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ABSTRACT: : The effect of salinity on photosynthetic pigments, lipid peroxidation and electrolytic leakage 
in changes were investigated under salinity of different concentrations (0, 50, 100. 150mM). The two maize 
varieties BC-3033 and BC-3591 were sampling was done in young and fully matured leaves were taken 
from control and salinity treated plants on 15th Days After Treatment (DAT) and 30th DAT. Treatments 
were planted in pots. Total chlorophyll, chlorophyll-a, chlorophyll-b were significantly reduced in both 
varieties in leaves under salinity stressed condition. The reduction in the content of soluble protein was 
observed. The observations were recorded for the lower rates of membrane lipid peroxidation (MDA) and 
electrolytic leakage in the leaf of BC-3033 varieties with higher concentration of salt stress. Our data 
revealed that BC-3033 maintained higher content of photosynthetic pigments as well as accumulated of 
soluble protein and lower reduction of membrane lipid peroxidation (MDA) and electrolytic leakage 
content when compared to variety BC-3591 during the adverse effect of salinity stress. 
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INTRODUCTION 
  Salinity is one of the major abiotic stresses in arid and semi-arid regions but salt-affected soils have 
been recorded in practically all the climatic regions where more than 800 million hectares of agricultural 
and or over 6% of the world surfaces are salt affected. Sodium chloride is the most soluble, pervasive, and 
superabundant salt in the world1. Effect of salinity stress on carbohydrate, lipid peroxidation and proline 
contents of two horse gram varieties2. The reduction of chlorophyll a and chlorophyll b with NaCl 
application was reported in many plants such as Zea mays this due to increasing the destructive enzymes 
chlorophyllase3. Reduction in the pigments system is attributed to the induced weakening of protein-
pigment-lipid complex by salt or to the increase in the chlorophyllase activity 4. The most common effects in 
plants are toxicity, diminished CO2 assimilation and enhanced generation of reactive oxygen species5 . 
Changes in fundamental processes have also been observed, such as growth, photosynthesis, protein 
synthesis and lipid metabolism7. The metabolic imbalances due to ionic toxicity, osmotic stress and 
nutritional deficiency may lead to oxidative stress6 . Salt stress affects all major processes including 
photosynthesis, protein synthesis, lipid and energy metabolism7  

 Corn, commonly known as maize (Zea mays L.), is annual crop that belongs to the family of grass i.e. 
Poaceae. Maize is also recognized by different synonyms such as zea, corn, silk corn etc.   

  

MATERIALS AND METHODS 
Plant Material and Growth Conditions  
 The certified maize (Zea mays L.) seeds (Variety: BC–3033, BC–3591) were procured from Tamilnadu 
Agriculture University Coimbatore and Paiyur. Seeds with inform size were selected and the plants were raised 
in pots containing red and clay soil and pH of the soil was 7.2 with EC of 0.2 dsm-1. After 20 days, seedlings 
were thinned and three plants of uniform vigor were maintained in each pot. Plants were grown under 
natural climatic conditions. Plants were watered for the first 20 days after germination. 
SALINITY TREATMENTS 
 The seedlings were divided into four groups. One group of seedlings was maintained under non-
salinized conditions which served as control plants. The watering solution for control plants consists of tap 
water. Other three groups were salinized by irrigation daily to soil capacity (500 ml d-1) with the nutrient 
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medium containing 50 mM, 100 mM and 150 mM NaCl. 50mM consider as a low salinity level, 100mM 
consider as a medium salinity level and 150mM salinity consider as a high salinity level.  All the plants used 
in this study were of comparable size.    
SAMPLING DAYS 
     Young and fully matured leaves were taken from control and salinity treated plants on 15th Days After 
Treatment (DAT) and 30th (DAT) for all the experiments described below. 

PHOTOSYNTHETIC PIGMENTS 
 TOTAL CHLOROPHYLL   

 The total chlorophyll content of the leaves was estimated according to Arnon, (1949).      
                                  (20.2 x A645) + (8.02 x A663) 
Total chlorophyll = --------------------------------------- x V (mg/g fw) 
                                               1000 x w x a 

 CHLOROPHYLL-A 
 Chlorophyll-a content was estimated according to 9.  
                     (12.7 x A663) - (2.69 x A645)         

Chlorophyll-a = ---------------------------------------- x V (mg/gfw) 
                                           1000 x w x a 

 CHLOROPHYLL-B 
 Chlorophyll-b content of the leaf was also estimated according to9 using the formula: 

 (22.9 x A645) - (4.88 x A663)           
Chlorophyll-b  = ------------------------------------ x V (mg/gfw) 
                                         1000 x w x a                            

 
 PROTEIN CONTENT 

Total leaf protein content was estimated by Lowry's method 8. The mixture was incubated in 
darkness; the blue color was read at 660 nm in Spectrophotometer.   The values are expressed as mg/gfw.   
ELECTROLYTE LEAKAGE 

