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INTRODUCTION
In the largest Brazilian soybean - growing region, the Midwest, the main growers’ demand is for early and productive 

cultivars that make second season cultivation possible. Therefore, the development of cultivars with earliness and 
production stability characteristics will certainly contribute to the progress of the Brazilian soybean growing culture.   

Most characters of economic importance in different species, as in the case of soybean grain yield, are of the 
quantitative type, i.e., there are several genes involved in their genetic control. However, the environment effect is 
the great disturbing element in the study of quantitative characters, creating the need to accumulate information to 
get safe data for genetic breeding. 

In regards to earliness, current literature describes ten genes that control soybean flowering and maturation: E1 e 
E2 (Bernard 1971), E3 (Buzzell 1971), E4 (Buzzell and Voldeng 1980), E5 (McBlain and Bernard 1987), E6 (Bonato 
and Vello 1999a), E7 (Cober and Voldeng 2001), E8 (Cober et al., 2010), E9 (Kong et al., 2014) and J (Ray et al., 
1995).  Dominant alleles for E6, E9 and J promote early flowering, while the dominant alleles for the other loci delay 
flowering and maturation (Zhao et al., 2016). E6 and J were identified in progenies originated from the crossing 
between a standard cultivar and another with late flowering and long juvenile period, which cause flowering delay 
even during short days (Bonato and Vello 1999a; Cober et al., 2010). Bonato and Vello (1999a) found that E6 is the 
allele that determines flowering and maturation earliness in the Paraná cultivar and e6 determines late flowering 
and maturation in Paranagoiana and SS-1. In another work, Bonato and Vello (1999b) observed that the key genetic 
variation compound for flowering time determination is additive and the alleles that restrict earlier flowering show 
partial dominance.   

There is also the registration of three QTL´s that act on the genetic control of soybean flowering time, FT1, FT2 
e FT3 (Yamanaka et al., 2001). These QTL`s correspond to loci E1, E2 and E3, respectively, based on their positions 
in the genetic map and allelism tests (Tsubokura et al., 2014).

Different genetic mechanisms are related to soybean photoperiodic insensitivity. At least three multi-loci 
genotypes constituted by several allelic combinations of E1, E3 and E4 confer photoperiodic insensitivity to soybean 
cultivars, but lead to different responses to the photoperiod during the post-flowering reproductive and vegetative 
development. A control system is attributed to the double-recessive genotype, which codifies the phytochrome 
(PHYA), protein GmPHYA3 and GmPHYA2, respectively. Genes E3 and E4 are the main controllers involved not 
only in pre-flowering but also in post-flowering responses (Xu et al., 2013). 

Despite the importance of knowing the mechanisms involved in the control of number of days to maturation and 
grain yield characteristics, only a few studies, until now, were carried out under Brazilian conditions. In the last years, 
new genetic sources have been introduced to the Brazilian germplasm, mainly those originating from Argentina, 
demanding the development of new studies. Tsubokuara et al. (2014) suggest that there are still unidentified genes 

Genetic control of soybean earliness and yield through 
the Hayman methodology 
André Ricardo Gomes Bezerra1,*, Tuneo Sediyama2, Cosme Damião Cruz3, Felipe Lopes da Silva2, Pedro Crescêncio 
de Souza  Carneiro3, Guilherme de Sousa Paula1 and Waggner Gomes Palharini4

1Fundação MS Para Pesquisa e Difusão de Tecnologias Agropecuárias, Maracaju, MS, Brazil. 2Universidade Federal de Viçosa, Departamento de Fitotecnia, Viçosa, MG, 
Brazil. 3Universidade Federal de Viçosa, Departamento e Biologia Geral, Viçosa, MG, Brazil. 4Research and Development, Bayer Crop Science, Dourados, MS, Brazil.  

