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ABSTRACT 
 

Salt stress in soil or water is one of the major stresses especially in arid and semi-arid regions and can severely limit 

plant growth and productivity. According to the incapacity to grow on high salt medium, plants have been classified 

as glycophytes or halophytes. Most plants are glycophytes and cannot tolerate salt stress. Salt tolerance in higher 

plants is regulated by a number of different physiological and biochemical processes. There is evidence that high 

levels of salt cause an unbalance of the cellular ions leading in both ion toxicity and osmotic stress. The increased 

production of activated oxygen species (ROS) such as superoxide (O2-), hydrogen peroxide (H2O2), hydroxyl radical, 

and singlet oxygen in chloroplasts of plants under salt stress has been described. Polyols, the polyhydric alcohols, are 

among the compatible solutes involved in osmoregulation and are thought to play a role in plant salt tolerance.  
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INTRODUCTION 
 

A wide range of environmental stresses (such as high 

and low temperature, drought, alkalinity, salinity, UV 
stress and pathogen infection) are potentially harmful to 

the plants (Van Breusegem et al., 2001). Salt stress in soil 
or water is one of the major stresses especially in arid and 

semi-arid regions and can severely limit plant growth and 
productivity (Allakhverdiev et al., 2000, Koca et al., 

2007). According to the incapacity to grow on high salt 
medium, plants have been classified as glycophytes or 
halophytes. Most plants are glycophytes and cannot 

tolerate salt stress (Sairam and Tyagi, 2004). The 
deleterious effects of salinity on plant growth are 

associated with: (1) low osmotic potential of soil solution 
(water stress), (2) nutritional imbalance, (3) specific ion 

effect (salt stress) or (4) a combination of these factors 
(Ashraf, 1994). During the onset and development of salt 

stress within a plant, all the major processes such as 
photosynthesis, protein synthesis and energy and lipid 

metabolisms are affected. The earliest response is a 
reduction in the rate of leaf surface expansion followed by 

cessation of expansion as the stress intensifies but growth 
resumes when the stress is relieved (Parida and Das, 

2005). This article is review and the aims of influence of 
salt stress on some characteristics of crop plants. 

 
Physiological and biochemical processes 

Salt tolerance in higher plants is regulated by a 

number of different physiological and biochemical 

processes. There is evidence that high levels of salt cause 

an unbalance of the cellular ions leading in both ion 
toxicity and osmotic stress (Ashraf & Harris, 2004), 

leading to the production of active O2 species (AOS) such 
as superoxide (O2-), hydrogen peroxide (H2O2) and 

hydroxyl radicals (OH-) (Neill, 2002). The production of 
AOS creates oxidative stress in plants exposed to salinity 

or other stresses. For example, AOS have been shown to 
cause oxidative damage to DNA and proteins and 

peroxidation of lipid structures (Neill, 2002; Ashraf & 
Foolad 2007; Ashraf, 2009) as well as inactivation of 
antioxidant enzymes (Teisseire & Guy, 2000). Some 

reports suggest that resistance to oxidative stress is one of 
the prominent aspects of plant salt tolerance (Mittova, 

2002; Badawi, 2004). 
 

Influence of salinity stress on lipid Content 
The increased production of activated oxygen species 

(ROS) such as superoxide (O
2-

), hydrogen peroxide 
(H2O2), hydroxyl radical (Lehner et al., 2008), and singlet 

oxygen in chloroplasts of plants under salt stress has been 
described. However, stability of biological membranes 

has been taken as an effective screening tool to assess 
salinity stress effects (Abdul Jaleel et al., 2007). For 

example, Farooq and Azam (2006) reported an increase in 
cell membrane injury under salt stress in different wheat 

varieties. It has been suggested that decrease in membrane 
stability reflects the extent of lipid peroxidation caused by 
ROS (Heidari and Jamshidi, 2011). Lipids and proteins 

are major components in membrane which has main role
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in plant cell resistance in proportional to environmental 

