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Abstract. The present study aimed to obtain estimates of the general (GCA) and specific (SCA)
combining abilities of three soybean parents by means of the half table balanced diallel and to
estimate genetic parameters of agronomic traits in F, populations. The experiment was organized
in complete randomized blocks with ten replications. The plants obtained from the combinations
between the parents UFU 510, UFUS 7415 and MG/BR 46 Conquista were individually
evaluated for thirteen agronomic traits. The results indicated that the parent UFUS 7415 had the
highest and most positive GCA values for the production components. The best cross was
UFU 510 x UFUS 7415, with the highest number of total pods and grain production. The three
combinations showed a high coefficient of heritability for the number of productive nodes. At the
crossing UFU 510 x UFUS 7415, greater selection gains and higher averages were observed for
the number of pods with one, two and three grains and the number of total pods.
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INTRODUCTION

The genetic breeding of plants is essential for maintaining the global food supply
and must evolve to offer products that meet population growth and cultivars capable of
overcoming the effects of climate change. The world consumption of oilseeds is
expected to continue, not only due to the expectation of population growth, but mainly
due to the increase in the consumption of animal protein (Nadathur et al., 2024). In the
Brazilian agricultural scenario, soybean crop (Glycine max (L.) Merrill) stands out as
one of the main commodities. In this sense, investments in soybean breeding programs
are indispensable for the search for more productive and adapted to climate change
genotypes.

For the success of the genetic breeding of soybean, to be informed about the genetic
parameters and to know the combinatorial ability of the available genotypes, makes it
possible to develop segregating populations for selective processes. The analysis of
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genetic parameters in soybean for agronomic traits is important to direct crosses and
maximize the genetic variability of segregating populations. These and other questions
can be answered from crosses that follow some genetic design (Bornhofen, 2019), such
as half table balanced diallel cross.

With the diallel analysis it is possible to obtain information about the behavior of
the involved parents and the hybrid combinations that result in superior segregating
populations by means of estimates of the general (GCA) and specific (SCA) combining
abilities (Teodoro et al., 2019). Evalutation of the combining ability of self-pollinating
species often use the relation between GCA and SCA to indicate the predominant type
of gene action in trait expression. GCA primarily reflects additive gene effects and
additive X additive interactions, whereas SCA is associated with dominance effects,
epistatic deviations, and genotype % environment interactions (Rialch & Sharma, 2019).

For soybeans, diallel analysis has proven effective in exploring genetic variability
and identifying the best parents for crosses. Bagateli et al. (2020) used a partial diallel to
estimate GCA and SCA for eight soybean genotypes, focusing on traits related to
production, plant architecture and maturity, which enabled them to select the optimal
genotypes combinations. Similarly, Soares et al. (2023) obtained valuable genetic
information on ten soybean parents and their F1 hybrids through diallel analysis,
allowing them to evaluate the dissimilarity between parents and crosses. Also, Chagas
et al. (2023) estimated the combining ability of soybean cultivars in the F, generation,
for agronomic, nutritional and industrial traits with the goal of identifying superior
segregating parents and populations.

In soybean crop there is a limitation regarding the use of F; generation plants for
diallel analysis due to the low availability of seeds (Friedrichs et al., 2016) and the
predominance of dominance deviations. An alternative is the evaluation of the diallel in
F» populations. In advanced generations, the dominance deviation is reduced and there
is a possibility that the effect of SCA is not meaningful (Pimentel et al., 2014).

Given the above, the objectives of the study were to obtain the GCA and SCA
estimates of three soybean parents through the half table balanced diallel, determine
genetic parameters of important agronomic traits and estimate the gain selection in F»
populations, in order to identify the genotypes and the combinations considered
promising for the development of superior lines.

