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Abstract       Since the genetic constitution of each maize plant or line in a 
population is unknown, the genetic effects of each locus cannot be estimated 
separately. The breeding procedure to be applied should be based on a good 
understanding of the inheritance of quantitative traits estimated by diallel 
cross analysis. The ratio of dominance or epistatic variance to the additive 
variance indicates the level of difficulty that may be encountered in improving 
a trait by selection in random-mated populations. The objectives of this 
research were to determine the type of gene action and genetic parameters 
for ear yield in a half diallel cross involving six inbred lines of maize.The non-
additive types of gene action are mainly involved in the inheritance of this 
character, while the additive gene have a lower contribution. At T248, T291 
and Tc209 lines, this trait is mainly controlled by additive effects, while at Tc 
208, Tc 344 and K1080  lines,  non-allelic gene interaction may act in the 
expression of this trait.  The dominant alleles controlling this trait have a 
higher frequency than the recessive ones. The positive and negative alleles 
were unequally distributed at the loci exhibiting dominance in the parental 
lines. A significant part of this trait variability is due to the genotype, amid a 
low contribution of the additive effects on the phenotypic manifestation of ear 
yield.   
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Maize yield is a model quantitative trait 

because its genetic basis appears to hew closely to the 

classical quantitative genetics assumptions of many 

genes, each with very small effects on the trait [3], 

giving rise to approximately normal distributions in 

randomly-mated populations [5]. Further, the 

heritability of yield is low (Hallauer and Miranda, 

1988), meaning that much of the phenotypic 

differences observed between individual observations 

on plants or lines are due more to environmental than 

genetic differences [2]. 

Since the genetic constitution of each maize 

plant or line in a population is unknown, the genetic 

effects of each locus cannot be estimated separately. 

The breeding procedure to be applied should be based 

on a good understanding of the inheritance of 

quantitative traits estimated by diallel cross analysis. 

Different methods have been proposed by Yates 

(1947), Hayman (1954 , 1958, 1960) and Griffing 

(1956). 

In most cases, there is no direct relationship 

between the magnitude of additive, dominant, and 

epistatic variances and the magnitude of their 

respective gene actions [9]. The ratio of dominance or 

epistatic variance to the additive variance indicates the 

level of difficulty that may be encountered in 

improving a trait by selection in random-mated 

populations. Hallauer and Miranda [6] summarized the 

results of 99 studies of genetic variances for maize 

yield and found that, on average, the dominance 

variance was 61% of the additive variance. This is in 

contrast to almost all other traits, for which the 

dominance variance tended to be 25% or lower. 

Epistatic variance for maize yield appears to be much 

less important, although experimental and statistical 

difficulties hinder accurate estimation of epistasis [6; 8 

; 9; 11] . 

The objectives of this research were to 

determine the type of gene action and genetic 

parameters for ear yield in a half diallel cross involving 

six inbred lines of maize. 

 
Material and Methods 
 

 The genetic materials used in this study were 

six inbreed lines obtained from SCDA Turda (Tc208; 

K1080; Tc 209;T291;T248,Tc344) and 15 F1 hybrids 

obtained from a 6 x 6 half-diallel mating. These 

genotypes were studied in a randomized complete 

block design with 3 replications, with plots composed 

of 30 plants.  

Genetic analysis was done according to the diallel 

technique as described by Hayman (1954) and Jinks 

(1954), which provides information on the inheritance 
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mechanism in the early generations and helps the 

breeder to make effective selection.  

 The information on gene action and presence 

of dominant and recessive genes in the parents was 

also inferred by plotting the covariance (Wr) of each 

array against its variance (Vr). The slope and position 

of regression line fitted to the array points with the 

limited parabola indicated the degree of dominance and 

the presence or absence of gene interaction.  

The distance between the origin and the point 

where the regression line cut the Wr-axis provides a 

measure of average degree of dominance are: partial 

dominance, when the intercept is positive; complete 

dominance, if the line passed through the origin; over-

dominance, if the intercept is negative; no dominance, 

if the regression line touched parabola limits. 

 

Results and Discussions 
 

The highest and significant contribution to the 

variability of grains weight/ear  have had the 

dominance variance (b), while the additive variance (a) 

shows a considerably lower value associated with a 

insignificant effect on this trait variability (Table 1). 

The differences between hybrids are influenced in a 

lower and insignificant measure by environmental 

conditions.

 

Table 1 

Analysis of genetic variance for grains weight/ear in F1 maize hybrids 
Source of DF SS MS F test 

variation     

Repetitions 2 31.68 15.84 0.71 

a 5 96.61 19.32 0.86 

b 15 14653.26 976.88 43.67** 

b1 1 13173.95 13173.95 588.85** 

b2 5 627.01 125.40 5.61** 

b3 9 852.30 94.70 4.23** 

Erorr 40 894.89 22.37  

Total 62 15676.44   

 

 

Following the analysis of various 

subcomponents of dominance variance, it is found that 

the b1 component of dominance variance which 

indicates the mean deviation of hybrids from parental 

values, namely the directional dominance effects, has a 

high and statistically assured value to error. The 

significance of b1 indicates a dominance of the parents 

with higher yield/ear, considering the fact that the 

mean of this trait in F1 hybrids is higher to the parents 

mean. 