stress. Environmental stress due to disordering in 

cohesions of membrane lipids and proteins (Yordanov et 

al., 2003). Lipids are among the most prominent 

constituents of cell membrane which play a fundamental 

role in cell permeability (Baybordi et al., 2010). Under 

condition of stress main change will happen in lipids 

metabolism (Kesri, 2002). Total lipids content in Canola 

(Brassica napus L.) with increasing NaCl levels was 

decreased (Baybordi et al., 2010). Increasing soil salinity 

levels strongly influence the essential lipids biosynthesis 

(Solinas and Deiana, 1996). In other hand, lipid 

peroxidation was synchronized with increased of the 

salinity level which had a relation with plants such as 

Wheat (Hala et al., 2005), Tomato (Neumann, 2001) and 

Purslane (Yazici et al., 2007; Rahdari et al., 2012) was 

reported. Mono galactosyl diglyceride (MGDG) is main 

glycerol lipid in leaf was effect of intensive stress 

imposing, was reduced that is express of chloroplast 

membrane destructions (Rahdari et al., 2012). Low 

unsaturation lipids degree limited the membrane fluidity 

band restricted permeability to Na and Cl ions (Konova et 

al., 2009). Phospatidic acid (PA) is a common 

phospholipids that is a major constituent of cell 

membranes. PA is the smallest of the phospholipids. They 

have long been recognized as of importance during 

germination and senescence, and they appear to have a 

role in response to stress damage and pathogen attack 

(Bartels and Sunkar, 2005). PA is lipid signals in plants 

that normally PA only constitutes a minor proportion of 

the cellular lipid pool but in responses to stress PA levels 

can increase significantly (Darwish et al., 2009). PA has 

been implicated in intracellular signaling that formed in 

response to salt stress has been suggested to function as a 

signaling molecule guiding the plants accumulation 

responses to salt stress. PA can bind and affect the activity 

of various signaling proteins, including protein kinases 

and phosphatases (Wang, 2005). Also, PA has been 

suggested to regulate the activity of vacuolar pump upon 

high salt treatment which may help maintain the protein 

gradient (Zhang et al., 2006). 

 

Polyols 
Polyols, the polyhydric alcohols, are among the 

compatible solutes involved in osmoregulation and are 

thought to play a role in plant salt tolerance (Bohnert and 

Shen, 1999). They exist in both acyclic and cyclic forms 

and are widely distributed in the plant kingdom. The most 

common polyols in plants include acyclic forms, 

mannitol, glycerol, sorbitol, and cyclic (cyclitols) forms 

ononitol and pinitol. In general, they are thought to 

accumulate in the cytoplasm of some halophytes to 

overcome the osmotic disturbances caused by high 

concentrations of inorganic ions compartmentalized in 

vacuoles. Polyols make up a considerable percentage of 

all assimilated CO2 as scavengers of stress-induced 

oxygen radicals (Bohnert et al., 1995). Mannitol, a sugar 

alcohol that may serve as a compatible solute to cope with 

salt stress, is synthesized via the action of a mannose-6-

phosphate reductase (M6PR) in celery (Zhifang and 

Loescher, 2003) and its accumulation increases when 

plants are exposed to low water potential. The 

accumulation is regulated by inhibition of competing 

pathways and decreased mannitol consumption and 

catabolism (Stoop et al., 1996). Studies using transgenic 

tobacco and Arabidopsis have shown improved growth of 

man nitol accumulating plants under stress (Thomas et al., 

1995). Mannitol improves tolerance to stress through 

scavenging of hydroxyl radicals (OH) and stabilization of 

macromolecular structures. In tobacco, mannitol protects 

the thiol-regulated enzymes phosphoribulokinase, 

thioredoxin, ferrodoxin and glutathione from OH (Shen et 

al., 1997). 

 

Anti-oxidant system 

Salinity imposes detrimental effects on plant growth 

through low osmotic potential of soil solution and 

nutritional imbalance (Munns and Tester, 2008). As a 

consequence of these primary effects of salt stress, caused 

by its hyperosmotic effect, secondary stresses, such as 

oxidative damage, often occur (Zhu, 2001). In such 

conditions reactive oxygen species (ROS) are excessively 

produced in plants, these ROS if not sufficiently reduced, 

through antioxidant systems cause irreversible 

intracellular damage through oxidation (Apel and Hirt, 

2004). In general, plants possess an anti-oxidant system 

including anti-oxidant enzymes, such as superoxide 

dismutase (SOD), catalase (CAT) and peroxidase (POD) 

etc. to protect their cells against the damages caused by 

ROS (Mittler et al., 2004). 