MATERIALS AND METHODS

The experiment was carried out in the 2017/2018 season, in an experimental area
located at Sao Lourenco Farm (18°31° 20.6” S and 46° 04’ 49.5” W), in the municipality
of Varjdo de Minas, Minas Gerais, Brazil. The seeds of the F, generation were obtained
from the crosses UFU 510 x UFUS 7415, UFU 510 x MG/BR 46 Conquista and
UFUS 7415 x MG/BR 46 Conquista. The parents show resistance to the nematode of
the galls Meloidogyne incognita and Meloidogyne javanica (MG/BR 46 Conquista),
high yield potential, early cycle and tolerance to Asian soybean rust (UFUS 7415) and
tolerance to white mold (UFU 510).

The area was prepared in the conventional tillage system with plowing and two
harrows, followed by furrowing. Sowing fertilization was carried out with the formula
NPK 02-28-18, at a dose of 400 kg ha'!. Prior to sowing, the seeds were treated with
fungicide (Carbendazim and Tiram) and inoculated with Bradyrhizobium japonicum,
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SEMIA 5079 and SEMIA 5080 strains. Each F, generation was sown in pits, with a
spacing of 0.50 m between rows and 0.25 m between plants. A randomized complete
block design with ten replications was adopted. During the conduct of the experiment,
the management of pests and diseases were carried out through applications of
insecticides and fungicides, based on technical recommendations and the need of the
crop (Embrapa, 2013). To assist in biological nitrogen fixation, 30 days after emergence,
cobalt and molybdenum were applied via foliar at a dosage of 100 mL ha™.

The plants were evaluated individually to obtain information about the following
agronomic traits: Plant height at flowering (PHF) and maturity (PHM): measured in cm,
from the soil surface to the end of the main stem when the plants were in the reproductive
stage R1 and R8; Number of nodes on the main stem at flowering (NNF) and maturity
(NNM): determined by counting the number of nodes on the main stem, when the plants
were in the reproductive stage R1 and R8; Number of productive nodes (NPN): number
of nodes with pods at maturity; Number of days for flowering (NDF) and for maturity
(NDM): defined as the number of days from emergence to flowering, when
approximately 50% of the plants in the useful plot had at least one open flower (R1) and
when 95% of the pods in the useful area of the plot were mature (R8); Insertion height
of the first pod (IHP): distance, in cm, measured from the soil surface to the first pod;
Number of pods with one grain (NP1), with two grains (NP2) and with three grains
(NP3): after harvesting, the number of pods with one, two and three grains was counted;
Total number of pods per plant (TNP): obtained by the sum of number of pods with one,
two and three grains; Grain production per plant (GP): after harvesting, the plants were
traced manually, and their grains had their mass determined on an analytical balance,
with four decimal places.

The data for each trait was submitted to analysis of variance and the significance
level was analyzed using the F-test, at 5% probability. After obtaining the mean of the
crossings for the evaluated traits, a half table balanced diallel analysis was carried out
according to Griffing's (1956) method 2 and adapted by Geraldi & Miranda Filho (1988).

The effect of the treatments (averages of the three F» populations and the three
parents) was estimated using the mathematical model:

Yj=u+ g+ g+ s;+tg (D)
where Yj: average value of the hybrid (i # j) or parent combination (i = j); w: general
mean of the diallel; g; and g;: effects of the general combining ability of the i-th and the
j-th parent, respectively; s;: effect of specific combining ability for crosses between
parents of order i and j; &: mean experimental error.

From the phenotypic values of individuals from the generations of parents and F»,
the genetic parameters described below were estimated (Cruz et al., 2012):
Genotypic variance in F»:
6(?(1?2) = 613(F2) - 6(—32(F2) (2)
where 67 z,: genetic variance of the Fa population; 67 r,,: phenotypic variance of the F»
population; 632( F2): environmental variance of the F population.
Environmental variance in F:

1
822y = 5 [0'(11) + 60y 3)
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where 62,: environmental variance; &f,y: phenotypic variance of the parent 1;

6(n2): phenotypic variance of the parent 2. Phenotypic variance in Fa:
6§(F2) = 53(1?2) - 6'e2(F2) “)
where 613(,;2): genetic variance of the F» population; 65(1;2): phenotypic variance of the
F> population; 63(”): environmental variance of the F» population.
Heritability in the broad sense:
A2
06(r2)

hZ = -100 (5)

