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Abstract 

The effects of salicylic acid (SA) on growth and metabolism of Brassica oleracea var. Capitata under 
salt stress was studied in a hydroponic culture. NaCl at 50 mM concentration and SA at 0.5, 1.0, and 1.5mM 
concentrations were used as treatments.  The results showed that salt exhibited inhibitory effects on shoot 
and root length, fresh and dry weight, and RWC of the seedlings. NaCl at 50 mM concentration significantly 
decreased the photosynthetic pigments and protein content and nitrate reductase activity. Sugar and 
proline content was significantly increased under the influence of salinity. The antioxidant enzymes viz. 
superoxide dismutase, catalase, and peroxidase activities significantly increased under salinity due to 
oxidative damage. Graded concentrations of SA played protective role against the salt stress. SA 
significantly ameliorates the oxidative stress caused by NaCl. 
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Introduction 
 

Salinity is one of the major 
environmental problems which occurs due to 
irrigation through canals, rivers etc. Salinity has 
adverse effects on agricultural production. Soil 
salinity may affect different physiological 
processes viz. osmoregulation, specific-ion-
toxicity, and nutritional disorder (Lauchi and 
Epstein., 1990). Plants face characteristic 
biophysical and biochemical changes during 
stress condition due to salinity (Munn, 2002; 
Nemato and Sasakuma, 2002). Sensitivity of crops 

to salinity varies with different phenological 
stages (Bernstein and Hayward, 1958). Hanegawa 
et al. (2000) described two different types of salt 
stress such as hyperosmotic and hyperionic. 
Hyperosmotic salt stresses reduce water 
availability of plants and thus altering the water 
status of the plants while in case of hyperionic 
type of salt stress, there is a consequence of ion 
accumulation and subsequent toxicity (Munn and 
Termaat, 1986; Yao et al. 1991; Munn 1993). The 
growth and metabolism of plants were affected 
due to higher concentration of salt present in the 
soil solution. Salts interfere absorption of 
essential nutrients (Zeinolabedin Jouyban, 2012; 
Tester and Evenport, 2003; Cornillon and Palloix, 
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1997; Halperin et al., 2003). Flores et al. (2000) 
reported that plant enzymes may be inactivated 
under salinity. Adjustment of osmotic effect at 
the level of cytosol and vacuoles is disrupted 
(Apse et al., 1999). Nitrogen metabolism is 
affected under salt stress (Abd-Elbaki et al., 2000; 
Flores et al., 2000; Carillo et al., 2005). Salinity 
inhibited ammonium assimilation (Chandra et al., 
2001; Khadri et al., 2011) and causes alternation 
in amino acids pool (Lacerda et al., 2001; Ashraf 
and Bashir, 2003). 

It is well known that plants under the 
various stressful conditions such as sub-optimal 
temperature, high light and salinity, and 
pathogen attacks may generate more reactive 
oxygen species (Asada, 1991; Yamamoto et al., 
2003; Halliwell, 2006; Rhoads, 2006). Under the 
stress conditions, the ROS molecules are 
scavenged by various antioxidative defense 
mechanisms (Foyer et al., 2005). Mittler (2002) 
reported cell death due to ROS which cause 
membrane damage, metabolic enzymes 
deactivation, and nucleic acids damage. Plants 
have an antioxidative defense system to protect 
themselves from ROS released during oxidative 
stress condition. Antioxidative enzyme activities 
viz. SOD, CAT, and POX was found to be 
enhanced under stress condition (Romero-
Romero et al., 2005). 

Hayat and Ahmed (2007) have recognized 
salicylic acid (SA) as a plant hormone. SA plays a 
vital physiological role on growth and 
development of plants (Khan et al., 2003). The 
other role of SA is to buttress the abiotic stress 
tolerance in plants (Janda et al., 2007). SA 
counters many abiotic stresses viz. heavy metal 
(Choudhary and Panda, 2004), salinity (Yusuf et 
al., 2008), low temperature (Tasgin et al., 2003), 
and high temperature (He et al., 2005). SA has 
important roles in flowers induction, nutrients 
uptake, ethylene biosynthesis (Hayat and Ahmed, 
2007), stomatal movement (Larque-Saavedra, 
1979), photosynthesis (Fariduddin et al., 2003), 
and various physiological processes including 
plant growth (Khan et al., 2003). 

The objective of the present study was to 
evaluate the interactive effect of SA and NaCl on 
Brassica oleracea var. Capitata L. Emphasis was 
laid on how SA as plant growth regulator 

buttressed the plant defense system against the 
salt stress. 

 

Materials and Methods 

Plant material and treatments 

The certified seeds of Brassica oleracea 
var. Capitata were purchased from certified seed 
agency of Allahabad, Uttar Pradesh, India. The 
seeds were sown in nursery beds (1m x1m) for 
experimental plants in the Department of Botany, 
University of Allahabad, Allahabad (24°47’ and 
50° 47’N latitude; 81° 91’ and 82° 21’E longitude; 
78 m above sea level). The seed bed was irrigated 
as and when required.  After 15 days the 
seedlings were uprooted and washed with tap 
water to clean root and then washed with 
distilled water. The seedlings were transferred at 
the rate of 10 seedlings per box in transparent 
plastic boxes (height 9 cm, width 17 cm, length 
23 cm) each containing 2L Hoagland solution. 
Hoagland solution was prepared following the 
method of Hoagland and Arnon (1950). NaCl at 
50 mM (T) and salicylic acid at 0.5 (T1), 1.0 (T2) 
and 1.5 (T3) mM concentrations were prepared in 
distilled water and used for treatment. After one 
week of establishment of the seedlings in 
Hoagland solution, the nutrient medium was 
replaced with Hoagland solution (2L/box) 
containing salt and SA according to the 
treatment. The seedlings in Hoagland solution 
without treatment were taken as control. The 
boxes were covered with black papers to avoid 
the algal growth. The experimental boxes were 
fitted with aerating tubes and mouth of each 
pore of box was plugged with cotton to hold 
seedlings in vertical position. The experiment was 
performed in a glass house. Boxes were 
continuously aerated. Sampling was done after 3 
days of treatment for biophysical and 
biochemical analyses. 

