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Abstract
The effects of NaCl salinity (0 and 200 mM) and NH

4
:NO

3
 ratio (0:100, 25:75, 50:50 and 75:25) on the activities of antioxidant enzymes, viz. 

glutathione reductase (GR), superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and glutathione-S-transferase (GST), were investigated 
in leaves and roots of canola (Brassica napus L.). Salinity caused a reduction in plant biomass. The biomass production of plants at 75:25 NH

4
:NO

3

was lower than that of plants at 0:100 NH
4
:NO

3
. The antioxidant enzymes exhibited higher activity in saline-treated plants. Changes in antioxidant 

enzyme activity caused by different NH
4
:NO

3
 ratios differed in leaves as well as in roots of canola. At 75:25 and 50:50 NH

4
:NO

3
 ratios plants showed 

higher CAT, GR and GST activity in leaves and roots, while POD and SOD activity was higher at 0:100 NH
4
:NO

3
.
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Introduction
Salinity in the soil presents a stress condition for the growth of 
the plants. Under natural conditions of growth and development, 
plants are inevitably exposed to different types of stress, which 
may cause increased production of active oxygen species (AOS) 1.
These include superoxide radicals (O

2
-o), single oxygen (O

2
), 

hydrogen peroxide (H
2
O

2
) and hydroxyl radical (OH0), which cause 

tissue injury 2. These compounds are strong oxidizing agents, 
and their possible accumulation in the cell is very dangerous since 
they damage the structure of membranes, proteins and DNA 3. In 
a normally operating cell, there exists a dynamic equilibrium 
between the formation of ROS and their elimination. The capacity 
of the antioxidant defense system is often increased under stress 
condition 4. In addition to ionic unbalance and hyperosmotic 
stress, high concentrations of NaCl induce oxidative stress, which 
is accompanied by the destruction of membranes and degradation 
of chlorophyll 5, 6. The extent of the oxidative stress is usually 
assessed by the accumulation of malondialdehyde (MDA), a 
product of peroxide oxidation of membrane lipids 7-9, 11. Catalase, 
which is located in peroxisomes, glyoxysomes and mitochondria, 
and is apparently absent in the chloroplasts, dismutates mostly 
photorespiratory/respiratory H

2
O

2
into water and molecular O

2
12, 13

whereas POD decomposes H
2
O

2
 by oxidation of co-substrates 

such as phenolic compounds and antioxidants. In biological 
systems, reduced glutathione (GSH) appears to be one of the 
most important antioxidants 3. Salt stress can induce conditions 
of oxidative stress 14. Changes in the activity of antioxidant 
enzymes in response to salinity 13, 15 are different in tolerant and 
sensitive cultivars 6, 10. Recently, it has been suggested that the 
salt-tolerant cotton cultivar may exhibit better protection against 
AOS by increasing the activity of antioxidant enzymes under salt 
stress 6. Many researchers have studied the combined effect of 

salinity and the nitrogen source added to the nutrient solution on 
productivity, photosynthesis and nitrogen metabolism 16, 17.
Recently, the effect of NO

3
- and NH

4
+ ions, and the combined 

effect of salinity with different N sources on certain biochemical 
adjustments to stress have been reported 18. Results from these 
studies have suggested that plants grown with NH

4
+ as N source 

operate metabolic pathways, which generate more oxygen 
radicals 19, 20. Recent studies have shown that ammonium and 
salinity increase the activity of the Mo-enzymes aldehyde oxidase 
and xanthine dehydrogenase, which take part in the early response 
of plant adaptation to stress 18. Antioxidant enzymes play important 
roles in adaptation to stress condition. Consequently, the aim of 
this study was to examine whether these conditions affect the 
antioxidant defense system. In this investigation, the effect of 
salinity with a combination of different nitrogen (NO

3
- and NH

4
+

ratio) sources on the canola (Brassica napus L.) was examined. 
The developmental profiles of the antioxidative enzymes, 
superoxide dismutase (SOD), glutathione reductase (GR), catalase 
(CAT), peroxidase (POD) and glutathione-S-transferase (GST) were 
determined in all leaves and roots of canola. 

