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Abstract       The primary objective of any systematic and successful 
breeding program is the evolution of high yielding and stable cultivars which 
requires a thorough knowledge of the genetic mechanism governing yield and 
yield components. For such studies diallel analysis is a useful biometrical 
approach to understand the nature of gene action. By understanding these 
components of variance a plant breeder can identify the parents which 
combine well and produce productive progenies and moreover suitable 
breeding strategies can be drawn up on the basis of expected performance of 
the progenies. The present investigation was undertaken to understand the 
involving gene action and type of inheritance, using genetic components of 
variance and Wr/Vr graphs, for ear length in maize, by using diallel analysis. 
The dominance variance have had the largest contribution to the variability of 
ear length, while  the additive variance shows a considerably lower value. 
Also, it is noted a dominance of the parents with higher ear length. Genes 
with additive effect act mainly in the determinism of ear length at the lines 
T248, Tc 344 şi T291, while at the line Tc 208 the manifestation of this 
character is influenced by non-allelic gene interactions. The line Tc209 has 
the highest proportion (59.20 %) of dominant alleles involved in the 
determinism of ear length, followed by T291 (54.60 %) and T248 (52.30 %) 
lines. The recessive alleles have a high contribution in the determinism of this 
character to the lines Tc208 (89.90 %) and K108 (57.50 %)   
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Maize is one of the major cereal crops in the 

world [1]. Superior position of maize is due to its very 

widespread and various utilizations. It is used for 

human food, livestock feed, row industrial material, 

and as medical and ornamental plants [14]. 

Yield improvement through genetic 

approaches which determines the gene action would 

become highly essential and moreover formulation of 

comprehensive breeding strategies is to be done for the 

yield improvement of any crop which depends mostly 

on understanding the nature of gene action involved for 

a specific trait to be improved. Further, the choice of 

efficient breeding program depends on the large 

knowledge of the type of gene action for components 

of productivity [7]. 

 Dominance gene action is desirable for 

developing hybrids and additive gene action implies 

that standard selection protocols would be effective 

enough in breeding about improving the character [5]. 

For such studies diallel analysis is a useful biometrical 

approach to understand the nature of gene action. By 

understanding these components of variance a plant 

breeder can identify the parents which combine well 

and produce productive progenies and moreover 

suitable breeding strategies can be drawn up on the 

basis of expected performance of the progenies [7]. 

Heterosis is defined as the percentage of F1 

over the parental mean, and generally high heterosis 

values are desirable for grain yield in maize [12]. 

While Dehghanpour et al. (1996) estimated 152 % 

midparent heterosis for grain yield, Larish and 

Brewbaker (1999) reported an average of 55% 

midparent heterosis for variety crosses and 105% 

heterosis for inbred crosses in maize. 
Siddiqui (1988), concluded that ear length and 

number of kernels per row were controlled by additive 

type of gene action with partial  dominance, while plant 

height, number of ears per plant, kernel yield and 100-

kernel weight were controlled by over-dominance type of 

gene action. 
The present investigation was undertaken to 

understand the involving gene action and type of 

inheritance, using genetic components of variance and 

Wr/Vr graphs, for ear length in maize, by using diallel 

analysis. 

 

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 
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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 

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 
 

Experimental results obtained with regard to 

ear length in F1 hybrid combinations were processed by 

analysis of variance method developed by Hayman 

(1954), adequate to diallel crosses. Significance 

testing was done to the sum of variances interaction or 

the common variance of error.

 

Table 1 

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

variation     

Repetitions 2 8.17 4.09 3.61* 

a 5 14.83 2.97 2.62* 

b 15 398.57 26.57 23.51** 

b1 1 381.74 381.74 337.82** 

b2 5 5.59 1.12 0.99 

b3 9 11.23 1.25 1.10 

Erorr 40 45.28 1.13  

Total 62 466.85   

 

 

Based on the data presented in Table 1 it is 

observed that the dominance variance (b) have had the 

largest contribution to the variability of ear length 

which is distinctly significant. The additive variance 

(a) shows a considerably lower value associated with a 

significant effect on the variability of this character. 

As regards the dominance and how it works in 

genetic determinism of this trait, 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. Since the mean 

of this trait in F1 hybrids is above the parents mean, the 

significance of b1 indicates a dominance of the parents 

with higher ear length. Vidal et al (2001) also reported 

hybrid vigor for this character. 