 
Measurement of root and shoot length and 
fresh and dry weight 

Root and shoot length of the seedlings 
was measured with a metric scale and expressed 
in centimeters. Fresh and dry weight of the 
seedlings was recorded on an electronic balance. 
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The samples were oven dried at 70°C for 72 h and 
then weighed independently for dry weight (DW) 
determination. FW and DW were expressed in g 
per plant.  
 

Relative water content  

The leaf samples were cut into small 
discs, weighed for fresh weight (FW) and were 
immediately floated on distilled water at 25°C in 
the dark. After 24 h the turgid weight (TW) of 
discs was measured and they were dried in oven 
at 70°C for 48 h for dry weight. The RWC was 
calculated following Bars and Weatherly (1962) 
as: 

RWC (%) = (FW - DW)/(TW-DW) x 100 
 

Estimation of pigment and protein contents 

Chlorophyll of the experimental plants 
was extracted with 80% acetone. The amount of 
photosynthetic pigments was determined as per 
Lichtenthaler (1987). Fresh leaf (10mg) was 
homogenized in 10 mL of 80% acetone and 
centrifuged. Supernatant was taken and optical 
density was recorded at 663nm, 645nm and 
470nm. Protein content was determined as per 
the method of Lowry et al. (1951). The amount of 
protein was calculated with reference to standard 
curve obtained from bovine serum albumin. 

 

Nitrate reductase activity 

Nitrate reductase (EC 1.6.6.1) activity was 
assayed by modified procedure of Jaworski  
(1971) based on incubation of fresh tissue (0.25 
g) in 4.5 mL medium containing 100 mM 
phosphate buffer (pH 7.5), 3% KNO3,and 5% 
propanol. About 0.4 mL aliquot was treated with 
0.3 mL 3% sulphanilamide in 3 NHCL and 0.3 mL 
0.02% N-1-naphthyl ethylene diamine 
dihydrochloride (NEDD). The absorbance was 
measured at 540 nm. NR activity was calculated 
with a standard curve prepared from NaNO2 and 
expressed as µ mol NO2 g

-1 FW h-1. 
 

Sugar content 

Sugar content was estimated following 
Hedge and Hofreiter (1962). About 0.25 g sample 

was homogenized in 2.5 mL 95% ethanol. After 
centrifugation, the sugar content was determined 
in the supernatant. The supernatant (1mL) was 
mixed with 4 mL of anthrone reagent and heated 
on boiling water bath for 8 min. Absorbance was 
taken at 620 nm after rapid cooling. Sugar was 
quantified with the standard curve prepared from 
glucose.  
 

Antioxidant enzymes assay 

Enzyme extract was prepared by 
homogenizing 500 mg leaves in 10 mL of 0.1 M 
sodium phosphate buffer (pH 7.0). The 
homogenate was filtered and centrifuged at 
15000 g at 4° C for 30 min. The supernatant was 
collected and used for analyses of superoxide 
dismutase (EC 1.15.11), catalase (EC 1.11.1.6), 
and peroxidase (EC 1.11.1.7). 

Superoxide dismutase (SOD) activities 
were determined by the nitroblue tetrazolium 
(NBT) photochemical assay method following 
Beauchamp and Fridovich (1971). The reaction 
mixture (4 mL) contained 63 µM NBT, 13 mM 
methionine, 0.1 mM ethylene diamintetra acetic 
acid (EDTA), 13 µM riboflavin, 0.5 M sodium 
carbonate, and 0.5 mL clear supernatant. Test 
tubes were placed under fluorescent lamps for 30 
min and absorbance was recorded at 560 nm. 
One unit of enzyme was defined as the amount of 
enzyme which caused 50% inhibition of NBT 
reduction. 

Catalase (CAT) activities were assayed as 
per the method of Cakmak and Marschner 
(1992). The reaction mixture (2 mL) contained 25 
mM sodium phosphate buffer (pH 7.0), 10 mM 
H2O2 and 0.2 mL enzyme extract. The activity was 
determined by measuring the rate of 
disappearance of H2O2 for 1 min at 240 nm and 
calculated using extinction coefficient of 39.4 
mM-1 cm-1 and expressed as enzyme unit g-1 fresh 
weight. One unit of CAT was defined as the 
amount of enzyme required to oxidize 1 µM H2O2 
min-1. 

Peroxidase (POX) activities were assayed 
following Mc Cune and Galston (1959). Reaction 
mixture contained 2 mL enzyme extract, 2 mL 
sodium phosphate buffer, 1 mL 0.1 N pyrogallol, 
and 0.2 ml 0.02% H2O2 and determined 
spectrophotometrically at 430 nm. One unit of 
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enzyme activity was defined as the amount which 
produced an increase of 0.1 OD per minute. 

