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ABSTRACT 

In this study various genotypes of cucumber were evaluated on the basis of morphological, 

physiological and bio-chemical characters under saline regime. Cucumber varieties named as Beit 

Alpha, Green long, Yousaf hybrid, Late green, Ear liana and Cucumber F-1 were studied under 

five salinity levels i.e. T0 (control), T1 (2.5 dS/m), T2 (5 dS/m), T3 (7.5 dS/m) and T4 (10 dS/m). It 

was observed that increasing salinity levels have negative effect on plant growth. The different 

cucumber varieties showed different levels of tolerance to salt stress. The greater root and shoot 

size, leaf area, root dry weight, stomatal conductance, water use efficiency, photosynthetic rate, 

transpiration rate and chlorophyll content were observed in cucumber genotype late green and was 

regarded as superior over additional tested varieties. Overall the late green cucumber genotype 

showed maximum tolerance to different levels of salinity stress as compared to Beit Alpha, Green 

long, Yousaf hybrid, Ear liana and Cucumber F-1. 
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Introduction 

Salinity is a global challenge. Saline soils cover about 11 million hectare i.e. around 55 percent of 

entire arable soils dangerously effecting on country budget and slow down countrywide yield 

(Sahi, 2006; FAOSTAT, 2008). The entire worldwide region of saline-disturbed earths has been 

estimated to be around 830 million hac (Martinez-Beltran and Manzur, 2005).In nature, our 

country is arranged in the bone-dry/ semi dry region of the biosphere; the over-all territory of our 

country is 796096 square km out of that around 6.67 million hectare is saline influenced that is 

nearly 33% of the entire developed region of Pakistan (Khan, 1998). 

The development and advancement of the plant are the interior courses of action which is 

below the controller of the earth. High heat, humidity, particle emission, complements, gasses and 
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salinity can one or the other elevation or delay the growth and improvement of the crop (Bry et 

al., 2000, Wu et al., 2007). Development of sprouts have problem in soil salinity, a typical problem 

is originate in inundated sorts, by less rainfall (Kaya et al., 2003). Soil salinity may affect the 

sprouting of plantlets also by creating an osmotic potential outside to the kernel avoiding water 

acceptance, or over the fatal effects of Na+ and Cl- elements on the growing seed (Khajeh-

Hosseiniet al., 2003). 

Soil salinity influences all the physiological and metabolic techniques of plant and decrease 

the plant development and yield, especially in glycophytes. The degree of lessening in plant 

development may change relying on numerous components including plant species, genotype, 

plant age, ionic quality and piece of the salinizing arrangement (Läuchli and Epstein, 1990). 

High salinity stages effect all portions of plant growth and improvement and plants regulate 

to their surrounds over a complex organizational network (Gong et al., 2001). Growth, production 

and quality lessening may occur because of a diminishing in the capability of plants to take up 

water from the earth arrangement and the devastation of soil arrangement (Barrett-Lennard, 2003). 

Saline safe plants provide well end result on the grounds that they can accept extra water in such 

situation below salty soil although as a rule salinity delays the development of plant (Barrett-

Lennard, 2003). Presently a day's diverse cultivating strategies have been acquainted with beat the 

issues of saline regions or else the territory that is beneath different salt stress conditions (Qureshi 

and Barret-Lannard, 1998).Keeping in observation the ability of plant salt tolerance in the collected 

works, the present experiment was directed to evaluate the influence of salinity on the 

morphological, and physiological characterization of various cucumber genotypes under saline 

regime. 

Materials and Methods 

The study was aimed to characterize cucumber genotypes against salinity stress. Seeds of six 

cucumber genotypes were collected from Ayyub Agricultural Research Station, Faisalabad. The 

seeds were surface sterilized with 5% sodium hypochlorite before sowing. At that point these seeds 

were sown in 14 litter pots filled with sand as growth medium and the following cucumber varieties 

Beit Alpha, Green long, Yousaf hybrid, Late green, Ear liana and Cucumber F-1 were taken under 

examination. These different cucumber varieties were subjected to salinity levels as T0 (control), 

T1 (2.5 dS/m), T2 (5 dS/m), T3 (7.5 dS/m) and T4 (10 dS/m) respectively. The Hoagland was used 
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as nutritional medium. Number of leaves per plant root length shoot length root fresh and dry 

weight was recorded using slandered procedure (Wani et al., 2015). 

