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ABSTRACT 

Wheat is a major food crop in Pakistan which is a good source of carbohydrates and dietary fiber. Different 

cultivars of various crops contrast in their capacities to adapt the diverse conditions of salts based upon 

their genetic makeup. A pot experiment was performed in the green house of Saline Agriculture Research 

Center (SARC), Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad to assess 

THE INTERNATIONAL JOURNAL OF BIOLOGICAL RESEARCH 
 

ISSN Print 
2618-1436 
ISSN Online 
2618-1444 
 

     Volume 1, 2018 RESEARCH  ARTICLE  

http://www.rndjournals.com|/
mailto:abbasshoukat3854@gmail.com


© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS 

 

70 | P a g e  
 

the effect of salinity. Five wheat (Triticum aestivum) varieties viz. Unaj, Ujala, SARC-2, SARC-5 and SARC-8 

were used as a test crop. Three levels of salinity (Control, 10 dS m-1 and 15 dS m-1) were developed by using 

sodium chloride (NaCl) salt. Recommended doses of N, P and K (120-90-60 kg ha-1) were applied at sowing, 

tillering and booting stage. Completely randomized design (CRD) with three replications under two factorial 

was used. The salt tolerant determinants like shoot length, root length, no. of tillers per plant, no. of spikes 

per pot, spike length, fresh and dry shoot and root weight, chlorophyll contents, grain and straw yield per 

pot were calculated. The straw samples were collected at maturity and analyzed for Na+ and K+ contents. 

The least significant difference (LSD) test with 5% significant level was employed for differentiating the 

significant means. It was found that K+ concentration was significantly higher in straw samples of wheat 

cultivar Unaj-2017 but Na+ uptake in shoot was less as compared to other varieties followed by Ujala-2016. 

However, Na+ concentration improved with enhancing NaCl stress in all genotypes. Hence, wheat variety 

Unaj-2017 was highly salt tolerant, followed by Ujala-2016, and whereas other three tested varieties were 

less tolerant. 

Keywords: salinity, yield, wheat, Na+ 

INTRODUCTION 

Salinity is an important factor for reduction of growth, development, productivity and yield of crops. It 

disturbs soil structure and produced ion toxicity specially sodium and chlorine ions.  Soil erosion and 

physical degradation of soil has affected 15% area of the globe. 20% area is affected by salt stress in all the 

world. Pakistan is present at number eight in the world in salinized areas. Major elements and causes of 

salinity are poor drainage, improper irrigation, low quality water, and water logging in Pakistan. There are 

three types of salt affected soils. Saline soils have SAR< 13, ECe > 4 dS   m-1, and ESP< 15. Sodic soils have 

SAR> 13, ECe < 4 dS m-1, and ESP> 15 while saline sodic soils have SAR> 13 ECe > 4 dS m-1, and ESP> 15 

(Rengasamy, 2010). The origin of salt affected soils are arid, semiarid areas of the world. Nearly 830.5 

million hectares land is under the influence of salt, while in Pakistan total salt affected area is 6.35 million 

hecteres (Qadir et al., 2005). About 800 million hectare of soil all through the world is under salt-stress.  

Every year, just in Pakistan around 40000 (mha) arable lands are annually lost (Ashraf et al., 2008). All 

through the world the soil of 75 nations are influenced by salinity because of low quality water system. 

Evapotranspiration rates are higher in arid and semi-arid areas than tropical areas like Pakistan which 

causes accumulation of salts at surface of soil. Accumulation of salt in rhizosphere produces toxic and 

adverse effects on plant due to low amount of water which ultimately reduced plant yield and biomass 

(Kahlown and Azam, 2002). According to an estimate, total salt affected land is 6.67 million hectares out of 

22 million hectares in Pakistan (Khan, 1998). Salinity produced many morphological, biochemical, 
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molecular, and physiological changes in plants (Kafi, 2009). Variation also occurs in plant at higher levels of 

salinity (Munns and Tester, 2008). 

Salinity stress straightly disturbs the physiological, anatomical, biochemical and morphological features of 

crops (Ashraf and Harris, 2004). It decreases the rate of photosynthesis due to closing of stomata, activated 

by lowering of plant water potential. Higher levels of NaCl destroy the uptake of micronutrients in plants 

such as potassium (K+), calcium (Ca2+) and magnesium (Mg2+). Water accessibility is limited in salt affected 

soil, increasing osmotic pressure (Castillo et al., 2007; Siringam et al; 2011; Pagter et al., 2009). Sodicity and 

Salinity cause an issue for development of plant and modify ionic fixation due to oxidative pressure and 

osmotic impacts (Bahmaniar et al., 2006). Now, the levels of salinity and sodicity cause production and yield 

issue which will turn out to be more adverse because of increasing population of human in numerous 

developing countries like Pakistan and expanding need of water is compelling farmer that they utilize for 

irrigation low quality water (Zeng et al., 2004: Rao et al., 2008).  

Wheat ( Triticum aestivum L.) is the major cereal crop throughout the world with annually production of 

around 736 million metric tons (Oyiga et al., 2016). Pakistan is the world sixth biggest wheat producer with 

the yearly production of 26 million metric tons. it possesses 9.2 mha developed land in 2013-14 which 

contributes 12.50 % in agriculture and records 2.6% in (GDP) (Pakistan Bureau of Statistic, 2014). Under 

salinity stress, number of tillers, proportion of shoot to root, surface zone of leaf, seeds, spikelet and weight 

of grain, reduces which ultimately reduced grain yield (Khan and Abdullah, 2003). Wheat development can 

be increased by developing the salt tolerant wheat genotypes (Pervaiz , 2002) since developing of salt 

tolerant wheat genotypes is more inexpensive for the cultivators, for example, draining of salts from the 

surface of soil (Qureshi and Barrett-Lennard, 1998). It is therefore essential to find out the response of 

different bread wheat cultivars to different levels of salinity at different stages. 

