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Abstract: The present study aimed to evaluate the combining ability of 16
soybean genotypes using a partial diallel. Two experiments were carried out
to estimate the general (GCA) and specific (SCA) combining ability, one with
64 crosses and the other with 16 parents. At the R, stage, F, plants and the
parents were evaluated for the following traits: number of days to flowering
(NDF), number of days to maturity (NDM), plant height at maturity (PHM), and
grain yield (GY). Results indicated genetic variability between the parents and
between the crosses. For GY, six (37.5%) parents stood out with high yield. The
GCA and SCA estimates were significant for all traits, revealing additive and
non-additive effects. The parent USP 04-17.027 (4) was superior for presenting
the highest means, heritability, and GCA. The cross (4x13 = USP 04-17.027 x
USP 231-2224-12) stood out owing to the highest SCA for GY.

Key words: Glycine max, diallel analysis, combining ability, partial diallel, ge-
netics parameters.

INTRODUCTION

Soybean [Glycine max (L.) Merrill] is the most important oilseed crop in the
world. Currently, the species is cultivated in several tropical and subtropical
regions, being the United States and Brazil the largest producers and exporters
worldwide (USDA 2017). In Brazil, soybean is one of the most significant
agricultural products for agribusiness, with a prominent spot in the export
agenda of the country.

Soybean has a high oil content (about 20%) and protein content (about
40%), accounting for approximately 60% of the total dry weight of the seeds.
Therefore, soybean is primarily used in the industry as a source of edible oil for
human food and protein for animal feed (Yadav 1996, Burton 1997). Due to the
importance of soybean in the global scenario, its grain yield must be improved
since it is the most important trait for the commercial production of this plant.

Grain yield is controlled by several genes. For this reason, the obtainment
of extreme individuals requires the use of large populations. In the case of
segregating populations of self-pollinated plants, the probability of maintaining
the individuals with all favorable alleles is reduced with the advancement of
the generations (Ramalho et al. 1993). This fact requires that an increasing
number of families be evaluated over the generations, which often hinders the
success of the breeders. To reduce this problem, early generation testing in the
breeding of self-pollinated plants was proposed to make a selection based on
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quantitative traits. These traits usually have reduced heritability when compared with the qualitative ones, which, in
turn, are expected to be more efficiently altered by selection at the initial segregant generations (Fehr 1987). Rosal et al.
(2000) evaluated the efficiency of early selection for grain yield in a bean crop (Phaseolus vulgaris L.) and concluded that
early selection was effective mainly in eliminating families with the worst performance, which consequently reduced the
labor of breeders in advanced generations. Likewise, Carvalho et al. (2009) investigated the early selection in progenies
derived from F, plants and progenies derived from F, plants in soybean and concluded that early selection could be
used to discard non-promising progenies in soybean breeding programs.

The experimental assessment of the segregant families will allow identifying those with a superior genotypic value
for one or more polygenic traits, such as grain yield. This helps assure the selection in the following generations of most
promising genotypes with performance superior to that of the initial parents.

In this context, this research aimed to estimate genetic parameters and evaluate the agronomic performance, in
order to identify possible promising genotypes to be used in future programs focused on high grain yield.

MATERIAL AND METHODS

Biparental crosses were made in 2010/2011 to obtain the 8 x 8 partial diallel using 16 inbred lines, which were divided
into two groups of eight lines each (Table 1). Group 1 presented lines with tolerance to a disease complex (emphasis on
resistance to stem and cyst nematodes) and high oil content. Group 2 presented lines with tolerance to the same disease
complex and Asian soybean rust. Hybridizations were performed in a greenhouse at the Sector of Applied Genetics to
Self-Pollinated Species, Department of Genetics, ESALQ/USP, in Piracicaba, SP.

The advance of the F, generation was performed in 2011/2012, in the field, to obtain F, seeds intended for planting
in the next crop season. Each seed of the F, pods was sown in trays to obtain seedlings. Seedlings were transplanted
in the field, spacedat 0.80 m x 0.80 m apart. F, plants were harvested individually. Subsequently, F, seeds were sown
in the field in 2012/2013.

