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Salinity is one of the important stresses resulting in the reduction of growth and yield of different crops including wheat.  In 

saline soils the concentration of Na
+
 and Cl

-
 is higher accompanied with the decreased K

+
: Na

+
 ratio thus severely affecting 

the growth and yield of crops. The effect of salinity on the growth and yield of wheat is well documented, whereas there is 

very little information about salinity tolerance and grain quality of wheat. Present study was conducted to assess the effect of 

salinity on yield components, ionic relations and grain quality and to understand the relationship among these parameters. A 

pot experiment was conducted using wheat genotype Pasban-90. There were two treatments i.e. non-saline (0.33 dS m
-1

) and 

saline (15 dS m
-1

) with five replications. Salinity resulted in a significant reduction of the grain protein, fat and fiber contents. 

Similarly yield components were significantly reduced. Maximum reduction was noted in case of number of tillers plant
-1

, 

followed by grain weight plant
-1

. High Na
+
 and low K

+
, P concentration and K

+
: Na

+
 ratio was observed in the shoot, root and 

grain. This disturbed ionic composition seems to be apparent cause of yield reduction and deterioration of wheat quality 

under salinity.  
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INTRODUCTION 

 

Arid and semiarid regions of the world are being faced by 

soil salinization which is hampering crop growth in these 

areas. As a result of this menace, a large area of the arable 

land has become completely or partially non productive. 

Saline water and poor irrigation practices have converted 

good agricultural lands to barren lands. Soil salinization is 

one of the important abiotic stresses which results in the 

reduction of growth and productivity of the crops (Sairam et 

al., 2002). It affects crops mainly in two ways i.e. either by 

osmotic effect or by specific ion effect (Munns and James, 

2003). Osmotic effect causes disruption in osmotic 

potentials, where as specific ion effect causes toxicity of 

different ions (Brady and Weil, 2002). High salt 

concentrations disturb the ionic homeostasis and produce 

reactive oxygen species (Saqib et al., 2008). This 

interference in homeostasis occurs at both the cellular and 

the whole plant levels. Various outcomes of these disturbed 

ionic and water homeostasis include molecular damage, 

growth restriction or even complete death of the plants (Zhu, 

2001). It has been observed that in saline soils, the 

concentration of Na
+
 and Cl

-
 is higher accompanied with the 

decreased concentration of K
+
 and K

+
:Na

+
 ratio thus severely 

affecting the plant growth (Saqib et al., 2004).  

Plants have developed different approaches to tackle the 

problem of salinity. They either exclude salts from their cells 

or tend to compartmentalize them into the vacuole (Parida 

and Das, 2005). Selective uptake of K
+ 

over Na
+
 is a well 

recognized mechanism for salinity tolerance of the plants 

(Wenxue et al., 2003). Under saline conditions salt tolerant 

plants try to keep higher K
+
 and lower Na

+
 concentration in 

the cytosol. This is done by the regulation of the expression 

and activity of K
+
 and Na

+
 transporters (Zhu, 2003). 

Increased Na
+
 efflux, K

+
 influx and use of Na

+
 for osmotic 

adjustment are the main strategies which plants use to 

sustain desirable K
+
: Na

+
 ratio in the cell (Zhu, 2003). 

Wheat growth is affected by soil conditions and water 

availability (Akhkha et al., 2012; Iqbal et al., 2012). Wheat 

is a moderately salt-tolerant crop (Maas and Hoffman, 1977) 

and it has significant genotypic difference for salinity 

tolerance (Saqib et al., 2005). It is one of the important crops 

contributing to the daily protein and calories requirements of 

the people (FAO, 1985). It ranks first in acreage as well as 

production amongst all the cereals grown in Pakistan. 