MATERIALS AND METHODS 

The experiment was performed in the wire house of University of Agriculture, Faisalabad, Pakistan. Five 

wheat genotypes were used with three salinity levels were developed to assess the impact of salinity at 

different salt tolerant determinants of wheat crop. The completely randomized design (CRD) was used with 

three replicates under two factor factorial arrangements of treatments. Soil samples were collected from 

Research area of University of Agriculture Faisalabad. Soil samples were passed through 2mm sieve and 

analyzed (Table 1). Each pot was filled with 12 kg soil. Five plants were kept in each pot. After every week, 

tap water was applied to all pots for irrigation. Agronomic practices like weed eradication, hoeing and 

thinning were also continued till the harvesting. Soil analysis was carried out before sowing which contained 
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following properties. pHs, electrical conductivity (ECe), Sodium Adsorption Ratio (SAR), saturation 

percentage, soluble Ca and Mg were determined by titration method. 

Table 3.1: Pre-sowing soil Analysis for experiment 

Parameters Units Value 

pHs ------ 8.42 

ECe dS m-1 2.29 

SAR ------- 13 

Saturation percentage % 22.53 

Soil Texture ------- Sandy loam 

Soluble Ca2+ + Mg2+ meq L-1 14.45 

Soluble Na+ meq L-1 3.05 

 

The experiment was comprised of following three treatments. Every treatment was replicated three times 

under completely randomized design (CRD). T1 Control (non-saline), T2 10 dS m-1 and T3 15 dS m-1. 

Salt was added in three doses to maintain required salinity levels. Salinity levels were developed by applying 

first dose prior to sowing of seeds, second and third dose of salt were applied after 15 and 30 days, 

respectively. The salt was calculated by using following formula. 

 

 Amount of sodium chloride ( g/kg) = 
𝐸𝑞𝑢𝑖𝑣.𝑊𝑡 𝑜𝑓 𝑁𝑎𝐶𝑙 ×58.5×𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 

100 ×1000
 𝑋 𝑇𝑆𝑆  

 

The calculated amount of Urea, sulphate of Potash and Di-ammonium phosphate was 1.039g/pot, 

0.64g/pot and 1.04g/pot, respectively. Seeds of three wheat (Triticum aestivum L.) genotypes were 

procured from Saline Agriculture Research Centre, University of Agriculture, Faisalabad and two cultivars 

of wheat were procured from Wheat Research Institute, Ayub Agriculture Research Institute (AARI) 

Faisalabad. The following five wheat genotypes were used. (Table 2). 

No. Name of Verities Source 

1 Unaj-2016 Ayub Agricultural Research Institute (AARI), Faisalabad. 

2 Ujala-2017 

3 SARC-2  

Saline Agriculture Research Centre (SARC), UAF. 4 SARC-5 

5 SARC-8 
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The plants were harvested after four months when plants were full mature. After harvesting, shoots and 

roots of the plant were collected in paper bags. Grains of wheat were separated from spikes and stored in 

plastic bags. The samples were dried under the daylight; they were oven dried in the laboratory for further 

processing. The samples were kept in the oven at 65 o C ± 5 o C until the point that a steady weight was 

accomplished. Then the dry matter of roots and shoot was determined. Following parameters such as Plant 

height (cm/plant), Root length (cm/plant), Shoot dry weight (g/plant), Root dry weight (g/plant), No. of 

tillers (nos.), No. of spikes (nos.), Spike length (cm), Hundred grain weight (g), Plant biomass (g/pot), Straw 

yield (g/pot), Grain yield (g/pot), Chlorophyll content (SPAD value), Sodium (Na+) and Potassium (K+) 

concentrations of shoot were recorded by using appropriate standard methods. All the above recorded 

data was analyzed statically by using appropriate design for study that was completely randomized design 

(CRD) under factorial arrangements. By using least significant difference (LSD) test all treatments and 

genotypes were compared. 

RESULTS AND DISCUSSION 

The data given in figure 1 described the shoot length of five bread wheat genotypes against different levels 

of salinity. Shoot length was significantly affected by salt stress by increasing salt concentrations in soil 

(Table-3). The shoot length ranged from 58.3 to 79.6 cm in normal conditions. Maximum shoot length (79.6 

cm) was shown by SARC-8 in Treatment-1 and minimum shoot length (58.3 cm) was calculated in SARC-5. 

Whereas, there was no significant difference in shoot length between the genotypes Ujala-2016 and SARC-

2. These results are reliable with the results of preceding studies as designated by Illahi et al. (2001) who 

performed that shoot length reduction may be due to water stress and salt toxicity in soil. Sharma et al., 

(2000) clarified that extensibility of cell and yield parameters diminished under salt stress. 

Under salt stress (EC=10dS /m), the shoot length ranged from 62 to 67cm. SARC-8 wheat genotype showed 

highest shoot length (67 cm) while SARC-2 showed minimum shoot length (62 cm). Unaj and SARC-2 

showed no difference at EC-10 and 15 dS m-1 while Ujala showed 9%, SARC-8 showed 4% and SARC-8 

showed 15% shoot length reduction according to treatment-2 (EC-10 dS/m). Higher salt levels impacted 

the metabolic procedures of plants, turgor pressure was reduced which eventually cause decrease in 

broadening of cell and reduction happens in the yield related parameters as clarified by Mahmood et al. 

(2009). 
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Figure-1: Effect on shoot length of various wheat (Triticum  aestivum L.) genotypes of various salinity levels. 

Table:3 Analysis of Variance table for Shoot Length 

Source  DF SS MS                    F                P 

Variety 4 226.09 56.522 3.75 0.0144 

Treatment 2 37.73 18.867 0 0 

T X V 8 151.24 18.906 1.26 0.3054 

Error     28 421.6 15.057     

Total 44 2207.2       

Grand Mean= 67.53                            CV=5.75 

The data given in figure 2 showed root length of five bread wheat genotypes against different levels of 

salinity. Root length was significantly affected by increasing salt concentrations in soil (Table-4). Maximum 

root length (21.3 cm) was shown by SARC-5 in normal that is no salinity was developed and minimum root 

length (17.6 cm) was calculated in Unaj-2017. However, regarding root length, different tested wheat 

genotypes performed differently at different levels of salinity. These outcomes are inconsistent with the 

results of previous studies as indicated by Jamil et al. (2005) who proved that under high salt stress, canola 

cultivars indicated diminished in the root length. Jeannette et al. (2002) explained that length of root 

diminished under higher salt pressure since it delayed seedling propagation and germination. At higher 

salinity, reduction in root length may be due to imbalanced nutrition. 