*Corresponding author, E-mail: andrebezerra@fundacaoms.org.br

ABSTRACT 
The understanding of the genetic control involved in characters of agronomic interest is of extreme importance to breeders 
aiming at planning procedures for breeding programs. Thus, the objective of this work was to study genetic aspects related to  
earliness and grain yield found in the initial generations of soybean, twice each year. The study evaluated six soybean parents 
(MSOY6101, RSF6563IPRO, TMG123RR, SYN9078RR, TMG801 and MSOY9144RR) and their 15 F1´s in a greenhouse, 
during winter and summer. A second experiment conducted at Prof. Diogo Alves de Melo experimental field, located on the 
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and grain yield for the F1 and F2 generations, in winter and summer, is determined by dominant alleles. In regards to the 
studied characters, there was partial dominance mainly for the F1 generation and overdominance for the F2 generation. Parents 
MSOY6101 and RSF6563IPRO showed greater concentration of favorable alleles for flowering and maturation time reduction, 
and parents TMG123RR and SYN9078RR for grain yield. Parents TMG801 and MSOY9144RR gave the best contribution 
to cycle retardation for the F2 generation.
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that act on genetic control of flowering in soybean. In this context, the objective of the present work was to study 
genetic aspects related to grain earliness and yield in soybean initial generations, during two periods of the year. 

MATERIALS AND METHODS
Parents and F1’s evaluation

Experiments occurred in two periods, being the first sown in May 2014, characterizing the winter period (or inter-
crop period) and the second in November 2015, characterizing the summer period. Six parents and their hybrids (21 
treatments) were evaluated in a greenhouse at Universidade Federal de Viçosa Plant Science Department, located 
on the University Campus,Viçosa, Minas Gerais, Brasil. Photoperiod from sowing to the flowering of the earliest 
parent was practically constant in winter, with variation from 10 hours and 54 minutes to 10 hours and 56 minutes 
and of 12 hours and 55 minutes to 13 hours and 13 minutes in summer. 

Selected parents are commercial cultivars, contrasting and from the relative maturity group (GMR), which in-
cludes the Brazilian soybean cultivated area (Table 1), with differences in relation to number of days to maturation 
if cultivated under the same conditions (Figure 1).

Table 1.  List of parents of crossed soybean under a complete diallel scheme for the study of the genetic control of 
grain earliness and yield, in Viçosa, MG, Brazil.

1RMG = Relative maturity group; and 2NGP = Average number of grains per pod variation.

                                           
Figure 1. Representation of different cycles between divergent parents for growth type and Relative Maturity 
Groups (RMG). MSOY6101, undetermined and RMG = 6.1; TMG801, determined and RMG = 8.2; and, F1, 
undetermined, with intermediate maturation to their parents.
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The study adopted a randomized block design with six replications. Each parcel included a 3 dm-3 pot with one 
plant. The substrate used was a mix of soil and cattle manure in the 3:1 proportion. Substrate fertility and pH cor-
rections took into consideration the demand for pot cultivation (Novais et al., 1991) and the other treatments were 
those recommended for the crop. Seeds were treated with fungicide and inoculated with Bradyrhizobium japonicum 
(5.0 x 109 viable cells per mL), in the dose of 100 ml for 50 kg of seeds.

Number of days to flowering, days to maturation and grain yield (g/plant) were calculated. Number of days 
between emergence and flowering and between emergence and plant physiological maturation followed the scale 
proposed by Fehr and Caviness (1977).

Parents’ evaluation and F2

The 15 F2 populations obtained from the self-fecundation of F1’s described above were evaluated in the field. The 
experiment was conducted at Prof. Diogo Alves de Melo Experimental Field, located at the University Campus, in 
Viçosa, Minas Gerais, during the 2014/2015 agricultural year.  Located in an area of latitude south at 20º 46’ and 
longitude west at 42º 52’. The climate in the region is, according to the Köppen classification of type Cwa, i.e., hu-
mid subtropical, with dry winters. Average rainfall is less than 60 mm in at least one month during this season. The 
summer is hot and the average temperature for the hottest month is over 22 oC (Alvares et al., 2013). Photoperiod, 
from sowing to the beginning of the earliest parent flowering, varied from 12h52min to13h13min.

