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Abstract 
 

The response of nine pea (Pisum sativum) genotypes, with varying salt tolerance potential, was studied under salt stress. Salt stress 

significantly (p ≤ 0.05) reduced the growth (internodal distance, plant fresh/dry biomass and number of leaves), physiological 

attributes (photosynthesis rate, stomatal conductance, transpiration rate, chlorophyll contents) and cell membrane stability index 

(MSI) while elevated antioxidant enzymes, i.e. superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), organic solutes 

(proline, glycinebetaine and total free amino acids), lipid peroxidation (LPO),  hydrogen peroxide (H2O2) and leaf abscisic acid 

(ABA) in tested genotypes. However, root/shoot sodium (Na+) was increased with increasing salinity levels, which enhanced the 

Na+: K+ ratio and seemed to affect the bioenergetic processes of photosynthesis. Whereas, root and shoot of tested genotypes 

exhibited a considerable reduction in phosphorus (P) and potassium (K) contents. Based on % increase or decrease in above 

mentioned attributes, the tested genotypes were categorized into salt tolerant and salt sensitive categories. Therefore, Climax, 

Samarina zard and 9800-5 were found to be salt tolerant, whereas 2001-20, Meteor and Euro observed as highly salt sensitive. 

Tolerant genotypes (Climax, Samarina zard and 9800-5) were successful in maintaining the maximum dry matter, low Na+, while 

high P and K+ under saline conditions. Since, genotypes with high concentration of organic osmolytes (proline, glycinebetaine and 

amino acids) and high antioxidant activity (SOD, POD, CAT) had high salt tolerance, so it is also concluded that salt tolerance 

potential of pea is highly associated with concentration of osmolytes and antioxidant enzymes. 

 

Keywords:  Salt stress, abscisic acid, antioxidants, glycinebetaine, photosynthesis, proline, stomatal conductance. 
Abbreviations: ABA-abscisic acid; MSI-membrane stability index; SOD-superoxide dismutase; POD-peroxidase; CAT-catalase; 

H2O2-hydrogen peroxide; PAR-photosynthetic active radiation; LPO-lipid peroxidation; HSD-honestly significant difference 

 

 

Introduction 
 

Plant growth and productivity is adversely affected by 

nature’s wrath in the form of various abiotic stress factors. 

Plants are frequently exposed to a plethora of stress 

conditions such as salinity, drought, heat, flooding and heavy 

metal toxicity among others, where the various anthropogenic 

activities have accentuated the existing stress factors 

(Allakhverdiev et al., 2000; Siringam et al., 2012). Among 

these stresses, salinity is a serious problem in worldwide 

agriculture areas because it limits plant growth and 

productivity (Yildirim et al., 2009; Qin et al., 2010). Salt 

condition under irrigation water affects physiological process 

negatively  including   water   relations   and   gas    exchange  

 

attributes (Maeda and Nakazawa, 2008), nutritional 

imbalance (Yang et al., 2008), and disturbing the stability of 

membranes (Dogan et al., 2010). Salt tolerance could be 

affected by a number of factors, such as type of salts in the 

soil solutions, growth conditions (environmental and 

management), age and plant genotype (Moisender et al., 

2002, Sheekh-El et al., 2002). Salts induce the ionic and 

osmotic stress which alters the morpho-physiological and 

biochemical processes at tissue and cell level (Murphy and 

Durako, 2003). Excessive salts in soil solution lower the soil 

water potential as compared to the potential within plant and 

this difference in water potential between soil and plant 
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prevents the root to absorb water (Lloyd et al., 1989). This 

hindrance in the absorption of available water under saline 

condition causes the cell dehydration which ultimately leads 

to cell death. In saline soils, mostly Na+ and Cl- are dominant 

ions and high concentration of both ions in saline soil leads to 

specific drastic effects in non-salt tolerant plants i.e. non-

availability of water to plant and nutritional imbalance 

(García-Sánchez et al., 2002). Under these conditions, the 

high concentration of these toxic ions may also interfere with 

the assimilation of other essential nutrients resulting in 

nutrient imbalance such as less availability of potassium, 

magnesium and calcium (Hasegawa et al., 2000). An 

excessive amount of toxic ions (Na+ and Cl-) in plant tissues 

unstable the cellular membranes by displacing the K+ and 

Ca2+ (Grattan and Grieve, 1992) and affect their permeability. 

