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ABSTRACT: In order to study the freezing resistance of some barley varieties using rates of electrolyte leakage this 

experiment was carried out on three barley variety, including Reyhan, kavir, and Nosrat. These varieties are the most 

important varieties that cultivated in Semnan province. For this experiment, barely seeds were sown in small containers. 

The current experiment was carried out as Factorial experimental design plan based on completely randomized design 

(CRD).The first factor in this study was barley variety in three levels. The second factor was temperature in 5 levels 

including +4°C, -4°C, -8°C, -12°C and -15°C. Seedlings in the stage of tillering, was sprayed by water and then were 

put in the incubator for two hours. Then two gram samples were selected and 20 mm deionized water was added and 

shakes for 24 hours. Then every day for a week EC in solution was measured. Analysis of variance (ANOVA) was used 

to determine significant (p < 0.01 and p < 0.05) differences between barley genotypes. The differences between means 

of barley varieties were inspected using Duncan test. The results showed that the percentage of ion leakage between the 

three cultivars had significant differences .The effect of temperature on the percentage of ion leakage in all days, had  

significant difference.The highest percentage of ion leakage measurements on all days was at the -15°C and the lowest 

percentage of leakage occurred at 4°C. Kavir variety in comparison with other varieties had lower cold tolerance. 

Interaction of temperature and genotype factors on  ion  leakage measurements showed that all varieties had significant 

differences. 

 

                                  INTRODUCTION 

Barley is one of the important products of Damghan. Winter 

barley should be planted in autumn and harvested in 

summer.The autumn-seeded barley take advantage of 

autumn rainfall and thereby yield significantly is much more 

than spring-seeded crops. The capability of autumn-seeded 

varieties to survive referred to winter hardiness. Low-

temperature tolerance is a complex quantitative character 

that plants tolerates temperatures that leading to freezing. 

Cold stress lead to low pollen producing and results low 

fruit.Low temperatures change the shape of the flower and 

lead to sterilization of the flower and deformation of the fruit 

[1, 2]. Frostbite occurs when the temperature drops sharply 

and causes damage to the plant [3]. 

The sensitiveness of plant issues to the cold weather is 

different. The leaves have a little compatibility. The roots 

have less resistance than the stem in the cold weather [4]. 

This character is determined by a highly integrated system of 

structural and developmental genes that are regulated by 

environmentally responsive and complex pathways [5]. 

According to gene growth theory, the duration and intensity 

of gene expression controls the degree LT resistance [6]. 

However, the study of plants against cold resistance under 

controlled conditions can not be directly related to factors 
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limiting plant survival in the field evaluation method [7]. 

There are many methods to evaluate frost test and identify 

frost tolerant of plant genotypes. Freezing tolerance of 

winter barley is one of the main factors of winter survival. 

To avoid winter kill it is very important to choose freezing 

tolerant of barley genotypes. Many studies have been 

conducted to find an effective and rapid method to evaluate 

the plants tolerance to freezing temperatures. One safe 

method is to measure the electrolyte leakage of the 

cytoplasmic membrane or the conductivity of compatible 

organs that the plant is damaged by cold stress [8].  

 Since the cytoplasm membrane is the first place that can be 

damaged, it is possible to determine the amount of injury 

through the electrolyte leakage of damaged tissues. It is 

predicted sensitive cells to suffer more damage than resistant 

cells and must have a more electrolyte leakage [9]. 

The electrolyte leakage (EL) method is easy and reliable and 

less expensive than other methods, so it is a good way to 

determine the plant's tolerance to cold. [10] 

Some researchers [11, 12], worked on some cultivars of 

wheat, rye and winter barley, found a significant correlation 

between the EL% of plant leaves and crop survival from 

freezing. Similarly [13] studied 9, 10  and 12  cultivars of 

wheat , rye ,red clover , and  found a significant  correlation 

between crop survival and EL% of leaves ,though this 

relation was not significant for rye crops. Another evaluation 

method for freezing tolerance is to measure the growth 

characteristics and the plant regrowth after the recovery 

period which is followed by the freezing test in controlled 

conditions. 

Fowler and Carlers [14] investigated on wheat; they found 

that there was a significant relationship between shoot dry 

weight of plants during the recovery period and temperature 

of 50 in field conditions. 

