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Abstract 
Soil salinity is one of the serious problems which posing severe threat to ecosystems 

under different environmental conditions throughout the world. Salinity is drastically 

affecting the productivity of agronomic crops particularly maize. Maize grain, being a 

rich source of protein, is a quality food for humans and healthy green fodder for 

animals. Experiment under randomized complete block design (RCBD) with four 

repetitions was conducted at Institute of Soil and Environmental Sciences (non-saline 

soil) and Proka Research Farm (saline soil), University of Agriculture, Faisalabad. 

Two maize genotypes (EV-78 and KS-64) were selected for their comparative 

performance under salt-affected and normal soil conditions. Physiological, growth and 

yield parameters of maize genotypes were significantly influenced under salt affected 

and normal soils. Under saline conditions, genotype EV-78 showed tolerant behavior 

as compared to genotype KS-64 because genotype EV-78 produced higher shoot fresh 

and dry weights, 100-grain weight and grain yield per hectare. Physiological parameters 

including photosynthetic rate, transpiration rate, sub-stomatal CO2 concentration and 

stomatal conductance were also less affected in genotype EV-78 under saline soil 

conditions. Under non-saline soil condition, genotype EV-78 accumulated more 

potassium, phosphorus and nitrogen whereas concentrations of sodium and chloride 

were reduced. While genotype EV-78 accumulated higher concentrations of sodium 

and chloride under saline soil conditions. Genotype KS-64 showed more sensitive 

behavior to saline environment regarding economical yield. 
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Introduction 

 

Maize is one of the most important cereals that has 

been used for human and animal consumption for 

centuries and is cultivated in variety of soils in 

different regions of the world. Protein content and 

quality oil present in its grain has made maize a high 

value food. As compared to other cereals it has ability 

to endure salinity (Carpici et al., 2010). Soil salinity 

is posing a serious threat to the crop productivity in 

modern agriculture by reducing the yield of 

agricultural crops (Alam et al., 2000). Severity of soil 

salinity problem is evident from the fact that around 

20% of cultured land all over the world and 33% 

irrigated land are salt-affected (Machado and 

Serralheiro, 2017). Impact of salt stress under semi-

arid and arid areas is more threatening due to climatic 

conditions like erratic rainfall pattern, high 

temperature and evapotranspiration along with 

inappropriate management of soil and water 

resources (Azevedo et al., 2006). These areas are 

usually characterized with high temperature, 

insufficient rainfall, inadequate irrigation 

application, poor soil drainage and shallow 

underground water which ultimately boost the issue 

of soil salinity resultantly crop productivity is 

reduced (FAO, 2003). 

Plants have adopted different mechanisms to sustain 

productivity under high amount of salts in soils. 

There is a varying level of salt tolerance among plant 

species and varieties (Ashraf and Foolad, 2007). 

Many physiological processes in plant like 

photosynthetic activity, ion uptake and movement, 

vacuolar compartmentalization and water contents 

may differ in diverse genotypes (Leidi and Saiz, 

1997). Deferent genotypes under salt stress 

conditions showed varied response in plant processes 

as ion partitioning, transpiration efficiency, Na+/ K+ 

biasness, Na+ exclusion, retaining of different ions in 

leaf sheath, ion apportioning, osmotic balance, timely 

flowering, shortened growing period and 

improvement in water use efficiency (Colmer and 

Flowers, 2006). 

Plants have different protective mechanisms to cope 

with salinity problem that enable them to survive and 

complete their lifecycle. One of the ubiquitous 

mechanisms in plant is production of organic 

metabolites of low molecular weight which are 

commonly recognized as compatible solutes to 

overcome the problem of salinity (Serraj and Sinclair, 

2002; Ashraf and Harris, 2004). Production of these 

metabolites in response to salt stress serves as 

osmolyte that enhances the capability of the cells to 

retain water stability without disrupting the usual 

functioning (Yancey et al., 1982). Osmoprotectants 

are particular molecules which are not highly 

charged, have maximum solubility and highly polar 

with big hydration shell (Sairam and Tyagi, 2004). 

Osmoprotectants facilitate osmotic adjustment in 

cells resultantly safeguarding sub-cellular structure 

and also reduce oxidative injuries due to the 

development of free radicals in response to high salt 

concentration (Demiral and Turkan, 2004). 

Keeping in view the above discussion of the 

significance of maize and salinity, a field trail was 

conducted having the objectives to evaluate the 

impact of salt stress on growth, yield nutrient 

concentration (N, P, K) and photosynthetic 

performance of two maize genotypes. 