These variations in cell membrane permeability due to the 

toxic ions i.e. Na+ and Cl- results in the disturbances in 

various physiological processes (Kao et al., 2003, Sayed, 

2003). Salt stress can reduce the leaf photosynthetic activity 

by affecting stomatal and non-stomatal factors. Lose turgor 

by osmotic effect can cause stomata closure which lowers the 

supply of CO2 to leaves. But salinity can also reduce 

photosynthetic activity by affecting the non stomatal 

attributes such as destruction of green pigments, lowering the 

leaf area or by decreasing the activity of photosynthetic 

enzymes in calvin cycle (Misra et al., 1997). The 

photosynthetic activity declination by salt stress is associated 

with an increase in reactive oxygen species (ROS) which 

thereby accelerate toxic reactions like lipid peroxidation, 

protein degradation and DNA mutation (McCord, 2000). The 

mechanisms of salt and/or drought tolerance in many plants 

may involve in striking a delicate balance between ion 

accumulation, osmotic adjustment, production of organic 

solutes, maintenance of pressure potential and growth. 

Osmotic adjustment is the improvement in cell water balance 

due to the accumulation of inorganic and organic osmolytes 

such as proline, betaines and/or sugars. However, aside from 

its role as an osmolyte for osmotic adjustment, these 

chemicals such as sugars (trehalose), sugars alcohols (sorbitol 

and mannitol), amino acids (proline) and betaines are also 

found to be particularly effective at protecting cytoplasmatic 

proteins and cell membranes from desiccation. For example, 

proline contributes in stabilizing sub-cellular structures (e.g., 

membranes and proteins), scavenging free radicals and 

buffering cellular redox potential under stress conditions 

(Balal et al., 2012). To alleviate the stress induced oxidative 

effects, plants generate different kinds of antioxidants like 

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

(POD) (Shahid et al., 2011). Pea (Pisum sativum) is a very 

important commercial vegetable around the world including 

China, India, USA, France and Egypt, but its production is 

limited by salt stress because it is a salt sensitive plant. Pea 

crop can be considered as a vital cool season vegetable which 

is utilized for various purposes like fresh peas, dry pulses and 

edible podded type. Nutritional value of peas cannot be 

denied as these are an excellent source of protein, 

carbohydrate (Hussein et al., 2006), water-soluble fibers, 

vitamins (vitamin B1), and antioxidants (Mukerji, 2004). The 

present study was therefore conducted to i) evaluate salinity 

tolerance of different peas genotypes under controlled 

conditions and to categorize commonly used pea genotypes 

into salt tolerant and salt sensitive on basis of morphological 

parameters and ii) establish that physiological and 

biochemical mechanisms is related with the salt tolerance in 

pea plants.  

 

 

Results 

 

Plant growth parameters 

 

Data regarding the plant biomass revealed that salt tolerant 

cultivars exhibited maximum internodal distance, higher 

fresh and dry plant weights (Fig. 1) and number of leaves per 

plant (Fig. 1) as compared to the sensitive ones under salt 

stressed conditions. Climax exhibited the highest salt 

tolerance potential by maintaining maximum number of 

leaves, branches, internodal distance, fresh and dry weights 

per plant while Euro showed maximum susceptibility in this 

regard.  

 

Leaf gas exchange and chlorophyll content 
 

Salinity treatments significantly (P ≤ 0.05) reduced the gas 

exchange attributes (Fig. 1 and 2). All salinity treatments 

induced a significant reduction (P ≤ 0.05) in Pn but most 

prominent reduction was observed under salinity level of 75 

mM (Fig. 1). At this high salinity level (75 mM), maximum 

reduction was noted for Euro (40%) while minimum for 

Climax (17%) with respect to the control (non saline). 

Salinity progressively reduced both E and gs in all tested pea 

genotypes but at higher salinity level of 75 mM maximum 

reduction was observed in Euro (47% and 61%) and 2001-20 

(34% and 61%). On the other hand, Climax and 9800-5 

showed high salt tolerance by exhibiting the lowest reduction 

in E and gs under saline conditions (Fig. 2). Chlorophyll 

contents were reduced in all the nine pea genotypes grown 

under salt stress (Fig. 2). From the results it is evident that 

chlorophyll contents were decreased with the increasing 

salinity level and maximum inhibiting effect was recorded at 

high salt stress (75 mM). On the basis of reduction in 

chlorophyll contents, the genotypes Climax and Samarina 

zard can be categorized as salt tolerant while Euro and 

Meteor as salt sensitive.  

 

Membrane stability index, lipid peroxidation, hydrogen 

peroxide and abscisic acid  
 

Membrane stability index (MSI) decreased under salt stress 

in all the tested pea genotypes at all NaCl treatments but 

maximum reduction was noted under 75 mM (Fig. 2 and 3). 

