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ABSTRACT 
 
 A pot experiment was conducted in the greenhouse at the National Research Centre (NRC), Dokki, Cairo, 
Egypt in the winter season    to study the effect of sulfate salinity (from 300 to 6000 ppm) on growth and yield 
of some barley varieties. Giza 131 plant was superior in number of green leaves and dry matter of stem, leaves, 
spikes and whole plant except for dry weight of stem . The lowest values of such characters were recorded by 
Giza 129. No significant differences were estimated for plant height , number of green leaves on the main stem, 
dry weight of stem, leaves, spikes and the whole plant irrigated by 3000 ppm salt solution. More depressions in 
the recorded growth parameters were obtained when salt concentration was raised to 6000 ppm. The differences 
as a result of the interactive effects in number of green leaves and dry weight of leaves was not great enough to 
reach the significant levels. The differences in plant height, number of green leaves on main stem, and dry 
weight of stem, leaves and spikes were lower than the level of significance. The decrements in the whole plant 
dry weight as irrigated by saline solution of 6000 ppm were 12.51,1.47, 27.56 and 51.62 % for Giza 129, Giza 
130, Giza 131 and Giza 123, respectively. This means that Giza 130 was the least variety in growth criteria 
depression when subjected to sulfate salinity. The highest response to salinity was detected in Giza  123 variety. 
Giza 123 hulled variety showed the highest concentration in chl.a, chl.b. chl.a+chl.b , chl.a:chl.b 
chl.a+chl.b:total carotenoids  ratio among the other tested varieties. However, the lowest concentration of chla, 
chl.b and total chlorophyll was attained by  the naked variety Giza 131 but the lowest chl.a:chl.b was attained by 
Giza 130 and for the lowest chl.a+chl.b:carotenoids ratio by the Giza 129  naked variety. Chl.a, chl.b total 
carotenoids and the ratio between chl.a+chl.b:carotenoids ratio increased by the increase in salinity while the 
carotenoids was not affected by the concentration of salts in the water of irrigation. 
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Introduction 
 
 Barley is considered one of the important cereal crops in dry land agriculture for its importance in human 
nutrition and animal feeding and also for its relative resistance to drought and salinity tolerance than most of 
other cereal crops grown successfully in that areas. 
 Considerable investigations were conducted to evaluate the growth of barley plants to salt stress (Hussein, 
et al., 2002a; Kant, et al., 2006). Isla, et al., (1999) demonstrated that a linear increase in soil salinity produced 
significant and linear decrease in growth and yield of barley and leaf stomatal conductivity by 65 % and also 
increase ash content. El-Nagaz and Mechlia 1998,reported that alternative application of non saline and saline 
water was found to be a useful practice for scheduling barley irrigation under arid climatic of tunisia.  
 The genetic differences in salt tolerance were detected by Edward Newbigin, (2011). (Salama and Hanna, 
1993) found that Sahrawi type produced heavier spikes, greater number of grains /plant, grain yield and straw 
yield than cultivated barley. The wild barley developed thicker stems and more bundles in the cross section and 
more vascular bundles in the leaf blade.  
 The interaction of varietals differences and salinity were reported by Ashour and Selim, (1994); Hussein,  et 
al., (2002b). 
 The present study was done to investigate the effect of different level of sulfate salinity on growth and yield 
of some naked barley varieties and one covered barley variety.    

