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Abstract 
 

The effect of potassium (K) and calcium (Ca) on growth and antioxidant defence system of salt-stressed Indian mustard 
plants was studied. Twenty-day-old Indian mustard plants grown hydroponically in Hoagland’s growth medium were 
randomly divided into five groups. T0 served as control and did not receive any additional K or Ca (except that present in 
Hoagland solution), T1 received 150 mM NaCl, T2 was given an additional doze of 6 mM K, T3 was given 5.6 mM Ca as 
additional doze, while as T4 received a combination of 150 mM NaCl + 6 mM K  +  5.6 mM Ca. The response of the plants 
was studied ten days after treatment. Salt stress inhibited growth parameters including biomass, chlorophyll content, protein 
content and NR activity. Membrane damage was induced by the salt treatment with a concurrent increase in antioxidant 
defence system and proline content. Individual application of K and Ca mitigated the negative influence of the stress with 
the maximum alleviating potential exhibited by the combined application of these nutrients. Results obtained on real time 
expression of genes encoding enzymatic antioxidants (SOD, APX, CAT and GR), NR and proline supported our findings 
with biochemical assays. We conclude from the study that maintaining high K and Ca levels may serve as an effective 
means for regulating the growth and productivity of Indian mustard plants under saline conditions.  
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Introduction 
 

The burgeoning human population is expected to 
cross 9.4 billion by the middle of this century (Anon., 
2012). Meeting food demands of the expanding human 
populations that rely mainly on agricultural productivity 
is a pressing issue of the hour (Ashraf et al., 2012; 
Hakeem et al., 2013). Environmental stresses are the main 
constraints to crop productivity and salt stress causes 
specific adverse effects on soil and agriculture (Ozturk et 
al., 2006, 2012; Ashraf et al., 2009;  Rengasamy, 2010 ) 
particularly in areas with a high evapo-transpiration rate 
(Tuteja, 2007; Zhang et al., 2011). Accumulation of salts 
in the soil is on the rise due to anthropogenic activities 
including deforestation, industrialization, overgrazing and 
improper irrigation practices. Soil salinization is 
estimated to cause a loss of at least three hectares of 
productive land per minute at the global level (Abrol et 
al., 1988). Salinity hampers many cellular and 
physiological processes in plants including nutrient 
uptake, transport and metabolism, water absorption and 
photosynthesis, leading to a decrease in growth and 
productivity (Pardo, 2010; Aref et al., 2013a, b). 

One of the primary effects of salt stress is alteration 
of redox homeostasis. During salt stress, the electrons 
flowing through transport chains in chloroplasts and 
mitochondria reduce oxygen, leading to overproduction of 
reactive oxygen species (ROS) including superoxide ions, 
hydrogen peroxide and hydroxyl radicals. These ROS 
cause oxidation of life-supporting biomolecules including 
lipids, proteins, nucleic acids and carbohydrates by 
disrupting their structure and associated metabolic 
pathways (Arshi et al., 2012; Anjum et al., 2014).  

