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The difference in biochemical and physiological parameters of selected tolerant, medium tolerant and 
sensitive genotypes of cucumber (Cucumis sativus L.) derived from in vitro screening was investigated 
in order to put forward the relative tolerance or sensitivity of the genotypes and to identify parameters 
that can be used as index for in vitro evaluation of salt tolerance in cucumber. On the basis of our 
comparative analysis, the salt tolerant genotype (Hazerd) successfully tolerated highest salinity level 
(120 mM) by accumulating significantly higher levels of free proline and exhibited higher antioxidant 
enzyme (superoxide dismutase (SOD) and peroxidase (POD)) activities than the moderately tolerant 
(Poinsett 97 and Pingwang) and sensitive genotypes (HH1-8-57 and L6). The tolerant genotype (Hazerd) 
showed less vulnerability against high salinity by showing low lipid peroxidation and electrolyte 
leakage with slight reduction in photosynthetic pigment. Furthermore it seems that higher salinity 
tolerance in the tolerant genotype also correlated to limited translocation of Na+ ions to leaves resulting 
in the maintenance of high K+/Na+ ratio. Soluble sugars and protein showed decreased with increasing 
salinity in all the genotypes tested irrespective of their tolerance level. Taken together, our data partly 
explain the mechanism use to avoid salt stress by cucumber plants, when excessive in the culture 
medium. 
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INTRODUCTION 
 
Salinity is one of the major abiotic stresses that adversely 
affect crop productivity and quality. Management of water 
and land can be successful in reclamation of salt affected 
soil (Brestein, 1975), but the most economical and 
effective means is to plant crops that can establish and 
be productive on such soils. Therefore, impact of salinity 
on plant can also be managed through biological mani-
pulating the plant (Rains, 1981). Identification of plant 
genotypes capable of increased tolerance to salt and 
incorporation of these  desirable  traits  into  economically 
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Abbreviations: SOD, Superoxide dismutase; POD, peroxidase; 
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MDA, malondialdehyde; Chl, chlorophyll; EDTA, 
ethylenediaminetetraacetic acid; PVP, polyvinylpyrrolidone. 

useful crop plants may reduce the effect of salinity on 
productivity. 

Cucumber (Cucumis sativus L.) is one of the main 
crops widely grown all over the world. Cucumber is 
moderately sensitive to salinity (Ayers and Westcot, 
1985; Dorota, 1997). Salt stress in cucumber involves 
both osmotic stress, by limiting absorption of water from 
soil, and ionic stress, resulting from high concentrations 
of potentially toxic salt ions within plant cells (Savvas et 
al., 2005). The synthesis and accumulation of compatible 
solutes is a ubiquitous mechanism for osmotic adjustment in 
plants (Trajkova et al., 2006). Among the antioxidative 
defense system in cucumber, antioxidant enzymes play 
an important role in scavenging ROS through series of 
complex reactions. These reactions include the dismutation 
of superoxide anion (O2

-) to hydrogen peroxide (H2O2) by 
superoxide dismutase (SOD) and detoxification of H2O2 
by various enzymes like peroxidase (POD) and Catalase 
(CAT) (Zhou et al., 2003; Zhu et al., 2008).  Measure-
ment of cell membrane stability has been widely  used  to 



 
 
 
 
differentiate stress-tolerant and susceptible cultivars 
(Alpaslan and Gunes, 2001; Zhang et al., 2001). 

To ensure future productivity of the agricultural regions, 
there is a need to select and characterize salt-tolerant 
plants. In order to improve salt tolerance through breeding, 
genetic variability for the trait is required. Although response 
of cucumber plants to salinity has been discussed earlier, 
variation in salt tolerance if any among different cultivar of 
cucumber plants has not been worked out in detail. 
Biochemical and physiological criteria are able to supply 
more objective information than agronomic parameters or 
visual assessment when evaluating for component traits 
of complex characters (Yeo, 1994). In spite of numerous 
published researches, no well-defined indicators are 
available to facilitate the improvement of salinity tolerance 
in cucumber. There is therefore a need to determine the 
underlying biochemical/physiological mechanisms of salinity 
tolerance so as to provide breeders with appropriate and 
standard indicators to introduce genetic or environmental 
improvement to salt tolerance in cucumber. 