In addition, a positive significant correlation was found 

between the chlorophyll amount (SPAD), plant height, leaf 

area and dry weight with LT50 under the recovery period 

[15]. Nezami et al, [16] found the dry weight of the plant at -

12°C with resistant genotype is less than the dry weight of 

the control plant at temperature at 0°C. However the dry  

weight of sensitive genotypes was only 10% the control 

plant. The objective of this study was to evaluate various 

barley genotypes exposed to the freezing stress under 

controlled conditions using rates of electrolyte leakage. 

MATERIALS AND METHODS 

This experiment was carried out on three barley varieties, 

including Reyhan, kavir, and Nosrat. These varieties are the 

most important varieties that cultivated in Semnan province. 

For this experiment, barely seed planted used in small 

container. The current experiment was carried out as 

Factorial experimental design plan based on completely 

randomized design (CRD). The first factor in this study was 

barley variety in three levels. The second factor was 

temperature in 5 levels including +4°C, -4°C, -8°C, -12°C 

and -15°C. When the pots reached the stage of tillering, were 

sprayed water and put inside the incubator for two hours. 

Then two gram samples obtained and 20 mm demonized 

water was added and shakes for 24 hours. Then until on 

week every day EC in solution was measured. Analysis of 

variance (ANOVA) was used to determine significant (p < 

0.01 and p < 0.05) differences between barley genotypes. 

The differences between means of barley varieties were 

inspected using Duncan test. 

RESULTS 

The effect of temperature on ion leakage measurements in 

the first day showed there was significant difference between 

the trearments at the 1% level. The highest percentage of ion 

leakage (53.52%) was at - 15°C .The lowest percentage was 

18%  at 4 ° C. Comparison of treatment means using the 

Duncan test  showed  that there were  significant differences 

between the percentage of ion leakage values (82.23, 32 and 

50.47) at -4, -8, -12°C. The effect of temperature   ion 

leakage measurements showed that there was significant 

difference between the treatments at the 1% level (Figure 1). 

The rate of ion leakage at 4°C (24.84 %) was lowest rate of 

ion leakage. In temperatures between 4 - and 8 - , the 

percentage of ion leakage (36.78 and 35.72) had no 

significant difference. 
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Figure 1 .The effect of temperature on the first day of ion leakage measurements. 

 

The effect of temperature on the third day day of ion leakage 

measurement showed significant difference between the 

temperatures at the 1% level (Figure 2). The rate of ion 

leakage at 4°C with a 24.84 showed the lowest rate of ion 

leakage. In temperatures between -4 and -8 the percentage of 

ion leakage respectively 36.78 and 35.72 had no significant 

difference. Most of ionic liquids at temperature of -15 

degrees were 68.60. Lowest percentage of ion leakage was 

28.77 at 4ºC. Values 35.61, 40.46 and 53.49 had the 

percentage of ion leakage at -4, -8 and -12°C respectively. 

The rate of ion leakage were significantly different at the 

three temperatures were together. 

  

 
Figure 2. The effect of temperature on the second day day of ion leakage measurement. 

 
 

 
 

Effect of temperature on the rate of ion leakage showed 

there was no significant difference between the 

temperatures at the 1% level. The rate of ion leakage at 4°C 

(26.33%) showed the lowest rate of ion leakage (Figure 3).  

Most ionic leakage (70.21%)   was at temperature of -15°C. 

In temperatures between -12 and - 8 the percentage of ion 

leakage (52.07 and 52.83) had   not any significant 

difference. 
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Figure 3 .The effect of temperature on the third day of ion leakage measurement. 

 

The effect of temperature on of ion leakage measurements 

in fifth day (Figure 4) Showed there was significant 

difference between the temperatures at the 1% level. The 

lowest rate of ion leakage was at 4°C (31.44%). Most of 

ionic leakage deal (71.56%) was at temperature of - 15°C. 

In temperatures between -12 and -8°C, there was not any 

significant difference 

 

 
Figure 4. The effect of temperature on the forth day of ion leakage measurements. 

 

The effect of temperature on the rate of ion leakage (Figure 

5) showed that there was significant difference between the 

treatments at the 1% level.Most of ionic leakage (74.40)  

 

 

was at temperature of -15°C. The lowest rate of ion leakage 

(26.33) was at 4°C. In temperatures between -12, -4 and  

-8°C, the percentage of ion leakage had significant 

difference. 
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Figure 5. The effect of temperature on the fifth day of ion leakage measurements. 

