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Abstract       The objective of the present study was to evaluate the ELWL for 
characterization of drought tolerance as an early stage screening 
criterion.The studied biological material consisted of four barley varieties with 
different genetic and ecologic origin, along with their 6 one-way crosses. The 
effects of parents and crosses were significant for leaf water loss, this 
indicated the presence of variability among  hybrids and their parents, for this 
trait. The lowest values of heterosis for this character have been observed in 
Adi x Djerbel , DH 260-18 x Djerbel, which proves a high drought tolerance 
compared to parental forms, and can be considered for drought tolerance 
improvement in winter barley.   
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Drought stress is a major limiting factor to crop 

production worldwide. The severity of drought 

experienced by a crop is determined by both the 

intensity and duration of water deficit [11]. 

Under field conditions, the crop may be exposed to 

various rates of development of water deficit [9], and 

effects of these have been investigated on 

physiological mechanisms, such as, net photosynthesis, 

leaf water status and water use efficiency [1,7,8,17]. 

Although there is no consensus on the utility of water 

relation parameters as drought resistance selection 

criteria [15], selection criteria must be identified that 

are associated with improved yield under drought 

stress, have a high heritability[2] and can be ensured 

simply and accurately in large populations. 

Development of drought tolerant genotypes is one of 

the most important alternative as water is becoming a 

rare commodity day by day. Genetic improvement of 

crops involves selection of suitable plants in 

segregating populations from a cross. In addition, 

screening techniques should be rapid and capable of 

evaluating plant performance at a critical 

developmental stage in both small and large 

populations. However, the available selection 

methods/criteria are not very suitable to adopt on a 

single plant basis in a segregating generations. Further 

more, field screening is difficult due to uncertain 

rainfall [10].  

The assessment of water loss from excised leaves has 

shown promise for characterising drought resistance of 

wheat genotypes [5,6,13]. This trait is moderately 

heritable [5], and can be easily determined. Following 

excision, stomates close and after 20 to 30 min rate of 

water loss enters a linear phase that lasts for several 

hours [13]. During this phase the water is lost from 

incompletely closed stomates. Sinclair & Ludlow 

(1986) pointed out that there is no conclusive proof 

that stomates of excised leaves are fully closed. 

 

Material and Methods 
 

Four barley varieties with different genetic 

and ecologic origin, along with their 6 one-way 

crosses, were studied in a randomized block design 

with three replications. To determine ELWL the 

penultimate leaf of each randomly selected plant were 

sampled. The leaves were placed in polythene bags and 

transported to the laboratory as quickly as possible in 

order to minimize water losses due to evaporation. The 

leaves were weighed at three stages, immediately after 

sampling (fresh weight), then dried in an incubator at 

28 
0
C at 50% R.H. for 6 h, and then dried again in an 

oven for 24 h at 70 
0
C as proposed by [5].  

ELWL was calculated from the following formula:  

ELWL= [(Fresh weight*Weight after 6h) = (Fresh 

weight*Dry weight)]*100. 

The determination of differences significance between 

the studied cultivars and crosses, the processing of 

obtained experimental data was performed using 

variance analysis according to [3]. 

 

Results and Discussions 

 
Estimation of drought tolerance of different barley 

cultivars based on leaf water loss capacity is an 

efficient method considering the moderate heritability 

of this trait [5,10]. According to this technique, the 

cultivars with a decreased water loss capacity manifest 

a high drought tolerance. 

According to data presented in table 1 it observed that 

the hybrids manifested an inferior dehydration capacity 

to the parental shapes average. The most reduced 
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values of the heterosis index, correlated with an 

inferior dehydration capacity of the average parent in a 

field of values close to the parental ones, it had 

registered to the hybrids: Adi x Djerbel (-19.63); 

Andrei x Adi (-1.52) and Andrei  x Dh 260/18 (-1.51).