Besides oxidative damage, salt stress causes deficiency 
of mineral nutrients in plants by interfering with their 
availability (in soil), uptake and transport within the plant 
body (Maathuis, 2006). Potassium is an essential nutrient, 
which plays indispensable role in growth and development 
of plants. It is the most abundant cation in plants that is 
found mainly in chloroplast and cytosol, and regulates the 
function of more than 50 enzymes through stabilization of 
pH, binding to enzymes and functional conformation of 
enzymes. Besides, it actively participates in different 
cellular and physiological processes including osmotic 
adjustment, energy transfer, detoxification of ROS, protein 
synthesis, stomatal regulation, phloem transport, enzyme 
functioning and cation-anion balance (Marschner, 2012). 
Regulation of K+/Na+ homoeostasis within cells is an 
important indicator of salt tolerance in plants (Zhu 2003; 
Siddiqui et al., 2008, 2009). Calcium is another essential 
element that helps in maintaining structural and functional 
integrity of membranes, stabilization of cell wall and 
regulation of ion homeostasis (Arshi et al., 2010; Morgan 
et al., 2014). These two elements seem to be readily 
displaced from binding sites by sodium and chloride ions, 
and the functional aspects associated with essential 
nutrients may become critically impaired. Maintaining 
sufficient concentrations of K and Ca in saline soil helps 
plants in overcoming specific ion toxicities, particularly in 
glycophytes, which are more prone to salt damage (Grattan 
& Grieve, 1999). In order to overcome the negative impact 
of high salinity, addition of supplemental K and Ca to the 
growth medium as an ameliorative agent could be 
necessary. However, studies on regulation of antioxidant 
activity by supplying K and Ca to the plants are meagre.  
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Indian mustard, an important oilseed crop, is grown 
over a large area in India, which ranks second in its 
production but is still unable to meet the demand (Shah, 
2007). The crop is cultivated in the north-west climatic 
zone, where existent soil salinity heavily decreases its 
production. Salinity effect on this crop has attracted the 
attention of many investigators (Nazir et al., 2001; Jamil 
et al., 2005a, b; Aziz et al., 2011). The current 
experiment was conducted to investigate and assess the 
potential of increased levels of P and Ca and their 
combination in extenuating salt-induced damage in this 
important oilseed crop. 
 
Materials and Methods 
 
Plant growth and treatment conditions: Authenticated 
seeds of Brassica juncea (L.) Czern and Coss (genotype 
CS-54) procured from Genetics Division, Indian 
Agricultural Research Institute, New Delhi, were washed 
thoroughly with water, surface-sterilized with 0.1% 
mercuric chloride for 60-90 seconds and washed again 
with distilled water prior to sowing in pots containing a 
mixture of sand and vermiculite (1:1). After germination, 
ten plants were maintained in each pot and the experiment 
was set in a randomised design. The plants were grown in 
Hoagland’s growth solution of one-fourth strength for the 
first ten days, in half-strength for next ten days and in full 
strength for the last ten days, in a growth chamber under 
controlled conditions of light (16 h photoperiods), 
temperature (27˚C) and humidity (60%). Twenty-day-old 
plants were randomly divided into five groups; T0 served 
as control  and did not receive any additional K or Ca, T1 
received 150mM NaCl, T2 was given an additional doze 
of 6mM K, T3 was given 5.6mM Ca as additional doze 
while as T4 received a combination of 150mM NaCl + 
6mM K + 5.6mM Ca. The leaves of 30-day-old plants 
were excised and used for experimental analysis in three 
biological replicates. 
 
Biomass accumulation: At the time of harvest, plant 
weight was recorded before and after the samples were 
oven-dried at 65˚C ± 2˚C for 72 hours, when they attained 
constant weight, for the estimation of biomass 
accumulation.  
 
Estimation of soluble protein content: Bradford’s method 
(1976) was used for the quantification of soluble protein 
content. Briefly, fresh leaf material (0.5g) was 
homogenized with the help of pre-cooled mortar and pestle 
in 0.1 M phosphate buffer with pH 6.8 at 4˚C. The 
homogenate was transferred to 2 ml tubes and centrifuged 
at 5000 × g for 10 min at 4˚C. The supernatant was added 
with an equal amount of chilled 10% TCA for protein 
precipitation and then centrifuged at 3300 × g for 10 min. 
The supernatant was discarded, and the resultant pellet 
washed with acetone and then dissolved in 1 ml of 0.1 N 
NaOH. To 1.0 ml aliquot, 5.0 ml of Bradford’s reagent (50 
mL of 90% alcohol, 100 mL of o-phosphoric acid, 850 mL 
of double-distilled water, 0.1 g of Coomassie Brilliant Blue 
G-250) was added and vortexed. Tubes were kept in the 
dark for 10 min for optimal colour development, and the 
absorbance noted at 595 nm. Soluble protein content was 

estimated with the help of standard curve, using Bovine 
serum albumin (Sigma) as standard. The protein content 
was expressed in mg g-1 FW. 
 
