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Abstract: The grains size is one of the most important traits which contribute 
to the achievement of plant yield. The aims of this study was to determine the 
gene effects, the inheritance type and the elements of genetic variance for 
thousand grains weight in six winter barley varieties. The dominance effects 
play a very important and significant role in the genetic determinism of 
thousand grains weight for this set of parents, also alongside these being 
present in a lesser extent additive effects. As such, recurrent selection or 
diallel selective mating can be use for the improvement of this trait. In the 
case of “Metal” and “Viktor” varieties the thousand grains weight, is mainly 
controlled by non-allelic gene interactions, while for other four parents in the 
inheritance of this trait are involved genes with additive effect. The application 
of selection for higher values of thousand grains weight in the offspring of 
„Viktor” and “Orizont” will involve the combination of dominant alleles with 
positive effect on the expression of this trait. In the hybrids, a substantial 
proportion of thousand grains weight variability is due to additive and 
dominance genes effects under a low influence of the environment. 
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Barley improvement has been and continues 

to be dependent on continues supply of new germplasm 

material as donor of various genes of breeding 

importance [2]. As such, it necessary to assess the 

inheritance of interest traits in different cultivars, 

which can be used as potential genitors. For this 

purpose the diallel crosses are frequently used in 

genetic analysis of quantitative traits [1]. In order to 

obtain valuable results in a shorter time, it is necessary 

to identify genotypes with high values of different 

yield traits, associated with a high heritability. 

The grains size is one of the most important 

traits which contribute to the achievement of plant 

yield. High 1000 kernel weight depends on the size of 

kernels (length, width and thickness) and their 

plumpness. The kernel size is a very important 

character in terms of the seeding rate and processing 

technologies. A change in the size of kernels means 

that proportions of kernel anatomic parts and their 

chemical composition are different [9]. Sinha et al. 

(1985) suggested that barley be selected more strictly 

in the earlier generations on a higher number of grains 

per spike and a longer spike for ensuring a higher mass 

of 1000 grains as well as the mass of grains per spike 

in the next level of selection [7].  

Genetic analysis was made using 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 diallel analysis 

provides reliable method particularly in autogamous 

crops to review the genetic system and gene action 

involved in the expression of plant attributes, right in 

the F1 generation [4;8]. Diallel crosses are used to 

study the genetic diversity and polygenic systems of 

quantitative traits. As the most important traits are 

inherited in a quantitative manner [11], therefore the 

results of such crosses are valuable for the 

improvement of the traits inside and among 

populations, as well as the production of cultivars 

[10;12]. 

The aims of this study was to determine the 

gene effects, the inheritance type and the elements of 

genetic variance for thousand grains weight in six 

winter barley varieties. 

 

Material and Method 

The six parents (Metal, Orizont, Plaisant, 

Viktor, Turul, Lyric) were chosen to fit the statistical 

model adopted for genetic study, and are contrasting in 

terms of origin and the expression of this trait. The 15 

hybrids resulting from a half diallel cross between the 

six parents were studied in a randomized block design 

with three replications. 

The diallel analysis was carried out on the 

following assumptions: diploid segregation, no 

reciprocal effects, homozygous parents, no epistasis, 

mailto:adrianaciulca@gmail.com


 75 

no multiple allelism, and independent genes 

distribution among parents. 

The data were subjected to analysis of 

covariance/variance (Wr/Vr) regression and analysis of 

variance of Wr-Vr arrays, using diallel analyses 

technique [3; 5]. Graphical analysis was supplemented 

with standard deviation graph of the parental values 

(yr) and (Wr +Vr) sums, according to Johnson and 

Aksel [6]. This graph shows the relationship between 

dominance and positive and negative alleles. 

Components of genetic variance have been calculated 

following the model of Jinks and Hayman (1953). 

 

Results and Discussions 
 

Regarding the predominant type of action for 

the genes involved in the inheritance of thousand 

grains weight, from the graph of regression it is noted 

that most of the recurrent parents are grouped close to 

the regression line, indicating that in the genetic 

determinism of this trait are also implicated genes with 

additive effect. As well, in “Metal” and “Viktor” 

varieties, this trait is controlled by non-allelic gene 

interactions (Fig. 1). 
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Fig. 1. Wr/Vr regression for thousand grains weight in F1 hybrids 
 

The distance between the regression line and 

parabola as well as the position of parents towards the 

regression line, indicates that both dominance and 

additive effects play an important role in the 

inheritance of thousand grains weight at studied 

varieties.  

For Metal variety is noted a higher level of 

heterozygosity of this trait, while Viktor variety 

possess a high frequency of homozygous genes. Based 

on the position of parents to the regression line in 

association with Wr+Vr values, the genetic diversity 

between parents for this trait can be assessed. 

Therefore, it is noted that studied varieties are divided 

into three groups: “Lyric”; “Viktor”; and Metal-

Plaisant-Orizont-Turul, among which there is a certain 

genetic similarity. 

The regression line intercepts the covariance 

axis under the origin (a= -1.478) indicating the 

presence of over dominance. From the studied parents, 

“Lyric” (74.70 %) and “Turul” (49.10 %) varieties 

possess the highest proportion of recessive alleles, 

while “Viktor” (93,40 %) and “Orizont” (63,70 %) 

varieties have the highest proportion of dominant 

alleles (Table 1). 