Gh(r2)
where h3: heritability in the broad sense; 65(,): genetic variance of the F2 population;
67 (r2): Phenotypic variance of the F, population.
Prediction of gains by selection:
AG
AGY% = X_o (6)
where AG: selection gain; obtained by DS x h?; DS: selection differential, given by
DS = X, — X,: average of selected; X,: observed average of the F» population;
h?: heritability.
Number of genes involved in the trait expression:
2 2
R (; f20.51< ) o
Og
where n: number of genes; R:amplitude between the means of the parents or
R = P, + P, ; 62: genetic variance.
The means were compared by the Tukey test at the 5% probability level. All
analyzes were performed using the Computational Program in Genetics and Statistics -
GENES (Cruz, 2016).

I]:

RESULTS AND DISCUSSION

Significant effects were found for the general (GCA) and specific (SCA) combining
abilities for the agronomic traits number of days to maturity (NDM), plant height at
flowering (PHF), plant height at maturity (PHM), number of pods with one and two
grains (NP1 e NP2), total number of pods per plant (TNP) and grain production per plant
(GP) (Table 1). The significance of the parameters for GCA indicates that there is
variability in the additive gene effects and the significance for SCA indicates the
predominance of dominance deviations. In breeding programs, the information about
GCA and SCA are essential to identify parents that result in promising combinations
(Gayosso-Barragan et al., 2019; Kibalnik et al., 2021).

The coefficients of variation (CV) were good, ranging from 0.74% (NDM)
to 40.66% (NP1) (Table 1). Higher CV estimates were observed for production
components (NP1 and NP3), which is common and occurs because these traits are
quantitative, controlled by many genes and highly influenced by the environment
(Leite et al., 2015).
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The effects of SCA are more important than those of GCA, since the mean square
associated with SCA was significant for most of the traits analyzed, which reinforces the
greater contribution of non-additive gene action in the control of these traits (Table 1).
Bagateli et al. (2020) informs that positive SCA estimates indicate the presence of
numerous heterozygous loci leading to greater potential genetic variability, besides
being associated with elevated mean values.

Table 1. Summary of the analysis of variance of the partial diallel involving three parents and
their hybrid combinations

FV DF Medium square

NDF NDM PHF PHM NNF NNM  NPN
Genotypes 5  1.48™ 3.66%*  280.36*%* 187.59* 2.90* 24.05™ 8.56"™
GCA 2 0.05™ 2.05* 628.78** 184.13" 3.23™  12.35™ 121"
SCA 3 244r 474%%  48.09™ 189.90* 2.68™ 31.85"™ 13.46"™
Residue 45 091 0.58 52.61 62.01 1.01 16.52  6.12
Overall Average 44.85 103.61 53.54 67.39 1249 1597 14.17
CV (%) 2.13  0.74 13.54 11.68 8.05 2544 17.46

Medium square
Fv DF HIP NP1 NP2 NP3 TNP GP
Genotypes 5 236" 260.92%*%  475.06%*% 493.43™  2.679.72%  473.84**
GCA 2 170"  31.89" 184.38"  410.23™  1,220.51™ 225.30™
SCA 3 2.81™  413.61*%* 668.85** 548.90™  3,652.54*  639.54**
Residue 45 1.12 67.26 103.46 308.90 866.70 100.82
Overall Average 10.11 20.16 52.01 60.49 132.67 49.97
CV (%) 10.46 40.66 19.55 29.05 22.18 20.09

** *: significant at the level of 1% and 5% probability, respectively, by the F and ™ test, not significant by
the F test. DF: Degrees of freedom; CV: coefficient of variation; NDF: number of days for flowering;
NDM: number of days to maturity; PHF: plant height at flowering; PHM: plant height at maturity;
NNF: number of nodes on the main stem in flowering; NNM: number of nodes on the main stem at maturity;
NPN: number of productive nodes; HIP: height of insertion of the first pod; NP1, NP2 e NP3: number of
pods with one, two and three grains; TNP: total number of pods per plant; GP: grain production per plant.