Treatments included 15 segregating populations and their six parents (Table 1). The parent MSOY9144RR was 
used as the experiment’s lateral edge.  Soil was fertilized with 200 kg ha-1 with a formula containing 4% of N, 14% 
of P2O5 and 8% of K2O.

Sowing occurred in November 2014, using randomized blocks with three replications. Populations and parents 
were evaluated in parcels with three 6 meter - long lines, spaced at 0.7 m. Each parcel included 140 seeds with 
seeding density of approximately 8 seeds per linear meter. All cultural treatment followed the technical recommen-
dations for the culture. The characters assessed in this study were evaluated in regards to days to flowering, days to 
maturation and grain yield (g/plant). 

	
Statistical analyses

Data were submitted to an individual analysis of variance and dialectical analysis by the method proposed by 
Hayman (1954) and adaptation to F2 proposed by Jinks (1956). The sufficiency test of the additive-dominant model 
was based on the linear regression analysis of the covariance between parents and the r-th line (Ŵi) over the variance 
between the lines ( i), in which the regression coefficient (b) is equaled to the unit (H0:b1=1) and, in case of an 
agreement, the hypothesis was validated. In case of lack of agreement, a second test can be applied after the weighing 
of the values of Ŵi and i, with axels rotation at 45º , followed by a new regression coefficient  (H0:b'0=0).

The following genetic compounds were estimated:  , variance compound due to additive effects; ĥ1, variance 
compound due to non-additive genic effects; ĥ2, genetic compound of the non-genic additive, corrected for genic 
distribution, which is an indicator of the asymmetry of the genes with positive and negative effects; ĥ2, quadratic 
compound determined by the mean difference between hybrids and parents; F, genetic compound of the covariance 
between additive and non-additive genic effects , which is an indication of  the relative frequencies of dominant and 
recessive  between parents; ê, environmental variance compound.

The following genetic and non-genetic parameters were estimated: ĥ2/(4ĥ1 )= alleles distribution between parents 
symmetry; (ĥ1/  )0,5=  dominance average degree; Ŵi+ i= dominant and recessive alleles concentration in parents; 
(4 /ĥ1 )0,5+ /(4 /ĥ1)0,5- = average relation of number of dominant and recessive genes; (ŶR, ŶD )= selection the-
oretical limits; r(Ŵi + i, Yii)= relationship between the gene effect and its dominance relation.; ĥ2 ⁄ĥ2 = number of 
genes with dominance; b= covariance regression coefficient estimate  over the dialectical table variances; hR

2= deter-
mination restricted-sense coefficients; and = determination  of broad-sense coefficients.  All statistical procedures 
were carried out with help of the Genes program (Cruz 2013).

RESULTS AND DISCUSSION    

F1’s assessment results

The sufficiency of the additive-dominant model can be attested by the results of the two tests, based on the re-
gression analysis of  Ŵi in i. The regression coefficients for all characters varied from 0.09 to 1.01 (Table 2). Excep-
tionally, in one of the tests, the days to maturation characters, in the winter, and grain yield per plant, in the summer, 
differed by b1 =1. 
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Table 2. Sufficiency test of the additive-dominant model based on the linear regression analysis of  ŴI in i for days 
to flowering, days to maturation and drain yield per plant characters, assessed in two periods of the year, in a diallelic 
cross of six soybean parents and their F1’s, according to the methodology proposed by Hayman (1954).

1Test F, with average values of ŴI and i, weighed with axes rotation at 45º. nsnon-significant;  *significant at 5% of probability, respectively, by the F 
test and by the t test.

However, after the weighing process through axels rotation at 45º, they showed no difference by b0 = 0. Thus, 
results suggest the presence of epistasis in these two cases, mainly for grain yield where the presence of epistatic 
interactions was reported by other works (Barona et al., 2009, 2012; Yang et al., 2013).

Table 3 shows the genetic and environmental compounds estimated for the three characters studied. Compound 
significance of  compound, which is associated with the additive effects and its superiority in relation to the 
dominance effects compound for all characters in the periods assessed, suggests that the additive effects were more 
important for the characters’ genetic control.

