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 The experiment consisted of three barley varieties (Rihan, Libya3 and ACSAD176) and 
five NaCl concentrations (0, 25, 50, 75 and 100 mM/L). Seeds were germinated in Petri 
dishes, on with 10 mL of either double-distilled water (control) or different NaCl 
concentrations for 8 days. The result showed that there were significant differences 
among the different NaCl concentrations, varieties and salt stress × variety interaction 
for all characters. Seed germination decreased significantly by increasing salinity 
levels. Salt stress at 25 mM has enhanced shoot and root length and weight in Libya3 
and ACSAD176 varieties. However, all varieties were salt- sensitive at 50, 75 and 100 
mM with regard to all characters under study.  
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INTRODUCTION 

 
 Barley (H. vulgare L.) is a highly adaptable cereal grain and ranks 5th among all crops for dry matter 
production in the world. Therefore barley is an important food source in many parts of the world. Barley is 
considered to be the most drought and salinity tolerant among cereals [23].  
 Salinity is one of the most important environmental parameter that determines the success or failure of 
plants establishment. Nearly, 7% of the arable land affected by salinity [10]. Salinity can reduce plant growth or 
damage the plants through: (i) osmotic effect (causing water deficit), (ii) toxic effect of ions and (iii) imbalance 
of the uptake of essential nutrients. These modes of action may operate on the cellular as well as on higher 
organizational levels and influence all the aspects of plant metabolism, lead to reduced shoot growth and leaf 
area development of barley crop [14,23]. In addition, it has been reported that salinity decreased and delayed 
germination of barley. Lower levels of salinity delayed germination, whereas higher levels reduced the final 
percentage of seed germination [15,20,23].  
 Germination and seedling growth under saline environment are the screening criteria which are widely used 
to select the salt tolerance genotype [2,13]. As for better cropping highest plant population is required, which is 
only possible if seed germination is satisfactory under saline conditions [17]. Seed germination is a critical stage 
in the history of barley and salt tolerance during germination is crucial for the establishment of plants that grow 
in saline soils. The plants that grow in saline soils have diverse ionic compositions and a range in concentrations 
of dissolved salts. These concentrations fluctuate because of changes in water source, drainage, 
evapotranspiration and solute availability [17,18,19].  
 Successful seedling establishment depends on the frequency and the amount of precipitation as well as on 
the ability of the seed species to germinate and grow while soil moisture and osmotic potentials decrease. These 
salts interfere with seed germination and crop establishment [19]. Germination and seedling traits are the most 
viable criteria used for selecting salt tolerance in plants. This research was carried out in order to test the effects 
of different salinity levels on germination and early growth parameters of barley. 
 

MATERIALS AND METHODS 
 
 Three barley cultivars (Rihan, Libya3 and ACSAD176)  were used. Seeds of these cultivars were provided 
by the Man-mode River Authority, Benghazi, Libya. This experiment was carried out using a factorial 
completely randomized design for six replicates and five NaCl concentrations (0, 25, 50, 75 and 100 mM) in 
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2013. Germination potential of the barley seeds was estimated according to the International Rules for Seed 
Testing [12]. Firstly, the surface of the seeds were sterilized using 5% sodium hypochlorite solution for 10 
minutes and then the seeds were rinsed with sterile distilled water, several times. Six replicates of 20 seeds were 
arranged on a blotter to which 5 ml of the test solution was added. Pairs of blotters were sealed in lidded plastic 
containers to minimize evaporative losses of water. Seeds were germinated in an incubator at 22°C. When 
coleoptile and root length of a seed reached to 2-3 mm,  the seed was scored as a germinated seed. The 
percentage of germination, root length, shoot length, shoot dry weight and root dry weight of each cultivar and 
treatment were measured on 8th day of incubation. Data analysis was carried out according to the statistical 
procedure described by Gomez and Gomez [11] and the computer package GenStat. The means were compared 
using the least significant difference test (LSD) at 0.05. 
 

RESULTS AND DISCUSSION 
 
 Analysis of variance showed significant differences among the varieties and various salinity levels in all the 
traits (Table 1). Also, there were significant differences amongst the varieties × salt stress interaction for all 
characters. This illustrates the high potential of these varieties to be used as the genetically source for breeding 
purposes. 
 
Table 1: Analysis of variance for studied traits in three barley varieties and five NaCl concentration levels. 

Source of 
Variance 

d.f Mean Square 
Percentage of 
germination# 

shoot length Root length shoot dry weight Root dry weight 

Varieties 2 242.29** 21.44** 6.05** 21.64** 4.59** 
Treatment 4 2932.97** 165.15** 83.56** 73.19** 81.73** 

Var.  x Treat. 8 814.75** 5.46** 10.08** 9.55** 15.62** 
Error 14 528.77 0.54 1.55 5.73 3.83 

#: Data undergone to Arsin transformation.  *, **: Significant at 5% and 1%, respectively. 
 
 The percentage of germination was decreased in salt stress in all barley varieties (Table 2). The maximum 
percentage of germination was recorded under control level and minimum at the highest salinity level. However, 
maximum percentage of germination was recorded in Rihan variety in zero and 100 mM concentration of 
salinity. Also, minimum percentage of germination was recorded in ACSAD176 variety. The highest seed 
germination rate was observed in control treatment as compared to salinized treatments. Reduction in 
germination by an increase of salinity levels has been described by numerous researchers [21,5,8,19]. Further, 
Waisel [22] found that increasing salinity concentration in germination often causes osmotic and/or specific 
toxicity which may reduce or retard germination percentage. In addition, NaCl causes hardening of the cell wall 
[16] and a decrease in water conductance of the plasma membrane [7]. 
 