Estimation of chlorophyll content: Chlorophyll content 
in fresh leaf samples was estimated employing the method 
of Hiscox & Israelstam (1979). Briefly, 0.1g leaves taken 
in moist filter paper in an icebox, were washed with cold 
DDW and chopped. The chopped leaf material was 
transferred to vials (in triplicates) containing 5 ml of 
dimethyl sulfoxide (DMSO). The vials were kept in oven 
at 65ºC for 1h for complete leaching of the pigments. 
DMSO was further added to make a final volume of 10ml 
and optical density measured immediately. Absorbance of 
DMSO containing the pigments was noted at 663 and 645 
nm using UV-Vis spectrophotometer. Chlorophyll ‘a’, 
and chlorophyll ‘b’ contents were estimated employing 
the formulae given by Arnon (1949). Total chlorophyll 
content was calculated by adding chlorophyll ‘a’ and 
chlorophyll “b”. 
 
Estimation of proline content: Proline content of leaves 
was estimated employing the method of Bates et al. 
(1973). A 0.5 g of leaf sample was homogenized in 3% 
sulphosalicylic acid (10ml) followed by centrifugation at 
10,000 rpm for 10 minutes. The supernatant (2ml) was 
taken in test tube and 2 ml of acid ninhydrin along with 2 
ml of glacial acetic acid were added. The mixture was 
incubated at 100˚C in a water bath for one hour and the 
reaction terminated by placing the tubes in an ice bath. 
Toluene (4ml) was added to each and mixed vigorously 
on a vortex for 10-15 sec. The toluene layer was taken 
from the mixture and absorbance measured at 520 nm 
using toluene as blank. The concentration of proline in 
samples was calculated against the standard curve of 
proline, expressed in μg g-1 fresh wt.  
 
NR activity: Nitrate reductase activity was determined 
using the method of Robin (1979).  Fresh leaf samples were 
homogenized in 100mM potassium phosphate buffer (pH 
7.4) containing 1 mM EDTA, 7.5 mM cysteine and 1.5% 
(w/v) casein. The mixture was centrifuged at 10,000 rpm 
for fifteen minutes at 4˚C. The supernatant was incubated 
in a reaction buffer containing 100mM potassium 
phosphate buffer (pH 7.4) 0.15mM NADH, 10mM EDTA 
and 0.1 M KNO3 for half an hour at 30˚C. The reaction 
was stopped by adding 1M zinc acetate (100µl). 
Absorbance of the supernatant was recorded at 540 nm 
after adding 5.8mM sulfanilamide and 0.8mM NEDD.  
 
Measurement of lipid peroxidation: Lipid peroxidation 
was estimated by the method of Heath & Packer (1968), 
using thiobarbituric acid (TBA) as the primary reagent, 
and measured from the levels of malondialdehyde 
(MDA), which is a principal constituent of thiobarbituric 
acid reacting substance (TBARS). The absorbance was 
recorded at 532nm and 600nm, and the MDA content was 
calculated by subtracting the absorbance at 600 nm from 
that at 532 nm, using an extinction coefficient of 155mM-

1 cm-1. The MDA content was expressed as nmol g-1 fresh 
weight of the sample. 
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Analysis of enzymatic antioxidants 
 
a. SOD activity was estimated by its ability to inhibit 

the formation of formazan from NBT according to 
the method of Beyer & Fridovich (1987). The 
reduced NBT was measured at 560nm using the 
absorbance coefficient of 100mM-1 cm-1. The SOD 
activity was expressed in enzyme units per mg of 
protein.  

 
b. APX activity was determined according to the 

method of Nakano & Asada (1981) in terms of its 
ability to catalyze the reduction of hydrogen peroxide 
to water in the presence of 0.1M phosphate buffer. 
The decrease in the absorbance was taken at 240 nm, 
and the APX activity was calculated by using an 
extinction coefficient of 2.8mM-1 cm-1. 

 
c. Catalase activity was assayed using the method of 

Aebi (1984). Absorbance was taken at 240nm of the 
mixture of 0.1ml enzyme extract and 0.1M phosphate 
buffer both before and after adding 0.1ml of 
hydrogen peroxide. Catalase activity was calculated 
using an extinction coefficient of 0.036 mM-1 cm-1. 

 
d. GR activity was determined by the method of Foyer 

& Halliwell (1976) and modified by Rao (1992), and 
estimated by monitoring the glutathione-dependent 
oxidation of NADPH at its absorption maxima of 
wavelength 340nm. The GR activity was calculated 
using an extinction coefficient of 6.2mM-1 cm-1. 