 

Statistical analysis 

Standard errors of means were calculated 
in triplicates. In addition, analysis of variance was 
carried out for all the data generated from this 
experiment, employing  one way ANOVA test 
using GPIS software 3.0 (GRAPHPAD California 
USA). 
 

Results  

Growth of the seedlings under salinity 
was adversely affected (Table 1). Plant growth 
was measured in terms of root and shoot length 
and fresh and dry weight of treated and 
untreated seedlings. The seedling growth 
significantly decreased under salt stress as 
compared with that in combined treatment of 
NaCl and SA and seedlings of control group. 
Decrease in the RL, SL, FW, DW, and RWC of 
seedlings was 42, 45, 31, and 30%, respectively 
under salinity as compared with control. 
Maximum growth was recorded in control group. 
Plants treated with NaCl alone exhibited 

maximum reduction in growth while others 
treated with combined treatment of NaCl+SA 
showed moderate effect on growth. Exogenously 
applied SA mitigated the effect of salt stress in 
dose dependent manner. Growth was improved 
from lower concentration (0.5mM) to higher 
concentration (1.5 mM) of SA in combination 
with NaCl. RWC in the seedlings treated with 
NaCl (50mM) significantly (p<0.001) decreased. 
Treatment T possed maximum value of leaf water 
potential as compared to other treatments (T1, 
T2, T3) and control. NaCl in combination with 
different concentrations of SA showed improved 
value of leaf water potential in dose dependent 
manner. The reduction in RWC diminished 
sharply with the supply of SA from 0.5 to 1.5mM. 

The amount of photosynthetic pigments 
content significantly decreased under NaCl stress 
(Table 2). The maximum decrease in chlorophyll 
a, chlorophyll b, total chlorophyll, and 
carotenoids was 37, 47, 42, and 37%, respectively 
under salt stress as compared with control. 
Moderateenhancement of 25, 20, 24, and 23% in 
chlorophyll a, chlorophyll b, total chlorophyll, and 
carotenoids, respectively was recorded under 
highest concentration 1.5mM of SA. 

Table 1  
Effects of salicylic acid on shoot length, root length, fresh weight, and dry weight of cabbage seedlings under salinity 

Treatments SL 
 (cm) 

RL  
(cm) 

FW  
(g/plant) 

DW 
(g/plant) 

RWC (%) 

C 
20.15±0.028 18.9±0.923 3.78±0.145 0.381±0.001 67.78±2.919 

T 10.95±0.028
a
 10.9±0.866

a
 2.60±0.002

a
 0.128±0.003

a
 46.78±1.721

 a
 

T1 13.65±0.086
a
 14.05±0.028

a
 3.02±0.003

a
 0.166±0.002

a 
52.66±0.025

 a
 

T2 14.55±0.144
a
 15.6±0.057

a
 3.20±0.009

a 
0.189±0.002

a
 58.30±0.323

 a
 

T3 17.45±0.144
a
 17.85±0.202 3.48±0.155

c
 0.216±0.012

a
 64.68±1.717 

Data are mean of three replicates ± SEM. 
a
p<0.001,

 c
p<0.001 versus C. C: control, T: 50 mM; T1: 0.5mM, T2: 1.0 mM, and T3: 

1.5mM concentrations of NaCl and salicylic acid, respectively. 
 

 
Table 2  
Effects of salicylic acid on the pigment contents of cabbage seedlings under salinity 

Treatments Chl a 
(mg/g FW) 

Chl b 
(mg/g FW) 

Chl a+b 
 (mg/g FW) 

Carotenoids 
(mg/g FW) 

C 1.410±0.017 1.021±0.078 2.43±0.060 1.150±0.001 
T 0.875±0.045

a
 0.531±0.062

a
 1.40±0.017

a
 0.714±0.047

a
 

T1 0.995±0.010
a
 0.699±0.023

a
 1.69±0.033

a
 0.780±0.006

a
 

T2 1.128±0.015
a
 0.986±0.066 2.11±0.050

a
 1.055±0.037

c
 

T3 1.098±0.018
a
 0.742±0.036

b
 1.84±0.054

a
 0.923±0.019

a
 

Data are mean of three replicates ± SEM. 
a
p<0.001,

 c
p<0.001 versus C. C: control, T: 50 mM; T1: 0.5mM, T2: 1.0 mM, and 

T3: 1.5mM concentrations of NaCl and salicylic acid, respectively. 
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A significant (p<0.001) decrease in 
protein content was recorded under salinity 
(Table 3). Maximum 39% reduction in protein was 
observed in NaCl treatment alone as compared 
with control. SA in different concentrations viz. 
from 0.5 to 1.5mM significantly improved the 
protein content as compared with control. 
Maximum 6% improvement was recorded in T3 
treatment as compared with treatment with NaCl 
alone. The significant increase in carbohydrate 
content was recorded under saline condition. 
Maximum 39% accumulation in sugar content 
was recorded in salt treatment alone. SA had 
moderate effect on sugar content in dose 
dependent manner. 

The nitrate reductase (NR) activity in the 
leaves of salt treated cabbage seedlings was 
adversely affected. NR activity significantly 
decreased under salinity. Maximum inhibition of 
6% was recorded in 50mM concentration of salt 
alone as compared with control. SA in various 
concentrations improved the NR activity in leaves 
of the seedlings. NR activity was maximally 
improved under 1.5mM concentration of SA. 
Seedlings under control group had maximum NR 
activity. 

