
Volume 20(2), 69- 73, 2016 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

69 

Assessment of phenotypic variability for test weight in six-row 
barley hybrids 
 
Ciulca Adriana1*, Madosa E.1, Velicevici Giancarla 1 , Ciulca S.1 

 
1
Banat’s University of Agricultural Sciences and Veterinary Medicine „King Michael I of Romania” from 

Timişoara, Faculty of Horticulture and Forestry 
 
*Corresponding author. Email: adrianaciulca@gmail.com 

 
Abstract: Test weight of barley grains is an important element for malt and 
feed quality, and influenced both by genetic as well as environmental factors. 
This study was conducted with the purpose to analyze the phenotypic 
variability for test weight in different hybrids between six winter barley 
varieties with different genetic and ecological origin, in order to identify 
hybrids with good breeding potential. For most of the hybrids the inheritance 
of this trait is controlled by incomplete dominance effects, generally 
associated with an increase of test weight, except for Metal x Plaisant, Metal x 
Viktor and Metal x Turul hybrids where these effects have contributed to the 
reduction of this trait. In case of Viktor x Lyric and Orizont x Lyric hybrids, the 
over-dominance effects have a significant higher influence on the expression 
of this trait. The inheritance of test weight in Plaisant x Turul and Viktor x Turul 
hybrids is based on complete dominance effects. For Orizont x Turul and 
Plaisant x Lyric hybrids, the dominance effects have a very small contribution 
to the heredity of this trait. The hybrids Metal x Turul and Orizont x Turul with 
highest values of mid and batter parent heterosis may be used as breeding 
material for increasing the test weight of barley grains. 
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Test weight of barley grains is an important 

element for malt and feed quality. This trait is 

influenced both by genetic as well as environmental 

factors like: extreme temperatures, level of available 

nutrients, drought, lodging and pest damages. Most of 

these factors influences the grains filling through the 

reduction in the assimilate supply [12; 4; 1].  

The size of barley grains is strong and positive 

correlated with the length of the grain filling period. 

The barley grains with higher test weight should have a 

higher percentage of starch and energy as well as lower 

fiber content [13]. According to the literature there is a 

general concept that varieties with low test weight of 

grains usually have high protein content [2; 7; 9] 

The assessment of genetic differences 

between parents and the type of gene effects involved 

in the inheritance of yield components is necessary to 

identify the hybrid combinations used as basis for the 

selection of desirable genotypes or genes [8]. 

The level of heterosis for grain yield would be 

low in the case when the parents express high yielding 

potential, because these parents have already many 

homozygous beneficial genes [11]. As such, the more 

genetic differences among parents are, the more 

positively heterosis for grain yield can be possible in a 

hybrid [5]. 

This study was conducted with the purpose to 

analyze the phenotypic variability for test weight in 

different hybrids between six winter barley varieties 

with different genetic and ecological origin, in order to 

identify hybrids with good breeding potential. 

 
Material and Method 

The biological material was composed by 15 

hybrids resulting from a diallel cross between six-row 

winter barley varieties (Metal, Orizont, Plaisant, 

Viktor, Turul, Lyric) with different ecological and 

genetic origin. The research was organized in a 

randomized block design with three replications.  

The values of mid 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 are the performance of hybrids, 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 F1 means and parent 

means and a - half difference of two parents for a 

combination, according to the formula: d/a = (F1 -MP) 

/ ½(P1 -P2). 

To estimate significant differences among 

parents and F1 hybrids, the data were subjected to 

statistical analysis by using the analysis of variance 
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technique [3]. Also, to determine whether the means of 

F1 hybrids were statistically different from mid parents 

and better parent means, „t” test was used [14] 

 
Results and Discussions 

According to the data from Table 1 it can be 

noticed that 80 % from the hybrids achieved a test 

weight higher than the mean of parents. The highest 

values of potency ratio were achieved by Viktor x 

Lyric (22.50) and Orizont x Lyric (2.83) hybrids, at 

which there were no big differences between the 

parents in terms of this trait. The lowest values of 

potency ratio associated with a lower test weight on the 

background of close values between the parents were 

registered for Metal x Plaisant (-0.25) and Metal x 

Turul (-0.14 ) hybrids. For many combinations the 

values of test weight were close to the parents mean.