Annual wheat production in Pakistan was 24214 thousand 

tons and area under cultivation was 8805 thousand hectares 

in 2010-11 (Ministry of Finance, 2011). Wheat production in 

Pakistan is quiet low in the salt-affected areas and yield 

losses up to 65% have been recorded in moderately saline 

soils (Shafi et al., 2010). Soil amelioration by addition of 

different amendments is one option (Kahloon et al., 2012). 

However, if genetic variability in wheat is explored 

extensively, the productivity of these saline areas would be 
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increased to a great extent. The detrimental effects of 

salinity on the growth and yield of wheat are well 

documented whereas a little information is available 

regarding its effects on grain quality. In the past not much 

attention was given to study the effects of salinity on quality 

of grains. With the improved life style requirements for the 

high quality have also increased (Park et al., 2008). This 

study has been conducted to assess the effect of salinity on 

yield components, ionic relations and grain quality and to 

understand the relationship among these parameters.  

 

MATERIALS AND METHODS 

 

Growth conditions and treatment application: A pot 

experiment was conducted in the wire house of the Institute 

of Soil and Environmental Sciences, University of 

Agriculture Faisalabad. Seeds of wheat (Triticum aestivum 

L.) genotype (Pasban-90) were obtained from the Saline 

Agriculture Research Centre, University of Agriculture, 

Faisalabad, Pakistan. The experiment was replicated five 

times in a completely randomized design. The plants were 

grown in pots filled with a sandy loam soil having pH 8.2. 

There were two treatments in the experiment i.e non-saline 

(0.33 dS m
-1

) and saline (15 dS m
-1

). Salinity level of 15 dS 

m
-1

 was created artificially by adding sodium chloride in the 

normal soil before filling in the pots. Each pot contained 10 

kg of soil. The recommended doses of NPK fertilizers were 

used in the form of Urea, DAP and SOP in both saline and 

non saline treatments. Whole of the P and K and half of the 

N fertilizers were mixed in the soil while filling in the pots 

where as half of the N fertilizer was added at the booting 

stage. The soil filled pots were irrigated with tap water fit for 

irrigation. After one week when the soil became workable, it 

was hoed and softened with the help of a spatula. Five seeds 

were sown in each pot and after seedling emergence three 

plants were maintained in each pot by thinning.  The pots 

were irrigated with tap water and plant protection measures 

were done according to the requirement. The plants were 

harvested at maturity. 

Data collection: At maturity, plants were harvested and 

threshed manually. The data regarding plant height, grain 

yield, number of tillers per plant, spike length and number of 

spikelets per spike were recorded. The plant samples were 

dried at 65°C for 72 hours and ground to a fine powder. The 

dried and ground shoot, root and grain samples (0.5 g) were 

digested following the method of Wolf (1982). The filtered 

aliquot was used for ionic analysis.  

Ionic analysis: Potassium and sodium were determined from 

the digested samples using flame photometer (Jenway PFP - 

79). Phosphorus was determined by spectrophotometer 

(HITACHI U -1100).  

Grain analysis for quality attributes including crude 

protein, fat and crude fiber: The percentage of protein was 

calculated by multiplying % nitrogen with the factor 6.25. 

Nitrogen in the sample was determined following Kjeldahl’s 

method as described by Ryan et al. (2001).The crude fat 

content was determined by taking a weighed amount of 

sample and using petroleum ether as a solvent in a Soxhlet 

apparatus for 3-2 hours according to the procedure given in 

AACC (2000). 

Fat % = Weight of fat in sample (g) x 100 

       Weight of sample (g) 

The crude fiber was estimated by taking fat free weighed 

sample, first digesting it with 1.25% H2SO4 and then with 

1.26% NaOH solution. The digested sample was filtered 

with the help of a muslin cloth by washing it with distilled 

water. The residue thus obtained was ignited in a muffle 

furnace at 550°C till a white residue was left. Fiber 

percentage was calculated with the help of following 

formula (AACC, 2000). 

