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Abstract: The quality of barley feed is determined both by physical and 
chemical criteria in a complex interaction and also by feeding quality of the 
feed barley grain. Combining ability analysis provides important information 
for selection of parents in terms of the performance of their hybrids. The aim 
of this paper was conducted to assess the combining ability using 6 x 6 half 
diallel crosses of winter barley, in order to identify the best parents and 
combinations for hulk content, test weight and thousand grains weight, for 
future use in breeding programs. The additive gene action was more 
important as compared to non additive gene action in controlling the 
expression of husk content and thousand grains weight, while in the 
inheritance of test weight the non-additive effects have a prevalent action. For 
Lyric and Metal variety the higher additive effects for test weight are 
associated with average effects for TGW and lower effects for husk content.  
According to specific combining ability two hybrids were emphasized, Viktor x 
Turul and Viktor x Lyric, for which the non-additive effects are associated with 
higher values of TGW and test weight, and low husk content, respectively. 
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The quality of barley feed is determined both 

by physical and chemical criteria in a complex 

interaction and also by feeding quality of the feed 

barley grain [4]. The proportion of hulls increases the 

fiber content of grain, reducing the amount of 

metabolizable energy [2]. Also, the exclusion of barley 

hulls from the diet may increase the digestible energy 

of barley by 10–15% [3]. The smaller grain usually 

have lower starch level and relatively higher protein 

content, resulting in reduced extract outcome [8]. With 

a reduction of the volume weight of barley grain, the 

fiber content increases and the starch content declines. 

The correlation between grain size and β-glucan 

content has been established, which has been explained 

by thicker endosperm cell walls [1; 4]. 

A significant yield improvement it is possible 

through the development of high yielding cultivars, 

having wide genetic base and capable of producing 

higher under various agro-climatic conditions [5]. For 

this purpose, basic knowledge of genetic architecture 

of yield and yield components and nature of gene 

action is required. Diallelic hybridization is used a lot 

in genetic analysis of quantitative traits [6].  

Combining ability analysis provides useful 

information so as to select suitable parents for a 

hybridization program. A useful tool in this problem is 

the genetic study of first hybrid generations by diallelic 

crosses, when useful information can be obtained 

concerning the particularities of genetic system that 

generate that trait [13]. Therefore, the combining ability 

is a powerful tool to discriminate good as well as poor 

combiners for choosing appropriate parental materials for 

a particular character in the plant breeding programs [7]. 
Among various genetic techniques, combining 

ability analysis developed by Griffing [10] provides 

important information for selection of parents in terms 

of the performance of their hybrids. Further it 

elucidates the nature and magnitude of various types of 

gene actions involved in the expression of quantitative 

characters [6].  

The aim of this paper was conducted to 

assess the combining ability using 6 x 6 half diallel 

crosses of winter barley, in order to identify the best 

parents and combinations for husk content, test weight 

and thousand grains weight, for future use in breeding 

programs. 
 

Material and Method 
 

The biological material comprised of 15 

hybrids resulting from a half diallel cross between six 

winter barley varieties (“Metal”, “Orizont”, “Plaisant”, 

“Viktor”, “Turul”, “Lyric”) with different ecological 

and genetic origin. These parents were chosen to suite 

the statistical model for genetic study. The research 

was conducted based on a randomized complete block 

design with three replications. For each genotype were 
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carried out measurements on: husk content (HC); 1000 

grains weight (TGW); test weight (TW). 

Combining ability analysis was carried out 

using method 2 (p parents and p(p-1)/2 hybrids), model 

I (the model with fixed-effects, the biological material 

is seen as the population about to be inferred) as 

suggested by Griffing [4], using the following formula:  
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u - population mean; gi (gj) - effect of general 

combining ability for parent i (j); sij - effect of specific 

combining ability for hybrid between parent i and j; 

eijkl  - environment effect associated with individual 

values; 

To make possible the display in a single graph 

the general combining ability of each parent or specific 

combining ability of each hybrid, for the studied traits, the 

basic principle of the biplot technique developed by 

Gabriel (1971) and GGE biplot method developed by Yan 

et. al. (2000) was used. 

Results and Discussions 
 

In terms of husk content the differences 

between F1 hybrids are due in a significant extent both 

to general and specific combining ability. The ratio 

between these, indicate a significantly greater 

contribution of the additive effects to the inheritance of 

husk content. Also, the inheritance of this trait is not 

significantly influenced by the environmental 

conditions. 

The differences between F1 hybrids regarding 

the thousand grains weight are due in a significant 

extent to general combining ability. As such the 

genetic additive effects play an important role into the 

genetic determinism of this trait in comparison with 

those non additives dominant or epistatic. Based on the 

report between general and specific combining ability, 

it follows that in the case of these genitors for TGW 

the additive effects (78.02 %) have a significant higher 

contribution to the non additive (21.98 %).