Colombo et al. (2018), when analyzing the GCA and SCA of soybean genotypes
for agronomic attributes, also identified the predominance of SCA. In contrast, Soares
et al. (2023) found highest GCA estimates, which indicates a predominance of additive
gene effects in controlling the traits. The differing results can be attributed to the specific
population under study, as estimates of genetic parameters are inherently tied to the
target population (Soares et al., 2023). Additionally, the complexity of quantitative trait
inheritance and the influence of genotype-environment interactions may account for the
observed discrepancies (Goksoy et al., 2019).

Estimates of the effects of the GCA of each genotype for the evaluated traits are
shown in Table 2. Positive or negative values for GCA indicate that the parent is higher
or lower, respectively, than the average of the other parents (Cruz et al., 2012). For
production components (NP1, NP2, NP3, TNP and GP), the UFUS 7415 genotype
showed the highest and most positive values of the GCA estimates (0.74, 1.67, 3.26,
5.69 and 2.20, respectively). In the crossings in which this parent participates, there will
be a contribution to the increase of production components, a desired trait in soybean
breeding programs. Rocha et al. (2019) also found positive GCA values for total number
of pods and for grain production per plant in segregating soybean populations.
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Table 2. Estimates of the effects of the general (GCA) and specific (SCA) combining abilities of
agronomic traits evaluated in a partial diallel with three parents

GCA

NDF NDM PHF PHM NNF NNM NPN HIP NP1 NP2 NP3 TNP GP
UFUS510 0.03 021 -395 -2.10 001 026 006 -020 0.10 -2.00 -1.20 -3.19 -2.03
UFUS 7415 -0.03 -0.03 1.04 043 -0.25 -0.57 -0.17 0.15 0.74 1.67 326 5.69 220
MG/BR 46 -0.00 -0.18 290 1.66 024 030 011 0.04 -0.84 041 -2.06 -249 -0.17
Conquista

Genotypes

SCA
Genotypes \DF NDM PHF PHM NNF NNM NPN HIP NPl NP2 NP3 TNP GP
1x1 010 025 143 -401 043 -143 -094 0.18 -2.79 -1.87 -6.73 -11.40 -6.64
1x2 063 -0.64 252 424 -020 042 068 -0.59 876 6.57 8.89 2423 7.50
1x3 042 013 -033 378 -0.67 244 120 021 -3.18 2.81 458 -141 578
2x2 031 065 190 -072 010 016 -0.56 049 -5.13 -7.69 -3.85 -16.68 -5.31
2x3 001 -0.65 -127 -2.78 -0.00 -0.76 045 -039 149 881 -1.18 9.13 3.13
3x3 2021 025 080 -049 033 -0.84 -0.83 008 084 -3.00 -1.70 -3.85 -4.45

NDF: number of days for flowering; NDM: number of days to maturity; PHF: plant height at flowering;
PHM: plant height at maturity NNF: number of nodes on the main stem in flowering; NNM: number of
nodes on the main stem at maturity; NPN: number of productive nodes; HIP: height of insertion of the first
pod; NP1, NP2 e NP3: number of pods with one, two and three grains; TNP: total number of pods per plant;
GP: grain production per plant; 1: UFU 510; 2: UFUS 7415; 3: BR/MG 46 Conquista.

The height of the plant at flowering and maturity is an important trait, as it
influences lodging, another trait that limits the yield potential of the crop (Hwang &
Geon, 2019). For PHF and PHM, the parent UFU 510 presented negative values of the
GCA estimates (-3.95 and -2.10, respectively), which contributes to the reduction of the
average in the analyzed traits, since soybean plants with heights less than 100 cm are
ideal (Table 2). Mishra (2019), in order to evaluate six soybean genotypes by means of
the general and specific combining abilities in F; and F» generations, obtained significant
and negative (-2.49) value of GCA for plant height in one of the analyzed genotypes.