The total inorganic ions leaked out in the leaves during salinity stress were measured as 
described10.The electrolytic leakage was calculated using the formula, 
                                                  ECb - ECa 

Electrolytic leakage (%) =     ------------------------  x 100   

                                                                                        ECc 
 Lipid Peroxidation  

 

Lipid peroxidation rates were determined by measuring the malondialdehyde equivalents 
according11. Lipid oxidation rate equivalents (nmol malondialdehyde ml-1).  
Statistical Analysis 

 Data   for each parameter analyzed by Two-Way ANOVA and significant differences between 
treatment mean and varieties were determined by using SPSS (version 15.0, SPSS, Chicago, IL, USA). Data 
are presented as the mean ± SE of five independent determinations and significance was determined at the 
95% confidence (P≤0.05) limits.    

 

RESULTS 
TOTAL CHLOROPHYLL 
    Effect of salinity on total chlorophyll content was studied in two maize varieties and it was 
decreased with increasing salinity levels on all the sampling days as shown in Figure 1. On 30th DAT highest 
total chlorophyll content was recorded in the variety BC-3033 (0.64 mg/gfw)  over to control plants (1.29 
mg/gfw, respectively) under 150mM salinity stress, whereas low total chlorophyll content was observed in 
the variety BC-3591 (0.57 mg/gfw) relative to controls (1.20 mg/gfw, respectively). 
 CHLOROPHYLL ‘a’ and ‘b’ 
     On all the sampling days, Chlorophyll ‘a’ and ‘b’ content was decreased with increasing salinity 
levels in all the maize varieties (Figure 2 & 3). On 30th DAT, with 150mM salinity treatment, lowest chl ‘a’ 
and chl ‘b’ content was observed in the variety BC-3591 and it was 0.23 mg/gfw and 0.41 mg/gfw, 
respectively, over the controls (0.40 mg/gfw and 0.79 mg/gfw, respectively), while highest chl ‘a’ and chl ‘b’ 
content was recorded in the variety BC-3033 and it was 0.27 mg/gfw, 0.49 mg/gfw, respectively, compared 
to control plants (0.45 mg/gfw and 0.85 mg/gfw, respectively).  
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PROTEIN CONTENT 
    Protein content was decreased in leaves of all the two maize varieties with increasing salinity level 
on all the sampling days (Figure 4). Under 150mM salinity stress, on 30th DAT, protein content was highly 
decreased in BC-3591  by 50% (28.67 mg/gfw) over the control plants (55.58 mg/gfw, respectively), while 
low decrease of protein content was recorded in the variety BC-3033  by 26% (32.67 mg/gfw)  relative to 
control plants (57.51 mg/gfw, respectively).  
 ELECTROLYTIC LEAKAGE 
         Electrolytic leakages were measured in control and salinity treated plants (Figure, 5). In both the 
varieties (BC-3033 and BC-3591) electrolytic leakage percentage increased with increasing salinity 
concentrations. In BC-3033 at 150 mM salinity, on 15th Days After Treatment (DAT) and 30th DAT, 
electrolytic leakage percentage was 2.28 when compared to control plants which showed percentage of 
1.83, while in BC-3591 at 150 mM salinity electrolytic leakage percentage was 3.26 when compared to the 
control plants which showed percentage of 2.05.  
 LIPID PEROXIDATION 
             Malondialdehyde content was measured in the leaves of both the maize varieties BC-3033 and BC-
3591 (Figure, 6).  Salinity stress has resulted increased content of malondialdehyde with increasing salinity. 
In BC-3033 at 150 mM salinity, on 15th Days After Treatment (DAT) and 30th DAT, malondialdehyde 
content was increased by 36% compared to control plants. At 150 mM salinity in BC-3591 melondialdehyde 
content was increased by 48% (3.83 nmol/ml) when compared to control plants (2.12 nmol/ml). 
 

DISCUSSION 
TOTAL CHLOROPHYLL, CHLOROPHYLL-a AND CHLOROPHYLL-b 
       12Reported chlorophyll content as one of the parameters of salt tolerance in crop plants. 13Observed 
higher chlorophyll degradation in sodium chloride-sensitive pea cultivar as compared to tolerant one.  In the 
current study, the total chlorophyll content of leaves averaged over two varieties indicated that it decreased 
significantly with the increase in salt concentration (Figure 1. Figure 2, Figure 3). Varieties differed 
significantly under salt stress treatments. However, highest total chlorophyll content under salinity stress 
was recorded in BC-3033 on all the sampling days (15th DAT and 30th DAT) even at high salinity 
concentrations, whereas low level of total chlorophyll content was observed in BC-3591 under salinity 
stress.  The decrease in chlorophylls in salinized plants could be attributed to increased activity of the 
chlorophyll-degrading enzyme, chlorophyllase and ion accumulation in leaves14. 
             It is generally known that photosynthetic efficiency depends on photosynthetic pigments 
such as chlorophylls ‘a’ and ‘b’, which play an important role in photochemical reactions of photosynthesis15. 
In our study, salinity stress led to a decrease in chlorophyll ‘a’ and ‘b’ on all the sampling days (15th DAT and 
30th DAT) and this effect increased consistently with increasing salinity levels as compared to non- stressed 
treatment. However, higher reduction of chlorophyll ‘a’ and ‘b’ was observed in BC-3591 and lowest 
reduction was noticed in the variety BC-3033 on all the sampling days with varying salinity levels. The 
present study on the pigment composition clearly showed that the variety BC-3033 maintained high 
pigment content on all the sampling days than other maize varieties when subjected to salt stress.  
SOLUBLE PROTEIN CONTENT 