Table 1. Parents used in the 8 x 8 partial diallel between eight parents with high oil content and resistantto diseases, such as stem
and cyst nematodes, and eight parents tolerant to Asian soybean rust

Parents Genotypes?® Pedigrees

01 USP 04-18.092 MT 123800 x USP 11-14 = MT 123800 x (Foster x FT 79-3408)

02 USP 02-16.122 USP 02 FR x USP 06 FB PC = (Primavera x Forrest) x (SOC 81-76 x Foster)

03 USP 02-16.045 USP 04 x USP 05 PC = (Primavera x Forrest) x (Kirby x FT-2)

04 USP 04-17.027 USP-2-1 x USP 93-5280 = (Primavera x Forrest) x (Paranagoiana x Sel. Jackson-4028)

05 USP 04-17.039 USP-1-19 x USP 93-5280 = (IAC-Foscarin-31 x Forrest) x (Paranagoiana x Sel. Jackson-4028)

BUSP 16-015 x USP 97-10.046 = [(IAC-Foscarin-31 x Forrest) x (Foster x FT 79-3.408)] x [(Primavera x SOC 81-

06 USP 231-4124-04 797 (1AC-10 x GO 81-11.046)]

07 USP 231-3225-11  USP 02-16.045 x USP 97-10.046 = (USP 04 x USP 05 PC) x [(Primavera x SOC 81-79) x (IAC-10 x GO 81-11.046)]
08 USP 231-4112-01 USP 97-08.135 x USP 97-10.046 = (IAS-5 x IAC-100) x [(Primavera x SOC 81-79) x (IAC-10 x GO 81-11.046)]

09 TMG INOX CB-07-958-B

10 USP 04-17.011 USP-1-19 x Pl 181.544 = (IAC-Foscarin-31 x Forrest) x Pl 181.544

11 USP 231-2228-01 USP 97-08.135 x 191-102-03 = (IAS -5 x IAC-100) x {[(TN#4 x P1 230.970 F7-4) x Doko] x Ocepar}

12 USP 231-2132-04 USP 11-38 x 191-103-12 = (Foster x FT 79-3.408) x {[(TN#4 x Pl 230.970 F7-4) x Doko] x Hakucho}

13 USP 231-2224-12 375-2)9;]31&(();]12 )é)izéélr(})z_og = [(Primavera x SOC 81-79) x (IAC-10 x GO 81-11.046)] x {{(TN#4 x Pl 230.970

14 USP 231-6101-10 USP 97-10.046 x 191-103-12 = [(Primavera x SOC 81-79) x (IAC-10 xGO 81-11.046)] x {[(TN#4 x Pl 230.970

F7-4) x Doko] x Hakucho}
15 USP 231-1228-09 USP 14-06-20 x 191-103-12 = (IAC-4 x Conquista) x {[(TN#4 x PI 230.970 F7-4) x Doko] x Hakucho}

USP 191-102-03 x 191-103-12 = {[(TN#4 x Pl 230.970 F7-4) x Doko] x Ocepar} x {[(TN#4 x P1 230.970 F7-4) x

16 USP 231-2222-12 Doko] x Hakucho}

2The 16 parents are experimental lines, with 15 parents developed by the Sector of Applied Genetics to Self-Pollinated Species, Department of Genetics, ESALQ/USP; the
TMG INOX was developed by Tropical Melhoramento e Genética (TMG).
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In 2012/2013, the experiment was conducted in randomized blocks, with ten replications subdivided into two
experimental sets, with three common checks (CB 07-958-B, BRS 133, IAC-100). Each set involved 32 crosses and the
three common checks. Treatments were randomized within each set, and the order of sets was randomized within each
replication. Twenty seeds were sown in the experimental plot, which consisted of a 3.0 m (2.0 m sown + 1.0 m path) x
0.5 m row, i.e., 1.5 m2. Each cross was represented by approximately 200 F, plants. The 16 parents and the same three
common checks were planted in an additional randomized block design experiment with four replications. In total, 640
plots of crosses and 64 plots of parents were sown, in addition to three common checks. The F, plants were harvested
and threshed individually.

