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Abstract 
The present investigation was carried out to assess the 
potential of Salvinia cucullata Seg. and Salvinia molesta 
D. Mitch to uptake lead (Pb) from wastewater by 
phytoremediation. Plant materials cultured in Hoagland’s 
nutrient medium supplemented with different 
concentration of lead nitrate Pb (NO3)2 solution 
estimated for biomass productivity and other biochemical  

parameters. The results revealed that increased lead 
toxicity (10-100 mg/l) could not only decrease the 
growth but also the photosynthetic pigment, protein and 
carbohydrate content were also reduced. The results 
indicated that increase in the lead concentration (10-100 
ppm) in the medium decreased the growth of S. cucullata 
up to 43% (100 ppm) whereas the decrease in growth of 
S. molesta was upto 62% (100 ppm) as compared to 
control. Total photosynthetic pigment, protein and 
carbohydrate content were also reduced in both the 
species with increase in lead concentration while proline 
content was enhanced. The increased bio-concentration 
factor (BCF) of S. cucullata (1283) further confirmed its 
greater potential of lead reclamation as compared to S. 
molesta (1206) at 100 ppm concentration. The higher 
BCF of Salvinia cucullata indicated that it can be a better 
choice for phytoremediation of wastewater containing Pb 
when compared to Salvinia molesta. 
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1. Introduction 
 
Heavy metal pollution is a global problem, 
although severity and levels of pollution differ 
from place to place. Lead (Pb) is one of the very 
potent toxic heavy metals that not only accumulate 
in individual but also have the ability to affect the 
entire food chain and disrupt the health system of 
human beings, animals and phytoplanktons (Kaur 
et al., 2010). Hence, proper treatment of lead from 
soil and industrial wastewater is very important. 
Aquatic macrophytes have shown to be one of the 
candidates in the aquatic system for pollutant 
uptake and biological indicators of heavy metal 
(Maine et al., 2001). Aquatic ferns in particular 
exhibit exorbitant potential to remove various 
contaminants including heavy metals, organic 
compounds, radionuclides from the environment 
(Olguin et al., 2002; Benaroya et al., 2004;  

 
 
 
 
Stepniewska et al., 2005; Sune et al., 2007). 
Among various species, Salvinia, a free-floating 
aquatic fern holds a distinct position because of 
several advantages including high productivity and 
tolerance to a wide range of temperatures (Olguin 
et al., 2002). Several species of Salvinia including 
S. herzogii, S. minima, S. natans, S. rotundifolia 
show potential to remove various contaminants 
including heavy metals from wastewater (Nichols 
et al., 2000; Olguin et al., 2002; Sune  et al., 2007; 
Sanchez Galvan et al., 2008; Xu et al., 2009).  
 
In view of this the present investigation was carried 
out to explore the phytoremediation potential of the 
two species of Salvinia (Salvinia cucullata Seg. 
and Salvinia molesta D. Mitch) on reclamation of 
lead contaminated wastewater. This study also 
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aimed to compare the effects of various lead 
concentrations on the growth and subsequent 
development of Salvinia species. Through this 
investigation the  consequences of  toxicological 
changes in their various morphological and 
biochemical parameters such as plant biomass, 
photosynthetic pigment, protein level, carbohydrate 
content, proline content and heavy metal 
bioaccumulation in plant tissues were studied. This 
investigation emphasized on the comparative lead 
accumulation potential of Salvinia species for 
future phytoremediation programmes in treatment 
of contaminated waste water.   
 
2. Materials and Methods  
 
2.1. Experimental design  
Salvinia cucullata Seg. and Salvinia molesta D. 
Mitch were collected from natural ponds and 
cultured in 100% Hoagland’s nutrient solution (pH 
5.6) in laboratory under controlled conditions 
(illuminated with a light intensity of 45 µmoles m-
2 s-1, at 12hr/12hr light and dark cycle, under the 
temperature of 25±2 0C). About 5 g fresh weight of 
each plants were placed in each experimental pot, 
which contained 1000 ml of a control (metal free) 
and 10, 20, 30 to 100 mg/l of Pb solution [Pb 
(NO3)2]. The pH of the solutions was adjusted to 
5.6. Plant samples from each container were 
separately harvested on 8th and 15th day of 
inoculation to analyze the toxicity symptoms as 
well as biomass productivity, total chlorophyll, 
protein, carbohydrate, proline and metal content 
etc. The experiments were set up in triplicates for 
each of the concentration.    
 
2.2. Study of Root length and Biomass 
productivity  
Three plants from each triplicate were randomly 
selected for recording the root length. First the 
plants were soaked uniformly with the help of 
blotting paper. Their roots were measured by using 
centimeter scale and recorded. Then it was put on 
weighing machine and the biomass measurement 
was taken simultaneously. First the initial weights 
of the plant were taken separately while the final 
biomass was recorded after the days of treatment. 
The harvested plants after washing, were dried at 
60 0C for three days and subsequently the dry 
weights were determined. Growth inhibitory rate 
(% GIR) was calculated according to Wilkins 
(1978) and the relative water content (RWC) as 
described by Chen et al., (2009).   
 
RWC (%) = [(FW-DW)/ FW] x 100,  
where FW - fresh weight & DW - dry weight  
GIR (%) = [(average value in control - average 
value in the treated treatment) / average value in 
the control] x 100   
 

2.3. Instrumentation and chemicals:  
Analytical grade chemicals and reagents were used 
in all experiments. Distilled water was used to 
prepare all aqueous solutions. The pH of solutions 
was measured using a pH meter (Thermo Russell 
Model RL060P). A muffle furnace (Lenton Model 
EF 11/8) was used to ash the plant material. Lead 
was analysed using atomic absorption 
spectrophotometer (AAS) (GBC Model 932 AB 
Plus) at the wavelength of 283.3 nm using air-
acetylene flame.     
 
2.4. Estimation of Pb accumulation   
After recording the fresh weights of harvested 
plants after washing, they were dried at 60 0C for 
three days and subsequently the dry weights were 
determined. Plant biomass was digested by dry 
ashing according to Hoeing et al., (1998). Dried, 
powdered plant sample in a crucible was placed in 
a cold muffle furnace and the temperature was 
progressively elevated to 450 0C over two hours 
and held for four hours. After cooling, a drop of 
distilled water was added, and then 5.0 ml conc. 
HNO3 was added to the ash. The sample was 
slowly heated on a sand bath for 30 minutes at 120-
130 0C. To this, 5.0 ml of hydrogen peroxide was 
added with care in small amounts to avoid strong 
foaming. The heating was continued at that 
temperature until a clear solution was obtained. 
The solution was cooled and its volume made up to 
50 ml by adding distilled water. The samples were 
analysed by AAS to determine their lead (Pb) 
content.   
 
2.5. Study of Relative growth and bio-
concentration factor    
Relative growth (Lu et al., 2004) of the plants 
during the experiment and the bio- concentration 
factor (BCF) were calculated as follows.   
 
Relative growth = Final fresh weight / Initial fresh 
weight   
 
BCF = Concentration of metal in dried plant tissue 
(mg/g) / Initial concentration of metal in external 
solution (mg/l)  
 
Bio-concentration factor is a useful parameter to 
evaluate the potential of plants for accumulating 
metals (Lu et al., 2004; Mun et al., 2008).   
 
2.6. Estimation of photosynthetic pigment  
The photosynthetic pigment chlorophyll was 
determined according to Porra et al., (1989) 
method. For measurement of chlorophyll content 
0.5 g of each plant material were put into test tubes 
containing 10 ml of methanol and kept in dark for 
24 hours. After this the supernatant solution from 
each test tube was taken for measurement of 
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absorbance at 470 nm, 652 nm and 665 nm by the 
help of UV spectrophotometer.  
Calculation (µg/ml) =  
Chl a = 16.29 A665 – 8.54 A652  
Chl b = 30.66 A652 – 13.58 A665  
Chl (a + b) = 22.12 A652 + 2.71  
A665 Total carotenoid = 1000 A470 – 2.86Chl a – 
129.2Chl b / 245   
 
2.7. Estimation of protein  
For protein estimation 0.5 g of leaf sample was 
taken and homogenized in 10% ice cold TCA by a 
pre-chilled mortar and pestle incubated overnight at 
4 0C. Then centrifuged at 10,000 rpm for 10 
minutes, successively washed with 80% 
ethanol/chloroform, and diethyl ether to remove 
phenolic compounds. Pellet was washed and 
suspended in a known volume of 0.1N NaOH. 
Then protein was estimated by standard method 
(Lowry et al., 1951).   
 
2.8. Estimation of carbohydrate  
Carbohydrates were estimated from plant extracts 
by Anthrone method (Hedge et al., 1962). 
Carbohydrates were first hydrolysed into simple 
sugars using anthrone reagent. In hot acidic 
medium glucose was dehydrated to polysaccharides 
into simple sugars and estimating the resultant 
monosaccharide with an absorption maximum at 
625 nm.   
 
2.9. Estimation of Proline  
For proline estimation the plant materials (0.5 g) 
were grinded in 10 ml of 3% sulfo-salicylic acid 
and the homogenized mixture was centrifuged at 
3000 rpm for 10 minutes. 2 ml of supernatant was 
taken and 2 ml of acid ninhydrin reagent and 2 ml 
glacial acetic acid were added. This mixture was 
boiled in water bath at 100 0C. The reaction was 
terminated, by placing the tubes in ice bath. 4 ml of 
toluene was added to each of the test tube 
containing samples of different treatments. It was  
 
 

then followed to separate into phases by mixing 
vigorously using a cyclo-mixture. The 
chromophore containing upper toluene layer was 
collected carefully with the help of micro-pipette 
and the absorbance was measured at 520 nm. 
Proline was estimated as per the method described 
by Bates et al., 1973. All the experiments were 
done in triplicates and the data were analyzed 
statistically and standard errors of mean (SEM) was 
calculated.   
 
3. Results and Discussion   
 
3.1. Effect of lead on growth, biomass and relative 
water content of Salvinia species  
Salvinia cucullata and Salvinia molesta grown in 
different concentrations of Pb (NO3)2 solutions 
exhibited a decreased trend of growth of the shoot 
and root. The experimental plants showed visible 
toxicity symptoms at higher concentrations such as 
chlorosis and drying of edges of leaves. The data 
presented in Table 1 revealed that the relative 
growth and root length of both the species of 
Salvinia was decreased with an increase in the 
concentration of Pb in the liquid nutrient medium. 
The growth of Salvinia cucullata in the control 
treatment was 2.29 cm and was found to be 
decreased to 1.29 cm in 100 ppm of Pb 
concentration, whereas the relative growth of 
Salvinia molesta was found little higher in the 
control (2.76 cm) and growth was decreased to 
1.03 cm in 100 ppm Pb concentration. Similar 
observation was found in Azolla microphylla when 
exposed to different concentrations of Pb (NO3)2 
solutions (Mishra et al., 2014). The root length of 
both the species were also found to be decreased 
with increase in concentration of lead and the 
maximum decrease in root length was found in 
Salvinia molesta [1.93 cm (80 ppm), 1.73 cm (90 
ppm), 1.40 cm (100 ppm)] as compared to Salvinia 
cucullata [3.26 cm (80 ppm), 2.93 cm (90 ppm), 
2.80 cm (100 ppm)].    
 

Table 1: Effect of various concentrations of Pb on relative growth and root length of Salvinia cucullata Seg. and 
Salvinia molesta D. Mitch on 15th day of inoculation 

 
 
 
 
 
 
 
 
 
 
 
 
 

Values of 3 replicate ±SEM   

Concentration 
of Pb 

(in ppm) 

Relative growth (in g) Root length (in cm) 
Salvinia cucullata Salvinia molesta Salvinia cucullata Salvinia molesta 

0 2.29±0.04 2.76±0.01 5.90±0.05 3.16±0.03 
10 2.23±0.06 2.36±0.01 5.66±0.06 3.03±0.03 
20 2.15±0.04 2.30±0.03 5.43±0.03 2.83±0.03 
30 1.98±0.03 2.21±0.03 5.01±0.05 2.63±0.03 
40 1.96±0.02 2.02±0.02 4.56±0.03 2.53±0.03 
50 1.92±0.05 1.93±0.04 4.06±0.03 2.33±0.03 
60 1.74±0.02 1.68±0.03 3.93±0.03 2.16±0.03 
70 1.63±0.04 1.44±0.08 3.53±0.03 2.06±0.03 
80 1.53±0.06 1.23±0.02 3.26±0.03 1.93±0.03 
90 1.45±0.08 1.21±0.02 2.93±0.06 1.73±0.03 
100 1.29±0.02 1.03±0.03 2.80±0.05 1.40±0.05 
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Growth inhibition is a common response to heavy 
metal stress and is one of the most important 
agricultural indices of heavy metal tolerance 
(Malar et al., 2014). Lead is not generally 
considered to be an essential element for plant 
growth. The effect of Pb on plant growth seems to 
vary with regards to different plant species, 
cultivars, organs and metabolic processes (Sharma 
and Dubey, 2005). The inhibition in the rate of 
growth was estimated to be 34 % (80 ppm), 36 % 
(90 ppm), 43% (100 ppm) in Salvinia cucullata  
 

whereas in Salvinia molesta it was inhibited up to 
55% (80 ppm), 56% (90 ppm), and 62% (100 ppm) 
with respect to control (Table 2). Similar response 
to Pb treatment was previously noticed in various 
plants (Piechalak et al., 2002; Brunet et al., 2008). 
The decreased plant growth might be associated 
with the inhibition of mitotic index noticed with the 
heavy metal Pb treatment (Vecchia et al., 2005). 
 
 
 

Table 2: Effect of various concentrations of Pb on growth of Salvinia cucullata Seg. and Salvinia molesta D. 
Mitch 

Concentration of Pb (in ppm) Inhibition of growth rate (in %) 
Salvinia cucullata Salvinia molesta 

0 00 00 
10 3.81 14.62 
20 6.23 16.72 
30 14.21 19.91 
40 14.73 26.71 
50 16.81 30.26 
60 24.17 38.59 
70 28.76 48.22 
80 34.14 55.39 
90 36.82 55.97 
100 43.58 62.78 

All the values are mean of three replicates  
 
Maximum dry weight for Salvinia cucullata and 
Salvinia molesta were observed in control solution 
with a value of 0.592 g and 0.613 g respectively 
while this value gradually decreased to 0.316 g and 
0.229 g in 100 ppm Pb concentration respectively 
(Table 3). Relative water content (RWC) in 
Salvinia molesta was found slightly increased when 
compared to Salvinia cucullata. The change in 
RWC can be suggested as an indicator of  
 

 
 
phytotoxicity after heavy metal stress (Zn and Cr) 
in Indian mustard and Chinese brake fern (Su et al., 
2005). It is most likely that lead treatment induced 
stomatal closure, triggered over the course of the 
experiment due to the atmospheric carbon fixing 
activities that were compromised as a consequence 
(Brunet et al., 2008).  
 
 
 

Table 3: Effects of various concentrations of Pb on plant biomass and relative water content (RWC) of Salvinia 
cucullata Seg. and Salvinia molesta D. Mitch 

Concentration of 
Pb            (in ppm) 

Fresh  weight 
(in g) 

Dry  weight 
(in g) 

Relative water content         
(in %) 

S. cucullata S. molesta S. cucullata S. molesta S. cucullata S. molesta 
0 11.54 13.81 0.592 0.613 94.87 95.56 
10 11.10 11.79 0.587 0.598 94.71 94.92 
20 10.82 11.50 0.538 0.580 95.02 94.95 
30 9.90 11.06 0.498 0.521 94.96 95.28 
40 9.86 10.12 0.475 0.500 95.18 95.05 
50 9.60 9.63 0.455 0.463 95.26 95.19 
60 8.75 8.48 0.424 0.411 95.15 95.15 
70 8.22 7.15 0.407 0.332 95.04 95.35 
80 7.60 6.16 0.368 0.309 95.15 94.98 
90 7.29 6.08 0.341 0.286 95.32 95.29 
100 6.51 5.14 0.316 0.229 95.14 95.54 

All the values are means of three replicates   
 
3.2. Effect of lead on Photosynthetic pigments 
of Salvinia species  
Photosynthetic pigments like chlorophyll-a, 
chlorophyll-b, total chlorophyll and carotenoids 
were estimated on 8th and 15th day of lead nitrate  

 
 
exposure, and the data are presented in Table 4 and 
Table 5 revealing that with an increase in the 
concentration of the heavy metal a gradual decrease 
was observed in the total chlorophyll and 
carotenoid content. Further with the increase in the  
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Table 4: Effect of various concentrations of Pb on the photosynthetic pigment of Salvinia cucullata Seg. and 
Salvinia molesta D. Mitch on 8th day of inoculation 

Concentration of Pb  
(in ppm) 

Total Chlorophyll ‘a+b’  
 (mg/g fresh weight) 

Carotenoids 
(mg/g fresh weight) 

   

S. cucullata S. molesta S. cucullata S. molesta 

0 0.517±0.01 0.469±0.06 0.430±0.01 0.318±0.01 
10 0.501±0.01 0.463±0.05 0.421±0.03 0.304±0.01 
20 0.492±0.02 0.457±0.05 0.416±0.03 0.299±0.03 
30 0.486±0.03 0.448±0.01 0.409±0.05 0.290±0.02 
40 0.470±0.05 0.441±0.01 0.397±0.02 0.286±0.02 
50 0.453±0.01 0.430±0.02 0.376±0.01 0.271±0.01 
60 0.449±0.02 0.424±0.05 0.368±0.01 0.263±0.03 
70 0.435±0.09 0.410±0.05 0.360±0.05 0.261±0.07 
80 0.413±0.01 0.398±0.02 0.346±0.05 0.256±0.03 
90 0.407±0.03 0.385±0.01 0.337±0.02 0.248±0.03 
100 0.391±0.02 0.367±0.01 0.317±0.03 0.229±0.02 

Values of 3 replicate ±SEM  
 
retention period there was gradual decrease in 
photosynthetic pigments with respect to control in 
both the species of Salvinia. The initial total 
chlorophyll and carotenoid content of Salvinia 
cucullata and Salvinia molesta was 0.484 and 
0.428 mg/g fresh weight (total chlorophyll) & 
0.402 and 0.298 mg/g fresh weight (carotenoid) 
respectively. After 15 days of inoculation the total 
chlorophyll and carotenoid content were decreased 
with the increase in concentration of Pb in both 
Salvinia cucullata and  

 
 
Salvinia molesta (Table 5). This might be due to 
the detrimental effect of Pb on photosynthetic 
pigment of plants. Lead was toxic for the growth 
and development of plants and at high levels could 
be a strong inhibitor of photosynthesis (Vavilin et 
al., 1995). The loss of chlorophyll content could be 
due to peroxidation of chloroplast membranes or 
replacement of magnesium in chlorophyll 
molecules by Pb ions (Sandmann and Boger, 
1980).  

 
Table 5: Effect of various concentrations of Pb on the photosynthetic pigment of Salvinia cucullata Seg. and 
Salvinia molesta D. Mitch on 15th day of inoculation 

Concentration of Pb  
(in ppm) 

Total Chlorophyll ‘a+b’  
 (mg/g fresh weight) 

Carotenoids 
(mg/g fresh weight) 

  

S. cucullata S. molesta S. cucullata S. molesta 

0 0.484±0.06 0.428±0.03 0.402±0.04 0.298±0.01 
10 0.476±0.04 0.420±0.03 0.395±0.03 0.291±0.06 
20 0.468±0.01 0.418±0.01 0.381±0.03 0.283±0.02 
30 0.453±0.01 0.412±0.01 0.362±0.01 0.274±0.03 
40 0.442±0.05 0.397±0.05 0.355±0.01 0.270±0.01 
50 0.431±0.01 0.385±0.02 0.347±0.02 0.263±0.01 
60 0.425±0.02 0.380±0.01 0.333±0.02 0.257±0.05 
70 0.401±0.03 0.363±0.01 0.321±0.05 0.251±0.03 
80 0.388±0.03 0.351±0.03 0.320±0.03 0.249±0.04 
90 0.369±0.03 0.345±0.02 0.311±0.01 0.242±0.01 
100 0.341±0.01 0.330±0.01 0.304±0.02 0.211±0.02 

Values of 3 replicate ±SEM   
 

3.3. Effect of lead on protein content of Salvinia 
species  
Being essential macromolecules of living cells 
protein plays a paramount role in metabolic 
pathway. Analysis of protein content was done on 
8th and 15th day of Pb exposure in both Salvinia 
cucullata and Salvinia molesta (Table 6). On 8th 
day of treatment the initial protein content was 
found to be 0.977 mg/g fresh weight (S. cucullata) 
and 1.107 mg/g fresh weight (S. molesta), whereas  

 
the final protein content was found 0.488 (80 ppm), 
0.415 (90 ppm), 0.393 (100 ppm) mg/g fresh 
weight in S. cucullata and 0.381 (80 ppm), 0.287 
(90 ppm), 0.140 (100 ppm) mg/g fresh weight in S. 
molesta respectively. Likewise on 15th day of 
treatment the concentration of protein was found to 
be decreased with an increase in Pb concentration 
both in S. cucullata [0.362 (80 ppm), 0.323 (90 
ppm), 0.202 (100 ppm) mg/g fresh weight] and S. 
molesta [0.210 (80 ppm), 0.100 (90 ppm), 0.056 
(100 ppm) mg/g fresh weight].  
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Table 6:  Effect of various concentrations of Pb on the protein content of Salvinia cucullata Seg. and Salvinia 
molesta D. Mitch on 8th and 15th day of inoculation 

Concentration of Pb  
(in ppm) 

Protein content 
 (in mg/g fresh weight) 

8th  day of inoculation 15th  day of inoculation 
S. cucullata S. molesta S. cucullata S. molesta 

0 0.977±0.02 1.107±0.08 0.605±0.06 0.863±0.01 
10 0.857±0.03 0.97±0.01 0.568±0.04 0.763±0.09 
20 0.805±0.03 0.942±0.03 0.551±0.03 0.702±0.09 
30 0.791±0.03 0.898±0.01 0.527±0.06 0.553±0.01 
40 0.730±0.02 0.756±0.03 0.494±0.09 0.479±0.02 
50 0.658±0.02 0.712±0.06 0.454±0.02 0.397±0.01 
60 0.616±0.03 0.592±0.02 0.426±0.03 0.349±0.08 
70 0.529±0.03 0.491±0.02 0.397±0.02 0.255±0.09 
80 0.488±0.01 0.381±0.02 0.362±0.04 0.210±0.06 
90 0.415±0.03 0.287±0.03 0.323±0.04 0.100±0.09 
100 0.393±0.03 0.140±0.01 0.202±0.05 0.056±0.01 

Values of 3 replicate ±SEM  
 
The decrease in protein content in plants may be 
caused by enhanced protein degradation process as 
a result of increased protease activity (Palma et al., 
2002) that is found to increase under stress 
conditions. The findings of the present 
investigation corroborated with the findings of Pati 
and Satapathy (2016) who reported a decrease in 
soluble protein content under Cr (VI) stress in 
Azolla pinnata and Salvinia molesta.   
 
 
 
 

 
3.4. Effect of lead on carbohydrate content of 
Salvinia species  
Experiment conducted in order to know the effect 
of Pb on carbohydrate content revealed that soluble 
carbohydrate content in both the species of Salvinia 
was decreased with increasing concentration of 
heavy metal Pb irrespective of inoculation period. 
The highest amount of carbohydrate i.e. 1.537 
mg/g (S. cucullata) and 1.438 mg/g (S. molesta) 
fresh weight in control and lowest i.e. 0.173 mg/g 
(S. cucullata) and 0.115 mg/g (S. molesta) fresh 
weight in 100 ppm of Pb were found on 15th day of 
inoculation.  
 

Table 7: Effect of various concentrations of Pb on carbohydrate content of Salvinia cucullata Seg. and Salvinia 
molesta D. Mitch. on 8th and 15th day of inoculation 

Concentration  of Pb  
(in ppm) 

Carbohydrate  content  
(in mg/g fresh weight) 

8th  day of inoculation 15th  day of inoculation 

S. cucullata S. molesta S. cucullata S. molesta 

0 1.393±0.04 1.247±0.02 1.537±0.08 1.438±0.01 
10 1.163±0.01 1.049±0.02 0.920±0.03 0.966±0.02 
20 1.080±0.01 0.960±0.08 0.815±0.06 0.903±0.01 
30 0.989±0.01 0.910±0.03 0.821±0.01 0.859±0.03 
40 0.968±0.02 0.883±0.05 0.721±0.01 0.769±0.08 
50 0.937±0.04 0.863±0.03 0.716±0.03 0.647±0.08 
60 0.906±0.03 0.846±0.03 0.544±0.02 0.414±0.05 
70 0.872±0.02 0.827±0.04 0.519±0.01 0.365±0.04 
80 0.856±0.04 0.783±0.02 0.384±0.06 0.252±0.04 
90 0.827±0.02 0.737±0.04 0.281±0.01 0.166±0.04 
100 0.802±0.01 0.721±0.01 0.173±0.01 0.115±0.03 

 
Table 8:  Effect of various concentrations of Pb on proline content of Salvinia cucullata Seg. and Salvinia molesta D. Mitch 
on 8th and 15th day of inoculation 

Concentration of 
Pb             (in 

ppm) 

Proline content  
(µg/g fresh weight) 

8th  day of inoculation 15th  day of  inoculation 
S. cucullata S. molesta S. cucullata S. molesta 

0 0.211±0.02 0.103±0.01 0.333±0.02 0.260±0.03 
10 0.382±0.05 0.312±0.07 0.511±0.07 0.451±0.06 
20 0.429±0.01 0.432±0.03 0.599±0.04 0.532±0.05 
30 0.516±0.04 0.505±0.04 0.634±0.04 0.592±0.04 
40 0.567±0.03 0.533±0.04 0.686±0.07 0.628±0.01 
50 0.592±0.03 0.580±0.05 0.751±0.04 0.680±0.09 
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60 0.640±0.09 0.603±0.02 0.793±0.02 0.760±0.01 
70 0.695±0.06 0.636±0.02 0.812±0.04 0.871±0.02 
80 0.728±0.06 0.661±0.01 0.839±0.03 0.947±0.02 
90 0.797±0.03 0.745±0.09 0.873±0.02 0.988±0.01 
100 0.807±0.01 0.871±0.01 0.875±0.01 1.195±0.02 

Values of 3 replicate ±SEM  
 
The declined trend in total carbohydrate with 
respect to higher levels of Pb during the present 
investigation might be due to its role on the 
enzymatic reactions related to the cycles of 
carbohydrates catabolism. The result of the present 
study is in agreement with the finding of Mishra et 
al., (2016) who reported the decreased 
carbohydrate with the increase in Pb concentration 
of Pistia stratiotes.   
 
3.5. Effect of lead on proline content of Salvinia 
species  
With the increase in Pb concentration an increase 
in proline content was observed both in Salvinia 
cucullata and Salvinia molesta irrespective of the 
period of treatment (Table 8). Salvinia molesta 
registered the highest proline content [0.947 µg/g 
(80 ppm), 0.988 µg/g (90 ppm), 1.195 µg/g (100 
ppm) fresh weight] as compared to Salvinia 
cucullata [0.839 µg/g (80 ppm), 0.873 µg/g (90 
ppm), 0.875 µg/g (100 ppm) fresh weight] on 15th 
day of inoculation. Similarly the amount of proline 
found in Macrotyloma uniflorum increased under 
Ni stress (Arzoo et al., 2014). Enhanced proline 
concentration at increased stress indicated a 
possible role of this amino acid in osmoregulation. 
So proline is produced in high amounts when 
plants are subjected to environmental stress.     

 
3.6. Lead accumulation efficiency by Salvinia 
species  
To quantify metal accumulation in plant biomass, 
the bio-concentration factor (BCF) is more 
significant than the amount accumulated in plants 
since it provides an index of the ability of the 
plants to accumulate metal element with respect to 
the element concentration in water (Khellaf and 
Zerdaoui, 2009). Bio-concentration factors (BCF) 
for Salvinia cucullata and Salvinia molesta grown 
in different concentrations of Pb are given in Table 
9. The potential of a plant for phytoremediation 
process is often judged by its bio-concentration 
factor. The BCF values over 1000 are considered as  
an evidence of a useful plant for phytoremediation 
(Zayed et al., 1998). In this study the BCF of 
Salvinia cucullata for Pb increased significantly 
with the increase in Pb concentration of Pb in the 
growth medium i.e. 1217 (80 ppm), 1255 (90 ppm) 
and 1283 (100 ppm), whereas the BCF of Salvinia 
molesta for Pb was 1135 (80 ppm), 1171 (90 ppm) 
and 1206 (100 ppm) respectively. Both the species 
of Salvinia are effective in removing of Pb from 
waterways polluted with Pb. The present study also 
indicated that S. cucullata was more effective in 
accumulation of Pb as compared to S. molesta.  
 

 
Table 9: Variation of mean bio-concentration factor of Salvinia cucullata Seg. and Salvinia molesta D. Mitch under 
different initial Pb concentrations 

  Concentration of Pb  
(in ppm) 

Mean bio-concentration factor 
S. cucullata S. molesta 

10 1028.36 989.79 
20 1076.82 1013.57 
30 1090.21 1043.07 
40 1124.09 1068.89 
50 1158.11 1080.35 
60 1180.57 1107.05 
70 1199.01 1129.61 
80 1217.13 1135.92 
90 1255.29 1171.03 
100 1283.92 1206.16 

 
Conclusion  
 
The present investigations indicated that, both the 
species i.e. Salvinia cucullata Seg. and Salvinia 
molesta D. Mitch. proved themselves to be a 
potential candidate for the removal of Pb in 
wastewater. The favourable growth of Salvinia 
cucullata and its growing biomass revealed that it 
was a better accumulator of Pb as compared to 
Salvinia molesta. The bio-concentration factor   

 
increased gradually with the increasing 
concentration of Pb in both the species of Salvinia 
further confirmed their higher accumulation 
abilities of toxic elements.  
Therefore, it can be concluded that Salvinia 
cucullata and Salvinia molesta being good 
accumulator of Pb can be recommended for 
remediation of water bodies contaminated with 
heavy metals especially Pb. They can be used as a 
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lead scavenger and phytoremediation tool in the 
aquatic environment.   
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Research Highlights 
 
Salvinia cucullata and Salvinia molesta were 
observed to accumulate heavy metal Pb when 
supplemented in the nutrient medium.  
Increased biomass of Salvinia cucullata in higher 
ppm of heavy metal indicated its claim as a better 
accumulator of Pb.  
The increasing trend in BCF value with increased 
concentration of Pb in the solution indicated that 
both the species are Pb scavengers.  
Further works may lead to development of a 
protocol process for being a tool for 
phytoremediation of waste water contaminated 
with Pb. 
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