Among the genotypes MSI was high in Climax and Samarina 

zard while it was low in Euro and Meteor at high salt stress in 

relative to the non saline control (Fig. 2). Since, membranes 

damage increased with increase in salinity level so MSI can 

be considered as very significant tool for evaluating the salt 

tolerance potential in pea genotypes. Among all the tested 

pea genotypes, Samarina zard and Climax had no 

considerable increase in lipid peroxidation while Euro and 

2001-20 showed maximum ratios of lipid peroxidation (Fig. 

4). The high lipid peroxidation in Euro and 2001-20 is the 

indication of their high salt sensitivity. Likewise, it was 

observed that increasing salt stress significantly enhanced the 

generation of hydrogen peroxide in all the genotypes but 

Climax, Samarina zard and Early green showed an excellent 

performance in terms of no considerable increase in lipid 

peroxidation. Regarding the abscisic acid, again Samarina 

zard and Climax showed the best performance by exhibiting 

less percent increase in ABA with respect to the non saline 

control (Fig. 4). However, the genotypes Euro and 2001-20 

proved to be highly salt sensitive because of maximum 

percent increase in ABA in relative to the control (non 

saline). 
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                  Table 1. Effect of salt stress on sodium (Na+ ) contents (mg g-1 D.Wt.) of both leaves and roots 

Leaf Root 

                                                                                    mM NaCl  

Genotypes control 25 50 75 control 25 50 75 

Samarina Zard 2.42 3.05 (26.03) 3.32 (37.19) 3.46 (42.98) 1.96 4.56 (132.65) 5.28 (169.39) 6.1 (211.22) 

Olympia  2.15 3.48 (61.86) 3.74 (73.95) 4.16 (93.49) 4.09 7.74 (89.24) 8.19 (100.24) 7.94 (94.13) 

Early Green 1.93 2.88 (49.22) 3.07 (59.07) 3.23 (67.36) 3.23 6.45 (99.69) 6.87 (112.69) 7.55 (133.75) 

Climax 2.32 2.89 (24.57) 3.01 (29.74) 3.21 (38.36) 1.04 2.46 (136.54) 2.68 (157.69) 3.24 (211.54) 

2001-20 2.16 3.83 (77.31) 6.14 (184.26) 6.29 (191.20) 2.11 3.45 (63.51) 3.6 (70.62) 3.87 (83.41) 

Meteor 3.06 5.45 (78.10) 6.27 (104.90) 7.26 (137.25) 1.17 2.18 (86.32) 2.27 (94.02) 2.52 (115.38) 

Euro 1.32 2.45 (85.61) 3.12 (136.36) 4.96 (275.76) 1.96 3.34 (70.41) 3.52 (79.59) 4.12 (110.20) 

9200-1 2.22 3.26 (46.85) 3.67 (65.32) 4.19 (88.74) 3.45 6.56 (90.14) 7.14 (106.96) 7.67 (122.32) 

9800-5 1.78 2.31 (29.78) 2.42 (35.96) 2.53 (42.13) 2.16 5.34 (147.22) 5.88 (172.22) 6.46 (199.07) 

HSD (P ≤ 0.05, n=5) 
(Tukey Test)     

Genotypes ** ** 

Salinity ** ** 

Salinity x Genotype **  **  

     ** Significant; Figures in parenthesis indicate the % increase in Na+ over control (non saline) 

 

      Table 2. Effect of salt stress on potassium (K+) contents (mg g-1 D.Wt.) of both leaves and roots 

Leaf Root 

                                                                        mM NaCl  

Genotypes control 25  50  75  control 25  50  75  

Samarina Zard 22.56 20.75 (18.34) 18.34 (17.06) 17.06 (24.38) 17.85 17.14 (3.98) 15.88 (11.04) 15.32 (14.17) 

Olympia  22.36 18.69 (16.72) 16.72 (14.61) 14.61 (34.66) 16.54 14.44 (12.71) 13.76 (16.82) 12.92 (21.86) 

Early Green 21.42 18.96 (17.13) 17.13 (15.47) 15.47 (27.78) 17.84 16.41 (8.05) 16.14 (9.56) 14.82 (16.96) 

Climax 23.16 22.06 (20.81) 20.81 (19.39) 19.39 (16.25) 15.25 14.64 (4.04) 13.91 (8.81) 13.33 (12.63) 

2001-20 22.01 17.45 (16.93) 16.93 (13.04) 13.04 (40.75) 18.53 15.52 (16.28) 14.11 (23.88) 12.48 (32.68) 