    Crude Fiber (%) = Weight of ashed sample (g)  x 100 

               Weight of sample (g) 

Statistical analysis: The data collected was analyzed for the 

analysis of variance using completely randomized design 

(Steel and Torrie, 1980). The significance of differences 

among the means has been compared using the standard 

error.  

 

RESULTS  

 

Grain yield and yield components: Grain yield and yield 

components were decreased significantly by saline 

conditions as compared to non saline conditions (Table 1). 

The maximum percent reduction was noted for the number 

of tillers per plant (62.5%) followed by grain yield per plant 

(57.65%) and plant height (24.4%). The number of tillers per 

plant was 4.80 and 1.80 under non saline and saline 

conditions (15 dS m
-1

), respectively. The grain yield per 

plant was 4.36 g in non-saline conditions against 3.54 g 

under stress condition. Plant height was 76.2 cm in normal 

conditions whereas in salt stress it was 57.6 cm. The number 

of spikelets per spike was 20 and 15.6, respectively under 

non-saline and saline soil conditions.  The spike length was 

also decreased significantly and was 11.4 cm under normal 

soil conditions and 9.2 cm under saline soil conditions.  

 

Table 1. Effect of salinity on grain yield and yield 

components of wheat 

Parameters Non Saline                Saline         

Plant height (cm) 

Tillers per plant   

Spike length (cm) 

Spikelets per spike 

Grain weight  

plant
-1

 (g) 

76.2a ±2.69      57.6b±2.18 (24.40) 

4.80a±0.37       1.80b±0.2   (62.50) 

11.4a± 0.68      9.20b±0.58 (19.30) 

20.0 a±1.10      15.6b±0.93 (22.00) 

8.36a ±0.24      3.54b±0.25 (57.65) 

Values followed by the same letters in a row are not 

significantly different at P < 0.05 according to the Tukey 

test. Values in () show % reduction compared to non-saline. 
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Mineral composition of plant: Plant mineral composition is 

very important with respect to plant growth, health and 

produce quality. K
+
: Na

+
 ratio was decreased significantly in 

the shoots, roots as well as in the grains under saline soil 

conditions (15 dS m
-1

) as compared to normal soil conditions 

(Fig.1). The concentration of K
+
 was also decreased 

significantly due to salinity in all the parts of plant analysed 

whereas the concentration of Na
+
 was increased significantly 

due to salinity in all the three parts (Fig. 2; data shown for 

K
+
 alone). Percent reduction in K

+
: Na

+
 ratio was 45.2%, 

58.97% and 43.47% in shoots, roots and grain respectively. 

Salinity resulted in significant reduction in the phosphorus 

concentration in shoots, roots and grain. The concentration 

of phosphorous was 0.50, 0.13 and 0.51 mmol g
-1

dw in 

shoot, root and grain respectively under non saline 

conditions whereas under saline conditions concentrations of 

phosphorus were 0.30, 0.07 and 0.30 mmol g
-1

dwt 

respectively in shoot, root and grain (Fig.3). The maximum 

reduction in the phosphorous concentration was found in the 

case of roots (44.45%) followed by grain (41.18%) and 

shoots (40%).    
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Figure 1. Effect of salinity on K

+
/ Na

+
 ratio of shoot, root 

and grain of wheat 

 

 

 

Figure 2. Effect of salinity on K
+
 concentration (mmol g

-1
 

dry wt.) of shoot, root and grain of wheat  

 

Grain quality attributes: The quality parameters of grain i.e. 

protein, fat and crude fiber contents were also decreased 

significantly due to salinity (Fig.4). Under normal conditions 

protein, fat and crude fiber were 12.18%, 2.40% and 1.80%, 

respectively whereas under salt stress, the contents of 

protein, fat and crude fiber were reduced to 9.38%, 1.48% 

and 0.92%, respectively. The percent reduction in these 

parameters was 22.97%, 33.97% and 48.66%, respectively.  
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Figure 3. Effect of salinity on phosphorous 

concentration (mmol g
-1

 dry wt.) of shoot, root 

and grain of wheat 
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Figure 4. Effect of salinity on protein, fat and crude 

fiber content (%) of wheat grain 

 

 

 

Figure 5. Relationship of grain K
+
: Na

+
 ratio with 

different quality attributes of wheat grain 
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DISCUSSION 

 

Plant height, grain yield and yield components were reduced 

significantly with the application of salinity. Reduction in 

the grain yield and yield components due to salinity has also 

been observed by Saqib et al. (2004) and Ghogdi et al. 