Under salt stress (EC=10dS /m), the root length ranged from 12.3 to 18.3 cm. SARC-5 wheat genotype 

showed highest root length (18.3 cm) while SARC-8 indicated minimum root length (12.3 cm). Unaj, Ujala, 
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SARC-5, SARC-2, SARC-8 showed 26%, 30%, 17%, 23% and 39% root length reduction respectively with 

respect to control. At salinity level-3, Unaj, Ujala, SARC-5, SARC-2, SARC-8 showed 43%, 78%, 74%, 75% and 

83% root length reduction respectively according to control. Sun et al. (2005), depicted that on account of 

higher salt stress diminished the length of roots by unbalancing nutrient composition. Higher salt levels in 

establishing medium caused pressure and therefore nutritive elements required by plants became 

inaccessible hence caused diminish in plant's root and shoots length, demonstrated by Lopez et al. (2002). 

 

Figure-2: Effect on root length of various wheat (Triticum aestivum L.) genotypes of  various salinity 

levels. 

Table:4 Analysis of Variance table for Root Length 

Source DF SS MSS        F            P 

Variety    4 65.67 16.417 4.44 0.0067 

Treatment    2 1473.34 736.672 199.06 0 

V X T 8 117.77 14.721 3.98 0.003 

Error     28 103.62 3.701     

Total 44 1765.61       

Grand Mean = 13.056                           CV=14.74 

The data given in figure 3 indicated that the shoot dry weight of five bread wheat genotypes against 

different levels of salinity. Shoot dry weight was significantly affected by increasing salinity (Table-5). The 

shoot dry weight ranged from 5.1 to 30.3 gram in all genotypes at control conditions. Maximum shoot dry 

weight (30.3 g) was detected by Ujala-2016 and minimum shoot dry weight (20.8 g) was calculated in SARC-
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8. But, shoot dry weight of different tested wheat genotypes performed differently at different levels of 

salinity. Under salt stress (EC=10dS/m), the shoot dry weight ranged from 5.1 to 11.3 g. Unaj-2017 wheat 

genotype presented highest shoot dry weight (11.3 g) while SARC-2 minimum least shoot dry weight (5.15 

g).  

These results are in consistent with the results of previous studies as indicated by Ciek et al. (2002) who 

examined that under salinity, shoot dry weight significantly reduced in plants due to osmotic stress and salt 

stress. They further said that, salinity reduced cell turgor of plant and stomatal closure happened lead to 

decreased photosynthesis, finally low dry weight of shoot. Farouk et al. (2000) described that reason of less 

dry weight was low number of leaves and leaf area reduced. Yadiv et al. (2001) reported that under salinity 

uptake of CO2 reduced. Lessani et al. (2004) performed that under salinity, plant became unable to uptake 

water and mineral nutrients from the soil.  

 

Figure 3: Effect on shoot dry weight (g/ pot) of various wheat (Triticum  aestivum L.) genotypes of various 

salinity levels. 

Table-5: Analysis of Variance table for Shoot Dry Weight (g/pot) 

Source DF SS MS F P 

Variety     4 134.3 33.57 6.53 0.0008 

Treatment     2 2528.77 1264.38 245.82 0 

V X T 8 118.61 14.83 2.88 0.0179 

Error     28 144.02 5.14   

Total 44 2927.06     
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Grand Mean= 13.672     CV=16.59 

The data given in figure 4 explained the effect of different salinity levels on root dry weight of different 

bread wheat genotypes. Root dry weight was significantly affected by salt stress (Table-6). Maximum root 

dry weight (3.67 g /pot) was observed by SARC-2 and minimum root dry weight (1.08 g/pot) was calculated 

in SARC-5. However, regarding root dry weight different tested wheat genotypes behaved differently at 

different levels of salinity. Similar results were also reported by Neuman et al. (2001) who justified that by 

increasing salinity, roots weight lost. Same trend was also studied by Huang et al. (2010) that salinity 

lessened dry root weight due to higher level of salinity. Under salt stress (EC=10dS /m) root dry weight 

ranged from 0.71 to 1.6 g/pot. SARC-8 wheat genotype showed highest root dry weight (1.6 g/pot) while 

Unaj-2017 indicated minimum root dry weight (0.71 g /pot). Under salt stress of EC=15 dS m-1, maximum 

root dry weight observed in SARC-8 while minimum was in SARC-5. Ashraf et al. (2008) reported that in 

saline conditions, water deficiency occurred, cell turgidity affected, which finally reduced photosynthesis 

and dry root weight.  

 

Figure-4: Effect on root dry weight (g/pot) of various wheat (Triticum aestivum L.) genotypes of various 

salinity levels. 
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Table-6: Analysis of Variance table for Root Dry Wight (g/pot) 

Source                  DF      SS        MS                 F               P 

Variety     4 5.2467 1.3117 4.34 0.0074 

Treatment     2 23.0966 11.5483 38.23 0 

T X V 8 17.0144 2.1268 7.04 0 

Error     28 8.4587 0.3021     

Total 44 54.0442       

Grand Mean= 1.50              CV=36.46 

 

The data given in figure 5 depicted that the spike length of five bread wheat genotypes against different 

levels of salinity. Spike length was not so much affected by increasing salt concentrations in soil (Table-7). 

The spike length ranged from 11 to 18 cm in all genotypes under control conditions. Maximum spike length 

(18 cm) was observed by SARC-5 and SARC-2 while minimum spike length (11 cm) was calculated in 

genotype Ujala-2016 and SARC-8. But, regarding spike length, different tested wheat genotypes performed 

differently at different levels of salinity. These results are in line with the results of previous studies as 

indicated by Ahmad et al. (2005) who reported that at upper level of salinity, spike length did not so much 

affect. 

Under salt stress (EC=10dS/m) spike length ranged from 12 to 15cm. SARC-2 presented highest spike length 

(15 cm) while Ujala-2016 directed minimum spike length (12 cm). But there was no significant statistical 

difference among all tested wheat genotypes. Similarly, at saline soil of EC=15dS/m Unaj-2017 exhibited 

highest spike length (18 cm) while SARC-5 showed minimum spike length (14 cm), but all genotypes were 

statistically at par with each other. Khaliq et al. (2005) who performed same experiment and concluded 

that salinity did not reduce the length of spike, but those spikes were unfertile.  
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Figure-5: Effect on spike length (cm) of various wheat (Triticum aestivum L.) genotypes of various salinity 

levels. 

