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Abstract: 

The present study was aimed to observe the ameliorative effect of Ca
2+

on the seedling 

growth of black gram (mung bean) under NaCl salinity stress. The experiments were carried out 

in the seedlings exposed to 75 mM NaCl, 10 mM CaCl2 treatments along with the combination 

of 10 mM CaCl2 and 75 mM NaCl. The control was maintained with distilled water. The 

seedlings under NaCl stress shows higher enzyme activities like protease, ATPase activity, lipid 

peroxidation and lower proline oxidase activity than that of CaCl2 and water (control) and 

combination of NaCl with CaCl2; protease, ATPase activity and lipid peroxidation are found to 

be lower and proline oxidase activity was higher in CaCl2 treated seedlings. A 75 kDa protein 

was found from control, 75 mM NaCl, 10 mM CaCl2 and combination of 75 mM NaCl with 10 

mM CaCl2. The experimental results indicate that the CaCl2 ameliorate the effect of NaCl stress 

by maintaining the lower concentrations of lipid perxidation, protease, ATPase and higher 

concentrations of proline oxidase.  
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1. Introduction: 

Salt stress in soil is one of the major stresses especially in arid and semi arid regions and 

can severely limit plant growth and productivity (Parvaiz and Satyawati, 2008).High 

concentrations of salts in the soil make it harder for roots to extract water, and high 

concentrations of salts within the plant can be toxic (Munns and Tester, 2008). Processes such as 

seed germination, seedling growth and vigour, vegetative growth, flowering and fruit set are 

affected by high salt concentration, that ultimately causing decreased of plant productivity 

(Sairam and Tyagi, 2004). Adverse effects of salinity on plant growth may be due to ion 

cytotoxicity and osmotic stress (Hussain et al., 2008).  

Calcium plays an essential role in processes that preserve the structural and functional 

integrity of plant membranes, stabilize cell wall structures, regulate ion transport and selectivity 
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and control ion-exchange behavior (Marschner, 1995; Rengel, 1992). Because calcium appears 

to be readily displaced from its membrane binding sites by other cations, these functions may 

become seriously impaired by reduced calcium availability. Increasing the external concentration 

of calcium largely counteracted this displacement (Lynch and Lauchli, 1988). Maintaining an 

adequate supply of calcium in saline solutions is an important factor in controlling the severity of 

specific ion toxicities, particularly in crops which are susceptible to sodium and chloride injury 

(Grattan and Grieve, 1999; Maas, 1993). The role of Ca
2+

as a second messenger in many 

biological systems, coupled with these observations, indicates that plants are able to adjust to 

high salt environments by activating a signal transduction system involving Ca
2+

(Hasegawa et 

al., 2000). To overcoming the negative impact of salinity, addition of supplemental Ca
2+

to the 

growth medium as an ameliorative agent could be necessary.  

 

Number of experiments were conducted to assess the effectiveness of NaCl on these four 

enzyme activities like the increase of lipid  peroxidation was correlated with decreased levels of 

catalase and SOD; It has bean shown a close relationship between the increase in solute leakage 

and the increased level of lipid  peroxidation during salt stress (Dhindsa et al., 1981). A higher 

activity of protease in bajra, and chick pea seedlings under saline conditions was observed 

(Reddy and Vora, 1985). Higher ATPase activity was observed under NaCl stress in Vigna 

unguiculata (Fernandes De Melo et al., 1994). Similar observations were made in Phaseolus 

vulgaris (Horovitiz and Waisel, 1970). Reduction in proline oxidase activity with a concomitant 

increase in proline level occur in salt stress (Madan et al., 1995). 

 

A number of studies had bean carried out on salt stress and mitigation by CaCl2 in various 

plants, but in mung bean especially during seedling growth is scanty. Hence the present study 

was undertaken to test the growth of mung bean seedlings and some enzyme activity like 

protease, ATPase, proline oxidase and lipid perxidation activities and found 75 kDa protein 

under NaCl stress conditions ameliorative effect by CaCl2. 