Table 3.  Genetic and environmental estimates (± Standard Deviation) for days to flowering, days to maturation and 
grain yield per plant characters obtained through the methodology proposed  by Hayman (1954), for six  soybean 
parents crossed in a complete diallel scheme and assessed with the F1’s. 

 = variance compound due to additive effects; ĥ1 = variance compound due to non-additive genic effects; ĥ2 = genetic variance compound for the non-additive genic 
effects corrected by the genic distribution; ĥ2, quadratic compound determined by the mean difference between hybrids and parents; F = covariance genetic compound 
between additive and non-additive genic effects;  - ĥ1 = compound that expresses the difference between additive and dominant genic effects; , environmental variance 
compound. 1/Values of t obtained by the division of the effect estimate by its respective standard deviation (Singh and Chaudhary 1979). ns = non-significant. * = sig-
nificant (values over 1.96) at 5% of probability.
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Number of days to maturation in the winter and grain yield in the summer should be excepted, just the two cases 
in which one of the sufficiency tests of the additive-dominant model showed significance and the dominance effects 
(Ĥ1, Ĥ2 e ĥ2) were more important. Toledo and Kiihl (1982), studying population derives from the D72-7842 x 
Santa Rosa cross, under short-days conditions (11 hours and 10 minutes to 12 hours and 30 minutes) during winter, 
verified that the additive and dominance effects were important for the number of days to soybean flowering. 

The difference between the -Ĥ1 estimates also provides information on the genic effect on the character. When 
the estimate is negative, the dominance genic effects predominate; however, positive estimates reveal the presence 
of additive genetic effects.  

As shown in Table 3, the F  values, significant and positive for days to flowering, days to maturation in the summer, 
indicate that the dominant alleles were more frequent than the recessive in the set of parents studied. The average 
relation for number of dominant and recessive genes (KD/KR) varied from 1.10 to 4.10 (Table 4). Dominant alleles of 
loci E1 and E5, under long-day conditions, are responsible for the late cycle and the recessive determine early matu-
ration. Under short-day conditions, the response is inverted (Hartwig and Kiihl 1979). However, this study showed 
that under the longer-day condition (summer), the number of days until maturation and flowering were smaller for 
all parents in the diallel (Tabela 6). Except for parent 6 that have a gene that gives it a long juvenile period.

Table 4. Estimates for the genetic and non-genetic parameters for the days to flowering, days to maturation and 
grain yield per plant, obtained through the Hayman methodology (1954), for six soybean parent crossed under the 
complete diallel scheme and assessed with their F1’s.

(ĥ1  ⁄ )0,5= average degree of dominance; ĥ2 /(4ĥ1 )= alleles distribution among parents (symmetry); KD/KR = average relation for dominant and reces-

sive genes; ĥ2 ⁄ ĥ2= number of genes with dominance; h2= restricted -sense determination coefficients; and = broad-sense determination coefficients.

Dominance average degree estimates (Ĥ1 ⁄  )0,5 for days to flowering, days to maturation in summer for the two pe-
riods studied, days to maturation in summer and grain yield in winter show partial dominance between alleles that act 
on genic control (Table 4). This result can be corroborated through a graphic analysis in cases where the regression line 
of Ŵi in i intercepts on the axis of the ordinates above the origin point (Figure 2).  

There was overdominance for number of days to maturation in winter and grain yield in summer.  Similar results were 
found by Bonato and Vello (1999a) for number of days to maturation, in the diallelic analysis between Paraná cultivars 
and their natural variations, Paranagoiana, SS-1 and Pirapó 78, under the photoperiod of  13 hours and 31 minutes to 
14 hours and 23 minutes.

Alleles distribution among parents expressed by the ratio Ĥ2⁄(4Ĥ1) were below  0.25   for days to flowering and days to 
maturation (Table 4). Although, in the case of days to flowering, the values 0.2255 and 0,2402 for winter and summer, 
respectively, show a symmetric distribution of favorable or unfavorable alleles among the parents. On the other hand, 
the values observed for number of days to maturation, 0.1746 and 0.1982 for winter and summer, respectively, indicate 
an asymmetric distribution of alleles among the parents.

