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Abstract: Salinity is one of the most severe stress factors threatening the agriculture over the globe. The population 
is increasing at an alarming rate. Therefore significant interest is present in salt tolerance mechanisms and improved 
performance of crop plants under soil salinity. Barley is considered as one of the most salt tolerant crops however 
different levels of tolerance are present among barley cultivars. A hydroponic experiment was carried out in wire 
house of Institute of Soil and Environmental Science, University of Agriculture Faisalabad to evaluate the 
performance of barley cultivars under different levels of salinity. 12 barley genotypes (Haider-93, B-05011, B-
15006, Joo-83, B-15003, B-15005, B-9008, B-14003, B-15002, B-9006, B-14011, B-14007) were grown against 
two salinity levels (100mM and 200mM) along with control. Crop duration was 6 weeks and physiological 
(membrane stability index and relative water content), chlorophyll contents were determined. The experiment was 
arranged according to completely randomized design (CRD) with factorial arrangement having three replications. It 
was found that physiology, and chlorophyll contents significantly reduced with increasing salt stress. Among twelve 
genotypes B-05011, B14003 and B-9006 were found salt tolerant, While B-15006, B-15003 and B-15005 were 
found most salt sensitive as compared to other barley genotypes. The selected tolerant genotype could be grown as 
natural in saline soil to get better growth (yield as well as good material for breeding programme. 
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Introduction 

Salts present in rhizosphere above certain limits 
exert adverse effect on plant biomass and yield due to 
limited availability of water can decrease yield of 
many crops (Kahlown and Azam, 2002. Salinity is 
increasing on a world scale and more than 10% of 
arable land affected by it and this cause more than 
50% reduction in yield of major crops (Wang et al., 
2003). In Pakistan out of 22 million hectare cultivated 
lands, salt affected area is estimated about 6.67 million 
hectare (Khan, 1998). Adverse effects of salinity on 
crop growth have two characteristics: (1) the increased 
osmotic potential of the soil solution with salinity 
makes the water in the soil less available for plants, 
and (2) specific effects of some elements (Na+, Cl- and 
B) present in excess concentrations (Tahir et al., 2018; 
Yamaguchi and Blumwald, 2005). Salt stress has 
different effects on plants and thus, there are many 
mechanisms to tolerate it as well which can be 
grouped into three main categories namely, osmotic 
tolerance, ion exclusion and tissue tolerance (Roy et 
al., 2014). The high salt concentration adversely 
affects physical and chemical soil properties as well as 
soil microbial activities, thus lowering soil 
productivity. High toxicity of salt and high osmotic 

potential results in lowering soil carbon (C) (Wong et 
al., 2009). 

Salinity induced many biochemical, 
morphological, physiological, biochemical and 
molecular changes in plants are due to salt stress 
(Ahmad et al., 2019; Kafi, 2009). Under stressed 
conditions a range of variation is occurring in plants 
(Safdar et al., 2019; Munns and Tester, 2008). Salt 
stress affects the basic metabolic pathways such as 
respiration and photosynthesis are affected due to 
salinity. Salinity affects the efficiency of respiratory 
enzymes (Moradi and Ismail, 2007). The 
photosynthesis process is inhibited by two ways such 
as stomatal and non-stomatal factors (Desingh and 
kanagaraj, 2007). The 65% inhibition in rate of 
photosynthesis and stomatal conductance will was 
observed under saline conditions (Saqib et al., 2006). 
Different mechanisms of salinity tolerance in different 
plants are present like Na+ efflux maintain ion 
homeostasis, antioxidant enzyme detoxify cytotoxic 
toxicity ROS scavenges like catalase (CAT) and super 
oxide dimutase (SOD) and production of compatible 
solutes and compartmentation to detoxify the reactive 
oxygen species (Navrot et at., 2007). The other option 
to utilize such areas, use of salt tolerant plants could 
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be a vital option. Introduction of new genetic 
characters in specific cultivars and selecting cultivars 
by screening method which are tolerant to salt stress 
(Munns et al., 2006) to get such plants or genotypes 
that can be grown on salt affected lands (Katerji et al., 
2000). Salt tolerance in Triticeae including Barley is 
normally related with Na+ ion exclusion and ability of 
plant to maintain sufficient concentration of K+ ion 
under saline conditions during growth (Colmer et al., 
2006). Tavakoli et al., (2010) stated that higher 
tolerance of Barley genotype is related due to higher 
ratio of K+/Na+ in the shoot.  

