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Abstract       In this paper we assess the drought tolerance of barley 
genotypes by determining germination under stress conditions. 
Induction of water shortage in the laboratory showed that osmotic stress was 
achieved by using solutions Polyethylene glycol 6000 at concentrations (0%, 
10% .14.3%, 19%) and sucrose solution concentrations (0%, 5% 10% and 
15%).  
Barley seeds germination presents a particular importance for the success of 
a crop, because the germination period may overlap or may be followed by 
environmental conditions characterized by moisture deficit. It is known that 
cell dehydration process, which is manifested by the loss of the cell water, 
called plasmolysis, occurs when the external solution is more concentrated 
than the internal solution. Plasmolysis of some plants takes place in drought 
conditions or when soil contains hypertonic solutions (chemical pollutants, 
excess salt, etc.)[6].  
In the laboratory, using a hypertonic solution to induce water stress (with 
polyethylene glycol, sucrose), it is possible to test the drought tolerance of 
plants from seed germination stage.   

Key words 
 
barley, drought stress 
 

 
 
Drought - insufficient supply of water for 

plants - is a major limiting factor in barley production. 

The last time climate change has led to climate in the 

west of the country, the frequency of dry years is 

growing [3]. Variety is essential in the barley crop 

technology, and this becomes clear and drought 

conditions. Choosing wrong genotypes in drought 

conditions may determine great loss of the yield and 

for this reason, detecting the differences in the response 

to water stress of barley genotypes remains an essential 

objective for the breeding programs. 

Drought tolerant genotypes are characterized 

by the maintenance of production capacity even when 

adverse conditions are present. This attribute is 

polygenic determined, but very strongly influenced by 

the environmental conditions [5]. Germination capacity 

of seeds clearly illustrates the effect of unfavorable 

conditions with fluid deficit. Different graduations of 

simulated drought by osmotic value in environments 

affected the germination capacity of all the barley 

caryopsis of the genotypes studied. The osmotic value 

of the solution used as a medium for germination 

determined a greatly reduced germination.  
Most of the economic traits, such as drought 

tolerance are controlled by genes with small but 

cumulative effects. Although the potential of DH 

populations in quantitative genetics has been 

understood for some time, it was the advent of 

molecular marker maps that provided the impetus for 

their use in identifying loci controlling quantitative 

traits. As the quantitative trait loci (QTL) effects are 

small and highly influenced by environmental factors, 

accurate phenotyping with replicated trials is needed. 

This is possible with doubled haploidy organisms 

because of their true breeding nature and because they 

can conveniently be produced in large numbers [2]. 

In this study double haploid barley lines were 

used to identify drought tolerant genotypes both as 

drought tolerance genes genitors and as seeding 

material needed for the big culture in the Western 

Romanian region, which is characterized by a dry 

climate.    

 

Material and Methods 

 
The biological material studied wad 

represented by a collection of winter barley genotypes 

(Hordeum vulgare), made up of double haploid lines, 

and several varieties of winter barley grown in the 

Banat Plain. The control taken was represented by the 

cultivar Dana that presented a good drought tolerance 

being well adapted to the environmental conditions of 

the Banat Plain. Double haploid lines used in these 

experiments were provided by ICDA Fundulea and 

obtained by Bulbosum method, adapted for greenhouse 

and field conditions.[4] These lines are equally 
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valuable in terms of agronomic lines as obtained by 

classical methods[2]. Their advantage lies in shortening 

the duration of program improvement.  

Experimental conditions were characterized by 

providing the characteristic temperature of 20°C for 

sprouting, and optimum hydration level to the control. 

Induction of water shortage, indicated that osmotic 

stress was achieved by using different concentrations 

of Polyethylene glycol 6000 solutions at concentrations 

(0%, 10%, 14.3% , 19%) and  sucrose solutions (0%, 

5%, 10% and 15%). The germination capacity (%) was 

determined. 

Percent of germination %=
STNr

SGNr

.

. x100, 

 Nr. SG – no. seeds germinated,  

Nr.ST- no. seeds tested 

The maintenance of sprouting ability in higher 

concentrations of solution showed good resistance to 

drought. 

 

 

Results and Discussions 

 
Seed germination depends on both internal 

and external conditions. The most important internal 

factors include temperature, water, oxygen and 

sometimes light or darkness [6]. Various plants require 

different variables for successful seed germination; 

often this depends on the individual seed variety and is 

closely linked to the ecological conditions of a plant's 

natural habitat. Water is required for germination. 

Mature seeds are often extremely dry and need to take 

in significant amounts of water, relative to the dry 

weight of the seed, before cellular metabolism and 

growth can resume [6].  

Data from table 1.1 shows the recorded 

germination percentage of each genotype in water 

comparing with the other germination results in 

different concentrations of PEG. These results of 

barley germination in water were considered the 

starting point of highlighting the environmental 

influence of germination on seed germination.