In the present study, a significant 
enhancement in proline content was recorded 

under salinity. In plants, under saline condition 
proline accumulation is one of the most frequent 
modifications induced by stress which was 
involved in stress resistance mechanisms. 
Maximum of 55%   stimulation was recorded 
under NaCl alone while SA in different 
concentrations minimized the accumulation of 
proline content. 

The increased activity of antioxidant 
enzymes viz. SOD, CAT, and POX were prevalent 
in the oxidative damage caused by NaCl stress 
(Table 4). The activity of SOD increased 
significantly (p<0.001) in response to salt stress 
alone while in combination with SA activity of 
SOD was comparatively lower than the salt 
treatment. The seedlings under combined 
treatment of salt and different concentrations of 
SA showed significant alteration in SOD activity to 
minimize the oxidative damage as compared with 
salt. CAT activity was stimulated in single NaCl 
treatment as compared with control. Maximum 2 
folds increase in activity of CAT was recorded 
under salinity while significant changes in CAT 
activity in combined treatments were observed. 
SA had moderate effect on CAT activity with 
maximum improvement of 1fold in T3 treatment. 
POX activity had an important role in salt 
tolerance in plants. The POX activity was 

Table 3  
Effects of salicylic acid on sugar and protein content and NR activity of cabbage seedlings under salinity 
 

Treatments Sugar  
(mg/g FW) 

Protein 
 (mg/g FW) 

NR 
(µmol NO2 g

-1
 FW h

-1
) 

Proline  
(µmol g

-1
 FW) 

C 62.14±0.291 56.05±0.173 70.27±0.072 0.243±0.002 
T 102.08±0.29

 a
 45.87±0.447

a
 65.48±0.595

a
 0.538±0.002

 a
 

T1 70.49±0.729
 a

 57.03±0.043 69.33±0.036
c
 0.493±0.006

 a
 

T2 69.47±0.729
 a

 61.33±0.794
a
 71.30±0.126

c
 0.455±0.006

 a
 

T3 64.92±0.729
 c
 59.91±0.115

a
 71.02±0.072 0.417±0.001

 a
 

Data are mean of three replicates ± SEM. 
a
p<0.001,

 c
p<0.001 versus C. C: control, T: 50 mM; T1: 0.5mM, T2: 1.0 mM, and 

T3: 1.5mM concentrations of NaCl and salicylic acid, respectively. 

 

 Table 4  
Effects of salicylic acid on antioxidant enzyme activity of cabbage seedlings under salinity 
 

Treatments SOD(EU g
-1

 FW) CAT(EU g
-1

 FW) POX(EU g
-1

 FW) 

C 60.55±0.225 27.83±0.038 60.35±0.404 
T 66.67±0.537

a
 47.45±0.788

a
 75.62±0.014

a
 

T1 62.31±0.066
a
 43.42±0.038

a
 71.47±0.129

a
 

T2 58.85±0.374
a
 41.39±0.019

a
 68.27±0.447

a
 

T3 57.36±0.121
a
 42.15±0.076

a
 71.27±0.967

a
 

Data are mean of three replicates ± SEM. 
a
p<0.001,

 c
p<0.001 versus C. C: control, T: 50 mM; T1: 0.5mM, T2: 1.0 mM, and T3: 

1.5mM concentrations of NaCl and salicylic acid, respectively. 
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significantly higher under saline condition to 
tolerate the oxidative damage and survival of the 
plants. Maximum 1fold POX activity was recorded 
in treatment T while combined treatment of salt 
and SA lowered the activity of POX as compared 
with salt treatment. 

 

Discussion 

The plants exposed to salinity exhibited 
drastic change in biophysical and biochemical 
parameters. Inhibition of plant growth is a 
common feature under saline condition (Munns, 
2002; Ruiz et al., 2005; Abbas et al., 2010; Akram 
et al., 2012). Our results showed  
 significant overall reduction in all parameters 
under salinity. Salinity inhibited root and shoot 
growth in Brassica (Jamil et al., 2006; Neumann, 
1995). Reduction in biomass under saline 
condition is also observed by Jeannette et al., 
(2002) and Keshavarzi (2011). Amiri et al. (2010) 
recorded decreased dry weight in Cynara 
scoolymus and Echinacea purpurea under saline 
condition. Exogenously applied SA increased dry 
weight and plant growth under salinity (Gunes, 
2007; Wang et al., 2007). The decreased 
photosynthetic pigments under saline stress may 
be due to inhibited biosynthesis of the pigments. 
The increased activity of chlorophyllase enzyme 
under salinity reduced the photosynthetic 
pigment content (Yasar et al., 2008; Noreen and 
Ashraf, 2009; Kusvuran, 2010; Nazarbeygi et al., 
2011). Plant growth regulator diminished the 
adverse effect of NaCl and enhanced the pigment 
content (Khodary, 2004; Shi et al., 2006; Alsokari, 
2009; Zeid, 2011). Our results also showed 
enhancement in pigment content by application 
of SA. 

