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Abstract   

  The current study has been conducted to determine the growth parameters and carbohydrate metabolisms under 

different salinity concentrations (0, 50, 100 and 150 mM). The two maize varieties BC-3033 and BC-3591 of young 

and matured leaves were taken as control and salinity treated plants on 15 and 30 Days after Treatment (DAT).  

Growth parameters such as plant height, lea area, fresh and dry weight of the whole plants were decreased in both 

varieties under salinity stressed condition. The biochemical parameters total soluble sugar, reducing sugar, changes in 

biochemical parameter of total soluble sugar, reducing sugar in leaf was increased with higher concentration of salt 

stress. Quantitative differences with response to salinity were also noticed in the content of starch in the maize 

varieties. The BC-3033 is maintained at less growth and higher contents of carbohydrates as well as starch content 

compared to 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 world (FAO, 

2008). Effect of salinity stress on carbohydrate, lipid 

peroxidation and proline contents of two horse gram 

varieties (Kanagaraj and Sathish, 2017). Rapid 

population growth and subsequent food shortage 

especially in Asia and Africa and advancing salinity 

in arable land due to climate change have increased 

the importance of finding salt tolerant genotypes 

(Blumwald et al., 2004). The reduction in yield of 

many crops by salinity is well documented (Khalida 

and Da Silva, 2010). The growth of plants may be 

reduced under salt stress because of (a) an osmotic 

stress due to lowering of the external water potential 

or (b) effects of specific ions on metabolic processes 

ranging from the absorption of nutrients to enzyme 

activation or inhibition (Qin et al., 2011). The 

metabolic imbalances due to ionic toxicity, osmotic 

stress and nutritional deficiency may lead to 

oxidative stress (Hasaneen et al., 2009; Baatour et al., 
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2010). Salt stress affects all major processes 

including photosynthesis, protein synthesis, lipid and 

energy metabolism (Desingh et al., 2006; Desingh 

and Kanagaraj, 2007).  

 Most of the plants are sensitive to salt stress, in 

with high concentration of salinity causes reduction 

in carbohydrates that are needed for cell growth. 

Carbohydrates are supplied mainly through the 

process of photosynthesis and photosynthesis rates 

are usually lower in plants exposed to salinity and 

especially to NaCl (Parida and Das, 2005). Increasing 

of sugar under environmental stress was recognized 

as a result of starch degradation, sugar synthesis by 

non-photosynthesis pathways, non-converting of 

these components to other productions and 

decreasing of transporting from leaves 

(Premachandre et al., 1991). 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. Maize is mother grain of Americans and 

is considered as the earliest cultivar of the new world. 

It is most widely distributed world’s plant. Multitudes 

of maize subspecies are identified and classified 

depending upon the extent of starch each have 

(Piperno and Flannery, 2001). Maize is native of 

South America but extensively cultivated in various 

other countries as well like India, Thailand, Pakistan 

and China, and in several parts of Philippines. It is 

considered as staple article of food in some islands 

and provinces. It is widely grown in temperate and 

tropic regions with well drained and fertile soil. 

(Mills, 1994). Nutritional composition: Pollens and 

seeds are the nutritious and edible parts of maize. 

Seeds are consumed in raw and cooked form that 

serves as good source of carbohydrates. Corn contain 

vitamin B-complex such as B1 (thiamine), B2 

(niacin), B3 (riboflavin), B5 (pantothenic acid) and 

B6 that makes it commendable for hair, skin, 

digestion, heart and brain. It contains vitamins C, A 

and K together with large amount of beta carotene 

and fair amount of selenium that helps to improve 

thyroid gland and play important role in proper 

functioning of immune system. It has higher content 

of protein and fat as compared to other cereals. Corn 

silk contains maizeric acid, fixed oils, resin, sugar, 

mucilage, salt and fibres essential for our diet. Corn 

syrup is useful in manufacturing of jams, jellies, and 

other sweets and as an additive for cane sugar and 

maple syrup.  