Meteor 20.7 17.30 (14.76) 14.76 (13.45) 13.45 (35.02) 17.37 14.73 (15.23) 14.23 (18.11) 12.76 (26.57) 

Euro 24.07 18.46 (16.31) 16.31 (15.73) 15.73 (34.65) 19.15 16.24 (15.21) 15.01 (21.59) 13.24 (30.87) 

9200-1 22.83 19.34 (17.73) 17.73 (15.55) 15.55 (31.89) 15.96 14.68 (8.02) 14.40 (9.73) 12.98 (18.67) 

9800-5 21.33 19.32 (17.45) 17.45 (16.05) 16.05 (24.75) 16.43 15.29 (6.98) 14.71 (10.51) 14.01 (14.77) 

HSD (P ≤ 0.05, n=5) 

(Tukey Test)     

Genotypes ** ** 

Salinity ** ** 

Salinity x Genotype **  **  

** Significant; Figures in parenthesis indicate the % decrease in K+ over control (non saline) 
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Fig 1. Effect of salt stress on plant fresh biomass (A), plant 

dry biomass (B), internodal distance (C) and number of 

leaves plant-1 of nine pea genotypes with varied salt tolerance 

potential. Each value is the mean of five replicates and the 

vertical bars give the standard error (SE) of the mean. In all 

figures, HSD (Tukey’s test) for genotypes and treatments 

were significant at P=0.05 unless otherwise stated. 

 

Antioxidant enzymes and osmolytes 

 

Analysis of variance of data for antioxidant enzymes (SOD, 

POD and CAT) indicates that various salinity levels had a 

significant (P ≤ 0.05) enhancing effect on the activities of 

antioxidant enzymes of all the tested pea genotypes (Fig.3). 

But maximum increase was noted for Samarina zard and 

Climax as compared to the remaining genotypes. Similarly,  
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Fig 2. Effect of salt stress on photosynthesis rate (A), 

stomatal conductance (B) and transpiration rate (C) of nine 

pea genotypes with varied salt tolerance potential. Each value 

is the mean of five replicates and the vertical bars give the 

standard error (SE) of the mean.  

in case of osmolytes (amino acid, proline and glycinebetaine) 

the genotypes Samarina zard and Climax showed the highest 

salt tolerance potential in terms of maximum accumulation of 

osmolytes (Fig.3). However the genotypes, Euro, Meteor and 

2001-20 gave very poor performance by exhibiting little 

increase in osmolytes (Fig.3).  

 

Leaf and root mineral nutrition 
 

Sodium concentration in leaves increased with increasing 

NaCl concentration (Table 1). The genotype that accumulated 

high ratios of Na+ in leaves was Euro while Climax 

accumulated the least sodium in leaves. Under 75 mM 

salinity level, Climax, 9800-5 and Samrina zard exhibited the 

lowest percent increase (38, 42 and 42% respectively) in Na+ 

but maximum by Euro (275%) and 2001-20 (191%) (Table 

1). For instance tolerant cultivars (Climax and 9800-5) had 

less Na+ in their leaves than did sensitive like Euro and 2001-
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20. Root Na+ concentrations also tend to increase under all 

salinity levels (Table 1) but genotypes Climax and Samarina 

zard gave an excellent performance by accumulating the least 

amount of Na+ in roots. Increasing salinity in irrigation water 

from 0 to 75 mM NaCl decreased both the leaf and root K+ 

concentration in all tested pea genotypes (Table 2). The 

lowest reduction percentage was recorded for Climax and 

Samrina zard while Meteor and 2001-20 exhibited maximum 

reduction in K+ in leaf and root respectively, as compared to 

their respective controls. Although, salt stress also caused a 

significant reduction in root/shoot phosphorus (P) of all 

tested pea genotypes (Table 3) but maximum reduction 

percentage was recorded in Euro and Meteor. Regarding the 

P content, Climax and Samarina zard showed high salt 

tolerance potential by maintaining the high ratios of P under 

saline conditions. On the basis of results regarding the Na+, 

K+, Cl- and P, the genotypes Climax and Samarina zard are 

ranked as salt tolerant, Euro and Meteor as non tolerant and 

remaining genotypes in between of tolerant and non tolerant.  