The amount of carbohydrate significantly 
increased when plants were exposed to salinity 
(Munns, 1993). The results are in agreement with 
Sirigam et al. (2011) who reported increased 
sugar content in Oryza sativa under saline 
condition. Under abiotic stress condition sugar 
serves as a signaling molecule to avoid the 
oxidative damage (Hoekstra et al., 2001). 
Niazietal (2005) and Jat and Sharma (2006) 
reported improved value of sugar under salinity 
due to application of plant growth regulators. Our 
results showed the significant decrease in protein 

content under salinity which is in conformity with 
that of Dioscorea rotundata (Jalal et al., 2008), 
rice (Amirjani, 2010) and tomato (Doganlar et al., 
2010). Tammam et al. (2008) reported decreased 
protein content in Triticum avesticum under 
salinity. SA has positive effect when used in 
combination with NaCl. SA improved the protein 
content under salinity. In Hordeum vulgare, 
increased protein content was reported due to 
application of plant growth regulators (Sarwat 
and El-Sherif, 2007). NR activity was determined 
in leaves of the seedlings to demonstrate the 
effect of SA on nitrate assimilation under salinity. 
Results showed that NR activity significantly 
decreased under NaCl stress. Decreased NR 
activity under salinity is documented in cashew 
(Viegas et al., 1999) and tomato (Debouba et al., 
2007). Whereas, in combined treatment with SA, 
the activity of NR slightly enhanced. Similar result 
was reported by Singh et al. (1997). 

Proline is one of the important 
components of the defense system of plants to 
mitigate stress. In our results, proline increased 
under salt stress. Mahajan and Tuteja (2005) 
suggested that accumulation of proline is 
beneficial under stress condition. Increased 
proline under NaCl stress is also reported in 
alfalfa (Mezni et al., 2010), eggplant (Abbas et al., 
2010), Capsicum annum (Chookhampaeng, 2011), 
sunflower (Akram et al., 2012), okra (Saleem et 
al., 2012), and pea (Noreen and Ashraf, 2009). 
Whereas, the exogenous supply of SA 
significantly decreased accumulation of proline 
under NaCl (Sakhabutdinova et al., 2003; Gautam 
and Singh, 2009). The researchers have also 
reported similar results in combined treatment of 
NaCl+SA. 

Antioxidant defense system contains a 
variety of non-enzymatic and enzymatic 
antioxidants. SOD, CAT and POX are the key 
enzymes of defense system which play an 
important role in oxidative defense mechanism 
(Ashraf, 2009; Sabir et al., 2011; Akram et al., 
2012). The increased antioxidant enzyme 
activities indicate a protective mechanism against 
oxidative damage under salinity. SOD activity 
enhanced under NaCl stress to avoid the 
oxidative damage caused by ROS (Sabir et al., 
2011; Abbaspour 2012). Increased activity of CAT 
has been found under NaCl stress. Similar results 
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were also reported in soybean (Comba et al., 
1998), tobacco (Bueno et al., 1998), cucumber 
(Lechno et al., 1997), mulberry (Sudhaker et al., 
2001), and rice (Swapna, 2003). In our study we 
observed that CAT activity improved significant 
level under combined treatment of salt + SA. POX 
activity has played an important role in salt 
tolerance mechanism in plants. Increased activity 
of POX was observed and it has been reported in 
wild beet (Bor et al., 2003) and in tomato 
(Mittova et al., 2000).  

 
Conclusions 

The present study gives sufficient 
evidence to conclude that the plant growth is 
significantly suppressed under salinity. Results 
clearly evince the positive interaction between SA 
and salt which significantly influenced the plant 
growth and metabolism. Salicylic acid, as plant 
hormone, plays an important role to protect the 
plant from oxidative damage prevalent in salt 
stress. SA has potential to help stressed Brassica 
oleracea var. Capitata tolerate the adverse effect 
of salt. Thus SA has buttressed the defense 
system of the cabbage seedlings subjected to salt 
stress. 

 

Acknowledgments 

The authors are thankful to University 
Grant Commission, New Delhi for providing Rajiv 
Gandhi National Fellowship to Sunaina. 
 

References 

Abbas, W., M. Ashraf and N.A. Akram. 2010. 
'Alleviation of salt-induced adverse effects in 
eggplant (Solanum melongena L.) by 
glycinebetaine and sugarbeet extracts'. Sci. 
Hort. 125:188-95. 

Abbaspour, H. 2012. 'Effect of salt stress on lipid 
peroxidation, antioxidative enzymes, and 
proline accumulation in pistachio plants'. J 
Med. Plants Res. 6:526-9. 

Abd-El Baki, G.K., F. Siefritz, H.M. Man, H. 
Weiner, R. Haldenhoff and W.M. Kaiser. 
2000. 'Nitrate reductase in Zea mays L. under 
salinity'. Plant Cell and Environ. 23: 515–521. 

Akram, N.A., M. Ashraf and F. Al-Qurainy. 2012. 
'Amino levulinic acid-induced regulation in 

some key physiological attributes and 
activities of antioxidant enzymes in sunflower 
(Helianthus annuus L.) under saline regimes'. 
Sci. Hort. 142:143-8. 

Alsokari, S.S. 2009. 'Modulatory role of kinetin on 
photosynthetic characteristics, yield and yield 
attributes of cadmium-treated Sorghum 
bicolor plants'. J of Applied Sci. Res.5(12): 
2383-2396. 

Amiri, M.B., P. Rezvani Moghaddam, H.R. Ehyai, 
J. Fallahi and M. Aghhavani Shajari. 2010. 
'Effect of osmotic and salinity stresses on 
germination and seedling growth indices of 
Cynara scoolymus and Echinacea purpurea'. 
Environ. Stresses in Crop Sci., 3:165- 176. 

