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Abstract 
Obtaining early-maturing soybean cultivars with high yield performance has long been the focus of breeding 
programs. Obtaining the estimates of genetic and phenotypic parameters can assist breeders at selecting the 
superior genotypes. Therefore, the aim was to estimate the genetic and phenotypic parameters of progenies 
throughout the recurrent selection for early maturity in soybeans and to select progenies with superior agronomic 
traits. S0:1 progenies were evaluated in one site during the 2015/2016 harvest using a 12 × 12 lattice design, with 
one 2-meter row plot with two replicates. The S0:2 progenies were evaluated during the 2016/2017 harvest using an 
8 × 8 lattice design, with one 3-meter row plot with three replicates. The S0:3 progenies were evaluated during the 
2017/2018 harvest using a 5 × 5 lattice design, with two 3-meter rows plots with three replicates. Both S0:2 and S0:3 
progenies were evaluated in three different sites. The days to flowering, full maturity, first pod insertion height, 
plant height, lodging index and grain yield traits was evaluated. The data were analyzed using a mixed model 
approach. The genetic and phenotypic parameters, expected gain with selection, realized heritability, correlated 
response and the frequency distributions of the adjusted means were estimated. The estimates of the variance 
components have evidenced variability among the progenies, enabling the selection of superior genotypes. All the 
evaluated progenies showed good agronomic performance, combining early maturity and productive performance. 
When early-maturing progenies were selected, there was a reduction in days to flowering, plant height, first pod 
insertion height, lodging and yield.  
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1. Introduction 

Currently, the primary focus of the soybean-breeding programs in Brazil is to release cultivars that combine high 
yields and early maturity. The primary advantages of using early cultivars include the optimization of the second 
crop, i.e., the cultivation of a rainfed crop soon after the spring-summer crop. The use of early cultivars 
optimizes the second harvest, because soybeans are harvested earlier, and thus, the second crop can be sown 
during a period of greater water availability, which helps to support better crop development. Another advantage 
of early cultivars is their association with reduced pathogen pressure, especially for end-of-cycle diseases, 
because the crop is exposed to these factors in the field for a shorter time. Several reports in the literature have 
noted the successful use of early-maturing soybean cultivars (Gesteira et al., 2015; Pereira et al., 2017; Gesteira 
et al., 2018).  

However, in addition to the early cycle, other agronomic attributes should be considered to recommend new 
cultivars. An alternative for combining both high yield and early maturity in the segregating population is the 
crossbreeding of parents with good performance for these characteristics. In this context, the use of complex 
populations involving several parental lines, such as the base population of a recurrent selection program, is seen 
as an alternative for generating variability, thus enabling a successful selection. 

To obtain cultivars with reduced maturity cycles, some strategies have been reported. With the adoption of mass 
selection, Botelho et al. (2007) reported that recurrent selection was efficient at reducing the cycle of common 
bean cultivars. Another alternative is genotypic selection, which consists of evaluating progenies to select the 
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ones with the lowest time needed to reach full maturity. There are no reports in the literature on the use of this 
strategy. 

Thus, in view of the above information, the aim was to estimate the genetic and phenotypic parameters of the 
progenies from cycle 0 of the recurrent selection program for early maturity in soybeans and to select progenies 
with good agronomic attributes. 

2. Materials and Methods 

The progenies evaluated in the present study are at cycle 0 of the recurrent selection program for early maturity in 
soybean crops. To obtain the base population, a partial diallel cross was performed using 13 parents (Table 1). 

 

Table 1. Parents used for the crosses and their respective maturity group (MG), growth habit (GH), characteristic of 
interest (C), resistance to nematodes (RN) and the company that owns the genetic material 

Cultivar MG GH C RN Company 

CD250 RR 5.5 Ua E MI Coodetec 
CD215 5.9 Db E - Coodetec 
CD237 RR 8.1 D Y MI, MJ & HG Coodetec 
5D690RR 6.9 U E - Coodetec 
CD2630 RR 6.3 U E HG Coodetec 
M7908 RR 7.9 D Y MI Monsoy 
5G 830 8.3 D Y - Dow AgroScience 
BRS FAVORITA RR 7.9 D Y MI e MJ Embrapa 
V-TOP RR 5.9 U E - Syngenta Seeds Ltda 
NK7074 RR 7.4 D Y - Syngenta Seeds Ltda 
NA 5909 RG 6.9 U E - Nidera Sementes Ltda 
BMX Força RR 6.2 U E - GDM  
TMG7161 RR 5.9 U E MJ TMG 

Note. a/Indeterminated; b/Determined; E = Early; Y = grain yield; MI = Meloidogyne incognita; MJ = 
Meloidogyne javanica; and HG = Heterodera glycines. 