 
Whole tissue RNA isolation and gel electrophoresis: 
Total RNA was isolated from control and stress-treated 
plant samples, using the modified method of 
Chomczynski & Sacchi (1987) and quantified with 
Nanodrop spectrophotometer (Thermo scientific, USA). 
Total RNA was diluted with DEPC water and aliquots 
were taken with concentration of 1µg ml-1. To determine 
the integrity of the RNA and ensure that equal amounts 
of RNA were added to each reaction, 1μg of RNA from 
each sample was separated via gel electrophoresis in 
formaldehyde gels. 
 
Generation of cDNA pool and standardization of 
reaction: Total RNA (1 μg) from control and treated 
samples was used for the first-strand cDNA synthesis, 
using 20 U/µl molony murine leukaemia virus reverse 
transcriptase (MuMLV) enzyme (Fermentas,USA) at 
42oC for 50 min and at 70°C for 10 min. The reverse 
transcription reaction primed with 2.5 µM Oligo (dT)18 
(Fermentas,USA) primer in the presence of 10mM dNTPs 
was mixed in a total volume of 20µl. Before running the 
real time PCR, conventional PCR was carried out for 
standardization of reaction. Locus-specific amplification 
was tested for both the genes-specific and actin primers. 
PCR amplification was carried out in 20 µl reaction 
mixture, containing 10 × reaction buffer, 2 mM dNTPs, 
1mM MgCl2, 0.35 µM each of the forward and reverse 
primers, 10µg cDNA template and 5U Taq polymerase 
(Fermentas, USA) using PCR machine (Master Cycler, 
Eppendorf, USA). The conditions for PCR amplification 

were as follows: 94°C for 3 min for initial denaturation, 
followed by 94°C for 20s, 66°C for 1 min and 72°C for 1 
min (40 cycles) with 5 min of final extension at 72°C. 
Amplified PCR products were analysed on 1% Agarose 
gel. PCR amplified product of genes and actin gene 
primer pairs were carefully gel eluted and purified, using 
the QIAGEN gel extraction kit (Qiagen Inc., USA) and 
sequenced to confirm the specificity of primers. Purified 
PCR products were commercially sequenced at 
Integrative DNA Technology (IDT), India. Primer 
sequences for target genes are given in Table 1. 
 
Real-time PCR (RT-PCR): Real time PCR (Light cycler 
480 II, Roche, Germany) was performed in 96 well 
reaction plate (Roche, Germany) containing  20ul reaction 
mixture of 10× reaction buffer, 2mM dNTPs, 1mM 
MgCl2, 0.35µM each of the forward and reverse primers, 
1ul syber green (10×), 10 ug cDNA template and 5 unit 
Taq polymerase. All quantifications were normalized to 
Actin DNA fragment amplified by β-Actin forward 
(5�TCGTACCACAGGTGTTG TGTTGGA-3�) and β-
Actin reverse (5�TGTATGTGTAGCACGTTCGGTCA-
3�) primers. The actin gene was used as an internal 
control for evaluating the efficiency of real-time PCR for 
the particular genes. The reaction conditions for real time-
PCR were as follows: 95°C for 3 min for initial 
denaturation, followed by 95°C for 20s, 66°C for 1 min 
and 72°C for 1 min (40 cycles) with 5 min of final 
extension at 72°C. The RT- PCR product was resolved on 
1.2% agarose gel. The specificity of amplicons was 
verified by melting curve analysis (60°C to 95°C) after 40 
cycles and agarose gel electrophoresis. All reactions were 
performed in three biological replicates (with three 
technical replicates of each), using gene-specific primers 
and actin primer as an internal control. 
 
