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Abstract

The objectives of this study were to examine the implication of the genotype X envi-
ronment interaction (G X E) in the identification of genetically superior soybean
[Glycine max (L.) Merr.] progenies; to obtain estimates of genetic and phenotypic
parameters for agronomic traits in soybean progenies; and to select genetically supe-
rior progenies to obtain lineages. Progenies Fs., were evaluated in the municipalities
of Lavras-MG and Itutinga-MG, Brazil, in the agricultural year 2016-2017. Progenies
F3.5 were evaluated in the summer of 20172018 in the municipalities of Lavras-MG,
Itutinga-MG, and Ijaci-MG. The traits of days to flowering, days to full maturity, plant
height, bottom pod height, lodging, and grain yield were evaluated. The genetic and
phenotypic parameters, expected gain from selection, genetic correlation, correlated
response, achieved heritability, and frequency distribution of the adjusted means were
estimated. The estimates of the components of variance showed the existence of vari-
ability among the progenies, enabling the selection of superior genotypes. There was
an effect of the G X E interaction for all traits, and most of the interaction was due
to complex interaction. From the analysis of genotypic correlation, significant esti-
mates were observed between the traits. The G X E interaction affected the estimates
of genetic and phenotypic parameters in the soybean, and the achieved heritability is
a tool to study this interaction.

1 | INTRODUCTION

Obtaining superior genotypes each year can be considered one
of the main challenges for soybean [Glycine max (L.) Merr.]

Abbreviations: hé, achieved heritability; CFU, colony-forming unit(s);
CR, correlated response; E, environment; G, genotype; GS, gain from
selection; A2, heritability; REML, residual maximum likelihood; S, site; Y,

years.

breeders; thus, a few stages of the breeding program are key
to achieving the ultimate goal. These key stages include the
selection of parentals/progenitors to perform the hybridiza-
tions, identification of the best progenies to advance in the
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program stages, evaluation of these progenies in different sites
and agricultural years to mitigate the effect of the genotype
X environment interaction (G X E), and, finally, selection
of the best lineage to be launched in the agricultural market
(Gesteira, Bruzi, Zito, Fronza, & Arantes, 2018).

Estimates of genetic and phenotypic parameters, such as
genetic and phenotypic variances, heritability in the broad
and restricted senses, achieved heritability, genetic and phe-
notypic correlations, and expected gains from selection, are
essential for the success of breeding programs because they
support decision making by the breeder. The authors empha-
size the importance of obtaining the parameters from exper-
imental data from more than one environment (year, site)
because the parameters estimated from only one environment
can be greatly influenced by the G X E interaction effect,
which can lead to errors in decision making related to geno-
type selection (Soares et al., 2015).

The G X E interaction in the soybean crop has been studied,
and reports were found in the literature mainly using methods
to evaluate adaptability and stability (Gesteira et al., 2018;
Silva et al., 2015; Soares et al., 2015). However, in the ini-
tial stages of the breeding programs, when segregating pro-
genies are available, other tools may be employed to measure
the implications of G X E to classify superior progenies. In
this context, achieved heritability (hli), in which the average
performance of the superior progenies in different generations
is evaluated, is an option.

Given the above, this study was conducted with the follow-
ing aims: (i) to study the implications of the G X E interaction
(crop years/generations and sites) to identify genetically supe-
rior progeny; (ii) to obtain estimates of genetic and phenotypic
parameters for agronomic traits in soybean progenies; and (iii)
to select genetically superior progenies to obtain lineages.

2 | MATERIALS AND METHODS

Segregant progenies F;, and F;.5 were from the cross
P 98Y11 RR x BRS FAVORITA RR. The crossing was
performed in a greenhouse during the 2013-2014 harvest.
Manual hybridization followed a procedure similar to that
described by Borém (2009). Subsequently, the seeds of the
F, generation were multiplied in the 2014 winter season in a
greenhouse, adopting two plants per pot. The population was
transferred in bulk to F3, selecting 200 plants per population
in the 2015-2016 summer crop to evaluate the progenies. The
plants were individually and manually threshed.