The following traits were evaluated: number of days to flowering (NDF), which refers to the interval between the
dates of sowing and the emergence of the first flower; number of days to maturity (NDM), which comprised the period
between sowing and the phenological stage R, (maturation); plant height at maturity (PHM), which corresponded to
the distance in centimeters from the soil surface to the end of the main stem; and grain yield (GY), which was calculated
by harvesting all the plants of the area of each plot and threshing individually, followed by drying at 13% of moisture
(data obtained in g plot! transformed to kg ha?).

The analysis of variance was performed according to the experimental design of randomized blocks using the R
software. For the significant sources of variation by the ANOVA F test, the Scott and Knott (1974)s test at 5% probability
was used for multiple comparisons and means grouping.

The broad-sense heritability coefficient, in percentage, was estimated from the phenotypic, genotypic, and environmental
variances, based on Bernardo (2010). Heterosis and inbreeding depression were calculated as percentages for GY and
estimated according to Vencosvsky and Barriga (1992), with the necessary adjustments to the F, data so that the results
were expressed at the F, level.

The diallel analysis was performed after obtaining the mean of the crosses in each plot. To estimate the effects of
general (GCA) and specific (SCA) combining ability, data were analyzed based on the method 4 of Griffing (1956)’s Model
I, i.e., only the hybrids were included in the diallel analysis. These estimations were performed using Genes Statistical
Software (Cruz 2013) for a partial diallel.

RESULTS ANDDISCUSSION

The analysis of variance of the checks revealed environmental homogeneity between the experiments; consequently,
data adjustment was not necessary (Federer 1956). The analysis of variance showed genetic variability between parents
and between crosses. Both experiments, parents and crosses, had satisfactory experimental precision, with coefficients
of variation (CVs) ranging from 1.43% (NDF) to 24.0% (GY) and from 2.74% (NDF) to 22.0% (GY), for the experiment
with the parents (EP) and with the crosses (EC), respectively. These values are in accordance with those found in the
literature for plant breeding experiments (Ramalho et al. 2012), especially for soybean breeding (Oliveira et al. 2014).

The means of parents for GY did not differ by the Scott and Knott test. The Scott and Knott test allowed separating
the crosses into two groups (a and b). Group “a” contained 28 crosses with means varying from 3063 to 4040 kg ha?,
whereas group “b” consisted of 36 crosses with means ranging from 1995 to 3030 kg ha™. The crosses (4x13 = USP 04-
17.027 x USP 231-2224-12), (8x11 = USP 231-4112-01 x USP 231-2228-01), (5x10 = USP 04-17.039 x USP 04-17.011),
(2x16 = USP 02-16,122 X USP 231-2222-12), and (6x10 = USP 231-4124-04 x USP 04-17.011) had values higher than
3600 kg ha?, indicating good specific combination ability (SCA).

For NDF, the means of the parents varied from 48 to 53 days, and the means of the crosses ranged from 44 to 49
days. The crosses (4x14 = USP 04-17.027 x USP 231-2224-12), (4x11 = USP 04-17.027 x USP 231-2228-01), and (4x13 =
USP 04-17.027 x USP 231-2224-12) presented the longest vegetative period (49, 49, and 48 days, respectively) in the
group “a” by the Skott and Knott test. These NDF values corresponded to the high means of their parents USP 04-17.027
(4) (53 days), USP 231-2224-12 (14) (50 days), USP 231-2228-01 (11) (50 days), and USP 231-2224-12 (13) (49 days).

The mean NDM values for the parents ranged from 110 [TMG INOX (9)] to 128 days [USP 04-17.027 (4), USP 231-
3225-11 (7), USP 231-6101-10 (14), and USP 231-1228-09 (16)], whereas the means for the crosses ranged from 114
(1x9 = USP 04-18.092 x TMG INOX) to 135 days (7x16 = USP 231-3225-11 x USP 231- 2222-12). The crosses that had
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TMG INOX (9) as a parent were the earliest (118 days), while those whose parents were USP 04-17.027 (4), USP 231-
3225-11 (7), USP 231-2132-04 (12), USP 231-2224-12 (13), USP 231-6101-10 (14), and USP 231-1228-09 (16) showed
late maturation with overall mean higher than the diallel mean (124 days).