Statistical analysis: Three biological replicates were 
taken during the study to ensure the reproducibility. The 
data obtained was statistically analyzed to check the 
authenticity of results. Means were subjected to Student’s 
T-test. ANOVA was performed using Microsoft excel 
2007. Post-hoc comparison between the treatment means 
was done through Tukey-Krammer multiple-comparison 
test, using Graph Pad Prism software (version 5). 

For real time data analysis, ∆∆Ct method was used. 
The data generated from real-time PCR were plotted as 
the ∆R n fluorescence signal versus the cycle number. 
The ∆R n was calculated using the equation, ∆R n  = (Rn+ 
-  Rn-), where Rn+  is the fluorescence signal of the 
product at any given time and Rn- is the fluorescence 
signal of the baseline emission during  cycles 6 to 15. The 
Ct value is defined as the cycle number at which ∆Rn 
crosses this threshold.  The fold change in cDNA (Target 
gene) relative to the β-actin, an internal control, was 
determined by ∆∆Ct method. 
 

Fold change = 2 - ∆∆Ct 
 
where ∆∆Ct = (Ct target - Ct actin) at time X - (Ct target - 
Ct actin) at time 0. Time X is any time point and time 0 
represents the 1× expression of each gene. 
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Results 
 
Biomass accumulation: The biomass accumulation 
decreased by 1.69 fold during the salt treatment with 
respect to the control. Application of potassium 
significantly increased biomass by 1.2 fold compared 
with salt-stressed plants. A significant upsurge was 
observed in T3 (1.3 fold) and T4 (1.43 fold) plants, 
compared to T1 plants (Fig. 1). 
 
Total chlorophyll content: Total chlorophyll content 
differed substantially between the treatments except 
between T2 and T3 (Fig. 2); It decreased from 1.1 ± 0.002 
mg g-1 FW in control to 0.7 ± 0.007 mg g-1 FW in T1. 
Treatments T2 (1.1 fold), T3 (1.1 fold) and T4 (1.29 fold) 
induced a significant increase in chlorophyll content in 
contrast to T2. 
 
Protein content of leaves: A pronounced decrease in 
protein content was noted under salt treatment. Protein 
content showed a decrease of 1.52 fold in contrast with 
the control. Application of potassium and calcium, 
however, resulted in increase of 1.24 and 1.08 fold 
respectively, with respect to salt-stressed condition. 
The maximum increase (1.29 fold) was observed 
during the combined application of both potassium and 
calcium (Fig. 3). 
 
NR activity of leaves: A considerable decrease in NR 
activity was recorded in treated samples with respect to 
control. Among treatments, utmost decrease (1.63 fold) 
was observed with NaCl treatment. Application of 
nutrients to NaCl-treated plants increased their NR 
activity and the maximum increase was observed in T4 
(1.53 fold), followed by T2 (1.45 fold) and T3 (1.2 fold), 
respectively (Fig. 4).  
 
Proline content: Proline, an important amino acid 
involved in osmotic adjustment, protein stability and 
other stress adaptations, increased abundantly due to 
treatments in contrast with the control. Highest levels 
were recorded in T4 (15.71 ± 2.55) followed by T2 
(13.14 ± 2.13), T3 (12.19 ± 1.98) and T1 (11.96 ± 1.94) 
respectively (Fig. 5). However, variation was not 
significant between T1 and T2. 
 
MDA content of leaves:  MDA content of leaves 
increased significantly by the treatments; the maximum 
increase (3.16 fold) was observed in T1 and the minimum 
(0.872 fold) in T4, compared to control (Fig. 6). 
 
SOD activity: Significant variation in SOD activity was 
observed under treatment conditions (Fig. 7); There was a 
considerable enhancement in SOD activities in the leaf 
tissue by various treatments, with the maximum (1.88 
fold) being in T4 and minimum (1.4fold) in T1.  
 
APX activity: Striking differences in APX activities were 
observed due to treatments (Fig. 8); The APX activity 
increased by 1.4 fold in T1. It increased further upon 

treatment of plants with nutrients. The highest activity 
(1.78 fold) was detected at T4 treatment followed by T2 
(1.75 fold) and T3 (1.54 fold).  
 