Progenies F5., were evaluated in the 2016-2017 summer
crop in the municipality of Lavras- MG at the Center for
Scientific and Technological Development in Agriculture—
Muquém Farm, located at latitude 21°14’ S, longitude
45°00" W and altitude of 918 m in the municipality of
Itutinga- MG, at Milanez Farm, latitude 21°17’52” S, longi-
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Core Ideas

e Estimates of genetic and phenotypic parameters
are essential for breeding programs.

e One of the greatest challenges in plant breeding is
the G X E interaction.

e Successful breeding programs require genetic
variability.

o Achieved heritability is a tool to study the G X E
interaction.

tude 44°39’28” W and altitude of 969 m. Plots with a single
row that was 2 m long were used with two replicates, adopting
a simple lattice design 14 X 14 (194 progeny + 2 parental).

Progenies F5.5 were evaluated in the 2017-2018 summer
crop, in the previously described municipalities, Lavras-MG
and Itutinga-MG, and in the municipality of [jaci-MG, at the
Center for the Development and Transfer of Technology in
Agriculture of UFLA—Palmital Farm, located at 21°09” S,
44°54’ W and altitude of 920 m. Experimental plots with 1
row that was 3 m long were adopted, using a triple lattice
design of 10 X 10 (98 progeny + 2 parental).

In all evaluated environments, the no-tillage system was
adopted, with sowing furrows spaced 0.50 m apart. Sowing
was performed in the first half of November in all produc-
tion environments. The fertilization consisted of 350 kg ha~!
of the formulation of N-P,05—K,0 (2-30-20), applied in
the furrow. Furrow inoculation was performed with the bac-
teria Bradyrhizobium japonicum after sowing at a dose of
18 ml commercial product kg~! of seed-SEMIA strains 5079
and 5080, containing 10.8 X 10° colony-forming units (CFU)
seed™! of inoculant Nitragin Cell Tech HC (3 x 10° CFU
ml~!), using a four-spindle XR 11002 nozzle-coupled motor-
ized spur, with a liquid volume of 150 L ha™".

Pest control in the crop was performed as needed using
insecticides with the active ingredients tiametoxam (3-(2-
chloro -1,3-thiazol-5-ylmethyl)-5-methyl-1,3,5-oxadiazinan-
4-ylidene(nitro) amine), imidacloprid (1-(6-chloro-3-
pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine),  and
chlorpyrifos (O,O-diethyl O-3,5,6-trichloro-2-pyridyl phos-
phorothioate). Postemergence weed control was performed
using glyphosate (N-(phosphonomethyl)glycine) at the
dosage of 2 L ha™!.

The following traits were evaluated:

e Days to flowering: 50% of the plants of the plot showing
full flowering, stage R2 according to the scale by Fehr and
Caviness (1977).

e Days to full maturity: 90% of the plants of the plot in stage
R8 (absolute ripening) according to the scale of Fehr and
Caviness (1977).
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e Bottom pod height: distance from the plant root collar to
the lowest node that had pods, in centimeters, of five plants
taken at random;

o Plant height: distance from the plant’s neck to the end of the
main stem, in centimeters, measured in five plants taken at
random;

o Lodging score: evaluated according to Bernard, Chamber-
lain, and Lawrence (1965) with the following scores: a
score of 1 for all upright plants, 2 for some inclined or
slightly lodged plants, 3 for all moderately inclined plants
or 25-50% lodged, 4 for all plants severely inclined or 50—
80% lodged, and 5 for more than 80% lodged plants;

e Grain yield: value in bags ha™! after conversion to 13%
moisture.

The data were analyzed using the R Development Core
Team software (R Core Team, 2018) and a mixed-model
approach (Bernardo, 2010). This type of approach has been
developed for animal breeding but has been widely used
in plant breeding (Piepho, Mohring, & Melchinger, 2008)
because it is very advantageous when there are unbalanced
data, resulting in more reliable predictions than those obtained
by least squares, in addition to greater efficiency in the selec-
tion of superior genotypes.