 

The crosses were performed in a greenhouse at the Department of Agriculture of the Federal University of Lavras, 
or UFLA, during the 2013/2014 harvest. Manual hybridization was performed according to a procedure similar to 
that described by Borém et al. (2009). The seeds of the F1 generation were multiplied during the winter of 2014 in 
a greenhouse, which was also in the UFLA Department of Agriculture, using two plants per pot. 

During the 2014/2015 summer crop, the S0 population was grown at the Agricultural Scientific and Technological 
Development Center of UFLA in Minas Gerais (MG), Brazil (Muquém Farm), which is located at latitude 21º14′ S, 
longitude 45º00′ W and an altitude of 918 m. The S0 population was sown using 14 5-meter rows, with 15 
seeds/meter as the sowing density. At physiological maturity, 140 plants were selected for the S0:1 progenies as a 
function of the agronomic traits, such as early maturity and branching.  

The S0:1 progenies were evaluated in the 2015/2016 summer crop from the experimental area of the Centro de 
Desenvolvimento Científico e Tecnológico em Agropecuária da UFLA, Muquém Farm, Lavras, MG, latitude 
21°14′ S, longitude 45°00′ W and an altitude of 918 m. The plot consisted of one 2-meter row with two replicates 
in a 12 × 12 lattice (131 progenies + 13 parents). The S0:1 progenies were selected according to whether they had 
reached full maturity. The 51 earliest-maturing progenies were selected. 

During the 2016/2017 harvest, the S0:2 progenies were evaluated at three sites, Muquém Farm; Fazenda Milanez, 
located in the municipality of Itutinga, MG, latitude 21º17′52″ S, longitude 44º39′28″ W and an altitude of 969 m; 
and at Fazenda Grupo G7 in the municipality of Nazareno, MG, located at latitude 21º12′59″ S, longitude 44º36′41″ 
W and an altitude of 935 m. The plot consisted of one 3-meter row, with three replicates, and the design was an 8 × 
8 lattice (51 progenies + 13 parents). The 12 earliest-maturing progenies were selected to obtain the S0:3 progenies. 

For the 2017/2018 harvest, the S0:3 progenies were evaluated at three sites, Muquém Farm, Milanez Farm and the 
Agricultural Scientific and Technological Development Center of UFLA in the municipality of Ijaci, MG (Palmital 
Farm), located at latitude 21º09′ S, longitude 44º54′ W and an altitude of 920 m. The design was a 5 × 5 lattice (12 
progenies + 13 parents). The plot consisted of two 3-meter rows, with three replicates.  
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In all the evaluated environments, a no-tillage system was adopted with furrows spaced 0.50 m apart. An 
inoculation was performed at planting, in the furrow, using Bradyrhizobium japonicum as a liquid inoculant at a 
rate of 1,200,000 bacteria per seed. The sowing was performed manually and thinning was performed 25 days after 
germination to set up the desired stand for each of the experiments. The other crop management procedures were 
performed according to the methodology proposed by Soares et al. (2015). 

The following traits were evaluated: 

• Days to flowering: 50% of the plants in the plot at full bloom, stage R2; 

• Full maturity: 90% of the plants of the plot at stage R8 (full maturity); 

• Bottom pod height: distance from the root neck of the plant to the insertion node of the first pod, in centimeters, 
of five plants taken at random; 

• Plant height: distance from the root neck to the tip of the main stem, in centimeters, as measured in five plants 
taken at random; 

• Lodging score: evaluated according to Bernard et al. (1965) using the following scores: score 1 for all upright 
plants, score 2 for some tilted or slightly lodged plants, score 3 for all moderately tilted plants or 25%-50 lodged 
plants, score 4 for all severely tilted plants or 50-80% lodged plants and score 5 for more than 80% lodged plants; 

• Grain yield: value in bags per hectare (bgs.ha-1) after conversion to 13% moisture. 