CAT activity: Salt treatment alone increased the catalase 
activity by 1.34 fold with respect to the control. 
Application of K and Ca in the salt-stressed plants 
ameliorated the catalase activity by 1.5 and 1.7 fold 
respectively and the maximum activity (1.84 fold) was 
recorded in salt-stressed plants treated with both K and Ca 
concurrently (Fig. 9). 
 
GR activity: GR activity showed a linear increase during 
the treatments (Fig. 10); being the minimum in control 
plants (2.412 ± 0.005), it increased consistently with NaCl 
treatment (3.124 ± 0.0412), NaCl + K treatment (3.512 ± 
0.014), NaCl + Ca treatment (3.854 ± 0.002), and NaCl + 
K + Ca treatment (4.111 ± 0.004).  
 
Expression profiling of the enzymes studied: 
Expression of antioxidants, proline synthesizing protein 
(pyrroline-5-carboxylate synthetase) and NR at the 
mRNA level was assayed to check the validity of our 
results. Although different isoforms of antioxidants are 
present in the plant cells, the most abundant isoforms 
related to salt stress was chosen for analysis. Results 
obtained by the real-time expression studies were 
parallel to the biochemical assays (Table 1).  
 
Discussion 
 

Salt stress brings about a considerable change in 
physiological and biochemical processes that play 
imperative roles in growth, development and 
productivity of plants. Addition of potassium and 
calcium in growth medium of salt-stressed Indian 
mustard plants has helped in restoring the normal 
growth. Combined effect of K and Ca has proved more 
effective in combating the adverse effects of salinity 
than the individual application of these elements.  

Biomass accumulation; a significant parameter in 
agricultural productivity; is one of the primary indicators 
of plant salt tolerance (Munns & James, 2003; Busemeyer 
et al., 2013). In Indian mustard, biomass accumulation 
has decreased substantially under the salt stress. This 
could be attributed to nutrient deficiency and water stress 
induced by the salt. An increase in biomass upon 
fertilization by K and Ca nutrients indicates the 
differential potential of these nutrients in combating the 
negative influence of salt. Our results are similar to earlier 
findings regarding increase in biomass due to K 
application to salt-stressed plants of sunflower (Akram et 
al., 2009), wheat (Zheng et al., 2008), melon (Kaya et al., 
2007), Lagenaria siceraria (Ahmad & Jabeen, 2005) and 
rice (Cha-um et al., 2010). The highest increase in 
biomass of salt-stressed plants due to combined effect of 
K and Ca indicates a synergistic effect that minimized the 
negative effect of NaCl on Indian mustard. Salt stress 
affected the chlorophyll content.  



PEERZADA YASIR YOUSUF 1634 

 
 
Fig. 1. Variation in biomass accumulation due to salt stress and 
application of potassium and calcium on salt-stressed Indian 
mustard plants. Values represent mean ± SD of three replicates. 
Values marked with different superscript letters are significantly 
different from one another (p<0.05, Tukey). 
 

 
 
Fig. 2. Changes in total chlorophyll content due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Values represent mean ± SD of three replicates. 
Values marked by different letters are significantly different 
(p<0.05, Tukey). 
 

 
 
Fig. 3. Variation in the protein content due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Data represent mean ± SD of three replicates. 
Values with different letters are significantly different 
(p<0.05, Tukey). 

 
 
Fig. 4. Variation in the NR activity due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Values represent mean ± SD of three replicates. 
Values marked with different superscript letters are significantly 
different (p<0.05, Tukey). 
 

 
 
Fig. 5. Changes in proline content due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Values represent mean ± SD of three replicates. 
Values marked with different letters significantly differ from 
one another (p<0.05, Tukey). 
 

 
 
Fig. 6. Variation in MDA content due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Data represent mean ± SD of three replicates. 
Values with different letters are significantly different 
(p<0.05, Tukey). 
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Fig. 7. Variation in the SOD activity due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Values represent mean ± SD of three replicates. 
Values marked with different superscript letters are significantly 
different (p<0.05, Tukey). 
 