Regarding PHM, the parents had means ranging from 55 cm USP 231-1228-09 (15) to 145 cm USP 04-17 027 (4). The
mean of the crosses ranged from 63.6 cm (8x9 = USP 231-4112-01 x TMG INOX) to 132.5 cm (5x14 = USP 04-17.039 x
USP 231-6101-10). Crosses that had USP 04-17.027 (4) or USP 04-17.039 (5) as parents presented the highest overall
means, which is way higher than the diallel mean (91.8 cm). Therefore, these parents have indeterminate growth habit,
besides having a long vegetative period.

The effect of GCA is related to genes of additive effects, whereas the effect of SCA is related to genes of non-additive
effects, especially to the different types of genic dominance. In addition, the GCA estimate is an important indicator
for determining whether the frequency of favorable genes in the parent is high (Cruz and Vencovsky 1989). The SCA

Table 2. Analysis of variance of the 8 x 8 partial diallel, in the F, generation

Mean squares?

sV df NDF (days) NDM (days) PHM (cm) GY (kg ha?)
Crosses 63 10.1* 186* 3298* 1413444*
GCA G-I 7 35.3*% 491* 24660* 2094882*
GCA G-Il 7 22.1%* 605* 1883* 2892014*
SCA I x I 49 4.77* 83.2* 448* 1104872*
Residual 340 1.54 24.4 170 4
Mean (p) 45.4 124 91.9 3017
S.D. (u) 0.049 0.195 0.515 0.079

2NDF = number of days to flowering, NDM = number of days to maturity, PHM = plant height at maturity, and GY = grain yield. * Significant at 0.1% probability by the F test

Table 3. General (GCA) and specific (SCA) combining ability of the 8 x 8 partial diallel for grain yield (GY) by the method 4 of Griffing
(1956), in the F, generation

Parents! (09) (10) (11) (12) (13) (14) (15) (16) GCA

1) 01 02 03 04 05 06 07 08 181 S.D. (Gi) 0.209
194 60.8 228 120 -306 -276 387 -408 S.D. (Gi-Gi’)  0.316
09 10 11 12 13 14 15 16

(02) 12.2
-21.2 -166 20.5 -246 -256 -121 271 517
17 18 19 20 21 22 23 24

(03) -139
280 -349 -218 6.77 150 382 -178 -74.1
25 26 27 28 29 30 31 32

(04) 197
-226 -157 -335 330 758 -199 -135 -36.9
33 34 35 36 37 38 39 40

(05) 190
98.4 330 313 -388 -586 423 269 167
41 42 43 44 45 46 47 43

(06) 162
35.9 260 -436 323 90.5 -160 3,14 -258
49 50 51 52 53 54 55 56

(07) -101
209 203 -58.1  -5.48  -292 278 551 217
57 58 59 60 61 62 63 64

(08) -140
-570 -182 680 150 441 -329 66.1  -124

GCA 312 167 238 339 679 =733 -199 145

S.D. (G)) 0.209

S.D. (Gj-GJ’) 0.316
S.D. (Sij) 0.553
S.D. (Sij-Sik) 0.837
S.D. (Sij-Skj) 0.837
S.D. (Sij-Skl) 0.775

! See code in Table 1; S.D.: Standard Deviation.
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provides information about genetically superior crosses, which is a consequence of the gene complementation between
the parents.

The significance of the mean squares of GCA and SCA for the four traits in the diallel analysis (Table 2) suggested that
the variability exists due to additive effects of genes (GCA) and the non-additive effects of the genes, i.e., the effects
of dominance and or epistatic effects of genes (SCA) (Griffing 1956). Oliveira et al. (2014) concluded that the additive
variance, expressed by the mean square of GCA, was comparatively higher than the non-additive variance for all the
traits tested in the diallel analysis.