 

Material and Methods 
 

Experimental particulars 

Current experiment was carried out at two different 

places i.e. at Research area of Institute of Soil and 

Environmental Sciences (normal soil) and Proka 

Research Farm (saline soil), University of 

Agriculture, Faisalabad. Soil sampling was done for 

different physio-chemical properties before sowing 

of crop (Table 1). 

 
Table-1: Properties of salt affected soil used in the 

experiment 

Parameters Unit 
Soil depth 

0-30 cm 30-60 cm 

ECe dS m-1 7.2-12.8 9.1-14.7 

pHs - 7.6-8.4 8.0-8.8 

SAR [(mmol L-1)]1/2 4.8-13.9 8.3-15.7 

Na+ Ppm 25.39 13-53 

Ca+Mg Ppm 0.3-3.0 1.3-2.6 

Saturation %age % 13.2-22.7 13.8-20.39 

 
Randomized complete block design (RCBD) 

accompanied by four replications with net plot size 

of 10 m × 5 m was used in the experiment. Seeds of 

two maize genotypes (EV-78 and KS-64) were 

collected from Ayub Agriculture Research Institute, 

Faisalabad-Pakistan and sown keeping P × P distance 

of 9 cm. Fine seedbed was prepared by deep ploughing 

followed by planking. Recommended dose of NPK 

was supplemented during the course of 

experimentation. Half dose of nitrogen with full dose 
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of phosphorus and potassium were supplemented at 

sowing time while the remaining half dose of 

nitrogen was supplemented at tasseling stage. Urea, 

SSP and SOP were used as the sources of NPK 

respectively. To reduce the infestation of stem borer 

in field, carbofuran at the rate of 20 kg ha-1 was 

applied on the top of the shoot after 35 days of 

emergence. All other agronomic practices including 

weeding and hoeing were performed as and when 

required. 

 

Physiological parameters 

Completely extended second leaf of particular maize 

plants before tasseling stage, was selected to record 

transpiration rate (m mole m-2 s-1), photosynthetic rate 

(μmol m-2 s-1), sub-stomatal CO2 concentration and 

stomatal conductance with the help of IRGA. 

 

Yield and its parameters 

Meter rod was used to measure plant height (cm) at 

harvesting of crop. Fresh and dry weight of plants (kg 

ha-1) were recorded by using electric balance after 

harvesting. After recording fresh weight from 

collected samples, these were dried under shade for 15 

days to attain dry weight (kg ha-1). Regarding the 

measurement of 100 grains weight (g) and grain yield 

(kg ha-1) samples were collected from each plot and 

weighed by using electric balance. After the 

harvesting, number of cobs per hectare was calculated 

from both sites.         

 

Nutrients accumulation in shoot 

Plant samples that were collected for the estimation of 

nutrients were dried in oven at 65○C for 72 hours and 

their dry weights were recorded. Muffle furnace was 

used for ashing purpose of the samples. After ashing 

of samples, digestion was done in 2.5 ml 5M HNO3 

and made 50 ml volume with distilled water for ionic 

analysis. For the estimation of sodium (Na) and 

potassium (K) Sherwood – 410 flame photometer was 

used. For the estimation of Cl-1 Sherwood-926 Cl-1 

analyzer apparatus calibrated in mg per liter was used. 

Spectrophotometer was used to estimate phosphorus 

(P) contents by using same filtrate. Digestion of 

ground plant material and mixture of 2 ml of sulfuric 

acid and hydrogen peroxide was done and distilled 

water was used to make the volume up to 100 ml. 

Kjeldahl apparatus was used for the estimation of N 

contents. 

 

Statistical analysis 

Data were statistical analyzed by using Statistix 8.1 

software and differences amongst treatments’ means 

were equated by using LSD test at 5% probability level 

as stated by Steel and Torrie (1983). 

 
Results  
 

Saline soil significantly reduced stalk fresh and dry 

weights, plant height, 100-grain weight, number of 

cons per hectare as compared to normal soil in maize 

hybrids (Table 2). Genotype EV-78 showed resistant 

behavior to saline soil as compared to KS-64. 