 
 
Fig. 8. Variation in APX activity due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants.  Data represent mean ± SD of three replicates. 
Values marked with different superscript letters are significantly 
different (p<0.05, Tukey). 

 
 
Fig. 9. Variation in the CAT activity due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants.  Values represent mean ± SD of three replicates. 
Values marked with different superscript letters are significantly 
different (p<0.05, Tukey). 
 

 
 
Fig. 10. Changes in GR activity due to salt stress and 
application of potassium and calcium in salt-stressed Indian 
mustard plants. Values correspond to the mean ± SD of three 
replicates. Values marked with different letters are 
significantly different (p<0.05, Tukey). 

 
Decrease in photosynthetic pigments can be 

associated to (i) the salt-induced deficiency of elements, 
including magnesium and iron, which play a pivotal role 
in the synthesis of these pigments and (ii) a probable 
degradation of chlorophyll (Santos, 2004; Jaleel et al., 
2008). Our results are supported by earlier findings on 
pumpkin (Sevengor et al., 2011), mustard (Jamil et al., 
2013), pearl millet (Sneha et al., 2014) and fenugreek 
(Babar et al., 2014). The K and Ca treatments elevated the 
levels of chlorophyll, suggesting their ability to overcome 
salt-induced damage of pigments. Potassium helps in 
regulating the amounts of chlorophyll levels by 
preventing its decomposition (Umar et al., 2011), whereas 
calcium acts as a secondary messenger in cytokinin-
mediated chlorophyll-biosynthetic pathway, besides 
directly interacting with light during the same pathway 
(Lechowski & Bialczyk, 1993). 

Proteins, the indispensable molecules regarded as 
determinants of physiological health, decreased in salt-
stressed plants, possibly due to inhibition of protein 
synthesis, as proposed by Kong-Ngern et al. (2005). 
Application of K and Ca fertilizers, however, regained the 
protein content. K exhibited the highest potential possibly 
due to its role in triggering the protein synthesis. Similar 
effect of K treatment (Kaya et al., 2007; Zheng et al., 
2008) and Ca treatment (Manivannan et al., 2007; Jaleel 
et al., 2008; Qados, 2011; Amuthavalli et al., 2012) have 
been observed in some other species.  

Salt stress is likely to interfere with nitrate uptake in 
plants, altering the activity of nitrogen-assimilating 
enzymes (Grattan & Grieve 1999; Wang et al., 2012). In 
our study, K and Ca treatments exhibited the potential of 
reversing the NR activity suppressed by salinity. The 
maximum NR activity was recorded under the joint effect 
of these nutrients, signifying an enhanced metabolic 
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activity related to N assimilation. Potassium was more 
effective than Ca possibly due to its role in regulating 
nitrogen-use efficiency of plants.  

One of the primary stresses induced by salinity is 
osmotically-induced water stress (Ozturk et al., 1995; 
Ashraf & McNeilly, 2004). Plants respond to this 
condition via synthesis of osmoprotectants that regulate 
osmotic balance within plants. Proline is one of the main 
osmoprotectants, which is involved not only in osmotic 
adjustment but also in antioxidant defense and 
stabilization of proteins and organelles (Kishore et al., 
2005; Sumithra et al., 2006; Arshi et al., 2010; Anjum et 
al., 2015). In our study, proline levels increased during 
salinity stress and application of fertilizers further 
augmented it, possibly by accelerating proline 
biosynthesis and breaking down proline-rich proteins 
(Jun et al., 2000). Increased proline levels have been 
found in salt-stressed plants of Spinacia oleracea 
(Ozturk & Demir, 2003), Cassia angustifolia (Arshi et 
al., 2005), Catharanthus roseus (Jaleel et al., 2007a, b), 
Cichorium intybus (Arshi et al., 2010) and Artemisia 
annua (Qureshi et al., 2013), among others. 
 