The data were analyzed with R Development Core Team software (2016), using a mixed model approach 
(Bernardo 2010). The combined analysis was performed by considering the following model: 

yijkl	= μ	+ pi	+ rj(l)	+ bk(jl)	+ al	+ (ta)il	+ eijkl                            (1) 

where,  

yijkl: observation for progeny i, in replicate j, in block k, in environment l; μ: general constant associated with all 
observations; pi: random effect of progeny i; rj(l): random effect of replicate j within environment l; bk(jl): 
random effect of block k within replicate j in environment l; al: fixed effect of environment l; (ta)il: random 
effect of progeny × environment interaction; eijkl: random experimental error for observation yijkl.  

The variance components were estimated using the restricted maximum likelihood (REML) method. To assess the 
experimental quality, the coefficient of variation and the selection accuracy were estimated. The selection accuracy 
was determined using the following estimator (Gezan Munoz, 2014): 

rgg	=	 1	– 
PEV

σG
2  

2                                        (2) 

where, 

PEV: prediction error variance of BLUP and σG
2 : genotypic variance. 

The coefficient of variation estimates were obtained by,  

CV	= 
σE

2

x
                                         (3) 

where,  

σE
2 : environmental variance and x: mean. 

The heritability (h2) at the progeny level was obtained according to the estimator proposed by Piepho and Mohring 
(2007) as follows: 

h2	=	 σG
2

σG
2 	+	σGA

2

n
	+	σE

2

nr

                                      (4) 

where,  

σG
2 : genotypic variance; σGA

2 : variance in the genotype × environment interaction; σE
2 : environmental variance; 

n: number of environments; r: harmonic mean of the number of replicates. 

The expected genetic gain from selection (GS) was estimated for all the traits at five selection proportion (1%, 5%, 
10%, 15% and 20%). Estimates of the expected gain from the selection as the percentage of the mean (GS%) were 
obtained using the following estimator:  

GS % 	= 
BLUP's

Y
 × 100                                   (5) 
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where,  

BLUP's: mean BLUPs for selected progenies and Y: general mean of progenies in generation i. 

The realized heritability (hR
2 ) was estimated using five selection proportions (1%, 5%, 10%, 15% and 20%), 

considering the following estimator: 

hR 
2  = 	GS/mj

ds/mi
                                               (6) 

where, 

hR
2 : heritability; GS: gain from selection in generation j, by a selection made in generation i; ds: selection 

differential; mi: mean of progenies in Fi; mj: mean of progenies in Fj.  

For the estimates of the correlated response (CR%), the following estimator was used: 

CRy/y' % 	= 
BLUPy/y'

y
 × 100		                               (7) 

where, 

BLUPy/y': means of the BLUP of the genotypes for trait y, by the selection made for trait y' and y: general mean of 
genotypes for trait y.  

3. Results 

The estimates of the genetic and phenotypic parameters obtained by the combined analysis involving all the 
environments/generations evaluated here are presented in Table 2. The selective accuracy and the coefficient of 
variation are estimators of the experimental precision and evidence the quality of the conducted experiments. The 
accuracy estimates had a high magnitude, at over 80%, for all the evaluated traits, except for the first pod insertion 
height and lodging. The coefficient of variation ranged from 2.94 for full maturity to 38.50 for lodging (Table 2). 

The existence of genetic variability can be observed by the significance of the genetic variance components 
associated with the progenies. For all the traits, the genetic variance estimates differed from zero. There was a 
different behavior of genotypes regarding environmental variations that can be observed by the significance of the 
genotype × environment interaction was also significant and expressive for all the evaluated traits. The results 
indicate that most of the variation occurred due to the effect of the genotype and not due to the effect of the 
interaction except for the first pod insertion height and lodging. The proportion of phenotypic variation explained 
by the genetic effect is evidenced by the heritability. The heritability estimates ranged from 0.58 for the lodging 
trait to 0.98 for the number of days to flowering (Table 2). 

The frequency distributions of the BLUP means presented in figure 1 as well as the estimates of the variance 
components show the presence of variability among the progenies. The frequency distributions also demonstrate 
the quantitative nature of the traits due to the continuous distribution. 