 
Table 1 

Variance analysis for combining ability of husk content, TGW  

and test weight in F1 hybrids 

Variability Husk content 

source DF SS MS F 

Total 44 155.98   

Replication 2 2.62 1.31 1.73 

GCA 5 96.00 19.20 25.36** 

SCA 9 36.16 4.02 5.31** 

Erorr 28 21.19 0.75  

GCA/SCA   4.77**  

Variability TGW 

source DF SS MS F 

Total 44 486.58   

Replication 2 2.32 1.16 0.34 

GCA 5 269.90 53.98 15.59** 

SCA 9 136.79 15.20 4.39 

Erorr 28 96.97 3.46  

GCA/SCA   3.55**  

Variability Test weight 

source DF SS MS F 

Total 44 227.11   

Replication 2 22.08 11.04 4.27* 

GCA 5 12.96 2.59 1.00 

SCA 9 122.38 13.60 5.26** 

Erorr 28 72.41 2.59  

GCA/SCA   0.15  

 
 

In the variability of test weight at F1 hybrids, the non 

additive effects have a predominant and highly 

significant effect. As such, the ratio GCA/SCA 

indicates a prevalent action of non-additive effects 

(86.95 %) in the inheritance of this trait at hybrids, on 

the background of a significant replication variance. 

Also, we can conclude that the ratio of genetic 

components indicate that the additive gene action was 

more important as compared to non additive gene 

action in controlling the expression of husk content and 

thousand grains weight, similar findings were also 
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reported by Singh et al. (2006) and Pawar et Singh 

(2013). 

The general ability effects for husk content 

presented values with different sign and statistically 

uninsured with a range of 2.36 from -1.18 in “Metal” 

variety to 1.18 for “Turul” variety (Table 2).  The 

highest additive effects were registered at “Turul“and 

“Orizont” varieties, which have a good ability to 

transmit to offspring low values of husk content. The 

lowest additive effects were observed in “Metal”, 

“Lyric” and “Plaisant” varieties, which recorded high 

values of this trait.  

 The specific combining ability presented 

generally positive values, statistically uninsured with 

an amplitude variation of 3.21, from -1.41 in Metal x 

Lyric to 1,80 for Viktor x Turul. The highest specific 

combining ability were registered in crosses: Viktor x 

Turul (1,80), Metal x Turul (1,42) and Orizont x Plaisant 

(1,38). Also, low values of the non additive effects were 

recorded by: Metal x Lyric (-1,41), Plaisant x Turul (-

1,26) and Plaisant x Viktor (-1,16).

 

Table 2 

Effects of the general and specific combining ability for husk content in F1 hybrids 

Parents GCA SCA 

  Orizont Plaisant Viktor Turul Lyric 

Metal -1,18 -0,51 0,67 0,50 1,42 -1,41 

Orizont 0,20 
 

1,38 0,82 -0,97 -0,72 

Plaisant  -0,19   -1,16 -1,26 0,13 

Viktor -0,01    1,80 0,82 

Turul 1,18     -0,58 

Lyric -0,92      

                                          GCA -- LSD5% =2,09                    SCA -- LSD5% = 1,91    

                                                       LSD1% =3.68                                 LSD1% =2.55 

                                                       LSD0.1% =3.68                               LSD0.1% =3.36 

The highest amplitude of the differences 

between the general combining ability (Table 3) was 

5.90 g, with limits from -2.67 g in “Plaisant” to 3.23 g 

in “Viktor” variety. The average effects of general 

combining ability are generally correlated (r = 0,656) 

with the values of parents TGW, without significant 

differences and having in most cases negative values. 

For “Metal” and “Lyric” varieties, in the case of using 

them like parents, these effects have very low influence 

on this trait. 

 

Table 3 

Effects of the general and specific combining ability for TGW in F1 hybrids 

Parents GCA SCA 

  Orizont Plaisant Viktor Turul Lyric 

Metal -0,14 1,40 -0,17 -1,79 -0,52 1,07 

Orizont 1,48 
 

-0,61 -1,53 -1,26 1,99 

Plaisant  -2,67   -0,19 3,27 -2,30 

Viktor 3,23    1,39 2,12 

Turul -1,62     -2,88 

Lyric -0,28      

                                          GCA -- LSD5% =3.51 g                   SCA -- LSD5% = 3.53 g   

                                                       LSD1% =4.70  g                               LSD1% =4.73 g 

                                                       LSD0.1% =6.19  g                            LSD0.1% =6.23 g 

 

According to the specific combining ability for TGW it 

is noted that each couple emphasizes a different 

reaction, most of these have negative values, with 

amplitude of 6.10 g.  The highest positive effects were 

recorded at the hybrids: Plaisant x Turul (3,27), Viktor 

x Lyric  (2,12), Orizont x Lyric (1,99), while the lowest 

negative effects were found in the crosses: Turul x 

Lyric (-2,88), Plaisant x Lyric (-2,30), Metal x Viktor 

(-1,79) . 