To evaluate salinity tolerance, a number of models for 
the response of plants to salinity have been defined. 
However, the evaluation of a large number of genotypes 
for salinity tolerance under ex-vitro conditions is rather 
difficult as it entails a large amount of resources and 
space. Similarly, the determination of absolute salt 
tolerance under ex-vitro conditions also poses difficulties 
because of the complex interactions existing between the 
plant and different soil components as well as seasonal 
fluctuations. A number of researchers have suggested 
that screening for salt tolerance could be more effective if 
the assessment was undertaken under controlled environ-
mental conditions and using biochemical and physiological 
markers/traits rather than selecting for yield and yield 
components under saline soil conditions (Shannon and 
Noble, 1990; Flowers and Yeo, 1995). In vitro culture is 
an ideal system for evaluating saline tolerant plants as it 
can be carried out under controlled conditions with limited 
space and time (Ghosal and Bajaj, 1984; Munns et al., 
2000). Axillary bud/shoot apex culture has been found to 
be an effective method for isolating salt-tolerant geno-
types from a large population within a short period of time 
(Martinez et al., 1996; Cano et al., 1998). In vitro 
techniques have been employed with success in several 
other crops (Mungala et al., 2008; Vijayan et al., 2003; 
Erturk et al., 2007). 

It should be mentioned that in our previous in vitro 
screening experiment, 31 cucumber ecotypes were used 
comprising of wild, commercial cultivars (greenhouse and 
open filed type) and inbreed lines from China, USA, 
Korea, India etc (data not presented). The genotypes 
were grouped as tolerant, medium tolerant, sensitive and 
highly sensitive on the basis of survival and growth (fresh 
shoot weight and dry shoot weight). The only genotype 
which survived the highest sodium chloride (NaCl) level 
(120 mM) successfully was Hazerd. The genotypes 
selected for the present investigation is the represen-
tative of each salinity group from the  previous  screening  
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experiment which shows highly consistent results in all 
the replication throughout the experimental period, except 
highly sensitive genotypes which are unable to grow on 
the lowest salinity level. The present study was conducted 
to evaluate the biochemical/ physiological performances 
of selected tolerant, medium and salt sensitive cucumber 
genotypes derived from in vitro screening to put forward 
their tolerance or sensitivity, and also to identify parameters 
that can be used as index for in vitro salt tolerance in 
cucumber. 
 
 
MATERIALS AND METHODS 
 
Plant materials and salinity treatments 
 
The experimental materials consisted of five cucumber genotypes 
including one salt tolerant “Hazerd” (USA), two medium tolerant 
“Poinsett 97” (USA),  “Pingwang” (China),  salt sensitive inbred lines 
HH1-8-57 (China) and L6 (south china) derived from in vitro 
screening (data not presented). All the genotypes used in the 
present experiment were open pollinated. Hazred is a commercial 
cultivar mostly grown in green house or under plastic tunnel while 
Pingwang and Poinsette 97 are cultivated under both green house 
and open field condition.  The HH1-8-57 is an introgression line 
derived from cross between Cucumis hystrix chakr. (2n = 24) and 
commercial cucumber cultivar Beijing jietou (2n = 14), whereas L6 
is a parthenocarpic cucumber from south China. All the seed materials 
were obtained from the State Key Laboratory for Crop Genetics and 
Germplasm Enhancement, Nanjing Agricultural University, P.R 
China. Based on the results of previous in vitro screening experiment, 
the salinity was induced in the medium by the addition of various 
concentration of NaCl viz. 40, 80 and 120, 150 mM and using in 
vitro grown excised axillary shoot tips as explants in this study.  
 