Apse, M.P., G.S. Aharon, W.A. Snedden, E. 
Blumwald .1999. 'Salt tolerance conferred by 
overexpression of a vacuolar Naþ/Hþ antiport 
in Arabidopsis'. Science 285: 1256–1258. 

Asada, K. 1999. 'The water-water cycle in 
chloroplasts: scavenging of active oxygen and 
dissipation of excess photons'. Ann Rev Plant 
Physiol. 50:601-639. 

Ashraf, M. and A. Bashir. 2003. 'Salt stress 
induced changes in some organic metabolites 
and ionic relations in nodules and other plant 
parts of two crop legumes differing in salt 
tolerance'. Flora. 198: 486–498. 

Ashraf, M. 2009. 'Biotechnological approach of 
improving plant salt tolerance using 
antioxidants as markers'. Biotechnol Adv. 
27:84-93. 

Barrs, H.D. and P.E. Weatherley. 1962.' A re-
examination of the relative turgidity 
technique for estimating water deficits in 
leaves'. Australian J of Biol. Sci. 15:413-428. 

Beauchamp, C. andI. Fridovich. 1971. 'Superoxide 
dismutase: Improved assays and an assay 
applicable to acrylamide gels'. Annal 
Biochem. 44:276-287. 

Bernstein, L. and H. E. Hayward. 1958. 
'Physiology of salt tolerance'. Ann Rev Plant 
Physiol. 9:25–46. 

Bor M, O¨. F. Zdemir and I. Turkan. 2003. 'The 
effect of salt stress on lipid peroxidation and 
antioxidants in leaves of sugar beet Beta 
vulgaris L. and wild beet Beta maritime 
L.'Plant Sci. 164:77-84. 

Bueno, P., A. Piqueras, J. Kurepa, A.  Savoure ,N.  
Verbruggen, V.M. Montagu and D. Inze. 



 1116 Iranian Journal of Plant Physiology, Vol (4), No (4) 

 

1998. 'Expression of antioxidant enzymes in 
response to abscisic acid and high osmoticum 
in tobacco BY-2 cell cultures'. Plant Sci. 
138:27-34. 

Cakmak, I. and H. Marschner.1992. 'Magnesium 
deficiency and highlight intensity enhance 
activities of superoxide dismutase ascorbate 
peroxidase, and glutathione reductase in 
bean leaves'. Plant Physiol. 98:1222–1227. 

Carillo, P., G.  Mastrolonardo, F.  Nacca andA. 
Fuggi. 2005. 'Nitrate reductase in durum 
wheat seedlings as affected by nitrate 
nutrition and salinity'. Funct Plant Biol. 32: 
209–219. 

Chandra, A.S., S.S. Kumar and S.Nibedita. 2001. 
'NaCl–stress induced alteration in glutamine 
synthetase activity in excised senescing 
leaves of a salt-sensitive and salt-tolerant rice 
cultivar in light and darkness'. Plant Growth 
Regul. 34: 287–292. 

Chookhampaeng, S. 2011. 'The effect of salt 
stress on growth, chlorophyll content, proline 
content and antioxidative enzymes of pepper 
(Capsicum annuum L.) seedling'. Europ. J of 
Scient. Res. 49(1): 103-109. 

Choudhury, S. andS. K. Panda. 2004. 'Role of 
salicylic acid in regulating cadmium induced 
oxidative stress in Oryza sativa L. roots'. Bulg 
J Plant Physiol. 30:95-110. 

Comba, M.E., M.P. Benavides, S.M. Gallego and 
M.L. Tomaro. 1998. 'Relationship between 
nitrogen fixation and oxidative stress 
induction in nodules of salt treated soybean 
plants'. Phyton-Int J Exp Bot. 60:115-126. 

Cornillon, P. and Palloix, A. 1997. 'Influence of 
sodium chloride on the growth and mineral 
nutrition of pepper cultivars'. J. of Plant Nutri. 
20: 1085–1094. 

Doganlar, ZB., K. Demir, H. Basak and I.Gul. 
2010. 'Effects of salt stress on pigment and 
total soluble protein contents of three 
different tomato cultivars'. Afri. J of 
Agricul.Res. 5(15): 2056-2065. 

Fariduddin, Q., S. Hayat andA.Ahmad. 2003. 
'Salicylic acid influences net photosynthetic 
rate, carboxylation efficiency, nitrate 
reductase activity and seed yield in Brssica 
juncea'.Photosynthetica, 41:281-284. 

Flores, P., M. A. Botella, V. Martı´nez andA. 
Cerda´. 2000. 'Ionic and osmotic effects of 

nitrate reductase activity in tomato 
seedlings'. J. of Plant Physiol. 156: 552–557. 

Foyer, C.H. and G. Noctor. 2005. ' Oxidant and 
antioxidant signaling in plants: Is evaluation 
of the concept of oxidative stress in a 
physiological context'. Plant Cell Environ. 28: 
1056–1071. 

Halliwell, B. 2006. 'Reactive species and 
antioxidants. Redox biology is a fundamental 
theme of aerobic life'. Plant Physiol. 141: 
312–322. 

Halperin, S.T., S. Gilroy and J.P. Lynch. 2003. 
'Sodium chloride reduces growth and 
cytosolic calcium, but does not affect 
cytosolic pH, in root hairs of Arabidopsis 
thaliana L.'J of Experi. Bot. 54: 1269–1280. 