The general combining ability for test weight presented 

predominant negative values and statistically uninsured 

with a variation amplitude of 1.03 kg, ranging from -0.40 

in “Turul” to 0.60 kg in “Lyric” variety (Table 4). 

Therefore, “Lyric” and “Metal” varieties possess the 

greatest potential for the transmission of this trait in the 

offspring. On the other side, “Turul” and “Orizont” 

variety recorded the lowest additive effects for test 

weight.
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Table 4 

Effects of the general and specific combining ability for test weight in F1 hybrids 

Parents GCA SCA 

  Orizont Plaisant Viktor Turul Lyric 

Metal 0,55 0,74 0,87 -1,63 0,01 0,01 

Orizont -0,40 
 

0,07 -2,01 -1,05 2,26 

Plaisant  -0,28   -0,71 2,01 -2,24 

Viktor -0,05    1,70 2,65 

Turul -0,43     -2,67 

Lyric 0,60      

                                          GCA -- LSD5% =0.77 kg                   SCA -- LSD5% = 3.51 kg   

                                                       LSD1% =1.03 kg                                LSD1% =4.70 kg 

                                                       LSD0.1% =1.35 kg                             LSD0.1% =6.22 kg 

 

The most of the specific combining ability were 

positive and statistically uninsured, ranging from –2,67 in 

Turul x Lyric  to 2,65 at Viktor x Lyric. The highest non 

additive effects were observed in the crosses: Viktor x 

Lyric (2,65), Orizont x Lyric (2,26) şi Plaisant x Turul 

(2,01). While the hybrids: Turul x Lyric (-2,67), Plaisant x 

Lyric (-2,24) şi Orizont x Viktor (-2,01), registered the 

lowest non additive effects for test weight.
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Fig. 1. Biplot for general combining ability of parents 

 

The biplot presented in Figure 1 express 99.29 

% from the variability of the general combining ability 

of the six parents according the three studied traits. In 

the case of “Lyric” and “Metal” variety the higher 

additive effects for test weight are associated with 

average effects for TGW and lower effects for husk 

content. In “Viktor” variety the additive effects were 

associated with a high value of TGW and average 

values of other two traits. For “Turul” variety it was 

observed that according to additive effects the low 

values of husk content are correlated with a low grains 

size, while “Orizont” variety exhibit low husk content 

and test weight with over average values of TGW.
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1-Metal x Orizont;2- Metal x Plaisant; 3-Metal x Viktor; 4-Metal x Turul; 5-Metal x Lyric;  

6-Orizont x Plaisant; 7-Orizont x Viktor; 8-Orizont x Turul; 9-Orizont x Lyric; 10-Plaisant x Viktor;  

11-Plaisant x Turul; 12-Plaisant x Lyric; 13-Viktor x Turul; 14-Viktor x Lyric; 15-Turul x Lyric 

Fig. 2. Biplot for specific combining ability of hybrids 

 

 

According to the specific combining ability of the 15 

crosses, from Figure 2 we can see that the first two 

principal components of the biplot comprise 98.53 % 

of the total variation for the three traits. In the case of 

Viktor x Turul and Viktor x Lyric hybrids, the non-

additive effects are associated with higher values of 

TGW and test weight, and low husk content, 

respectively. Also, the higher grains size of Orizont x 

Lyric, Plaisant x Turul and Metal x Orizont are linked 

at the non-additive level with higher husk content. For 

Orizont x Plaisant, Metal x Turul and Metal x Plaisant 

combinations the higher non-additive effects for husk 

content were correlated with an average grains size. 

 

Conclusions 
 

 The additive gene action was more important 

as compared to non additive gene action in controlling 

the expression of husk content (82.67 %) and thousand 

grains weight (78.20 %), while in the inheritance of 

test weight the non-additive effects have a prevalent 

action of approx. 86.95 %. 

For “Lyric” and “Metal” variety the higher 

additive effects for test weight are associated with 

average effects for TGW and lower effects for husk 

content. In “Viktor” variety the additive effects were 

associated with a high value of TGW and average 

values of other two traits.  

In case of “Turul” variety it was observed that 

according to additive effects the low values of husk 

content are correlated with a low grains size, while 

“Orizont” variety exhibit low husk content and test 

weight with over average values of TGW. 

According to specific combining ability two 

hybrids were emphasized, Viktor x Turul and Viktor x 

Lyric, for which the non-additive effects are associated 

with higher values of TGW and test weight, and low 

husk content, respectively. Also, the higher grains size 

of Orizont x Lyric, Plaisant x Turul and Metal x 

Orizont are linked at the non-additive level with higher 

husk content. 
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