Salt tolerant genotypes were found capable of 
maintaining higher xylem K+/Na+ ratios and more 
efficient in loading of K+ into the xylem (Shabala et 
al., 2010). Tavakkoli et al., (2011) stated that Na+ and 
Cl– exclusion among barley genotypes are independent 
mechanisms and different genotypes expressed 
different combinations of the two mechanisms. High 
concentrations of Na+ reduced K+ and Ca2+ uptake and 
reduced photosynthesis mainly by reducing stomatal 
conductance. The objective of proposed study was to 
investigate the difference in genetic potential of 
different barley (Hordeum Vulgare L.) genotypes 
under salt stress conditions.  

 
Materials and methods 
3.1 Work Plan 

A hydroponic experiment was conducted at wire 
house, Institute of Soil and Environmental sciences, 
University of Agriculture Faisalabad. Rain protected 
wire house is designed to maintain experiment under 
more control conditions.  
3.2 Seed Source 

Seeds of barley (Hordeum vulgare L.) genotypes 
were obtained by Ayub Agriculture Research Institute 
(AARI) Faisalabad. 
3.3 Growth conditions  

In this study, twelve different barley (Hordeum 
vulgare L.) genotypes were used. Seeds of barley 
cultivars were sown in laboratory in iron trays having 
2 inch sand layer. Nursery was irrigated with the 
distilled water. Then nursery was shifted to glass 
house after 2-3 days. Nursery was transplanted into 3 
tubs (100 L) with half strength of hoagland’s solution. 
Solution was kept aerated by aeration pumps. Nutrient 
solution was comprised of macro-nutrients nutrients 
Ca (NO3)2.4H2O, KNO3, MgSO4.7H2O, KH2PO4 and 
micro-nutrients H3BO3, MnCl2.4H2O, ZnSO4.7H2O, 
CuSO4.5H2O, H2MoO4. H2O, Fe-EDTA (Johnson et 
al., 1957). pH of solution was maintained at 6.5+0.5 
throughout the experiment ((Kronzucker et al., 2006). 
Nutrient solution was changed at interval of 8 days. 
Nutrients solution was prepared by using distilled 
water.  

Salinity was developed by using NaCl salt after 
three days of transplanting nursery into tubs. The NaCl 
salt was added in three installments to achieve the 
desired levels of 100 mM and 200 mM. 
3.4 Treatments  

The following treatments were used: 
i. T1    Control 
ii. T2   100 mM NaCl  
iii. T3   200 mM NaCl 

3.5 Harvesting 
The plants were harvested after 42 days of 

salinity imposition in hydroponic system and then 
separated into root and shoot with the help of scissor. 
After taking root and shoot length and their fresh 
weight, the plant samples were collected in separate 
paper bags. 
3.6 Chlorophyll contents (SPAD value) 

The leaf chlorophyll content was determined 
before harvesting by using chlorophyll meter (Minolta 
SPAD. 502 Meter). Average (SPAD) reading was 
recorded form the measures (from leaf tip to leaf 
blade).  
3.7 Membrane stability index (MSI): 

The leaf membrane stability index (MSI) of inact 
plant, was determined according to the method of 
Sairam (1994). Leaf discs (100 mg) were thoroughly 
washed in running tap water fallowed by washing with 
distilled water thereafter lead discs were heated in 10 
ml of double distilled water at 40oC for 30 min. Then 
the electrical conductivity (C1) was recorded by EC 
(Electrical conductivity) meter. Subsequently the same 
samples were placed in boiling water bath (100oC) for 
10 min and their electrical conductivity was recorded 
(C2).  