 
Shoot multiplication and selection procedure 
 
Axillary shoot tips explants of different cucumber genotypes 
developed from seeds were used in the present study. Seeds were 
soaked in tap water for 15 min. The seeds were surface sterilized 
with 70% alcohol for 30 s and then kept in 0.1% mercuric chloride 
solution (w/v) for 5 min. Finally the seeds were rinsed four times in 
sterile distilled water to remove the sterilant. The seeds were then 
air dried in a laminar flow hood and subsequently germinated in 
darkness for 48 h on sterile moist cotton. Shoot tips each originating 
from a different seed and consisting of an apical bud with one 
adjacent leaf pair were excised and used as explants. The excised 
explants were inoculated on MS medium (Murashige and Skoog, 
1962) supplemented with 0.5 mg l-1 benzyl amino purine (BAP) 
concentrations. At the end of the second subculture, single-node 
shoots were excised from the proliferating cultures and subjected to 
four different NaCl concentrations in Murashige and Skoog medium 
supplemented with 0.2 mg l-1 BAP concentrations. The pH of all the 
media was adjusted to 5.8 before autoclaving at 121°C for 20 min. 
The cultures were kept at 25 ± 2°C with a 16 h photoperiod under 
diffused cool-white fluorescent lamps (80 � mol m-2.s-1). 

Subsequent to the 20 days salinity treatments, explants were 
removed from the media washed with sterile water and evaluated 
for their response to salinity. Youngest fully expanded leaves were 
harvested, immediately freeze dried in liquid nitrogen and then 
subsequently stored at -70°C till further analysis.  
 
 
Tolerance index (TI) 
 
It was used to summarize the general effect of 4 different NaCl con- 
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centrations on different cucumber genotypes and to compare the 
cucumber genotypes on the basis of reactions to salt treatment, 
eliminating growth differences according to genotypes. The dry 
weight (DW) of the plants cultured on various concentrations of 
NaCl was measured after drying the samples at 70°C for 72 h. The 
tolerance index was determined as (LaRosa et al., 1989) [FW or 
DW on NaCl medium (Tx) / FW or DW on NaCl free medium (To)] x 
*100.  
 
TI = (Tx/To)100 
 
Where FW = Fresh weight; DW = dry weight. 
 
 
Cell membrane damage 
 
Malondialdehyde (MDA) activity was determined to indicate the 
level of lipid peroxidation as described by Zhao (2000). Electrolyte 
leakage was measured using an electrical conductivity meter as 
described by Liu et al. (1985). 
 
 
Soluble sugar and proline content 
 
Soluble sugars were determined by the anthrone method (Spiro, 
1966), a calibration curve with D-glucose was done as a standard. 
Free proline content was determined according to Bates et al. 
(1973), proline concentration (�g g-1 FW) was determined from a 
standard curve. 
 
 
Chlorophyll pigments determination 
 
0.2 g of leaf samples from each group were homogenized with 80% 
acetone (v/v) and then the homogenate was filtered through filter 
paper. Absorbency of the resulting solution was read at 663 and 
645nm for chlorophyll a (Chl-a) and  chlorophyll b (Chl-b), 
respectively (Arnon, 1949). 
 
 
Enzyme assay and protein determination 
 
Frozen leaf segments (0.2 g) were homogenized in 0.1M Tris HCl 
buffer, pH 7.5, 0.5 mM ethylenediaminetetraacetic acid (EDTA) and 
1% polyvinylpyrrolidone (PVP), at 4°C. The homogenate was centri-
fuged at 15,000 g for 20 min at 4°C and the supernatant was 
immediately used for enzyme assays. 

An aliquot of the extract was used to determine protein content 
by the method of Bradford (1976) utilizing bovine serum albumin as 
the standard. Total SOD activity was assayed by monitoring the 
inhibition of photochemical reduction of 50% nitro blue tetrazolium 
according to the method of Giannopolitis and Ries (1977). SOD 
activity values are given in units per gram of protein (Martinez et al., 
2001). 

