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Abstract       The study of gene effects involved in the inheritance of different 
yield traits is one of the essential factors for the success of breeding 
programs. As the most important traits are inherited in a quantitative manner, 
therefore the results of different crosses are valuable for the improvement of 
the traits inside and among populations, as well as the production of cultivars. 
The number of grains per spike is referred to as the direct component of yield 
dependent on the spike density and length as well as on the number of grains 
rows per spike. Barley can 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. The present work has been carried out to study the genetic 
control manner of grains number/spike and 1000 grains weight among 15 F1 
hybrids of six winter barley varieties, with different genetic and ecological 
origin. 
Generally the overdominance effects have been found for the combinations 
where the parental forms do not differ in terms of the grains number/spike, 
while at the combinations where there are larger differences between parental 
forms, the inheritance of this trait is controlled by partial dominance effects. 
The inheritance of TGW for most combinations (87 %) is controlled by 
overdominance effects, associated with an increase in this trait. In case of GK 
Judy x Andra the inheritance of this trait is controlled by partial dominance 
effects. At  Andra x Gunda combination the dominance effects have a very 
weak influence in the inheritance of this trait.   
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Barley grain is used as feed, food and for 

malting purpose while the straw provides an important 

source of roughage for animals. Its multifarious uses 

and ability to grow under adverse climatic conditions 

have attracted farmers even of non-traditional areas [6]. 

The number of grains per spike is referred to 

as the direct component of yield dependent on the 

spike density and length as well as on the number of 

grains rows per spike. Choo et al. (1980), Przulj and 

Momcilovic (1995), pointed to the number of grains as 

the most important component of yield. 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]. 

In the analysis of interactions between grain 

yield and yield components in two-rowed barley, 

Barczak and Majcherzack (2009) found the highest 

interaction between grain yield and spike number per 

m
2
, and between grain yield and grain number per 

spike. Genetic differences between parents and 

estimates of the mode of inheritance of major yield 

components and mode of gene action can help identify 

combinations in the hybrid material that will form the 

basis for selecting desirable genotypes or genes 

determining desirable traits [8] The knowledge about 

the nature and magnitude of gene effects of metric 

traits and the expression of a gene involved are of 

paramount importance for a barley breeder in 

formulating an efficient breeding program to achieve 

desired genetic improvement in this important cereal 

[6]. 
The present work has been carried out to study 

the genetic control manner of grains number/spike and 

1000 grains weight among 15 F1 hybrids of six winter 

barley varieties, with different genetic and ecological 

origin. 
 

Material and Method 
 

The biological material comprised of 15 

hybrids resulting from a diallel cross between six 

winter barley varieties (Andra, Vitoria, GK Metal, GK 

Judy, Gunda and Malwinta) with different ecological 

and genetic origin.  The research was conducted based 

on a randomized complete block design with three 

replications. At maturity, from every plot, 20 plants of 

F1‟s and their parents were randomly selected and 
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carried out measurements of grains number/spike and 

1000 grains weight (TGW). 

The values of mid parent heterosis and better 

parent heterosis (heterobeltiosis) were estimated as 

formulated by Matzinger et al., (1962) and Fonseca & 

Patterson (1968).    Heterosis % = (F1-MP) x 100/ MP; 

Heterobeltiosis = (F1- BP) x 100/BP, where F1, MP and 

BP denote the performance of hybrid, average 

performance of parents and performance of better parent, 

respectively. 

Inheritance nature was evaluated based on 

dominance parameters. The potency ratio was 

computed by ratio of dominance parameters (d/a), 

where d is the difference between F
1 

means and parent 

means, and a is the half difference of two parents for a 

combination, according to the formula: d/a = (F
1 

- MP) / 

½(P
1 

- P
2
). 

To estimate significant differences among 

parents and F1 hybrids, the data were subjected to 

statistical analysis by using the analysis of variance 

technique [4]. Significant differences were further 

subjected to Multiple Range Test. The „t‟ test was 

manifested to determine whether F1 hybrid means were 

statistically different from mid parent and better parent 

means [13]. 

 

Results and Discussions 

Against the experience mean (Table 1), only 

in case of hybrids GK Metal x Andra x and Andra x 

Gunda significantly lower grain number/spike  was 

observed, provided that no hybrid combination has 

shown a significant increase of grains number/spike. 

The hybrids Malwinta x GK Judy and Malwinta x 

Andra achieved a significantly higher number of 

grains compared to 40% of the combinations.