Genotype EV-78 statistically accumulated more 

biomass as compared to genotype KS-64. There was 

no significant difference among the genotypes 

regarding plant height, 100-grain weight, number of 

cobs per hectare and grain yield. Genotype EV-78 

statistically performed better than genotype KS-64 

under saline soil condition (Table 2) regarding growth 

and yield parameters. Genotype KS-64 showed 

sensitivity to salinity regarding plant height, 100-grain 

weight, number of cobs and grain yield. 
Physiological parameters i.e. photosynthetic rate, 

transpiration rate, sub-stomatal CO2 concentration and 

stomatal conductance were significantly reduced 

under saline soil conditions as compared to normal soil 

(Table 3). Genotype EV-78 comparatively showed 

superiority regarding physiological parameters over 

genotype KS-64. Genotype EV-78 performance was 

better on saline and normal soil than genotype KS-64 

(Table 3). 

Accumulation of mineral and essential nutrients in 

shoot was also significantly affected under saline 

condition. Higher concentrations of shoot sodium and 

chloride were observed under saline soil as compared 

to normal soil.
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Table-2: Performance of growth and yield parameters of two maize genotypes grown under normal and 

saline soils. 

Treatments 
Stalk Fresh 

Weight 

Stalk Dry 

Weight 

Plant 

Height 

100-Grain 

Weight 

Number 

of Cobs 

Grain 

Yield 

A. Soil 

Non saline (NS) 684.5 A 186.86 A 56.21 A 17.33 A 1175 A 1715 A 

Saline (S) 274.6 B 55.16 B 31.36 B 4.18  B 225 B 1216 B 

LSD 135.27 49.71 16.69 9.36 309 139 

B. Genotypes 

EV-78 672.5 A 178.9 A 48.46 11.38 700 1527 

KS-64 286.5 B 63.11 B 39.11 10.12 700 1404 

LSD 192.47 34.09 NS NS NS NS 

A×B Interaction 

NS×EV-78 903.6 A 273.63 A 62.52 A 18.99 A 1250 A 1737 A 

NS×KS-64 465.3 B 100.1 B 49.90 B 15.66 A 1100 A 1693 A 

S×EV-78 441.4 B 84.18 B 34.40 C 3.76 B 150 B 1317 B 

S×KS-64 107.8 C 26.13 C 28.32 C 4.59 B 300 B 1116 B 

LSD 274 38.92 9.64 6.27 367 245 

Means sharing the same letter did not differ significantly at P = 0.05; NS = non-significant. 

 
Table-3: Performance of physiological parameters of two maize genotypes grown under normal and saline 

soils. 

Treatments 
Photosynthetic 

Rate 

Transpiration 

Rate 

Sub-Stomatal CO2 

Concentration 

Stomatal 

Conductance 

A. Soil 

Non saline (NS) 20.22 A 12.0 A 81.49 A 0.14 A 

Saline (S) 14.87 B 2.54 B 47.53 B 0.06 B 

LSD 4.36 5.42 12.37 0.028 

B. Genotypes 

EV-78 21.67 A 11.40 A 81.70 A 0.13 A 

KS-64 13.42 B 3.14 B 47.32 B 0.07 B 

LSD 3.82 4.61 18.43 0.316 

A×B Interaction 

NS×EV-78 24.80 19.79 A 100.1 A 0.18 

NS×KS-64 15.65 4.21 B 62.89 B 0.10 

S×EV-78 18.55 3.00 B 63.31 B 0.07 

S×KS-64 11.19 2.07 B 31.75 C 0.04 

LSD NS 9.25 21.74 NS 

Means sharing the same letter did not differ significantly at P = 0.05; NS = non-significant. 
 
Higher concentrations of shoot potassium, phosphorus 

and nitrogen were observed under normal soil as 

compared to saline soil. Genotype EV-78 showed 

statistically more accumulation of mineral nutrients as 

compared to KS-64. More concentrations of chloride 

and sodium were accumulated by genotype EV-78 

under saline conditions comparatively. Maximum 

potassium concentration was recorded in shoot of 

genotype EV-78 under normal soil (Table 4).
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Table-4: Proximate analysis of two maize genotypes grown under normal and saline soils. 