The MSI was calculated as: 
MSI (%) = [1-(C1/C2)] × 100  

3.8 Relative water content (RWC): 
Relative water content (RWC) top most fully 

expanded young leaf was sampled form each 
replication, mid leaf section of about 5.0 cm2 was cut 
with scissors and placed in a vial larger than sample 
after recording fresh weight and immediately hydrated 
to fully turgidity. After 4h under normal light and 
temperature, the samples were taken out of the water 
and well dried quickly with filter paper and 
immediately weighed to obtain the fully turgid weight. 
The samples are oven dried at 65+5oC in hot air oven 
till constant weight to determined dry weight (Barss 
and Weatherley, 1962). 
3.9 Statistical Analysis 

The collected data was evaluated by statistical 
technique (Steel et al., 1997) and effects of treatments 
were assessed according to Duncan’s Multiple Range 
(DMR) test (Duncan, 1955). 

 
Results and discussion 
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Membrane Stability Index 
Figure 1 describes the membrane stability Index 

for different varieties of barley against various salt 
stress concentrations. The membrane Stability Index 
was significantly affected by salt stress. The mean data 
membrane Stability Index justifies that it was 
considerably decreased with enhancing NaCl stress in 
different barley genotypes.  

Barley genotypes B-9008, B-05011 and B-15002 
showed maximum Membrane Stability Index 81.95 %, 
82 % and 84.04 % While in B-15005, B-15006 and B-
15003 minimum MSI was observed which was 66.78 
%, 65.91 % and 69.46 % respectively. On the other 
hand with increasing salt stress to 100 mM barley 
genotypes B-05011, B-9008 and Jon-83 genotypes 
performed better 70.71 %, 65.13 % and 68.14 % while 
B-15002, B-15005 and B-14003 showed minimum 
Membrane Stability Index which 61.27 %, 56.84 % 

and 59.86 %. At 200 mM maximum Membrane 
Stability Index of barley genotypes was observed in B-
9008, B-05011 and in B-14007 56.72 %, 58.26 % and 
51.16 % while B-9006, B-14011 and Jon-83 revealed 
less Membrane Stability Index 43.94 %, 45.17 % and 
45.85 % as compared to other barley genotypes.  

The outcome of study are according to Jamil et 
al. (2012) who observed that all growth parameters are 
effected by salt stress and maintaining the stability of 
membrane was influenced as it has inversely 
proportion growth related factors. As salt 
concentration increase plant cell affected as due to 
high salinity concentration less water uptake in the 
plants and thus cause loss in the turgidity of the cells 
and cells become flaccid it affects the membrane of 
leaf with gradual increase in salt stress it causes injury 
and hence damages the membrane of plant. 

 

Figure 1: Effects of Salt concentration on the Membrane Stability Index of different Barley (Hordeum vulgare 
L.) genotypes (Two genotypes could not grow at 100 mM salt stress).  

 
Table 1: Analysis of Variance table for Membrane Stability Index 

Source DF SS MS F P 
Treatment (T) 2 25115.3 1255.7 2084.18 0.0000 
Variety (V) 11 27894.9 2535.9 420.88 0.0000 
T×V 22 11458.8 520.9 86.45 0.0000 
Error 70 421.8 6.0   
Total 107 64940.3    
Grand Mean 55.145  CV 4.45 
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Relative Water Content 
The results concise in figure 2 and table 2 

revealed the relative water content. It was observed 
that with increasing salt stress the relative water 
content was significantly decreased. Relative water 
content of all genotypes of barley depends upon the 
concentration of salts. The data on relative water 
content of different barley genotypes explained that 
relative water content significantly reduced with 
increasing salt stress.  