 

Photosynthesis 

However, elevated salt content in tissues directly 

influences photosynthetic enzymes and secondarily 

influences gas exchange and light reactions. Originally, 

the results of literature cleared that salinity was inhibiting 

photosynthesis by stomatal and non stomatal factors 

(Seemann and Critchley, 1985). In a study by Robinson 

(1983), photosynthesis was inhibited by 65% under saline 

conditions. Stomatal conductance was also inhibited by a 

similar amount, while there was no change in chlorophyll 

concentrations. The reduction in photosynthesis due to 

non-stomatal factor may be caused by toxic ions. A 

negative relationship was found between photosynthesis 

activity and Na+ content in leaves in a number of crop 

species such as rice (Yeo, 1998), and Cl- content in 

woody perennials such as citrus (Waalker, 1981). A study 

with wheat (James, 2002) found that photosynthesis rate 

was reduced by a further 50% with Na+ concentration in 

leaves of about 350 mM. Seemann and Critchley (1985) 

found that high Cl- concentrations (250-300 mM) in the 

chloroplast of Phaseolus were correlated with the 

efficiency of Rubisco. Therefore, the tolerance of 

photosynthetic system to salinity may be associated with 

the capacity of the plant species to effectively 

compartmentalize the salts in the vacuole. 

 

Proline accumulation 
Amino acids such as proline, asparagine and amino 

butyric can play important roles in osmotic adjustment of 

plant under saline conditions (Gilbert, 1998). Proline 

accumulation might be used as an indicator in selection 

for withstanding saline stress through the involvement in 

osmoregulation (Haroun, 2002 and Ueda, 2007). 

Expression of one or more additional genes for proline 

accumulation can be induced by stress (Stewart, 1986). 



Inter J Agri Biosci, 2016, 5(5): 272-279. 
 

 274 

Additionally, proline accumulation under stress conditions 

may be caused by induction of proline biosynthesis 

enzymes, reduction the rate of proline oxidation 

conversion to glutamate, decrease utilization of proline in 

proteins synthesis and enhancing proteins turnover 

(Claussen, 2005). 

 

Amino acids and amides 
Amino acids (alanine, arginine, glycine, serine, 

leucine, and valine, together with the imino acid, proline, 

and the non-protein amino acids, citrulline and ornithine) 

and amides (such as glutamine and asparagines) have also 

been reported to accumulate in plants subjected to salt 

stress (Mansour, 2000). Total free amino acids in the 

leaves have been reported to be higher in salt tolerant than 

in salt sensitive lines of sunflower (Ashraf and Tufail, 

1995), safflower (Ashraf and Fatima, 1995), Eruca sativa 

(Ashraf, 1994) and Lens culinaris (Hurkman et al., 1991). 

Proline, which occurs widely in higher plants and 

accumulates in larger amounts than other amino acids 

(Abraham et al., 2003), regulates the accumulation of 

useable N. Proline accumulation normally occurs in the 

cytosol where it contributes substantially to the 

cytoplasmic osmotic adjustment (Ketchum et al., 1991). It 

is osmotically very active and contributes to membrane 

stability and mitigates the effect of NaCl on cell 

membrane disruption (Mansour, 1998). Even at supra-

optimal levels, proline does not suppress enzyme activity. 

Maggio et al. (2002) are of the view that proline may act 

as a signaling/regulatory molecule able to activate 

multiple responses that are component of the adaptation 

process. Petrusa and Winicov (1997) demonstrated that 

salt tolerant alfalfa plants rapidly doubled their proline 

content in roots, whereas in salt sensitive plants the 

increase was slow. These results were corroborated by 

Fougere et al. (1991). However, Aziz et al. (1998) and 

Parida et al. (2004) report a negative correlation between 

proline accumulation and salt tolerance in tomato and 

Aegiceras corniculatum respectively. Transgenic tobacco 

plants over-expressing P5CS have shown increased 

concentration of proline and resistance to both drought 

and salinity stresses (Kishor et al., 1995). However, 

whether proline accumulation in these transgenic plants 

resulted in increased stress tolerance through osmotic 

adjustment or other mechanisms is unknown (Sharp et al., 

1996). 

 