Materials and Methods
Pots of 50 cm in diameter were filled with the mix of perlite and 
vermiculite (1:1 v/v) and then the canola (Brassica napus L. cv. 
SLM

046
) seeds were sown at a rate of 10 mg. For each salinized and 

non-salinized treatment, the experimental design was a completely 
randomized design with 4  replicates per treatment and 4 pots per 
unit of experiment. All pots received half strength of Hoagland’s 
solution 21, according to field capacity moisture. The greenhouse 
was under natural sunlight during spring and summer and the 
temperature was set to 25±3°C and 18±3°C day and night, 
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respectively. The plants were subjected to two NaCl salinity 
treatments: non-salinized (0 mM) and salinized (200 mM). Both 
salinized and nonsalinized plants were fed with one of the following 
NO

3
- and NH

4
+ ratios: 0:100, 75:25, 50:50 and 25:75. The 

concentration of nutrients in the solutions was as follows (in mg 
l-1): 330 K, 170 Ca, 50 Mg, 33 P, 1.5 B, 0.1 Cu, 2 Mn, 12 Fe (Fe- 
DTPA) and 0.1 Mo. Nitrogen at 200 mg l-1 was provided as NO

3
-

and NH
4
+  forms to give NH

4
+:NO

3
- ratios of 0:100, 25:75, 50:50 and 

75:25 (Table 1). 

   The electrical conductivity (EC) of nutrient solution was within 
the range of  2.7-2.8 dS m-1. The balance of NH

4
+:NO

3
- ratio changes 

by varying the concentration of at least one more nutrient was 
inevitable due to charge balance constraint. However, difference 
in EC within these ranges is unlikely to influence significantly 
plant growth. The initial pH of the nutrient solutions containing 
NO

3
- and NH

4
+ was adjusted to 6.5-6.8 by adding H

2
SO

4
 or KH

2
CO

3
.

The solutions were supplied once a day according to the nutrients 
and water taken up by the plant. The treatments were imposed 
when two true leaves of the canola plants were expanded. Plant 
growth (DW and FW) was evaluated in triplicate using twenty 
plants. At specified periods of growth, all tissue parts (leaf and 
root) were separated node-by-node, and fresh weights of these 
tissue parts were measured. For the determination of dry weight, 
these tissue parts were dried three days in an oven at 72°C and 
water content as a percentage of fresh weight (FW) was calculated 
using the formula: WC (%) = [(FW-DW)/FW]100. 

Preparation of enzyme extracts: A crude enzyme extract was 
prepared by homogenizing 50 mg of tissue leaf and root in 0.1 M 
Tris HCl buffer, pH 7.5, 0.5 mM EDTA and 1% PVP (MW 360,000) 
at 4°C. The homogenates were centrifuged at 180,000 g for 30 min. 
The supernatant was used as the crude enzyme preparation. 

Determination of enzyme activities: Glutathione reductase (EC 
1.6.4.2) activity was assayed according to the method of Smith et
al.22 by following the increase in absorbance at 412 nm due to 5,5- 
dithiobis-2-nitro benzoic acid (DTNB) reduction by glutathione 
reduced form (GSH) generated from glutathione oxidized form 
(GSSG). The reaction mixture consisted of  0.2 M sodium phosphate 
buffer (pH 7.5), 1 mM EDTA, 0.75 mM DTNB in 0.01 M sodium 
phosphate buffer (pH 7.5), 0.1 mM NADPH and 1 mM GSSG. 
The reaction was started by the addition of enzyme extract. 

Glutathione-S-transferase (EC 1.8.1.7) activity was measured by 
the method of Mannervik and Gutenberg 23, following a decrease 
in absorbance at 340 nm due to glutathione (GSH) oxidation. The 
final assays volume of 1 ml contained 100 mM sodium phosphate 
buffer, pH 6.5, 1 mM GSH, 1 mM 1-chloro-2,4-dinitrobenzene 
(CDNB) in ethanol. Reaction was started by the addition of enzyme 
extract. Catalase (EC 1.11.1.6) activity was determined after the 
slight modification of Upadhyaya et al. 24. The assay mixture 
contained 20 mM sodium phosphate buffer, pH 7.5, 0.025% H

2
O

2

and enzyme extract. The decomposition of H
2
O

2
 was measured at 

240 nm. Peroxidase (EC 1.11.1.17) activity was assayed in aliquots 
of crude enzyme preparation as described by Putter 25, with some 
modification. The assay mixture consisted of 25 mM guaiacol and 
0.02% H

2
O

2
 in 0.1 M sodium phosphate buffer, pH 6.5 at 30°C. The 

product of the reaction was measured at 470 nm. Superoxide 
dismutase (EC 1.15.1.1) activity was measured by the photochemical 
method described by Giannopoliti and Ries 26, with slight 
modification. The reaction mixture consisted of 20 mM sodium 
phosphate buffer pH 7.5, 0.1 mM EDTA, 10 mM methionine, 0.1 
mM p-nitro blue tetrazolium chloride (NBT) in ethanol, 0.005 mM 
riboflavin and enzyme extract. Blanks were kept in the dark and 
others were illuminated for 30 min. Total SOD activity was defined 
as the amount of enzyme required to cause 50% inhibition of the 
rate of NBT reduction at 500 nm. Protein was determined by the 
method of Lowry et al. 27, using crystalline bovine serum albumin 
as a reference. 