CAT activity was done according to Cakmak and Marschner 
(1992). The reaction mixture in a total volume of 2 ml contained 25 
mM sodium phosphate buffer (pH 7.0), 10 mM H2O2. The reaction 
was initiated by the addition of 0.1 ml of enzyme extract and activity 
was determined by measuring the initial rate of disappearance of 
H2O2 at 240 nm for 40 s. Peroxidase activity was determined using 
the guaiacol oxidation method (Kochba et al., 1977) in a 3 ml 
reaction mixture containing 100 mM phosphate buffer (pH 6.0), 8 
mM guaiacol, 0.1 ml enzyme extract and 2.75 mM H2O2. The 
increase in absorbance was recorded at 470 nm for 40 s within 3 
min after enzyme extract was added. A unit of peroxidase and 
catalase activity was expressed as the change in absorbance per 
minute and specific activity as enzyme units per gram soluble 
protein. 

 
 
 
 
Sodium and potassium analysis 
 
The tissue concentrations of Na+ and K+ in leaf blades were measured 
on a dry weight basis (Thomas et al., 1967). The samples were 
ground to pass a 20 mesh sieve and digested with a mixture of 
H2SO4–H2O2 using microwave energy, modified technique of 
Lachica et al. (1973). Sodium and potassium content was measured 
from acid-digested samples using atomic absorption spectro-
photometry (Perkin-Elmer 3100, Norwalk, CT, USA) and also 
expressed as relative values. 
 
 
Statistical design and analysis 
 
Flasks were placed in randomized complete block (RCB) design on 
shelf, 60 explants were used from each genotype in each treat-
ment, and the experiment was repeated 2 times. All data were 
analyzed using statistical package for the social sciences (SPSS) 
software. When ANOVA showed significant treatment effects, 
Duncan’s multiple range tests were applied to compare the means 
at P < 0.05 (Steel and Torrie, 1980). 
 
 
RESULTS AND DISCUSSION 
 
Analysis of variance 
 
In the present study, salt stress treatments of 0, 40, 80 
and 120 mM were used. Analysis of variance (Table 3 
and 4) revealed significant differences amongst genotypes 
and genotype × salt stress level interaction for all the 
physiological and biochemical parameters, indicating the 
existence of genetic variability amongst the genotypes 
and differential response of the genotypes to different salt 
stress levels. 
 
 
Tolerance index 
 
On the basis of survival and growth performances at 
specific salt level, the genotypes were categorized as 
tolerant, medium tolerant and sensitive. All the tested 
genotypes survived the lowest level (Nacl 40 mM), but 
neither survived the highest level (Nacl 150 mM) of 
induced salinity. The tolerant genotype Hazerd exhibited 
100% survival and growth on the medium containing 
120mM NaCl, whereas the genotype Poinsett 97 and 
Pingwang successfully tolerated 80mM and thus ranked 
as the medium tolerant genotypes. The sensitive genotypes 
(L6 and HH1-8-57) endured only the lower salinity level 
(40 mM NaCl). The effect of NaCl on the FW and DW 
shoot growth weight of in vitro plantlets is presented in 
Table 1. The genotype Hazerd showed reduction in fresh 
shoot weight of 8, 16, 30% and dry shoot weight of 11, 14 
and 36% at 40, 80 and 120 mM, compared to the control, 
respectively. A significant loss of the fresh shoot growth 
(55 and 38%) and dry shoot weight (53 and 43%)  was 
observed in the salt sensitive genotypes (L6 and HH1-8-
57) at their highest surviving salinity level (40 mM NaCl) 
than the plants grown on the control medium, respectively. 

In order to judge the tolerance of plants to salinity, growth 
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Table 1. Effect of NaCl on shoot growth (tolerance index), MDA content, electrolyte leakage, soluble protein and percent soluble sugar 
of cucumber genotypes differing in salinity tolerance. 
 