The joint analysis was performed considering the model:

Yijki =W+ 10y + by + ap + (a); + ey

where

Yijii — Observation concerning progeny i in replicate j in block
k in environment /;

p = general constant associated with all observations;

p; = random effect of progeny i;

rjc1y = random effect of the replicate j within the environment
l;

by (1) = random effect block k within the replicate j in the envi-
ronment /;

a; = fixed effect of the environment /;

(ta); = random effect of interaction progenies X environ-
ments;

e;; = random experimental error associated with obser-
vation y ;.

The components of the variance were estimated using the
residual maximum likelihood (REML) method. Spearman
rank correlations among BLUP averages were estimated to
decompose the variance of the genotype X environment inter-
action into simple and complex parts.

To evaluate the experimental quality, the coefficient of
variation and selective accuracy were estimated (Resende &
Duarte, 2007). To obtain estimates of the association between
the traits analyzed, genotype correlations were analyzed
according to Ramalho, Santos, Abreu, and Nunes (2012). Cor-
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relation analyses were performed using the R Development
Core Team software (R Core Team, 2018). Significance was
verified by the Mantel test. Heritabilities (%) at the progeny
level were obtained according to the estimator proposed by
Piepho and Mohring (2007):

2
n? = °G
2, 2 2
o, +og,/n+oy/nr
where
c; = genotypic variance;

6., = variance of the genotype X environment interactions;
oL = environmental variance;
n = number of environments;

r = harmonic mean for the number of repetitions.

The expected genetic gain from selection (GS) was esti-
mated for all traits from the deviation of the genotypic values
of the progenies at seven selection intensities (1, 5, 10, 15, 20,
25, and 30%) (Ramalho et al., 2012). Aiming to quantify the
interaction effect of progenies X sites and progenies X agricul-
tural years, as well as the influence of the interaction proge-
nies X environments, estimates of heritability were obtained
(hi) at seven selection intensities (1, 5, 10, 15, 20, 25, and
30%), considering the following estimator:

W= GS/mj
R ds/mi

where

h% = heritability;

GS = gain from selection;

ds = selection differential;

mi = mean for progenies in Fj;
mj = mean for progenies in F;.

In turn, the correlated response estimates (CR%) were used
as the estimator:

BLUP..
Y 00
y

CRy / y/(%) =
where
BLUP,,, = BLUP means of the genotypes for trait y, after

selection for trait y';
7 = general mean of the genotypes for trait y’.

3 | RESULTS

The variance in the G X E interaction was significant for all
evaluated traits; for the trait grain yield, most of the interaction
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TABLE 1 Estimates of genetic and phenotypic parameters for trait grain yield (Yield), days to full maturity (DFM), days to flowering (DTF),
plant height (PH), bottom pod height (BPH), and lodging (Lodg.). The data refer to progenies F;., and F;.5 in the agricultural years 2016-2017 and

2017-2018, respectively

Yield DFM DTF PH BPH

Source variation bags ha~! days cm Lodg.
Genetic variance 13.09* 28.85* 23.00* 45.72* 2.64* 0.23*
Variance in the G X E interaction 83.28%* 3.96* 1.85* 16.06* 4.78* 0.15*
Simple (9.50) - - - - -
Complex (73.78) - - - - -
Environmental variance 125.44 10.95 13.15 50.43 7.64 0.57
n? 0.33 0.94 0.94 0.86 0.62 0.75
Tae % 48.43 94.55 94.19 87.52 70.53 79.51
CV% 17.36 2.24 5.28 7.74 15.30 36.25

Note. /42, heritability; rgg%, accuracy; CV%, coefficient of variation.
*Significant at 5% probability by the maximum likelihood ratio test.

TABLE 2

years, corresponding environments, and prediction of the effect of each

Identification of the experimental sites, agricultural

environment on grain yield (bags ha™!)

