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Abstract  Maize yield is a model quantitative trait because its genetic basis 
appears to hew closely to the classical quantitative genetics assumptions of 
many genes Knowledge of the way genes act and interact will determine 
which breeding system can optimize gene action more efficiently and will help 
elucidate the role of breeding systems in the evolution of crop plants. The aim 
of this study was to investigate  the type of gene action for plant height in a half 
diallel cross between six inbred lines of maize. The dominance gene effects 
were important, explaining additive x nonadditive and nonadditive x 
nonadditive gene effects interaction for plant height. There are no differences 
between plant height of the hybrids attributed to the dominance. In the case of 
K1080 line a high proportion of recessive alleles associated with lower values 
of plant height are observed, for the line TC344 the recessive alleles express 
a slightly negative impact on this trait. The dominance has a bidirectional 
effect, given that it cause a reduction of plant height in lines TC 208 and 
TC209 and an increase of plants height for T291 and T298 lines, respectively. 
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Estimation of the types of gene action 

involved in the expression of traits, the level of 

additive effects and the degree of dominance are very 

important in designing a breeding method for 

improving the trait of interest. Knowledge of the way 

genes act and interact will determine which breeding 

system can optimize gene action more efficiently and 

will help elucidate the role of breeding systems in the 

evolution of crop plants [4]. 

Plant height is strongly associated with the 

flowering date, both morphologically and 

ontogenetically, because internode formation stops at 

floral initiation, which means that earlier flowering 

maize is usually shorter [12]. Breeders used to think 

that earliness and high yield stood in reciprocal ratio to 

each other [13]. 

Selection for earliness, for example, decreases 

plant and ear height, according to many authors [8; 10; 

12]. It is probably due to gene frequency changes [8]. 

In contrast, selection for higher yield increases plant 

and ear height [11]. Selection for cold tolerance also 

decreases the plant height and causes in many cases an 

early flowering [7].  

Plant height is usually considered to be a 

simple inherited trait, determined by only a few genes 

[13]. According to Sheridan (1988), there are at least 

27 loci influencing the quantitative expression of this 

trait. Beavis et al. (1991) identified 14 QTLs, most of 

them linked to the loci of qualitative traits. 

 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 aim of this study was to investigate  the 

type of gene action for plant height in a half diallel 

cross between six inbred lines of maize. 

 

Material and Method 
 

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 In order to initiate the "in vitro" cultures, a 

three factors experiment was organized on the type 5 x 

6 x 3, after a completely randomized design, having as 

factors: the genotype, the hormonal balance and the 

culture duration. To determine the significance of 

differences between the various studied factors the 

statistical analysis was done by ANOVA and t test [4]. 

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 
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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. 

The relative position of genotypes in relation 

to dominance-recessive indicator (Wr+Vr) was 

established using the method developed by Johnson 

and Aksel (1959).   

 

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 plants height in F1 maize hybrids 

Source of DF SS MS F test 

variation     

Repetitions 2 1524.63 762.32 17.95** 

a 5 156.72 31.34 0.74 

b 15 2891.51 192.77 4.54** 

b1 1 2176.14 2176.14 51.25** 

b2 5 540.86 108.17 2.55* 

b3 9 174.51 19.39 0.46 

Erorr 40 1698.53 42.46  

Total 62 6271.39   

 

The variance of dominance (b) which is 

significant (at p 0.01) had the largest contribution to 

the variability of this trait,  indicating that the 

dominance gene effects were important explaining 

additive x nonadditive and nonadditive x nonadditive 

gene effects interaction for plant height (Table 1), in 

accordance with the results of Guo et. al. (1986). Also, 

the value of b indicates that the dominance gene effects 

are important for selecting the hybrid combinations on 

the basis of specific combining ability. The additive 

variance (a) had a small contribution and statistically 

not significant, proving that additive gene effects have 

a low importance for the inheritance of this trait 

After analyzing the various subcomponents of 

dominance variance in terms of their value and 

significance, can be made explanations about the 

dominance and how she acts in the genetic 

determinism of that trait. Thus, it appears that the 

dominance variance subcomponent b1 which indicates 

the mean deviation of hybrids from parental values, 

namely the directional dominance effects, shows high 

and significant values towards the error suggesting that 

the dominance was unidirectional. 