 
Materials and Methods 
 
 A pot experiment was conducted at the greenhouse of the National Research Centre, Dokki, Cairo, Egypt in 
the winter season to study the effect of sulfate salinity on growth and yield of barley varieties. The treatments 
were as follows:  
a)    Varieties: Hulless (naked) varieties, Giza 129, Giza 130 and Giza 131and Giza 123 ( hulled) as a control.  
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b)   Salinity: Irrigation by Strogonov sulfate solution (Table 1), 3000, 6000 and tap water as a control (300 
ppm).   
 The experiment included 3 levels of salinity in combination with four varieties i.e. 12 treatments in 6 
replicates. Metallic ten pots 35 cm. in diameter and 50 cm. in depth were used. Every pot contained 30 Kg. of 
air dried clay loam soil. The inner surface of the pots was coated with three layers of bitumen to prevent direct 
contact between the soil and metal. In this system, 2 kg of gravel (particles about 2-3 cm. in diameter),were 
placed.  
 Seeds of different varieties of barley (Hordeum vulgare L) i.e. Giza 129, Giza  130, Giza 131 (naked barley) 
and Giza 123 covered were sown in mid December,. Plants were thinned twice, two weeks after sowing and at 
vegetative to leave three plants / pot. Calcium super phosphate (15.5 % P205) and potassium sulfate (48.5 % 
k20) in the rate of 3.0 and 1.50 g/pot were added before sowing. Ammonium sulfate (20.5 % N) in the rate of 
6.86 g/pot was added in two equal portions, the 1st after two weeks and the 2nd two weeks later. Irrigation with 
diluted Strogonov sulfate solution with different concentrations was started 30 days after sowing (one irrigation 
by salt water and the next was by fresh water alternatively) 
 Photosynthetic pigments in leaves of barley plants was determined according to the method of Andon 
Vassilev, et al., (2004). 
 Data collected was subjected to the proper statistical analysis with the methods described by Snedecor and 
Cochran, (1990). 
 
Results and Discussion 

 
 Varietals differences:  
 
 Data illustrated in Table (1) indicated that Giza 131 plant exceeded other varieties in number of green 
leaves and dry matter of stem, leaves, spikes and whole plant insignificantly except for dry weight of stem .On 
the contrary, the lowest values in these characters were attained by Giza 129.  
 Many authors investigated the different responses of barley varieties to salt stress (Royo, et al., 2000; 
Hussein, et al., 2002b). Shan'ko and Babakov, (2011) reported that the initial stimulation of proton from 
detached roots of barley was caused by osmotic stress, whereas, the subsequent relation of proton extrusion was 
probably caused by toxic effect excessive Na+ content. The salt stress response showed similar trends in both 
cultivars but Moskoviskii-121 response faster than ELR. Mahmood, (2011) found that salinity of NaCL 
inhibited most of growth characters but the effect different in Tokak-157/137 than in Erginel-90. Carden, David,  
et al., (2003). Indicated that the tolerant cultivar maintained a 10-fold lower cytosolic Na+ than the more 
sensitive. Moreover, the more tolerant cultivar was better maintaining root cytosolic K+ in higher NaCl 
background than in the more sensitive cultivar. Concerning the mode of action of salt tolerance, Katerji, (2006) 
in his lysimeter experiment which tested 6 barley varieties for salt tolerance and reported that the highest salt 
tolerance expressed as its self during growth period: (a) high stomatal conductance during the irrigation 
intervals, (b) a high maximum osmotic potential and (c) a more vegetative growth less affected by salt stress 
such as plant height ,number of productive tillers and less affected water use efficiency. On the other hand, the 
less tolerant variety showed better grain quality expressed by its protein content.  
 Examination of Data in Table (4) showed that Giza123 was superior in chl.a, chl.a+chl.b, chl.a:chl.b and 
chl.a+chl.b: carortenoids among the hull-less varieties. 
 The values of chl.a, chl.b concentration and the chl.a+chl.b:carotenoides ratio seemed to be equal. Varietal 
differences in chlorophyll concentration was detected by Mousavi,  et al., (2008). 
 
