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ABSTRACT 
In this study, researchers used Nicotiana tabaccum, as a model species to study its 
morphological, physiological and biochemical responses to the interaction of different 
concentrations of nitrogen and Cd, discussing the detoxification effect of nitrogen to 
Cd stress in Nicotiana tabaccum. The treatments were consisted of three Cd levels (0, 5 
and 50 µM) and three N levels (0, 0.1 and 5 mM). After 7 days treatment, the results 
indicated that at the same N level, Cd treatment had significant effect on all measured 
parameters, including plant growth, chlorophyll concentration, Malondialdehyde 
(MDA) concentration, antioxidant enzymes activities (SOD, POD, CAT and APX) and 
free proline. Meanwhile, study also showed there was significant difference among 
the three levels of N treatment. With the increasing concentration of N supplement, it 
showed more significant effect of alleviation to Cd induced damage in Nicotiana 
tabaccum. 
Key words: Nicotiana tabaccum, cadmium-N interaction, antioxidant enzymes 
 
INTRODUCTION  
With the development of urbanization and industrialization, the contamination of heavy 
metals which are directly produced and released by human activities directly implicated 
in the generation of oxidative stress in the plant surrounding environment which make 
ecological environment became unbalanced and deteriorated. Cadmium (Cd) is one of 
the major industrial pollutants because its highly toxicity and migration which shows its 
phytotoxicity even at low doses (Jabeen et al., 2009; Wahid et al., 2010).  
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This metal is especially active in the soil so it can be absorbed and accumulated by plant 
which may cause obviously damage to plant growth and development. When Cd is over 
accumulated by plant, it will influence plant physiology and biochemistry activity such as 
photosynthesis, respiration, transpiration or even relative gene expression then 
performed by plant appearance such as leaves chlorosis, growth inhibition and even 
plant death. In addition, recently reports showed that after adding nitrogen to plant, the 
damage caused by Cd stress can be efficiently alleviated. Moreover, plant even present 
better growth than those of plants which did not under stress. Some research indicate 
that adding appropriate nitrogen in nutrient solution can obviously enhance the 
development of root system and increase accumulation of Cd in root region (Liao et al., 
2006; Zeng et al., 2009; Mukhopadhyay and Maiti, 2010). Further, under the same 
concentration of Cd stress, the biomass of Kandelia candel dramatically increased with 
the increasing nitrogen. Refer to these different research, researchers agreed that 
adding nitrogen can evidently alleviate the damage from Cd stress and this effect can be 
differential along with the different plant species as well as the different concentration 
of both Cd and nitrogen (Namdjoyan et al., 2011). Nicotiana tabaccum is famous for fast 
growth, ornamental value and high adaptability which is widely used as afforestation 
and timber tree species. However, with the development of industrialization in 
southwestern Tunisia, the soil suffers increasing heavy metals pollution which had 
detrimental influence upon the growth and development of N. tabaccum in this region. 
In this study, we comprehensively investigated the morphological, physiological and 
biochemical responses of N. tabaccum under the interaction of different concentrations 
of nitrogen and Cd treatment. The aims were to test the detoxification effect of nitrogen 
to Cd stress in N. tabaccum as well as to study the interaction effect of heavy metal and 
nutrient element on N. tabaccum. Therefore, the differential influence of different 
concentrations of Cd and N treatments on N. tabaccum including the growth of shoot 
and root, chlorophyll content, antioxidant enzymes activities and lipid peroxidation, free 
proline content were observed after 7 days exposure to different concentrations of N 
and Cd treatments. Hoping the results of this study can provide us theoretical and 
practical experiences to the protection of N. tabaccum as well as other naive plants 
suffered from heavy metals pollution, thus promoting the development of methodology 
of plant remediation (Panwan et al., 2010).  
MATERIAL AND METHODS  
Plant material and treatments: seeds of tobacco (Nicotiana tabaccum) were sterilized in 
10 % (v/v) hydrogen peroxide, after imbibition, the seeds was germinated on moistened 
filter paper. After 7 days, uniform seedlings were transferred to plastic beakers filled 
with continuously aerated, basal nutrient solutions. At the age of 10 days after 
transplant, cadmium was added to the medium as CdCl2 at 0, 5 and 50 µM and the 3 
treatments of nitrogen comprising control (0 mM), low N (0.1 mM) and high N (5 mM). 
After one week of CdCl2 treatment, plants were separated into shoots and roots, 