 

Table 1 

Seed germination rate in different PEG concentrations conditions of some barley genotypes 

No. Genotypes 0% PEG 
10%PEG (0.2 

atm) 
14.3%PEG 

(2 atm) 
19%PEG 

(4atm) 

1 Dana 93,67 control 84,00 control 32,00 control 23,33control 

2 Precoce 92,33- 78,00- 27,00- 18,33- 

3 Adi 98,67- 82,00- 38,00- 22,00- 

4 Madalin 91,00- 75,00- 40,00- 24,67- 

5 Orizont 89,67- 83,33- 39,33- 21,33- 

6 DH 22-5 86,67- 58,00000 27,33- 17,00- 

7 DH 24-3 94,33- 52,00000 25,33- 18,00- 

8 DH 26-4 91,67- 71,3300 28,33- 19,33- 

9 DH 20-2 97,00- 79,67- 26,00- 20,33- 

10 DH 8-8 96,00- 81,33- 30,67- 31,67* 

11 DH 20-3 97,00- 80,33- 28,67- 28,00- 

12 DH 7-2 96,67- 75,33- 24,33- 24,33- 

13 DH 8-4 89,33- 75,00- 41,00- 21,33- 

14 DH 33-1 86,00- 78,67- 32,00- 13,6700 

15 HV 1-1 97,67- 75,67- 35,00- 18,00- 

16 DH 8-3 94,33- 75,33- 24,00- 15,000 

17 DH 8-5 90,00- 70,6700 29,00- 28,00- 

18 DH 16-41 87,67- 72,330 37,33- 33,67** 

19 DH 24-1 93,67- 85,67- 20,670 18,33- 

20 DH 20-1 93,00- 72,330 27,00- 18,67- 

21 DH 22-1 92,00- 73,33- 38,00- 30,33* 

22 DH 22-4 79,0000 72,330 25,67- 22,33- 

23 DH 26-8 92,00- 78,67- 32,00- 14,0000 

24 DH 19-1 85,33- 86,67- 34,33- 18,00- 

25 DH 26-2 81,3300 85,00- 26,00- 17,00- 

 

DL 5%=9,80                

DL 1%=13,07            
DL0.1%=17,02 

DL5%=11,56              

DL1%=15,42                       
DL0.1%=20,08 

DL5%=9,52                   

DL1%=12,70                     
DL0.1%=16,54 

DL5%=6,67                    

DL1%=8,89                   
DL0.1%=11,58 

 

Germination ranged between 79.00% and 

98.67% when no PEG was added in the water used for 

germination.  One cultivar (Adi  - 98.67%) and three 

barley lines HV 1-1 (97, 62%), DH 20-2 (97%) and 
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DH 20-3 (97 %) presented higher germination capacity 

compared with the control constituted by the cultivar 

Dana, but these results were not statistically assured.  

The lines: DH 22-4 (79%), DH 26-2 (81.33%), and DH 

19-1 (85.33%) showed a lower germination capacity 

than the control genotype Dana.  

 When the germination solution was added with 

10% PEG 6000 (corresponding to an osmotic potential 

of 0.2 atm.) seed germination capacity decreased 

significantly, ranging between 52% and 86.67% limits. 

Genotypes that had a percentage of germinated seeds 

higher than the control were: DH 19-1 (86.67%), DH 

24-1 (85.67%) and DH 26-2 (85%).  

Most lines had a lower germination 

percentage than the cultivar Dana at this concentration, 

presenting some differences with statistical 

significance, most representative differences being 

recorded by DH 24-3 (52%), DH 22-5 (58%) and HD 

8-5 (70.67%). 

The percentages of germination of barley 

genotypes obtained in the solution with 14.3% PEG 

6000 (corresponding to an osmotic potential of 2 atm.) 

are decreased comparing with on the other 

concentrations ranging between 20.67% and 40%. 

Some of the genotypes had a germination rate of seeds 

higher than the control: DH 8-8 (41%), Madalin (40%) 

and Horizon (39.33%), but without statistically 

significant differences. The variety DH line 24-1 

(20.67%) emphasized a significantly negative 

difference comparing with the control and the majority 

of the other lines.  

The results of the germination percentages of 

genotypes, obtained on 19% PEG 6000 solution 

(corresponding to an osmotic potential of 4 atm.) show 

that the minimal value of germination was 13.67% and 

the maximum value was 33.67%. Statistically 

significant differences from control Dana were given 

by three genotypes: AD 16-41 (33.67%), HD 8-8 

(31.67) and DH 22-1.The lowest percentage of 

germination was met at the line DH 33-1 (13.67%). 

The process of germination was seriously 

affected by water shortage; there are obvious 

differences between genotypes. Therefore, 

physiological drought induced sprouting using 

solutions with different osmotic pressure levels directly 

influenced the germination of the seed material. 