Table-7: Analysis of Variance table for Spike Length (cm) 

Source               DF         SS           MS          F                    P 

Variety  4 6.3556 1.5889 3.02 0.0346 

Treatment    2 35.3778 17.6889 33.57 0 

V X T 8 9.5111 1.1889 2.26 0.0532 

Error     28 14.7556 0.527     

Total 44 67.9111       

Grand Mean=9.95      CV=7.29 

The data given in figure 6 showed the number of tillers of five bread wheat cultivars at different levels of 

salinity. Number of tillers were significantly affected by salt (Table-8).  Maximum no. of tiller (13 per plant) 

was observed by Ujala-2016 and minimum no. of tiller (11 g/pot) was calculated in SARC-2. These results 

are in line with the results of previous studies as indicated by Ahmad et al. (2005) who reported that at 

upper level of salinity, number of tillers also reduced. Khaliq et al. (2005) who performed similarl 

experiment and concluded that salinity reduced the number of tillers. 

Under salt stress (EC=10dS /m) no. of tiller ranged from 4 to 6 per plant. SARC-2, SARC-5 and SARC-8 

showed highest no. of tiller (6 per plant) while Unaj-2017 indicated minimum no. of tiller (4 per plant). At 

0

2

4

6

8

10

12

14

16

18

20

Unaj Ujala SARC-5 SARC-2 SARC-8

S
p

ik
e

 L
e

n
g

th
 (

c
m

)
Control EC=10 dS/m EC=15 dS/m

http://www.rndjournals.com|/


© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS 

 

80 | P a g e  
 

saline soil of EC=15dS/m Unaj, Ujala, SARC-5, SARC-2 and SARC-8 showed 4%,2%,3%, 2% and 7% percent 

reduction in number of tillers respectively with respect to control. Richard et al. (1987) reported that 

salinity diminished no. of tillers in wheat due to low photosynthesis rate.  

Figure-6: Effect on number of tiller per plant of various wheat (Triticum  aestivum L.) genotypes of various 

salinity levels. 

Table-8: Analysis of Variance table for Number of tiller per plant 

Source      DF SS MS                   F               P 

Variety   4 20.222 5.056 4.73 0.0049 

Treatment    2 401.644 200.822 187.71 0 

V X T 8 56.578 7.072 6.61 0.0001 

Error     28 29.956 1.07     

Total 44 517.111       

Grand Mean=7.44               CV=13.89 

The data given in figure 7 explained that the number of spike of five bread wheat genotypes against 

different levels of salinity. The number of spikes was significantly affected by increasing salt concentrations 

in soil (Table-9). The number of spike ranged from 3 to 13 per plant in all genotypes under control 

environment. Maximum no. of spike (13 per plant) was observed by Ujala-2016 but minimum no. of spike 

(11. g/pot) was calculated in SARC-2.   Regarding no. of spike different tested wheat genotypes behaved 

differently at different levels of salinity These results are in line with the results of previous studies as 

indicated by Ahmad et al. (2005) who reported that at upper level of salinity, number of spike also reduced. 
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Under saline condition (EC=10dS/m) no. of spike ranged from 4 to 6 per plant. SARC-2, SARC-5 and SARC-8 

showed highest no. of spike (6 per plant) while Unaj-2017 indicated minimum no. of spike (4 per plant). At 

saline soil of EC=15dS/m Ujala-2016, SARC-8 and SARC-5 showed highest no. of spike (5 per plant) while 

Unaj-2017 showed minimum no. of spike (3 per plant). Khaliq et al. (2005) who performed same experiment 

and concluded that salinity reduced the number of spike. Richard et al. (1987) reported that salinity 

diminished no. of spike in wheat due to low photosynthesis rate.  

Figure-7: Effect on number of spike per pot of various wheat (Triticum  aestivum L.) genotypes of various 

salinity levels. 

Table-9: Analysis of Variance table for Number of spike per pot 

Source DF SS MS                    F              P 

Variety   4 20.222 5.056 4.73 0.0049 

Treatment    2 401.644 200.822 187.71 0 

V X T 8 56.578 7.072 6.61 0.0001 

Error     28 29.956 1.07     

Total 44 517.111       

Grand Mean= 7.44              CV=13.89 

The data given in figure 8 explained that the grain yield of five bread wheat cultivars at different levels of 

salinity. Grain yield was non-significantly affected by salt stress (Table-10). Under control conditions, the 

grain yield ranged from 5.14 to 14.61 g/pot in all genotypes. Maximum grain yield (14.61 g/pot) was 

observed by Ujala-2016 and minimum grain yield (5.14 g/pot) was calculated in SARC-8. These results are 

constant with the results of previous studies as indicated by Francois et al. (1986) who studied grain yield 

of wheat under saline conditions. He concluded that grain yield decreased under salinity due to low 

vegetative growth and low germination rate. 
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Under saline conditions (EC=10dS /m), grain yield ranged from 6.3 to 12.45 g/pot. Unaj-2017 showed 

highest grain yield (12.45 g/pot) while SARC-5 indicated minimum grain yield (6.3 g/pot). In treatment-3 

where EC=15dS /m, Unaj, Ujala, SARC-5, SARC-2 and SARC-8 showed 60, 60, 55, 56 and 59 % reduction in 

grain yield respectively under control. Akram et al. (2002) studied that salinity reduced 100 grain weight 

and as well as grain yield of wheat. Shafi et al. (2010) performed an experiment on grain yield of wheat. He 

concluded that grain yield reduced under salinity due to low photosynthesis, plant became unable to 

complete their vegetative growth properly under salinity stress.  

 

 

Figure-8: Effect on grain yield (g/pot) of various wheat (Triticum  aestivum L.) genotypes of various salinity 

levels. 

