12 0.0017**  0.2537 0.0877 
Location (L) 2 0.0000**  0.0000** 0.0000** 
Year (Y) 1 0.0100**  0.0514* 0.0000** 
T x L 32 0.0000** (18%) 0.0448* (11%) 0.0000** (11%) 
T x Y 16 0.0000** (5%) 0.1169 (5%) 0.0000** (6%) 
L x Y 2 0.0000** (5%) 0.0213* (6%) 0.0000** (20%) 
T x L x Y 32 0.0000** (19%) 0.4561 (10%) 0.0000** (13%) 
Error 192 - - - 
General mean - 34.5 144.26 75.71 
Accuracy (%) - 97% 94.17% 85% 
VC (%) - 21.71 11.67 11.00 

 **Significant at 1% of probability, *significant at 5% of probability by the F-test. SV: source of variation; d.f.: 
degrees of freedom; Pr > FC: correction factor; SY: sieve yield (6.5 mm); MTG: mass of one thousand grain; VC: 
variation coefficient.

The results indicate a statistical difference for the evaluated locations in all studied 
traits (Table 5). Furthermore, the effect of the environment over quality expression is also 
constantly verified in literature (Gomes et al., 2012; de Pádua et al., 2014; Frandoloso et 
al., 2015). The interaction T x L, for the test of the mass of one thousand grain, indicated 
that the responses regarding environmental variations were not coincident for the evaluated 
cultivars. This result was expected in virtue of the distinction of the locations in relation to 
the characteristics of latitude, longitude and altitude. In addition, the characteristics of natural 
fertility and soil physics were also diverging; observed a significant difference in soil base 
saturation (V%), this characteristic is directly related to the natural fertility of the soil that 
influence on the nutrition of plants and in production consequently. This difference occurred 
between the county and the crop seasons (Table 1).

The test of mass of one thousand grain is used to calculate sowing density and, then, 
estimate how much seeds will be used in function of density. In addition, we can infer over 
the size of the grain, as well as over its maturity and sanity (Brasil, 2009). In literature, it 
is reported that the specific mass of the seeds is strongly influenced by the edaphoclimatic 
conditions and chemical management of the soils (Batistella Filho et al., 2013).

For the phenotypic means of the trait sieve yield (6.5 mm), there was ample variation. 
Observe that cultivars V-MAX RR and BMX Força presented 50% of production in this class. 
On the other hand, cultivar TMG 1179 RR presented the worst performance. These results are 
directly with the mass of one thousand grain, since the greater the sieve yield (6.5 mm) is, the 
greater the mass of one thousand grain will be (Table 6).

In the germination test, only two genotypes obtained the minimum response demanded 
by MAPA (Ministério da Agricultura, Pecuária e Abastecimento) for the commercialization 
of soybean seeds, and for the commercialization of seed in Brazil, is of 80%, according to 
regulations of Secretaria de Estado da Agricultura e Abastecimento, in resolution number 
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051 of 1986 (Carraro and Peske, 2005), although a low variation has been verified for this 
characteristic for other cultivars. Soybean is a culture highly prone to deterioration, and is 
sensitive to environmental adversities, inadequate management at harvest, processing and 
storage during maturation (Marcos-Filho, 2013).

Table 6. Average of sieve yield [SY (%), 6.5 mm]), mass of one thousand grain (MTG, g) and germination test (%).

Mean values followed by the same letters belong to the same group by the Scott and Knott test at 5% probability.

Cultivars SY (%) 6.5 mm MTG (g) Germination (%) 
V-MAX RR 51a 170.8a 74c 
BMX Força 48a 152.8b 72c 
NA 7200 RR 41b 149.7c 74c 
BMX Potência 41b 154.2b 79b 
NA 5909 RG 40b 157.6b 78b 
Monsoy 7211 40b 154.7b 76c 
BRSMG 780 RR 40b 152.2b 63d 
BRSMG 760 RR 37b 156.4b 73c 
CD 2737 37b 141.9c 89a 
P98Y11 RR 34b 155.6b 75c 
CD 250 32c 148.6c 75c 
TMG 1176 RR 32c 123.2d 74c 
NS 7100 RR 31c 140.4c 73c 
TMG 1181 RR 28c 129d 74c 
CD 237 24d 139.6c 77c 
TMG 123 21d 119.3d 78b 
TMG 1179 RR 9e 105.2e 81b 

 

The occurrence of intermediate or low germination results in seedling weakened that 
hardly present field competitiveness. In a study with the objective of evaluating seed quality 
from soybean genotypes at different harvested periods, Xavier et al. (2015) concluded that the 
delay in harvest progressively reduces germination in all evaluated cultivars. One research, 
conducted with the objective of evaluating the variability between soybean plants within a 
population of seeds with different levels of physiologic quality, identified that seeds with low 
physiologic quality diminish the survival of plants in the field and increase the variability 
between plants in the community (Cantarelli et al., 2014). The alternate exposure to dry and 
humid environmental conditions at the post-maturation phase can cause damage by moisture, 
and can aggravate when under tropical conditions, since the climate is predominantly warm 
and humid, contributing to the acceleration of seed deterioration (Castro et al., 2016).