 

Table 1 

Heterosis index for leaf water loss in F1 hybrids 

Genitors Andrei Adi DH 260-18 Djerbel 

Andrei - -1.52 -1.51 -2.00 

Adi  - -1.09 -19.63 

DH 260-18   - -2.07 

Djerbel    - 

 

Table 2 

Average values of leaves dehydratation capacity to the hybrids F1 and those parents   

No. Hibrids  F1 Genitors Value F1 from ♀ Value F1 from ♂ 

  
x

sx  ♀ ♂ 
p  

% Differe

nce. 

t % Differe

nce. 

t 

1. Andrei x Adi 66.10+0.,20 68.47 70.81 69.64 -3.46 -2.37 -6.90
000 

-6.65 -4.71 -2.46
0 

2. Andrei x DH 260-18 66.18+0.76 68.47 67.33 67.90 -3.34 -2.29 -4.08
000 

-1.71 -1.15 -1.93 

3. Andrei x Djerbel 65.61+0.37 68.47 70.38 69.43 -4.18 -2.86 -7.29
000 

-6.78 -4.77 
-

16.58
000 

4. Adi x DH 260-18 65.29+0.24 70.81 67.33 69.07 -7.80 -5.52 -2.88
0 

-3.03 -2.04 -5.03
000 

5. Adi x Djerbel 62.16+0.32 70.81 70.38 70.60 -12.22 -8.65 -4.50
000 

-11.68 -8.22 
-

31.16
000 

6. DH 260-18 x Djerbel 62.55+0.59 67.33 70.38 68.86 -7.10 -4.78 -9.19
000 

-11.13 -7.83 
-

19.62
000 

 

Adi x Djerbel combination presented the most 

reduced values of heterosis „cis”  (-11.95%) and 

„trans” (-12.22 %), manifesting a good tolerance to 

drought from the point of view of that indicator. Also 

the combination DH 260-18 x Djerbel, manifested a 

good tolerance to drought presenting a reduced 

capacity of dehydratation (62.55 %) and reduced 

values of heterosis „cis” (-9.16)  and „trans” (-11.13). 

The results obtained were in concordance with the 

results obtained by [12] to the wheat.

 

   Table 3 

Heterosys values and potency report for the capacity of leaves dehydratation to the hybrids F1  

No Hybrids Average 

 

Parents average (cis) Superior parent (trans) Potency 

  (%) H (%) Difference  H (%) Difference  ratio  

1 Andrei x Adi 66.10c -5.08bc -3.54bc -6.65bc -4.71bc -3.03b 

2 Andrei x DH 260-18 66.18c -2.53c -1.72c -3.34c -2.29c -3.02b 

3 Andrei x Djerbel 65.61bc -5.50bc -3.82bc -6.78bc -4.77bc -3.99b 

4 Adi x DH 260-18 65.29abc -5.47bc -3.78bc -7.80abc -5.52abc -2.17b 

5 Adi x Djerbel 62.16a -11.95a -8.44a -12.22a -8.65a -39.23a 

6 DH 260-18 x Djerbel 62.55ab -9.16ab -6.30ab -11.13ab -7.83ab -4.13b 

 average 64.65 -4.61 -6.60 -7.99 -5.63 d/a=-9.26 

 LS D5% 3.29 6.11 4.33 5.29 3.77 26.74 

 LSD 1% 4.68 8.70 6.16 7.04 5.02 38.04 

 LSD 0,1% 6.78 12.59 8.91 9.16 6.53 55.05 
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Fig . 1. The dehydratation capacity of leaves for the groups of hybrids F1 with the same recurrent parent 

 

The base of data from fig.1, it observed that the major 

hybrids cases manifested a dehydration leaves capacity 

different face to the recurrent parent.  

The highest amelioration potential of that indicator for 

drought durability presented a combination of Adi x 

Djerbel, and permitted identify in descendant 

generations of  cca 11.31 %  recombined lines. 

Touching that selection level in a proportion of 95 % 

meant choosing minimum 25lines, respectively 58 

lines for a precision of 99.9 %.  

Combination DH 260-18 x Djerbel,  presented 

also, a high potential of aproximatively 19.22 % 

recombined lines through selection of minimum 14 

lines, for a precision of  95 %, respectively 32 lines for 

a success assurance of selection 99.9 %.