The maximum, minimum, mean and range of variations for the combined BLUP means for all the traits and 
environments evaluated here are presented in Table 3. The estimates of the BLUP means show the great variation 
among the genotypes for all the evaluated traits. The most important trait, full maturity, presented a great variation 
of 110 to 139 days (Table 3). Of the progenies evaluated here, 40.46% had a cycle of less than 120 days, thus 
enabling a second harvest.  

For the other evaluated traits there was also variation. The grain yield ranged from 31.69 to 105.97 scs ha-1. It is 
worth noting that 90.84% of the evaluated progenies presented a performance superior to the national average of 
55.55 scs ha-1 (CONAB, 2018). The number of days to flowering ranged from 45 to 59 days. For the plant heights, 
the progenies ranged between 75.17 and 128.77 cm. The bottom pod height ranged from 13.73 to 18.54 cm. All the 
progenies received a lodging score of 1 or 2, these values show the upright plant type of the materials (Table 3). 
These results indicate that many progenies have phenotypes that meet the demands of modern agriculture.  
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worth noting that the expected gain from selection for the full maturity, days to flowering and bottom pod height 
traits presented negative values, because the selection acts by reducing them (Tables 4 and 5). 

 
Table 4. Estimates of expected gain from selection (GS) for the full maturity (FM), days to flowering (DTF), grain 
yield (Yield), plant height (HT) and bottom pod height (BPH) traits at different selection proportion (SP). The data 
for the S0:1 progenies were collected during agricultural year 2015/2016 

SP% 
FM (days) DTF (days) Yield (bags ha-1) HT (cm) BPH (cm) 

GS% GS% GS% GS% GS% 

1% -8.25 
-6.93 
-6.24 
-5.71 
-5.41 

-11.70 45.71 44.42 -31.54 
5% -11.37 36.10 20.84 -26.32 
10% -11.23 31.78 17.34 -23.36 
15% -11.10 28.31 15.26 -21.08 
20% -11.00 25.98 13.87 -19.86 

 
Table 5. Estimates of the expected gain from selection (GS) for the full maturity (FM), days to flowering (DTF), 
grain yield (Yield), plant height (HT), bottom pod height (BPH) and lodging (Lod.) traits at different selection 
proportion (SP). The data for the S0:2 progenies were collected during agricultural year 2016/2017. 

ISP% 
FM (days) DTF (days) Yield (bags ha-1) HT (cm) BPH (cm) Lod. 

GS% GS% GS% GS% GS% GS% 

1% -6.37 
-6.07 
-5.66 
-5.26 
-4.50 

-6.48 10.06 15.69 -7.85 -21.65 
5% -6.42 9.17 14.49 -7.38 -20.75 
10% -6.29 8.41 13.93 -7.00 -20.49 
15% -6.07 7.71 13.44 -6.32 -19.99 
20% -5.29 6.68 12.73 -5.42 -18.92 

 

The heritability estimates for progenies S0:1/S0:2 and S0:2/S0:3 are shown in Tables 6 and 7, respectively. These 
estimates show the effect of the interaction, since they were always inferior to the heritability and in most cases 
presented negative values. 

 
Table 6. Realized heritability estimates for the full maturity (FM), days to flowering (DTF), grain yield (Yield), 
plant height (HT) and bottom pod height (BPH) traits at different selection intensities. The data for the S0:1/S0:2 
progenies were collected during agricultural years 2015/2016 and 2016/2017 

1% 5% 10% 15% 20% 

FM -0.14 -0.17 -0.19 -0.21 -0.22 
DTF -0.38 -0.39 -0.39 -0.40 -0.40 
Yield -0.67 -0.80 -0.91 -1.03 -1.12 
HT 0.12 0.26 0.32 0.37 0.41 
BPH -0.54 -0.64 -0.74 -0.82 -0.87 

 
Table 7. Achieved heritability estimates for the full maturity (FM), days to flowering (DTF), grain yield (Yield), 
plant height (HT), bottom pod height (BPH) and lodging (Lod.) traits at different selection intensities. Data for the 
S0:2/S0:3 progenies were taken during the 2016/2017 and 2017/2018 agricultural years 

1% 5% 10% 15% 20% 

FM 0.23 0.24 0.27 0.32 0.37 
DTF 1.34 1.34 1.39 1.54 1.74 
Yield -1.84 -1.87 -2.20 -2.52 -2.77 
HT -1.21 -1.26 -1.31 -1.39 -1.43 
BPH 5.26 5.42 5.89 6.85 7.57 
Lod. 0.28 0.29 0.37 0.42 0.45 
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In order to measure the effect of selection for full maturity, primary trait, correlated response estimates were 
observed in secondary characters (Table 8). This parameter allows to evaluate the progeny behavior for the 
different traits, considering the selection made aiming at lower absolute maturity. 