Table-10: Analysis of Variance table for Grain yield (g/pot) 

Source DF SS MS            F                P 

Variety   4 3.487 0.872 1.01 0.4169 

Treatment     2 539.071 269.536 313.64 0 

V X T 8 15.644 1.956 2.28 0.0514 

Error     28 24.062 0.859     

Total 44 586.144       

Grand Mean=8.53                CV=10.86 

The data given in figure 9 explained that the straw yield of five bread wheat cultivars against different levels 

of salinity. Straw yield was non-significantly affected by salt stress (Table-11). Under control conditions, the 

straw yield ranged from 6.59 to 42.03 g/pot in all genotypes. Maximum straw yield (42.03 g/pot) was 
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observed in Ujala-2016 while minimum straw yield (13.42 g/pot) was calculated in SARC-8. Regarding straw 

yield different tested wheat genotypes behaved differently at different levels of salinity. These results are 

in line with the results of previous studies as indicated by Amirul-Alam et al. (2015) who clarified that salinity 

affected straw yield of wheat under various levels of salinity due to closure of stomata under salinity. 

Photosynthesis stopped under saline condition, plants did not prepare food lead to reduced straw yield. 

Under saline conditions (EC=10dS/m) straw yield ranged from 10.52 to 13.60 g/pot. Ujala-2016 showed 

highest straw yield (13.60 g/pot) while Unaj-2017 indicated minimum straw yield (10.41 g/pot). At saline 

soil of EC=15dS/m SARC-5 showed highest straw yield (10.09 g/pot) while Unaj-2017 showed minimum 

straw yield (6.59 g/pot). Richards et al. (1987) reported that straw yield reduced in wheat and barley under 

salt affected soil due to very few tillers and spike escaped in saline soil and reached to harvested stage.  

 

Figure-9 : Effects on straw yield (g/pot) of various wheat (Triticum aestivum L.) genotypes of various salinity 

levels. 

Table-11: Analysis of Variance table for Straw yield (g/pot) 

Source   DF SS MS          F        P 

Variety 4 63.91 15.978        2.09     0.1083 

Treatment 2 1887.24 943.622      123.64          0 

V X T 8 181.42 22.678         2.97      0.0153 

Error     28 213.69 7.632     

Total 44 2347.91       

Grand Mean=10.84                 CV=25.47 

The data given in figure 10 indicated that the 100 grain weight of five bread wheat cultivars against different 

levels of salinity. 100 grain weight was significantly affected by increasing salt concentrations in soil (Table 
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– 12). The 100 grain weight ranged from 0.82 to 2.02 g/pot in all genotypes. Maximum 100 grain weight 

(2.02 g/pot) was observed by SARC-8 while minimum 100 grain weight (1.49 g/pot) was calculated in SARC-

5. In treatment – 2 where EC=10dS /m was imposed, the 100 grain weight ranged from 2.05 to 1.17 g/pot. 

SARC-2 wheat genotype showed highest 100 grain yield (2.05 g/pot) while SARC-5 indicated least 100 grain 

weight (1.17 g/pot). In treatment-3 where EC=15dS /m, Unaj, Ujala and SARC-8 showed 46% 100 grain 

weight reduction and SARC-5 and SARC-2 showed 42 % 100 grain weight reduction. Vasilakoglou et al. 

(2011) performed an experiment to check 100 grain weight of wheat under different salt level. Yield of 100 

grain weight decreased very much against higher level of salt.  

Figure-10: Effect on 100 grain weight (g/ pot) of various wheat (Triticum  aestivum L.) genotypes of various 

salinity levels. 

Table-12: Analysis of Variance table for 100 Grain Yield (g/pot) 

Source    DF SS MS                 F                          P 

Variety 4 7.6536 1.9134 24.13 0 

Treatment     2 8.9863 4.49316 56.66 0 

V X T 8 6.2939 0.78673 9.92 0 

Error     28 2.2204 0.0793     

Total 44 25.2913       

Grand Mean= 3.64             CV=7.73 

The data given in figure 11 showed plant biomass of five bread wheat against different levels of salinity. 

Plant biomass was non- significantly reduced by increasing salinity (Table-13). Maximum plant biomass 

(25.6 g) was observed in genotype Ujala-2016 and minimum plant biomass (15.0 g) was recorded in SARC-
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8. These outcomes are consistent with the results of previous studies as indicated by Ashraf et al. (1999) 

who estimated the salt tolerance of twelve genotypes of wheat and resulted that development and yield 

lessened with salinity in all varieties. Akhtar et al. (2005) additionally presumed that under salinity, water 

deficiency occurred due to osmotic pressure and in this manner biomass reduced as a result of diminished 

rate of photosynthesis and eventually the production of photosynthetic. 

Under salt stress (EC=10dS m-1) biomass ranged from 8.6 to 3.3. SARC-8 wheat genotype showed highest 

biomass (8.6 g) while SARC-2 indicated minimum biomass (3.3 g). There was no difference in Unaj and 

SARC-5 at both levels of salinity while Ujala showed 81% yield reduction and SARC-8 showed 81% yield 

reduction with respect to treatment-1. At saline soil of EC=15dS/m SARC-8 showed highest biomass (7.33 

g) while SARC-2 showed minimum biomass (3.0 g), but all genotypes were statistically at par with each 

other. Munns et al. (1995) clarified that cell turgidity lost by higher salinity and causes reduced biomass 

yield. Rashid et al., (1999) demonstrated that salinity in wheat diminish biomass yield. Toselli et al. (2003) 

announced that decline in biomass yield was caused by ion toxicity, causing decreased germination of plant. 

Li et al. (2006) clarified that biomass yield lost due to accumulation of toxic ions in leaves. 

 

Figure-11: Effect on plant biomass (g/pot) of different wheat (Triticum aestivum  L.) genotypes at various 

levels of salinity. 
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Table:13 Analysis of Variance table for plant Biomass  

Source DF SS MSS             F             P 

Variety 4 63.91 15.978 2.09 0.1083 

Treatment 2 1887.24 943.622 123.64 0 

V X T 8 181.42 22.678 2.97 0.0153 

Error     28 213.69 7.632     

Total 44 2347.91       

Grand Mean=10.84             CV=25.47 

The data given in figure 12 showed Na+ concentration in shoot of five of bread wheat varieties against 

different levels of salinity. Na+ concentration in shoot was significantly affected by salt stress (Table-14). 

