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Abstract       The objective of the present study was to evaluate the dehydration 
capacity in barley. The studied biological material consisted of four barley 
varieties with different genetic and ecologic origin, along with their 6 one-way 
crosses. The highest values of the heterosis index were achieved by the hybrids 
Adi x Djerbel (1.83), Adi x Dh 260/18 (0.11), and the lowest values of the 
heterosis index, were recorded in hybrids: Andrew x DH260 / 18 (-0.65); DH 
260/18 x Djerbel (-0.43) and Andrew x Adi (-0.17). The highest values of "cis" 
(12.68%) and "trans" (8.92%) heterosis were recorded in Adi x Djerbel hybrids. 
The highest potential for improvement of this indicator for drought resistance is 
presented by the combination of Andrew x Adi. The dominance effects play a 
very significant and important role in the genetic determinism of  dehydration 
capacity for this set of parents.   

Key words 
 
barley, dehydration 
capacity, osmotic stress. 
 

 
Barley is a species with the greatest 

adaptability, to a wide range of environments among 
the cereal crops. Barley is cultivated from tropical 
areas to arctic latitudes, it can be grown at the highest 
altitudes and adapted to specific sets of agro-ecological 
areas [1]. It is adapted to environmental conditions and 
tolerated to drought, soil salinity and frost to a 
considerable level. The crop grows successfully in arid 
areas. worldwide, barley is the fourth most important 
cereal in terms of area and production. [3]. Worldwide, 
barley is the fourth most important cereal in terms of 
area and production. The improvement of barley 
requires the exploitation of its genetic variability in 
order to ensure the possibility of introducing new 
selection criteria to guarantee the capacity of 
adaptation, and finally, to allow the increase of the 
genetic gain during the following generations [4]. The 
aims of genetic improvement of barley   according to 
Gallais (2013), bring together in the same genotype, 
the variety, the maximum of favourable genes. 

Drought is considered as an osmotic threat 
and quantified as a reduction in water potential [12,14]. 
Evaluation of different barley genotype for yield 
stability pointed out a high genetic plasticity under 
drought stress conditions [7; 8].  

A very complex trait is drought tolerance 
which is usually accompanied by heat or other abiotic 
stresses that which causes different physiological and 
morphological changes [6; 13]. 

The choice of an efficient breeding program 
depends to a large extent on the knowledge of gene 
action involved in the expression of the character. 
Diallel analyses were used to estimate gene action of 
yield components in barley and provide an opportunity 
to obtain a rapid and overall picture of genetic control 
of a set of parents in the early generation.  

Besides genetic effects, breeders would also 
like to know how much of the variation in a crop is 
genetic and to what extent this variation is heritable, 
because the efficiency of selection mainly depends on 
additive genetic variance [5].  Crops are exposed to the 
ravages of drought in various ways and to different 
extents. Regrettably, global climate change will 
increase the severity and occurrence of drought 
episodes.  

Genetic analysis was done based on diall 
hybridization, the technique described by Hayman 
(1954) and Jinks (1954), which provides information 
on genetic inheritance in the first generations and helps 
breeders to make an efficient selection. 

 
Material and Method 
 

The study was performed in Department of 
Genetic Engineering, Faculty of Horticulture and 
Forestry, Banat’s University of Agricultural Sciences 
and Veterinary Medicine Timisoara. The biological 
material was represented by winter barley varieties 
with genetically and ecologically differentiated.  

Four barley varieties (Andrew, Adi, Djerbel 
and DH260-18) along with their 6 one-way crosses 
were studied in a randomized block design with three 
replications.  

Determination of the dehydration capacity of 
the leaves was done by taking the penultimate leaf at 
the time of anthesis and weighing it immediately, thus 
obtaining the fresh mass. Subsequently, the leaves was 
dried in an incubator at 28°C and 50% relative 
humidity for 6 hours, and then weighed again. The dry 
mass of the leaves is obtained by weighing after drying 
at 70°C for 24 hours.  
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The dehydration capacity of the leaves was 
calculated by the formula: [10]. 

 
CD % = 100 x (fresh weight – weight after 6 h) / (fresh 

weight -dry weight) 
 
For the estimation of heterosis in hybrid 

combinations, the heterosis index was calculated, both 
against the average of the parental forms (heterosis 
“cis”) and against the best parent (heterosis “trans”) 
[2]. 

The results from the diallel crosses were 
evaluated based on the mathematical model described 
by Hayman (1954). 
 
