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Abstract: Although cultivars of autogamous plants are homogeneous genotypes, 
they may show natural variability due to mechanical mixing, natural hybridiza-
tion, and mutation. The aim of the present study was to estimate genetic and 
phenotypic parameters and to identify and select superior genotypes that as-
sociate good performance in traits of interest from a heterogeneous population 
derived from the cultivar BRS Favorita RR. The evaluation experiments were 
carried out in two crop years and five cities of the state of Minas Gerais, Brazil, 
in a lattice design, using progenies and the control ‘BRS Favorita RR’. Plant 
height, first pod height, days to full maturity, lodging score, and grain yield were 
evaluated. For estimation of the variance components, analysis of deviance was 
performed by the restricted maximum likelihood (REML) method. The results 
show that there is difference among treatments and that it is possible to select 
progenies that outperform the control for all traits evaluated.
Keywords: Glycine max, selection method, superior genotypes, genetic and 
phenotypic parameters, Blup.
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INTRODUCTION

Although the cultivars in autogamous plants are obtained from homogenous 
genotypes, they become heterogeneous over time after successive cultivations. 
This is because plants from a genotype can undergo mechanical mixing, cross-
pollination, and/or mutation (Ramalho et al. 2012). Prolonged use of the same 
cultivar by farmers over successive generations and reuse of the grain as “seeds” 
can provide natural variability derived from the aforementioned mechanisms, 
which can be useful in breeding programs. Variability in the cultivar is essential 
for successful selection of superior genotypes (Ramalho et al. 2012).

The concept of pure lines arose from a series of experiments conducted by 
the Danish botanist W. L. Johannsen in 1903 with the bean cultivar Princess. He 
investigated the effect of selection on the trait of bean seed weight. 

The pure line selection strategy has been used in some breeding programs, 
such as in coffee (Carvalho et al. 1952), beans (Ramalho et al. 1982, Yokoyama 
et al. 1999, Santos et al. 2002), and rice (Rangel et al. 1998). In the soybean 
crop, the importance of the pure line selection method is also shown in the 
study of Priolli et al. (2013), in which the genetic structure of soybean cultivars 
in Brazil was systematically evaluated. For that purpose, the cultivars were 
genotyped with the use of microsatellite markers, which showed that of the 
435 cultivars evaluated, 42 were from selection programs with an emphasis 
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on photoperiod insensitivity (Andrews, BRS 65, Missões, Emgopa 306, UFV 1, FT 440, Cristalina, IAS 1, Monarca, IAC 
8-2, Ocepar 7, Embrapa 64). Sebastian et al. (2010) and Tokatlidis (2015) have shown the existence of variability and 
obtained success in increasing grain yield through selection. However, in Brazil there are no reports on the use of this 
strategy to select superior lines for grain yield and days to full maturity. 

Thus, the aim of this study was to estimate genetic and phenotypic parameters and to identify and select superior 
genotypes that associate good performance in traits of interest from a heterogeneous population of the cultivar BRS 
Favorita RR.

MATERIAL AND METHODS

The experiment was carried out in two crop seasons: first, in 2014/2015 in the municipalities of Lavras, MG, at the 
Center for Scientific and Technological Development in Agriculture of UFLA - Fazenda Muquém (lat 21° 14’ 43” S, long 44° 
59’ 59” W, alt 919 m asl), and in Patos de Minas, MG, at the Sertãozinho experimental farm of EPAMIG (lat 18° 44’ 34” 
S, long 46° 31’ 04” W, alt 832 m asl); and in 2015/2016, once more in Lavras, in Ijaci, MG, at the Center of Technology 
Transfer of UFLA - Fazenda Palmital (lat 21° 9’ 24” S, long 44° 55’ 34” W, alt 833 m asl), and in Nazareno, MG, on private 
property, Fazenda G7 (lat 21° 12’ 46” S, long  44° 35’ 54 W”, 926 m  alt asl). 