Edible oils obtained from seeds are useful in 

salad and for cooking. Roasted seeds are used as 

coffee substitute. Helping production of sex related 

hormones assemble it good for sexual health 

especially for men with erectile dysfunctions. It is 

believed to improve symptoms of rheumatism as B-

complex is able to improve joint motility. Major 

nutrient of corn silk is potassium that is powerful 

diuretic. In Europe and some other countries such as 

French, Spain, Greece including India; corn silk is 

used to conquer urinary tract infections and kidney 

stones (Lans, 2006). In India, maize (Zea mays L.), 

has a wide geographic distribution extending over a 

range of environmental conditions. However, as other 

crops in India, maize is also subjected to 

environmental stresses, particularly salinity. 

Although much information is available on the 

agronomics aspects of maize very little is known 
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about the effects of salinity on physiological and 

biochemical aspects of maize. The present study was 

undertaken to evaluate the salinity responses of two 

maize varieties (Zea mays L.), usually used for 

cultivation. 

Materials and Methods 

Plant material and growth conditions 

The certified maize (Zea mays L.) seeds (Variety: 

BC–3033, BC–3591) were procured from Tamil Nadu 

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. The maximum 

irradiance (PAR, 400-700 nm) available during 

growth was 1800-2000 mol m-2s-1 on a clear day. 

Daily maximum and minimum temperatures were 29-

33 and 20-220C, respectively. 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 and one-fourth strength of Hoagland 

nutrients (Hoagland and Arnon, 1950). Other three 

groups were salinized by irrigation daily to soil 

capacity (500 ml d-1) with the nutrient medium 

containing 50, 100 and 150 mM NaCl. Fifty mM 

considered as a low salinity level, 100 mM consider 

as a medium salinity level and 150 mM salinity 

consider as a high salinity level.  All the plants used 

in this study were of comparable size. Sodium 

chloride used in this study was Laboratory AR grade 

Assay 99.8%, (Universal Laboratories Pvt. Ltd. 

Mumbai). Salt treatment was continued until each 

plant received the required mM NaCl. Care was taken 

for individual plants in each group received the pre-

calculated concentrations of NaCl in full. Additional 

pots with plants were also maintained for control, as 

well as each salinity treatment for need of plant 

material. 

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. 

Growth Components: Height of the plant 

 The height of the plant was measured with a 

measuring tap on 15th DAT and 30th DAT.  

Leaf area 

The leaf area was calculated multiplying the 

length and breadth of the broadest regions of the leaf. 

Leaf area = length   breadth  

Fresh weight of the whole plant 

Mature plants were carefully uprooted. The 

roots were washed blotted and whole plant was 

weighed. 

Dry weight of the whole plant 

The mature plants were carefully uprooted and 

the roots were washed, blotted and the whole plant 

was dried in an oven at 75-800 for 40 hrs until a 

constant weight was obtained.  
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Carbohydrates 

Alcoholic extraction 

 Leaf sample was macerated in mortar and pestle 

and 25 mg of the dried powder was boiled in water 

bath with 10 ml of ethyl alcohol (80%). The 

homogenate was centrifuged at 1500 g for 15 mins. 

The supernatant was made upto 20 ml with 80% ethyl 

alcohol. This alcoholic extract was used for 

quantitative estimation of total sugar and reducing 

sugar. Residue was saved for starch estimation.  

Total Sugar  

 Total sugar content was estimated using the 

method of Dubois et al. (1956). 

Extraction 

 To the residue left after alcoholic extraction, 5 

ml of distilled water and 5 ml of perchloric acid 

(52%) were added. The mixture was incubated for 30 

mins and filtered. The filtrate was made upto 100 ml 

with glass distilled water. 

Estimation 

 To 1 ml of ethanolic extract, 4 ml cold 

anthrone reagent was added. This was heated for 10 

mins in boiling water bath. Test tubes were closed 

with glass marbles to prevent evaporation. After 

cooling, absorbance was recorded at 620 nm in 

spectrophotometer. A standard graph was prepared 

using glucose, and the amount of total sugar was 

calculated using this standard graph. Values are 

expressed as mg/gdw. 

Reducing sugar 

 Reducing sugar was estimated by following 

Somogy's method as modified by Nelson (1944). 

Estimation: To 1 ml of ethanolic extract, 1 ml of 

fresh copper reagent prepared by mixing copper 

tartrate solution and copper sulphate solution 25:1 

(V/V) was added. This mixture was heated in boiling 

water-bath for 20 mins and cooled and 1 ml of 

arseno-molybdate was added to this mixture. The 

resulting blue color was read at 500 nm in 

spectrophotometer against appropriate blank. The 

content of the reducing sugar was calculated using 

glucose as the standard. Values are expressed as 

mg/gdw. 