 

The effect of temperature on ion leakage measurements in 

seventh day showed (Figure 6) that there was significant 

difference between the treatments at the 1% level.Most of 

ionic leakage was at temperature of -15°C .The lowest rate 

of ion leakage was at 4°C.  In temperatures between -12, -4 

and -8°C, the percentage of ion leakage, had significant 

difference.

 
Figure 6. The effect of temperature on the sixth  day of ion leakage measurements. 

 

The effect of verity on ion leakage measurements in the 

first day showed (Figure7) there was significant difference 

between the temperatures at the 1% level.Most of ionic 

leakage was at Kavir verity on -15°C. In temperatures  

 

 

between -12, -4 and -8°C, the percentage of ion leakage 

had significant difference. Between Nosrat and Reyhan 

varieties, the percentage of ion leakage rate the difference 

was not significant. 
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Figure 7. The effect of temperature on the of ion leakage in seventh day. 
 

The effect of variety on  ion leakage measurements in  the 

second day  showed (Figure 8) there was  significant 

difference between the varieties at the 1% level. Most of 

ionic leakage was at Kavir variety. In Kavir and Nosrat  

varieties the percentage of ion leakage were 38.85 and 

39.26 . Between Nosrat and Reyhan varieties, percentage of 

ion leakage rate had not significant difference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. The effect of verity on ion leakage measurements in the first day 

The effect of variety on ion leakage measurements in the 

thirth day showed (Figure 9) there was significant 

difference between the varieties. Most of ionic liquids were  

 

 

 

at Kavir variety .Percentage of ion leakage in Reyhan and 

Nosrat varieties were 43.85 and 40.81 %. 
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Figure 9. The effect of variety on ion leakage measurements in the second day. 
 

The effect of variety on ion leakage measurements in the 

forth day showed (Figure 10) there was significant 

difference between the varieties.Most of ionic liquids was 

at Kavir variety. Lowest percentage of ion leakage were 

related to Nosrat variety 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 10. The effect of variety on  ion leakage measurements in the thirth day. 
 

The effect of variety on ion leakage measurements in the 

fifth day showed (Figure11) that there was significant 

difference between the varieties. Most of ionic liquids was  

 

 

 

 

 

 

at Kavir variety .Lowest percentage of ion leakage were 

related to Nosrat variety. 

 

 

 

 

 

 

 
 

 

 

Figure 11. The effect of variety on ion leakage measurements in the forth day. 
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The effect of variety on ion leakage measurements in the 

sixth day showed that there was significant difference. 

Most of ionic liquids were at Kavir variety. Percentage of 

ion leakage in Reyhan and Nosrat varieties were 50.26 and 

50.43 % that there were not significant difference in these 

varieties. 

 

 

 

 

The effect of variety on  ion leakage measurements in the 

sevevth day showed (Figure12) that there was significant 

difference. Most of ionic liquids were at Kavir variety. 

Percentage of ion leakage in Reyhan and Nosrat varieties 

were 52.17 and 53.91% that there were significant 

difference. 

 

 

 

 

 

 

 

 

 

Figure 12. The effect of variety on ion leakage measurements in the sixth day. 

Interaction of temperature and genotype on the rate of ion 

leakage measured in first day showed (Figure13) that there 

was a significant difference. Highest leakage was in Kavir 

variety at 15°C. Nosrat varety was the third at -12°C. 

Nosrat and Reyhan varieties at -8°C had the percentage of 

ion leakage of 31.47 and 31.07%, also were not 

significantly different.The lowest percentage of ion leakage 

measurements from the first day belonged to Reyhan and 

Nosrat varieties. 

 

Figure 13. The effect of variety on ion leakage measurements in the sevevth day 

Interaction of temperature and genotype on the rate of ion 

leakage measured in second dayshowed (Figure14) that 

there was a significant difference. Highest leakage was in 

Kavir variety at -15°C. Reyhan and Nosrat were the second 

at -12°C varieties, also were not significantly different. 

Nusrat variety at -12, -15°C temperature with Nosrat 

variety had not a significant difference. Lowest percentage 

of ion leakage at 4°C belonged to Nosrat variety. 
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Figure 14. Interaction of temperature and genotype on the rate of ion leakage measured in first day. 