Genotype Salt 
stress 

Tolerance 
index (FW) 

Tolerance 
index 
(DW) 

MDA content 
(µmol g-1 

FW) 

Electrolyte 
leakage (%) 

Soluble protein 
(mg g-1) 

Percent soluble 
Sugar (%) 

Hazerd Control 100a 100a 3.04cd 21.19g 387.88cd 0.35ab 
40 mM 91.95a 89.4b 3.06cd 39.81f 395.75bc 0.37a 
80 mM 83.91b 85.9b 3.24bcd 54.77e 347.94f 0.23e 

120 mM 68.38cd 63.9d 3.7bc 66.07cd 325.77g 0.14fg 
Pingwang Control 100a 100a 3.29bcd 21.73g 401.29b 0.317bcd 

40 mM 78.82b 77.5c 2.69d 67.74cd 246.08i 0.29cd 
80 mM 54.49ef 51.7ef 3.89b 66.29cd 197l 0.14fg 

Poinsett 97 Control 100a 100a 3.01cd 20.68g 497.61a 0.33abc 
40 mM 69.73c 70.1d 3.51bc 63.97d 367.34e 0.32bc 
80 mM 52.75e 48.9f 4.86a 83.77a 280.73h 0.13fg 

HH1-8-57 Control 100a 100a 3.47bc 25.1g 363.88e 0.31bcd 
40 mM 44.51g 47.2f 3.95b 79.21ab 213.11k 0.11g 

L6 Control 100a 100a 2.69d 28.49g 379.61d 0.27d 
40 mM 61.59de 56.7e 3.72bc 73.86bc 233.2 j 0.17f 

 

Values in each column followed by the same letter are not significantly different (P < 0.05) according to Duncan’s multiple range tests. 
 
 
 
and survival of the plant is measured because this is the 
culmination of many biochemical and physiological 
mechanisms occurring within plants. Analysis of the plant 
growth showed variability in salt responses within cucumber 
genotypes, depending upon the salinity level. Inhibition of 
growth by salt stress has been universally observed even 
in tolerant plant species (Jones et al., 1989; Mittler et al., 
2001). Although growth is the visible indicator of plant 
performance under stress, it is considered to result from 
the sum of the adaptive mechanisms that are adopted by 
a given species. The cucumber is consider as moderately 
salt sensitive crop (Alan,  1994), but in recent studies a 
significant tolerance was found in genotype Hazerd after 
screening from a large stock of cucumber cultivars and 
highly inbred lines (data not shown). Genotypic differences 
to salinity have also been reported in sunflower (Wahid et 
al., 1999). Similarly, growth rate was less affected in salt 
tolerant sugar beet and moderately salt tolerant cotton 
(Greenway and Munns, 1980).  
 
 
Cell membrane damage 
 
Effect of salt stress on the plant tissues were determined 
by measuring the MDA content (Table 1), which is the 
product of lipid peroxidation. The membrane damage is 
indirectly assessed by the conductivity of solute leakage 
from the cells (Table 1). The electrolyte leakage and 
MDA content of all the genotypes is correlated with 
increasing salinity in the medium. The percent solute 
leakage and MDA content was significantly higher in the 
salt sensitive genotypes (L6 and HH1-8-57) as compared 
to medium (Poinsett 97 and Pingwang) and tolerant 

genotypes (Hazerd) at varying level of salinity. The 
difference in MDA content between the salt treated and 
the control plantlets of the tolerant genotype (Hazerd) 
was not significant at different NaCl level. As peroxidation 
of membrane lipids and electrolyte leakage is an 
indication of membrane damage and leakage under the 
salt stress conditions (Katsuhara et al., 2005), growth 
inhibition in salt sensitive and medium tolerant genotypes 
under salinity is in good correlation with increased lipid 
peroxidation levels. Low level of electrolyte leakage and 
lipid peroxidation may be one of the reasons for the 
observed tolerance in the tolerant genotype (Hazerd) 
exposed to high level of salinity. Similarly, a lower level of 
lipid peroxidation in the leaves of salt tolerant tomato 
(Shalata and Tal, 1998) and cotton (Meloni et al., 2003) 
were recorded under salt stress.  
 
 
Soluble protein 
 
Soluble protein content decreased significantly with 
increasing salinity in the medium except tolerant geno-
type (Table 1), which showed increase protein content at  
lower salinity level( NaCl 40mM),  and then slightly de-
creased at higher salinity levels (80 and 120 mM NaCl). 
The differences in total soluble protein content among the 
sensitive, medium and salt tolerant genotypes were 
significant. The increase in soluble protein at low salinity 
and decreases at high salinity has already been observed 
in mulberry cultivars (Agastian et al., 2000). It could be 
predicted that plants under stress would have a powerful 
protein turnover machinery to degrade stress-damaged 

and environmentally regulated proteins (Abdel et al., 2003).  
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Table 2. Effect of NaCl on proline, chlorophyll pigment, potassium, sodium and potassium/sodium ratio of cucumber 
genotypes differing in salinity tolerance. 
 