MATERIALS AND METHODS 
 

This article is review and the aims of influence of salt 

stress on some characteristics of crop plants. The 

experiment 1 was conducted by Sehrawat et al. (2015). In 

this experiment the seeds of two popular mungbean 

varieties „Pusa vishal‟ and „Pusa ratna‟ were procured 

from the Division of Genetics, Indian Agricultural 

Research Institute, Pusa campus, New Delhi and used as 

plant material for this study (Sehrawat et al., 2015). Three 

salinity levels of 0 mM NaCl (Control), 50 mM NaCl 

(T1), and 75 mM NaCl (T2) were prepared by dissolving 

sodium chloride in the water used for irrigation to impose 

salt stress (Sehrawat et al., 2015).. The control treatment 

(0 mM NaCl) was without sodium chloride. Rhizobium 

treated seeds of two mungbean genotypes (Pusa vishal‟ 

and „Pusa ratna‟) were sown in earthen pots containing 10 

kg of soil, sand, and farmyard manure in 1:2:1 ratio. The 

pots were lined with 400 gauge polythene bags to avoid 

leaching of the salt during irrigation. The whole 

experiment was conducted in completely randomized 

block design (RBD) with 8 replications per treatment 

(Sehrawat et al., 2015). The experiment was carried out in 

an open field during summer while in covered area during 

spring season. The covered area was made up of bamboos 

and transparent polythene (Sehrawat et al., 2015). The 

covering protected the plants from various stress causing 

factors like rain, strong wind etc. which can interfere with 

the salinity treatment. The removal of the weeds was done 

by hand regularly and the scheduled irrigation practice 

was maintained manually at regular time intervals for the 

crop season. The plants were thinned to 5 plants per pot 

after one week of seed germination. The NaCl solutions of 

two concentrations, i.e. 50mM (T1) and 75mM (T2) were 

applied to the plants, i.e. 2.5 l/kg of soil. The salt (NaCl) 

solution was applied after the emergence and expansion of 

first trifoliate leaves in both varieties to impart salt stress. 

The plants provided with equal volume of water without 

NaCl were used as control (C) (Sehrawat et al., 2015). 

The effect of salt stress on growth and physiological 

characteristics (total chlorophyll and carotenoid contents, 

photosynthetic rate) was measured at different stages of 

the crop, i.e. 1) vegetative, 2) flowering, and 3) pod filling 

growth stage. The data was collected and average values 

were calculated for all the stages (vegetative, flowering 

and pod filling growth stages). Total chlorophyll content 

and carotenoid content were estimated as described earlier 

(Sehrawat et al., 2015). 

The experiment 2 was conducted by Kazemi and 

Eskandari. In this experiment Seeds of three rice cultivars 

(Oryza satica) including Anbar, LD and Hamar were used 

in the study and were obtained from the Agricultural 

Research Center of Ahwaz (Kazemi and Eskandari, 2011).  

Before cultivation, seeds were sterilized in 1% sodium 

hypochlorite solution for three minutes, and then were 

rinsed with sterilized water and were air dried. The salt 

solutions were prepared based on the methods by 

(Rhoades et al., 1992) with electrical conductivity (EC) of 

0 (as control), 2.0, 4.0, 6.0 and 8.0 ds.m-2. These salt 

solutions were selected because the salt stress limiting 

crop growth in south west Iran was derived from saline 

water with maximum EC of 8 ds.m-2. To observe the 

influence of different NaCl concentration on seed 

germination and seedling growth of rice cultivars, a split 

plot experiment based on randomized complete block 

design (RCBD) with three replications was employed 

(Kazemi and Eskandari, 2011).  The main plots were 

allocated to salinity levels, while the sub-plots were 

assigned for rice cultivars. Twenty five seeds of each 

variety in four replications were placed in Petri dishes in 

four replications. In each Petri dish, 2 layers of filter paper 

were moistened with 10 ml of salinity treatments. The 

plates were placed into an incubator at 25 ± 2°C in 

darkness for 7 days (Kazemi and Eskandari, 2011). The 

papers were altered once after every 2 days to prevent salt 

accumulation (Rehman et al., 1996). The germinability 

was recorded on the seventh day after placing. The 

number of seeds germinated was expressed as percentage 

under each treatment. Twenty five seeds each in four 
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replications were sown in substratum for germination. The 

substratum was kept in a germinator maintained at 25 ± 

2°C temperature for 7 days (Kazemi and Eskandari, 

2011).   

The experiment 3 was conducted by Datta et al. 

(2009). In this experiment Seeds were collected in 

November 2007 from Field Crop Research Station, 

Department of Agriculture, and Government of West 

Bengal. Five varieties of Wheat included HOW-234, HD-

2689, RAJ-4101, RAJ 4123, and HD- 2045. Seeds were 

sterilized by 0.1% HgCl2 for 30seconds and then washed 

with fresh water, followed by distilled water. Germination 

trials were carried out in sterilized petri dishes containing 

a sheet of blotting paper, and thin layer of cotton and 

moistened with distilled water or saline solution 

(25,50,75,100,125,150mM Nacl). Each of the three 

replicates contained 10seeds. Each treatment was carried 

out for 12 days. Germinated seeds were counted, and then 

these seeds were removed from petri dishes. Seeds were 

considered germinating with the emergence of the radicle. 

Three parameters of germination were determined which 

includes i) final germination percentage ii) Germination 

rate: is a measure of rapidity of germination, with lower 

values indicating faster germination. 

The experiment 4 was conducted by Heidar et al. 

