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 Abstract 

An attempt was made to reclamation the sodium chloride stressed plants with calcium chloride. For this work, Zea 

mays Var. Co-24 was cultivated in control, 10 mM NaCl alone, and in combined salt (10 mM NaCl + 5 mM CaCl2). NaCl 

stressed plants showed decreased the photosynthetic pigments. When NaCl treatment was combined with CaCl2, it 

significantly improved the photosynthetic pigments such as chlorophyll and carotenoids. The antioxidant enzymes such as 

catalase, peroxidase and superoxide dismutase activities were increased in NaCl stressed plants while it is decreased in 

combined salt treated plants. In conclusion, NaCl treated plants significantly decreased the plants growth and photosynthetic 

pigments while increased the proline and antioxidant enzymes in Zea mays. However, calcium chloride treated with NaCl 

stressed plants it significantly improved the variables affected by NaCl salinity. The addition of calcium chloride plays a 

significant role in mitigating the deleterious effect of NaCl salinity. 
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Introduction 

Soil salinization is one of the major factors operative 

in soil degradation. It has affected 19.5% of the irrigated 

land and 2.1% of the dry-land agriculture existing on the 

globe (FAO, 2000). Salinity effects are more conspicuous 

in arid and semi-arid areas where 25% of irrigated land is 

salt affected. Salinity hampers growth and yield of plants 

(Demiral and Turkan, 2006). Salinity induced inhibition of 

plant growth results from osmotic and ionic effects, and 

different plant species have developed different 

mechanisms to cope with these effects (Munns, 2002; 

Sumithra et al., 2006). Osmotic adjustment, i.e. reduction 

of osmotic potential due to net solute accumulation, is an 

important mechanism of salt tolerance in plants (Sairam 

and Tyagi, 2004). The reduction in osmotic potential in 

salt-stressed plants may stem from accumulation of 

inorganic ions (Na+, Cl-, Ca2+ and K+) and compatible 

solutes such as carbohydrates, amino acids, proline 

(Hasegawa et al., 2000; Kavi Kishore et al., 2005).  

The osmotic adjustment in leaves contributes to the 

maintenance of water uptake and cell turgor, allowing for 

physiological processes like stomata conductance, 

photosynthesis and cell expansion (Serraj and Sinclair, 

2002). Although expression of carotenoid genes does not 

occur in etiolated plants, their synthesis is stimulated on 

transfer to light (Bramley, 2002; Tahkokorpi et al., 2007). 

The salinity induces the decrease in carotenoid content in 

Sesamum indicum, in Oryza sativa (Cha-um et al., 2004) 

and in Cajanus cajan (Amuthavalli and 

Sivasankaramoorthy, 2012). Carotenoids concentrations 
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decreased under NaCl stress while increased under CaCl2 

treatment (Gholizadeh et al., 2012). Antioxidative enzymes 

including superoxide dismutase, catalase and peroxidase 

may act as one of the important defense systems. 

Superoxide dismutase, catalase and peroxidase 

significantly increased under salinity stress in Morus alba 

(Sudhakar et al., 2001), in Beta vulgaris (Bor et al., 2003), 

in Brassica napus (Ashraf and Ali, 2008) and in Pisum 

sativum (Noreen and Ashraf, 2009). The activity of 

peroxidase another oxygen scavenging enzyme was found 

enhanced under salt stress. Generally peroxidase activity 

increases with the stress intensity. Singh et al. (2000) 

observed an increased peroxidase activity in senna 

seedlings subjected to water stress. Similar increase in 

peroxidase activity was observed in salt tolerant varieties 

of chickpea seedlings (Singh et al., 2001) and in Suaeda 

nudiflora (Sivasankaramoorthy et al., 2011).  

The calcium controls activation of basic peroxidase 

secretion which could be initiated by a primary stimulus 

induced release in K+. Ca2+ would principally activate 

basic peroxidase but an effect on acidic is enzymes is not 

excluded. Actually Ca2+ is necessary for the correct 

conformation of the peroxidase apoprotein (Gaspar et al., 

1982). Increases in the activities of catalase have been 

reported in soybean (Comba et al., 1998), in mulberry 

(Chinta et al., 2001) and in canola (Heidari, 2010). The 

activity of catalase was low in rice seedlings as well as in 

plants, which were subjected to salt stress (Anuradha, 

2002). Decreased catalase activity was also reported by 

Ben Amor et al. (2005); Lokman Ozturk et al. (2012). The 

NaCl treated plants showed a dose-dependent increase in 

superoxide dismutase and catalase activity. The NaCl + 

CaCl2 treatment also increased but this increase was less 

than one caused by NaCl alone (Jaleel et al., 2007; Ansari 

et al., 2009; Arafa et al., 2010). The activity of superoxide 

dismutase increased with the increase in the concentration 

of NaCl in shoot and root (Cavalcanti et al., 2007; 

Mohammadi et al., 2012). 