Genotype Salinity level 
(NaCl) 

Proline 
(µg g-1 FW) 

Chlorophyll 
Pigment (mg g-

1 FW) 

Potassium 
(mg g-1 DW) 

Sodium 
(mg g-1 DW) 

Sodium/p
otassium 

ratio 

Hazerd Control 22.27h 7.82a 30.64a 1.03h 29.72a 
40mM 88.26c 6.95b 22.39cd 8.82g 2.68c 
80mM 118.89b 5.63d 14.4ef 14.54e 0.97c 

120mM 137.51a 3.53g 9.45fg 20.18c 0.50c 
Pingwang Control 35.86g 6.73c 24.24bc 0.95 h 25.59ab 

40mM 69.83d 3.91f 15.11ef 11.94 f 1.28c 
80mM 82c 2.9h 9.2fg 36.01 b 0.255c 

Poinsett 97 Control 24.75h 6.06d 26.08abc 0.98 h 26.6a 
40mM 59.41e 4.17e 17.11de 9.91 g 1.72c 
80mM 84.26c 3.64g 8.21 g 40.27a 0.2c 

HH1-8-57 Control 25.26h 3.79f 28.59 ab 1.05 h 27.15a 
40mM 47.11f 2.77h 11.08fg 17.37d 0.64c 

L6 Control 27.21h 4.11e 24.97 abc 1.12 h 22.30b 
40mM 50.13f 2.81h 10.77 fg 18.56cd 0.58c 

 

Values in each column followed by the same letter are not significantly different (P <0.05) according to Duncan’s multiple range 
tests. 

 
 
 
Soluble sugars 
 
In general, percent soluble sugars decreased in response 
to the salinity stress (Table 1). However, percent soluble 
sugars in the leaves of genotype Hazerd (tolerant) 
gradually increased 40 mM Nacl, and decreased steadily 
on higher NaCl levels. Soluble sugars contents in the 
leaves of other genotypes showed a decreasing pattern 
with increasing salinity; more prominent decrease was 
recorded in the salt sensitive than medium salt tolerant 
genotypes. The decrease in sugars accumulation due to 
salt treatment might be associated with salinity induced 
decrease in pigment content which impaired metabolic 
activities in plants (Upadhaya et al., 1981). In Lens culinaris 
(Ashraf and Waheed, 1993) and sunflower (Ashraf and 
Tufail, 1995), it has been observed that the salt stress 
resulted in decrease percent soluble sugars, but decrease 
was significantly less in tolerant accessions than the non 
tolerant ones. 
 
 
Free proline content 
 
Proline content increased significantly in the leaves of all 
the genotypes as the salt concentration increased (Table 
2). The most tolerant genotype Hazerd accumulated 6 
folds proline, while the medium tolerant genotypes 
Pingwang and Poinsett 97 accumulated 2.4 and 3.5 folds 
proline as compared to the control, respectively. Lower 
but significant proline accumulation was noted in the 
sensitive genotypes, that is HH1-8-57 (1.88 fold) and L6 

(1.9 folds) at their highest survival salinity level (40 mM 
NaCl). Proline plays an adaptive role in mediating osmotic 
adjustment and protecting the sub-cellular structures in 
stressed plants. In many studies a positive correlation 
between the accumulation of proline and stress tolerance 
in plants has been found (Lutts et al., 1996; Kumar et al., 
2003). Higher proline content in genotype Hazerd might 
be the one of the reason for higher salt tolerance when 
compared to other genotypes (medium tolerant and 
sensitive).  
 