(2011). In this experiment the experiment was conducted 

in hydroponic culture system (Fig. 1) under greenhouse 

conditions at Faculty of Agriculture, University of Tabriz. 

The experimental design consisted of 36 treatments 

replicated three times in a split plot design, with salinity 

as main factor and line as sub factor. Twelve sunflower 

lines namely R2, R27, R29, R41, R43, R50, R56, B11, 

B15, B25, B109 and B353 were subjected to three NaCl 

concentrations (0, 100 and 200 mM) (Heidar et al., 2011). 

Seeds were sterilized with sodium hypochlorite and 

germinated in petri dishes and seven day old seedling of 

uniform size were transferred into large sand tanks housed 

within an environmentally controlled greenhouse (15 h 

daily light, 600-800 µmol m-2 s-1 photosynthetic photon 

flux density (PPFD), thermo period 25±5 °C day\night, 

and relative humidity 45\60% day\night). The tanks were 

sub irrigated and flushed four times daily with a modified 

Hoagland nutrient solution. NaCl stress was imposed 7 

days after the seedlings were transferred (Heidar et al., 

2011). Thirty day after imposing salt stress, plants were 

harvested for growth measurement. After separation of 

shoots, the roots were carefully removed from the sand 

and washed with distilled water to remove any additional 

salt surface contamination and dried on absorbing paper, 

then, the height, fresh and dry weight was measured. Leaf 

area was recorded using a leaf area meter (Heidar et al., 

2011). 

 

RESULTS AND DISCUSSION 

 
In the experiment 1 was conducted by Sehrawat et al 

(2015), the results showed that Salinity caused a 

significant reduction in plant growth and associated 

developmental parameters. Considerable effect of salt 

treatment on plant height, number of trifoliates, leaf 

expansion area, and leaf color was observed in both 

varieties during summer and spring seasons (Tables 1 and 

2; Figure 1) (Sehrawat et al., 2015).  

 
 

Fig. 1: Sunflower lines 15 days after treatment with 200 mM 

NaCl. Plants were grown in sand and irrigated with Hogland's 

solution (Heidar et al., 2011). 

 

However, the variety "Pusa vishal‟ showed less 

reduction in these traits, which indicates its considerable 

adaptability in stressed conditions up to the maturity as 

compared to the susceptible variety Pusa ratna (Sehrawat 

et al., 2015). Salt stress caused low intra-cellular water 

potential and water scarcity around the root zone due to 

which roots failed to absorb sufficient water and nutrients 

for adequate plant growth (Mohammed, 2007; Sunil et al., 

2012). A decrease in root and shoot growth under saline 

environment caused reduced total plant growth (Sehrawat 

et al., 2013b; 2013c). Growth inhibition under salt stress 

may be due to the diversion of energy from growth to 

maintenance (Greenway and Gibbs, 2003).  

Salinity caused reduction in chlorophyll and 

carotenoid contents which in turn resulted in pronounced 

chlorosis and necrosis in leaves (Figure 2) (Sehrawat et 

al., 2015). Decrease in photosynthetic pigments reduced 

the photosynthetic efficiency of the plants in „Pusa 

vishal‟ and "Pusa ratna‟. Reduction in chlorophyll and 

carotenoid contents was higher during summer season as 

compared to control plants (Table 1 and Figure 2) 

(Sehrawat et al., 2015). Greater magnitude of these 

contents was obtained in „Pusa vishal‟ in both seasons 

that may be responsible for its more resistance towards 

salt stress than the susceptible variety 'Pusa ratna‟. 

Salinity stress caused swelling of membranes in 

chloroplasts of sensitive plants which affected their 

chlorophyll content, or it occurred due to excess ions (Na
+
 

and Cl
-
) in leaves which induced loss of chlorophylls 

(Wahid et al., 2004; Arulbalachandran et al., 2009). 

Accumulation of toxic ions under salinity stress 

reduced the water and osmotic potential that further 

caused disturbances in photosynthetic processes (Khan et 

al., 2010). Loss of chlorophyll content caused chlorosis of 

leaves that later turned into necrosis. These adverse 

effects finally caused senescence and plant death. The 

results are in agreement with the earlier findings on 

mungbean (Sehrawat et al., 2013b; 2013c). The symptoms 

of yellow mosaic virus were also observed enormously in 

salt stressed plants with significant variations in both 

varieties during rainy season (Sehrawat et al., 2015). 