Maximum Na+ concentration in shoot (65.53 mol m-3) was observed in SARC-8 in treatment-3 where the 

conditions were kept saline with EC=15dS/m but minimum Na+ concentration in shoot (11.30 mol m-3) was 

calculated in Unaj-2017. However, regarding Na+ concentration in shoot different tested wheat genotypes 

behaved differently at different levels of salinity. These results are consistent with the results of previous 

studies as indicated by Tavakoli et al. (2011) who clarified that wheat plant accumulated more Na+ contents 

in their shoot under saline conditions. Ainnie et al. (2010) reported that sodium exclusion is related with 

salt tolerance and preservation of nearly uniform conc. of Na+ ion in shoot and leaves of wheat plant. 

In Treatment-2 where EC=10dS /m shoot Na+ ranged from 13.63 to 47.56 mol m-3. SARC-2 wheat showed 

highest concentration of Na+ (47.56 mol m-3) while Unaj-2017 indicated minimum concentration (13.63 mol 

m-3). At saline soil of EC=15dS /m SARC-8 showed highest Na+ concentration in shoot (65.53 mol m-3) while 

Unaj-2017 showed minimum Na+ concentration in shoot (18.12 mol m-3). Yadav and Singh (2004) explained 

that sodium exclusion is related with salt tolerance and preservation of nearly uniform conc. of Na+ ion in 

shoot and leaves of wheat plant. More concentration of Na+ ions in shoot of wheat interrupted nutrient 

balance, than ion toxicity occurred and finally upset osmotic regulation narrated by Tiessen et al. (1994). 

Haq et al. (2002) explained that salt sensitive plant and tolerant plants were different with each other with 

respect to rate of transport of Na+ and Cl- into shoots, leaves and roots of plant. 
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Figure-12: Effect on Na+ concentration (mol m-3) in shoot of various wheat (Triticum  aestivum L.) genotypes 

of various salinity levels. 

Table-14: Analysis of Variance table for Na+ Concentration (mol m-3) in shoot 

Source DF SS MS            F                                                P 

Variety    4 5863.9 1465.98 108.44 0 

Treatment    2 3585.8 1792.89 132.62 0 

V X T 8 1800.6 225.08 16.65 0 

Error     28 378.5 13.52     

Total 44 11708.6       

Grand Mean: 34.094          CV=10.78 

The data given in figure 13 described the K+ concentration in shoot of five bread wheat varieties against 

different levels of salinity. K+ concentration in shoot was significantly affected by increasing salt 

concentrations in soil. The K+ concentration in shoot ranged from 36.7 to 71.21 mol m-3 in all genotypes 

under control conditions. Maximum K+ concentration in shoot (71.21 mol m-3) was observed in Ujala-2016 

and minimum K+ concentration in shoot (55.3 mol m-3) was calculated in SARC-2. However, regarding K+ 

concentration in shoot different tested wheat genotypes behaved differently at different levels of salinity. 

These results are in line with previous studies as reported by Sairam et al. (2002) under higher salinity 

levels, potassium content decreased in shoot due to antagonistic effect between them. 

Under salt stress (EC = 10dS/m) K+ concentration in shoot ranged from 43.37 to 68.53 mol m-3. Unaj-2017 

wheat genotype showed highest concentration of K+ (68.53 mol m-3) while SARC-2 indicated least 

concentration (43.37 mol m-3). Unaj, Ujala, SARC-5, SARC-2 and SARC-8 showed 18%, 32%, 11%, 33% and 

46% K+ concentration reduction with respect to normal. Same results also described by Chartzouakis et al. 

(2002) that higher levels of salinity developed more concentration of Na+ and Cl- in shoots but reduced the 
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concentration of K+ in shoot. In Treatment-3, potassium (K+) concentrations ranged from 58 to 38 mol m-3. 

Highest concentration of potassium showed by Unaj-2017 while lowest showed by SARC-8. 

Figure-13: Effect on K+ Concentration (mol m-3)in shoot  of various wheat (Triticum aestivum L.) genotypes 

of various salinity levels. 

Table-15: Analysis of Variance table for K+ Concentration ( mol m-3)in shoot   

Source     DF SS MS             F                                  P 

Variety    4 2333.02 583.25 14.72 0 

Treatment     2 2856.06 1428.03 36.03 0 

V X T 8 1102.24 137.78 3.48 0.0066 

Error     28 1109.8 39.64     

Total 44 7408.55       

Grand Mean=57.58                    CV=10.93 

The data given in figure-14 explained that the chlorophyll content of wheat varieties against different levels 

of salinity. Chlorophyll content was not- significantly affected by increasing salt concentrations in soil 

(Table-16). Maximum chlorophyll content (49.83 %) was observed by SARC-5 and minimum chlorophyll 

content (46 %) was calculated in SARC-8. Whereas, there was no difference in chlorophyll content between 

the genotypes Unaj-2017 and SARC-2.   In treatment-2 (EC=10dS/m) chlorophyll content ranged from 43 

to 47 %., SARC-5 showed highest chlorophyll content (47.33 %) while SARC-8 indicated minimum 

chlorophyll content (42.7 %). At saline soil of EC=15 dSm-1 Unaj-2017 showed highest chlorophyll content 

(46 %) while Ujala-2016 showed minimum chlorophyll content (41 %). These results are reliable with 

previous studies as well reported by Zhao et al. (2007) who narrated that germination rate significantly 
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varies among different cultivars of oats and wheat. Chlorophyll contents, leaf area and dry biomass reduced 

due to more accumulation of sodium and lesser potassium in their shoot. Al-aghabary et al. (2005) reported 

that by increasing salinity, chlorophyll content reduced.  

Figure-14: Effect on chlorophyll contents in shoot of various wheat (Triticum  aestivum L.) genotypes of 

various salinity levels. 

Table-16: Analysis of Variance table for Chlorophyll contents in shoot  

Source    DF SS MS                F                       P 

Variety   4 3.147 0.7867 0.17 0.9537 

Treatment     2 14.827 7.4136 1.57 0.2264 

V X T 8 47.537 5.9422 1.26 0.3051 

Error     28 132.452 4.7304     

Total 44 230.144       

Grand Mean=48.389        CV=4.49 

REFERENCES 

1. Ahmad, S.V., H. Krishnamurthy and M.K. Mat. 

2005. Limiting cytosolic Na+ confers salt 

tolerance to rice cells in culture: a two-photon 

microscop study of SBFI-loaded cells. Physiol. 