Hasegawa, P.M., R. Bressan, J.K. Zhu and H.J. 
Bohnert. 2000. 'Plant cellular and molecular 
responses to high salinity'. Annu Rev Plant 
Physiol Plant Mol Biol. 51:463-499. 

Hayat, S., Q. Fariduddin, B. Ali and A. Ahmad. 
2005. 'Effect of salicylic acid on growth and 
enzyme activities of wheat seedlings'. Acta 
Agron Hung. 53:433-437. 

He, Y., Y. Liu, W. Cao, M. Huai, B. Xu and B. 
Huang. 2005. 'Effect of salicylic acid on heat 
tolerance associated with antioxidant 
metabolism in Kentucky Blue grass'. Crop Sci. 
45:988-995. 

Hedge, J.E. and B.T. Hofreiter. 1962. 'Estimation 
of carbohydrate. In: Whistler, R.L. and Be 
Miller, J.N. (ed.), Methods in carbohydrate 
chemistry'. Academic Press, New York, pp. 17-
22. 

Hoekstra, F.A., E.A. Golovina and J. Butinik. 
2001. 'Mechanism of plant desiccation 
tolerance'. Trends Plant Sci. 9: 431-438. 

Jaleel, C.A., B. Sankar, R. Sridharan and 
R.Paneerselvam. 2008. 'Soil salinity alters 
growth, chlorophyll content and secondary 
metabolite accumulation in 
Catharanthusroseus'. Turk J. of Biol.32: 79-83. 

Jamil, M., D.B. Lee, K.Y. Jung, M. Ashraf, S.C. Lee 
and E.S. Rha. 2006. 'Effect of salt (NaCl) 
stress on germination and early 
seedlinggrowth of four vegetables species'. J 
Cent. Eur. Agric.7:273-282. 

Janda, T., E. Horvath, G. Szalai and E. Paldi. 2007. 
'Role of salicylic acid in the induction of 
abiotic stress tolerance. In: Hayat S, Ahmad A, 



Effects of salicylic acid on Brassica oleracea var. Capitata under water stress 1117 

 

editors. Salicylic acid: a plant hormone'. The 
Netherlands: Springer. 

Jat, N.K. and V. Sharma. 2006. 'The interactive 
effect of salinity and PGR on certain 
biochemical parameters in wheat seedlings'. 
American J of Plant Physiol.1(2): 132- 141. 

Jaworski, E. 1971. 'Nitrate reductase assay in 
intact plant tissue'. Biochem. Biophys. Res. 
Commun. 430: 1274–1279. 

Khadri, M., P. Lina, M. Soussi, C. Lluch and 
A.Ocan˜a 2001. 'Ammonium assimilation and 
ureide metabolism in common bean 
(Phaseolus vulgaris) nodules under salt 
stress'. Agronomy, 21: 635–643. 

Khan, W., B. Prithiviraj and D. Smith. 2003. 
'Photosynthetic responses of corn and 
soybean to foliar application of salicylates'. J 
Plant Physiol. 160:485-492. 

Lacerda, C.F.D., J. Cambraia, M.A.O. Cano and 
H.A. Ruiz. 2001. 'Plant growth and solute 
accumulation and distribution in two 
sorghum genotypes, under NaCl stress'. 
Revista Brasileira de Fisiol. Veg. 13: 270–284. 

Larque-Saavedra A. 1979. 'Stomatal closure in 
response to acetyl salicylic acid treatment'. Z 
Pflanzenphysiol. 93:371-375. 

Läuchli, A. and E.Epstein. 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. pp 113–137 ASCE 
New York. 

Lechno, S.,E. Zamski  and E. Tel-Or. 1997. 'Salt 
stress-induce responses in cucumber plants'. 
J Plant Physiol. 150: 206-211. 

Lichtenthaler, H.K. 1987. 'Chlorophyll and 
carotenoids: pigments of photosynthetic bio-
membranes. In: Packer L, Douce R, editors. 
Methods Enzymology'. Academic Press, 
Sandiego, pp. 350-382. 

Lowry, O.H., R.J. Rosenbrough, A.L. Farr and R.J. 
Randall. 1951. 'Protein measurement with 
Folin phenol reagent'. J Biol. Chem. 193: 265–
275. 

Mahajan, S. and N. Tuteja. 2005. 'Cold, salinity 
and drought stresses: An overview'. Archives 
of Biochem and Biophy.444: 139-158. 

Mezni, M., A. Albouchi, E. Bizid andM. Hamza. 
2010. 'Minerals uptake, organic osmotic 

contents and water balance in Alfalfa under 
salt stress'. J of Phytol.2(11): 01-12. 

Mittler, R. 2002. 'Oxidative stress,antioxidants 
and stress tolerance'. Trends Plant Sci. 7:405-
10. 

Mittova, V., M. Volokita,GuyM and M. Tal. 2000. 
'Activities of SOD and the ascorbate-
glutathione cycle enzymes in subcellular 
compartments in leaves and roots of the 
cultivated tomato and its wild salt-tolerant 
relative Lycopersicon pennilli'. Physiol Plant. 
110:42-51. 

Munns, R. 1993. andPhysiological processes 
limiting plant growth in saline soils: some 
dogmas and hypotheses'. Plant Cell and 
Environ. 16: 15-24. 