 

2. Materials and Methods: 

Seedling growth: 

Black gram (Vigna mungoL.) Hepper cv. LBG-623) is a salt sensitive variety. Seeds were 

obtained from Regional Agriculture Research Centre, S.V. Agricultural College, Tirupati.  The 

seeds were surface sterilized with 0.2 % HgCl2 solution for 5 minutes with frequent shaking and 

washed thoroughly with distilled water. The seeds were presoaked in 500 ml of distilled water of 

12 and germinated on fluted filter paper towels in bread boxes. The two day old seedlings were 

exposed to different concentrations of NaCl ranging from 10 to100 mM from these 75 mM NaCl 

was selected based on the minimum growth of seedlings, same way seedlings also exposed to 

various concentrations of CaCl2 ranging from 10 to 100 mM, based on the maximum growth of 

seedlings 10 mM CaCl2 was selected (Table 01, Fig 01-a, b). Then the two day old seedlings 

were transferred separately in distilled water as the Control, 75 mM NaCl, 10 mM CaCl2 and 

combination of  75 mM NaCl + 10 mM CaCl2 (Fig 01-c). The experiments were carried out 2 

day interval up to 8
th

 day. The maximum temperature during the experimental period varied 

between 30 
0
C to 42 

0
C. The seedlings were harvested randomly on 2nd, 4th, 6th and 8th days 
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after treatment. Three replicates were maintained and in each replicate five seedlings were taken 

for experiments. 

Enzyme activities: 

Protease (E.C. 3.4.2.2) 

The procedure followed for the extraction of protease activity was as described by 

Hemigartner et al.,(1990). 

ATPase (E.C.  3.6.1.3) 

ATPase activity was assayed by the method of Evans (1969). 

Proline Oxidase (E.C.1.4.2.1) 

Proline oxidase activity was determined as per the method of Huang and Cavalieri 

(1979).  

Lipid peroxidation 

The level of lipid peroxidation was assayed by the method of Heath and Packer (1968).  

SDS-PAGE Analysis 

Electrophoresis of total proteins was carried out with 2 day and 8 day old seedlings on 

Sodium Dodecyl Sulphate Polyacrylamide Gels described by Laemmli (1970). 

 

3. RESULTS AND DISCUSSION:                                                                                                . 

Seedling growth  

NaCl treatment caused slow growth of shoot and root and on the other hand CaCl2 

treatment caused increase in length of seedlings. Addition of CaCl2 to stressed seedlings caused 

ameliorative effect of NaCl by increasing the shoot and root length during seedling growth. 

There is greater inhibition in lateral root formation in NaCl treated seedlings. This would be 

probably due to the effect of pH of the NaCl of the medium in which the seedlings are grown. 

Similar observations were made earlier in Arachis hypogaea (Nautiyaet al., 1989), mung bean 

(Nakamura et al., 1990), rice cultivars (GururajaRao et al., 1995) and chickpea seedlings 

(Muthukumarasamy and Panneerselvam, 1996). 

Calcium chloride treatment caused an increase in the shoot and root length during the 

seedling growth when compared to the other treatments. Calcium chloride also caused extensive 

development of lateral roots. Early studies on the role of Ca
2+

 in the growth noted that low 

concentration led to the reduction of cell division in the roots (Jones and Lunt, 1967). The target 

for low Ca
2+ 

action might include the formation of cell plate and mitotic apparatus. (Marcum et 

al., 1978) as plant cell spindles contained CaM. Ca
2+

 and CaM involved in the cell plate 

formation and assembly and disassembly of microtubules (Hepler and Wayne, 1985).  
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Fig-01: a) Effect of different concentrations of NaCl on the growth (in cms) of Vigna mungo seedlings (1: 

Control, 2: 10 mM NaCl, 3: 25 mM NaCl, 4: 50 mM NaCl, 5: 75 mM NaCl, 6: 100 mM NaCl);              

Fig-01: b)  Effect of different concentrations of CaCl2 on the growth (in cms) of Vigna mungo seedlings 

(1: Control, 2: 10 mM CaCl2, 3: 20 mM CaCl2, 4: 30 mM CaCl2, 5: 40 mM CaCl2, 6: 50 mM CaCl2);               

Fig-01: c) Effect of NaCl (75 mM), CaCl2 (10 mM) and their combination on the growth (in cms) of 

Vigna mungo seedlings (1: Control, 2: 75 mM NaCl, 3: 10 mM CaCl2, 4: 75 mM NaCl + 10 mM CaCl2) 
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Table-01: Effect of different concentrations of NaCl and CaCl2 on the growth (in cms) of Vigna 

mungo seedlings. Values are mean of 3 replications ± SE. 