Interaction of temperature and genotype on the rate of ion 

leakage measured in third day (Figure15) the highest 

percentage of ion leakage belonged to Kavir at -15°C. Per 

the  second one was Kavir queries at a temperature of -

12°C and Reyhan under the -15°C. Lowest percentage 

leaks to the two varieties of basil and assistance with 

treatment temperature was 4°C with no significant 

difference. 

 
Figure 15. Interaction of temperature and genotype on the rate of ion leakage measured in second day 

Interaction of temperature and genotype on the rate of ion 

leakage measured in forth day showed (Figure16) that 

highest percentage of ionic leakage was the Kavir varety at 

-15°C. The lowest percentage leakage rate at 4° belonged  

 

 

to Nosrat variety. Kavir at -12°C with Nosrat at the –15°C 

has not been significantly different. Kavir treatment at -4°C 

had ion leakage percent about 43/3%. The treatments had 

not significant difference.  
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Figure16. Interaction of temperature and genotype on the rate of ion leakage measured in third day. 

 

Interaction of temperature and genotype on the rate of ion 

leakage measured in fifth day showed (Figure17) that three 

varieties had significant difference. The highest percentage 

of ion leakage in Kavir temperature -15°C. Lowest 

percentage of ion leakage of three varieties at 4°C had  not 

significantly differences.  

 
Figure17. Interaction of temperature and genotype on the rate of ion leakage measured in forth day. 

 

Interaction of temperature and genotype on the rate of ion 

leakage measured in sixth day showed (Figure18) that 

highest percentage was belonged to Kavir at -15°C. Lowest 

percentage of ionic liquids in the three varieties at 4°C was 

also not significantly different. 

 

Interaction of temperature and genotype on the rate of ion 

leakage measured in seventh  day showed (Figures 19, 20) 

that Lowest percentage of leakage at 4 c belonged to 

Nosrat.The highest percentage of ion leakage was belonged 

to Kavir variety under –15°C . 
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Figure 18. Interaction of temperature and genotype on the rate of ion leakage measured in fifth day. 

 

 
Figure 19. Interaction of temperature and genotype on the rate of ion leakage measured in sixth day 

 

 

Figure 20. Interaction of temperature and genotype on the rate of ion leakage measured in seventh day. 
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                            DISCUSSION  

The results showed that the percentage of ion leakage 

between the three cultivars had significant differences .The 

effect of temperature on the percentage of ion leakage in all 

days  had  significant difference.The highest percentage of 

ion leakage measurements on all days was at the -15°C and 

the lowest percentage of leakage occurred at 4°C. Kavir 

variety in comparison with other varieties had lower cold 

tolerance .Interaction of temperature and genotype on ion 

leakage measurements showed that all varieties had 

significant differences. Plants ability to tolerate 

temperatures below zero can without causing significant 

damage is defined as an important indicator for assessing 

the potential of crop species and cultivars [16]. Each plant 

may have an internal rhythm; cold resistance that is 

independent of environmental factors. Time and 

adaptability to cold is usually genetic, but can be altered by 

environmental factors. So that within a species of cold 

tolerance among varieties can distinguish differences. But 

this is not always true. Measuring solute leakage from plant 

tissue is a long-standing method for estimating membrane 

permeability in relation to environmental stresses, growth 

and development, and genotypic variation. Expressing 

electrolyte leakage can be as good index for distinguishing 

plant stress especially temperature stress. It is important to 

identify rapid and accurate methods for assessing hardwood 

seedling quality and physiological status. Evaluation of 

electrolyte leakage (EL) from plant tissues is promising for 

this purpose. It has successfully predicted the physiological 

status of conifer seedlings and has been used 

experimentally on European hardwood species. 

Physiological methods of testing cold hardiness are also 

rapid [18] allowing for timely management decisions in 

nursery operations. Many methods have been employed for 

evaluating cold hardiness of plants [19]. The membranes 

are sensitive to environmental stresses such as chilling and 

freezing conditions. Cold temperatures reduce enzymatic 

activity, alter metabolism, and decrease the photosynthetic 

capacity of plant tissues [20].In plant membranes, these 

changes are often associated with increases in permeability 

and loss of integrity [21]. An estimation of cell damage and 

hardiness can be made by comparing the conductivity of 

the leaked contents from injured and uninjured tissues in 

water. The efficacy of EL in predicting hardiness has 

resulted in its use in operational practice at some nurseries, 

particularly for determining lifting windows and storability 

[22].For hardwoods, relatively little information is 

available [23].  
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