 

Table 1 

Potency ratio for test weight in F1 barley hybrids 

Parents Metal Orizont Plaisant Viktor Turul Lyric 

Metal - 0.13 -0.25 -0.07 -0.14 0.27 

Orizont  - 0.13 0.36 0.01 2.83 

Plaisant     0.17 1.00 0.01 

Viktor     1.39 22.50 

Turul      0.13 

Lyric      - 

 
Based on the potency ratio, it is observed that 

the inheritance of this trait at most of the hybrids is 

controlled by incomplete dominance effects, generally 

associated with an increase of test weight, except for 

Metal x Plaisant, Metal x Viktor and Metal x Turul 

hybrids where these effects have contributed to the 

reduction of this trait. In case of Viktor x Lyric and 

Orizont x Lyric hybrids, the over-dominance effects 

have a significant higher influence on the expression of 

this trait. The inheritance of test weight in Plaisant x 

Turul and Viktor x Turul hybrids is based on complete 

dominance effects. For Orizont x Turul and Plaisant x 

Lyric hybrids, the dominance effects have a very small 

contribution to the heredity of this trait. 

The test weight in F1 hybrids submitted a very 

low variability (s%=2.90) and a variation amplitude of 

5.69 kg/hl, ranging from 59.47 in Turul x Lyric and 

65.16 for Viktor x Lyric hybrid. The most of the 

hybrids have recorded values of this trait between 63 

and 65.16 kg/hl , while 40 % of the hybrids achieved a 

test weight from 60 to 63 kg/hl. 

Approximately 67 % of the hybrids were 

superior to parent’s mean, showing significant 

differences towards them in 50 % of the cases. The 

highest values of mid parents heterosis (25.31 %) were 

recorded in Metal x Turul hybrid, while the Orizont x 

Turul (32,40 %) combination registered the highest 

values of heterobeltiosis. Significant differences to the 

best parent for this trait have been observed in hybrids: 

Metal x Orizont; Metal x Turul; Orizont x Viktor; 

Orizont x Turul. 

 

Table 2 

Express manner of the test weight in F1 hybrids 

Total Number and % of F1 hybrids Amplitude Mean 

Hybrids Higher to Between parents Lower to towards heterosis (%) 

number both 

parents 

Above 

the mean 

Below  

the mean 

both  

parents 

parents mean “MP” “BP” 

15 4 (26.67%) 6 (40 %) 5 (33.33 %) - 98.64 – 113.36 102.46 101.85 

 
Regarding the phenotypic expression of test 

weight in F1 hybrids (Table 2), 27 % of the hybrids 

were superior to both parents, while the others were 

intermediate to the parents. Compared to the parent’s 

mean these hybrids submitted a variation amplitude by 

14.72 %, with average values of mid parents heterosis 

of 2.46 % and 1.85 % for heterobeltiosis. 

From Table 3a it finds that the variance of 

genotypes shows high and significant values having the 

largest contribution to the total variance, suggesting the 

existence of real differences between the studied 

genotypes, according the test weight. Also, the 

significant values of the replication’s variance indicate 

that the expression of the test weight in the hybrids was 

significantly influenced by the environmental 

conditions.
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Table 3 

a) Variance analysis of test weight in F1 hybrids 

Source of variation SS DF MS F 

Total 209.13 47   

Replications 18.00 2 9.00 4.84* 

Hybrids 135.34 15 9.02 4.85** 

Error 55.79 30 1.86  
 

b) Estimative values and the significance of differences between F1 hybrids concerning test weight 

No Hybrids Test weight  (kg/hl) Relative Difference 

  
x

sx   s % value (%) Significance 

 Experience mean 61.91+0.41 1.13 100.00 Control 

1 Metal x Orizont 62.85+1.40bcde 3.87 101.53 0.95 

2 Metal x Plaisant 63.10+0.71abcd 1.96 101.93 1.20 

3 Metal x Viktor 60.82+0.70efg 2.01 98.24 -1.09 

4 Metal x Turul 62.10+0.65cdef 1.83 100.31 0.19 

5 Metal x Lyric 63.12+1.06abcd 2.91 101.95 1.21 

6 Orizont x Plaisant 61.36+0.60cdefg 1.69 99.12 -0.55 

7 Orizont x Viktor 59.50+1.03g 2.99 96.11 -2.41
0 

8 Orizont x Turul 60.09+0.77fg 2.22 97.06 -1.82 

9 Orizont x Lyric 64.43+0.41ab 1.11 104.07 2.52* 

10 Plaisant x Viktor 60.93+1.69defg 4.80 98.42 -0.98 

11 Plaisant x Turul 63.27+0.89abc 2.43 102.20 1.36 

12 Plaisant x Lyric 60.05+0.53fg 1.52 97.00 -1.86 

13 Viktor x Turul 63.18+0.81abcd 2.23 102.06 1.28 

14 Viktor x Lyric 65.16+0.62a 1.66 105.25 3.25** 

15 Turul x Lyric 59.47+0.68g 1.99 96.07 -2.43
0 

LSD5% = 2.27 kg/hl    LSD1% = 3.06 kg/hl    LSD0.1% = 4.06 kg/hl  
The values marked with different letters are significant 