Photosynthesis rate, transpiration rate and stomatal conductance were evaluated with the help of 

infrared gas analyzer (IRGA). Observations were made on third leaf from the highest point of plant 

that was completely extensive and full bloom in the morning time from 10:00 am to 11:00 am. 

Chlorophylls contents were observed with the help of chlorophyll meter. The experiment was laid 

out under complete randomized design (CRD) with two factor factorial arrangements. Data 

collected was analyzed statistically using Fisher analysis of variance (ANOVA) techniques. The 

treatment means will be compared by using HSD (Tukey Test) (Steel et al., 1997). 

Results 

 Increase in salinity reduced the number of leaf/plant in all tested cucumber genotypes. 

Cucumber genotype Ear liana showed minimum reduction in number of leaf per plant compared 

to Beit Alpha, Green long, Yousaf hybrid, Late green and Cucumber F-1 respectively at 10ds/m 

of NaCl as shown in table.1. Interaction of salinity and okra genotypes was observed significant. 

Following the increase in salinity level from 0-10 ds/m leaf area was reduced in all 

cucumber genotypes. The greater leaf area was observed in Ear liana at all tested salinity levels 

but at 10 ds/m of NaCl, greater leaf area was observed in yousaf hybrid and Ear liana respectively, 

while it was observed least in Cucumber F-1 hybrid (table 2). Shoot length is the first observation 

about the growth and development of the crop. Greater shoot length results in to more space for 

the plant to have more leaves for photosynthetic activity. Greater shoot length was observed for 

variety Ear liana and Green long while it was observed minimum in Cucumber F-1 at 10ds/m of 

NaCl (table 3). 

 Measurement of root system attributes is of critical importance to understand and model 

plant growth. Root length and its surface area can be very important parameters for controlling the 

uptake of water and nutrients. Therefore, it is important to quantify them. The results indicated 

that different varieties of cucumber differed significantly in response to changing levels of salinity. 

Highest root length was observed Ear liana compared to all other cucumber genotypes and it was 

observed least in Cucumber F-1 at 10ds/m of NaCl (table 4).  
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Table 1: Individual means comparison of treatments for number of leaves/plant 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 10.33 12.00 13.33 10.00 19.33 13.33 13.05 a 

2.5 dS/m 7.00 9.33 13.00 9.00 14.00 9.33 10.28 b 

5 dS/m 9.67 9.33 12.67 9.00 13.67 8.67 10.50 b 

7.5 dS/m 9.67 9.00 10.67 8.33 8.67 8.00 9.06 bc 

10 dS/m 9.67 8.00 10.00 8.00 8.00 6.33 8.33 c 

Means 9.26 b 9.53 b 11.9 a 8.87 bc 12.73 a 9.13 b  

(LSD (Variety) = 2.3315, LSD (Treatment) = 2.1283, LSD (V×T) = 5.2133) 

Table 2: Individual means comparison of treatments for leaf area (cm2) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 76.303 73.203 76.25 51.82 88.66 70.323 76.30 a 

2.5 dS/m 59.423 58.597 58.547 48.98 80.42 51.413 59.42 b 

5 dS/m 43.8 55.663 51.69 44.853 59.897 49.633 43.80 c 

7.5 dS/m 42.973 49.223 50.527 43.867 53.513 41.793 42.97 c 

10 dS/m 42.097 45.963 48.297 42.577 46.937 35.697 42.09 c 

Means 52.92 c 56.53 b 57.06 b 46.41 e 65.88 a 49.78 d  

(LSD (Variety) = 0.473, LSD (Treatment) = 0.689, LSD (V×T) = 0.778) 

Table 3: Individual means comparison of treatments for shoot length (cm) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 58 81 77.67 50.67 81 45.67 68.67 a 

2.5 dS/m 51 71 77.33 47.33 74.67 45 63.80 a 

5 dS/m 46.33 70 62.67 46.67 70.33 43.33 58.53 b 

7.5 dS/m 43 50.33 59.33 37.67 67 34.33 50.78 b 

10 dS/m 43 46.33 48.33 33.33 58.33 33.33 45.86 c 

Means 48.27 b 63.73 a 65.06 a 40.32 b 70.27 a 43.13 b  

(LSD (Variety) = 10.09, LSD (Treatment) = 9.21, LSD (V×T) = NS) 

Table 4: Individual means comparison of treatments for root length (cm) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 15.00 44.00 38.33 16.33 28.33 39.67 38.61 a 