The same result is also evidenced by the estimate of the dominant/recessive alleles values relation (KD/KR), in which 
there was predominance of recessive alleles only for grain yield, expressed by the ratio 0.5395 (Table 4).For the other 
characters there was a predominance of dominant alleles in relation to number of days to maturation in summer (4.10).
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 1- MSOY6101                                                                         4- SYN9078RR                                                 
                                                      2- RSF6563IPRO                                                                    5- TMG801          
                                                      3- TMG123RR                                                                        6- MSOY9144RR

Estimates for number of genes or genic blocks with dominance (ĥ2⁄ Ĥ2 ) indicate the existence of at least one gene 
or genic block acting on the genetic control of the days to flowering and days to maturation characters and three on 
grain yield. However, it is important to emphasize that this estimator underestimates the number of genes with little 
or no dominance (Cruz et al., 2012).

Broad-sense determination coefficients ( ) for days to flowering (0.6965 and 0.8371 in winter and summer, 
respectively), for days to maturation (0.8134 and 0.6976 in winter and summer, respectively) and for grain yield  
(0.4794 and 0.5009 in winter and summer, respectively) and  the restricted-sense determination coefficients ( ĥ2 ) for 
days to flowering (0.4613 and 0.7437 in winter and summer, respectively), days to maturation (0.4337 and 0.5132 
for winter and summer, respectively) and grain yield (0.3433 and 0.1135 for winter ) show that the additive effects 
are predominantly involved in the genetic control of these characters (Table 4).

The correlation r(Ŵi+ i,Ŷii ) indicates that the genes that act on the character are recessive or dominant.  Table 5 
shows that, for number of days to flowering, this correlation was null in the winter (-0.0992) and positive of high 
magnitude (0.9566). 

Figure 2. Regressions of  Ŵi in i de  for number of days to flowering (A, B), number of days to maturation (C, D), 
and grain productivity (E, F), evaluated in winter and summer, in diallel scheme with their  F1’s, in Viçosa, MG, 
Brazil, 2016.
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Table 5. Estimates for the correlations between the parents’ mean values (Ŷii) and the covariance sum, between the 
parent’s means and mean for the r-th line (Ŵi+ i), values expected for the coordinates (ŴiR; R) e (ŴD; D) and the 
value predicted for the parent with maximum concentration of dominant alleles (ŶiR; ŶiD), for six soybean parents, 
assessed with their F1’s in a diallelic scheme, in winter and summer.

          
              DF = days to flowering; DM = days to maturation; Prod = yield (g/plant); W = winter; S = summer.

Therefore, dominant alleles contribute to days to flowering time reduction and parent MSOY6101 showed great-
est concentration of dominant alleles in the winter. As Figure 2A shows, parent MSOY6101 is located nearer the 
inferior regression line of  ŴI in i, and parent MSOY9144RR, with greater concentration of recessive alleles, is 
located in the opposed extremity. The other parents take an intermediate position, showing that they presented 
bi-directional dominance deviations, i.e., alleles that contribute to the reduction of flowering time and alleles that 
prolong the vegetative period

During the summer, parents MSOY6101, RSF6563IPRO, TMG123RR and SYN9078RR showed greater con-
centration of dominant alleles and parents TMG801 and MSOY9144RR showed greater concentration of recessive 
alleles (Figure 2B). The same conclusions can be reached by the sum of  Ŵi + i analysis presented in Table 6. 

According to Cruz et al. (2012), progenies originated from parents with the greatest number of dominant alleles 
show minimum variance among them ( i) and minimum covariance between parent-progeny (Ŵi). On the other 
hand, parents with high number of recessive alleles produce progenies with high variance and covariance. Therefore, 
the sum of Ŵi+ i indicated relative concentration of dominant and recessive alleles in the parents.