In the experiment 2 was conducted by Kazemi and 

Eskandari, (2011), the results showed that Percentage of 

germination was significantly affected by salt stress and 

cultivars (P≤0.01), where increasing in severity of salinity 

stress reduced percentage of germination (Table 3) 

(Kazemi and Eskandari, 2011). 
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Fig. 2: Effect of different levels of salt stress on selected varieties of mungbean in respective seasons (Sehrawat et al., 2015). 

 

Table 1: Average values and standard errors of means obtained for various physiological and yield characteristics in two mungbean 

varieties under salt stress during summer and rainy seasons (Sehrawat et al., 2015). 

Traits Salt stress 

Level 

“Pusa vishal” “Pusa ratna” 

 Summer season Rainy season Summer season Rainy season 

Total chlorophyll Content (mg g-1 of dry weight) Control 16.72±0.410 18.06±0.434 14.21±0.286 16.56±0.258 

 50mM 15.22±0.227 17.55±0.272 9.45±0.147 12.31±0.169 

 75mM 12.61±0.309 13.66±0.319 4.45±0.161 8.65±0.144 

Carotenoid Content (mg g-1 of dry weight) Control 3.63±0.044 3.87±0.059 3.27±0.052 4.51±0.084 

 50mM 3.22±0.038 3.72±0.048 2.35 ±0.038 3.45±0.067 

 75mM 2.43±0.031 2.84±0.034 1.68±0.026 3.06±0.048 

Leaf area Control 1248.55±0.098 1440.58±0.147 1203.47±0.166 1376.59±0.101 

 50mM 1092.24±0.112 1234.14±0.168 758.77±0.241 1042.25±0.134 

 75mM 879.69±0.124 989.79±0.194 289.36±0.274 473.49±0.214 

Rate of photosynthesis Control 15.24±0.067 18.01±0.141 14.77±0.089 16.77±0.109 

 50mM 12.21±0.114 15.51±0.227 9.11±0.136 10.62±0.147 

 75mM 9.33±0.123 12.34±0.189 4.23±0.192 6.14±0.186 

Plant length Control 70.14±0.822 77.41±0.901 68.84±0.704 73.12±0.799 

 50mM 59.17±0.641 64.32±0.546 44.87±0.546 50.69±0.447 

 75mM 48.79±0.437 57.34±0.389 19.67±0.223 28.88±0.335 

Weight of hundred seeds Control 4.55±0.162 5.44±0.172 3.82±0.161 4.12±0.102 

 50mM 3.91±0.067 4.40±0.093 1.09±0.183 2.02±0.071 

 75mM 2.77±0.098 3.06±0.078 0.00±0.00 1.25±0.043 

No. of pods per plant Control 43±0.111 54±0.143 40±0.108 49±0.138 

 50mM 37±0.098 45±0.126 12±0.058 16±0.069 

 75mM 18±0.077 34±0.094 0±0.00 4±0.031 

Grain yield per plant Control 5.49±0.122 7.02±0.184 5.11±0.183 6.59±0.172 

 50mM 3.22±0.063 5.40±0.141 0.47±0.144 1.03±0.088 

 75mM 1.78±0.082 3.89±0.118 0.00±0.00 0.38±0.092 

 

Table 2:  Statistical analysis values (Critical difference; CD) for observed parameters during summer and spring seasons (Sehrawat et 

al., 2015) 

Traits Summer season Spring season 

Ga Tb (G x T)c Ga Tb (G x T)c 

Total chlorophyll content 0.71 0.39 1.21 0.69 0.41 1.27 

Carotenoid content 0.14 0.09 0.32 0.12 0.10 0.43 

Leaf area 43.27 21.82 94.10 49.54 29.97 112.05 

Rate of photosynthesis 0.58 0.27 1.12 0.62 0.36 1.15 

Plant length 0.99 1.20 1.75 1.12 1.35 1.89 

Weight of hundred seeds 0.11 0.10 0.39 0.09 0.13 0.41 

No. of pods per plant 0.60 0.42 1.00 0.58 0.46 1.24 

Grain yield per plant  0.18 0.11 0.52 0.21 0.11 0.62 

aGenotype, bTreatment (salt), cGenotype × Treatment. 
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Table 3:  Effect of salinity (ds.m-2) on germination percentage 

of different rice cultivars (Kazemi and Eskandari, 2011) 

Cultivar 0.0 2.0 4.0 6.0 8.0 

Anbar 100a 94.0a 90.0a 37.0b 24.5a 

LD 98.0a 88.0a 78.0b 60.0a 25.0a 

Hamar 98.0a 86.0a 76.0b 18.0b 4.0b 

Different letters in each column indicates significance at P≤0.01. 