2.5 dS/m 17.33 25.00 17.00 22.00 50.33 25.00 31.78 b 

5 dS/m 20.33 18.33 23.00 16.33 29.33 27.00 26.72 c 

7.5 dS/m 27.33 40.33 31.33 22.00 35.67 34.00 22.99 cd 

10 dS/m 35.00 30.67 24.33 24.33 34.33 28.67 19.99 d 

Means 26.80 bc 30.87 ab 31.67 ab 20.20 d 35.60 a 23.00 cd  

(LSD (Variety) = 4.91, LSD (Treatment) = 4.48, LSD (V×T) = 10.98) 
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Maximum shoot fresh weight was recorded for variety Ear liana as compared to Beit alpha, 

Green long, Yousaf hybrid, Late green and Cucumber F-1. Cucumber F-1 the most sensitive in 

this regard and showed least shoot fresh weight at 10ds/m of NaCl (table 5). Root fresh weight 

was affected significantly and was decreased with increase the salinity stress on cucumber plants, 

the Ear lian presented highest root fresh weight under higher level of salinity while Cucumber F-

1 showed minimum root fresh weight at 10ds/m of NaCl. Under 10ds/m salinity stress greater root 

fresh weight was observed in Ear liana while it was observed least in Late green and Green long 

cucumber genotypes at 10ds/m of NaCl (table 6). 

Table 5: Individual means comparison of treatments for shoot fresh weight (g) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

control 45.9 42.77 58.53 34.53 65.3 39.03 47.68 a 

2.5 dS/m 40.7 41.83 42.6 28 47.07 28 38.03 b 

5 dS/m 33.2 21.23 34.03 23.27 42.1 22.33 29.36 c 

7.5 dS/m 27.33 20.47 25.87 20.03 32.87 19.8 24.39 d 

10 dS/m 22.77 17.23 20.83 16.23 25.83 18.63 20.25 d 

Means 33.98 b 28.71 c 36.37 b 24.42 d 42.63 a 25.56 cd  

(LSD (Variety) = 4.63, LSD (Treatment) = 4.23, LSD (V×T) = 10.36) 

Table 6: Individual means comparison of treatments for root fresh weight (g) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 4.76 4.55 4.73 3.46 13.9 4.66 6.01 a 

2.5 dS/m 4.46 4.26 4.44 2.98 11.16 3.01 5.05 a 

5 dS/m 2.08 3.13 4.03 2.08 3.33 2.04 2.78 b 

7.5 dS/m 1.94 3.03 3.76 2.08 2.46 1.53 2.47 b 

10 dS/m 1.3 2.04 2.33 1.77 2.18 1.47 1.85 b 

Means 2.91 c 3.41 c 3.85 c 2.39 c 6.60 a 2.54 c  

(LSD (Variety) = 1.18, LSD (Treatment) = 1.05, LSD (V×T) = 2.64) 

Rise in salinity reduced the dry weight of root and shoot significantly, highest shoot dry 

weight was observed in Yousaf hybrid, Green long and Ear lian respectively which minimum shoot 

dry weight was observed in Late green (table 7). Similarly greater root dry weight was observed 

in Yousaf hybrid under 10ds/m of NaCl stress (table 8). 

A decrease in transpiration rate was observed in all cucumber genotypes under saline stress. 

The greater reduction of transpiration rate was observed in Green long, Late green and Rar liana 

while thee least reduction in transpiration rate observed in Bit Alpha, Yousaf hybrid and Cucumber 
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F-1 respectively at 10 ds/m of NaCl (table 9). Increase in salinity stress reduced stomatal 

conductance in tested cucumber genotypes. The greater reduction in stomatal conductance was 

observed in Ear liana while the least stomatal conductance was observed in Green long and Yousaf 

hybrid respectively under 10ds/m of salinity stress at 10 ds/m of NaCl (table 10). 

Rise in salinity stress also reduced the chlorophyll contents of cucumber plants. Yousaf 

hybrid, Ear liana and Green long presented the greater chlorophyll contents, while the least 

chlorophyll contents were observed in Beit alpha, late green and Cucumber F-1 respectively at 10 

ds/m of NaCl (table 11). 