Plantar. 4:156-158. 

2. Ainnie, J.F. and J.V. Staden. 2010. Does pattern of 

iron accumulation vary in Alfalfa at different 

growth stages. J. Plant Nutr. 17: 1463-1476. 

3. Akram, M., M. Hussain, S. Akhtar and E. Rasul. 

2002. Impact of NaCl salinity on yield 

0

10

20

30

40

50

60

Unaj Ujala SARC-5 SARC-2 SARC-8

C
h

lo
ro

p
h

y
ll

 C
o

n
te

n
ts

Control EC=10dS/m EC=15dS/m

http://www.rndjournals.com|/


© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS 

 

90 | P a g e  
 

components of some heat accessions/varieties. 

Int. J. Agric. Biol.1:156-158. 

4. Al-aghabary, K., Z. Zhu and Q. Shi. 2005. Influence 

of silicon supply on chlorophyll content 

chlorophyll fluorescence, and antioxidative 

enzyme activities in tomato plants under salt 

stress. J. Plant Nutr. 27: 2101-2115. 

5. Amirul-Alam. A. Md., A. S. Juraimi and M. Y. Rafii. 

2015. Effect of Salinity on Biomass Yield and 

Physiological and Stem-Root Anatomical 

Characteristics of Purslane ( Portulaca oleracea 

L.) Accessions. Biomed. Res. Int. 5:234:264. 

6. Ashraf, J., R. Qureshi, M. Aslam and S. Nawaz. 

1999. Performance of selected wheat genotypes 

grown under the saline and hypoxia 

environment. Pak. J. Soil Sci. 15: 146-53. 

7. Ashraf, M. and P. Harris. 2004. Potential 

biochemical indicators of salinity tolerance in 

plants. Plant Sci. 166:3-16. 

8. Ashraf, M., H. R. Athar, P. J. C. Harris and T. R. 

Kwon. 2008. Some prospective strategies for 

improving salt tolerance. Adv. Agro. 97: 45-110.  

9. Castillo, E., G. To Phuc, M. A. Abdelbaghi, and I. 

Kazuyuki, 2007. Response to salinity in rice: 

comparative effects of osmotic and Ionic stress. J. 

Plant Prod. Sci. 10(2): 159-170 

10. Chartzoulakis, K., M. Loupassaki, M. Bertaki and I. 

Androulakis, 2002. Effects of NaCl salinity on 

growth, ion content and CO2 assimilation rate of 

six olive cultivars. Sci. Hort. 96: 235-247. 

11. Ciek, N. and H. Cakilar. 2002. The effects of 

salinity on some physiological parameters in two 

maize cultivars. Bulg. J. Plant physiol. 28: 66-74. 

12. Farouk, S. 2000. Structural and physiological 

studies and oil constituents of plants under 

salinity conditions. M.Sc. Thesis Fac. of 

Agriculture, Mansoura University Egypt. 

13. Francois. L.E., E.V. Maas, T. J. Donovan and V.L. 

Youngs. 1986. Effect of Salinity on Grain Yield and 

Quality, Vegetative Growth, and Germination of 

Semi- Dwarf and Durum wheat. Agron. J. 78: 

1053-1058. 

14. Haq, T., J. Akhtar, M.A. Haq and M. Hussain. 2002. 

Effect of soil salinity on the concentration of Na, 

K and Cl in the leaf sap of the four Brassica 

species. Int. J. Agri. Biol. 4: 385-388. 

15. Huang, J. and R. Redmann. 2010. Salt tolerance of 

the Hordeum and Brassica species during 

seedling growth. Can. J. Plant Sci. 75: 815-819. 

16. Illahi, L., J. Mussaret and F. Rehman. 2001. The 

effect of various saline conditions on growth 

behavior of peanuts. Pak. J. Plant Sci. 12: 143-

152. 

17. Jamil, M., D. Lee, K.Y. Jung, M. Ashraf, S.C. Lee and 

E.S Raha. 2005. Salinity (NaC1) tolerance of 

Brassica species. J. Environ. Agri. Food Chem. 5: 

970-976. 

18. Jeannette, S., R. Craig and J.P. Lynch. 2002. 

Salinity tolerance of phaseolous species during 

germination and early seedling growth. Crop Sci. 

42: 1 584-1594. 

19. Kafi, M. 2009. The effects of salinity and light on 

photosynthesis, respiration and chlorophyll 

fluorescence in salt-tolerant and salt-sensitive 

wheat (Triticum aestivum L.) cultivars. J. Agr. Sci. 

Tech. 11: 535-547. 

20. Kahlown, M.A., W. Changgui. And M. Azam. 2003. 

Effects of saline drainage effluent on soil health 

and crop yield. Agri. Water Mang. 62: 127-138. 

21. Khaliq, M.A., M. Abid, N. Hussain and T. Imran. 

2005. Growth analysis of wheat genotypes under 

saline condition. Insti. J. Agri. Biol. 7: 508-510. 

22. Khan, G. 1998. Soil Salinity/sodicity status in 

Pakistan. Soil Survey of Pakistan, Lahore. P.59. 

23. Khan, M.A. and Z. Abdullah. 2003. Salinity-

Sodicity induced changes in reproductive 

physiology of rice (Oryza sativa) under dense soil 

conditions. Environ. Exp. Bot. 49: 145-157. 

24. Lessani, H. and K. Marchner. 2004. Relationship 

between salt tolerance and long distribution 

transport of Sodium in various crop species. Aust. 

J. plant physiol. 5: 27-37.  

http://www.rndjournals.com|/


© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS 

 

91 | P a g e  
 

25. Li, X., P. An, S. Inanaga, A.E. Eneji and K. Tanabe. 

2006. Salinity and defoliation effects on soybean 

growth. J. Plant Nutr. 29: 1499-1508. 

26. Lopez, C.M.L., H. Takahashi and S. Yamazaki. 

2002. Plant-water relations of kidney bean plants 

treated with NaCl and foliarly applied 

glycinebetaine. J. Agron. Crop Sci. 188: 73-80. 

27. Mahmood, G.R. 2009. The influence of NaCl 

priming on seed germination and seedling 

growth of canola (Brassica napus L.) under 

salinity conditions. American-Eurasian J. Agri 

Environ. Sci. 5: 696-700. 