In March 2014, 400 plants from the cultivar BRS Favorita RR were collected at Fazenda Milanez (lat 21° 17’ 52” S, long 
44° 39’ 28” W, alt 969 m asl) in the municipality of Itutinga, MG, in an area of about 10 hectares. The plants were chosen 
by phenotypic selection, i.e., visibly superior plants were selected. In the present study, the occurrence of variability 
may be based on natural hybridization, but variability may also arise from mechanical mixing of seed or mutations.  
From this selection, individual trials of plants were performed. A total of 255 lines/progenies were obtained, which were 
evaluated in a 16 × 16 simple lattice design together with a control (‘BRS Favorita RR’), adopting a 3-m row as a plot in 
Lavras and Patos de Minas in the 2014/2015 crop season.

A no-tillage system was adopted and seeds were inoculated with Bradyrhizobium japonicum using a liquid inoculant 
in the rate of 1,200,000 bacteria per seed. Seeds were sown manually and thinning was performed 25 days after 
germination, ensuring the desired final stand of 10-12 plants per linear meter. Other crop practices were performed 
according to the procedures described by Soares et al. (2015).

The following traits were evaluated. Grain yield (in 60 kg bags per ha) was determined from the harvest of each 
plot, corrected to 13% moisture, and extrapolation of the value obtained to one hectare. First pod height (cm) and 
plant height (cm) were obtained from five plants per plot taken at random - with direct measurement from the base 
of the plant to the point of attachment of the first pod to the stem for first pod height, and from the base of the plant 
to its tip for plant height, using gauge. Days to full maturity consisted of the number of days from planting to time of 
collection, the time at which 95% of the plants had mature pods. Finally, the lodging index was evaluated according to 
Bernard et al. (1965), with a score of 1 for all plants upright, 2 for some leaning or slightly lodged plants, 3 for all plants 
moderately leaning or 25%-50% lodged plants, 4 for all plants leaning severely or 50%-80% lodged plants, and 5 for 
more than 80% lodged plants.

From the 255 lines/progenies evaluated, 80 were selected for evaluation with the control in the 2015/2016 crop 
season in the municipalities of Lavras, Ijaci, and Nazareno. A 9 × 9 triple lattice design was used and two 3-m rows for 
each. Soil tillage and the crop practices adopted were as previously described. Just as in the 2014/2015crop season, 
grain yield (in bags ha-1), plant height (cm), first pod height (cm), days to full maturity, and lodging index (scores from 
1 to 5) were recorded.

The data obtained were analyzed using R software from the R Development Core Team (2016 or 2017?) using a 
mixed model approach (Bernardo 2010). First, individual analysis was performed for each of the five experiments. 
Subsequently, joint analyses were performed for the sites in the same crop season, and, finally, a general combined 
analysis containing all the evaluation environments, i.e., sites and crop seasons, was performed. The models used in 
the analyses of variance are shown in Table 1.

For estimation of variance components, analysis of deviance was performed by the restricted maximum likelihood 
(REML) method. Fixed effects were verified by the F-factor significance test, and the significance of variances associated 
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with the random effects was verified by the  Likelihood Ratio Test (Bernardo 2010). The packages used in the software 
routines were lme4 (Bates et al. 2014), lsmeans (Lenth 2016), and car (Fox and Weisberg 2011). For calculation of 
heritability, the following estimator was used:

h2 = σ 2
G

σ 2
G + σ 2

GE

n
 + σ 2

E

nr

 

Where σ 2
G is the genotypic variance, σ 2

GE is the variance of the genotype × environment interaction, σ 2
E is the 

environment variance, n is the number of environments, and r is the harmonic mean number of replications. Narrow 
sense heritability was used, which uses only the additive genetic variance, and associated with the reproductive value, 
which is fixed by selection. To evaluate experimental quality, the experimental coefficient of variation (CV) and selective 
accuracy (rgg’) were determined by the following estimators:

CV = σ2̂
e

x̅
                                      rgg' = h2

Where σ2̂
e is the error variance, x ̅is the average, and h² is heritability at the progeny level.