 
   Table 1 

Heterosis and potency ratio values for grains number/spike in F1 hybrids of winter barley  

Hybrids Mean MP  BP PR 

  H (%) HDev H (%) HDev   

Malwinta x Victoria 31.78abc 5.32cd 1.61 2.35abc 0.73 1.83b 

Malwinta x Andra 32.48a 18.52a 5.08 4.61ab 1.43 1.39b 

Malwinta x Gunda 30.61bcde -0.33de -0.10 -1.42cd -0.44 -0.29b 

Malwinta x GK Judy 32.56a 7.03bcd 2.14 4.86ab 1.51 3.40b 

Malwinta x GK Metal 32.24ab 4.30cd 1.33 3.83abc 1.19 9.50a 

GK Judy x Victoria 29.44def -0.36de -0.11 -1.17cd -0.35 -0.43b 

GK Judy x Andra 31.28abc 16.83a 4.51 5.00ab 1.49 1.49b 

GK Judy x Gunda 31.36abc 4.26cd 1.28 3.26abc 0.99 4.41ab 

GK Judy x GK Metal 30.76bcd 1.59de 0.48 -0.03bc -0.01 0.98b 

GK Metal x Victoria 30.96abcd 3.08cde 0.93 0.62abc 0.19 1.26b 

GK Metal x Andra 30.48cde 11.79abc 3.22 -0.94cd -0.29 0.92b 

GK Metal x Gunda 28.96ef -5.27e -1.61 -5.88d -1.81 -8.05c 

Andra x Victoria 31.01abcd 16.89a 4.48 5.84a 1.71 1.62b 

Andra x Gunda 28.64f 5.82cd 1.58 -5.70d -1.73 0.48b 

Victoria x Gunda 31.88abc 6.85cd 2.05 4.97ab 1.51 3.82b 

Exper. mean 30.96 6.42 1.79 1.35 0.41 d/a=1.49 

LSD 5% 1.72 9.85 2.68 5.45 0.73 1.83b 

 

The highest values of mid parent heterosis 

were recorded by hybrids: Malwinta x Andra (18,52 

%); Andra x Victoria (16,89 %)  GK Judy x Andra 

(16,83 %) who have achieved a number of grains/spike 

significantly higher than parents mean. These 

combinations showed a mid parent heterosis 

significantly superior to about 66% of the hybrids. 

Values of this trait below the mean of parental forms 

submitted the hybrids: Malwinta x Gunda, GK Judy x 

Victoria and GK Metal x Gunda. 

In terms of heterobeltiosis,  significantly 

higher values of grains number/spike compared with 

the best parent have not been recorded, amid an 

amplitudes of absolute values  (3.32)  ranging from -

1,71  for Andra x Victoria and 1,51 for Malwinta x GK 

Judy. 

According to the potency ratio, the inheritance 

of this trait is controlled by overdominance effects in 

60% of combinations. These effects are associated in 

most cases (43%) with an increase of grains 

number/spike except for combination GK Metal x 

Gunda where the overdominance causes a reduction of 

this trait. At GK Judy x GK Metal combination the full 

dominance is involved in the inheritance of this trait. 

Generally the overdominance effects have been found 

for the combinations where the parental forms do not 

differ in terms of the grains number/spike, while at the 

combinations where there are larger differences between 

parental forms, the inheritance of this trait is controlled 

by partial dominance effects [6]. 
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Table 2 

Express manner of the grains number/spike in F1 hybrids 

Hybrids Proportion and number of  F1 hybrids Range Mean  

number Higher Between parents Lower towards heterosis (%) 

 towards 

parents 

Upper 

mean 

Under mean towards 

parents 

parents mean(%) “MP” “BP” 

15 9 (60.0 %) 3 (20.0%) 2 (13.3%) 1 (6.7%) 94.73 – 118.52 106.42 101.35 

 

Regarding the expression of the grains 

number/spike in F1 hybrids (Table 2) it is observed that 

60 % of the hybrids were higher to both parents, while 

a third of the hybrids showed a number of grains/spike 

intermediate to parental forms. The amplitude 

compared with the mid parent for the whole set of 

hybrid combinations was high (23.79 %). The average 

heterosis was 6.42 % against parents mean and 1.35 % 

against best parent. 

Against the experience mean  (Table 3) only 

for Malwinta x GK Judy hybrid a significantly higher 

TGW was recorded, considering that GK Metal x 

Andra and Andra x Gunda hybrid combinations 

showed significantly lower values. The Malwinta x GK 

Judy hybrid achieved a significantly higher TGW to 60 

% of the combinations. 

The highest values of mid parent heterosis 

were recorded by hybrids: GK Metal x Gunda (17,63 

%); Malwinta x Victoria (15,55 %);  GK Metal x Victoria 

(15,13 %) which achieved a significantly higher TGW 

than  parents mean. These combinations showed a 

significantly higher mid parent heterosis to 

combinations: Malwinta x Andra, GK Metal x Andra, 

GK Judy x Andra and Malwinta x GK Judy.