samples were stored in liquid nitrogen for subsequent analysis or dried at 70oC for at 
least three days in order to determine both dry material and ionic contents.  
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So, there were totally 9 treatments and for each treatment it was set up in triplicate to 
ensure the reproducibility of results. Shoots and roots samples were cut with a scissor, 
harvested and stored immediately at -80°C for later analysis. 
Chlorophyll Concentration: chlorophyll were extracted and estimated following Arnon 
(1949). Absorbance of the solution was then measured at 645 and 663 nm in order to 
determine the concentrations of chlorophyll a, and chlorophyll b, respectively. 
Chlorophyll concentrations were expressed as mg g-1 fresh weight. 
Measurements and assays of antioxidant enzymes activities: For SOD, CAT and POD 
extraction, leaf samples (0.5 g fresh leaves) were ground in liquid nitrogen and extracted 
with 50 mM potassium phosphate buffer (pH 7.8) which contained 0.5 mM EDTA with 
pre-chilled pestle and mortar. Each homogenate was transferred to centrifuge tubes 
and was centrifuged at 15000 g, 4°C for 15 min. 
The supernatant was used for enzyme activity assay. For APX extraction, leaf samples 
(0.5 g) were homogenized in 50 mM ice cold potassium phosphate buffer (pH 7.5) which 
contained 0.5 mM EDTA, 2 mM Ascorbate (AsA) and 5% Poly Vinyl Pyrrolidin (PVP) with 
pre-chilled pestle and mortar. Other stages were similar to extraction of other enzymes 
(Esfandiari et al., 2007). All operations were performed at 0-4°C. SOD activity was 
estimated according to Sairam et al. (2002), CAT activity was measured according to 
Aebi (1984) and the activity of POD were assayed according to the method of Guo et al. 
(2004) by monitoring the rate of guaiacol oxidation at 470 nm. In addition, APX activity 
was measured according to Yoshimura et al. (2000) by monitoring the rate of ascorbate 
oxidation at 290 nm. A unit of antioxidant enzymes activities was expressed as the 
change in absorbance per minute and specific activities as enzyme units per g of Fresh 
Weight (FW). 
Measurement of lipid peroxidation: The level of lipid peroxidation was expressed by 
Malondialdehyde (MDA) concentration which was measured by colorimetric method 
according to Stewart and Bewley (1980). The 0.5 g of leaf samples were homogenized in 
6 mL of 50 mM potassium phosphate buffer (pH 7.8). To each 1 mL aliquot of the 
supernatant, 2 mL of 0.6% Thiobarbituric Acid (TBA) in 10% TCA was added. The 
mixtures were incubated at 95°C for 15 min then quickly cooled the reaction tubes with 
an ice bath. After that the mixtures were centrifuged at 10,000 g for 15 min. The 
absorbance of the supernatant was determined at 600, 532 and 450 nm by 
spectrophotometer. Lipid peroxidation was expressed as the MDA content in nM per g 
of Fresh Weight (FW). 
Measurement of free proline: Free proline was extracted and its concentration was 
measured by using the method of Bates et al. (1973). Leaf samples (0.5 g) were 
homogenized with 5 mL 3% sulfosalicylic acid and then the homogenate was centrifuged 
at 3000 g for 10 min. After that the supernatant was heated (80°C) for 1 h and then the 
absorbance of the supernatant was determined at 520 nm. 
Statistical analysis: All data presented were means± standard value and the 
measurements were done with three replicates for statistical validity. One-way Analysis 
of Variance (ANOVA) was performed to check the variability of data and validity of the 
results. The results were considered significant if p<0.05. 
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RESULTS  
Growth: The growth of shoot and root of N. tabaccum for 7 days exposure to treatments 
were shown in Fig. 1. It showed that under the same N treatment, different 
concentrations of Cd stress on N. tabaccum resulted in a significant inhibition on the 
growth of both shoot and root and this inhibition expressed more significantly with the 
increasing Cd concentrations. In addition, under the same Cd treatment, the shoot and 
root growth shows a dramatically increase along with the concentration of N increased. 
Results of univariate analysis (Table 01) indicated that Cd and N treatment both have 
extremely significant influence on the shoot and root growth of N. tabaccum (p<0.01) 
and the interaction effect of Cd and N is significant (p<0.05).  

Table 1. Analysis of variance significance for the interaction effects of Cd and N on shoot 
and root growth in N. tabaccum. 
 Shoot  Root  
Univariate F P F P 
Cd 
N 

72.834 
97.375 

0.00070.01 
0.00040.01 

31.273 
19.483 

0.00360.01 
0.00870.01 

 
 
Table 2. Analysis of variance significance for the interaction effects of Cd and N on 
chlorophyll content in N. Tabaccum.  
 Chlorophyll content  
Univariate F P 
Cd 
N 

334.090 
87.756 

0.00010.01 
0.00050.01 

 
Table 3. Analysis of variance significance for the interaction effects of Cd and N on 
antioxidant enzymes activities in N. Tabaccum.  
 SOD  POD  CAT  APX  
Univariate F P F P F P F P 
Cd 
N 