For GY, the parents USP 04-17.027 (4) and USP 04-17.039 (5) stood out in group 1; whereas the parents USP 231-
2228-01 (11) stood out in group 2, which suggesteda higher concentration of alleles favorable for grain yield in these
parents (Table 3). The parents USP 231-4124-04 (6), USP 04-17.011 (10), and USP 231-1228-09 (16) are also promising
since they presented high and positive GCA estimates. The parent with the lowest concentration of favorable alleles
for GY was TMG INOX (9), which was also the earliest, indicating the negative association between GY and cycle. Based
on Cho and Scott (2000), the parents with the highest GCA values are related to the most productive combinations.

The effect of SCA (sij) suggests the deviation of a hybrid performance when compared with that expected based on
the GCA of its parents. If the absolute value of SCA is high, the signal will indicate if the cross presented a better (positive
signal) or worse (negative signal) result than that expected by the GCA (Cruz and Carneiro 2003). The cross (4x13 = USP
04-17.027 x USP 231-2224-12) presented the highest sij value; whereas the GCA of the parents USP 231-2224-12 (13,
GCA = 67.9) and USP 04-17.027 (4, GCA = 197) were not the maximum values, the complementarity of the loci must
generate a combination better than that expected between both parents, resulting in a very high SCA for the cross (4x13).

The crosses (2x16 = USP 02-16.122 x USP 231-2222-12), (5x14 = USP 04-17.039 x USP 231-6101-10), (1x15 = USP
04-18.092 x USP 231-1228-09), and (3x14 = USP 02-16.045 x USP 231-6101-10) also presented high SCA values, with
high mean values that did not differ significantly from the mean of the crosses with higher sij values.

Table 4. General (GCA) and specific (SCA) combining ability of the 8 x 8 partial diallel for number of days to flowering (NDF) by the
method 4 of Griffing (1956), in the F, generation

Parents! (09) (10) (11) (12) (13) (14) (15) (16) GCA
o1 01 02 03 04 05 06 07 08 0297 S.D.(Gi)  0.130
-0.078 0.047 0172 1.05  -0.453  -0453  0.047  -0.328 : S.D. (Gi-GI')  0.196
09 10 11 12 13 14 15 16
(02) -0.297
0.922 0.047 -0.828 0.047 0547  -1.45  0.047  0.672
17 18 19 20 21 22 23 24
(03) -0.422
0.047 0172 -0.703 0172 -0.328 -0.328 0.172  0.797
25 26 27 28 29 30 31 32
(04) 1.58
-0.953 -0.828 130 -0.828 0.672 167  -0.828 -0.203
33 34 35 36 37 38 39 40
(05) -0.172
0.797 -0.078 0047 -0078 -0.578 0.422 -0.078  -0.453
41 42 43 44 45 46 47 48
(06) -0.297
-0.078 1.05 0.172  0.047  0.547 -0.453  0.047  -1.33
49 50 51 52 53 54 55 56
(07) -0.297
-0.078 0.047 0172 0047 -0453 -0.453 0.047  0.672
57 58 59 60 61 62 63 64
(08) 0.203
-0.78 0453 -0.328 -0453  0.047 1.05 0.547  0.172
GCA -1.05 -0.172 0703 -0.172 0328 0328 -0.172  0.203
S.D. (Gj) 0.130
S.D. (Gj-GJ’) 0.196
S.D. (Sij) 0.343
S.D. (Sij-Sik) 0.518
S.D. (Sij-Skj) 0.518
S.D. (Sij-Skl) 0.480

1 See code in Table 1; S.D.: Standard Deviation.
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The parent USP 04-17.027 (4) (group 1) presented the highest GCA value for NDF. The crosses that used this parent
had a longer vegetative stage, and for this reason, this parent can be considered as a source of alleles favorable to the
long juvenile stage (Table 4). Conversely, the parent TMG INOX (9) (group 2) presented the lowest GCA value for NDF.
The crosses that used this parent had a shorter vegetative stage. The cross (4x14 = USP 04-17.027 x USP 231-6101-10)
presented the highest sij value, whereas the cross (2x14 = USP 02-16.122 x USP 231-6101-10) had the lowest sij value.
The fact that parent USP 231-6101-10 (14) is present in crosses with higher and lower sij values is explained by the
different possible combinations of alleles for NDF with the other parents of these crosses.