NaCl Treatment 

Treatments Days after treatment of seedlings 

 

2 4 6 8 

Control 0.31 ± 0.011 2.04 ± 0.020 3.52 ± 0.55 4.38 ± 0.49 

10 mM NaCl 0.28 ± 0.017 2.7 ± 0.056 4.4 ± 0.061 5.42 ± 0.55 

25 mM NaCl 0.27 ± 0.01 2.6 ± 0.046 4.32 ± .053 5.51 ± 0.53 

50 mM NaCl 0.186 ± 0.003 1.92 ± 0.017 3.96 ± 0.017 5.25 ± 0.56 

75 mM NaCl 0.09 ± 0.000 2.52 ± 0.011 3.24 ± 0.026 3.72 ± 0.54 

100 mM NaCl 0.12 ± 0.002 2.150 ± 0.005 3.303 ± 0.012 3.84 ± .034 

CaCl2 Treatment 

Treatments Days after treatment of seedlings 

2 4 6 8 

Control 0.30 ± 0.051 2.13 ± 0.066 3.58 ± 0.568 4.40 ± 0.640 

10 mM NaCl 0.46 ± 0.04 2.40 ± 0.0636 4.13 ± 0.513 6.35 ± 0.490 

25 mM NaCl 0.08 ± 0.051 2.61 ± 0.051 3.14 ± 0.56 3.82 ± 0.614 

50 mM NaCl 0.28 ± 0.0580 2.8 ± 0.0705 4.56 ± 0.548 5.64 ± 0.626 

75 mM NaCl 0.26 ± 0.005 2.63 ± 0.0384 4.32 ± 0.5831 5.52 ± 0.5427 

100 mM NaCl 0.27 ± 0.011 2.45 ± 0.058 4.21 ± 0.58 5.44 ± 0.55 

 

Enzyme activities: 

Protease 

NaCl treatment caused higher level of protease activity when compared with control and 

to the seedlings treated with eitherCaCl2 and its combination with NaCl. CaCl2 treatment showed 

lower level of protease activity than either control or the other treatments. Addition of CaCl2 to 

NaCl stressed seedlings partially decreased the level of protease than NaCl treated seedlings (Fig 

02). An increase in the protease activity and degradation of the protein was reported in the 

seedlings of chickpea (Muthukumarswamy et al., 1996), horse gram (Karunagaran and 

Ramakrishna Rao, 1990), bajra, mung bean and soybean seedlings (Durgaprasad et al., 1996). 

Increased levels of protease activity and its physiological role were well demonstrated in 

sorghum seeds during germination (Vadiraj and Mulimani, 1993). Similar retardation caused by 

stress was observed by Prisco and Vieiora (1986). The mung bean seedlings and Nicotiana 

plumbaginifolia plants under water stress induced by PEG were affected much more than under 

salinity. This may be due to the maintenance of higher succulence under salt stress than under 

water stress reported earlier by Zayed and Zeid (1998). The seedlings grown in CaCl2 showed 

less protease activity than the other treatments (Bashaet al., 2011). The protease activity 

increased gradually from 2
nd

 to 8
th

 day after treatment in the seedlings of the present study. The 

same results were observed in sugarcane (Naik, 1984) and soya bean cultivars (Durgaprasad et 
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al., 1996) during germination. Proteases may be an important feature for stress metabolism, 

dispensing with redundant proteins and depolymerizing vacuolar storage polypeptides, there by 

releasing amino acids for the massive synthesis of new proteins (Guerrero et al., 1990). 