In plant breeding, it is common to work with many traits. In this study, we evaluated 
those attributed in the field and in the laboratory. In studies such as this, the soybean breeder 
is searching for lines that present the best attributes under both conditions. Thus, the use of 
selection indexes has been a good option for this type of research.

In this sense, the sum of the standardized variable method, Z index (Mendes et al., 
2009), and the Graphic method (Nunes et al., 2005) were applied. In Figure 2, it is possible to 
observe that cultivars NA 7200 RR, V-MAX RR, CD 2737 RR, BMX Potência, and BMX Força 
presented good grain yield, uniformity (sieve yield - 6.5 mm), mass of one thousand grain and 
germination test. Cultivars NA 7200 RR and CD 2737 RR are within the group of highest grain 
yield cultivars evaluated in this study, in both crop seasons evaluated, according to Table 4. This 
strategy allows the identification of cultivars with good yield and physiological quality.

Literature presents many researches with different cultures based on selection 
index. For eucalyptus, this Z index allowed to graphically observe in which characteristics 
the progeny presented any deficiency (Reis et al., 2011). Also with eucalyptus, Reis et al. 
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(2015) concluded that the sum of Z of the standardized variables is a good alternative for 
simultaneous selection of many characteristics in the forestry sector. For the common bean, 
elevated selection indices were found for attributes erect plants and smaller lodging (Mendes 
et al., 2009). Lima et al. (2012), using Z index for the common bean, observed that this index 
contributed, outstandingly, allowing the simultaneous identification of grain yield, architecture 
and G x E interaction. This also occurred in the corn culture, when selecting corn specific for 
popcorn and baby corn (DoVale et al., 2011), with sweet potato, associating attributes for human 
consumption, production of ethanol and animal feeding, reminding that the selection index is 
efficient in identifying aptitude in sweet potato genotypes (Gonçalves Neto et al., 2011).

In soybean crop, especially for breeding, different selection indexes are used. Costa 
et al. (2004) concluded that the gains obtained with the indexes were more adequate for the 
selection of superior genotypes for registering higher total gains of the evaluated characteristics. 
For soybean populations, evaluated seeking genetic gain for eleven traits of economic interest, 
higher selection gain was observed by the selection indexes, with advantages for the index 
based on sum of ranks (Bárbaro et al., 2007). It must be highlighted that literature lacks 
information that associate selection index Z with seed quality. Thus, researches that associate 
seed quality with agronomic attribute are of maximum relevance, so the information involving 
the agronomic characteristics with the seed quality will assist in the selection processes and 
recommendation for soybean cultivars.

Figure 2. Representation of the Graphic method. The line represents the sum of the standardized grain yield, mass 
of one thousand grain, germination test, uniformity test (sieve retention - 6.5 mm). The numbers represent each 
environment (1: 2013/14 Inconfidentes; 2: 2014/15 Inconfidentes; 3: 2013/14 Lavras; 4: 2014/15 Lavras; 5: 2013/14 
Patos de Minas; 6: 2014/15 Patos de Minas, associated with variable Z, and axis of each evaluated environment.