 

Discussion  
 

Reduction in internodal distance and number of leaves per 

plant is a common phenomenon under salinity stress in 

various plant species (Zhu et al., 2001). Among the 

investigated pea genotypes, Climax was least influenced by 

salinity so had maximum number of leaves and internodal 

distance under saline regimes. This reduction in internodal 

distance and number of leaves may be due to the reduction in 

turgor potential, necessary for cell elongation (Iqbal and 

Ashraf, 2005) and turgor pressure, which were reduced under 

salt stress (Ashraf and Harris, 2004). In current study, salt 

stress enhanced the abscisic acid (ABA) concentration in 

leaves, which act as senescing agent thus, reduction in 

number of leaves in tested pea genotypes may also be 

associated with the production of ABA under salt stress. 

Albacete et al. (2008), Ghanem et al. (2008), Hassine and 

Lutts (2010) and Bakht et al. (2011) investigated the Solanum 

tubersum, Atriplex halimus and Zea mays, respectively under 

saline conditions and found a marked reduction in number of 

leaves and internodal distance in response to salt stress. So, 

these reports are in accordance with the findings of current 

investigation. However, the reduction in plant biomass under 

salinity may be due to many reasons such as lack of 

maintenance of turgor, sodium/chloride ion toxicity and 

disturbances in metabolic pathways. Since these factors 

disturb the functioning of gas exchange attributes which 

ultimately leads to decline in activity of photosynthetic 

apparatus. Thus, the reduction in plant biomass in present 

study could have been due to reduced photosynthetic activity. 

A positive correlation was recorded between plant dry 

biomass and physiological attributes (Pn and gs) because the 

genotypes maintaining maximum dry biomass showed higher 

rates of Pn and gs. It is reported that salt stress reduced the 

plant biomass in sunflower (Noreen and Ashraf, 2008) and 

wheat (Ashraf et al. 2010), so these findings are in agreement 

with the results of current investigation regarding plant 

biomass. In current investigation, Pn was decreased due to 

the elevated level of toxic ions (Na+ and Cl-) in different plant 

parts which induced deleterious effects on physiological 

processes in plant especially on stomatal functioning. 

Similarly, Huang and Fu (2000) and Bano (2010) also 

recorded a decrease in Pn, gs and E of perennial grasses and 

rice plants, respectively submitted to saline conditions.As 

results depicted that tolerant genotypes (Samarina zard and 

Climax) showed the least reduction in Pn and gs than non 

tolerant ones (Euro and Meteor) with respect to control, so 

these physiological attributes can be used as screening tool 

for salt tolerance in pea genotypes. Centritto et al. (2003), 

Filella et al. (2004), Noreen and Ashraf (2008) and 

Nishimura et al. (2011) studied the salt stressed olive, 

Mediterranean shrub, sunflowers and rice, respectively and 

observed significant variations in various physiological 

attributes i.e. Pn, gs and E therefore, claimed that these 

aspects can be considered as potential indicators of salt stress. 

Since, salt stress affected the stomatal functioning by 

disturbing the turgidity of guard cells so the reduction in E in 

tested pea genotypes may be due to the reduction in turgidity 

of guard cells, which is very common in almost all stresses 

(Stepin and Klobus, 2006). The present investigation 

confirmed the findings of Tezara et al. (2002), who studied 

the sunflower under drought conditions and found a 

considerable decrease in E. As salt stress limits the 

availability of various nutrients especially potassium (Najafi 

et al., 2007) that maintain the turgidity of guard cells 

(Burman et al., 2003) therefore, the disturbances in guard 

cells turgidity may also be the cause of reduced E and gs in 

salinized pea plants of tested pea genotypes. The genotypes 

which maintained the efficient E and gs under adverse 

conditions were successful to adjust them osmotically by 

accumulating some osmolytes and osmoprotectants i.e. 

proline, glycinebetaine and amino acids. So, it is obvious that 

high salt tolerance potential of tolerant genotypes (Samarina 

zard and Climax) was due to high accumulation of osmolytes 

(proline, glycinebetaine and amino acids) in their tissues. 

Increase in accumulation of compatible solutes under stressed 

conditions has previously been reported in Salicornia 

europaea and Suaeda maritima (Moghaieb et al., 2004), 

Phragmites australis (Pagter et al., 2009), Zea mays 

(Hajlaoui et al., 2010) and Brassica nupus (Heidari, 2010).  

In present investigation, the reduction in chlorophyll contents 

could have been due to the displacement of Mg2+ by toxic 

Na+ ions, which caused the degradation of green pigments. 