Salinity:  
   
 Table (2) included the effect of sulfate salinity on growth of barley plants. Obtained data showed that no 
significant differences in plant height, number of green leaves on the main stem, and dry weight of stem, leaves, 
spikes and whole plant irrigated by 3000 ppm salt solution. More depressions in the above-mentioned growth 
parameters were obtained when salt concentration raised to be 6000 ppm. The differences in number of green 
leaves and dry weight of leaves did not reach the significant levels. Munns and Rawsen, (1999) concluded that 
salinity decreased formation of spikelet primordial and final spikelet numbers at spike emergence were reduced. 
ANNIE 1985, concluded that leaf cell elongation in NaCL treated barley is probably founded by the rate of 
which solutes can be taken up to generate turgor, particularly at high NaCl levels. Bajwan,  et al., (1996) related 
the harmful effect of salinity in irrigation water that increasing salinization in the ground water produced several 
nutritional disorders especially in wheat, barley, maize and other field crops. Benes et al, (1996); Salama, et al., 
(2000) observed a gradual decrease in both shoots and roots dry weight in NaCl stressed plants, the decrement 
was a concentration dependent.  
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 The negative effects of salinity on growth and yield of crop plants may be attributed to the depression in 
water availability in soil profile caused by the accumulation of salts in soil solution. This finding are in complete 
agreement with those obtained by Al-Nabolsie, (1998) who concluded that salinity of the soil extract and SAR 
increased noticeably as irrigation water salinity increased. The harmful effects may be due to its effects on 
photosynthesis Belkhodja, et al., (1999); Hussein, et al., (2002b)  protein synthesis and enzymes activity Cohen,  
(1982) disturbance in growth hormones (Hussein,  et al., 2000) disorder in water absorption, distribution and 
adjustment, disturbance in mineral uptake and distribution (Halprin, et al., 1999; Hussein, et al., 2002) and/or 
for the toxicity of accumulated minerals Salama, et al., (2000). Furthermore, Gahdiril, et al., (2006) emphasized 
that the results of pot and field experiments showed that mixture 1:1 of Caspian sea water or sea water and well 
water can used for irrigation without a significant reduction in the growth and yield when applied at ear 
formation of barley but this treatment affected the physical properties of soil and this provided that it is not 
applicable treatment. The earlier treatments at stem elongation significant reduction in yield and growth 
parameters occurred. The electric conductivity was affected and this in term concluded that the rate of salt could 
not be used for the long run. Jiang, et al., (2006) noticed that two-week exposure to saline conditions decreased 
above-ground dry mass (AGDM), net photosynthesis (A), stomatal conductance (gs), internal CO2 concentration 
(Ci), efficiency of light harvesting of photosystem II (F′

v/F
′
m), photochemical quenching (qP), and carbon isotope 

discrimination (Δ) relative to control plants. 
 Data in Table (5) pointed out that salt stress led to a clear increase in the chl.a, chl.b and chl.a+chl.b 
concentration, however, carotenoids concentration was not affected significantly by such abiotic stress.  
Chlora:chl.b ratio values were slightly affected while chl.a+chl.b : carotenoids values were unchanged with the 
salinity treatments.    
   The increase of chlorophyll concentration were detected by Axler and Owen, (1994). However. 
Furthermore, the response of photosynthetic pigments to the different sources or types of salinity were obtained 
by Mousaavi, et al., (2008) who showed that under chloride salinity the content of chl.a & b and carotenoids, in 
the leaf blades of lupine plants were not significantly affected. Under low level of sulphate salinity, the content 
of chlorophyll a or b and carotenoids concentration was increased while at the high level of sulphate salinity 
insignificant increase was observed. However, under such condition, the increase in chl.a concentration was less 
than in chl. b, since the chla/chl.b ratio was increased. Meanwhile, Manivannan, et al., (2008) found that 
carbonate, chloride and sulphate salinity inhibited chlorophylls content in sunflower leaves.         
 Abd El-Jaleel, et al., (2008) indicated that at low salinity regimes, a slight decrease was noted in 
chlorophyll a and b, and total chlorophyll content, but under high salinity conditions a significant reduction in 
the content of these pigments was observed. The chlorophyll a:chlorophyll b ratio also varied significantly under 
salinity stress. The reduction in leaf chlorophyll content under NaCl stress has been attributed to the destruction 
of chlorophyll pigments and the instability of the pigment protein complex Belkhodja, et al., (1999). It is also 
attributed to the interference of salt ions with the de novo synthesis of proteins, the structural component of 
chlorophyll, rather than the breakdown of chlorophyll Hayat, et al., (2010). 
               