For the height of insertion of the first pod, the values observed were -0.20, 0.15 and
0.04 for the parents UFU 510, UFUS 7415 and MG/BR 46 Conquista, respectively
(Table 2). IHP is an important trait to be analyzed, as the traditional cultivation of
soybean depends on mechanized harvesting and cultivars with low values for this trait
can be damaged during the harvesting process. In addition, the height of insertion of the
first pod is a trait that positively correlates with yield (Jiang et al., 2018).

For the variables NNF, NNM and NPN, the MG/BR 46 Conquista genotype showed
the highest positive values, which indicates that it is a promising parent for the
manufacture of more productive plants (Table 2). Leite et al. (2016) observed a positive
and significant genotypic correlation between the traits grain yield and number of nodes
per plant, indicating that the selection of plants with a higher number of nodes would
result in more productive plants. It is noteworthy that one of the main objectives of
soybean breeding programs is to seek cultivars with higher and earlier values of yield.

The flowering and maturation period are important agronomic traits and it is crucial
to select early maturing varieties that minimally affect seed yield and weight (Copley et
al., 2018). In this perspective, the parents UFUS 7415 and MG/BR 46 Conquista
presented negative estimates for NDF and NDM, which indicates the contribution of
these genotypes to reduce the cycle. When considering the effects of GCA, it was
observed that the traits analyzed obtained wide variation in the estimates. The parents
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showed independent behaviors, which contributes to increase or decrease the average of
the analyzed variables.

The SCA demonstrates the behavior of hybrids based on the general combining
ability of their parents and is related to nonadditive gene effects (Cruz et al., 2012).
Estimates of the effects of SCA to determine the best hybrid combinations are shown in
Table 2. The cross UFU 510 x UFUS 7415 presented negative SCA estimates for the
traits NDF (-0.63), NDM (-0.64), IHP (-0.59) and high magnitude and positive estimates
for the production components NP1 (8.76), NP2 (6.57), NP3 (8.89), TNP (24.23) and
GP (7.50). The means described in Table 3 for the traits mentioned were satisfactory and
within the recommended for soybean. The good performance of the F, generation, which
obtained values higher than its parents for the production componentes, stands out.

Table 2 shows that the combination UFU 510 x BR/MG 46 Conquista demonstrated
the best positive SCA estimates for the variables NNM (2.44) and NPN (1.20). The
averages (Table 3) ranged from 15.07 to 19.00 for the number of nodes on the main stem
at maturity and 13.35 to 15.55 for PN. The segregating population obtained higher
estimates for the traits analyzed.

Table 3. Averages of agronomic traits of three soybean parents and F» populations

Population A Population B Population C

Traits UFU 510 (P)) x UFU 510 (P) x UFUS 7415 (P2) x
UFUS 7415 (Py) MG/BR 46 Conquista (P3) MG/BR 46 Conquista (P3)
P, P, F> P, Ps F» P, P F2

NDF 4502 45.10 4422 45.02 44.62 4530 45.10 44.62 44.82
NDM 10430 104.20 103.15 10430 103.50 103.78 104.20 103.50 102.80
PHF 47.06 57.53 48.10  47.06 60.15 52.16 57.53 60.15 55.67
PHM 59.17 67.53 69.97 59.17 70.21 70.73 67.53 70.21 67.09
NNF 12.95 12.07 12.04 12.95 13.32 12.08 12.07 13.32 12.34
NNM 15.07 15.00 16.09 15.07 15.75 19.00 15.00 15.75 14.91
NPN 13.35 13.25 14.74 13.35 13.57 15.55 13.25 13.57 14.13
HIP  9.89 10.92 9.54 9.89 10.30 10.18 10.92 10.30 10.13
NP1 17.57 16.52 29.78 17.57 19.32 16.24 16.52 19.32 21.74
NP2 4595 47.67 58.17 45.95 49.85 47.52  47.67  49.85 63.51
NP3  51.35 63.17 71.45 51.35 54.65 61.81 63.17 54.65 62.41
TNP 114.87 12737 159.40 114.87 123.82 125.57 12737 123.82 147.66
GP 39.26  49.06 57.64 39.26  45.17 53.55 49.06  45.17 55.03
NDF: number of days for flowering; NDM: number of days to maturity; PHF: plant height at flowering;
PHM: plant height at maturity NNF: number of nodes on the main stem in flowering; NNM: number of
nodes on the main stem at maturity; NPN: number of productive nodes; HIP: height of insertion of the first

pod; NP1, NP2 ¢ NP3: number of pods with one, two and three grains; TNP: total number of pods per plant;
GP: grain production per plant; Fa: F; self-fertilization.