Non-Reducing Sugar  

 Non-reducing sugar content was calculated by 

subtracting the amount of reducing sugar from total 

sugar content. 

Starch 

 Starch content of the leaf was estimated 

according to Mc Cready et al. (1950).  

Extraction 

 To the residue left after alcoholic extraction, 5 

ml of distilled water and 5 ml of perchloric acid 

(52%) were added. The mixture was incubated for 30 

mins and filtered. The filtrate was made upto 100 ml 

with glass distilled water. 

Estimation  

 Two ml of distilled water was added to 0.5 ml of 

the above extract and 5 ml of cold anthrone reagent 

was also added. The contents of the tube were heated 

for 7.5 mins in boiling water bath, and cooled using 

running tap water. The bluish green color was read at 

630 nm in spectrophotometer against blank. Values 

are expressed as mg/gdw. 

Statistical analysis 

     Data for each parameter analyzed by Two-Way 

ANOVA and significant differences between 

treatment mean and varieties were determined by 
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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.  

Fig. 1. Effect of varying levels of salinity on plant 

height of two maize varieties on 15th DAT(a), 30th 

DAT(b). Each value represents mean ± SE of five 

independent determinations (p<0.05) 

 a 

 

 

 

 b 

      

        

 

 

Results 

Plant height 

Plant height was decreased with increasing 

salinity levels (50, 100 and 150 mM) in all two maize 

varieties on all the sampling days (15th DAT (Days 

after treatment) and 30th DAT) and it was shown (Fig. 

1). Maximum plant height was recorded in the variety 

BC-3033 (61.41 cm) under high salinity (150 mM) 

on 30th DAT relative to control plants (76.45 cm 

respectively) while minimum plant height was 

recorded in BC-3591 (29.13 cm) over the control 

plants (51.35 cm respectively).   

Leaf area 

 Leaf area was measured in salinity treated and 

control plants of two maize varieties on two sampling 

days (Fig. 2). On 30th DAT, significantly higher 

reduction of leaf area was measured in the variety 

BC-3591 (42.32 cm2) over the control plants (50.47 

cm2 respectively) with 150 mM salinity stress, while 

lower reduction of leaf area was observed in the 

variety BC-3033 (45.36 cm2)  compared to control 

plants (55.42 cm2 respectively). 

Fresh weight of the whole plant  

    Fresh weight of the whole plant was decreased 

with increasing salinity concentrations on all the 

sampling days in two maize varieties (Fig. 3). On 30th 

DAT,  the significantly higher decrease in fresh 

weight of the whole plant was observed in BC-3591 

by 38% (8.13 gm) with 150 mM salinity relative to 

control plants (20.85 gm respectively), while lowest 

decrease in fresh weight of the whole plant  was 

recorded in BC-3033 by 24% (13.76 gm) over the 

control plants (26.56 gm respectively). 

Dry weight of the whole plant 

Figure 4 showed variation of the dry weight of 

the whole plant under salinity stress and it was 

decreased with increasing salinity levels on all the 

sampling days. Maximum reduction of dry weight of 

the whole plant was recorded in the variety BC-3591 

and it was (2.06 gm) compared to control (3.74 gm) 

on 30th DAT with 150 mM salinity, while minimum 

reduction of dry weight of the whole plant was 

noticed in the variety BC-3033 and it was 2.3 gram 

respectively relative to control (4.13 gm 

respectively).  

 



 

Fig. 2. Variation of leaf area of two maize varieties 

on 15th DAT (a), 30th DAT (b) under varying levels 

salinity. Each value represents mean ± SE of five 

independent determinations (p<0.05) 
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Total sugar  

       Total sugar content was decreased with 

increasing salinity level on all the sampling days (15 

and 30 DAT) in leaves of two maize varieties (Fig. 

5). On 30th DAT, with 150 mM salinity stress, BC-

3033 recorded higher total sugar content (6.15 

mg/gdw, respectively) relative to control plants 

(13.12 mg/gdw, respectively), while lowest sugar 

content was observed in the variety BC-3591 (4.06 

mg/gdw, respectively) compared to controls (11.80 

mg/gdw, respectively).  