Table 7: Individual means comparison of treatments for shoot dry weight (g) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 0.75 0.63 0.68 0.58 0.75 0.68 0.75a 

2.5 dS/m 0.65 0.62 0.6 0.58 0.67 0.65 0.65b 

5 dS/m 0.53 0.58 0.6 0.52 0.62 0.63 0.53c 

7.5 dS/m 0.48 0.55 0.58 0.41 0.55 0.49 0.48d 

10 dS/m 0.47 0.53 0.55 0.4 0.48 0.42 0.47e 

Means 0.576de 0.582d 0.602b 0.56e 0.6475a 0.59cd  

(LSD (Variety) = NS, LSD (Treatment) = NS, LSD (V×T) = NS) 

Table 8: Individual means comparison of treatments for root dry weight (g) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

control 1.53 2.73 1.2 0.67 4.63 0.87 1.94 a 

2.5 dS/m 0.93 0.67 1.1 0.63 1.03 0.7 0.84 ab 

5 dS/m 0.8 0.6 1.1 0.57 0.6 0.56 0.71 ab 

7.5 dS/m 0.46 0.52 0.87 0.43 0.6 0.5 0.56 ab 

10 dS/m 0.3 0.33 0.73 0.37 0.2 0.36 0.38 b 

Means 0.81 ab 0.97 ab 1.00 ab 0.53 b 1.41 a 0.5 b  

(LSD (Variety) = 0.76, LSD (Treatment) = 0.69, LSD (V×T) = 0.09) 

Table 9: Individual means comparison of treatments for transpiration rate (mmol/m2/S) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 3.98 5.22 5.43 3.98 5.43 3.98 4.67 a 

2.5 dS/m 3.84 5.10 4.84 3.85 5.2233 3.85 4.45 a 

5 dS/m 3.73 3.85 4.45 3.84 5.1 3.84 4.13 b 

7.5 dS/m 4.45 3.79 4.42 3.79 4.84 3.79 4.18 b 

10 dS/m 4.42 2.85 3.73 2.85 2.86 3.73 3.40 c 

Means 4.08  bc 4.16  abc 4.57  ab 3.61 c 4.69 a 3.84  c  

(LSD (Variety) = 0.5359, LSD (Treatment) = 0.4892 LSD (V×T) = 1.1983) 
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Table 10: Individual means comparison of treatments for stomatal conductance (mol/m2/S) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 549.28 761.8 754.19 417.33 769.5 519.38 628.58 a 

2.5 dS/m 524.63 716.01 708.85 317.32 723.25 444.74 572.47 a 

5 dS/m 502.97 312.01 543.78 315.16 554.82 413.16 440.32 a 

7.5 dS/m 449.23 293.26 497.94 302.71 529.93 299.68 395.46 a 

10 dS/m 260.5 252.65 250.12 296.22 508.05 257.89 304.24 a 

Means 
457.32   

bcd 

467.15   

bc 

550.98  

ab 

329.75 

d 

617.1 

a 

386.97 cd 

  

(LSD (Variety) = 148.78, LSD (Treatment) = 135.82, LSD (V×T) = 332.69) 

Table 11: Individual means comparison of treatments for photosynthetic rate (µmol/m2/S) 

V 

T 

Beit 

Alpha 

Green 

long 

Yousaf 

hybrid 

Late 

green 

Ear 

liana 

Cucumber 

F-1 
Means 

Control 14.31 55.22 55.22 9.21 55.22 17.37 34.42 a 

2.5 dS/m 9.21 14.31 17.37 7.25 17.37 7.45 12.16 b 

5 dS/m 8.90 8.90 7.45 8.81 7.76 7.247 8.18 b 

7.5 dS/m 8.81 7.76 7.25 5.99 7.447 5.99 7.21  b 

10 dS/m 3.97 5.97 5.99 4.00 5.97 5.44 5.22  b 

Means 9.03 b 9.23  b 18.75  ab 7.05  b 21.95  a 8.697  b  

(LSD (Variety) = 11.171, LSD (Treatment) = 14.978 LSD (V×T) = 51.247) 

Discussion 

 Increase in salinity reduced pant growth, it was might be due to increased salinity levels 

reduces water and nutrient uptake as well as photosynthesis rate and therefore, less no. of leaves 

under increased salt stress. Under these conditions, ear liana proved to be more successful at all 

salinity levels these are salt tolerant while late green is salt sensitive cultivar. The results are in 

line with those of Iperen (1996) and Wani et al. (2015).who concluded that leaf dry weight under 

saline condition was reduced due to reduction in no. of leaves and leaf area. 

The reduction in leaf area with increase in salinity might be due to reduction in water and 

nutrient uptake due to increased osmotic pressure. To conserve moisture plants close their stomata. 