Materials and Methods 

Zea mays L. Var. Co-24 seeds were surface sterilized 

with 0.2% HgCl2 solution for 5 min with frequent shaking 

and then thoroughly washed with deionized water. The 

seeds were sown in plastic pots filled with 3 kg of a 1:1:1 

soil mixture containing red soil, sand and farmyard manure 

(FYM). 5-7 seeds per pot were sown and all the pots were 

watered with tap water up to 7 days after sowing (DAS). 

On 8th day the pots were irrigated with ground water as 

control or with 10 mM NaCl, 10 Mm NaCl with 5 mM 

CaCl2 solutions. The plants were uprooted randomly on 30 

DAS and analyses for photosynthesis and antioxidative 

enzymes of Zea mays. 

Biochemical analysis 

Chlorophyll was extracted from the leaves and 

estimated by the method of Arnon (1949). Five hundred 

milligrams of fresh leaf tissue was taken in a pestle and mortar 

with 10 ml of 80% acetone and it was ground well. Then, the 

homogenate was centrifuged at 800 g for 10 mins and the 

supernatant was saved. The pellet was re-extracted with 5 ml of 

80% acetone each time till the pellet became colorless. All the 

extracts were pooled and the chlorophyll content was 

determined by using the following formula and expressed in 

milligram per gram fresh weight. Peroxidase activity was 

assayed by the method of Kumar and Khan (1982). One 

gram of fresh plant material was homogenized with 20 ml 

of ice cold extraction medium containing 2 mM MgCl2, 1 

mM EDTA, 10 mM β-mercaptoethanol, 7% PVP and 10 

mM sodium metabisulphate. The homogenate was strained 

through two layers of cheese cloth and centrifuged at 10,000 
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rpm for15 mins. The supernatant was made up to 20 ml with 

the same buffer and it was used as the source of enzyme. 

Assay mixture of peroxidase contained 2 ml of 0.1 M 

phosphate buffer (pH 6.8), 1 ml of 0.01 M pyrogallol, 1 ml 

of 0.005 M H2O2 and 0.5 ml of enzyme extract. The 

reaction mixture was incubated for 5 mins at 25C, after 

which the reaction was terminated by adding 1 ml of 2.5 N 

H2SO4. The amount of purpurogallin formed was 

determined by measuring the absorbance at 420 nm against 

a blank prepared by adding the extract after the addition of 

2.5 N H2SO4 at zero time. The activity was expressed in 

unit per minute per mg protein. Catalase activity was 

assayed as described by Chandlee and Scandalios (1984). 

Five hundred milligrams of frozen material was 

homogenized in 5 ml of ice-cold 50 mM sodium phosphate 

buffer (pH 7.5) containing 1 mM PMSF (Phenyl methyl 

sulfonyl fluoride). The extract was centrifuged at 4C for 20 

mins at 12,500 rpm. The supernatant was used for enzyme 

assay. The activity of enzyme catalase was measured using 

the method of Chandlee and Scandalios (1984) with 

modification.  

Fig. 1. Effect of NaCl and NaCl+CaCl2 on Chl a, b, total 

chlorophyll and carotenoid in the leaves of Zea mays 

 

The assay mixture contained 2.6 ml of 50 mM 

potassium phosphate buffer (pH 7.0), 0.4 ml 15 mM H2O2 

and 0.04 ml of enzyme extract. The decomposition of H2O2 

was followed by the decline in absorbance at 240 nm. The 

enzyme activity was expressed in units per min per mg 

protein. Superoxide dismutase activity was assayed as 

described by Beauchamp and Fridovich (1971). The 

reaction mixture contained 1.17 x 10-6 M riboflavin, 0.1 M 

methionine, 2 x 10-5 M potassium cyanide and 5.6 x 10-5 M 

nitroblue tetra-zolium salt (NBT), dissolved in 3 ml of 0.05 

M sodium phosphate buffer (pH 7.8). Three ml of the 

reaction medium was added to 1 ml of enzyme extract. The 

mixture was illuminated in glass test tubes of uniform 

thickness. The illumination was performed by two sets of 

Philips 40 W fluorescent tubes. The test tubes were 

arranged in a single row, with a set of tube lights fixed on 

either side. Illumination was started to initiate the reaction 

at 30C for one hr identical solutions were kept under dark 

served as blanks. The absorbance was read at 560 nm in a 

Spectrophotometer against the blank. Superoxide 

dismutase activity was expressed in units. One unit is 

defined as the amount of change in the absorbance by 0.1 

per hour/mg protein under assay condition. 