Varietal differences x Salinity: 
 
 The interaction effect of salinity and varietals differences on growth of barley plants were listed in Table 
(3). It is clearly shown that the differences in plant height, number of green leaves on main stem, and dry weight 
of stem, leaves and spikes lower than reached the level of significant,. The decrement in whole plant dry weight 
as a result of irrigation by solution contained 6000 ppm were 12.51,1.47, 27.56 and 51.62 % for Giza 129, Giza 
130, Giza 131 and Giza 123, respectively.  This proves that Giza 130 is the least variety in growth criteria 
depressions when subjected to sulfate salinity. The highest response to salinity was detected in Giza 123 var. 
Datta, et al., (1995), reported that sulfate salinity was more detrimental in general than chloride in all tested 
cultivars, they suggested that the low accumulation of Cl- and So4-- at high chloride or sulfate salinity may 
impart salinity tolerance. Benes, et al., (1996), found that Saline sprinkling was more detrimental than soil 
salinity, and this suggested that crops are salt tolerant because they posses root systems which is efficient to the 
wetting of foliage with saline water. Nevertheless, Isla, et al., (1999), concluded that none of the studies 
characters; leaf stomatal conductance, ash content and carbon isotopes discrimination, should be useful in 
screening for high yield under high salt stress remains the only reliable means of identifying high salt tolerance 
in barley. The varietal salt tolerance clearly affects the water use efficiency and the salt tolerance classification. 
Richards, et al., (1987) reported that a negative linear relation was found for yields of grain and biomass with 
soil salt concentration. Significant differences among genotypes were observed in the slope of the regression 
lines indicating genotype soil salinity interactions. Considerable variation was also found in the predicted yields 
at high and low salt concentrations, in yield loss per unit change in electrical conductivity and in the predicted 
salt concentration at which no yield was produced. No clear-cut association was observed between visual ratings 
of foliar damage and yield of biomass at high or low salt concentrations. Furthermore, no relation was found 
between yields at low salt levels and either the predicted salt concentration causing death or yield at high salt 
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levels. Furthermore, it could be improving the salt tolerance through genetics as mentioned by Rohila, et al., 
(2002) who found that studied transgenic lines showed increased stress tolerance in terms of cell integrity and 
growth after the imposed salt- and water-stress treatments, compared to the control plants.  
 Data in Table (6) showed the interactive effect of salinity and varietals differences on photosynthetic 
pigments concentration. Chlorophyll a increased by salinity in Giza123 variety as well as the other hull-less 
varieties. This was true for chlorophyll b, chlorophylla+chlorophyll b concentrations and chl.a+chl.b: 
carotenoids ratio. Jaing, et al., (2006) observed  differences in chlorophyll content between 14 barley genetic 
lines grown under salinity.  

 
Table 1: Growth  characters of tested barley varieties. 

Varieties Plant 
height cm 

N. of 
tillers/ 
plant 

Leaves 
No/mean stem 

Dry weight of: g/3plant 
stem leaves spikes Whole plant 

Giza 123 56.5 2.8 2.5 8.62 1.84 2.96 13.42 
Giza 129 50.5 2.5 2.5 5.81 1.13 1.94   8.88 
Giza 130 53.5 2.5 3.0 7.38 1.98 2.74 12.10 
Giza 131 51.2 3.0 3.8 9.09 2.72 2.96 14.47 
LSDat 5%  N.S N.S N.S 1.41 N.S N.S   5.69 

 
Table 2: Effect of sulfate salinity levels on growth of barely plants. 

Salinity ppm Plant 
height cm 

No. of 
tillers/ 
plant 

Leaves No/main 
stem 

Dry weight of: g/ plant 
stem leaves spikes Whole plant 

Tap water  56.1 3.00 2.88 8.37 1.63 3.68 13.68 
3000 54.4 2.60 2.63 8.80 2.09 2.47 13.36 
6000 48.3 2.50 3.13 6.67 1.81 1.81 10.29 
LSD.at 5%    5.2 N.S N.S N.S N.S 1.60   2.14 

 
Table 3: Effect of sulfate salinity levels on growth of different barley varieties. 