Treatments 
Shoot 

Potassium 

Shoot 

Phosphorus 

Shoot 

Nitrogen 

Shoot 

Chloride 

Shoot 

Sodium 

A. Soil 

Non saline (NS) 31.85 A 54.79 A 1.61 A 0.645 B 1.08 B 

Saline (S) 15.73 B 35.07 B 0.94 B 0.997 A 1.63 A 

LSD 12.81 9.48 0.475 0.176 0.218 

B. Genotypes 

EV-78 29.18 A 51.47 A 1.45 A 1.02 A 1.60 A 

KS-64 18.39 B 38.39 B 1.10 B 0.63 B 1.11 B 

LSD 4.374 8.148 0.187 0.329 0.374 

A×B Interaction 

NS×EV-78 37.46 A 59.52 1.88 0.761 B 1.20 B 

NS×KS-64 26.23 B 50.06 1.34 0.528 B 0.95 B 

S×EV-78 20.90 B 43.41 1.02 1.27 A 1.99 A 

S×KS-64 10.55 C 26.72 0.85 0.724 B 1.26 B 

LSD 8.614 NS NS 0.274 0.594 

Means sharing the same letter did not differ significantly at P = 0.05; NS= non-significant. 

 
Discussion 
 
In this experimentation, saline conditions reduced the 

shoot fresh and dry weight as compare to non-saline or 

normal soil conditions in maize. Specific ion effect, 

osmotic stress and ionic imbalance reduced the fresh 

and dry weights of plant (Munns and Termaat, 1986; 

Romera and Alcantara, 1994). Kent and Lauchi (1985) 

reported that the deficiency of nutrients reduced the 

tissue development. Increase in salinity level due to 

ion toxicity of chloride and sodium ions decreased the 

fresh and dry weight of plants (Parveen and Qurashi, 

1992; Munns, 1993; Shafaqat et al., 1998). Increase in 

salinity level also accelerated the leaves shedding 

resulting in decrease in shoot fresh weight in plants 

(Grieve et al., 1993). Different plant metabolic 

processes control the mechanism of growth in plants. 

Salinity affected the metabolic processes which 

decreased the dry shoot weight of plants (Cheesman, 

1988). Imbalance nutrient concentration, solute 

suction at toxic level and use of metabolites increased 

the salinity level resultantly shoot dry weight 

decreased at drastic rate (Akhtar and Azhar, 2001). 

Excessive salts absorption and accumulation by cell 

wall altered the metabolic pathway which reduced the 

cell wall elasticity which resulted in reduction of shoot 

length and growth (Bavaresco et al., 2003; Yousfi et 

al., 2007). Early production of secondary cells and 

stiffness of cell wall caused lower turgor pressure 

which decreased leaf expansion, leaf area, leaf 

emergence and leaf growth (Kar et al., 2003).  

Salt stress negatively influenced 100-grain weight and 

grains per spike which ultimately led to yield 

reduction in wheat crop (Ahmad et al., 1992). Khan et 

al. (2005) observed significant decline in number of 

grains per cob due to excessive salts in rhizosphere. 

Zaibunnisa et al. (2002) also observed decline in grain 

yield due salt stress in maize. Different yield 

parameters like grain weight and grain yield in 

different crops decreased in dry season when high 

transpiration rate resulted in high salt uptake by the 

plants. Environmental factors affected grain 

development which ultimately influenced degree of 

grain filling, spikelet fertility, grain size and grain 

weight (Sharif et al., 1999; Monsour et al., 2005). 

Reduction in physiological and yield parameters under 

saline soil conditions might be attributed to higher 

accumulation of sodium and chloride ions as 

compared to potassium ion in crop plants (Begum et 

al., 1992). Photosynthetic and transpiration rate were 

significantly reduced in plants grown under saline 

conditions (Ahmad et al., 2000; Sairam et al., 2002; 

Naheed et al., 2007). Reduction in photosynthetic 

activity and transpiration rate in crop plants could be 

attributed to decreased leaf area under salt stress 

conditions (Munns and Termaat, 1986).  

Salt stress negatively influenced photosynthetic rate 

by causing closure of stomata which ultimately led to 

the reduced carbon dioxide concentration among cells 

(Stepien and Klobus, 2006).  

Transpiration is a key physiological process in 

managing deposition of salts in shoot. Salt stress 
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strongly decreased transpiration rate through stomatal 

closure. However, stomatal closure proved to be a 

useful mechanism for salt tolerance in plants by 

decreasing salt uptake through roots (Moya et al., 

1999; Storey and Walker, 1999). 

Photosynthetic rate, rate of respiration, water use 

efficiency, carbon dioxide concentration in the cells 

and stomatal conductance were reduced in different 

cultivars grown under saline conditions. Carbon 

dioxide concentration at sub-stomatal stage decreased 

as salt concentration in rhizosphere increased due to 

less stomatal conductivity but due prolonged stomatal 

closure CO2 increased due to less consumption in 

photosynthesis (Stoeva and Kaymakanova, 2008). 