Also, the b2 component of dominance 

variance by its insignificant values indicates a reduced 

asymmetry in the distribution of alleles with positive 

and negative effects, which influence the ear length to 

parental forms. 
The b3 component has low and insignificant 

values which show that there are no differences 

between hybrids values due to the dominance. The 

differences between hybrids are significantly 

influenced by environmental conditions, according to 

the variability of values of this trait recorded by studied 

genotypes from a repetition to another. 

 

 

 



 283 

 
Fig. Diagram of  Wr/Vr regression for ear length 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.  

Genes with additive effect act mainly in the 

determinism of ear length at the lines T248, Tc 344 şi 

T291, while at the line Tc 208 the manifestation of this 

character is influenced by non-allelic gene interactions 

(Fug. 1).  The regression line intersects the covariances 

axis under the origin (a = -2.76), indicating the 

presence of over-dominance in the determinism of ear 

length at studied genitors. 

The distance between the regression line and 

parabola, and also the position of parental genotypes to 

the regression line shows that both the additive and the 

dominance effects have an important role in the genetic 

determinism of ear length, according to the analysis of 

genetic variance. 

The line Tc209 has the highest proportion 

(59.20 %) of dominant alleles involved in the 

determinism of ear length, followed by T291 (54.60 %) 

and T248 (52.30 %) lines. The recessive alleles have a 

high contribution in the determinism of this character 

to the lines Tc208 (89.90 %) and K108 (57.50 %). 

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 0.42 

2. H1- dominance effects of genes 20.33*** 

3. H2 – corrected dominance effects of genes 23.22*** 

4. F- the covariance of additive and dominance effects -0.85 

5. h2- square of parents difference 79.85*** 

6. E- environmental variance 0.46 

7. (H1/D)1/2 – average degree of dominance 6.96 

8. kD/(kD+kR) – proportion of dominant genes 0.457 

9. PF1
- average direction of dominance 5.83 

10. D-H1 – average direction of gene effects -19.91 

11. H2 / 4H1 – balance of positive and negative alleles 0.219 

12. h2 / H2 – number of gene groups or effective factors 3.44 

13. Hb – heritability in broad sense 0.845 

14. Hn – heritability in narrow sense 0.057 

LSD5% = 3.47  LSD 1% = 4.65  LSD 0.1% = 5.76 
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From Table 2 it is observed that the 

dominance effects (H) play a very important and 

significant role in the genetic determinism of ear 

length, alongside these the additive effects (D) being 

present in a low and insignificant measure, according 

to the analysis of genetic variance. 

The negative value of covariance for additive 

and dominance effects (F) indicates that the recessive 

alleles controlling this trait have a higher frequency 

than the dominant ones even though differences 

between them are not statistically assured. 

At the same time it highlights a asymmetry of 

positive and negative effects of genes due to 

dominance, having regard the significant value of H2 

component.  The positive and highly significant values 

of the h
2
component indicates that the effect dominance 

is due to heterozygous loci [10]. 
The ratios between the variance components 

provide complexes relationships with regard to the 

inheritance studied trait, but must be considered with 

great circumspection [2]. 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 

recessive alleles ranging from 40.80 and 89.20 %. 

Based on the H2 / 4H1 ratio it is noted that for 

this trait the dominant alleles from parents are in 

different positive and negative frequencies. About five 

effective factors or groups of genes which present a 

certain degree of dominance are involved in genetic 

determinism of ear length according to the value of h
2 

/ 

H2 ratio. 

The high values of broad sense heritablity 

according to the results of Dhillon and Singh (1979), as 

well low the 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 

length. 
 

Conclusions 

 
1. The dominance variance has had the largest 

contribution to the variability of ear length, while the 

additive variance shows a considerably lower value. Also, 

it is noted a dominance of the parents with higher ear 

length.   

2. The graphic analysis revealed over 

dominance type of gene action for this trait. About five 

effective factors or groups of genes which present a 

certain degree of dominance are involved in genetic 

determinism of ear length 

3. Genes with additive effect act mainly in the 

determinism of ear length at the lines T248, Tc 344 şi 

T291, while at the line Tc 208 the manifestation of this 

character is influenced by non-allelic gene interactions.  

4. The line Tc209 has the highest proportion 

(59.20 %) of dominant alleles involved in the 

determinism of ear length, followed by T291 (54.60 %) 

and T248 (52.30 %) lines. The recessive alleles have a 

high contribution in the determinism of this character 

to the lines Tc208 (89.90 %) and K108 (57.50 %). 
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