 The efficiency of the mixed model analysis procedures was evaluated by the genetic gain from selection (GS), calculated 
from the BLUP averages of the progenies (GS), as well as the realized gain (RG) at seven selection intensities (1, 5, 10, 15, 
20, 25, and 30%) (Ramalho et al. 2012). In order to estimate the realized gain (RG %), the following estimator was used:

GR(%) = 
BLUP'Sj/i

y̅j
 * 100

Where BLUP'Sj/i is the BLUP average of the genotypes in generation j, by the selection made in generation i, and y̅j 
is the general average of genotypes in generation j.

RESULTS AND DISCUSSION

In the present study, two estimates were used to verify experimental accuracy: the coefficient of experimental 
variation (CV), classified according to Pimentel Gomes (2009), and accuracy, classified according to Resende and 
Duarte (2007) (Table 2). It is clear that experimental accuracy varied according to environments and traits. The trait 
that showed the highest CV values was lodging. In estimation of the coefficient of variation, higher values are expected 
for attributes with lower average values (Soares et al. 2015), which may explain the low accuracy associated with 
the lodging trait. When we consider accuracy by its estimator, the average effect is suppressed, which is the main 
advantage in adopting this tool to measure experimental accuracy (Resende and Duarte 2007). It was also clear that 
the experimental accuracy measured by the CV and by accuracy is dependent on the number of sites/environments 
contemplated in the analysis of variance. Individual analyses denote less experimental accuracy. This was expected 
because there are a larger number of replications and hence greater accuracy when joint analysis is performed, i.e., 
greater reliability in recommendations and even in identification of superior genotypes (Ramalho et al. 2012). When 
estimates of genetic and phenotypic parameters are obtained considering only one site, it is not possible to isolate 
the component due to the interaction, and estimates of genetic variance are over- or underestimated. In this context, 
joint analysis of variance was performed (Table 2). 

Table 1. Statistical models adopted to perform each analysis of variance

Analyses Statistical model

Individual/Location Yijk=μ + pi + b(j(k)) + rk + Eijk

Joint/Crop season Yijkl = µ + pi +li + bjkl + r(k(l)) + (pl)il + E(ij(kl))

Combined Yijkm = µ + pi + ai + b(j(km)) + r(k(m)) + (pa)im + E(ij(km))

Yijk = Yijkl = Yijkm = observed value; μ = constant associated with all observations; pi = random effect of progeny i; li = random effect of site; ai = random effect of environment; 
bj(k) = random effect of block j within replication k; rk = random effect of replication k; Eijk = experimental error associated with observation Yijk; bj(kl) = random effect of block 
j within site k and replication l; rk(l) = random effect of replication k within site l; (pl)il = effect of progeny × site interaction; Eij(kl) = error associated with observation Yijkl ; bj(km) 
= random effect of block j within replication k and environment m; rk(m) = random effect of replication k within environment m; (pa)im = effect of progeny × environment 
interaction; Eij(km) = Error associated with observation Yijkm.
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The components of genetic variance among progenies and the interaction were significant for all traits evaluated. 
In the case of an autogamous plant, when the farmer does not buy seeds, i.e., the grain is reused as “seed” for the 
next crop season, variability is common in the cultivars (Ramalho et al. 2012). Variability may arise due to mechanical 
mixing, mutation, and natural hybridization. Variability in heterogeneous cultivars is reported in the studies of Priolli et 
al. (2013) for insensitivity to photoperiod and in Sebastian et al. (2010) for grain yield in the USA. The selection efficiency 
for grain yield in soybean adopting heterogeneous cultivars, such as coffee, dry edible bean, and rice in other crops, has 
been reported (Carvalho et al. 1952, Ramalho et al. 1982, Rangel et al. 1998, Yokoyama et al. 1999, Santos et al. 2002). 
However, it has not yet been reported in Brazil. Therefore, there may be genetic variability among the progenies and 
the relative response of progenies varied in the different environments (Table 2 and Figures 1 and 2).