For PHF (-1.27) and PHM (-2.78), negative effects of SCA were observed on the
cross UFUS 7415 x BR/MG 46 Conquista (Table 2). These observations, added to the
fact that the parents have the best averages (Table 4) for the analyzed variables, allows
us to affirm that this crossing brings together desirable traits, because very low plants
(less than 60 cm) compromise yield and very high plants (over 100 cm) are more
susceptible to lodging (Sediyama et al., 2015). Bagateli et al. (2020), in order to estimate
the general and specific combining abilities of eight soybean genotypes, found negative
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SCA values and averages within the recommended for soybean culture in seven of the
fifteen analyzed combinations.

For the agronomic attributes of economic interest, the cross UFU 510 x UFUS 7415
presents itself as the most favorable, since it has the best means and estimates of SCA
(Tables 2 and 3) and is composed of the best ranked parent from the GCA for the
components of production (Table 2). Hybrid combinations involving at least one parent
with favorable GCA estimates are of greater interest to breeders, as they are more
important than SCA, since the objective is not to obtain hybrids, but is indicative of
heterosis caused by the effects of the combination (Rocha et al., 2019).

The estimates of the variance components for quantitative traits generate
information about the genetic structure of a segregating population, favoring the
selection of superior genotypes. The phenotypic variance ranged from 4.47 (NDF) to
7540.82 (TNP) in the combination UFU 510 x UFUS 7415; from 2.79 (NDF) to 2748.34
(TNP) for the combination UFU 510 x BR/MG 46 Conquista; and from 2.27 (NDF) to
2753.86 (TNP) for the combination UFUS 7415 x BR/MG 46 Conquista (Table 4).

Table 4. Estimates of variances of agronomic traits for three combinations of soybean cultivars
obtained from F, and their parents

Population A Population B Population C
~UFU 510 (Py) x UFU 510 (P)) x UFUS 7415 (P2) x

Traits  ypUS 7415 (Py) MG/BR 46 Conquista (P;3)  MG/BR 46 Conquista (P3)

I R R R 52 52 52 82
NDF 447 1.67 2.80 2.79 1.38 1.40 2.27 1.49 0.77
NDM 5.13 2.47 2.66 4.75 2.33 2.42 4.24 0.95 3.28
PHF 11220 94.89 17.31 136.45 148.49 - 149.21 153.65 -
PHM 437.57 78.10 359.47 194.10 176.15 17.97 118.31 164.45 -
NNF 2.80 2.57 0.23 3.58 4.13 - 3.45 2.96 0.49
NNM 12.51 3.16 9.34 930.72 4.64 926.08  7.94 2.96 4.97
NPN  30.13 2.70 27.43 94.42 3.60 90.82 69.51 2.68 66.83
HIP  8.97 1.94 7.02 3.60 0.95 2.64 8.00 1.64 6.35
NP1  2,864.96 93.53 277142 76.40 79.26 - 111.85 8531 26.53

NP2 684.64 39626 28838 497.64 353.11 14453 58439 44933 135.06
NP3  1,343.07 96229  380.78 1,052.21 613.38  438.82 87299  858.42 14.57

TNP  7,540.82 2,359.35 5,181.47 2,748.34 1,500.61 1,247.73 2,753.86 2,470.63 283.23
GP 530.27 220.89 309.38 484.42 12838  356.04 675.62 231.83 443.78

6f2: phenotypic variance; 62: environmental variance; 6;: genotypic variance; NDF: number of days for

flowering; NDM: number of days to maturity; PHF: plant height at flowering; PHM: plant height at maturity
NNF: number of nodes on the main stem in flowering; NNM: number of nodes on the main stem at maturity;
NPN: number of productive nodes; HIP: height of insertion of the first pod; NP1, NP2 e NP3: number
of pods with one, two and three grains; TNP: total number of pods per plant; GP: grain production per
plant; -: negative estimates.