 
Table 4:  Effect of salinity (ds.m-2) on germination speed of 

different rice cultivars (Kazemi and Eskandari, 2011) 

Cultivar 0.0 2.0 4.0 6.0 8.0 

Anbar 8.7a 6.3a 3.4a 1.9a 0.66a 

LD 7.1b 5.9a 2.9b 2.5a 0.79a 

Hamar 7.0b 4.6b 2.2b 0.83b 0.15b 

Different letters in each column indicates significance at P≤0.01. 

 

While no significant difference was observed under 

control and lower salt condition (salinity level of 0.0 and 

2.0 ds.m
-2

), increasing in salinity to higher salt 

concentration had different effect on germination 

percentage of rice cultivars. The highest germination 

percentage under lower levels of salinity (from 0.0 to 4.0 

ds.m-2) was observed for Anbar, while LD cultivar had the 

highest germination under sever (6.0 and 8.0 ds.m-2) salt 

stress (Table 3) (Kazemi and Eskandari, 2011). A direct 

relationship was observed between speed of germination 

and increase of NaCl concentration up to 8.0 ds.m
-2

 

(P≤0.01) (Table 4). When NaCl concentration increased to 

8.0 ds.m
-2

, speed of germination decreased in comparison 

to the control condition. It decreased to 92.5, 89.0 and 

98% (from 0.0 to 8.0 ds.m
-2

 of salinity level) in Anbar, 

LD and Ahmar cultivars, respectively (Table 4). 

Maximum germination speed was recorded in LD 

cultivar. Based on speed of germination, the cultivars can 

be arranged in the following order: LD> Anbar> Hamar 

(Kazemi and Eskandari, 2011). 

In the experiment 3 was conducted by Datta et al. 

(2009), the results showed that germination percentage of 

wheat cultivars was significantly affected by the salt stress 

(P<0.05) (table 5). Germination percentage was reduced 

from 125mM NaCl salt concentration onwards for almost all 

the varieties (table 6). Seed germination was found to be 

highest in distilled water or RAJ-4123 variety. Rate of 

germination of wheat cultivars were significantly affected 

due to salt stress from 75mM Nacl salt concentration 

onwards (Datta et al., 2009). There is considerable reduction 

in the rate of germination for almost all the varieties except 

the results were reciprocal for HD- 2045 wheat cultivar in 

case of 125mM and 150 mM concentration. The result of 

salt stress was almost prominent from 100mM salt 

concentration onwards for all the five wheat varieties 

resulting into mean daily germination (MDG). The results 

regarding germination percentage, germination rate and 

mean daily germination the results were significant (P<0.05) 

for all the varieties (Datta et al., 2009). 
 

Table 5:  Effect of salt stress on HOW-234 wheat cultivar (Datta et al., 2009) 

Treatment Conc Germi-

nation 

Germi-

nation Rate 

Mean daily 

germination 

Shoot 

length 

Root 

length 

Fresh 

weight 

Dry 

Weight 

Sugar Protein Total 

Chlorophyll 

Proline 

Control 0 90b 0.55abc 7.5ab 13b 14.7a 0.673a 0.088a 0.0082a 0.0009a 0.829a 0.0001e 

 25 80d 0.65ab 6.80de 14.3a 9.2b 0.574b 0.084b 0.0108b 0.0008b 0.812b 0.0002d 

 50 95c 0.67a 7.78a 8.2c 4.4c 0.342c 0.056c 0.0152c 0.0006c 0.678c 0.0004c 

 75 85c 0.536abcd 6.94d 7d 3.1d 0.313d 0.051d 0.0161d 0.0004d 0.417d 0.0008b 

 100 90b 0.276e 7.36bc 1.4e 1.8e 0.088e 0.017e 0.017e 0.0003e 0.268e 0.0010a 

 125 65c 0.236fg 5.28f 0f 0f 0f 0f 0f 0f 0f 0f 

 150 0c 0g 0g 0f 0f 0f 0f 0f 0f 0f 0f 

SEM(±)  1.311 0.049 0.108 0.053 0.062 0.0007 0.0006 5.61X10 6.67X 10 0.0006 4.63X10 

Means followed by the same letter (S) within treatment are not significantly different at 5% using Duncan’s multiple range test. 