Varieties Salinity ppm Plant 
height cm 

No. of 
tillers/ 
plant 

leaves No/main 
stem 

Dry weight of: g/plant 
stem leaves spikes Whole plant 

Giza 123 T.W. 58.0 4.0 2.5 11.25 1.63 5.58 18.46 
3000 62.5 2.5 2.5   8.70 1.98 2.18 12.86 
6000 49.0 2.0 2.5   9.15 1.91 1.11   8.93 

Giza 129 T.W. 50.0 2.5 2.5   6.24 1.28 2.45 10.15 
3000 53.5 2.5 2.5   5.06 1.08 1.47   7.61 
6000 48.0 2.5 2.5   5.95 1.03 1.90   8.88 

Giza 130 T.W. 62.0 2.0 3.5   7.06 1.41 2.77 11.24 
3000 51.5 3.0 4.0   9.15 2.51 3.26 14.92 
6000 47.0 2.5 4.0   8.38 2.03 2.20 12.06 

Giza 131 T.W. 54.5 3.5 2.5   8.74 2.20 3.90 14.84 
3000 50.0 2.5 2.5 12.09 2.78 2.95 17.82 
6000 49.0 3.0 2.5   6.45 2.27 2.03 10.75 

LSD at 5% N.S N.S N.S N.S N.S 2.53 3.97 
 
Table 4: Photosynthetic pigments in leaves of different barley varieties. 

Varieties Chl. a Chl. b Carotenoids Chl.a+chl.b Chl.a:chl.b 
 

Chl.a+chl.b 
/carotenoids 

Giza 123 6.63 3.26 2.88 9.89 2.06 3.68 
Giza 129 4.94 3.29 3.41 8.23 1.53 2.48 
Giza 130 4.51 3.61 2.80 8.12 1.36 2.80 
Giza 131 4.55 3.02 2.56 7.57 1.51 2.98 
LSDat 0.05 1.76 N.S N.S 2.13 ---------- ---------- 

 
Table 5: Photosynthetic pigments as affected by  sulfate salinity levels. 

Varieties Chl. a Chl. b Carotenoids Chl.a+chl.b Chl.a:chl.b 
 

Chl.a+chl.b 
/carotenoids 

Tap water 3.91 2.44 2.83 6.35 1.62 2.07 
3000 ppm 5.60 3.54 2.76 8.14 1.58 3.39 
6000 ppm 6.12 3.64 2.83 9.76 1.64 3.49 
LSDat 0.05 1.64 0.96 N.S 2.89 --------- --------- 

 
Table 6: Photosynthetic pigments in leaves of barley varieties as affected by sulfate salinity. 

Varieties Salinity ppm Chl. a Chl. b Carotenoids Chl.a 
+chl.b 

Chl.a: 
chl.b 

Chl.a+chl.b 
/carotenoids 

Giz a123 Tap water 5.17 2.46 3.77 7.63 2.10 2.02 
3000  7.45 3.49 2.49 10.94 2.14 4.39 
6000  7.26 3.73 2.38 10.99 1.95 4.62 

Giza 129 Tap water 3.83 2.25 3.13 6.08 1.70 1.94 
3000  5.77 3.77 3.25 9.54 1.53 2.94 
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6000  5.23 3.84 3.54 9.07 1.36 2.56 
Giza 130 Tap water 3.42 2.89 2.78 6.31 1.18 2.27 

3000  3.86 3.36 2.94 7.22 1.15 2.46 
6000  6.24 3.58 2.68 9.82 1.74 3.66 

Giza 131 Tap water 3.20 2.15 2.62 5.35 1.49 2.04 
3000  5.31 3.52 2.34 8.83 1.51 3.77 
6000  5.14 3.39 2.73 8.53 1.52 3.13 

LSD at  0.05 3.01 N.S N.S 4.35 --------- --------- 
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