  

   Table 3 

Heterosis and potency ratio values for 1000 grains weight in F1 hybrids of winter barley  

Hybrids Mean MP  BP PR 

 (g) H (%) HDev  H (%) HDev  

Malwinta x Victoria 69.37abc 15.55ab 9.34 10.73abc 6.72 3.57b 

Malwinta x Andra 66.39bcd 8.52cd 5.21 5.97cd 3.74 3.54b 

Malwinta x Gunda 67.90bc 9.87bcd 6.10 8.38abcd 5.25 7.18b 

Malwinta x GK Judy 73.15a 12.32abc 8.03 8.21bcd 5.55 3.24b 

Malwinta x GK Metal 66.24bcd 9.70bcd 5.86 5.73cd 3.59 2.58b 

GK Judy x Victoria 69.44ab 11.09bc 6.93 2.72de 1.84 1.36b 

GK Judy x Andra 66.55bcd 4.55de 2.90 -1.55e -1.05 0.73b 

GK Judy x Gunda 70.52ab 9.72bcd 6.24 4.32cde 2.92 1.88b 

GK Judy x GK Metal 70.63ab 12.36abc 7.77 4.48cde 3.03 1.64b 

GK Metal x Victoria 66.51bcd 15.13ab 8.74 14.44ab 8.39 24.97a 

GK Metal x Andra 63.14de 7.17cd 4.23 5.74cd 3.43 5.31b 

GK Metal x Gunda 70.03ab 17.63a 10.50 14.90a 9.08 7.42b 

Andra x Victoria 64.48cde 10.10bcd 5.92 7.99bcd 4.77 5.17b 

Andra x Gunda 60.34e 0.02e 0.01 -1.00e -0.61 0.02b 

Victoria x Gunda 66.51bcd 12.38abc 7.33 9.12abcd 5.56 4.15b 

Exper. mean 67.41 10.41 6.34 6.68 4.15 d/a=4.85 

LSD 5% 4.66 6.27 3.74 6.74 4.06 8.53 
 

For heterobeltiosis, significantly higher values 

of TGW compared with the best parent were recorded  

in combinations: Malwinta x Victoria, Malwinta x GK 

Judy, GK Metal x Victoria, GK Metal x Gunda, 

Victoria x Gunda, against the background of 16.45 % 

amplitude with absolute values ranging from 

-1,55  in GK Judy x Andra and 14,90 in GK Metal x 

Gunda 

Based on the potency ratio, the inheritance of 

this trait for most combinations (87 %) is controlled by 

overdominance effects, associated with an increase in 

TGW, according to studies of: Tseng and Poehlman, 

(1974); Chowdhry et. al., (2002); Kakani and Sharma,( 

2010). In case of GK Judy x Andra the inheritance of 

this trait is controlled by partial dominance effects. At  

Andra x Gunda combination the dominance effects 

have a very weak influence in the inheritance of this 

trait.
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Table 4 

Express manner of 1000grains weight in F1 hybrids 

Hybrids Proportion and number of  F1 hybrids Range Mean  

number Higher Between parents Lower towards heterosis (%) 

 towards 

parents 

Upper 

mean 

Under mean towards 

parents 

parents mean(%) “MP” “BP” 

15 13 (86.6%) 2 (13.4%) - - 100.02 – 117.63 110.41 106.68 

 

Regarding the expression of TGW in F1 

hybrids (Table 4) it is observed that most of the hybrids 

(87%) were superior to both parents, without 

registering lower hybrid to both parents for this trait. In 

GK Judy x Andra and Andra x Gunda hybrids, the 

TGW was intermediate to parents. Across the entire 

set of hybrid combinations, the amplitude against the 

parents mean was 17.61%. The average value of mid 

parent heterosis was 10.41 %, while for heterobeltiosis 

the average value was 6.68 %.  

 

Conclusions 
 

1. The inheritance of grains number/spike is 

controlled by overdominance effects in 60% of 

combinations. These effects are associated in most cases 

(43%) with an increase of grains number/spike except 

for combination GK Metal x Gunda where the 

overdominance causes a reduction of this trait. At GK 

Judy x GK Metal  combination the full dominance is 

involved in the inheritance of this trait. 

2. Generally the overdominance effects have 

been found for the combinations where the parental 

forms do not differ in terms of the grains number/spike, 

while at the combinations where there are larger 

differences between parental forms, the inheritance of 

this trait is controlled by partial dominance effects.  

3. The inheritance of TGW for most 

combinations (87 %) is controlled by overdominance 

effects, associated with an increase in this trait. In case 

of GK Judy x Andra the inheritance of this trait is 

controlled by partial dominance effects. At Andra x 

Gunda combination the dominance effects have a very 

weak influence in the inheritance of this trait. 
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