With the selection for full maturity, changes in progeny performance occurred for the other traits. From the results, 
it is possible to observe that by selecting the earliest progenies, there is a reduction in the values of all other 
characteristics evaluated here. 

 
Table 8. Estimates of correlated response for selections for full maturity, days to flowering (DTF), grain yield 
(Yield), plant height (HT) bottom pod height (BPH) and lodging (Lod.) under different selection proportion. Data 
for progenies S0:1, S0:2 and S0:3 were collected during agricultural years 2015/2016, 2016/2017 and 2017/2018 

SP% DTF (%) Yield (%) HT (%) BPH (%) Lod. (%) 

1% -8.89 -29.27 -10.24 -14.56 4.14 
5% -8.59 -26.86 -10.34 -15.06 -0.45 
10% -8.59 -23.61 -7.02 -10.24 -2.27 
15% -6.95 -20.74 -5.72 -6.63 -4.36 
20% -6.08 -19.53 -4.03 -4.46 -4.85 
25% -5.60 -17.67 -2.97 -2.97 -4.21 
30% -5.22 -16.78 -1.82 -2.26 -3.12 

 

4. Discussion 
For all the evaluated traits, the estimates of the genetic variance components among progenies were significant, 
showing the presence of variability. This finding is essential for the selection of the best progenies and to obtain 
gains (Hoffmann et al., 2010). The presence of variability can also be observed by noting the range of variations 
between the BLUP means. According to Ramalho (2001), the parents chosen to obtain the base population in 
breeding programs should be as divergent as possible, in addition to presenting desirable phenotypic expressions 
for the highest number of traits of interest, making it possible to obtain a combination of a high mean and a high 
level of genetic variability. In addition to possessing genotypes with good agronomic performance, the parents 
used in the present study are distinct, that is, they have different genetic backgrounds and originate from different 
companies (Coodetec, Tropical Melhoramento Genético, Monsoy, Embrapa, Nidera, Brasmax and Dow 
Agroscience), which explains the good performance of the progenies and the variability observed in this study. The 
parents are characterized by high productive potential, early maturity and resistance to important diseases that 
affect soybeans, such as nematodes, which are currently a major problem in some areas. 

In this study, because the progenies were evaluated in different locations and during different agricultural years, 
environmental factors are expected to affect the expression of the traits. The environmental effect in this case is 
due to the combination of predictable factors, when they are derived from systematic environmental factors or are 
under the control of humans, such as the planting times, spacing, soil type, permanent climate elements, altitude 
and latitude, among others; or they are unpredictable when they fluctuate inconsistently over the years for factors 
such as rainfall, Indian summers, frost, winds and the incidence of pest insects and diseases, etc. (Allard & 
Bradshaw, 1964). The environmental variation associated with the variability among the progenies led to a 
significant genotype × environment interaction, which indicates that the progenies did not present coincident 
behavior under the different environments. The occurrence of genotype × environment interactions for soybeans in 
the state of Minas Gerais has been reported in the literature (Soares et al., 2015; Gesteira et al., 2015; Silva et al., 
2015). 

An important parameter to consider in breeding programs is the expected gain from selection. When considering 
more rigorous selection intensity, a higher gain was obtained, because individuals with higher frequencies of 
favorable alleles are selected. However, by selecting fewer individuals, there is a reduction in the variability in the 
population. It should be emphasized that the expected gain from selection of the S0:1 progenies (Table 4) is of 
greater magnitude than the expected gain from the selection of the S0:2 progenies (Table 5). This is because the S0:2 
progenies had already undergone a selection process. Therefore, the population mean was already higher and thus 
the expected gain from selection was lower than the expected gain from the selection of the S0:1 progenies that had 
not yet undergone a selection process. In addition, another factor that may explain this difference in gain from 
selection from one generation to another is the fact it is not possible to isolate the component of the genotype × 
environment interaction in the S0:1 generation, and thus, the genetic values are inflated. According to Rocha and 
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Vello (1999), the genotype × environment interaction can reduce the correlation between the phenotype and the 
genotype, inflating the genetic variance, and, in turn, its dependent parameters such as its heritability and genetic 
gain from selection. 