Zhao et al., (2007) also reported that excessive 

accumulation of salts in root zone reduced the stomatal 

conductance as analyzed in current study (Table 2). 

Salts sensitive wheat varieties showed less stomatal 

conductance as compare to salt tolerant wheat varieties 

(Hendawy et al., 2005). The possible reason for 

decreased stomatal conductance was concentrated salt 

solution in root zone that restricted the absorption of 

water by roots. Moreover, reduced photosynthetic rate 

accredited to NaCl induced stomatal closure (Naheed 

et al., 2007). The finding of our experiment was 

similar to the results observed by Netondo et al. 

(2004), who stated that there was a linear relationship 

between CO2 absorption and stomatal conductance in 

saline environment and decreased photosynthesis in 

sorghum under salt stress was due to stomatal 

conductance. Ashraf et al. (2003) reported that there 

was a strong relationship between stomatal 

conductance and water potential in leaf. 

In current study accumulation of mineral nutrients in 

maize genotypes was significantly influenced by 

salinity (Table 4). On overall basis saline conditions 

significantly affected both genotypes. An important 

tool for identification of salinity tolerance in different 

crops is the determination of potassium concentration, 

as its concentration decreases due to increase in 

salinity level. Potassium is an important element for 

osmotic adjustment and also a major nutrient for plant 

growth and development and plants prefer K + as 

compared to Na+. There is competition between Na+ 

and K + for the entry in plant cells because they have 

same ionic radius and ionic hydration energy as well. 

Consequently, crop suffering from salt stress may 

suffer potassium deficiency and sodium toxicity.  

(Schachtman and Liu, 1999). 

Sairam et al. (2002) and Anil et al., (2005) reported 

that K+ concentration decreased in shoot due to 

increased salinity. Homeostasis is an important 

process in plants to bear the salt stress (Sairam et al., 

2005). Under saline conditions sodium ion replaced 

the potassium in soil solution which caused disrupted 

protein functioning (Chinnusamy et al., 2005). 

Deficiencies of potassium and iron can be associated 

with each other (Rabhi et al., 2007).  

As concerned with Phosphorus (P) contents the results 

are similar with the findings of Grattan and Grieve, 

(1999) who submitted the complex relation between 

phosphorus and salinity. Phosphorus concentration is 

associated with the photosynthetic rate but translation 

of fixed carbon into starch is decreased by phosphorus. 

Salt stress had detrimental effects on the uptake of P 

and ultimately reduced its availability (Grattan and 

Grieve, 1999). Increased chloride concentration under 

salt stress was reported by Jogeswar et al. (2006) and 

Kumar et al. (2008).  

High salt concentration in soil persuaded the 

deposition of sodium and chloride ions in root and 

shoot as compared to potassium and calcium ions. 

High concentration of Cl-1 in leaves interrupted 

photosynthesis through the reduction in the activity of 

nitrate reductase (Xu et al., 2000). Ashraf and Leary 

(1994) in alfalfa reported the similar findings. Salt 

stress in high concentration of Na+1 and Cl-1 in shoot 

caused toxicity and salt injury in plants (Serrano et al., 

1999). Toxicity due to high salt concentration in leaves 

and stem was mainly due to higher concentration of 

Na+1 and Cl-1 and decreased uptake of K+ (Sharma, 

1995).  

Na+ concentration can be used to determine the 

efficiency of crop in salt stress environment and ability 

of crop to tolerate the salts. On overall mean basis Na+1 

concentration in shoot was significantly higher in salt 

stress conditions than in non-saline conditions (Table 

4). Under high salt concentration higher concentration 

of Na+ in plants was reported by Mansour et al. (2005) 

which resulted in ion toxicity due to disruption in 

translocation system (Iqbal and Ashraf, 2007). Higher 

leaf concentration of Na+ proved toxic in plants 

(Serrano et al., 1999) and negatively affected the 

physiological and yield parameters of crop. 

 
Conclusion 
 
Salinity negatively affected the growth and yield of 

maize genotypes. Genotype EV-78 growth behavior 

was comparatively tolerant against salinity because 

growth and physiological parameters were less 
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affected by salinity. On the hand, genotype KS-64 was 

very sensitive to salinity because it produced low 

economic yield. It is suggested to cultivate genotype 

EV-78 on saline soils to get maximum benefits from 

saline soils rather than cultivation of genotype KS-64. 
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