28. Munns R. and M. Tester. 2008. Mechanisms of 

salinity tolerance. Annual Review of Plant 

Physiology 59: 651-681. 

29. Munns, R., D.P. Schochtman and A.G. Condon. 

1995. Effect of salinity oil germination and 

seedling growth of chickpea (Cicer arietinun L.) 

genotypes. Int. J. Agri. Biol. 3: 226-229. 

30. Neuman, X.S. 2001. Abscisic acid concentrations 

correlated with leaf area reductions in two salt- 

stressed rapid cycling Brassica species. Plant Soil. 

17: 25-35. 

31. Oyiga, B.C., R.C. Sharma, J. Shen, M.Baum, 

F.C.Ogbonnaya, J. Leon and A. Ballvora. 2016. 

Identification and characterization of salt 

tolerance of wheat genotypes (Triticum aestivum 

L.) Iranian J. Plant Physiol. 1:108-107. 

32. Pagter, M., C. Bragato, M. Malagoli, H. Brix, 2009. 

Osmotic and ionic effects of NaCl and Na2SO4 

salinity on Phragmites australis. J. Aquat. Bot. 90: 

43-51. 

33. Pakistan Bureau of Statistics. 2014. Pakistan 

Economic Survey 2013-14. Islamabad, Pakistan, 

pp. 17-35.  

34. Pervaiz, Z., M. Afzal, S. Xi, Y. Xiaoe and L. Ancheng. 

2002. Physiological parameters of salt tolerance 

in wheat. Asian J. Plant Sci, 1: 478-481. 

35. Qadir, M., A. D. Noble, J. D. Oster, S. Schubert and 

A. Ghafoor. 2005. Driving forces for sodium 

removal during phytoremediation of calcareous 

sodic and saline sodic soils: a review. Soil use and 

management. 21: 173-180. 

36. Qureshi, R. and E. bhatt Barrett-Lennard. 1998. 

Saline agriculture for irrigated land in Pakistan: a 

handbook. Aus. Ctr. Int. Agric. Res.pp.142. 

37. Rao, P.S., Mishra, S.R. Gupta, A. Rathore, 2008. 

Reproductive stage tolerance to salinity an 

alkalinity stresses in rice genotypes. Plant 

Breeding, 127: 256-261. 

38. Rashid. M., M. Ashraf, Y. Ashraf, R. Ahmad and S. 

Nazli. 1999. Some growth related in 

characteristics in canola (Brassica napus L.) under 

salinity. Int. J. Agri. and Biol. 6: 665-668. 

39. Rengasamy, P. 2010. Soil processes affecting crop 

production in salt affected soils. Funct. Plant Biol. 

37: 613-620.  

40. Richard. R.A., C.W.Dennett, C.O. Qualset and E. 

Epstein. 1987. Variation in yield of grain, and 

biomass in wheat in a salt affected field. Field 

Crop Resear. Elsevier. 15: 277-287. 

41. Sairam, R.K., K.V. Rao and G.C. Srivastava. 2002. 

Differential response of wheat genotypes to long 

term salinity stress in relation to oxidative stress, 

antioxidant activity and osmolyte 

concentration. Plant Sci. 163: 1037-1046. 

42. Shafi, M. A., M. A. Pervez, R. M. Balal. R. Ahmad, 

C. M. Ayyub, T. Abbas and N. Akhtar. 2010. Salt 

stress effects on some morphological and 

physiological characteristics of wheat (Triticum 

aestivum L.). Soil Environ. 30:66-73. 

43. Sharma, R.G.D. and J.H. Garg. 2000. Saline 

agriculture research in Pakistan. proc. Indo-Pak. 

Workshop on Soil Salinity and Water 

Management. 2: 409-423, Islamabad, Pakistan. 

44. Siringam, K., Juntawong, N., Cha-um, S. and C. 

Kirdmanee, 2011. Salt stress induced ion 

accumulation, ion homeostasis, membrane injury 

and sugar contents in salt-sensitive rice (Oryza 

sative L. spp. Indica) roots under isosmotic 

conditions. Afr. J. Biotech. 10(8):1340-1346. 

45. Sun, C.W., T.C. Liang and V. Romheld. 2005. 

Effects of foliar and root applied silicon on the 

http://www.rndjournals.com|/


© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS 

 

92 | P a g e  
 

enhancement of induced resistance to powdery 

mildew in Cucums sativus. J. Plant Pathol. 54: 

678-685. 

46. Tavakoli, E., F. Fatehi, S. Coventry, P. Rengasamy 

and G.K. McDonald. 2011. Additive effects of Na+ 

and Cl– ions on barley growth under salinity 

stress. J. Exp. Bot. 62: 2189-2203. 

47. Tiessen, H. 1994. The role of K+ and Ca2+ for 

amelioration of salinity in agriculture. Soil Sci. 

371: 783-785. 

48. Toselli, M.E. and E.C. Casenave. 2003. Water 

content and the effectiveness of hydro and 

osmotic priming of cotton seeds. Seeds Sci. 

Technol. 31: 727-735. 

49. Vasilakoglou, I., K. Dhima, N. Karagiannidis and T. 

Gatsis. 2011. Sweet sorghum productivity for 

biofuels under increased soil salinity and reduced 

irrigation. Field Crops Res. 120:38-46. 

50. Yadav, S. and N.B. Singh. 2004. Strategies to 

enhance yield of rapeseed-mustard in India. 

Physiol. Plant. 5: 235-245.  

51. Yadiv, R., T.J. Flowers and A.R. Yeo. 2001. The 

involvement of transpirational bypass flow in 

sodium uptake high and low sodium transporting 

lines of Rice developed through intervarietiel 

selection. Plant Cell Environ. 19: 329-336. 

52. Zeng, L. 2004. Genetic diversity analyzed by 

microsatellite markers among rice (Oryza sativa 

L.) genotypes with different adaptations to saline 

soils. J.Plant Sci. 166: 1275-1285. 

53. Zhao, G.Q., B.L. Ma and C.Z. Ren. 2007. Growth, 

gas exchange, chlorophyll fluorescence, and ion 

content of naked barley in response to 

salinity. Crop Sci. 47: 43-93. 

http://www.rndjournals.com|/