Prediction of

Agricultural the effect
years Local Environments bags ha~!
2017-2018 Lavras 1 -5.07
2017-2018 Tjaci 2 —19.57
2017-2018 Itutinga 3 5.62
2016-2017 Lavras 4 13.36
2016-2017 Itutinga 5 5.66

is explained by the complex interaction (Table 1). This finding
suggests that the progeny behavior was not similar in the eval-
uated environments for the different traits. It is also possible to
infer that there is a significant difference between the proge-
nies because the estimates of the genetic variance were differ-
ent from zero for all the traits in the joint analysis (Table 1).
The existence of variability can again be confirmed by esti-
mates of heritability. This parameter ranged from 0.33 (grain
productivity) to 0.94 (absolute ripening and days to flowering)
(Table 1).

To observe the influence of the environments on the aver-
age of the progenies, for the grain yield trait, the prediction of
the effect of each environment was obtained, considering the
combination of site and agricultural year as the environment
(Table 2).

The prediction of the effect of each environment showed
how much that environment affected the average of the trait.
The values of different magnitude and the effect of each envi-
ronment showed once again that the progeny behavior was not
similar across the evaluated environments.

The frequency distributions, for all the traits, considering
all evaluated environments, are presented in Figure 1.

Similar to the estimates of the variance components, the
frequency distributions of the BLUP averages highlighted
the existence of variability among progenies and denoted the
quantitative nature of the traits due to the continuous distribu-
tion (Figure 1).

From the graphs of genotypic value and associated errors
(Figure 2), it was possible to verify that, considering the 20
best progenies evaluated in the two generations, the selection
intensity was 20%, except for the productivity trait, and the
others presented values different from zero—that is, there was
a possibility of success with selection.

Among the traits evaluated, grain yield was the most
important. Taking this as a reference, it was found that
progeny 98 was the most prominent (Figure 2). However, it
must be emphasized that the genotypic value associated with
this treatment could assume a value of zero, that is, it can
be null.

One of the major goals of soybean breeding is to increase
the yield potential and reduce absolute ripening. It was possi-
ble to verify that all the estimates differed from zero. Thus, it
is possible to obtain gains from the selection of progenies that
show less absolute ripening.

When evaluating progenies/lineages, estimation of the gain
from the selection of superior genotypes is beneficial. In this
work, we obtained estimates for the joint analysis, considering
different selection intensities (Table 3).

Estimates varied according to the selection intensities used.
As expected, higher selection intensity, that is, selecting fewer
individuals, produced a higher gain but with reduced vari-
ability (Table 3). It is also important to emphasize that the
expected gain from selection, with the exception of grain
yield, is negative because the selection for these traits is per-
formed to reduce them (Table 3).

The correlated response estimates, presented in Table 4,
evaluate the behavior of the progenies, for the absolute ripen-
ing and days to flowering, after selection for grain yield.
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FIGURE 1 Frequency distribution for joint BLUP means of progenies F., and F.5 in the agricultural years 2016-2017 and 2017-2018,

respectively

From the results, once the most productive progenies were
selected, for the selection intensities from 1 to 15%, there was
also an increase in the traits in question, with a decrease occur-
ring for the same traits for the other selection intensities.

The estimates of achieved heritability from selection, for
different selection intensities, considering progenies F5., and
F3.5 in Lavras-MG, and later in Itutinga-MG, are presented in
Tables 5 and 6, respectively.

The interaction genotype X years/generations is unpre-
dictable and directly affects the results of achieved heritabil-
ity. The estimation of achieved heritability considering the
same site in different agricultural years allows quantifying
the influence of the interaction progenies X agricultural years
(unpredictable environmental factors). It is evident that there

was a change in the magnitude compared with the estimates
of heritability in the restricted sense (h?) (Table 1). For some
traits, the value was negative, indicating that this compo-
nent is null. However, it is important to note that, within the
interaction genotype X years, the generation effect was also
contained.