Reducing and non-reducing sugar 

        Under salinity stress, reducing and non-reducing 

sugar content was studied in leaves of two maize 

varieties. With 150 mM salinity stress, on 30th DAT, 

higher level of reducing and non-reducing sugar 

content was observed in the variety BC-3033 and it 

was 7.15 and 1.04 mg/gdw, respectively, over the 

controls (9.86 and 3.23 mg/gfw, respectively), while 

lower level of reducing and non-reducing sugar 

content was recorded in the variety BC-3591 and it 

was 7.15 and 1.04 mg/gdw respectively, relative to 

control plants (8.78 and 3.23 mg/gfw, respectively).  

Starch content 

        Starch content was increased under salinity 

stress on all the sampling days in the leaves of maize 

varieties Among the varieties, significantly higher 

starch content was observed in the variety BC-3591 

(43.88 mg/gdw) over the controls (28.77 mg/gdw 

respectively) on 30th DAT with 150 mM salinity 

stress, while lower starch content was recorded in the 

variety BC-3033 (40.82 mg/gdw) relative to control 

plants (28.17 mg/gdw, respectively). 

Discussion 

    About 20% of the world’s cultivated land and 

approximately half of all irrigated land are affected 

by salinity (Zhu, 2001). The salinity is one of the 

most significant abiotic factors (Perez-Tornero et al., 

2009). The high salt content lowers osmotic potential 

of soil water and consequently the availability of soil 

water to plants. The salt–induced water deficit is one 

of the major constraints for plant growth in saline 

soils. In addition, many nutrient interactions in salt–

stressed plants can occur that may have important 

consequences for growth. In the present study, the 

values of plant height was  lowered by increasing 

salinity and were more pronounced using the highest 

concentration of NaCl (150 mM) compared to 

untreated control plants of maize varieties (Fig.  1). 



 

Fig. 3. Influence of varying levels of salinity on fresh 

weight of the whole plant of maize varieties on 15th 

DAT (a), 30th DAT (b). Each value represents mean ± 

SE of five independent determinations (p<0.05) 
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 However, lower reduction in plant height was 

observed BC-3033 with high salinity on all the 

sampling days (15th DAT and 30th DAT), while 

significantly higher reduction was recorded in BC-

3591 on all the sampling days under salinity stress. 

Reduction in growth under salinity has been reported 

in various plant species e.g. cotton (Kanagaraj and 

Desingh, 2009), Finger millet (Manikandan and 

Desingh, 2009a). These inhibitory effects may be 

attributed to the fact that the data on plant height 

suggest that variety BC-3033 maintained its better 

height on all the sampling days under varying salinity 

levels compared to other varieties, indicating 

substantial salt tolerance. Leaf area or leaf elongation 

rate is known to be quickly affected by soil salinity 

(Abbruzzese et al., 2009) because of reduced cell 

expansion (Cramer, 2003). This reduction of the leaf 

area could have consequences on growth, through 

less effective radiation interception by the leaves and 

lower carbon fixation (Parida and Das, 2005). In our 

study, all varieties of maize plants showed reduction 

in surface area of the leaves on exposure to salinity 

(Fig. 2). Among the two varieties, BC-3033 exhibited 

lower reduction of leaf area under salinity stress even 

on 30th DAT relative to control plants, while 

comparatively higher reduction of leaf area was 

observed in BC-3591 under salinity stress.  

 Salt stress, like other abiotic factors, affects 

leaf size through a decrease of cell expansion (Curtis 

and Lauchli, 1987) and cell division (Zhu, 2001). 

Moreover, cellular differentiation is also affected 

(Bird and Gray, 2003), altering the spatial relations 

between the different types of leaf cells. The results 

on leaf area clearly indicated that under all salinity 

levels, BC-3033 recorded higher leaf area in the 

plants on all the sampling days, which is relative to 

higher photosynthetic rates. The results of the 

biomass (Fresh and Dry weight of the whole plant) 

indicated that applied NaCl (50, 100 and 150 mM) 

inhibited the growth of two varieties on all the 

sampling days (15th DAT, 30th) than control plants.  