Statistical methods: Each treatment was analyzed with at least 
three replicates, and a standard deviation (S.D.) was calculated. 
Statistical analysis was performed using the Student’s t-test, and 
P<0.05 and P<0.001 were considered statistically significant and 
highly significant, respectively. 

Results and Discussion
Canola (Brassica napus L. cv. SLM

046
) plants accumulated less 

biomass over the same growth period in the presence of salinity 
(Table 2), and the water content of salinity-treated plants was 
lower compared to that of control plants. Salinity affected the 
growth of leaves more than that of roots. The fresh and dry weights 
of leaves and roots increased considerably in NO

3
- -fed plants 

compared to the NH
4
+ fed plants. The plants grew much better in 

the presence of NO
3

- (P<0.05) than in the presence of NH
4

+. GR 
activity increased in roots as well as in leaves of salt-treated plants 
at 50:50 NH

4
+:NO

3
- ratio as compared to the other ratios of the 

non-saline controls (Table 3). GR activity was greater in all tissues 
at 75:25 NH

4
+:NO

3
- ratio. This increase was more pronounced in 

roots than in leaves. Plants fed by ammonium ions showed higher 
GST activity in leaves and roots (Table 3) in the absence as well as 
in the presence of 200 mM NaCl. CAT activity was highest at 
75:25 NH

4
+:NO

3
- ratio in salt-treated plants (Table 3). CAT activity 

in all leaves and roots of  ammonium-fed and salt-treated plants 
was higher than in nitrate-fed plants (Table 3). CAT activity in 
roots was significantly (P<0.001) higher than in leaves. The 
activity of SOD was higher in leaves and roots under saline 
conditions (Table 3). Significantly (P<0.001) higher POD activity 
was observed in roots than in leaves of canola (Table 3). 
   The effect of nitrogen ratio on roots was similar with leaves, 
leading to higher (P<0.001) enzyme activity at 0:100 NH

4
+:NO

3
-

ratio, salinity and 75:25 NH
4
+:NO

3
- ratio both reduced the growth 

Salt 

 

      NH4
+:NO3

- ratio in the solution 

100 : 0 75: 25 50 : 50 25 : 75 
 

KNO3    5.7 5.4 0.0 0.0 

Ca(NO3) 2    4.3 2.7 3.6 1.8 

MgSO4    2.0 2.0 2.0 2.0 

KH2PO4    1.0 0.0 0.0 0.0 

NH4HPO
4    0.0 1.0 1.0 1.0 

NH4Cl    0.0 2.6 6.2 9.8 

KCl    1.0 2.3 7.7 7.7 

CaCl2    0.0 1.5 0.7 2.4 

Table 1. The concentrations of salts (mM) used to 
prepare nutrient solutions at NH

4
+:NO

3
-

ratio of 100:0, 75:25, 50:50 and 25:75. 



     352 Journal of Food, Agriculture & Environment, Vol.8 (2), April 2010 

rate of canola plants (Table 3). Misra et al. 28, however, did not 
find any NH

4
+ effect on the plant growth. Canola plants grow well 

in presence of NO
3
-. Depletion in plant growth (FW and DW) 

under saline condition (200 mM NaCl) is attributed to decreased 
water uptake followed by limited hydrolysis of food reserves from 
storage tissue, as well as due to impaired translocation of food 
reserves from storage tissue to the developing embryo axis 15, 29.
Under optimal conditions, many metabolic reactions produce active 
oxygen species (AOS). However, plants possess an efficient 
system for scavenging AOS, which protects them from destructive 
oxidative reaction 2, 30. As part of this system, antioxidant enzymes 
play important roles in the defense mechanism. Many changes 
have been found in the activities of antioxidant enzymes in plants 
under salinity. It has been reported that salt-tolerant plants are 
able to regulate the ion and water movement for effective removal 
of AOS 31. The activity of antioxidant enzymes has been reported 
to increase under salt stress in cucumber 32 and wheat in shoot 33

but decreased in wheat roots 13. The increased production of AOS 
in chloroplasts of plants under salt stress has been previously 

reported 14. Changes in SOD, POD, GR, GST and CAT enzyme 
activity in 1-month-old salt-stressed plants suggest that oxidative 
stress may be an influential component of possible environmental 
stresses on canola. Higher enzyme activity was observed in all 
plant tissue parts under saline conditions, and most markedly in 
the roots, in contrast to the opposite trend previously observed 
in wheat 15. The mechanisms of antioxidative enzymes under 
salinity stress are not yet clear. The GR, GST and CAT activity in 
all leaves and roots was higher at 75:25 NH