To better understand the behavior of the genotypes under
different environmental effects, achieved heritability esti-
mates were also obtained for the progenies F., in the Lavras-
MG and Itutinga-MG sites in the agricultural year 2016-2017,
progenies Fs.5 in the Lavras-MG and Itutinga-MG sites in the
agricultural year 2017-2018, and the joint analysis consid-
ering all the environments of the present study (Tables 7, 8,
and 9).
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When considering the behavior of the same genotype, in
the same agricultural year, altering only the site, the effect
of the interaction genotype X site is evident. Considering the
observed results, it is evident that the sites have significantly
altered the progeny behavior, as well as the magnitude of the
estimates (Tables 7 and 8).

Considering the joint analysis, with all the environments
of the present study (Table 9), we observed that, for the char-
acteristics grain yield, plant height, and lodging, the esti-
mates were negative, assuming zero heritability (Table 9). For
the traits absolute ripening and days to flowering, the val-
ues ranged from 0.10 to 0.25 and 0.09 to 0.29, respectively,
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TABLE 3 Estimates of the expected gain from the selection (EG) of the traits grain yield (Yield), days to full maturity (DFM), days to
flowering (DTF), plant height (PH), bottom pod height (BPH), and lodging (Lodg.) at different selection intensities. The data refer to progenies F;.,

and F 5 in the agricultural years 2016-2017 and 2017-2018, respectively

EG%

e fon Yield DFM DTF PH BPH

intensity bags ha~! days cm Lodg.
1% 4.61 -28.30 -23.90 —13.46 -3.31 -0.70
5% 3.75 —8.41 —14.83 —11.37 —2.65 —-0.55
10% 3.17 -6.53 —10.96 —-10.30 -2.14 -0.50
15% 2.87 —5.63 -9.34 -9.30 —1.84 -0.47
20% 2.60 -4.95 —8.09 —8.40 -1.59 -0.44
25% 2.36 —4.43 -7.23 —7.66 -1.41 -0.41
30% 2.15 -3.95 —6.51 -7.01 -1.26 -0.39

TABLE 4 Estimates of the correlated response after selection for
grain yield, days to full maturity (DFM), and days to flowering (DTF)
at different selection intensities. The data refer to progenies F;., and
F;.5 in the agricultural years 2016-2017 and 2017-2018, respectively

Selection DFM DTF
intensity days

1% 1.12 1.51
5% 0.68 0.46
10% 0.49 0.15
15% 0.01 0.02
20% —-0.19 -0.11
25% —0.49 —-0.21
30% —-0.61 —-0.86

being much lower than those obtained for the heritability in
the restricted sense (Table 1). The results show the effect of
the interaction on all evaluated traits.

4 | DISCUSSION

To be successful in plant breeding programs, the existence
of genetic variability is critical (Bernardo, 2010; Ramalho
et al., 2012). This study demonstrated that the components
of genetic variance were significant for all evaluated traits.
Thus, it is possible to infer the existence of genetic variabil-
ity. The amplitude of variation observed between the BLUP
averages, for the evaluated traits, also denotes the existence
of variability. The significance of the genetic variance com-
ponent and observed variability are due to the choice of
progenitors.

In the present work, the biparental cross between elite geno-
types (BRS Favorita RR X P 98Y11 RR) with excellent agro-
nomic performance in the region and a different genetic back-
ground was used to obtain the base population. The cultivar
BRS Favorita RR is a strong growth cultivar in ripening group

7.9 and is resistant to the root knot nematode. The cultivar
P 98Y11 RR shows strong growth, ripening group 8.1, and
resistance to the cyst nematode races 1 and 3. The use of elite
and contrasting genotypes as progenitors provided the vari-
ability and good agronomic performance among the proge-
nies, thus allowing success in the selection of superior indi-
viduals (Bernardo, 2010; Ramalho et al., 2012).