 

Results and Discussions 
 

In most cases, the hybrids achieved values of 
this indicator higher than the parental forms. The 
highest values of the heterosis index were achieved by 
the hybrids Adi x Djerbel (1.83), Adi x DH260/18 
(0.11), (table 1). In these combinations there were no 
major differences between the parental forms in terms 
of the dehydration capacity of the leaves. The lowest 
values of the heterosis index, correlated with a lower 
dehydration capacity than the average parent on the 
background of close values between the parental forms, 
were recorded in hybrids: Andrew x DH260 / 18 (-
0.65); DH 260/18 x Djerbel (-0.43) and Andrew x Adi 
(-0.17). 

 
Table 1. Heterosis Index for dehydration capacity in F1 Hybrids 

Parents  Andrew Adi DH 260-18 Djerbel 

Andrew - -0.17 -0.65 0.08 
Adi  - 0.11 1.83 

DH 260-18   - -0.43 
Djerbel    - 

 
Table 2. Average value for dehydration capacity in F1 Hybrids and their parents 

Hybrid F1 Genitors Value F1 to ♀ Value F1 to ♂ 
combination 

x
sx   ♀ ♂ p  

% Differ. t % Differ. t 

Andrew x Adi 46.97+0.93 51.65 44.69 48.17 -9.06 -4,68 -3.99000 5.10 2.28 2.34* 

Andrew x DH 260-18 50.81+0.37 51.65 57.34 54.50 -1.63 -0.84 -0.80 -11.39 -6.53 -13.91000 

Andrew x Djerbel 50.05+0.50 51.65 47.89 49.77 -3.10 -1.60 -1.49 4.51 2.16 4.86*** 

Adi x DH 260-18 52.35+0.53 44.69 57.34 51.02 17.14 7.66 8.93*** -8.70 -4.99 -9.57000 

Adi x Djerbel 52.16+0.49 44.69 47.89 46.29 16.72 7.47 8.79*** 8.92 4.27 9.70*** 

DH 260-18 x Djerbel 48.59+0.53 57.34 47.89 52.62 -15.26 -8.75 -16.75000 1.46 0.70 1.53 

 
The highest values of "cis" (12.68%) and 

"trans" (8.92%) heterosis were recorded in Adi x 
Djerbel hybrids. The combination of DH 260-18 x 
Djerbel presented the lowest values of heterosis "cis" (-
7.65%) and "trans" (-15.26%), showing a good 

tolerance to drought in terms of this indicator. Also, the 
combination of Andrew x DH 260-18, showed a good 
tolerance to drought with a low dehydration capacity 
(50.81%) and low values of heterosis "cis" (-6.76) and 
"trans" (- 11.39). 

 
Table 3. Heterosys values and potency report for dehydration capacity at F1 hybrids 

Hybrids Average Parents average (cis) Superior parent (trans) Potency 
 (%) H (%) Diferenţa  H (%) Diferenţa  raport 

Andrew x Adi 46.97a -2.49a -1.20ab -9.06a -4.68a -0.34b 
Andrew x DH 260-18 50.81b -6.76a -3.69a -11.39a -6.53a -1.30b 

Andrew x Djerbel 50.05ab 0.56ab 0.28ab -3.10ab -1.60ab 0.15b 
Adi x DH 260-18 52.35b 2.62ab 1.34ab -8.70a -4.99a 0.21b 

Adi x Djerbel 52.16b 12.68b 5.87b 8.92b 4.27b 3.67a 
DH 260-18 x Djerbel 48.59ab -7.65a -4.03a -15.26a -8.75a -0.85b 

Average 50.15 -0.17 -0.24 -6.43 -3.71 d/a=0.26 
LDS 5% 3.80 13.57 6.67 13.88 7.45 3.22 
LDS 1% 5.41 19.30 9.49 18.46 9.91 4.58 
LDS 0,1% 7.83 27.94 13.73 24.01 12.89 6.63 
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Fig. 1. The dehydration capacity for the F1 hybrids groups with the same recurrent parent  

 
Based on the data from fig.3, it is observed 

that in most cases the hybrids showed a different 
dehydration capacity of the leaves compared to the 
recurrent parent. Thus, in the case of the Adi and 
Djerbel varieties, the hybrids recorded higher water 
losses than the recurrent parent. The biggest difference 
is observed in the case of hybrids of the Adi variety. 
The highest breeding potential of this indicator for 

drought resistance is the combination of Andrew x Adi, 
which allows the identification in the descending 
generations of about 36.32% recombinant lines, with a 
dehydration capacity of leaves in drought conditions of 
maximum 47%. Reaching this selection threshold in a 
proportion of 95% requires the choice of at least 7 
lines, respectively 15 lines for an accuracy of 99.9%.  