ATPase  

NaCl treatment caused higher level of ATPase activity and it increases very sharply from 

4
th

 day after treatment. The seedlings treated with CaCl2 showed lower level of activity than 

either control and in combination of NaCl with CaCl2 (Fig 02).Sodium chloride salinity 

increased the ATPase activity at higher level than the control and CaCl2 treated seedlings. A 

higher ATPase activity was observed in NaCl stressed Vigna unguiculata (Fernandes De Melo et 

al., 1994) and Phaseolus vulgaris (Horovitiz and Waisel, 1970): and attributed that the salt 

stimulated ATPase activity in the roots against the concentration gradient ions under NaCl stress. 

Ca
2+

 stimulates the ATPase activity derived from plasma membrane and microsomes (Robinson 

et al., 1988) and also stimulated by calmodulin. Plasma membrane Ca
2+

 -ATPase is generally 

believed to be the Ca
2+

 - pump responsible for extruding Ca
2+

 from the cytoplasmic compartment 

(Cheung, 1980). An increase of intracellular Ca
2+

 activates the Ca
2+

 - ATPase and increase the 

Ca
2+

efflux; this action constitutes a self regulating device for maintaining a low steady state level 

of intracellular Ca
2+

. Thus, Ca
2+ 

modulates not only the activity of the Ca
2+

 - ATPase but also its 

own cellular concentrations (Gopinath and Vincenzi, 1977; Hinds et al., 1978). 

Proline oxidase  

The level of proline oxidase activity of the seedlings gradually increased from 2
nd

 to 8
th

 

day after treatment. NaCl treatment caused lower levels of proline oxidase activity when 

compared to the seedlings treated with either CaCl2 or its combination with NaCl. However, the 

level of proline oxidase activity in the CaCl2 treated seedlings was lower than that of control (Fig 

02).Sodium chloride stress caused a decrease in the level of proline oxidase activity in the black 

gram seedlings. It has bean shown that the activities of both proline oxidase and proline 

dehydrogenase were significantly inhibited in the roots and shoots of salt stressed green gram 

seedlings (Sudhakar et al., 1993). Prolilne oxidase converts proline into glutamate. Thus, this 

enzyme also influences the level of free proline. Salt stress caused reduction in the activity of 

proline oxidase in Brassica juncea (Madan et al., 1995). Inhibition of proline oxidase is 

necessary in maintaining the high levels of proline as observed in water stressed barley leaves 

(Stewart and Bogges, 1978). Such a reduction in proline oxidase activity and the simultaneous 

increase in proline levels also occur following low temperature stress in wheat (Charest and 

Phan, 1990). Marme (1983) suggested that calcium (Ca
2+

) alleviates the water stress by 

modulation of osmotically active low molecular aliphatic compounds like proline, and the 

enzyme proline oxidase. 

Lipid peroxidation  

Increased lipid peroxidation in black gram seedlings was observed from 2
nd

 to 8
th

 day 

after treatment. NaCl treatment caused a sharp increase in the lipid peroxidation of the seedlings, 

when compared to the rest of the treatments. CaCl2 treatment showed lower levels of lipid 

peroxidation when compared with either control or CaCl2 with NaCl treatments (Fig 02). 

Malonaldehyde (MDA), a product of lipid peroxidation progressively increased during the 

growth of seedlings in all treatments. NaCl stress caused an accumulation of more MDA content 
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during progressive growth of black gram seedlings. However such an increase was prevented by 

calcium chloride and the level of MDA was considerably at low levels than either control, or 

NaCl and NaCl with CaCl2 treatments. MDA formation is considered as important process 

underlying membrane deterioration in ageing of plant tissues (Dhindsa et al., 1981, 

Venkatarayappa et al., 1984). This suggestion further strengthened the results obtained for the 

present study which shows decreased MDA formation in the seedlings treated with CaCl2. The 

higher level of MDA formed due to NaCl stress has bean considerably lowered when CaCl2 was 

added to NaCl stressed seedlings. Lipid peroxidation requires active O2 uptake and involves the 

production of superoxide radicals (O2
-
). The oxygen is converted by SOD to hydrogen peroxide 

which can then be removed by catalase (Savithramma and Swamy 1995). There is an ample 

evidence to show the generation of more number of free radicals in biological systems. 