 
Chlorophyll pigment  
 
Chlorophyll pigment reduction was observed with increasing 
salt concentration in all the genotypes, but the reduction 
is more pronounced in the salt sensitive genotypes than 
the medium and tolerant genotypes (Table 2). As com-
pared to control, 42% decrease in chlorophyll pigment in 
the tolerant genotype Hazerd was noted at 120 mM NaCl 
level, while the medium tolerant genotypes Pingwang and 
Poinsett 97 showed 39 and 60% loss of chlorophyll 
pigment at  their higher salinity level (80mM NaCl), res-
pectively. Whereas 32 and 27% decrease in chlorophyll 
pigment was recorded in the salt treated (40mM NaCl) 
and the control plantlets of sensitive genotypes HH1-8-57 
and L6, respectively. Parida and Das (2005) suggested 
that decrease in chlorophyll content in response to salt 
stress is a general phenomenon. Chen and Yu (2007) 
also observed a significant decrease in chlorophyll 
content at high NaCl level. 
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Table 3. Analysis of variance for physiological and biochemical parameters. 
 
Source of 
variation 

df Tol. index 
(FW) 

Tol. index 
(DW) 

MDA 
content 

(µmol g-1 FW) 

Electrolyte 
leakage 

(%) 

Soluble 
protein 
(mg g-1) 

Percent 
soluble 
sugar 

Proline 
(µg g-1 FW) 

Treatment 19 3325.93** 3298.38** 5.67** 1912.30** 58649.52** 0.038** 3524.61** 
Replication 1 122352.35** 119093.56** 231.55** 50791.27** 2150413.39** 1.165** 76169.25** 
Genotype 4 3090.23** 2948.23** 3.75** 683.22** 69636.87** 0.038** 7138.85** 
NaCl 3 14061.97** 14312.58** 14.05** 5124.60** 220332.57** 0.167** 3623.63** 
Geno*NaCl 12 720.49** 661.55** 4.22** 1518.92** 14566.31** 0.005** 2295.11** 
Error  20 8.51 6.80 0.06 9.49 19.87 0.000 9.57 
 

df, Degrees of freedom; **significant at 0.05% level. 
 
 
 

Table 4. Analysis of variance for physiological and biochemical parameters. 
 
Source of 
variation 

 
df 

Chlorophyll 
pigment 

(mg g-1 FW) 

SOD ( U g-1 
Protein) 

POD 
( U g-1 min-1 

FW) 

CAT ( U g-1 
min-1 FW) 

Potassium 
(mg g-1 

DW) 

Sodium 
(mg g-1 

DW) 

Sodium/ 
potassium 

ratio 
Treatment 19 13.336** 22074.54** 7198828.71** 1372.158** 229.05** 298.74** 264.07** 
Replication 1 420.423** 828993.66** 283801039.80** 43027.040** 6362.50** 3320.77** 1976.83** 
Genotype 4 24.836** 33525.91** 13529036.61** 1105.960** 129.45** 129.47** 7.65** 
NaCl 3 46.391** 45936.89** 13434415.82** 6636.642** 1218.22** 633.21** 1650.52** 
Geno*NaCl 12 1.239** 12291.83** 3529862.63** 144.769** 14.96** 271.55** 2.94** 
Error  20 0.003 22.81 163.11 5.102 4.31 0.471 2.54 
 

df degrees of freedom, **significant at 0.05% level. 
 
 
 
Enzyme activity 
 
In the present study, antioxidant enzyme activities changed 
significantly in response to the salinity stress. SOD and 
POD activities in the leaves of the tolerant genotype 
(Hazerd) increased with increasing salinity (NaCl: 40 and 
80 mM) over the control plants, and then decrease 
slightly at higher salinity level (NaCl 120 mM) (Figure 1). 
Whereas, the medium tolerant genotypes also showed 
increasing trend with increasing salt concentration in the 
medium, but SOD and POD activities in the sensitive 
genotypes (HH1-8-57 and L6) decreases with increasing 
salinity as compared to the control. Unlike SOD and 
POD, CAT (Figure 1) showed a considerable decrease in 
its activity in response to the salt treatments in all the 
genotypes tested, irrespective of their tolerance level. At 
given concentration of NaCl, the decrease in the activity 
of the enzyme was more pronounced in sensitive geno-
types then moderately tolerant and tolerant genotypes. 
SOD, POD and CAT were the main enzymes involved in 
the detoxification of the deleterious oxygen species 
(Mittova et al., 2003). In the present salt tolerance study, 
significantly higher SOD and POD activity found in the 
tolerant genotype (Hazerd) than the medium tolerant 
genotypes (Poinsett 97 and Pingwang) under increasing 
salinity stress signifies its relative tolerance to salinity, 
suggesting that the higher antioxidant enzymes activity 