(2012). Among the morphological attributes, maximum 

reduction was observed in number of tillers per plant which 

may be due to absorption of excessive salts by the plants, 

which ultimately affected the plant growth indirectly by 

decreasing the amount of photosynthates, water or other 

growth factors (Khathar and Kuhad, 1999). Due to higher 

concentrations of salts in the leaves different metabolic 

processes like photosynthesis and protein synthesis are 

negatively affected and result in the reduced grain weight 

(Ibrahim, 2003). Potassium to sodium ratio decreased 

significantly in shoot, root and grain which may be due to 

more uptake of sodium as compared to potassium which 

matches with the findings of Qureshi et al. (1991). A 

positive correlation exists between Na
+
 exclusion and salt 

tolerance of many crops including wheat (Shafi et al., 2010; 

Ghogdi et al., 2012). In saline conditions there is passive 

Na
+
 diffusion through damaged membranes and decreased 

efficiency of exclusion mechanism which results in high 

concentration of sodium in leaf sap (Leidi and Saiz, 1997). 

Potassium influx transporters mediated sodium influx into 

root cells (Rabhi et al., 2007) under saline conditions. High 

external Na
+
 concentration interferes with K

+
 absorption 

resulting in low root K
+
 due to Na

+
 antagonistic effect. The 

preferred uptake of K
+
 is an important physiological 

mechanism of salinity tolerance in many crop plants. There 

was a positive relationship of grain yield and quality with 

the K
+
: Na

+
 ratio in this study which shows that a better 

ability of a plant to maintain favorable ionic composition 

helps it to tolerate saline conditions. 

Grain protein, fat and fiber contents decreased significantly 

due to salinity. Katerji et al. (2005) found increased protein 

content in sensitive and decreased in tolerant genotype of 

wheat. While conducting an experiment on maize, Maqsood 

et al. (2008) reported that a decrease in protein and fiber 

content accumulation in maize grain is associated with salt 

stress. High external Na
+
 concentration interferes with 

nitrogen absorption resulting in low protein concentration in 

the grains. The obtained results show that salinity not only 

reduces plant growth and yield but also causes a nutritional 

imbalance and deteriorates grain quality. Parida and Das 

(2005) mentioned that during the onset and development of 

salt stress within a plant, all the major processes such as 

photosynthesis, protein synthesis, energy production and 

lipid metabolism are affected. Deterioration in these 

processes would have lead to decreased yield and 

deteriorated quality of wheat grains due to salinity in the 

present study. Phosphorus concentration in shoot, root and 

grain were decreased under salinity. However this reduction 

was maximum in roots and minimum in grains. Phosphorous 

is very important with respect to nutrition and a decrease in 

phosphorous concentration not only decreases plant growth 

and yield but also show a poor nutritional value of the 

produce. The suppressive effects of soil salinity on 

metabolic activity of plants are well documented. Soil 

salinity causes the ionic imbalances which reduce the 

metabolic activities and water absorption in plants causing 

the deficiency of major plant nutrients (Irshad et al., 2002). 

 

Conclusion: Disturbed ionic homeostasis due to salinity 

caused a marked reduction in yield components of wheat 

accompanied with low potassium and phosphorus contents 

in shoot, root and grain. Likewise the quality parameters 

including grain protein, fat and fiber contents were also 

decreased in response to salinity. 
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