 

Compared to the experience mean (Table 3b) it 

is noticed that 53 % of the hybrids achieved higher values 

of this trait. As such, the biggest values of test weight and 

at the same time significant increases were recorded for 

Viktor x Lyric (3,25**) and  Orizont x Lyric (2,52*) 

hybrids. A significant lower test weight to the mean 

was observed in Turul x Lyric  (-2,43
0
) and Orizont x 

Viktor (-2,41
0
) hybrids. 

 Based of multiple comparisons it was 

observed that the test weight of Viktor x Lyric hybrid 

was significantly higher to 64 % from the other 

hybrids, associated with relative increases up to 10 %. 

Values significantly equal toward the previously 

discussed hybrid were registered also in the 

combinations: Orizont x Lyric, Plaisant x Turul, Viktor 

x Turul, Metal x Lyric and Metal x Plaisant. The test 

weight of Orizont x Viktor and Turul x Lyric was 

significantly lower to 62 % from other hybrids.

 

Table 4 
The significance of differences between groups of F1 hybrids  

with the same recurrent parent concerning test weight 

Recurrent   Orizont Plaisant Viktor Turul Lyric 

parent x
sx   s% 61.65 61.74 61.92 61.62 62.45 

Metal 62.40+0.44 1.56 0.75* 0.66 0.48 0.78* -0.05 

Orizont 61.65+0.90 3.28  -0.09 -0.27 0.03 -0.80
0 

Plaisant 61.74+0.63 2.27   -0.18 0.12 -0.71
0 

Viktor 61.92+1.00 3.62    0.30 -0.53 

Turul 61.62+0.79 2.85     -0.83
0 

Lyric 62.45+1.15 4.11      

LSD5% = 0.67 kg/hl    LSD1% = 0.95 kg/hl    LSD0.1% = 1.38 kg/hl  
 

Concerning the groups of hybrids with the 

same recurrent parent (Tab. 4) it is noted that the 

lowest value of test weight were achieved by the 

hybrids of Orizont variety, while the hybrids of Lyric 

showed the highest value of this trait. Under a small 

variability between these groups of hybrids, the 

differences were generally low and statistically 

uninsured. However, the hybrids of Lyric recorded a 
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significantly higher value of test weight compared with 

that afferent to the hybrids of Orizont, Plaisant and Turul 

varieties. At the groups of hybrids for Plaisant and Turul 

varieties, this trait registered significantly lower values to 

the hybrids of Metal variety. Inside the groups of 

hybrids, the variability was generally small, ranging 

from 1.56 % for Metal variety and 4.11 % for Lyric 

variety.
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Fig. 1. Test weight for groups of F1 hybrids with the same recurrent parent 

 

According with Fig. 1 it can be observed that 

most of the hybrids achieved values of test weight 

higher than the recurrent parent, with increases from 

1.70 % for Turul’s hybrids and 8.30 for the group of 

Lyric variety. In the case of Metal and Plaisant variety 

which expressed the highest values of test weight, the 

hybrids have registered a decrease by 0.81-2.93 g of 

this trait. The highest differences were observed for the 

groups of hybrids were the recurrent parent submits 

extreme values of the variation interval. 

 

Conclusions 
For most of the hybrids the inheritance of this 

trait is controlled by incomplete dominance effects, 

generally associated with an increase of test weight, 

except for Metal x Plaisant, Metal x Viktor and Metal x 

Turul hybrids where these effects have contributed to 

the reduction of this trait. 
In case of Viktor x Lyric and Orizont x Lyric 

hybrids, the over-dominance effects have a significant 

higher influence on the expression of this trait. The 

inheritance of test weight in Plaisant x Turul and Viktor 

x Turul hybrids is based on complete dominance 

effects. For Orizont x Turul and Plaisant x Lyric 

hybrids, the dominance effects have a very small 

contribution to the heredity of this trait. 

The hybrids Metal x Turul and Orizont x 

Turul with highest values of mid and batter parent 

heterosis may be used as breeding material for 

increasing the test weight of barley grains. 
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