In population A (UFU 510 x UFUS 7415), the genotypic variance was greater than
the environmental variance for the agronomic traits NDF, NDM, PHM, NNM, NPN,
IHP, NP1, TNP and GP; in population B (UFU 510 x BR/MG 46 Conquista) for NDF,
NDM, NNM, NPN, IHP and GP; and in population C (UFUS 7415 x BR/MG 46
Conquista), for the traits NDM, NNM, NPN, IHP e GP (Table 4).
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The highest estimates observed in the three populations for genotypic variance
ranged from 283.23 to 5181.47 for TNP (Table 4), which indicates potential for the
selection of that trait. The results of the present study are similar to those found by Santos
et al. (2019), who observed genetic variance superior to the environmental variance for
the total number of pods per plant when evaluating the genetic and agronomic parameters
in soybean F, progenies from twenty two-parent crosses.

In breeding programs, it is essential to know the genetic variation of a given trait
and the effects on the phenotype, since the variance from the environment makes it
difficult to recognize superior genotypes (Hamawaki et al., 2012). Heritability is one of
the most useful genetic parameters for breeding, as it enables inferences about selection
gains (Silva et al., 2021). When heritability is high, it means that the phenotypic variation
is mainly due to the additive (inheritable) effects of the genes (Falconer & Mackay,
1996). Heritability estimates in the broad sense of high magnitude can be observed in
the three populations analyzed for the NPN. The values were between 91.03% to 96.18%
(Table 5). The results observed for the NPN were higher than those found by Teixeira et
al. (2017) and Vianna et al. (2019), with heritability estimates for the NPN trait of
73.57% and 48.54%, respectively.

Table 5. Estimates of genetic parameters of agronomic traits in generations P, P, and F; for three
combinations of soybean cultivars

Population A Population B Population C
UFU 510 (Py) x UFU 510 (Py) x UFUS 7415 (P2) x
Traits UFUS 7415 (P2) MG/BR 46 Conquista (P3) MG/BR 46 Conquista (P3)
2 GS % W2 GS % W2 GS %
h; 1 (%) Average*h; 1 (%) Average* h; 1 (%) Average

NDF 62.60 642 -342 4270 5035887 -2.11 4434 339413.13 -1.16 44.29
NDM 5190 9.18 -1.40 101.70 50.86 13.21 -1.22 102.50 77.515.47 -1.77 100.97

PHF 1543 20354.16 50.11 - - -2.17 51.02 - 9.32 -0.70 55.28
PHM 82.15 3.54 28.67 90.03 925 40.17235 7240 - - -7.93  61.77
NNF 832 3423143 1221 - -2.87 11.73 14.17 65.25 2.18 12.60

NNM 7471 2.62 20.34 1937  99.50 12.97 63.47 31.05 62.62 11.08 14.49 17.07
NPN 91.03 10.93 33.97 19.74  96.18 5.10 51.41 23.55 96.147.42 48.64 21.00
HIP  78.33 4.00 30.54 1245 73.394.72 16.87 11.89 7939 8.66 24.20 12.58
NP1  96.73 4.58 137.1470.62 - - -2.89 1577  23.7213.73 1599 25.21
NP2 42.12 9.11 25.04 7273  29.04 7.32 18.94 56.52  23.11 11.81 11.67 70.92
NP3 2835 9.48 19.37 8529  41.70 6.23 30.19 80.47 1.66 177.891.08 63.08
TNP 68.71 5.53 49.71 238.63 45.394.76 26.01 15823 10.2831.22 4.84 154.82
GP 5834 6.56 31.46 75778 7349442 4274 7644  65.68 3.68 41.57 77.91

h2: Heritability in the broad sense; n: number of genes; GS: prediction of gains by selection; NDF: number
of days for flowering; NDM: number of days to maturity; PHF: plant height at flowering; PHM: plant height
at maturity NNF: number of nodes on the main stem in flowering; NNM: number of nodes on the main stem
at maturity; NPN: number of productive nodes; HIP: height of insertion of the first pod; NP1, NP2 e
NP3: number of pods with one, two and three grains; TNP: total number of pods per plant; GP: grain
production per plant; -: negative estimates; *Average predicted for the 1st cycle after selection.