As a result of stomatal conductance for CO2 uptake and photosynthesis rate is reduced. So less 

photosynthesis are accumulated in leaves and leaf area and plant weight was reduced. Our results 

were supported by other researchers. Leaf dry weight under saline condition was reduced due to 

reduction in leaf area (Iperen, 1996). Lauchli and Epstein (1990) reported that under salinity stress 

cell elongation and cell division retarded which causes stunted root and shoot growth and also 

reduce leaf area. 
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Cucumber is regarded as salt sensitive plant. So plant is unable to made osmotic adjustment 

under high salt conditions. Increased osmotic pressure in cucumber roots for water uptake may be 

the possible reason of decreased root length. Moreover salinity also effects the availability of plant 

roots which could be other possible reason of decreased root growth. The results are in line with 

those (Wani et al. (2015) and Drew et al. (1990). They concluded that plant height, shoot length 

and root length decreased significantly with increase in salinity. 

Decrease in shoot and root weight in response to increasing levels of salinity may be related 

to internal imbalance in plant physiological processes resulting in decreased accumulation of 

assimilates in shoot and root. Furthermore, salinity effects the uptake of nutrients and water from 

soil by roots so decreased uptake of nutrients and water and subsequent transfer into shoot may be 

the other reason of decreased shoot weight. Our results are in complete agreement with those of 

Chartzoulakis (1992) which reported that shoot and root weight decreased significantly with 

increased levels of NaCl (salinity). The possible causes of decreased root weight with increasing 

salinity levels might due to presence of excess salts in the root zone hinder plant roots from 

withdrawing water from surrounding soil. This lowers the amount of water available to the plant, 

regardless of the amount of water actually in the root zone. The results are in complete agreement 

with those of Alpaslan and Gunes (2001) who concluded that shoot and root dry weight reduced 

significantly as the NaCl level increased.  

Munns (2002) concluded that under salinity stress Iris lactea seedlings transpiration and 

photosynthetic rate was reduced. When NaCl was 100 mmol/L then it act as turning point for 

stomatal conductance, photosynthetic rate, transpiration rate and net carbon dioxide concentration. 

Photosynthetic rate is also some time correlated with chlorophyll damage. Some studies also 

examine that under salinity stress photosynthetic rate is reduced (Wani et al., 2015). The decrease 

in transpiration with increase in salinity might be due to disturbances in plant water relations. As 

nutrient and water uptake is reduced due to increased osmotic pressure due to presence of excess 

salts in root zone. According to Ashby and Beadle (2001) have reported that the increased salinity 

of the medium reduced the transpiration rate and this is in agreement with our results reported 

here. 

Lechno et al. (1997) under salt stress conditions more water lost from roots then shoot. 

Less water loss from shoots may be caused due to stomata closure. When leaf is treated with NaCl 
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then it cause to change leaf CO2 concentration which causes stomata closure. Lesser chlorophyll 

content was attributed to the increased salt content in soil. Because of higher salts proportion in 

soil water uptake by plants was a severe problem with reduced transpiration because of which 

solute transport to aerial plant parts get reduced. As Mg and N are main constituent of chlorophyll 

and up taken from soil also declined resulting into reduced chlorophyll molecules formation. Our 

results are in complete conformity with those of Khan et al., (2013) who concluded that leaf 

chlorophyll content of cucumber decreased significantly with increase in salinity levels. 

Summary 

Results showed that different cucumber varieties responded differently to salinity stress. 

Each variety has its own tolerance to different levels of salinity stress. Plants showed negative 

growth response as the salinity level increased because plants have to make adjustments to avoid 

salinity stress. As salinity levels increased water and nutrient uptake reduced. So different varieties 

showed to conclusion cucumber variety Ear Liana proved to be superior over other tested varieties. 

This variety showed maximum tolerance to different levels of salinity stress as predicted by 

different morphological, physiological and biochemical parameters. Cucumber variety late green 

proved to be salt sensitive among the tested varieties. 

References: 

Alpaslan, M. and Gunes, A. (2001). Interactive effects of boron and salinity stress on the growth, 

memberane permeability and mineral composition of tomato and cucumber plants. Plant 

Soil, 236: 123-128. 

Ashby, W. and Beadle, C.W. (2001). Studies in halophytes. Salinity factors in the growth of 

Australian salt bushes. Ecology, 38: 344-352. 

Barret-Lennard, E.G. (2003). The interaction between water logging and salinity in higher plants: 

Causes, consequences and implications. Plant soil, 253: 35-54. 