 

Table 6:  Effect of Salt stress on RAJ-4123 wheat cultivar (Datta et al., 2009) 

Treatment Conc Germi-

nation 

Germi-

nation Rate 

Mean daily 

germination 

Shoot 

length 

Root 

length 

Fresh 

weight 

Dry 

Weight 

Sugar Protein Total 

Chlorophyll 

Proline 

Control 0 100a 1.0a 8.33a 15.6b 14a 0.981a 0.142a 0.0114 abcdf 0.0006 0.284a 0.0002e 

 25 90b 0.95b 7.36b 18.2a 12.9b 0.871b 0.123ab 0.0118 abcdf 0.0005 0.139f 0.0006d 

 50 80c 0.876c 6.53bcd 9.7c 5.7c 0.390c 0.065ac 0.0159abc 0.0004 0.220c 0.0009c 

 75 85cd 0.68d 6.943bc 8d 3.7d 0.351cd 0.057cd 0.0202ab 0.0001 0.272b 0.0011b 

 100 75ce 0.63e 6.11e 7.9de 3.5de 0.341de 0.048cd 0.0211c 0.00008 0.174d 0.0015a 

 125 75cef 0.4f 6.11f 0f 0f 0f 0f 0f - 0f 0f 

 150 35f 0.18g 2.5g 0f 0f 0f 0f 0f - 0f 0f 

SEM(±)  1.564 0.014 0.130 0.064 0.050 0.0004 0.0005 5.68X10-5 6.86X10 0.004 6.09X10 

Means followed by the same letter (S) within treatment are not significantly different at 5% using Duncan’s multiple range test. 

 
Table 7:  The means of growth parameters at increasing NaCl concentrations (Heidar et al., 2011) 

NaCl RGR AGR NAR LAD RLGR Height 

Control 0.149 0.232 2.707 0.466 0.107 82.861 

 ±0.002 a ±0.015 a ±0.122 a ±0.034 a ±0.003a ±2.350 a 

100 0.134 0.157 2.370 0.317 0.088 68.527 

 ±0.002 (89)† b ±0.007 (67) b ±0.091 (87) b ±0.018 (68) b ±0.003 (82) ab ±1.805(82)b 

200 0.127 0.118 2.216 0.253 0.082 56.638 

 ±0.002 (85) b ±0.005 (50) b ±0.083 (81) b ±0.017 (54) b ±0.003 (76) b ±1.832 (68)c 

Salt effect * ** * * * *** 

*P<0.05; **P<0.01; ***P<0.001. RGR, relative growth rate, AGR, absolute growth rate, NAR, net assimilation rate, LAD, leaf area 

duration, RLGR, relative leaf growth rate, respectively. † Value of parentheses is the mean reduction (% of control) of growth 

parameters. Amounts that at least have one similar letter have not significant difference. 
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The reduced level of seed germination may be due to 

(i) loss of viability at higher salinity level (ii) delaying 

germination of seeds at salinities that cause some stress to 

but not percent germination as reported by some workers. 

Salinity caused a significant (P<0.05) reduction on root 

length and shoot length at the higher NaCl concentration 

.Increase in the salinity from 0 to 25mM NaCl had no 

effect on plant root and shoot length , while further 

increase from 50mM onwards significantly reduced the 

root length and shoot length . The effect of salt stress was 

completely inhibitory at 125mM and 150 mM NaCl 

concentrations for almost all the varieties except HD-6859 

wheat cultivar (Datta et al., 2009). In the experiment 4 

was conducted by Heidar et al., (2011), the results showed 

that The analysis of variance revealed the significant 

effects of salinity stress on total dry weight, height, leaf 

area and all the growth parameters. Significant differences 

were observed among lines for all the growth parameters. 

Dry biomass production and leaf area were more affected 

by 200 mM NaCl compared with 100 mM. Interactions 

between lines and salinity were non-significant for these 

treats. RGR, AGR, NAR, LAD and RLGR decreased in 

the stressed plants in comparison controls (Table 7) 

(Heidar et al., 2011). Among the lines, R2, R56 and R50 

showed significantly smaller reduction in RGR, AGR, 

NAR, LAD, RLGR compared with B11, B353 and B15, 

indicating that the former lines were more salt tolerant 

than the others. The RGR in B15, B11, B353, R43 and 

B25 was inhibited by salinity, whereas in R2, R50 and 

R56 only slight inhibition was observed in RGR due to 

salinity stress The NaCl salinity reduced growth of the 

studied lines, and the extent of reduction was difference 

among the lines. The lines B11, B353 and B15 showed 

higher growth reduction under salinity while this was 

lower in R2, R56 and R50. There were differences among 

lines with respect to growth parameters under salinity 

stress. RGR, AGR, NAR, LAD and RLGR in salt-tolerant 

lines were slightly reduced by salinity stress, whereas 

those of the other lines showed a larger reduction (Heidar 

et al., 2011).  
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