Number of days to maturation showed similar results to number of days to flowering. Correlations between ŴI+ i 
and Ȳii, both in winter (0.7129) and summer (0.8763), show that the dominant alleles contributed to the reduction 
of the plant’s maturation time  (Table 5). In the winter, parents TMG123RR and MSOY9144RR showed greater 
concentration of dominant genes while the parent RSF6563IPRO showed greater concentration of recessive alleles, 
and the others showed bi-directional dominance deviations (Figure 2C). On the other hand, during summer, parents 
MSOY6101, RSF6563IPRO, TMG123RR and SYN9078RR showed greater concentrations of dominant alleles 
and the parent MSOY9144RR showed greater concentration of recessive alleles.  

In regards to grain yield, the (r) correlation of -0.5645 and -0.5747 for winter and summer, respectively, shows 
that dominant genes act to increase character expression.; however, not in an exclusive way (Table 5). Parents 
MSOY6101, TMG123RR, SYN9078RR, TMG801 and MSOY9144RR showed the greatest number of dominant 
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Table 6. Values for the sum of the covariance between parents’ means and means for the r-th line and the variance 
between means for the r-th line  (Ŵi+ i) and means for the days to flowering, days to maturation and yield per plant 
characters obtained through the Hayman methodology(1954). The study used six soybean parents crossed in a com-
plete diallel scheme and assessed with their F1’s, in winter and summer.

        
                  1Values within parentheses refer to the phenotypic mean.

alleles in winter and only the TMG123RR and SYN9078RR in summer (Figures 2E and 2F), being the most favor-
able for superior lineages. Parent RSF6563IPRO in winter, and TMG801 and MSOY9144RR in summer showed 
the greatest concentrations of recessive alleles.  

According to the predicted selection theoretical limits, the parent with maximum dominant homozygosis for 
number of days to flowering must present Ŵi+ i (=ŴD + D) equal to -0.2372 in winter and 10.80 in summer. Par-
ents MSOY6101 (Ŵi+ i = 3.97) and SYN9078RR  (Ŵi+ i = 16.65), in summer and winter, respectively, with the 
lowest values for  Ŵi+ i, are still distant from the predicted values (Tables 5 and 6). Reduction of this character may 
be reached with greater concentration of dominant alleles and the shortest expected vegetative period (ȲD) is 58.01 
and 38.85 in winter and summer, respectively.

For number of days to maturation, the parent with maximum dominant homozygosis should show ŴD + D =  
0.3695 in winter and  ŴD + D= 7.27 in summer. In this case, parents closer to the predicted values areTMG123RR 
and RSF6563IPRO. Thus, the shortest emergence period to maturation, in winter and summer, is expected to be 
117.67 and 105.17, respectively. As for grain yield, it is expected that the parent with the maximum concentration of 
dominant alleles show a Ŵi+ i  sum equal to 0.7914 and -1.62, in winter and summer, respectively. Considering that 
parents SYN9078RR, in summer; SYN9078RR and TMG123RR, in winter, were the closest, they are also most 
certainly to increase this characteristic. 

F2 evaluation results

Table 7 shows the results from the sufficiency test of the additive-dominant model for the diallelic analysis, based 
on the parents’ assessment and generation F2. It also shows that there was regression coefficient significance only 
for grain yield per plant (P<0.0149). 

However, after the axles rotation at 45º, the hypothesis H0:b'0=0  was rejected, based on a new test. As discussed 
in the previous results for the diallel with parents and F1´s, errors in the additive model’s assumptions suggest the 
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presence of apistasis in character control and, since segregating populations were evaluated, the occurrence of a fac-
torial connection must be considered.  

Table 8 shows the genetic parameters estimated for the studied. Significance of the genetic compounds associated 
with the additive ( ) and non-additive (Ĥ1 and Ĥ2) genic effects was only observed for number of days to flowering 
and number of days to maturation, evidencing that both act in the genetic control of these characters. In regards to 
grain yield, the dominance effects (Ĥ1 and ĥ2) were significant (P<0.05), thus these effects were more important in 
character determination. The negative and of high magnitude estimates -Ĥ1 also reinforce the presence of domi-
nance genic effects, especially the additive, for all the variables studied. 