Bry, E.A., Bailey-Serres, J. and Weretinlnyk, E. (2000).  Responses to a biotic stress, in: Gruissem, 

W., Buchannan, B., Jones, R. (Eds). Biochemistry and Molecular Biology of Plants. 

America Society of Plant Physiologists, Rock Ville, 1158-1249. 



 

 Research Journal of Innovative Ideas and Thoughts, 4(1):1-11, 2016        ISSN: 2312-1033 

10 
 

Chartzoulakis, K.S. (1992). Effect of NaCl salinity on germination, growth and yield of 

greenhouse cucumber. J. Hort. Sci. 67(1): 115-119. 

Drew, M.C., Hole, P.S. and Picchioni, G.A. (1990). Inhibition by NaCl of net CO2 fixation and 

yield of cucumber. J. Am. Soc. Hort. Sci. 115(3): 472-477. 

FAO STAT, 2008. http./www.fao.org/economic/ess/publications-studies/statistical-yearbook/fao-

statistical year book-2007-2008/g-human-welfare/en/. 

Gong, Z., Koiwa, H., Cushman, M.A., Bufford, A., Kore-eda, D., Matsumoto, S., Zhu, J.H., 

Bressan, R.A. and Hasegawa, P.M. (2001). Genes that are uniquely stress regulated in Salt 

Overly Sensitive (sos mutants). Plant Physiol., 126: 363-375.  

Ieperen, W.V. (1996). Effects of different day and night salinity levels on vegetative growth, yield 

and quality of tomato. J. Hort. Sci. 14: 45-49. 

Kaya, M.D., Ipek, A. and Ozturk, A. (2003). Effects of different soil salinity levels on germination 

and seedling growth of safflower (Carthamus tinctorius L.). Turk. J. Agric. 27: 221-227. 

Khajeh-Hosseini, M., Powell, A.A. and Bingham, I.J. (2003). The interaction between salinity 

stress and seed vigour during germination of soybean seeds. Seed Sci. Technol., 31: 715-

725. 

Khan, G.S. (1998). Soil salinity status in Pakistan. Soil Survey of Pak. Lahore, P. 59. 

Khan, M.M., Ruqaya, S., Al-Mas'oudi, M., Al-Said, F. and Khan, I. (2013). Salinity Effects on 

Growth, Electrolyte Leakage, Chlorophyll Content and Lipid Peroxidation in Cucumber 

(Cucumis sativus L.). Int. Conf. Food Agric. Sci. 55(6): 28-32. 

Läuchli, A. and Epstein, E. (1990). Plant responses to saline and sodic conditions. In K. K. Tanji 

(ed). Agricultural salinity assessment and management. ASCE manuals and reports on 

engineering practice No, 71. ASCE New York, pp 113-137. 

Lechno, S., Zamski, E., and Tel, O.E. (1997). Salt stress-induced responses in cucumber plants. J. 

Plant Physiol. 150(1): 206-211. 



 

 Research Journal of Innovative Ideas and Thoughts, 4(1):1-11, 2016        ISSN: 2312-1033 

11 
 

Martinez-Beltran, J. and Manzur, C.L. (2005), Overview of the salinity problem in the world and 

FAO strategies to address the problem, Proceedings of the international society forum, 

Riverside, California, 311-313. 

Munns, R. (2002). Comparative physiology of salt and water stress. Plant Cell and Envirn., 25: 

239-250. 

Qureshi, R.H. and Barrett-Lennard, E.G. (1998). Saline agriculture for irrigated land in Pakistan. 

A Hand Book. Australian centre for Int. Agric. Res.,Canberra, Australia, 112-119. 

Sahi, A. (2006). Bio saline. A biotechnological breakthrough in scientists find ways to live with 

salinity. Country water action, Asian Development bank. Pakistan. 

Steel, R.G.D., Torrie, J.H. and Dickey, D.A. (1997). Principles and procedures of statistics.   P. 

172-177. A biometrical approach, 3rd Ed. McGraw Hill Book Co. Inc., New York, NY, 

USA.   

Wani, K.F.M., Shahid, M.A., Balal, R.M., Khan, M.W., Liaqat, M.R., Akram, A., Zubair, M. 

(2015). Morphological, physiological and nutritional responses of ten tomato genotypes at 

maturity stage under heat stress. Research Journal of Innovative Ideas and Thoughts. 

4(2):63-78. 

Wu, G., Zhang, C., Chu, L.Y. and Shao, H.B. (2007). Responses of higher plants to abiotic stress 

an agricultural sustainable development. I. Plant interactions, 2 (3): 135-147. 