 Regarding the germination percentage of 

genotypes in sucrose solution concentration of 5% it 

could be observed (Table 2), that the most genotypes 

tested recorded a germination percentage above 75%. 

Germination percentage limits on a 5% sucrose 

solution concentration ranged from: 64% and 90%.  

Highest percentage germination occurred in 

variety Adi (90%), followed by DH lines 24-3 (88.3%), 

HD 8-5 (88), DH 26-4 (87%) compared with the 

control Dana (84 %), but no results showed statistical 

assurance. 

The lowest percentage of germination was recorded by 

the genotypes Precoce (68.7%) and Horizon (67.3%), 

followed by DH lines 19-1 (67.7%), HD 8-8 (64%). 

The results obtained in these genotypes had statistically 

significant negative insurance. 

 

              Table 2 

Seed germination rate of barley genotypes using different sucrose solution concentrations 

No. Genotypes 5% sucrose 10% sucrose 15% sucrose 

0 1 2 3 4 

1 Dana 84,01control 20,00 control 19,00- 

2 Precoce 68,700 21,00- 17,05- 

3 Adi 90,00- 22,00- 17,00- 

4 Madalin 80,00- 25,00- 21,06- 

5 Orizont 67,300 21,00- 19,08- 

6 DH 22-5 82,00- 17,00- 14,00- 

7 DH 24-3 88,33- 27,00- 22,07- 

8 DH 26-4 87,05- 29,00* 18,00- 

9 DH 20-2 81,30- 24,00- 11,0000 

10 DH 8-8 64,050 28,00* 20,00- 

11 DH 20-3 80,71- 30,00* 19,00- 

12 DH 7-2 80,31- 21,00- 12,000 

13 DH 8-4 76,72- 17,00- 18,0000 

14 DH 33-1 80,30- 19,00- 16,00- 

15 HV 1-1 82,75- 24,00- 14,23- 

16 DH 8-3 87,01- 26,00- 20,00- 

17 DH 8-5 88,02- 25,00- 21,00- 

18 DH 16-41 81,70- 22,00- 15,00- 

19 DH 24-1 79,76- 16,00- 14,00- 
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0 1 2 3 4 

20 DH 20-1 75,78- 22,00- 21,00- 

21 DH 22-1 84,04- 27,00- 13,000 

22 DH 22-4 75,05- 26,00- 14,00- 

23 DH 26-8 78,09- 18,00- 14,00- 

24 DH 19-1 67,700 22,00- 20,00- 

25 DH 26-2 78,00- 18,00- 17,00- 

 
 

DL 5%=15,18 
DL 1%=20,24                          

DL 0.1%=26,36 

DL 5%=7,69                 
DL 1%=10,25                         

DL 0.1%=13,35 

DL5%=5,34 
DL1% =7,12               

DL 0,1% = 9,27   

 

When 10% sucrose solution was used to wet 

the germinating seeds, it was observed that as sucrose 

concentration increased, the percentage of seed 

germination decreased mostly below 30%. Analyzing 

the results can be emphasized that the percentage of 

germination varied from 17% to 30%, recording much 

lower rates than in the previous case. Highest 

percentage of germination was obtained by the double 

haploids lines: DH 20-3 (30%), DH 26-4 (29%), HD 8-

8 (28%); results that are statistically assured. The 

lowest percentage of germination were obtained by the 

lines DH 22-5 (17%) and HD 8-4 (17%), but these 

results are not statistically assured.  

The results on seed germination percentage in 

sucrose solution concentration of 15% shown that the 

limits of the germination percentage ranged from: 11% 

and 22%. Highest percentage of germination in 15% 

sucrose solution was recorded for the double haploid 

lines: DH 24-3 (22%), HD 8-5 (21%) and DH 20-1 

(21) and the cultivar Madalin (21%), but these results 

were not statistically assured.  The line DH 20-2 

(11.0%) recorded the lowest germination capacity; the 

results being distinctly significant negative. 

 

Conclusions 

 
Research conducted in laboratory conditions, 

regarding the effects of water shortage on barley 

genotypes analyzed, have revealed the following 

conclusions:  

-seeds germination capacity was greatly 

reduced when the osmotic pressure was higher;  

-seeds germination test in hypertonic solutions 

with lower concentrations than 15% is not eloquent in 

identifying drought tolerant genotypes of barley, 

achieving significant results only if the solution 

concentration increased; 

- the lines proving to be drought tolerant, after 

determining the percentage of germination in 

hypertonic solutions of PEG 6000 and sucrose were the 

lines: DH 8-8, DH 16-41, DH19-1 DH 8-4.  

Therefore, physiological drought induced 

germination using solutions with different osmotic 

pressure levels directly influenced the seed material 

germination capacity. 
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