Results and Discussion 

  The total chlorophyll and carotenoid content 

decreased in Zea mays by NaCl affected plants when 

compared to control plants. On the other hand, addition of 

5 mM CaCl2 to 10 mM NaCl affected plants, both the 

pigments increased when compared to NaCl affected plants 

(Fig. 1). Decrease in chlorophyll under high salinity has 

been reported in a number of crop plants in Morus alba 

(Giridara Kumar et al., 2003); in Cassia angustifolia 

(Anjum Arshi, 2004). Addition of CaCl2 in NaCl may 

inverse the chlorophyll and carotenoid pigments when 

compared to NaCl salinity plants. Similar findings were 

observed in green gram (Anbukarasi, 2005); in black gram 

(Divya and Kumaravelu, 2006) and Oryza Sativa 
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(Sivasankaramoorthy, 2013). The decrease of chlorophyll 

is mainly attributed to the destruction of chlorophyll ‘a’ 

which is considered to be more sensitive to salinity than 

chlorophyll ‘b’ (Singh and Dubey, 1995). Reduced 

photosynthesis under salinity is not only attributed to 

stomata closure leading to a reduction of intercellular CO2 

concentration, but also to non-stomata factors. There is 

strong evidence that salt affects photosynthetic enzymes, 

chlorophylls and carotenoids (Stepien and Klobus, 2006).  

Fig. 2. Effects of NaCl and NaCl + CaCl2 on Peroxidase 

activity (units min-1 g-1 fr. wt.) of leaf, stem and root on 

30th day of Zea mays 

 

  The catalase, peroxidase and superoxide dismutase 

of leaf, stem and root of Zea mays in different types of salt 

(NaCl and NaCl+CaCl2) are given in the (Figs. 2, 3 and 4). 

The enzyme activity considerably increased in NaCl 

treated plants than the control and combined salt on the 

sampling days. Similar results were observed in catalase 

activity of mulberry (Harinasut et al., 2003), Cicer 

arietnum (Kukreja et al., 2005) and Lycopersicon 

esculentum (Gapinska et al., 2008). Eyidogan and Oz 

(2005) reported a significant increase in catalase activity in 

Cicer arietinum leaves under salt treatment. Similarly, 

increases in catalase activity in Cicer arietinum roots 

following salinity stress was noted by (Kukreja et al., 

2005). The activity of peroxidase, another oxygen 

scavenging enzyme was found enhanced under salt stress. 

Generally peroxidase activity increase with the stress 

intensity (Krishnamurthy et al., 2000). Singh et al. (2000) 

observed an increased peroxidase activity in lentil 

seedlings subjected to salt stress. Similar increases in 

peroxidase activity in salt tolerant varieties of chickpea 

seedlings (Singh et al., 2001). In this study, the antioxidant 

enzymes peroxidase activity and catalase activity were 

increased under NaCl salinity and further enhanced due to 

CaCl2 treatment. These results are in agreement with those 

reported by Jaleel et al. (2007). The plants defend against 

these reactive oxygen species by induction of activities of 

certain antioxidative enzymes such as catalase, peroxidase 

activity (Mittova et al., 2003). Catalase is specific to a 

great extent for H2O2, and removes excess H2O2 before it 

can leak out into other parts of the cell (Ali and Alqurainy, 

2006).  

Fig. 3. Effects of NaCl and NaCl + CaCl2 on catalase 

activity of leaf, stem and root of Zea mays 

  The high concentration of H2O2 in tissues was 

mainly scavenged by catalase which led to a low level of 

H2O2, while low concentration of H2O2 was mainly 

scavenged by peroxidase activity during the period of 

oxidation of relative substances. In the present study, 

superoxide dismutase activity significantly increased under 
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salinity stress. Addition of CaCl2 increases the superoxide 

dismutase content more than control and salt-stressed 

plants. Similar results related to enhanced activity of 

superoxide dismutase was obtained in mulberry (Sudhakar 

et al., 2001), in Senna (Agarwal and Pandey, 2004), in 

maize (Azevedo-Neto et al., 2006), in spinach (Eraslan     

et al., 2008) under salinity stress. The activity of 

superoxide dismutase enzyme, which converts superoxide 

radical to H2O2, was reported to increase under saline 

conditions in cotton (Meloni et al., 2003) and in maize and 

sunflower seedlings (Rios-Gonzalez et al., 2002). The 

oxidative stress is a key component of environmental 

stress, and increased superoxide dismutase activity was 

correlated with increased protection from damage 

associated with oxidative stress (Asada, 1999). Therefore, 

superoxide dismutase (enzyme converting superoxide to 

H2O2) is usually considered the first line of defense against 

oxidative stress. 

Fig. 4. Effects of NaCl and NaCl + CaCl2 on Superoxide 

dismutase activity of leaf, stem and root of Zea mays 

  The result from this observation shows that the 

highest superoxide dismutase was observed in NaCl salt. 

This implies that enhancement of superoxide dismutase, 

scavenges superoxide radicals to protect from cellular 

oxidative damage (Price et al., 1994) suggested that 

cytoplasmic Ca2+ concentration mediated the inhibition of 

superoxide dismutase by H2O2. The product of superoxide 

dismutase activity is H2O2, which is still toxic and must be 

eliminated by conversion to H2O in subsequent reactions. 

Superoxide dismutase activity plays a central protective 

role in the oxygen radicals and H2O2 scavenging process 

(Mittova et al., 2002; Liang et al., 2003). From the results, 

it can be concluded that the addition of CaCl2 to NaCl 

stressed plants have a significant role in partial alleviation 

of salinity stress.  
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