Similar kind of findings had reported by Loggini et al. (1999) 

and Meloni et al. (2003) in drought stressed wheat and salt 

stressed cotton plants respectively. A positive correlation was 

observed between chlorophyll contents and plant biomass 

production. Reactive oxygen species (ROX) species like 

hydrogen peroxide (H2O2) are considered as the indicator of 

stress (Miller et al. 2008; Wang and Song, 2008). In present 

study, salt stress significantly enhanced H2O2 and lipid 

peroxidation (LPO), but it was lower in tolerant genotypes 

than non tolerant ones. From H2O2 and LPO values, it is 

depicted that salt stress disintegrated the membranes to a 

lesser extent in tolerant genotypes as compared to sensitive 

ones. Low ratios of H2O2 and LPO in tolerant genotypes 

(Samarina zard and Climax) are also indication of high 

membrane stability index (MSI). Since, tolerant genotypes 

showed lower H2O2 and LPO but higher MSI than sensitive 

genotypes, therefore these three attributes (H2O2, LPO and 

MSI) can be used as the measure of salt injury and salt 

tolerance potential in pea genotypes. Similarly, Noreen and 

Ashraf (2009) submitted the various pea genotypes to 

different salinity levels and noted an elevation in H2O2 and 

LPO level with the increasing salt stress. Plants detoxify the 

ROX species by maintaining the high activities of antioxidant 

enzymes i.e. SOD, POD and CAT (Sekmen et al., 2012). 

Literature depicts that salt tolerance potential is highly linked 

with the maximum ratios of antioxidant enzymes (Bor et al., 

2003; Shahid et al., 2011; Balal et al., 2012). In agreement 

with the current investigation, a consistent trend in enzymatic 

activities of antioxidant enzymes such a SOD, POD and CAT  
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              Table 3. Effect of salt stress on phosphorus (P) contents (mg g-1 D.Wt.) of both leaves and roots. 

Leaf Root 

                                                                         mM NaCl  

Genotypes control 25  50  75  Control 25  50  75  

Samarina Zard 1.71 1.61 (5.85) 1.57 (8.19) 1.50 (12.28) 3.64 3.45 (5.22) 3.17 (12.91) 3.03 (16.76) 

Olympia  2.03 1.83 (9.85) 1.79 (11.82) 1.63 (19.70) 3.94 3.54 (10.15) 3.29 (16.50) 2.97 (24.62) 

Early Green 1.4 1.30 (7.14) 1.28 (8.57) 1.19 (15.00) 4.02 3.66 (8.96) 3.48 (13.43) 3.28 (18.41) 

Climax 1.87 1.76 (5.88) 1.73 (7.49) 1.69 (9.63) 4.58 4.33 (5.46) 4.23 (7.64) 4.11 (10.26) 

2001-20 1.46 1.27 (13.01) 1.21 (17.12) 1.16 (20.55) 1.96 1.73 (11.73) 1.52 (22.45) 1.37 (30.10) 

Meteor 1.4 1.27 (9.29) 1.21 (13.57) 1.05 (25.00) 3.13 2.68 (14.38) 2.36 (24.60) 2.53 (19.17) 

Euro 1.59 1.38 (13.21) 1.29 (18.87) 1.15 (27.67) 3.25 2.79 (14.15) 2.5 (23.08) 2.25 (30.77) 

9200-1 1.92 1.78 (7.29) 1.69 (11.98) 1.58 (17.71) 3.39 3.08 (9.14) 2.74 (19.17) 2.72 (19.76) 

9800-5 2.06 1.92 (6.80) 1.87 (9.22) 1.79 (13.11) 3.94 3.76 (4.57) 3.65 (7.36) 3.51 (10.91) 

HSD (P ≤ 0.05, n=5) (Tukey 
Test)   

Genotypes ** ** 

Salinity ** ** 

Salinity x Genotype **  **  

               ** Significant; Figures in parenthesis indicate the % decrease in P over control (non saline) 

 

            Table 4. Effect of salt stress on Na+:K+ of both leaves and roots. 

 
 
               ** Significant; Figures in parenthesis indicate the % increase in Na+/K+ over control (non saline) 
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Fig 3. Effect of salt stress on chlorophyll ‘a’ (A), chlorophyll 

‘b’ (B) and total chlorophyll contents (C) of nine pea 

genotypes with varied salt tolerance potential. Each value is 

the mean of five replicates and the vertical bars give the 

standard error (SE) of the mean. 

 

 

was observed (Fig. 3). Due to the high antioxidant activities 

salt tolerant pea genotypes showed the low ratios of H2O2, 

which indicates the presence of strong negative correlation 

between ratios of antioxidant enzymes and H2O2. Since, 

tolerant genotypes (Samarina zard and Climax) maintained 

high plant biomass, which was possibly due to their better 

ability to maintain high antioxidant enzyme activities under 

saline conditions. These antioxidant activities eliminated the 

ROX species by converting them into oxygen and water, 

ultimately alleviated the osmotic stress induced ROX species. 