 
Table 4. The breeding potential of hybrids combinations with reference to the percent of recombinant lines with 

a dehydration capacity above 36.32 % and the number of lines necessary to be selected 
Hybrid combination F1 (%) s LR % n5% n1% n0.1% 

Andrew x Adi 46.97 2.79 36.32 7 10 15 
Andrew x DH 260-18 50.81 1.10 0.01 29956 46049 69074 

Andrew x Djerbel 50.05 1.49 0.34 880 1352 2028 
Adi x DH 260-18 52.35 1.58 0.01 29956 46049 69074 

Adi x Djerbel 52.16 1.46 0.01 29956 46049 69074 
DH 260-18 x Djerbel 48.59 1.59 5.16 57 87 130 

 
According to the regression graph (fig.2) for 

the dehydration capacity of leaves in F1 hybrids, it is 
observed that only in the case of recurrent parents Adi 
and DH260 /18 grouped near the regression line, genes 
with additive effect intervene in the genetic 
determinism of this indicator. Also, in the other 
varieties, the manifestation of this character is under 
the influence of non-allelic gene interactions or 
environmental conditions.  

The distance between the regression line and 
the parabola, as well as the position of the parental 

genotypes towards to the regression line, indicated that 
both dominance and additive effects play an important 
role in the genetic determinism of leaf dehydration 
capacity at studied varieties. The regression line 
intersects the covariance axis below the origin (a = -
2.53), indicating the presence of the over dominance. 
Among the parents studied, the Adi (76.60%) and 
DH260 /18 (75.20%) varieties have the highest 
proportion of recessive alleles, while the Djerbel 
(97.50%) and Andrew (73.20%) varieties have the 
largest proportion of dominant alleles (table 5). 

 
Table 5. Mean (Yr), variance (Vr), covariance (Wr) values and proportion of dominant alleles  for leaf 

dehydration capacity of  parents 
Parents Mean Yr Variance 

Vr 
Covariance 

Wr 
Vr + Wr Proportion of   

dominant alleles  

Andrei 51.65 3,131 7,869 11,000 0,732 

Adi 44.69 13,593 12,038 25,631 0,234 

DH 260-18 57.34 12,747 13,627 26,374 0,248 

Djerbel 47.89 2,523 -6,003 -3,480 0,975 
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Fig.  2.  Wr / Vr regression graph for leaf dehydration capacity in F1 hybrids 

  
 
The distribution of the parental lines based on 

the standardized deviations yr (the dehydration 
capacity of the leaves in the parental forms) and (Wr + 
Vr), indicate a high proportion of the recessive alleles 
in DH260 / 18 varietie. In the case of the Andrew 
variety, dominance is associated with positive alleles, 
while in the Djerbel variety, dominance is associated 
with negative alleles.  

At Andrew varietie, the dominant alleles are 
associated with positive values of this trait, while in 
Djerbel variety the dominant alleles lead to a reduction 
of dehydration capacity. Applying the selection for 
higher values of dehydration capacity in the 
descendants of "Andrew" will involve the combination 
of dominant alleles with a positive effect on the 
expression of this character. 
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Fig. 3. The graph of standard deviations (Wr + Vr) and yr for leaf dehydration capacity 

to F1 hybrids 
 

This asymmetry of the effects of different 
alleles on the phenotypic expression of dehydration 
capacities is also confirmed by low and insignificant 
values of the correlation coefficient (r = 0.258) 
between Yr and Vr + Wr. 
 
 
 

Conclusions 
 

The combination of DH 260-18 x Djerbel 
presented the lowest values of heterosis "cis" and 
"trans", showing a good tolerance to drought in terms 
of this indicator.  

Also the combination of Andrew x DH 260-
18, showed a good drought tolerance showing a low 
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dehydration capacity and low values of heterosis "cis" 
and "trans". 

The highest potential for improvement of this 
indicator for drought resistance is presented by the 
combination of Andrew x Adi. 

The regression line intersects the covariance 
axis below the origin (a = -2.53), indicating the 
presence of the over dominance in the determinism of 
this indicator. Among the parents studied, the Adi 
(76.60%) and DH260 /18 (75.20%) varieties have the 
highest proportion of recessive alleles, while the 
Djerbel (97.50%) and Andrew (73.20%) varieties have 
the largest proportion of dominant alleles. 

The dominance effects play a very significant 
and important role in the genetic determinism of  
dehydration capacity for this set of parents. 
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