have a role in imparting tolerance to these genotypes 
against salt stress. It appears that the differences in SOD 
and POD enzyme activity have a direct relation to the 
sensitivity of the genotypes to salinity. These results 
showed that the salt-tolerant and medium tolerant plants 
have similar dismutating capacities of superoxide anion 
(Elkahoui et al., 2005). Similarly, CAT inhibition by salt 
stress was also observed in rye, Vigna and rice (Singha 
and Choudhuri, 1990; Hertwig et al., 1992).  
 
 
Sodium and potassium ions concentration 
 
Effect of salinity on Na+ and K+ concentrations of the 
plants is presented in Table 2; increased Na+ contents 
were observed with increasing salinity in the nutrient 
medium. Accumulation of Na+ was significantly higher in 
the salt sensitive genotypes than moderately salt tolerant 
and tolerant genotypes. While comparing with the control, 
the tolerant genotype Hazerd accumulated 19 fold more 
leaf Na+ ions at 120 mM NaCl level, the medium tolerant 
genotypes Poinsett 97 and Pingwang accumulated 36 
and 40 fold leaf Na+ ions at 80 mM NaCl concentration 
and the salt sensitive genotypes HH1-8-57 and L6 
accumulated 16 and 17 folds leaf Na+ ion at 40 mM NaCl 
level in the medium. Elevated NaCl levels resulted in 
significant   decreased   of  leaf  K+  in  all  the  genotypes  
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Figure 1. Effect of different levels of NaCl on SOD, POD and CAT 
activity in cucumber leaves. Values with the same letter are not 
significantly different according to Duncan’s multiple range test (P< 
0.05).  



 
 
 
 
(Table 2), although the drastic decrease of leaf K+ ion 
content was found in sensitive genotypes, and rather 
steady decline was determined in the moderately salt 
tolerant and tolerant genotypes.  

Salt tolerance is the ability of the plants to limit the 
accumulation of excess ions in the leaves and thus, avoid 
toxic buildups and nutrient imbalances. In the present 
study, the distribution of ions in cucumber genotypes 
differing in salt suggested that the Na+ exclusion from leaf 
tissues appears to play an important role in the salt 
tolerance of cv. Hazerd (Salt tolerant) by keeping the 
optimal Na+/K+ ratio. High salt (Na+) uptake competes 
with the uptake of other nutrient ions, especially K+, 
leading to K+ deficiency. It is often found that many 
glycophytes exhibiting enhanced tolerance to salinity 
stress have a greater ability for sodium exclusion, main-
taining high levels of K+/Na+ ratio (Zhu, 2001; Flowers 
and Hajibagheri, 2001). 
 
 
Conclusion 
 
In conclusion, this study showed that the difference of 
antioxidant enzyme, cell membrane permeability , soluble 
protein content, percent soluble sugar, chlorophyll pigment, 
high proline and potassium/sodium ratio in cucumber 
genotypes could be ascribed to the difference in 
mechanisms underlying oxidative stress injury and 
subsequent tolerance to salinity. It is thus apparent from 
the present investigation that no single parameter could 
be suggested as sole factor responsible for salinity stress 
tolerance of cucumber genotypes. A combination of 
characters contributes to salinity stress tolerance in 
cucumber genotypes. In future, these findings on 
biochemical and physiological indicators at the cellular 
level may serve as in vitro selection criteria for salt tole-
rance in cucumber. Besides cucumber being a moderately 
sensitive crop, considerable tolerance was found in one 
genotype (Hazerd), which showed growth stimulation at 
the NaCl concentrations evaluated.  
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