For NDM, the parent USP 231-3225-11 (7) (group 1) showed the highest GCA value. Therefore, crosses with this
parent presented late maturation (mean of 127 days). Conversely, the parent TMG INOX (9) (group 2) revealed the lowest
GCA value. Thus, crosses with this parent had early maturation (mean of 118 days). The highest sij value occurred in
the cross (3x15 = USP 02-16.045 x USP 231-1228-09), which also presented high mean (125 days) between the crosses.
The lowest sij value occurred for the cross (5x16 = USP 04-17.039 X USP 231-2222-12) (Table 5).

The GCA effects of the parents and SCA effects of the crosses for PHM (Table 6) indicated that USP 04-17.027 (4)
and USP 04-17.039 (5) had the highest GCA values, suggesting an increase in plant height when using these parents in
the crosses. USP 02-16.045 (3) had the lowest GCA value, conferring a short stand to the plants of the crosses where
it participated as a parent.

Heterosis estimate indicate show much more the crosses yielded when compared with the mean of the parents. In
this research, the estimates ranged from -52.9% (8x9 = USP 231-4112-01 x TMG INOX) to 66.5% (8x11= USP 231-4112-
01x USP 231-2228-01) (Table 7). The overall mean was 4.55%, i.e., the population meantended to be higher than that
of the parents, as previously confirmed by Pandini et al. (2001). The parent USP 231-1228-09 (15) provided the highest
mean contribution (178%), whereas the parent USP 231-2224-12 (13) resulted in the lowest mean contribution (80.5%).
Despitethe variations observed in the ranking, the crosses with the highest values of heterosis and GY were the same,

Table 5. General (GCA) and specific (SCA) combining ability of the 8 x 8 partial diallelfor number of days to maturity (NDM) by the
method 4 of Griffing (1956), in the F, generation

Parents! (09) (10) (11) (12) (13) (14) (15) (16) GCA
(1) 01 02 03 04 05 06 07 08 563 s.D. (Gi) 0.517
-1.00 -11.3 2.62 -2.50 2.75 0.750  -0.625  -0.875 ' S.D. (Gi-Gij’)  0.781
09 10 11 12 13 14 15 16
(02) -2.75
2.13 2.00 2.75 -2.38 2.88 -4.13 -1.50 -1.75
17 18 19 20 21 22 23 24
(03) -1.50
-0.125 -1.25 1.50 -3.625  0.625 -2.38 4.25 1.00
25 26 27 28 29 30 31 32
(04) 2.75
0.625 -1.50  -0.750 1.12 1.38 -0.625  0.000  -0.250
33 34 35 36 37 38 39 40
(05) -1.63
2.00 -3.12 0.625 1.50 -1.25 4.75 0.138 -5.88
41 42 43 44 45 46 47 48
(06) 1.00
1.38 1.25 -1.00 1.88 -0.875 2.12 -1.25 -3.50
49 50 51 52 53 54 55 56
(07) 3.75
-1.375 0.500 -5.75 0.125 -2.62 2.38 1.00 5.75
57 58 59 60 61 62 63 64
(08) 1.00
-3.63 3.25 0.00 3.88 -2.88 -2.88 -3.25 5.50
GCA -6.00 0.125 0.375 2.50 2.25 0.250 -1.38 1.88
S.D. (G)) 0.517
S.D. (Gj-GJ') 0.781
S.D. (Sij) 1.37
S.D. (Sij-Sik) 2.07
S.D. (Sij-Skj) 2.07
S.D. (Sij-Skl) 1.91

! See code in Table 1; S.D.: Standard Deviation
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except for (2x16 = USP 02-16.122 x USP 231-2222-12), which presented intermediate values of heterosis.

Based on Colombari et al. (2010), heterosis has a limited value for soybean breeding due to difficulties in performing
a sufficient number of crosses and the small number of seeds produced in each cross. Nevertheless, the use of hybrid
vigor has the potential to promote a considerable yield increase (Sinha and Khanna 1975, Freire Filho and Vello 1989).
Additionally, heterosis has been cited as a good indicator of genetic diversity and may be useful in the choice of parents
in breeding programs (Pandini et al. 2001).