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 plants. The b2 

subcomponent of dominance records significant values 

indicating an asymmetric distribution of alleles with 

positive and negative effects, which influence the plant 

height of parental forms, suggesting that the deviations 

of dominance are due to parental arrays, respectively. 

The b3 component has low and insignificant values 

which show that there are no differences between plant 

height of the hybrids attributed to the dominance. 

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 (Vr-the variance of each array and Wr-the 

covariance between the offspring in each array and 

their nonrecurrent parents)  

The distance between the regression line and 

parabola, and also the position of parental genotypes to 

the regression line shows that mainly the dominance 

effects have an important role in the genetic 

determinism of plant height, according to the analysis 

of genetic variance. 

In the inheritance of plant height at line 

K1080 act predominantly additive genes, while at T248 

line the expression of this is influenced by non-allelic 

genes interactions (Fig. 1). The regression line 

intersects the covariances axis under the origin (a = -

19.89), indicating the presence of over-dominance in 

the inheritance of plants height at these genitors.. 

Among the studied genitors the line T248 shows the 

highest proportion of dominant alleles (75%). Also, 

T209 and T291 lines recorded a slight excess of 

dominant alleles involved in the determinism of this 

trait, with values of 57.7-56.8%. TC208 and TC344 

lines manifested an average frequency of 52.3-68.2% 

recessive alleles, while for K1080 line the inheritance 
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of plant height is controlled mainly by recessive alleles (93.2%).

 

 

Fig.1. Graph of  Wr/Vr regression for plants height in F1 maize hybrids  
 

The relative position of genotypes in relation 

to dominance-recessive indicator (Wr+Vr) was 

established using the method developed by Johnson 

and Aksel (1959).  Distribution of parental lines based 

on standard deviations yr (plant height of parental 

forms) and (Wr+Vr), indicate that both dominance and 

recessiveness are associated with both positive and 

negative effects of different alleles.

 

 

 
Fig. 2. Graph of the standardized deviations (Wr+Vr) and yr for plants height in F1 maize hybrids  

 

In the case of K1080 line a high proportion of 

recessive alleles associated with lower values of plant 

height are observed, for the line TC344 the recessive 

alleles express a slightly negative impact on this trait. 

The dominance has a bidirectional effect, given that it 

cause a reduction of plant height in lines TC 208 and 

TC209 and an increase of plants height for T291 and 

T298 lines, respectively. 

This asymmetry of the effects of different 

alleles on phenotypic manifestation of plant height, is 

confirmed by negative and different values  of 

correlation coefficients between Yr and Vr + Wr. 
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Conclusions 

 
1. The dominance gene effects were the most 

important, explaining additive x nonadditive and 

nonadditive x nonadditive gene effects interaction for 

plant height. There are no differences between plant 

height of the hybrids attributed to the dominance.  

2. In the inheritance of plant height at line 

K1080 act predominantly additive genes, while at T248 

line the expression of this is influenced by non-allelic 

genes interactions. 

3. The line T248 shows the highest proportion 

of dominant alleles (75%). Also, T209 and T291 lines 

recorded a slight excess of dominant alleles involved in 

the determinism of this trait, with values of 57.7-

56.8%. TC208 and TC344 lines manifested an average 

frequency of 52.3-68.2% recessive alleles, while for 

K1080 line the inheritance of plant height is controlled 

mainly by recessive alleles (93.2%). 

4. In the case of K1080 line a high proportion 

of recessive alleles associated with lower values of 

plant height are observed, for the line TC344 the 

recessive alleles express a slightly negative impact on 

this trait. The dominance has a bidirectional effect, 

given that it cause a reduction of plant height in lines 

TC 208 and TC209 and an increase of plants height for 

T291 and T298 lines, respectively. 
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