15.162 
11.407 

0.01360.05 
0.04290.05 

48.581 
28.399 

0.00160.05 
0.00430.05 

27.129 
2.777 

0.00470.05 
0.17530.05 

13.393 
16.233 
 

0.01690.05 
0.0120.05 

 
 
Table 4. Analysis of variance significance for the interaction effects of Cd and N on MDA 
and free proline content in N. Tabaccum. 
 MDA  Free proline  
Univariate F P F P 
Cd 
N 

69.768 
61.172 

0.00080.01 
0.0010.01 

95.642 
3.844 

0.00040.01 
0.1171>0.05 
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The concentrations of chlorophyll: Chlorophyll is the main pigment which can help plant 
to photosynthesize. When plant exposure to stress, their photosynthesis will be 
inhibited and the concentrations of chlorophyll can directly indicate the extent of stress-
induced damage in plant. The concentrations of chlorophyll in the leaves of N. tabaccum 
for 7 days exposure were shown in Fig. 2. All Cd treatments indicated a significant 
decrease in chlorophyll contents. It is obvious that under the same N level, the 
concentrations of chlorophyll in the leaves treated with Cd significantly decreased 
compared with that of control which indicated that Cd treatment had significant effect 
on the synthesis of chlorophyll and the inhibition effect was more significant along with 
the increased Cd level. On the other hand, the N treatment represented a significant 
improvement on the chlorophyll contents. The concentrations of chlorophyll witnessed 
a gradual rise along with the increased N level under the same concentration of Cd 
stress. According to the multiple comparison (Table 02), Cd and N treatment both had 
extremely significant influence on the chlorophyll content of N. tabaccum (p<0.01) and 
the interaction effect of Cd and N was significant (p<0.05) . 

 
Fig. 1. Interactive effects of Cd and N treatment on growth of height and DBH in N. 

tabaccum. (A) Shoot growth, (B) Root growth. 
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The activities of antioxidant enzymes: Enzymatic antioxidant system is one of the 
protective mechanisms including SOD, POD, CAT and APX which can eliminate Active 
Oxygen Species (AOS) in plant cell and alleviate stress-induced oxidative damage (Hatata 
and Abdel Al, 2008). The activities of 4 antioxidant enzymes in the leaves of N. tabaccum 
for 7 days exposure were shown in Fig. 3. According to Fig. 3A, it is shown that under 
the same concentration of N treatment, Cd stress induced a significant increase in SOD 
compared with control which indicated that N. tabaccum has a certain degree of 
resistance to Cd stress.  
Even when the Cd stress level reached at 5 µM, the stress didn’t exceed the maximum 
resistance of plants. Additional, SOD activities represented a significant increase with 
the increasing N concentration under the same Cd level. From the results of multiple 
comparison (Table 03), it is indicated that Cd and N treatment both had significant 
influence on SOD activities (p<0.05). 
POD activities were significant influenced by the interaction of Cd and N treatment. 
According to the Fig. 3B, it is shown that under the same N level the POD activities 
gradually increased compared to that of control. On the contrary, at the same Cd 
treatment, POD activities witnessed a significant decrease along with the increased N 
level. From the results of multiple comparison (Table 03), both Cd and N treatment had 
significant influence on POD activities (p<0.05).  

 

Fig. 2. Interactive effects of Cd and N treatment on chlorophyll contents in N. 
Tabaccum. 
 
For the CAT activities, there was a significant difference induced by different Cd 
treatment under the same N level (p<0.05). The activities witnessed a significant growth 
followed by a decline (Fig. 3C) which indicated that with the increasing concentration of 
Cd stress, plant generated more CAT to eliminate active oxygen.  
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However, when the Cd stress reached to a certain degree, CAT activities were inhibited. 
Additional, there was no significant difference among three N concentrations under the 
same Cd level (Table 03). Both Cd and N treatment have significant influence on APX 
activities (p<0.05). According to Fig. 3D, the APX activities showed a gradual rise with 
the increasing concentrations of Cd treatments under the same N level which indicated 
that Cd treatment had significant effect on the APX activities. On the contrary at the 
same Cd treatment, APX activities witnessed a slight decrease along with the increased 
N level.  
The concentrations of MDA and free proline: Malondialdehyde (MDA) is the main 
product of membrane lipid peroxidation which can indicate the extent of stress-induced 
damage in plant. The results in Fig. 4A  showed that the MDA concentration in the 
leaves of N. tabaccum is extremely increased under the Cd treatment compared with 
that of control which suggested that the Cd treatments had a significant positive 
correlation to the MDA accumulation (p<0.01) (Table 04). On the contrary, under the 
same Cd level, the MDA content witnessed a significant decrease with the increasing 
concentration of N and the difference between different N levels was significant. Free 
proline plays an important role in osmoregulation and its accumulation was considered 
significant for the adaptation to stress in plant (Sharma and Dietz, 2006). The free 
proline concentrations in leaves of N. tabaccum showed a significant difference under 