When endogamy is in its maximum expression (F = 1), it confers the capacity of genetic fixation to the genotype. In
other words, the progeny is identical to the parental plant. The variation of inbreeding depression ranged from -18.0%
(8x9 = USP 231-4112-01 x TMG INOX) to 12.5% (8x11 = USP 231-4112-01 x USP 231-2228-01) (Table 7). The crosses
that presented the highest values of inbreeding depression for GY were: (8x11 = USP 231-4112-01 x USP 231-2228-
01), with 12.5%; (5x15 = USP 04-17.039 x USP 231-1228-09), with 9.88%; (4x12 = USP 04-17.027 x USP 231-2132-04),
with 9.84%; and (4x13 = USP 04-17.027 x USP 231-2224-12), with 9.73%. This result suggests that these crosses had a
yield decrease when selfed, which corresponded to a reduction in 473, 324, 345, and 393 kg ha’, respectively, in the
2013/2014 crop season.

According to the results obtained for heterosis and inbreeding depression, there is evidence of additive and dominance
inheritance for GY. The effects of dominance are closely related to inbreeding. Therefore, the endogamy present in
these crosses may increase the additive genetic variance and heritability and may be used in future breeding programs
(Vencovsky and Barriga 1992).

The crosses with the highest heritability values were: (4x13=USP 04-17.027 x USP 231-2224-12), with 66.6%; (1x15=USP
04-18.092 x USP 231-1228-09), with 65.9%; and (4x9=USP 04-17.027 x TMG INOX), with 60.0% (Table 7). These high
values are expected for they are the initial inbreeding generations (Dudley and Moll 1969). These crosses could respond
better to selection since the best plants are more likely to generate superior individuals within each cross. In 15.6% of

Table 6. General (GCA) and specific (SCA) combining ability of the 8 x 8 partial diallel for plant height at maturity (PHM) by the method
4 of Griffing (1956), in the F, generation

Parents? (09) (100 (11) (12) (13) (14) (15) (16) GCA
01 02 03 04 05 06 07 08 S.D.(Gi)  1.36
(01) USP 04-18.092 0.844 o
9.28 753 -11.5 803 0281 -659 -1.59 -5.47 S.D. (Gi-Gij’)  2.06
9 10 11 12 13 14 15 16
(02) USP 02-16.122 -12.9
7.41 134 566 -484 0406 -105 -2.47  5.66
17 18 19 20 21 22 23 24
(03) USP 02-16.045 -15.0
-1.97 0281 128 -322 3.03 -284 616 -2.72
25 26 27 28 29 30 31 32
(04) USP 04-17.027 273
-3.22 -497 -597 553 478 491 -209  1.03
33 34 35 36 37 38 39 40
(05) USP 04-17.039 27.6
2.53 -13.2 178 0281 -9.47 126 -134 678
41 42 43 44 45 46 47 48
(06) USP 231-4124-04 -8.91
2,97 172 728  -122 203 -1.84 0156 -1.72
49 50 51 52 53 54 55 56
(07) USP 231-3225-11 -10.8
3.91 -1.84 0.156 -534 -509 203 -0969 7.16
57 58 59 60 61 62 63 64
(08) USP 231-4112-01 -8.91
-15.0 153 128 0781 403 216 216 -10.7
GCA -4.031 -1.28 372 0219 397 0844 -916 572
S.D. (Gj) 1.36
S.D. (Gj-GJ’) 2.06
S.D. (Sij) 3.61
S.D. (Sij-Sik) 5.45
S.D. (Sij-Skj) 5.45
S.D. (Sij-Skl) 5.05

! See code in Table 1; S.D.: Standard Deviation
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Table 7. Heterosis (h%), inbreeding depression (/D), and heritability (h?) of grain yield (g planta?) of the 64 crosses (enumerated from
01 to 64) in the F, generation