Generation of O2
-
(Aust et al., 1972). Lipid peroxidation has bean shown to increase during in 

vitro senescence of oat and rumex leaf discs (Dhindsa et al., 1981). Phytohormones may mediate 

the modulation of free radical induce lipid peroxidation. 

 

 

Fig-02: Effect of NaCl (75 mM), CaCl2 (10 mM) and their combination on protease, ATPase, 

proline oxidase and lipid peroxidation during seedling growth of Vigna mungo.  Values are mean 
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of 3 replications ± SE. T1: Control, T2: 75 mM NaCl, T3: 10 mM CaCl2 andT4: 75 mM NaCl + 

10 mM CaCl2 

SDS PAGE  

The SDS-PAGE analysis of 2
nd

 day seedlings shows that a prominent 75 kDa polypeptide 

was observed in control seedlings than other treated seedlings (Fig. 03-a).  The SDS-PAGE 

polypeptide analysis of the seedlings on the 8
th

 day after treatment in black gram did not show 

appreciable changes in quality of peptides (Fig. 03-b). One major polypeptide (75 kDa) was 

appeared predominantly in control and treated seedlings. Whereas in 8
th

 day this polypeptide was 

disappear in control and predominant in treated seedlings the reason could be that the seedlings 

were synthesized this polypeptide to protect the stress conditions.  Thus the results concluded 

that the black gram cultivar varied in their sensitivity to NaCl stress and CaCl2 treatments.  

 

 

Fig-03: a) SDS PAGE separation of proteins extracted from the seedlings of 2
nd

 day b) 8
th 

after 

treatment. Lane M: Marker, Lane 1: Control, Lane 2: 75 mM NaCl, Lane 3: 10 mM CaCl2, Lane 

4: 75 mM NaCl + 10 mM CaCl2. 
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Conclusion:  

Salt stress sensitive black gram seeds are exposed to stress conditions the seedlings 

showed higher levels of protease activity than other two treatments because the higher levels of 

protease activity leads to the lower levels of protein content. Whereas CaCl2 treated seedlings 

showed lower levels of protease activity. Proteolysis complete polypeptide degradation due to 

the lower levels of protease. ATPase activity found higher levels in NaCl, CaCl2 treated 

seedlings maintained lower level of ATPase than the combination of CaCl2 + NaCl.  

Transmembrane ATPases import many of the metabolites necessary for cell metabolism and 

export toxins, wastes, and solutes that can hinder cellular processes. NaCl treated seedlings 

showed lower levels of proline oxidase activity. Cytoplasmic changes in whole tissue due to salt 

stress causes a physical alteration in the mitochondria, which leads to reduction in the activity of 

proline oxidase in the stressed seedlings. The CaCl2 treatment showed higher levels of proline 

oxidase activity. Calcium activates the mitochondrial enzymes by increasing osmotic potential of 

the cytoplasm. NaCl treatment caused higher levels of the lipid peroxidation when compared to 

the rest of other two treatments. Lipid peroxidation is considered as a NaCl induced salt stress 

cause important membrane denaturation. CaCl2 treatment showed lower levels of lipid 

peroxidation. Free-radical induced lipid peroxidation is involved in NaCl stress and Ca
2+

 

alleviating the effect of induced stress by modulating lipid peroxidation. 

The 75 kDa protein was found predominantly in all treatments except control this may be 

due to new protein may be synthesized in the treated seedling.  The quantity was more in NaCl 

treated seedlings when compare with other two treatments. 

The present study is an attempt to understand the role of calcium in alleviation of the salt 

stress in black gram during seedling growth. Additional information is imperative regarding the 

intercellular functions in Ca
2+ 

concentration. Accurate and direct measurement of free cytosolic 

Ca
2+

 concentrations is needed to further understand the involvement of Ca
2+

 in the alleviation of 

salt stress. 
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