 

Fig. 3. Interactive effects of Cd and N treatment on antioxidant enzymes activities of 
N. tabaccum, (A) SOD activities, (B) POD activities, (C) CAT activities, (D) APX activities. 
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Cd stress (p<0.01). With the increasing Cd level, free proline content had a rapid rise 
followed by a slowly increase which indicated that Cd stress improved the accumulation 
of free proline and played a protective role in N. tabaccum (Fig. 4B). However, when the 
Cd level reached to a certain degree, the synthesis of proline was inhibited and 
influenced the increase of proline. Additional, N treatment had no significant influenced 
on the concentration of free proline under the same Cd level and there was also no 
significant difference among three N concentrations, which indicated that the 
concentrations of free proline were only affected by Cd stress. 
 
DISCUSSION 
Cd contaminated has detrimental influence on plant growth and development. Over-
accumulation of Cd concentration in plants shows differential symptoms of toxicity 
including the growth inhibition, leaves chlorosis and biomass decrease. The results 
showed that Cd stress obviously inhibited the growth of N. tabaccum slowed down the 
synthesis process of chlorophyll which decreased its concentration in plants. 
 

 

Fig. 4. Interactive effect of Cd and N treatment on MDA and free proline content in N. 
tabaccum, (A) MDA content, (B) Free proline content. 
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Over-accumulated Cd injury to plants is mainly because of altered oxidant levels which 
causing the occurrence of oxidative stress due to accumulation of Active Oxygen Species 
(AOS) including superoxide radical (O2‾), Hydroxyl radical (OH‾) and hydrogen peroxide 
(H2O2). In normal circumstances, the speed of generation and elimination of AOS is 
balanced. However, when plants exposed to Cd stress, plants generate more AOS than 
elimination which cause over accumulation of AOS in plants which lead to significant 
damage to membrane system in plants and induce lipid peroxidation, increase 
permeability and conductivity (Smiri et al., 2010; Xu et al., 2011, Nayari et al., 2012). The 
concentration of Malondialdehyde (MDA) which is a general indicator of lipid 
peroxidation can demonstrate the extent of oxidative stress in plants (Xu et al., 2011). 
On the contrary, plant cells have their own defense mechanisms against AOS. One of the 
protective mechanisms is the enzymatic antioxidant system which involves the 
sequential and simultaneous action of a number of enzymes such as SOD, POD, CAT, 
APX (Gill et al., 2011; Mao et al., 2011). The results showed that under Cd stress, MDA 
and free proline concentration in plants was significant increased with the increasing Cd 
level. However, N. tabaccum showed a certain degree of resistance to Cd stress and the 
concentration of Cd treatment didn’t exceed its maximum capacity of resistance. Thus 
the oxidative stress caused by Cd addition was moderate which allowing the plants to 
adapt it actively by increasing their own antioxidant enzymes activity. Meanwhile, 
elevated level of these antioxidative enzymes in plants following the Cd treatment in 
this study demonstrated that these enzymes acted together to alleviate the impact of 
Cd stress. Furthermore, it is worth noting that the influenced of Cd stress on plant has 
significant difference among those three Cd concentrations. 
Nitrogen is one of the essential nutrient elements. The deficiency of nitrogen will lead to 
metabolic disturbance in plants thus causing the decrease of plant growth and 
productivities. With pollution of heavy metals being serious day by day, the heavy 
metals stress may become the main reason of the deficiency or inefficiency of nutrient 
element. Meanwhile, supplement of nitrogen for plants can obviously alleviate heavy 
metal-reduced damage. Cela and Sumner (2002) suggested that adding nitrogen to soil, 
nitrification will occur and obviously decreased the pH of soil thus significant increasing 
the solubility of heavy metals in soil which decrease the adsorption amount of heavy 
metals. 
 
CONCLUSION 
In this study, the researchers discovered that nitrogen could effectively alleviated Cd 
induced damage in N. tabaccum and there was a significant difference of effects on 
plants between lower N concentration (0.1 mM) and higher N concentration (5 mM). 
Supplement of high-concentration nitrogen to N. tabaccum  under Cd stress obviously 
enhanced plants growth, promoted the synthesis of chlorophyll as well as the activities 
of antioxidant enzymes which partially alleviated the accumulation of AOS associated 
with Cd exposure which indicated that the increasing concentration of N supplement 
had more significant effect of alleviation to Cd induced damage in N. tabaccum. 
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