In this study, increase in Na+ while decrease in K+ and P was 

observed, but with significant (P ≤ 0.05) differences between 

the genotypes. However, the existence of correlation between 

increased Na+ accumulations, reduced K+ and P and salt 

sensitivity led to a point that mineral nutrition of pea 

genotypes is associated with their salt tolerance potential. The 

results are in agreement with the findings of Zeid and El-

Semary (2001), Meneguzzo et al. (2000), who investigated 

the maize  and wheat plants submitted to salt and drought 

stress, and recorded a significant increase in Na+ contents 

while reduction in K+ and P contents. Since, salt tolerant 

genotypes (Samarina zard and Climax) exhibited the high 

ratios of Na+ and low K+ and P in their roots, so it can be 

considered as an adaptation to withstand saline conditions by 

limiting the upward movement of toxic ions in above ground 

plant parts (shoots and leaves). Similar kind of adaptation 

was recorded by Maggio et al. (2004) in salinized tomato 

plants. The antagonistic effect of Na+ on K+ may be the 

reason of reduction in K+ contents of leaves and roots. Since, 

the tolerant genotypes with high K+ contents in leaves also 

had maximum plant biomass and photosynthesis rate than 

sensitive ones, thus K+ can be used as screening criteria for 

evaluating salt tolerance potential of pea genotypes. From the 

findings of current investigation it can be extracted that salt 

stress negatively influence the growth of pea and salt 

tolerance potential is highly associated with the concentration 

of organic (proline, glycinebetaine, amino acids etc.) and 

inorganic osmolytes (Ca, Mg, P) that play a vital role in 

osmotic adjustment under stressed conditions. Secondly, 

antioxidant activities are also closely linked with the salinity 

tolerance so, higher the antioxidant activities then higher will 

be the stress tolerance potential of a plant genotype. 

Therefore, the exogenous application of organic and 

inorganic osmolytes can be utilized to induce or enhance the 

salt tolerance capacity of commercially important crops 

especially the vegetables. 

 

Material and methods 

 

Plant material and growth conditions 
 

Seeds of nine different genotypes (Samarina zard, Euro, 

Early green, Climax, 2001-20, Meteor, Olympia, 9200-1, and 

9800-5), with varying salt tolerance potential, were sown in 

plastic pots filled with fine sand as growth medium. Eight 

seeds per pot were sown and after 15 days of germination, the 

plants were thinned to five. The experiment was carried out 

in the green house of University of Agriculture Faisalabad, 

Pakistan, with five replications (one pot was considered as 

one replicate). Plants were grown in Hoagland solution under 

non saline conditions for 30 days after germination. 

Afterwards, salt treatment was initiated. Sodium chloride 

(NaCl) was dissolved in double distilled water to obtain final 

concentration of 0 (Control), 25, 50 and 75 mM. These 

salinity levels were screened from a range of salinity 

treatments in a separate preliminary experiment, and three 

levels i.e., low salinity (25 mM), intermediate salinity (50 

mM) and high salinity (75 mM) was created in current 

investigation. In this way, a clear performance of tested pea 

genotypes were evaluated under three saline regimes i.e. low, 

intermediate and high salt stress. To avoid the osmotic shock 

the desired salinity levels i.e. 25, 50 and 75 mM were created 

by gradually increasing the salinity level (25 mM) after one 

day interval until final concentrations (50 and 75 mM) were 

reached after three days. These salinity levels were 

maintained throughout the required duration the experiment 

by regularly noting the electrical conductivity (EC) and pH of 

the rooting medium. The increase or decrease in EC and pH 

was adjusted with the help of buffer or salt solution of desired 

concentration. Plants were grown for 15 days under salt 

stressed conditions. Plants were irrigated with half strength 

Hoagland solution, 250 mL per pot. The plants were usually 

watered with Hoagland solution after one day interval but 

sometime this interval was varied according to the moisture 

of the rooting medium (sand).  

 

Growth attributes 
 

Internodal distance in each plant was measured with the help 

of measuring tape in centimeters. Fresh weight of each plant 

was taken with the help of electric balance. Average of fresh 

weight was calculated for each treatment. Dry weight of 

whole plant was measured after keeping it in an oven at 70ºC  
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Fig 4. Effect of salt stress on membrane stability index (A), lipid peroxidation (B) hydrogen peroxide (C) and abscisic acid (ABA) 

(D) of nine pea genotypes with varied salt tolerance potential. Each value is the mean of five replicates and the vertical bars give the 

standard error (SE) of the mean.  