There was also the effect of the environment on the expres-
sion of the traits. In the present study, progenies were eval-
uated at different sites and agricultural years. Under the cur-
rent condition, predictable environmental factors as well as
unforeseeable ones were expected to have an effect (Allard &
Bradshaw, 1964). The variation in the different environments
is evident when the contribution of each environment to the
averages of the progenies is observed (Table 2). Notably, the
environmental variation observed in the present study was not
only due to the agricultural/site year effect but also to the gen-
eration effect.

The combination of the environmental factors associated
with the progenies was critical for the existence of the inter-
action G X Y. Thus, the progenies did not exhibit similar
behavior in the different environments. Much of the interac-
tion found was due to the complex interaction, indicating the
existence of conspicuous progeny in specific environments
and making selection difficult (Gesteira et al., 2018; Ramalho
et al., 2012).

In any selection strategy, success is measured by quanti-
fying the expected gain from the selection (Table 3). Higher
selection intensities—that is, when fewer individuals are
selected—result in higher than expected gains because indi-
viduals with a higher frequency of favorable alleles are
selected. However, when using a higher selection intensity,
reduced variability occurs.

The correlated response was performed by selecting the
progenies with the highest grain yield and response to the
absolute ripening and flowering days. A small variation was
observed in the estimates for the traits in question, and, by
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TABLE 5 Achieved heritability estimates for the traits grain yield (Yield), days to full maturity (DFM), days to flowering (DTF), plant height
(PH), bottom pod height (BPH), and lodging (Lodg.) at different selection intensities. The data refer to progenies F;., and F;.5 in Lavras-MG in the

agricultural years 2016-2017 and 2017-2018, respectively

Selection
intensity

1%

5%

10%
15%
20%
25%
30%

Yield

bags ha~!

-1.77
—2.11
-2.40
—2.67
-2.97
-3.26
-3.59

DFM DTF
—0.04 0.05
—-0.05 0.07
-0.07 0.09
—-0.08 0.10
-0.09 0.12
—-0.10 0.13
-0.11 0.14

PH BPH
cm
—0.84 1.91
-1.07 2.26
-1.21 2.56
-1.35 2.82
-1.52 3.07
—1.67 3.32
-1.87 3.64

Lodg.
-0.30
—-0.38
-0.43
—-0.50
—-0.58
—-0.69
-0.77

TABLE 6 Achieved heritability estimates for the traits grain yield (Yield), days to full maturity (DFM), days to flowering (DTF), plant height
(PH), bottom pod height (BPH), and lodging (Lodg.) at different selection intensities. The data refer to progenies F;., and F;.5 in Itutinga-MG in the

agricultural years 2016-2017 and 2017-2018, respectively

Selection
intensity

1%

5%

10%
15%
20%
25%
30%

Yield

bags ha!

0.06
0.07
0.08
0.09
0.11
0.12
0.13

DFM DTF

0.35 -0.01
0.40 —-0.01
0.50 -0.02
0.59 —-0.02
0.68 -0.02
0.78 —0.02
0.89 —-0.03

PH BPH
cm
0.29 0.47
0.37 0.54
0.44 0.68
0.51 0.81
0.55 0.90
0.60 1.01
0.65 1.11

Lodg.
0.56
0.61
0.70
0.79
0.89
1.00
1.10

TABLE 7 Achieved heritability estimates for grain yield (Yield), days to full maturity (DFM), days to flowering (DTF), plant height (PH),
bottom pod height (BPH), and lodging (Lodg.) at different selection intensities. The data refer to the progenies F;., in the Lavras-MG and
Itutinga-MG sites in the agricultural year 2016-2017

Selection
intensity

1%

5%

10%
15%
20%
25%
30%

Yield
bags ha!
—0.67
-0.79
—0.90
—1.01
-1.12
-1.23
-1.35

DFM DTF

0.24 -0.13
0.30 —-0.20
0.37 -0.26
0.44 —-0.30
0.50 —-0.35
0.56 —0.39
0.64 —-0.42

PH BPH
cm
0.96 -0.76
1.22 -0.90
1.38 -1.02
1.55 -1.13
1.74 -1.23
1.91 -1.32
2.14 —1.45

Lodg.
0.35
0.44
0.51
0.59
0.68
0.78
0.90

TABLE 8 Achieved heritability estimates for the traits grain yield (Yield), days to full maturity (DFM), days to flowering (DTF), plant height
(PH), bottom pod height (BPH) and lodging (Lodg.), at different selection intensities. The data refer to the progenies Fj.5 in the Lavras-MG and
Itutinga-MG sites in the agricultural year 2017-2018

Selection
intensity

1%

5%

10%
15%
20%
25%
30%

Yield

bags ha~!