When multiple traits are studied, as in the present study, it is appropriate to estimate the correlated response, that is, 
the gain obtained in the secondary trait because of the selection for the primary trait. If two traits have a high and 
favorable correlation, that is, there is change in the phenotype according to the goal of the breeder it is possible to 
obtain satisfactory gains for the secondary trait through the selection for the primary trait. However, if the 
correlation is not favorable, the selection for a trait may lead to an unwanted change in the secondary trait. In the 
present work, the selection of the earliest progenies was performed and their behavior for the other traits was 
analyzed. Table 8 shows that when selecting the earliest-maturing progenies, there was also a reduction in the 
values of all the other evaluated characteristics (Table 8). Earlier genotypes tend to have lower plant heights and 
consequently lower lodging scores and lower yields. 

Early cultivars tend to be less grain yield, but this is not always the case. Pereira et al. (2017) observed that 
increases in yield might occur when selecting progenies/lines with fewer numbers of days to full maturity. The 
selection of early and high yield lines can be explained by the selection of cultivars with an indeterminate or 
semideterminate growth habit. This is because in this type of plant, there is a greater overlap of vegetative and 
reproductive periods, increasing the productive potential of these cultivars (Zanon et al., 2015). In addition, the 
flowering of cultivars with indeterminate and semideterminate growth habits occurs in a staggered way. Therefore, 
if an Indian summer occurs during the flowering stage and some flowers cannot develop, the plant can produce 
more flowers later, and thus the yield will not be highly compromised. This finding does not occur in cultivars with 
a determinate growth habit, since the flowering takes place practically at the same time, throughout the whole 
plant. 

In addition to the significance of the genotype × environment interaction, another parameter that indicates the 
effect of the interaction in the present study is the realized heritability. The estimates of heritability (Tables 6 and 7) 
indicate the strong effect of the interaction, since these were always inferior to the heritability and in most cases 
presented negative values. The genotype × environment interaction is often reported for different traits in the 
soybean crop (Vasconcelos et al., 2010; Marques et al., 2011; Barros et al., 2012; Bueno et al., 2013; Silva et al., 
2015; Soares et al., 2015) and is consistent with the results of the present study. The genotype × environment 
interaction has been considered as one of the primary complicating factors in the work of breeders who are 
recommending cultivars. To minimize the effect of this interaction when selecting cultivars for traits of interest, 
especially those of a quantitative nature, it is necessary to evaluate the genotypes in a large number of 
environments. However, during the early stages of breeding programs, because many genotypes are evaluated and 
seeds are not often available in sufficient quantity, performing evaluations in a large number of environments is not 
feasible, as is the case of the present study. Tables 6 and 7 show that the realized heritability from the S0:2 
generation to the S0:3 generation was higher than that obtained from the S0:1 generation to the S0:2 generation. This is 
because the S0:2 generation was evaluated in three environments whereas the S0:1 generation was evaluated in only 
one environment, confirming that the more environments the genotypes are evaluated for, the lower the interaction 
effect. 

Since the beginning of the second harvest in Brazil, many soybean-breeding programs have been focused on the 
development of earlier cultivars. Several reports have demonstrated success when using early soybean cultivars 
(Gesteira et al., 2015; Pereira et al., 2017). Gesteira et al. (2015) note that in addition to optimizing the second crop, 
the use of early cultivars reduces pressure from pathogens. In addition to maturity earliness, the other traits 
evaluated in this study are also taken into account when recommending a cultivar according to the needs of the 
soybean producers.  

5. Conclusion 

The estimates of the variance components show the presence of variability among the progenies, enabling the 
selection of superior genotypes. 

When selecting the earliest-maturity progenies, there are reductions in the days to flowering, plant height, Bottom 
pod height, lodging and grain yield. 
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