Table 1 

Mean  (Yr) , variance (Vr), covariance (Wr) values, and proportion of dominant alleles  

for thousand grains weight of parents 

Parents 
Mean 

Yr 

Variance 

Vr 

Covariance 

Wr 

Proportion of 

dominant alleles 

Metal 46.57 5.019 6.994 0.605 

Orizont 42.43 6.145 4.713 0.637 

Plaisant 37.27 6.542 4.539 0.631 

Viktor 43.73 3.519 -3.261 0.934 

Turul 37.73 9.401 6.035 0.509 

Lyric 38.77 13.805 9.153 0.253 
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The distribution of parents based on standard 

deviations yr (thousand grains weight of varieties) and 

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

recessivity are associated with positive and negative 

effects of different alleles. Therefore, there is a high 

proportion of recessive alleles associated with high 

value of this trait for Metal variety, while for Turul and 

Lyric varieties the recessive alleles causes a reduction 

of thousand grains weight (Fig. 2).

  

Viktor

Orizont

Plaisant

Metal

Turul

Lyric

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

Vr+Wr

Yr

r = 0,477

 

Fig. 2. The standardized deviations (Wr+Vr) and yr for thousand grains weight in F1 hybrids 
 

At Viktor and Orizont varieties, the dominant 

alleles are associated with positive values of this trait, 

while in Plaisant variety the dominant alleles lead to a 

reduction of thousand grains weight. As such, the 

application of selection for higher values of thousand 

grains weight in the offspring of “Viktor” and 

“Orizont” will involve the combination of dominant 

alleles with positive effect on the expression of this 

trait. This asymmetry of the effects of different alleles 

on the phenotypic expression of thousand grains 

weight is also confirmed by the low and insignificant 

values of the correlation coefficient (r = 0.477) 

between Yr and Vr+Wr. 

According to the data presented in Table 2 it 

is noted that the dominance effects (H1) play a very 

important and significant role in the genetic 

determinism of thousand grains weight, also alongside 

these being present in a lesser extent additive effects 

(D). A higher frequency of dominant alleles (F) is 

highlighted, together with an asymmetry of their 

positive and negative effects due to dominance, given 

the fact that the values of dominance variance (H1) are 

higher than corrected dominance effects of genes (H2.) 

The low and insignificant value of environmental 

variance indicates that in this experience homogeneous 

conditions have been ensured for all studied genotypes. 

The recessive genes have a small influence on the 

determinism of this trait, given the positive F values.

Table 2 

Components of genetic variance and some report for thousand grains weight in F1 hybrids 

Variance component / ratio Estimate value 

D- additive effects of genes 12.540*** 

H1- dominance effects of genes 25.361*** 

H2 – corrected dominance effects of genes 21.134*** 

F- covariance of additive and dominance effects 3.234 

h
2
- cumulative dominance effects 28.003*** 

E- environmental variance 1.256 

(H1/D)
1/2

 – average level of dominance 1.422 

kD/(kD+kR) – proportion of dominance genes 0.545 

PF 1
- average direction of dominance 3.247 

D-H1 – average direction of genes effects -12.821
000 

H2 / 4H1 – average frequency of positive and negative alleles 0.208 

h
2 
/ H2 – number of genes groups or effective factors 1.590 

Hb – broad sense heritability 0.906 

Hn – narrow sense heritability 0.509 
LSD5% = 5.48             LSD1% = 7.32         LSD0,1% = 9.62 
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The values of ratios (H1/D)
1/2

 and kD/(kD+kR) 

suggests the presence of over-dominance in the 

inheritance of thousand grains weight, and a higher 

proportion of dominant alleles (54.50 %), respectively. 

The ratio H2 / 4H1   that estimates the proportion of 

dominant alleles with positive and negative effects in 

parents indicated the presence of different proportions 

of positive and negative alleles in these parents. 

The values of this trait in F1 hybrids were 

controlled by 1-2 pairs of genes. This assessment could 

be underestimated due to high values of H2, 

uncorrelated genes distribution and the presence of 

some dominant effects different in meaning and size. 

The higher values of broad (0.906) and narrow (0.509) 

sense heritability for this trait, indicated that a 

substantial proportion of thousand grains weight 

variability is due to additive and dominance genes 

effects. 

 
Conclusions 
 

The dominance effects play a very important 

and significant role in the genetic determinism of 

thousand grains weight for this set of parents, also 

alongside these being present in a lesser extent additive 

effects. As such, recurrent selection or diallel selective 

mating can be use for the improvement of this trait. 
In the case of “Metal” and “Viktor” varieties 

the thousand grains weight, is mainly controlled by 

non-allelic gene interactions, while for other four 

parents in the inheritance of this trait are involved 

genes with additive effect; 

The application of selection for higher values 

of thousand grains weight in the offspring of “Viktor” 

and “Orizont” will involve the combination of 

dominant alleles with positive effect on the expression 

of this trait. 

A high proportion of recessive alleles are 

associated with high value of this trait for Metal 

variety, while for Turul and Lyric varieties the 

recessive alleles causes a reduction of thousand grains 

weight.  

In the hybrids, a substantial proportion of 

thousand grains weight variability is due to additive 

and dominance genes effects under a low influence of 

the environment. 
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