For all characters, there was overdominance between genes that control them, thus, these results differ from the 
predominance found in the analysis with the F1’s (Table 9 and Figure 3). Another important aspect is that the al-
leles distribution between parents (Ĥ2 ⁄4Ĥ1 ) were close to 0.25 for the three characters, confirming their symmetric 
distribution.  Moreover, symmetry values estimated for days to flowering, based on the parents and F2 generations, 
were close to those estimated from the parents and F1’s.

Table 7. Sufficiency test of the additive-dominant model based on the linear regression analysis of  ŴI in i for the 
days to flowering, days to maturation and grain yield per plant characters, in a diallelic cross of six soybean parents 
assessed with the F2, according to the methodology proposed by Hayman (1954).

1Test F, with mean values of  ŴI and i, weighed with axes rotation at 45º . nsnon -significant;  *significant at 1% of probability, by the F test and by the 
t test, b = regression coefficient.

Table 8. Estimators of the genetic and environmental compounds (± Standard Deviation) for the days to flowering, 
days to maturation and grain yield per plant characters obtained through the Hayman’s methodology (1954), for six 
soybean parents crossed under a complete diallel scheme and evaluated with F2.

  
 = variance compound due to additive effects; Ĥ1 = variance compound due to non-additive genic effects; Ĥ2 = genetic variance compound of non-

additive genic effects corrected by the genic distribution; , quadratic compound determined by the mean difference between hybrids and parents; F  = 
genetic compound of the covariance between additive and non-additive genic effects; -Ĥ1 = compound that expresses the difference between additive 
and dominant genic effects; ȇ, Environmental variance compound. Values for t obtained by the effect estimate divided by its respective standard deviation 
(Singh and Chaudhary 1979). ns = non-significant. * = significant (values above 1.96) at 5% of probability.
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Table 9. Genetic and non-genetic parameters estimates for days to flowering, days to maturation and grain yield 
characters per plant, obtained through the Hayman methodology (1954), for six soybean parents, crossed in a com-
plete diallel scheme,  and evaluated with the F2 generation.

(Ĥ1  ⁄  )0,5=  average degree of dominance; Ĥ2/(4Ĥ1 )= distribution of alleles among parents (symmetry); KD/KR = average relation for number of domi-
nant and recessive genes; ⁄Ĥ2 = number of genes with dominance; ĥR= restricted-sense determination coefficient; and = broad-sense determination 
coefficients. 
               

The relationship between dominant/recessive alleles (KD/KR) and the estimate for number of genes or genic blocks 
with dominance (  ⁄ Ĥ2 ) were also similar to those obtained with the parents and F1’s analysis (Tables 4 and 9). 
Results show the predominance of dominant alleles and that one gene or genic block acts in the control of the char-
acters under study. 

Broad-sense determination coefficients ( ), for all characters were higher to the estimated for F1, confirming the 
almost total phenotypical variability as being of genotypic nature. Results also showed that 56.96% and 39.58% of 
the variability for number of days to flowering and to maturation, respectively, is the function of additive genic effects 
(Table 9). In regards to grain yield, the restricted-sense determination coefficient was lower than that observed for 
F1’s, although it is within the expected for quantitative characters and the evaluated generation.

The correlation between parent mean values  (Ȳii) and the covariance sum between parent means and the means 
for the r-th line, and the variance between the means for the r-th line (Ŵi+ i) were positive and of high magnitude 
for number of days to flowering (0.9767) and days to maturation (0.9515), and negative for grain yield (-0.6394).               

As in the analysis with F1, it allows us to infer that the dominant genes contributed to the plants’ flowering and 
maturation time reduction (Table 10). Parents MSOY6101 and RSF6563IPRO contributed the most for the plants’ 
early flowering, and the same parents, plus the parent SYN9078RR, contributed the most to the plants’ maturation 
time reduction. With greater concentration of recessive alleles, parent MSOY9144RR contributed the most to delay 
flowering and maturation delay (Figure 3).	