Munns, R. 2002. 'Comparative physiology of salt 
and water stress'. Plant Cell Environ. 25: 239-
250. 

Munns, R. and A. Termaat. 1986. 'Whole plant 
responses to salinity'. Aust. J. Plant Physiol. 
13:143–160. 

Nazarbeygi, E., H. L. Yazdi, R. Naseri and R. 
Soleimani. 2011. 'The effects of different 
levels of salinity on proline and A-, 
Bchlorophylls in canola'. Amer-Eurasian 
JAgricEnviron Sci. 10: 70-74. 

Nemoto, Y. and T. Sasakuma. 2002.' Differential 
stress responses of early salt-stress 
responding genes in common wheat'. 
Phytochemistry,61:129-133. 

Neumann, P.M. 1995.' Inhibition of root growth 
by salinity stress: Toxicity or an adaptive 
biophysical response'. In Baluska, F., 
Ciamporova, M., Gasparikova, O. and Barlow, 
P.W. (Eds.), Structure and Function of Roots, 
Kluwer Academic Publishers; The 
Netherlands, pp. 299-304. 

Noreen, Z. and M. Ashraf. 2009. 'Assessment of 
variation in antioxidative defense system in 
salt treated pea (Pisum sativum L.) cultivars 
and its putative use as salinity tolerance 
markers'. J Plant Physiol. 166:1764-74. 

Rhoads, D.M., A.L. Umbach, C.C. Subbaiah and 
J.N. Siedow. 2006. 'Mitochondrial reactive 
oxygen species. Contribution to oxidative 
stress and interorganellar signaling'. Plant 
Physiol. 141: 357-366. 

Romero-Romero, T., S. Sa´nchez-Nieto, A. 
Sanjuan-Badillo, A.L. Anaya and R Cruz-



 1118 Iranian Journal of Plant Physiology, Vol (4), No (4) 

 

Ortega. 2005. 'Comparative effects of 
allelochemical and water stress in roots of 
Lycopersicon esculentum Mill Plant 
(Solanaceae)'. Plant Sci. 168: 1059-1066.  

Sabir, P., M. Ashraf and N.A. Akram. 2011. 
'Appraisal of interaccession variation for salt 
tolerance in proso millet (Panicum miliaceum 
L.) using leaf proline content and activities of 
some key antioxidant enzymes'. J Agron Crop 
Sci. 197:340-7. 

Saleem, A., Ashraf, M., N. A. Akram and F. Al-
Qurainy. 2012. 'Salinity-induced changes in 
the composition of some key enzymatic and 
non-enzymatic antioxidants, 
osmoprotectants, chlorophyll pigments and 
some inorganic elements in okra 
(Abelmoschus esculentus L.) fruit'. J Hort Sci 
Biotechnol. 87:271-7. 

Sarwat, M.I. and M. El-Sherif. 2007.' Increasing 
salt tolerance in some barley genotypes 
(Hordeumvulgare) by using kinetin and 
benzyladenine'. 3(5): 617-629. 

Singh, P.K., V. K. Chaturvedi and B. Bose. 2010. 
'Effects of salicylic acid on seedling growth 
and nitrogen metabolism in cucumber 
(Cucumis sativus L.)'. J of Stress Physiol. & 
Biochem. 6 (3) 102-113. 

Siringam, K., N. Juntawong, S. Cha-Um, C. 
Kirdmanee. 2011: 'Salt stress induced ion 
accumulation, ion homeostasis, membrane 
injury and sugar contents in salt-sensitive rice 
(Oryza sativa L. spp. indica) roots under 
isoosmotic conditions'. African J 
ofBiotechnol.10(8): 1340-1346. 

Sudhakar, C., A. Lakshmi and S. Giridarakumar 
2001. 'Changes in the antioxidant enzyme 
efficacy in two high yielding genotypes 
ofmulberry (Morus alba L.) under NaCl 
salinity'. Plant Sci. 161: 613-619. 

Swapna, T.S. 2003. 'Salt stress induced changes 
on enzyme activities during different 
developmental stages of rice (Oryza sativa 
Linn.)'. Indian J Biotechnol. 2:251-258. 

Tammam, A.A., M.F. Abou Alhamd and M.M. 
Hemeda. 2008. 'Study of salt tolerance in 
wheat (Triticum aestivum L.) cultivar Banysoif 
1'. Australian J of Crop Sci.1(3): 115- 125. 

Tasgin, E., O. Atici and B. Nalbantoghu. 2003. 
'Effect of salicylic acid and cold on freezing 
tolerance in wheat leaves'. Plant Growth 
Regul. 41:231-236. 

Tester, M. and R. Davenport. 2003. 'Na+ 
tolerance and Na+ transport in higher plants'. 
Ann Bot. 91:503–527. 

Yamamoto, Y., Y. Kobayashi, S.R. Devi, S. Rikiishi 
andH. Matsumono. 2003.' Oxidative stress 
triggered by aluminum in plant roots'. Plant 
Soil. 255:  239–243. 

Yasar, F., S. Kusvuran and S. Ellialtıoğlu. 2006. 
'Determination of anti-oxidant activities in 
some melon (Cucumis melo L.) varieties and 
cultivars under salt stress'. J Hortic 
SciBiotechnol. 81: 627-630. 

Zeid, I.M. 2011. 'Alleviation of seawater stress 
during germination and early growth of 
barley'. International J of Agri: Res. and Rev. 
1(2): 59-67. 