When analyzing population A, it is also observed estimates of heritability higher
than 70% for the traits PHM, NNM, IHP and NP1; in population B for the traits NNM
and IHP; and in population C for NDM and IHP (Table 4). Values above 70% for
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heritability indicate that simple selection methods can generate considerable gains,
since the environment has no significant influence on the analyzed variable (Santos et
al., 2018).

Another important genetic parameter to be analyzed is the number of genes. The
estimation of this parameter shows us whether the trait under study is controlled by many
or few genes. According to Stacke et al. (2020) the inheritance can be classified as
monogenic (one gene), oligogenic (a few genes), or polygenic (many genes).
The combinations UFU 510 x UFUS 7415, UFU 510 x BR/MG 46 Conquista and
UFUS 7415 xBR/MG 46 showed the highest number of genes, respectively, for NNF
(34.23), PHM (40.17) and NP3 (177.89) (Table 5) and are considered as polygenic traits.
Silva et al. (2021) also found polygenic inheritance for traits related to production and
plant cycle. Important agronomic traits are considered polygenics and have low
heritability with their expression significantly influenced by environment conditions
(Baldissera et al., 2014, Silva et al., 2021).

Based on the analysis of genetic parameters for the three crosses, the possibility of
selecting superior genotypes in the F, generation was verified. Thus, the selection gain
obtained and the average for the first cycle after selection were estimated (Table 5). The
greatest genetic gains were obtained for the traits NP1 (137.14%), NNM (63.47%) and
NPN (48.64%) in populations A, B and C, respectively (Table 5). In this work, greater
positive selection gains were observed in the combination UFU 510 x UFUS 7415, with
a higher predicted average, when compared to other crosses, for the production
components NP1 (70.62), NP2 (72.73), NP3 (85.29) and TNP (238.63).

For the NDM trait, the estimates for selection gain were negative, corroborating
with the results found by Amaral et al. (2020) and diverging from those found by Leite
et al. (2018) who studied agronomic traits in soybeans and obtained positive values for
the mentioned trait. For PHM and IHP, the selection gain was 28.67 and 30.54 for the
combination UFU 510 x UFUS 7415; 2.35 and 16.87 for the combination
UFU 510 x BR/MG 46 Conquista; and -7.93 and 24.20 for UFUS 7415 x BR/MG 46
Conquista (Table 5). The average predicted for PHM was between 61.77 cm and 90.03
cm and for HIFP between 11.89 cm and 12.58 cm. Thus, it was observed that the three
segregating populations met the criteria considered ideal for culture.

The average predicted for GP ranged from 75.78 g to 77.91 g when analyzing the
three combinations (Table 5). In addition, positive values for GP were observed in all
segregating populations that ranged between 31.46% and 42.74%, which indicates the
possibility of gains with the selection. Bizari et al. (2017), Teixeira et al. (2017) and
Silva et al. (2021) also observed gains for grain production in segregating soybean
population. Hamawaki et al. (2012) explains that selection gains are directly associated
with the differences between the means of the selected group and the original population
and also linked to increased heterogeneity.

CONCLUSIONS
The parent UFUS 7415 presents the highest and most positive values of the GCA

estimates for the production components. The cross UFU 510 x UFUS 7415 presents
the highest number of total pods and grain production. The combinations

1430



UFU 510 x UFUS 7415, UFU 510 x MG/BR 46 Conquista and UFUS 7415 x MG/BR
46 Conquista show a high heritability coefficient for the number of productive nodes. In
the population of the crossing UFU 510 x UFUS 7415, greater selection gains and
higher averages are observed for the production components NP1, NP2, NP3 and TNP.
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