  

Table 4 

Amelioration potential of hybrids combinations under the percentage recombined lines (LR %) with a minimal 

dehydratation capacity and the number of necessary lines to be selected  (n) on V0 

No. Hybrids  F1 (%) s LR % n5% n1% n0,1% 

1

1 
Andrei x Adi 66.10 0.59 0.01 29956 46049 69074 

2

2 
Andrei x DH 260-18 66.18 2.29 1.19 250 385 577 

3

3 
Andrei x Djerbel 65.61 1.12 0.01 29956 46049 69074 

4

4 
Adi x DH 260-18 65.29 0.71 0.01 29956 46049 69074 

5

5 
Adi x Djerbel 62.16 0.96 11.31 25 38 58 

6

6 
DH 260-18 x Djerbel 62.55 1.78 19.22 14 22 32 

 

On data base presented in table 5. it observed 

that the biggest contribution to variability dyhidratation 

capacity of leaves it had the dominance variance (b), 

which was significant. The additive variance (a)  

presented a very reduced value and statistically 

unassured having an inferior net contribution in the 

variability of that indicator comparative with the 

dominance variance. 

Regarding the dominance and mode when it 

actioned in genetic fatality of that character, it 

determined that dominance variance undercomponent  

b1, that indicated the average deviation of hybrids from 

the parental values, respectively the directional effects 

of dominance, presented a significant distinctly value. 

Undercomponentul b3 attested the existence of some 

differences between the hybrids values thanks to the 

dominance .
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Table 5 

Variance analysis for leaf water loss in F1 hybrids 

Variability 

source 

SP GL PM F Test 

     

Repetitions 21.48 2 10.74 0.97 

a 14.57 3 4.86 0.44 

b 211.13 6 35.22 3.19* 

b1 152.66 1 152.66 13.84** 

b2 52.78 3 17.59 1.60 

b3 5.86 2 2.93 0.27 

Erorr 198.53 18 11.03  

Total 445.89 29   

 

According to regression schedule (fig.2) for 

the leaf water loss of hybrids F1 it observed that only 

in case of recurrent parents Adi and Djerbel grouped 

close to the regression right, in genetic fatality of that 

indicators it interfered gene with additive effect. Also, 

to the others species, that character manifestation it 

found under interactions influence inalleles gene or the 

environmental conditions. 

Taking in view the distance between the right 

regression and parabola, also the parental genotypes 

position face to the right regression, it resulted that the 

dominance effects had an important role in genetic 

fatality of leaf water loss in conformity with the 

genetic variance analysis. 

The regression right intersecting the 

covariances axe under the origin (a = -2.58) indicated 

the dominant presence in the fatality of that indicator. 

Between the genitors studied Adi and Djerbel  it 

presented the biggest proportion of reccesive alleles, 

during the species  DH 260/18 (93 %) and Andrei 

(72.10 %) had the biggest proportion of dominant 

alleles.

 

Table 6 

Average values (Yr), variance (Vr), covariance (Wr) and the proportion of dominant alleles of genitors used to 

hybrids obtainance F1 under the aspect of leaf water loss  

No. 

crt. 

Genitors Average 

parents Yr 

Variance 

Vr 

Covariance 

Wr 

Vr + Wr Proportion of 

dominant alleles 

1 Andrei 68.47 1.131 -1.456 -0.325 0.721 

2 Adi 70.81 12.300 0.883 13.183 0.174 

3 DH 260-18 67.33 3.653 -3.177 0.476 0.930 

4 Djerbel 70.38 13.936 1.358 15.294 0.081 
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Fig.2. Regression schedule Wr/Vr for the leaves water loss to the hybrids F1  
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Fig.  3. The standard deviation schedule (Wr+Vr) and yr for the leaves water loss to the hybrids F1  

 

The parental lines distribution on the base of 

standard deviations yr (the leaves water loss to the 

parental shapes) and (Wr+Vr) indicated a big 

proportion of reccesive alleles to the species Adi and 

Djerbel which improved that indicator values. In case 

of species Andrei and DH 260/18, the dominance was 

associated with the negative alleles.  
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Conclusions  

 
The effects of parents and crosses were significant for 

leaf water loss, this indicated the presence of 

variability among hybrids and their parents, for this 

trait. Also, the effects of environment were significant 

because water losses from excised leaves are 

influenced by their initial water content.  

The lowest values of heterosis for this character have 

been observed in hybrids: Adi x Djerbel , DH 260-18 x 

Djerbel, which proves a high drought tolerance 

compared to parental forms, and can be considered for 

drought tolerance improvement in winter barley. 

The highest potential of that indicator amelioration for 

the drought resistance it presented Adi x Djerbel, DH 

260-18 x Djerbel. 
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