Also, the b2 component of dominance 

variance by its significant values indicates that the 

effects of dominant alleles which influence the ear 

yield to parental forms are not unilateral, thus showing 

an asymmetry in the distribution of alleles with 

positive and negative effects. The significant values of 

b3 component show that there are differences between 

hybrids values due to the dominance.
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Fig. 1. Diagram of  Wr/Vr regression for grain weight/ear in F1 maize hybrids  

 

Graphical analysis of the genetic variance 

provides information about the general characterization 

of studied genotypes in terms of genetic potential and 

the predominant type of the gene action, as well an 

individual characterization, from this point of view of 

each genitor. To establish some issues relating to 

genetic determinism of the studied trait, Wr /Vr  

regression analysis after Hayman's model (1954)was 

used.  

The position of genitors to the regression line, 

indicates that at T248, T291 and Tc209 lines, this trait 

is mainly controlled by additive effects, while at Tc 

208, Tc 344 and K1080  lines,  non-allelic gene 

interaction may act in the expression of this trait (Fig 

1). The regression line intercepted the Wr-axis below 

the point of origin indicating over dominance for this 

character.  

The recessive alleles have a high contribution 

in the inheritance of this character to the lines T248 

(84.10 %), T291 (75.80), Tc209 (53.00 %). The line 

K1080 has the highest proportion (94.70 %) of 

dominant alleles involved in the determinism of ear 

yield, followed by lines Tc208 (82.10 %) and  Tc344 

(54.70 %) 

The genetic model developed by Hayman 

allows in addition to graphical analysis, also a different 

type of approach based on calculations of genetic 

components of variance and of some ratios of these 

whose content is also interpretable based on the theory 

of diallel crosses. 

 

Table 2 

Estimates of genetic components of variation for ear length in F1 maize hybrids 
No Component/ratio Estimate 

1. D- additive effects of genes 7.67 

2. H1- dominance effects of genes 844.16*** 

3. H2 – corrected dominance effects of genes 806.37*** 

4. F- the covariance of additive and dominance effects 23.72* 

5. h2- square of parents difference 2828.26*** 

6. E- environmental variance 8.49 

7. (H1/D)1/2 – average degree of dominance 10.49 

8. kD/(kD+kR) – proportion ofdominant genes 0.531 

9. PF1
- average direction of dominance 29.27 

10. D-H1 – average direction of gene effects -836.49 

11. H2 / 4H1 – balance of positive and negative alleles 0.239 

12. h2 / H2 – number of gene groups or effective factors 3.51 

13. Hb – heritability in broad sense 0.768 

14. Hn – heritability in narrow sense 0.103 

LSD5% = 18.76  LSD 1% = 25.08  LSD 0.1% = 31.11 
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Significant value of H
1
, H

2 
and h

2 

indicated 

the importance of non-additive types of gene action 

involved in the inheritance of this character. The 

positive and significant value of covariance for 

additive and dominance effects (F) indicates that the 

dominant alleles controlling this trait have a higher 

frequency than the recessive ones. 

The ratios between the variance components 

provide complexes relationships with regard to the 

inheritance studied trait, but must be considered with 

great circumspection (Crumpacker şi Allard, 1962). 

Because the H2 / 4H1 ratio deviated from its expected 

value of 0.25, it indicated that the positive and negative 

alleles were unequally distributed at the loci exhibiting 

dominance in the parental lines. 

According to the Wr/Vr regression graph the 

average degree of dominance measured by (H1/D)
1/2

 

and kD/(kD+kR) ratios, suggests the presence of over-

dominance in the determinism of this trait, due to a 

higher proportion of dominant alleles ranging from 

15.90 and 94.70 %. Based on the value of h
2 

/ H2 ratio, 

about four effective factors or groups of genes which 

present a certain degree of dominance are involved in 

genetic determinism of ear yield.  

The high values of broad sense heritablity 

according to the results of Aydin et al. (2007), as well 

the low values of narrow sense heritability confirms 

that a significant part of this trait variability is due to 

the genotype, amid a low contribution of the additive 

effects on the phenotypic manifestation of ear yield. 

 

Conclusions 
 

1. The non-additive types of gene action are 

mainly involved in the inheritance of this character, 

while the additive gene have a lower contribution. At 

T248, T291 and Tc209 lines, this trait is mainly 

controlled by additive effects, while at Tc 208, Tc 344 

and K1080  lines,  non-allelic gene interaction may act 

in the expression of this trait 

2. The dominant alleles controlling this trait 

have a higher frequency than the recessive ones. The 

recessive alleles have a high contribution in the 

inheritance of this character to the lines T248 (84.10 

%), T291 (75.80), Tc209 (53.00 %). The line K1080 

has the highest proportion (94.70 %) of dominant 

alleles involved in the determinism of ear yield, 

followed by lines Tc208 (82.10 %) and  Tc344 (54.70 

%) 

3. The positive and negative alleles were 

unequally distributed at the loci exhibiting dominance 

in the parental lines. Also it is noted a dominance of 

the parents with higher yield/ear. 

4. A significant part of this trait variability is 

due to the genotype, amid a low contribution of the 

additive effects on the phenotypic manifestation of ear 

yield. 
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