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Aquatic plants with their high relative growth rates efficiently absorb nutrients from their surrounding media, thereby providing
a simple and inexpensive solution for nutrient-polluted aquifers. The present study determined the P accumulation efficiencies
of four different aquatic plants namely, Eleocharis plantaginea, Eichhornia crassipes, Pistia stratiotes, and Hydrilla verticillata from
the 6043 ha Kabar Wetland (86◦05′ E to 86◦09′ E, 25◦30′ N to 25◦32′ N). The aim of the study was to select the most efficient
P accumulator. Water, sediment, and plant samples from Kabar were monthly analyzed for P content for 13 months from July
2009 to July 2010. Pistia stratiotes L. accumulated the highest amount of tissue P (1.06± 0.22 mg/g dw). The maximum capacity of
luxury uptake of P under greenhouse conditions as exhibited by Pistia was further tested. Pistia individuals tolerated up to 50 mg/L
phosphate medium and accumulated 6.12± 0.95 mg/g dw P after 35 days under greenhouse conditions. Up to 91% phosphate was
removed from the surrounding medium within 60 days at 50 mg/L supply. Tissue P levels increased with increasing phosphate
levels in the surrounding media but variation with incubation period was statistically insignificant. Our studies present Pistia as
more efficient than other common wetland species like Eichhornia, Phragmites, Typha, and so forth when grown in the sub-tropics
and confirm its ability to ameliorate P-polluted subtropical wetlands.

1. Introduction

Recently, environmental scientists and policy makers are
equally concerned to manage wetlands for mainly two rea-
sons; firstly, the wetlands provide many important goods and
services to human societies, ranging from flood control and
nutrient removal to fish products and recreational, activities,
and secondly, wetlands are the sensitive ecosystems that are
subject to stress from human activities. