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ABSTRACT 

Rapid industrialization arises with explosive development of chemical and mining industries has not only resulted in 
deterioration of the environmental quality but also has drawn attention for an effective measure to control 
environmental pollution. Chromium (Cr) is present in our environment as a toxic pollutant, which needs to be removed 
using phytoremediation technology. Experiments were conducted to determine differential absorption of Cr species by 
Sesbania cannabina L. as well as the effect of the heavy metal on plant growth and nutrient uptake. An experiment was 
conducted in order to find out the effect of Cr+6 toxicity on germination, growth and biochemical alteration. The seeds of 
Sesbania were germinated in six different concentrations of potassium dichromate solution having 0-80 mg/l of Cr. The 
pot culture experiment showed that total chlorophyll content, total protein content and total sugar content were 
decreased with but free proline content was increased with increase of chromium concentration. The result of the 
present study also revealed that the phytoremediation potential of Sesbania cannabina plants growing under wild 
conditions can be used to combat Cr+6stress in chromium polluted area. 
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INTRODUCTION  
Global development, however, raises new challenges, especially in the field of environmental protection 
and conservation[1]. Consequent to globalization, industrialization and urbanization creates the 
problems of pollution including heavy metal pollution. The pollution due to heavy metals and metalloids 
is a widespread problem and causes a major environmental degradation in each segment of environment. 
It is needed to concern everybody as it has direct effect on human and environmental health [2]. Heavy 
metal/ metalloids are the main group of inorganic contaminants. All metals are toxic at higher level of 
concentrations. Specifically, any metal (or metalloids) species may be considered as contaminant if it 
occurs where it is unwanted, or in a form that causes serious problems in human or environment [3]. 
Heavy metals are known to compete with other minerals that serve as essential nutrients for plants and 
therefore are thought to disturb the nutritional value of plants. Heavy metal entered to the environment 
mainly through three routes (i) deposition of atmospheric particulates (ii) disposal of metals on 
metalloids enriched sledges and sewage effluents and (iii) by product from metal mining processes and 
other processing industries. In the other hand heavy metals are absorbed by the root of plants and 
therefore get accumulated in various tissue as well as cell compartment of plant and hence disturb the 
metabolic system of plant. But many of plants have remarkable ability to absorb, translocate and 
accumulate heavy metals and organic compound from the environment. 
Among the various heavy metals, chromium (VI) is well known toxic metal that is considered as priority 
pollutant. Chromium is normally released due to environmental as well as occupational sources [4]. The 
stable form of chromium is the trivalent chromium (III) and the hexavalent chromium (VI). Cr (VI) is 
considered as the most toxic form of chromium, which usually occurs associated with oxygen as chromate 
or dichromate oxyanions [5, 6, 7]. Cr (III) is less mobile, less toxic and is mainlyfound bound to organic 
matter in soil and aquatic environments [8, 9]. The attempts have been made to investigate and study the 
varying degrees of effect at different concentrations of Cr+6 compounds on seedling growth, physiological 
and biochemical activities of Sesbania cannabina L. 
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MATERIALS AND METHODS 
Selection of plant material  
Sesbania cannabina L. belongs to family Fabaceae and is an annual slender sub-shrub, up to 3.5 m tall. It is 
commonly called prickly sesban, pricky sisham, sesbania pea, sesbane, danchi, dhainch. Seeds of Sesbania 
were obtained from NRRI (ICAR), Cuttack to be used as the experimental material. 
Seed Treatment and Germination Study 
For germination study dry and healthy uniform sized seeds were selected and surface sterilized with 
0.1% mercuric chloride (HgCl2) for about five minutes then washed several times with tap water followed 
by distilled water [10]. Twenty surface sterilized seeds were kept on filter paper containing 10 ml of 
Potassium dichoromate (K2Cr2O7) solution of different concentrations (0 ppm, 20 ppm, 40 ppm, 60 ppm, 
80 ppm) for germination. Controls were kept on filter paper containing 10 ml distilled water. The seeds 
were kept for seven days under dark at controlled condition in culture room. Three replicates were taken 
for each treatment, each one consisting of 20 seeds. The radicle length was measured after 7th days of 
germination. The seedling vigour index [11], metal tolerance index [12] and phytotoxicity percent were 
calculated. 
Estimation of Photosynthetic Pigments 
0.5 gm fresh leaves were taken and homogenized in chilled 80% acetone with the help of a morter and 
pestle. The homogenates were centrifuged at 10,000 rpm for 10 minutes [13]. The supernatant were 
collected and absorbances were taken at 470 nm, 646.8 nm and 663.2 nm using UV-Visible double beam 
spectrophotometer. 
Estimation of Proline 
For proline estimation 0.5 gm fresh leaves were grinded in 10 ml of 3% sulfosalicylic acid then the 
homogenized mixture was centrifuged at 3000 rpm for 10 minutes [14]. 2 ml of supernatant was taken to 
which 2 ml ninhydrin and 2 ml glacial acetic acid was added. The mixture was then incubated at 100 0C 
for 1h. The reaction was stopped rapidly by keeping the test tubes in ice chamber. 4 ml toluene was added 
and the mixture of the test tube was shaken vigorously for 15 - 20 seconds using a cyclomixture.  The 
aqueous toluene layer was separated with the help of micro pipette and the absorbance was measured at 
520 nm. 
Estimation of Protein 
0.5 gm of fresh leaf sample was taken and homogenized in 10% ice cold TCA through a pre-chilled mortar 
and pestle incubated overnight at 40 0C. The mixture was centrifuged at 10,000 rpm for 10 minutes, 
successively washed with 80% ethanol, diethyl ether (to remove phenolic compounds). Pellet was 
washed suspended in a known volume of 0.1N NaOH. Then protein was estimated by Lowry’s method 
[15]. 
Estimation of Total Sugar  
Fresh leaves (0.1gm) were chopped and kept in a test tube with 5 ml of 2.5N HCl and boiled in water bath 
for about 1 hr for hydrolysis. Then the sample was neutralized by adding solid sodium carbonate till 
effervescence occurs. The volume was made up to 10 ml and centrifuged. The supernatant was collected 
and 0.5 ml of the aliquots was taken for analysis. The volume was made up to 1ml by adding distilled 
water. Anthrone reagent (4 ml) was added, heated for 8 min in boiling water bath. Cooled rapidly and 
absorbance was taken at 630 nm [16]. 

 
RESULT AND DISCUSSION 
Toxicity of Cr+6 on Seed germination and Radicle length 
The rate of seed germination responded differently at different concentrations of hexavalent chromium. It 
decreased with increasing of hexavalent chromium concentrations in Sesbania cannabina L. The least 
number of seed germination was found in 80 ppm treated plant. The germination percentage was found 
42.5% in 20 ppm where 27.5% in 80 ppm which is very low. The radicle length percentage shows 4.1 cm 
in 20 ppm and 1.95 cm in 80 ppm which decreased with increasing in Cr concentrations. Seedling vigour 
index was 174.25% and 74.25% in 20 ppm and 80 ppm treatments respectively. Metal tolerance was 
recorded as 59.42 and 28.26 for 20 ppm and 80 ppm respectively. Phytotoxicity percentage for 20 ppm is 
40.569 and 73.719 for 80 pmm. The seedling vigour index and metal tolerance index were decreased with 
the increase in Cr concentrations whereas the phytotoxicity percentage increased with increasing in Cr 
toxicity. The reduction in seed germination under Cr stress would be due to the depressive effect of Cr on 
the transport of sugars to the embryo axis [17]. 
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Table 1. Effect of hexavalent Chromium on seed germination of Sesbania cannabina L. 
Treatments Germination 

percentage 
Radicle 

length (cm) 
Seedling 

vigour index 
Metal tolerance 

index 
Phytotoxicity 

(%) 
Control 57.5±0.5 6.9±0.6 396.75 100 0 
20 ppm 42.5±0.5 4.1±0.7 174.25 59.42 40.579 
40 ppm 35.3±0.577 2.95±0.05 103.25 42.75 57.24 
60 ppm 35±2 2.85±0.05 99.75 41.30 58.69 
80 ppm 27.5±1.5 1.95±0.15 53.265 28.26 71.73 

*Values in the tables are mean ± SD of 3 replicates 
 

 
Figure 1. Effect of Cr+6 on seed germination of Sesbania cannabina L. 

 
Effect of Hexavalent Chromium on Chlorophyll Content 
A significant decrease in chlorophyll content was observed with increase in Cr+6 concentrations. The 
change in photosynthetic pigments of Sesbania is shown in Table 2 and Figure 2. Concentration-wise the 
chlorophyll content after 45 days, 60 days and 75 days of treatment was found to be increased. The 
increased toxicity of Cr+6 is thought to have disrupted the chloroplast as a result of which there is a 
reduction of photosynthetic pigments [18] of the plant when exposed to increasing Cr+6 concentrations at 
different days of treatment. 

 
Table 2. Effect of Cr+6 on Total Chlorophyll content of Sesbania cannabina L. 

Treatments 
 

Total Chlorophyll (mg/g fr. wt.) 
Days of treatments 

45 60 75 
Control 0.388±0.0017 0.570±0.0174 0.703±0.0478 
20 ppm 0.3502±0.082 0.5402±0.0146 0.6368±0.036 
40 ppm 0.3383±0.0121 0.5351±0.0182 0.7579±0.194 
60 ppm 0.3171±0.005 0.4471±0.0298 0.5159±0.0115 
80 ppm 0.1908±0.0096 0.405±0.0329 0.474±0.054 

*Values in the tables are mean ± SD of 3 replicates 
 

 
Figure 2. Effect of Cr+6 on Total Chlorophyll content in Sesbania cannabina L. 
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Effect of Cr+6 on Proline Content 
The proline content of Sesban plants increased with increasing concentrations of Cr whereas the control 
showed increase in proline but much less than Cr treated plants. Proline content in Cr treated plants was 
observed to be higher concentration-wise in 75 days as compared to 60 days and 45 days which is shown 
in Table 3 and Fig. 3. Proline accumulation is a general phenomenon for all stressed plants. As the Sesban 
plants were subjected to different Cr+6 stress, therefore estimation of proline was very much essential to 
study whether increase in proline content can be a protection mechanism. 

 
Table 3. Effect of Cr+6 on Proline content of Sesbania cannabina L. 

Treatments Proline (µg/g fr. wt.) 
Days of treatments 

45 60 75 
Control 4.5124±0.1571 4.7145±0.9878 5.4104±3.3226 
20 ppm 9.9229±0.3592 10.9331±1.5939 28.1972±1.347 
40 ppm 13.3128±0.5612 25.4134±1.9307 28.3094±3.0307 
60 ppm 17.4885±0.0673 27.7706±1.1 31.632±2.8511 
80 ppm 22.9663±3.3899 28.1972±7.184 33.3831±2.2225 

*Values in the table are mean ± SD of 3 replicates 
 

 
Figure 3. Effect of Cr+6 on Proline content of Sesbania cannabina L. 

 
Effect of Cr+6 on Protein Content 
The content of total soluble protein were found to be decreased in the Cr+6 treated Sesbania plants with 
the increase in hexavalent chromium concentrations (Table 4 and Figure 4) but there is gradual increase 
in protein content within days gap. Inhibition of nitrate reductage activity in plants is a result of 
degradation of proteins in plants [19] which could be related with reduced photosynthetic activity, 
nitrogen metabolism and nucleic acid damage under stress of Cr+6 . 

 
Table 4. Effect of Cr+6 on protein content of Sesbania cannabina L. 
Treatments Total Souble Protein (mg/g fr. wt.) 

Days of treatments 
45 60 75 

Control 1.2078±0.0297 1.4949±0.0198 1.8661±0.0445 
20 ppm 1.1038±0.0247 1.3216±0.0445 1.6533±0.099 
40 ppm 1.0048±0.0049 1.1682±0.0099 1.6038±0.1287 
60 ppm 1.0098±0.0495 1.084±0.0346 1.5889±0.2029 
80 ppm 0.7524±0.0693 0.7623±0.3465 1.5493±0.0544 

*Values in the table are mean ± SD of 3 replicates 
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Figure 4. Effect of Cr+6 on Protein content of Sesbania cannabina L. 

 
Effect of Cr+6 on Sugar Content 
The total sugar content of Sesban plant decreased with increasing concentrations of Cr while the control 
treatment showed increase in total sugar content but with the increase in the treatment period there was 
a gradual increase in total sugar content from 45 days to 75 days (Table 5 and Figure 5). The total sugar 
content of the plants depends on photosynthetic activity of the plant. As the photosynthetic activity was 
related to hexavalent chromium contamination and was not efficient so one can note that the total sugar 
also reduced with increasing Cr toxicity exposed at different days of interval. 

Table 5. Effect of Cr+6 on Total sugar of Sesbania cannabina L. 
 

Treatments 
Total Sugar content (mg/g fr. wt.) 

Days of treatments 
45 60 75 

Control 2.512±0.022 4.198±0.064 5.582±0.156 
20 ppm 1.8903±0.084 3.364±0.016 4.983±0.0535 

40 ppm 1.743±0.023 3.713±0.026 4.596±0.014 

60 ppm 1.6±0.123 3.019±0.057 4.4186±0.002 
80 ppm 0.8968±0.042 2.783±0.198 4.109±0.03 

*Values in the table are mean ± SD of 3 replicates 
 

 
Figure 5. Effect of Cr+6 on Total Sugar of Sesbania cannabina L. 

 
CONCLUSION 
Chromium (Cr+6) at higher levels may inhibit the growth and development like germination and root 
growth directly by inhibition of cell division or cell elongation or combination of both, resulting in the 
limited uptake and translocation of nutrients as well as water which causes mineral deficiency. At higher 
concentrations Cr+6 acts as a toxic metal. At high Cr+6 concentrations the plant showed decrease in 
biochemical as well as physiological activities. This study showed that at higher Chromium stress there is 
a significant change in photosynthesis, protein content, total sugar content whereas proline accumulation 
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is increased with increased in Chromium concentrations. This study may help towards the 
phtoremediation strategy for the further research in the field of biology. 
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