Table 2: Effect of salinity levels on seed germination percentage (%) of three barley varieties 

Treatment Rihan Libya3 ACSAD176 Mean L.S.D 
0 mM 98.33 92.50 90.00 93.61 1.76 

25 mM 88.33 92.50 78.33 86.39 
50 mM 68.33 76.67 68.33 71.11 
75 mM 62.50 64.17 64.17 63.61 

100 mM 60.00 58.33 51.67 56.67 
Mean 75.50 76.83 70.50   
L.S.D 1.36  3.05 

 
 Increasing concentration of salt significantly retarded (P < 0.01) elongation of stems and roots (Table 3 and 
4). Nevertheless, shoot height was nearly double than root length for seedlings grown in control and saline soils. 
Seedling growth was drastically decreased at higher salinity level, 100 mM. However, the impact was 
approximately the same on shoot and root length. This finding is in agreement with the previous reports on 
barley [23], lentil [3], Maize [6] and sorghum [4]. In general, salt stress at 25 mM has not enhanced seed 
germination percentages, but it enhanced shoot and root length in Libya3 and ACSAD176 varieties. All varieties 
were salt- sensitive at 50, 75 and 100 mM with regard to shoot and root length. The reduction in shoot length is 
due to excessive accumulation of salts in the cell wall which modify the metabolic activities and limit the cell 
wall elasticity. Further, secondary cell appears sooner and cell wall becomes rigid, as a consequence the turgor 
pressure efficiency in cell enlargement decreases. These processes may cause the shoot to remain small [17]. 
 Dry weight significantly decreased (P < 0.01) for shoot and root of seedlings in response to increasing 
concentration of salt (Table 5 and 6). Shoot and root dry weight decreased as the salinity level increased. This 
finding is supported by previous studies done on barley [18,23] and wheat [1]. Garg and Gupta [9] reported that 
salinity causes reduction in leaf area as well as in rate of photosynthesis, which together result in reduced crop 
growth and yield. Also, high concentration of salt tends to slow down or stop root elongation and causes 
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reduction in root production. Naseer et al., [17] proposed that the reduction in weights with increasing salinity 
may be due to limited supply of metabolites to young growing tissues, because metabolic production is 
significantly perturbed at high salt stress, either due to the low water uptake or toxic effect of NaCl. 
 
Table 3: Effect of salinity levels on seedling shoot length (cm) of three barley varieties. 

Treatment Rihan Libya3 ACSAD176 Mean L.S.D 
0 mM 14.60 15.25 15.25 15.03 0.48 

25 mM 13.33 16.30 16.30 15.31 
50 mM 12.07 13.58 13.58 13.08 
75 mM 11.23 10.47 10.47 10.72 

100 mM 8.23 7.00 7.00 7.41 
Mean 11.89 12.52 12.52   
L.S.D 0.37  0.84 

 
Table 4: Effect of salinity levels on seedling root length (cm) of three barley varieties. 

Treatment Rihan Libya3 ACSAD176 Mean L.S.D 
0 mM 7.00 6.20 6.20 6.47 0.82 
25 mM 7.10 8.85 8.80 8.27 
50 mM 6.33 5.73 5.70 5.93 
75 mM 5.45 3.10 3.15 3.92 

100 mM 4.53 3.10 3.15 3.58 
Mean 6.08 5.41 5.40   
L.S.D 0.64  1.43 

 
Table 5: Effect of salinity levels on seedling shoot dry weight (mg) of three barley varieties. 

Treatment Rihan Libya3 ACSAD176 Mean L.S.D 
0 mM 12.67 12.47 10.75 11.96 1.59 
25 mM 9.67 14.77 12.50 12.31 
50 mM 10.37 10.28 8.65 9.77 
75 mM 9.20 9.05 8.78 9.01 

100 mM 7.40 8.75 6.43 7.53 
Mean 9.86 11.06 9.42   
L.S.D 1.23  2.75 

 
Table 6: Effect of salinity levels on seedling root dry weight (mg) of  three barley varieties. 

Treatment Rihan Libya3 ACSAD176 Mean L.S.D 
0 mM 10.73 6.67 6.58 7.99 1.29 
25 mM 6.57 8.88 10.22 8.56 
50 mM 7.40 7.07 6.17 6.88 
75 mM 4.92 5.32 5.45 5.23 

100 mM 4.57 3.45 2.00 3.34 
Mean 6.84 6.28 6.08   
L.S.D 1.00  2.25 

 

 
 
Fig. 1: Effect of NaCl concentration on early seedling growth of three barley varieties. 
 
Conclusion: 
 In the present study, salt stress adversely affected the germination percentage, seedling length and seedling 
weight of barley. Overall, it seems that salinity through enhancement of osmotic pressure leads reduction of 
water absorbance and disturbance in metabolic and physiological processes will be under its effect. So it cause 
more delay in germination. In total, it can be concluded that salinity stress significantly decreased all studied 
traits. 
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