4
+:NO

3
- ratio in 

comparison to 0:100 NH
4

+:NO
3
- ratio. This may suggest a higher 

rate of production of active oxygen species in the presence of 
ammonium ions. Recently, it has been reported that ammonium or 
one of its assimilation products may serve as a stress signal and 
ammonium-fed plants operate metabolic pathways that generate 
more oxygen radicals 34. POD activity did not show a significant 
increase at 75:25 NH

4
+:NO

3
- ratio. However, POD activity was 

higher in all leaves and roots of 0:100 NH
4
+:NO

3
- ratio plants. SOD 

activity followed a similar pattern, caused by their connection in 
the substrate and product. The higher POD activity indicated that 

Each value represents mean+S.D.of three replicates Data are statistically significant at P<0.05. 

Table 2. Effect of salinity and NH
4
: NO

3
 ratio on fresh weight, dry weight and water content in canola. 

Salinity 

 

NH4: NO3 

ratio 

Leaf 

 

                         Root 

 
 

  FW (g) DW(g) WC(%) FW(g) DW(g) WC(%) 

0:100 150  6.5 75 3.2 50 2.2 80 2.5 41 1.89 48 2.1 

25:75 140 6.2 72 3.1 48 2.1 70 2.2 40 1.85 42 2.2 

50:50 136 6.1 73 3.3 46 2.0 74 2.3 39 1.84 47 2.1 

Non- saline 

(0 mM NaCl) 

75:25 130 6.3 74 3.4 43 2.2 70 2.1 38 1.83 45 2.3 

0:100 89 5.5 46 2.1 48 1.96 40 2.1 28 1.76 30 1.96 

25:75 80 5.6 44 2.2 45 1.98 36 2.3 28 1.75 20 1.98 

50:50 78 5.4 43 2.1 44 1.97 36 2.1 24 1.72 33 1.96 

Saline condition 

(200 mM  NaCl) 

75:25 70 5.2 43 2.0 38 1.92 35 2.1 23 1.71 34 1.96 

Each value represents mean ± S.D. 

Salinity 

NH4: NO3 

ratio 

 

POD activity 

[µmol guaiacol 

(protein)min-1] 

CAT activity 

[µmol H2O2 mg-1 

(protein)min-1] 

GR activity 

[µmol NADPH mg-1 

(protein)min-1] 

SOD 

[mg-1 (protein) 

min-1] 

GST 

[mg-1 (protein) 

min-1] 

0:100 5.50  0.32 10.50  1.66 0.11 0.02 20.1 2.18 0.15 0.02 

25:75 5.20 0.31 12.20 1.62 0.13 0.03 20.0 2.19 0.10 0.04 

50:50 5.00 0.30 12.50 1.61 0.15 0.05 19.5 2.20 0.18 0.05 
Leaf 

75:25 4.50 0.30 12.80 1.60 0.17 0.04 18.4 2.21 0.20 0.07 

0:100 12.50 1.86 20.20 2.22 0.35 0.04 65.2 4.86 0.45 0.05 

25:75 12.20 1.89 20.00 2.21 0.37 0.06 60.2 4.96 0.46 0.06 

50:50 12.10 1.87 19.80 2.20 0.42 0.07 51.6 4.22 0.48 0.08 

Non- saline 

(0 mM NaCl) 

Root 

75:25 12.00 1.85 19.90 2.19 0.45 0.08 45.3 4.95 0.49 0.08 

0:100 12.20 1.76 12.20 1.72 0.18 0.01 55.2 3.99 0.18 0.03 

25:75 11.20 1.75 13.80 1.73 0.19 0.02 50.1 3.98 0.20 0.05 

50:50 10.50 1.74 14.50 1.75 0.20 0.04 45.3 4.02 0.35 0.06 
Leaf 

75:25 10.00 1.71 16.20 1.76 0.22 0.06 40.1 3.97 0.42 0.08 

0:100 35.50 2.26 23.20 2.25 0.39 0.03 99.8 6.71 0.65 0.08 

25:75 30.20 2.22 24.10 2.27 0.40 0.05 90.4 6.41 0.72 0.09 

50:50 15.20 2.25 25.50 2.28 0.58 0.06 62.6 6.31 0.82 0.10 

Saline 

condition 

(200 mM 

NaCl) 

Root 

75:25 14.00 2.28 29.80 2.26 0.75 0.05 51.3 6.41 0.96 0.12 

Table 3.  Activity of antioxidant enzymes in leaves and roots during plant growth, as affected by salinity and NH
4
:NO

3
 ratio. 
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