Parents (9) (10) (11) (12) (13) (14) (15) (16)
(1) N° Cross 01 02 03 04 05 06 07 08
h% -1.80 -10.8 24.4 11.3 -37.7 -24.3 43.9 -34.9
ID -0.454 -2.86 6.80 2.66 116 6.91 9.01 -10.6
h 46.3 33.2 247 46.8 17.2 167 65.9 6.79
(2) N° Cross 9 10 11 12 13 14 15 16
h% -19.8 -26.3 10.2 -17.7 -35.3 -15.9 27.2 19.3
ID -5.50 7.57 2.42 -4.85 -10.7 -4.31 5.98 4.41
h 8.31 -16.3 13.0 253 34.4 X 317 47.6
(3) N° Cross 17 18 19 20 21 22 23 24
h% 19.4 -25.6 122 17.7 2.79 37.7 14.5 -1.29
ID 4.42 -7.34 2.88 4.06 0.687 7.93 3.38 -0.324
h 12.5 3.22 -18.8 17.9 33.1 -18.9 16.7 31.0
(4) N° Cross 25 26 27 28 29 30 31 32
h% -8.57 -4.14 12.6 49.0 48.3 4.17 27.4 9.67
ID -2.24 -1.06 2.97 9.84 9.73 1.02 6.03 230
h 60.0 50.6 52.7 53.4 66.6 40.0 58.4 51.9
(5) N° Cross 33 34 35 36 37 38 39 40
h% 7.04 18.7 6.93 -8.96 -39.5 38.8 49.2 15.6
ID 1.70 4.27 1.68 -2.35 -12.3 8.13 9.88 3.61
w 43.8 24.1 36.1 216 18.1 323 493 233
(6) N° Cross 41 42 43 44 45 46 47 48
h% 4.53 16.21 29.50 22.0 2.49 1.48 31.7 -9.08
ID 111 3.75 6.43 4.96 0.616 0.366 6.84 -2.38
w 39.3 265 4.46 41.8 33.9 45.9 -6.61 1.90
(7) N° Cross 49 50 51 52 53 54 55 56
h% 0.332 -1.15 103 3.14 -35.2 15.6 -29.8 6.02
ID 0.083 -0.290 2.45 0.774 -10.7 3.62 -8.75 1.46
w 10.0 37.7 295 16.1 -4.02 18.0 18.6 4.55
(8) N° Cross 57 58 59 60 61 62 63 64
h% -52.9 -21.6 66.5 18.8 13.6 -23.1 13.3 -12.1
ID -18.0 -6.04 125 4.30 3.20 -6.54 3.13 3.22
h 24.1 6.19 7.48 43.4 283 -9.35 -6.39 233

! See code in Table 1.

the crosses, environmental variation was higher than the genetic variation since the crosses had negative heritability
values. The parent USP 04-17.027 (4) presented the highest overall mean in the diallel (54.2%), whereas the parent USP
02-16.045 (3) presented the lowest overall mean (8.79%).

The parents USP 04-17.027 (4), USP 04-17.039 (5), USP 231-4124-04 (6), USP 04-17.011 (10), USP 231-2228-01 (11),
and USP 231 -2222-12 (16) had a superior performance, with higher GCA for GY. The parent USP 04-17.027 (4) stood
out for the greatest potential to generate crosses with high agronomic performance. The most promising crosses with
high SCA were (4x13 = USP 04-17.027 x USP 231-2224-12), (2x16 = USP 02-16.122 x USP 231-2222-12), (5x14=USP 04-
17.039 x USP 231-6101-10), (1x15=USP 04-18.092 x USP 231-1228-09), and (3x14 = USP 02-16.045 x USP 231-6101-10).
The cross with the highest heterosis was (8x11 = USP 231-4112-01 x USP 231-2228-01). The crosses with the highest
heritability values were: (4x13 = USP 04-17.027 x USP 231-2224-12), (1x15 = USP 04-18.092 x USP 231-1228-09), and
(4x9 = USP 04-17.027 x TMG INOX).

Thus, these six superior parents and promising crosses stand out to be used in different soybean breeding programs
aiming to obtain cultivars with high grain yield.
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