Fresh and Dry weight of the whole plant was 

decreased with increasing salinity levels in all maize 

varieties (Fig. 3 & 4). However, higher fresh and dry 

weight of the whole plant was recorded in BC-3033 

under salt stress on all the sampling days (15th DAT 

and 30th DAT). Lowest fresh and dry weight of whole 

plant was noted in BC-3591 under all the levels of 

salt stress. It may be related to the effect of salt stress 

which resulted in the limitation of water absorption 

and biochemical processes (Parida and Das, 2005). 



 

Fig. 4. Salinity stress effects on dry weight of the 

whole plant of maize varieties on 15th DAT (a), 30th 

DAT (b). Each value represents mean ± SE of five 

independent determinations (p<0.05) 
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 In addition, a decline in the rates of net 

photosynthesis occurs, due to adverse effect on CO2 

assimilation, which leads to a decrease in nutrient 

uptake and finally growth of plants (Aragao et al., 

2005). The present data on biomass revealed that 

maize variety BC-3033 recorded higher biomass even 

under higher salinity level compared to other 

varieties which is directly related to growth and yield 

of the plant. The relationship between salinity stress 

and carbohydrate accumulation patterns in green 

leaves is very interesting.  Soluble carbohydrates 

have been mentioned as important compounds in 

osmoregulation in plants under water and salt stresses 

(Tazuke et al., 2009) and also needs for cell growth, 

are supplied mainly through the process of 

photosynthesis and photosynthetic rates are usually 

lower in plants exposed to salinity especially to NaCl 

(Kanagaraj et al., 2009). The general trend was that 

carbohydrate content was reduced under salinity 

stressed plants. This study provides evidence that the 

synthesis and accumulation of structural and non-

structural carbohydrates is dependent upon salinity 

stress. In the current study, higher sugar content  was 

maintained in BC-3033 whereas low sugar content 

was recorded in BC-3591 on all the sampling days 

with varying salinity concentrations (50, 100 and 150 

mM). In figure 5, similar pattern of response was 

observed in the estimation of reducing and non-

reducing sugars in maize varieties under salinity 

regime with different sampling days.  Change in 

soluble sugar content under salt stress has already 

been reported for a number of species. For example, 

Ashraf and Tufail (1995) determined the total soluble 

sugars content in five sunflower accessions differing 

in salt stress and they found that the salt tolerant lines 

had generally greater soluble sugars than the salt 

sensitive ones. Sugars are thought to help control key 

metabolic processes such as photosynthesis 

(Hasaneen et al., 2009) and starch synthesis and 

breakdown (Koch, 1996). Our data showed that 

higher amount of total sugars in variety BC-3033 

might be responsible for higher salt tolerance. It is 

surprising to observe that starch content was 

inversely related to salinity. The reducing levels of 

starch in control and low salinity concentration (50 

mM) treated plants indicate that the export of 

carbohydrates to various organs is at a faster rate 

compared to those with high salinity treated plants. In 

our study, starch content was increased with 

increasing salinity levels on all the sampling days. 



 

Fig. 5. Changes of total sugar 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) 
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 Among the varieties, lower increase was 

observed in the variety BC-3033 while higher 

increase was noticed BC-3591 under salinity stress 

with different sampling days. The data indicate that 

starch accumulation as well as its degradation and 

mobilization is an important physiological criterion in 

determining the rates of carbon fixation. Starch 

accumulation is also an important criterion to 

understand carbohydrate partitioning efficiency. The 

study also suggests that salinity stress causes a 

significant accumulation of starch in the leaves which 

might ultimately reduce the CO2 assimilation patterns 

in the intact leaves. Salinity stress might alter the 

export of photo assimilates to the growing regions, 

thus affecting the overall growth and development of 

maize plants. The results also show that starch 

accumulation in leaves under salinity stressed 

conditions of all maize varieties, might be due to 

decreased capacity to metabolize starch, producing 

during photosynthesis. The regulation of carbon 

allocation and partitioning would have an important 

influence in the maintenance of growth rate and yield 

(Geigenberger, 2011). However, physiological basis, 

this type of starch accumulation and its metabolism in 

salinity stressed crop is not clear and would be 

interesting to follow the effect of salinity on starch 

metabolism. Study on carbohydrates clearly indicates 

that BC-3033 had an effective carbohydrate 

partitioning mechanism than other maize varieties.  

Conclusion 

Based on the relative tolerance results provided, 

it seems that BC-3033 is highly salt tolerant in 
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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 growth with carbohydrates 

and osmotic adjustment with accumulation of starch 

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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