 

for 72 hours. Dry weights were taken using digital electric 

balance and means were calculated for each treatment. 

 

Gas exchange and chlorophyll contents 
 

Gaseous attributes were determined by using an Infra-red Gas 

Analyzer (Analytical Development Company, Hoddesdon, 

England) (Shahid et al., 2011). The photosynthetic activity 

(Pn), transpiration rate (E) and stomatal conductance (gs) 

were determined on intact fully matured leaves (Shahid et al., 

2011; Balal et al., 2012). Measurements were performed from 

9.00 to 11.00 a.m. with following specifications/adjustments: 

molar flow of air per unit leaf area 403.3 mM m-2s-1, 

atmospheric pressure 99.9 kPa, water vapor pressure into 

chamber ranged from 6.0 to 8.9 mbar (PAR) at leaf surface 

was maximum up to 1711 (mol m-2 s-1), temperature of leaf 

ranged from 28.4 to 32.4°C, ambient temperature ranged 

from 22.4 to 27.9°C, ambient CO2 concentration was 352 mol 

mol-1.  Chlorophyll contents were estimated according to the 

method by Arnon (1979) with the help of following formulae  

 

 
 

 

 

 
 

 

Membrane stability index (MSI) 

 
Membrane stability index (MSI) was calculated by taking the 

electrical conductivity of leaf leachates in double distilled 

water at 40 and 100°C by following the method of Sairam 

(1994). Mature leaf were cut into small pieces and then taken 

(0.5 g) in test tubes having 10 mL of double distilled water in 

two sets. One set was kept at 40ºC for 30 min and another set 

at 100ºC in boiling water bath for 15 min and their respective 

electric conductivity’s C1 and C2 were measured by 

conductivity meter (Adawa-260, Germany).  

 
 

Antioxidant enzymes and osmolytes 
 

The activity of superoxide dismutase (SOD) was analyzed 

following the protocol of Giannopolitis and Ries, (1977). 

Catalase (CAT) and peroxidase (POD) activities were 

measured by the procedure of Chance and Maehly (1955). 

The proline was estimated according to the method of Bates 

et al. (1973) from homogenized fresh leaf tissue while 

glycinebetaine was determined by the method of Grieve and 

Gratan (1983). Total free amino acids were estimated by the 

protocol of Hamilton and Van Slyke (1973). 

 

Lipid peroxidation, hydrogen peroxide and abscisic acid  
 

Lipid peroxidation (LPO) was estimated by measuring the 

concentration of malondialdehyde (MDA) and thiobarbituric 

acid (TBA) method of Heath and Packer, (1968). Hydrogen 

peroxide content (H2O2) was estimated by measuring the 

absorbance of titanium-hydroperoxide according to the 

protocol of Mukherjee and Choudhari (1983). Abscisic acid 

(ABA) concentration was calculated by the method of 

Djilianov et al. (1994). 

 

Na+, K+ and P determination 

 

The digested root samples were analyzed for Na+ and K+ by 

flame photometer (Jenway PFP-7, UK). A graded series of 

standards (ranging from 10 to 100 mg L-1) of Na+ and K+ was 

prepared and standard curves were drawn. The values of Na+  
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Fig 5. Effect of salt stress on superoxide dismutase-SOD (A), 

peroxidase-POD (B) and catalase-CAT (C) of nine pea 

genotypes with varied salt tolerance potential. Each value is 

the mean of five replicates and the vertical bars give the 

standard error (SE) of the mean.  

 

and K+ from flame photometer were compared with standard 

curve and original quantities were computed. Phosphorus (P) 

was determined on a spectrophotometer by the method of 

Jackson (1962).  

 

Statistical analysis 
 

The experiment was laid out in two factors (salinity and 

genotypes) factorial arrangement under Completely 

Randomize Design (CRD).The data was analyzed statistically 

by using two-way analysis of variance with the statistical 

software (Statistix 8.1) and comparisons with P-values ≤ 0.05 

were considered significantly different by using HSD values 

(Tukey’s Test). Data were presented as mean ± SE at the top 

of each column in figures while ionic contents were presented 

in tables as means of five replicates with % increase or 

decrease over control in parenthesis.  
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Fig 6. Effect of salt stress on amino acid (A), proline (B) and 

glycinebetaine (C) contents in the leaves of nine pea 

genotypes with varied salt tolerance potential. Each value is 

the mean of five replicates and the vertical bars give the 

standard error (SE) of the mean.  
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