                        
                                         1- MSOY6101                                                                                 4- SYN9078RR
                                                      2- RSF6563IPRO                                                                           5- TMG801
                                                      3- TMG123RR                                                                               6- MSOY9144RR

Figure 3. Regressions of Ŵi in i for the number of days to flowering (A) and number of days to maturation (B) 
characters for soybean parents evaluated with their F2 progenies, in Viçosa, MG, Brazil, 2016.
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Table 10. Estimates for the correlation between parent mean values (Ŷiii) and the sum of the covariance between 
parent means and means for the r-th line, and the variance between means of the r-th line (ŴI+ i), expected values 
for the coordinates (ŴR; R) and (ŴD; D) and predicted value for the parent with the maximum concentration of 
dominant alleles (ȲR; ŶiD).  Estimates were based on six soybean parents assessed with the F2 generation, in a com-
plete diallelic scheme.

1DF = days to flowering; and 2DM = days to maturation.

The parent with the maximum dominant homozygosis must show ŴD+ D equal to  -1.48 for days to flowering 
and 2.83 for days to maturation, whose closest parents are MSOY6101 and SYN9078RR, respectively (Table 11). 
So, the theoretical limits for selection were 38.89 to 69.81 for number of days to flowering and 117.64 to 155.02 for 
number of days to maturation (Table 10). When compared to the results obtained from the parents analysis and their 
F1’s, the lower number of days to flowering was similar to that obtained in the summer and to days to maturation 
very close to that estimated for the winter. The superior limits were not so close; however, they remained within the 
parametric space.  

Table 11. Values for the sum of the covariance between parent means and means for the r-th line, and of the variance 
between means for the r-th line (Ŵi 

+ i) and means for days to flowering, days to maturation and plant yield. Data 
obtained through the methodology proposed by Hayman (1954), for six soybean parents, crossed under a complete 
diallel scheme, and evaluated with generation F2.

Alleles of the ten loci described until now, together with the photoperiod (Cober et al., 1996) and temperature 
(Cober et al., 2001), regulate flowering and maturity time in soybean. For being short-day plants, under non-induc-
tive conditions, longer days(> 14 h) and high temperatures (25 to 30 °C, the dominant alleles delay flowering, with 
the exception of the  E6 locus. Lower temperatures minimize the delay effect on the E alleles under non-inductive 
photoperiods (Cober et al., 2001). 
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This study shows results obtained from soybean developed under photoperiodic conditions, varying from 10 hours 
and 54 minutes to 13 hours and 13 minutes in the summer, characterizing the non-inductive photoperiod.  There-
fore, the results differ from those obtained by Bernard (1971), Buzzell (1971), Buzzell and Voldeng (1980), and 
McBlain and Bernard (1987), who attested that dominant alleles are responsible for controlling late cycle under 
long-days conditions. However, they corroborate with the results obtained by Hartwig and Kiihl (1979), Ray et al. 
(1995), Bonato and Vello (1999b) and Zhao et al. (2016) for the E9/e9 locus, under photoperiodic conditions close 
to 14 hours.

In regards to grain yield, the fact that the character is quantitative does not impede an analysis via the Hayman 
methodology (1954), providing that the species is diplod, as in the case of soybean, and meets the model’s assump-
tions. However, the presence of epistatic interactions in the genetic control of yield becomes a disturbing element 
in the additive-dominant model adjustment. Thus, it is necessary the realization of new studies to determine the 
efficiency of the methodology used to study characters of this nature. Another option is the transformation of the 
data scale and the realization of a new model sufficiency test.  

CONCLUSIONS

The effects of additive and dominance genetics were important for the genetic control of number of days to flow-
ering and maturation and grain yield per plant. Number of days to flowering and maturation, and grain yield for the 
F1 generations, in the winter and summer, and F2 in the summer, are determined by dominant alleles. There was an 
important partial dominance in all characters in the F1 generation and overdominance in the F2 generation.

Parents MSOY6101 and RSF6563IPRO showed greater concentration of alleles favorable to flowering and mat-
uration time reduction, and parents TMG123RR and SYN9078RR to grain yield. Parents TMG801 and MSOY-
9144RR.contributed the most for the delay of the F2 generation cycle. 
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