 Plant species and even different cultivars within the same species differ greatly in their response to 
salinity16. Under saline conditions, there is a change in the pattern of gene expression and both qualitative 
and quantitative changes in protein synthesis17. In this investigation, when NaCl concentration increased, a 
soluble protein in two maize varieties was significantly changed (Figure 4). Comparatively, lower decrease 
of soluble protein content was observed in the leaves of maize variety BC-3033 on all the sampling days 
even with high salinity levels as compared to controls. More decrease of soluble protein content was 
observed in the variety BC-3591 on all the sampling days compared to control plants. High temperature, 
salinity and drought stress can cause denaturation and dysfunction of many proteins18. The results in this 
study clearly indicates that even though the protein synthetic machinery of the maize varieties are affected 
by the salinity stress, variety BC-3033  maintained higher protein content on all the sampling days 
compared to other varieties.   
ELECTROLYTIC LEAKAGE AND LIPID PEROXIDATION 

 The electrolytic leakage and lipid peroxidation rates were observed in two maize varieties such as 
BC–3033, BC–3591 in control and treated plants of different salinity concentrations (50mM, 100mM, and 
150mM). Electrolytic leakage and lipid peroxidation was more in varities BC-3591 compared to BC-3033 
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(Figure. 5, Figure 6). Lipid perexidation is a destructive chain reaction and it can directly damage the 
structure of membrane19. Lipid peroxidation of biological membranes might lead to structural alterations in 
salinity stressed plants. Experimental evidence suggests that lipid peroxidation reactions of cellular 
membranes may play an important role in radical mediated cell injury20. Our results suggest that salinity 
stress can induce membrane lipid peroxidation resulting membrane fluidity leading to enhanced electrolytic 
leakage. Our data also indicate that the degree of cell membrane injury and levels of membrane lipid were 
relatively less in BC–3033 than BC–3591 under salinity stress conditions. 

 

CONCLUSIONS 
 In conclusion, based on the relative tolerance results provided, it seems that BC-3033 is highly salt 

tolerant in comparison with the other maize varieties. In fact, for most parameters recorded, better 
performance was observed in BC-3033 under salt stress on all the sampling days at all salinity levels. This 
variety probably maintains the photosynthetic pigments with protein and osmotic adjustment with 
accumulation of electrolytic leakage and lipid peroxidation and prevents oxidative and other stresses 
induced by Na+ with well regulation of biochemical constituents and these traits would be useful as selection 
criteria during breeding for salt tolerance in maize. 
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Figure 1. Changes of total chlorophyll content in leaves of maize varieties on 15th DAT (a), 30th DAT (b) 
under varying levels of salinity. Each value represents mean ± SE of five independent determinations 

(p<0.05). 

a  
 

b  
 

Figure 2. Influence of varying levels of salinity on chlorophyll ‘a’ content in leaves of maize varieties on 15th 
DAT (a), 30th DAT (b). Each value represents mean ± SE of five independent determinations (p<0.05). 

a  
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b  
 

Figure 3. Effect of varying levels of salinity on chlorophyll ‘b’ content in leaves of maize varieties on 15th DAT 
(a 30th DAT (b). Each value represents mean ± SE of five independent determinations (p<0.05). 

a  
           

b  
 

Figure 4. Effect of different salinity levels on soluble protein content in the leaf extracts of maize varieties on 
15th DAT (a), 30th DAT (b). Each value represents mean ± SE of five independent determinations (p<0.05).  

a  
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b  
 

Figure 5. Effect of different salinity levels on lipids peroxidation content in the leaf extracts of maize 
varieties on 15th DAT (a), 30th DAT (b). Each value represents mean ± SE of five independent determinations 

(p<0.05). 

a  
 

b  
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Figure 6. Effect of different salinity levels on electrolytic leakage content in the leaf extracts of maize 
varieties on 15th DAT (a), 30th DAT (b). Each value represents mean ± SE of five independent determinations 

(p<0.05). 

a  
 

b  
 
 
 
 
 

 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 