Heritability estimates indicate the ratio of genetic and non-environmental components in the variation observed. These 
estimates ranged from 0.08 to 0.49 of selection, corroborating the results found in this study (Rocha and Vello 1999).

In this study, progenies were evaluated at different sites and in different crop seasons. Under such conditions, influence 
from predictable and unpredictable environmental factors is expected (Allard and Bradshaw 1964). The environmental 
variation associated with the variability among lines/progenies allowed the occurrence of the progeny × environment 
interaction. This suggests that the progeny response did not coincide for the different traits in the environments evaluated. 
The variance component associated with the interaction for grain yield was of greatest magnitude, compared to the 
other traits (Table 2). For days to full maturity, first pod height, and lodging score, although the effect of the genotype × 
environment interaction was significant, it was of small magnitude compared to grain yield estimates (bags ha-1) (Table 
2). This can be explained from the fact that grain yield is a quantitative trait controlled by a large number of genes and, 
hence, it is highly affected by the environment. However, other traits, such as first pod height, plant height, days to full 
maturity, and lodging index, show less influence from environmental factors due to their simpler inheritance (Ramalho 
et al. 2012, Pereira et al. 2017, Zambiazzi et al. 2017, Gesteira et al. 2018).

In any selection strategy, success is achieved by quantifying the expected and realized gain with selection. Estimates 
of the expected gain from selection were obtained considering selection at different intensities. In Table 3, the gain 
for grain yield was 5.95%, considering an intensity of 30%. For plant and first pod height, the estimates are negative, 
because selection is made with the aim of selecting progenies with lower plant and first pod height. The same 
comments are relevant for Table 4. For days to full maturity and the lodging score, the gain is also negative, since 
the objective is to select progenies with a shorter cycle and that do not exhibit lodging (Table 4). Estimates varied 
according to the selection intensities used. As expected, with greater selection intensity, i.e., when fewer individuals 
were selected, greater gain was obtained, however, with reduction in variability (Tables 3 and 4). In Table 4, for 
example, the expected gain ranged from 9.45 (1% SI) to 4.96 (30% SI) for grain yield. The estimates for realized gain 
were obtained for the progenies selected in the 2014/2015 crop season and evaluated in the 2015/2016 crop season 
(Table 3). It was expected that the gain would decrease as the number of selected individuals increased, but that did 
not occur in some situations (Table 3). This can be explained from the occurrence of the genotype × environment 
interaction throughout the experiments/generations evaluated (Zambiazzi et al. 2017). Furthermore, the estimates 

Table 2. Estimation of genetic and phenotypic parameters for plant height (cm), first pod height (FPH) (cm), yield (bags ha-1), days to 
full maturity (FM), and lodging of soybean progenies based on combined joint analysis

Parameter Height FPH Yield FM Lodging

σ 2
P 35.89** 1.40** 12.15** 5.02** 0.18**

σ 2
PχA 8.49** 0.96** 12.53** 0.26** 0.03**

σ 2
E 47.66 15.30 72.46 4.98 0.68

h2 0.39 0.08 0.13 0.49 0.20
Accuracy (%) 62.45 28.21 35.37 69.94 45.24
CV (%) 8.01 18.09 17.07 1.48 21.70
Overall mean 86.13 21.62 49.84 150.77 3.80

** Significant at 1% probability by the maximum likelihood ratio test; σ 2
P: variance among progenies; σ 2

PχA: progeny × environment interaction variance; σ 2
E: error variance; 

h2: heritability among progenies.



Pure line selection in a heterogeneous soybean cultivar

281Crop Breeding and Applied Biotechnology - 19(3), 277-284, 2019

of realized gain were smaller than those of expected gain. For grain yield, for example, when a selection intensity of 
1% was considered, the gain was only 2.69% (Table 3), and the effect of the genotype × environment interaction is 
also a likely cause.