At control condition B-9008, Haider-93 and B-
15002 showed maximum relative water content 87.73 
%, 89.17 % and 91.75 % g respectively. While B-
15005, B-15006 and B-14011 which was 77.86 %, 

78.69 % and 82.03 % showed less results respectively. 
In the second treatment where 100 mM NaCl stress 
was applied barley genotypes B-05011, B-9006 and 
Haider-93 genotypes performed better 76.36 %, 77.95 
% and 79.47 % while B-15002, B-15005 and B-14003 
had minimum relative water content which was 73.37 
%, 66.43 % and 73.98 % comparatively to other barley 
genotypes. With enhancing salt stress to 200 mM 
higher relative water content of barley genotypes was 
observed in B-9008, B-9006 and in Haider-93 64.53 
%, 67.61 % and 66.25 % while B-14007, B-15002 and 
Jon-83 showed lower relative water content 60.84 %, 
62 % and 62.17 % as compared to other barley 
genotypes.  

 

Figure 2: Effects of Salinity concentration on the Relative Water Content of different Barley (Hordeum 
vulgare L.) genotypes (Two genotypes could not grow at 100 mM salt stress).  
 

Table 2: Analysis of Variance table for Relative Water content 
Source DF SS MS F P 
Treatment (T) 2 23988.1 11994.0 7409.20 0.0000 
Variety (V) 11 37917.4 3447.0 2129.37 0.0000 
T×V 22 18489.8 840.4 519.18 0.0000 
Error 70 113.3 1.6   
Total 107 80521.1    
Grand Mean 64.735  CV 1.97 
 
Chlorophyll contents 

Data summarized in Figure 3 explore the effect 
of salt stress on the chlorophyll contents of several 
barley genotypes. Chlorophyll contents was 
considerably influenced with application of salt stress. 

However there was considerable variation with respect 
to response in different barley genotypes was found 
with application of salt stress.  

At control condition where no salt stress was 
applied the barley genotypes Haider-93, B-9008 and 
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B-14007 showed maximum chlorophyll contents 
43.30 %, 48.73 % and 47.83 % as compared to other 
genotypes. While minimum chlorophyll contents were 
observed in B-15006, B-15003 and Jon-83 which was 
35.40 %, 33.33 % and 38.40 %. At 100 mM barley 
genotypes B-05011, B-9008 and Haider-93 genotypes 
had higher chlorophyll contents 39.07 %, 40.97 % and 
40.60 % while B-14011, Jon-83 and B-14003 showed 
minimum chlorophyll contents 31.10 %, 35.50 % and 
35.63 %. At 200 mM maximum chlorophyll contents 
of barley genotypes was observed in B-14007, B-9008 
and in Haider-93 35.3 %, 36.93 % and 37.16 % while 
B-05011, B-14007 and Jon-83 had minimum 
chlorophyll contents 32.9 %, 35.3 % and 31.63 % as 
compared to other barley genotypes.  

The outcomes of study are according to Zhao et 
al. (2007) who showed that rate of germination varied 
greatly among the oat genotypes. Reduction in 
chlorophyll contents, dry biomass, reduced leaf area, 
More Na+ and less K+ was observed. All parameters 
reduced by application of salt treatment. Under high 
salt stress conditions all metabolic functions of plant 
are affected. Higher salinity levels cause stomata 
closing which effects gases exchange, water stress in 
plants and hence effects the photosynthetic rate of 
plant. Chlorophyll contents reduced gradually as 
concentration of salts increased. Chlorophyll contents 
decreased by increased salinity levels in tomato plants 
reported by Al-aghabary et al. (2005). 

 

Figure 3: Effects of Salt stress on the Chlorophyll Contents (%) of different Barley (Hordeum vulgar L.) 
genotypes (Two genotypes could not grow at 100 mM salt stress).  

 
Table 3: Analysis of Variance table for Chlorophyll contents 

Source DF SS MS F P 
Treatment (T) 2 4424.7 2212.36 238.08 0.0000 
Variety (V) 11 7338.6 667.14 71.79 0.0000 
T×V 22 5279.1 239.96 25.82 0.0000 
Error 70 650.5 9.29   
Total 107 17705.2    
Grand Mean 33.587  CV 9.08 
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