0.48
0.56
0.64
0.70
0.75
0.82
0.88

DFM DTF
0.99 0.24
1.35 0.30
1.73 0.37
1.98 0.41
2.18 0.46
2.41 0.51
2.71 0.56

PH BPH
cm

2.12 -1.96
2.35 —2.56
2.69 -2.92
3.01 -3.30
3.28 -3.71
3.52 —4.15
3.79 —4.56

Lodg.
0.34
0.60
0.90
1.12
1.37
1.67
1.99
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TABLE 9 Achieved heritability estimates for the traits grain yield (Yield), days to full maturity (DFM), days to flowering (DTF), plant height
(PH), bottom pod height (BPH), and lodging (Lodg.) at different selection intensities. The data refer to progenies F;., and F;.5 in the agricultural

years 2016-2017 and 2017-2018, respectively

Selection Yield DFM DTF PH BPH

intensity bags ha! days cm Lodg.
1% -3.16 0.10 0.09 —-1.03 2.00 —-0.04
5% -3.85 0.12 0.13 -1.23 2.34 —-0.04
10% —4.53 0.15 0.17 -1.36 3.01 —-0.04
15% -5.13 0.17 0.20 -1.50 3.58 —-0.05
20% -5.71 0.20 0.23 -1.66 4.14 -0.07
25% —6.21 0.22 0.26 -1.83 4.66 —-0.09
30% —6.74 0.25 0.29 -2.00 5.17 —-0.11

selecting the most productive progenies at selection intensities
from 1 to 15%, an increase in the expression of the traits was
noted and a small decrease for the other intensities (Table 4).
The parents used to obtain the population were highly pro-
ductive and late for the region, explaining the low variations
of the correlated response.

To study the implications of the G X E interaction, the
methods to assess adaptability and phenotypic stability are
most commonly discussed in the literature. However, these
statistical tools are recommended to study the interaction in
the final stages of breeding programs, i.e., few genotypes eval-
uated in different environments. A question that arises for soy-
bean breeders is the influence of the interaction in the estima-
tion of genetic and phenotypic parameters in the early stages,
when progenies are normally evaluated at different sites and
agricultural years.

In this context, a little explored option by researchers is
obtaining achieved heritability (th). In the present work, we
obtained estimates of this genetic parameter considering the
combinations genotype X years/generations (G X Y), geno-
type X site (G X S), and genotype X site X years (G X S X Y).
Note that the estimates of hl%, considering the different com-
binations (Tables 5-9), have assumed values from negative to
greater than 1.00. Estimates of hlz2 greater or lower than the
heritability in the restricted sense in the reference generation
(Table 1) demonstrate the interaction effect (Lima, Ramalho,
& Abreu, 2010).

The interaction influenced the performance of the evalu-
ated progenies, especially for the effect of the G X Y interac-
tion. Borém and Miranda (2013) commented that this phe-
nomenon occurs frequently, especially when the sites are
restricted to a smaller region, as in the present study.

The results suggest that, to minimize the effects of the G x
E interaction, progeny evaluation should be performed in the
greatest number of possible sites per agricultural year and that
the selection of the best genotypes should also be considered
in previous generations to minimize the implications of the
interaction in the classification of the superior progenies.

S | CONCLUSION

The estimates of the components of variance show the
existence of variability among the progenies, allowing the
selection of superior genotypes. The G X E interaction influ-
ences the estimates of genetic and phenotypic parameters in
soybean. Achieved heritability is a tool to study the G X E
interaction.
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