Figure 1. Frequency distribution of the adjusted averages for: A. Plant height (cm); B. First pod height (cm); C. Lodging (1-5); D. Grain 
yield (bags ha-1); E. Days to full maturity (days).
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Figure 2. Genotypic values (BLUPs) and associated errors from the 25 best progenies for grain yield (bags ha-1), lodging (1-5), full 
maturity (days), plant height (cm), and first pod height (cm).
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Table 3. Expected gain (GS) and realized gain (RG) from selection of soybean progenies at different selection intensities in the 
2014/2015 crop season

 Height FPH Yield
SI (%) GS GR GS GR GS GR
1 -11.49 -4.27 -4.62 -2.68 12.40 2.69
5 -9.82 -3.86 -3.71 -2.12 9.90 1.17
10 -8.73 -2.56 -3.23 -0.38 8.30 0.54
15 -8.12 -2.63 -2.97 0.43 7.55 0.34
20 -7.51 -2.14 -2.70 -0.01 6.93 0.39
25 -6.97 -1.21 -2.49 0.16 6.42 0.82
30 -6.48 -0.44 -2.31 0.01 5.95 0.09

SI - Selection intensity; GS - Expected gain from selection; GR - Realized gain. Height of plants (Height) (cm); First pod height (FPH) (cm); Grain yield (Yield) (bags ha-1).

Table 4. Expected gains from selection of soybean progenies at different selection intensities in the 2014/2015 and 2015/2016 crop 
seasons

SI (%) Height FPH Yield FM Lodging
1 -10.68 -7.23 9.45 -2.73 -22.82
5 -9.44 -5.83 7.84 -2.40 -19.02
10 -8.65 -5.00 6.76 -2.07 -16.39
15 -8.07 -4.49 6.18 -1.85 -14.52
20 -7.46 -4.07 5.72 -1.67 -13.08
25 -6.91 -3.69 5.33 -1.51 -11.93
30 -6.38 -3.38 4.96 -1.37 -10.74

SI - Selection intensity. Height of plants (Height) (cm); First pod height (FPH) (cm); Grain yield (Yield) (bags ha-1); Days to full maturity (FM); lodging index (Lodging) evalu-
ated according to Bernard et al. (1965). 

Variability among the progenies for all the traits can also be observed in the frequency distribution graphs (Figure 
1). It should be noted that some progenies outperformed ‘BRS Favorita RR’. For grain yield (Figure 1D), in which the 
average of the control was 48 bags ha-1, progenies with grain yield above 55 bags ha-1 could be selected. For the other 
traits (Figure 1A, 1B, 1C, and 1E), in which the objective is to reduce average expression of the traits, there is also 
the possibility of selecting progenies that achieve this objective. Considering days to full maturity, lines with a cycle 
shorter than the control and associated with good agronomic performance can be obtained (Figure 1E).

The scatter plots (Figure 2) show that there is genotypic value that differed from zero considering the 25 best 
genotypes and a selection intensity of 1% for all the traits. In other words, there is success from selection, and these 
progenies will contribute to improvement in expression of the trait in subsequent generations.

Among the traits evaluated, grain yield is the most important. Furthermore Santos et al. (2002), Sebastian et al. 
(2010), and Tokatlidis (2015) confirm the existence of variability and success in selection. With this as reference, 
progeny 22 was the most prominent (Figure 2A). In addition, the control (treatment 81) was among the genotypes 
with superior grain yield. However, it should be noted that the genotypic value associated with this treatment did 
not differ from zero, i.e., it was null (Pereira et al. 2017).

One of the major objectives of soybean breeding is to increase yield potential and reduce days to full maturity. 
Figure 2C shows the genotypic values associated with the 25 best progenies, i.e., those with fewer days to full maturity. 
All the estimates differ from zero. Therefore, it can be inferred that gain can be obtained from selection of progenies 
that show fewer days to full maturity.

This study showed that there is variability in the heterogeneous cultivar BRS Favorita RR, allowing selection of 
lines that combine grain yield, plant height, first pod height, and resistance to lodging which are superior to ‘BRS 
Favorita RR’.
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