Lipid peroxidation and antioxidant response: 
Accumulation of ROS in plants under various 
environmental stresses including heavy metals, salinity, 
high temperature and drought stress is well-known 
(Jabeen et al., 2009; Miller et al., 2010; Gill & Tuteja, 
2010; Anjum et al., 2011; Ansari et al., 2013a,b; Iqbal et 
al., 2015). Salt stress induces divergence of electrons in 
transport chains from normal pathways to oxygen-
reducing ones, leading to overproduction of ROS which 
oxidize biomolecules including lipids, proteins, nucleic 
acids and carbohydrates (Anjum et al., 2014). 
Membranes, composed of mainly lipids and proteins, are 
thus damaged. Lipid peroxidation of membranes by ROS 
produces aldehydes, of which malondialdehyde is the 
main type. MDA thus serves as a marker of membrane 
damage induced by ROS (Hernández & Almansa, 2002; 
Anjum et al., 2014). During our study, salt treatment 
increased MDA level but application of K and Ca lowered 
it, signifying their involvement in reducing the production 
of ROS. This is possibly due to accumulation of ROS-
scavenging molecules, including proline and antioxidants 
that limit lipid-peroxidation-associated membrane damage 
under salinity stress (Khan et al., 2007; Qureshi et al., 
2013). Our results agree with earlier findings of Siddiqui 
et al. (2012), who observed reduced levels of MDA in 
broad bean under the effect of K and Ca. At individual 
level, Ca was more effective than K, possibly because of 
its specific role in maintaining structural integrity of 
cellular membranes by linking to lipid-bilayer-stabilizing 
phospholipids (Hirschi, 2004).  

Plants possess a distinct antioxidant defense system 
that scavenges toxic ROS and protects plants from 
oxidative damage. The antioxidants, including SOD, APX, 
GR and CAT act through a well-defined glutathione-
ascorbate pathway (Anjum et al., 2012, 2015). SOD forms 
the first line of defence in catalyzing the dismutation of 
superoxide ion to hydrogen peroxide. In our study salt 
treatment increased SOD activity, but the increase was 
more pronounced in salt-stressed plants treated with P and 

Ca, indicating their potential in conferring superoxide ion-
scavenging ability. SOD activity produces hydrogen 
peroxide, which can cause membrane damage. Plants 
possess two enzymes; catalase and APX for the regulation 
of H2O2 level in cells. Catalase is mainly located in 
peroxisomes where it catalyzes breakdown of H2O2 to H2O 
and O2 (Arshi et al., 2012). Salinity induces upregulation of 
CAT activities in Indian mustard, as observed earlier in 
barley (Khosravinejad et al., 2008; Seckin et al., 2010), 
tomato (Rodriguez-Rosales et al., 1999), mulberry 
(Sudhakar et al., 2001), ryegrass (Hu et al., 2012), soybean 
(Hakeem et al., 2012) and sweet annie (Qureshi et al., 
2013). The CAT activity was ameliorated differentially 
with the addition of K and Ca, indicating the dependence of 
CAT activity on the nutrient state of the plant. The 
analogous function of CAT is carried out by APX in the 
cellular sites including chloroplasts, mitochondria and 
cytosol. Increased activity of APX in salt-stressed plants 
indicated the presence of high levels of H2O2; the enhanced 
activity observed under K and Ca treatments suggest their 
roles in maintaining ROS level. GR is another antioxidant, 
which catalyzes the reduction of glutathione disulphide to 
sulphydryl form GSH, providing reducing potential to APX 
for scavenging H2O2 (Anjum et al., 2012; Yousuf et al., 
2012). The changes in GR activities observed in our study 
paralleled those in APX activity. Similar observations with 
reference to potassium fertilization in plants under abiotic 
stress, including water stress (Jaleel et al., 2007a; Hong-Bo 
et al., 2008), metal stress (Siddiqui et al., 2012) and salt 
stress (Umar et al., 2011), have been reviewed by Wang et 
al. (2013). 
 
Conclusion 
 

Our data establish that salt stress reduced the growth 
of Indian mustard, whereas application of K and Ca to 
growth environment differentially mitigated the adverse 
effect of salinity. The combined application of K and Ca 
showed the maximal mitigating potential to regulate the 
growth and productivity of the crop by reducing the 
membrane damage via induction of antioxidants, increase 
in proline content and regulation of NR activity and the 
level of chlorophyll and protein contents.  
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