11Adaptability and stability of soybean cultivars

Genetics and Molecular Research 16 (2): gmr16029646

The analysis of the GGE biplot was conducted in order to evaluate the adaptability 
and stability of the cultivars regarding grain yield and the sum of Z index. The partition of the 
interaction of genotypes and environment (IGE) revealed that the main components (PCA1 
and PCA2) represent 80.1and 51.9% of the squares sum of the IGE of the grain yield mean and 
the sum of index Z, respectively. The values presented high to moderate reliability attributed 
to the explanation of total variation for the performance of the genotypes and its interaction 
with the environment (G + G x E). The first main component (PCA1) indicates the adaptability 
of the genotypes, thus being highly correlated with grain yield (Yan et al., 2000). In this sense, 
we can verify in the which won where approach, that cultivar 13 was the most adapted to the 
evaluation environments, followed by cultivars 3, 7, 11, and 8 (Figure 3A) for yield. On the 
other hand, when observing the Z index graphic, we verify that the most adapted cultivar would 
be cultivar 8, followed by cultivars 14 and 11. The second main component (PCA2), closest 
to zero would be the more stable genotypes (Yan et al., 2000). Therefore, cultivars 16, 4, 9, 
and 13, for grain yield, present higher stability (Figure 3A), and, for constant Z, the cultivars 
with highest stability are 7, 1, 17, 10, and 13 (Figure 3B). Analyzing both components of the 
graphic, we can infer that the best genotype for grain yield would be cultivar 13, considering 
adaptability and stability, given that it was most adapted and was among the most stable 
cultivars. Furthermore, verifying both components of the graphic for Z index, cultivar 13 
stands out once more, being among the most adapted and stable cultivars.

Figure 3. Diagram of GGE biplot. A. Mean grain yield (kg/ha) and B. Z index. Env. 1: 2013/14 Inconfidentes; Env. 
2: 2014/15 Inconfidentes; Env. 3: 2013/14 Lavras; Env. 4: 2014/15 Lavras; Env. 5: 2013/14 Patos de Minas; Env. 
6: 2014/15 Patos de Minas.

The GGE biplot also presents an environmental stratification based on the 
winning genotypes. Observing Figures 4 and 5 (A and B), we can see the formation of two 
environmental groups (denominated mega-environments). For grain yield (Figures 4 and 5A), 
mega-environment I constitutes locations 1, 2, 3, 4, and 6 (Inconfidentes crop season 13-14, 
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Lavras crop season 13-14, Patos de Minas crop season 13-14, Inconfidentes crop season 14-
15, and Patos de Minas crop season 14-15), and mega-environment II constitutes location 5 
(Lavras crop season 14-15). It can be verified that in mega-environment I, the cultivars with 
highest grain yield are 7, 3, 2, and 5, and in mega-environment II, cultivars 14, 8, 12, and 11 
for PCA1. On the other hand, when evaluating PCA2, the cultivars with highest grain yield, 
allied to stability, were 13 and 16. Index Z revealed that, in the mean vs stability approach, for 
PCA2, cultivars 11, 13 and 7 stood out.

In Figures 4 and 5B there are three mega-environments. Mega-environment I consisted 
of locations 3, 4 and 5, mega-environment II, of locations 2 and 6, and mega-environment III, 
of location 1. Cultivars 14, 8, 5, and 15 were prominent in mega-environment I, as cultivars 3 
and 4 were in mega-environment II, in PCA1. In mega-environment III, cultivars 9 and 6 were 
prominent, in PCA1. For PCA2, cultivars 11, 13, 12, and 7 presented higher stability in index Z.

Figure 5. Diagram of GGE biplot. A. Mean grain yield (kg/ha) and B. Z index. Env. 1: 2013/14 Inconfidentes; Env. 
2: 2014/15 Inconfidentes; Env. 3: 2013/14 Lavras; Env. 4: 2014/15 Lavras; Env. 5: 2013/14 Patos de Minas; Env. 
6: 2014/15 Patos de Minas.

Figure 4. Diagram of GGE biplot. A. Mean grain yield (kg/ha) and B. Z index. Env. 1: 2013/14 Inconfidentes; Env. 
2: 2014/15 Inconfidentes; Env. 3: 2013/14 Lavras; Env. 4: 2014/15 Lavras; Env. 5: 2013/14 Patos de Minas; Env. 
6: 2014/15 Patos de Minas.
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Therefore, it is evident that there is no association between the results, considering the 
univariate approach (grain yield), when evaluating the selection index Z, applied to the GGE 
biplot method in the analysis of PCA1, approaching mean vs stability (Figure 4A and B) and 
GGE biplot (Figure 5A and B).

In Figure 3A and B, which won where approach showed that cultivar 13 (NA 7200) 
is highlighted in both univariate analysis (grain yield) and index Z. In addition, in the mean 
vs stability approach and GGE biplot method for PCA2, which reveals that the more stable 
genotypes are closer to zero, cultivar 13 (NA 7200) is once again more pronounced.

CONCLUSIONS

Cultivars NA 7200 RR and CD 2737 RR presented the highest values for the selection 
index Z in the Graphic method evaluation, considering, simultaneously, the traits of grain 
yield, uniformity (sieve yield), mass of one thousand grain, and germination test.

Cultivar NA 7200 was prominent based on univariate analysis (grain yield) and 
Z index, in the GGE biplot method, constituting the cultivar with greater adaptability and 
stability, considering production and seed quality.
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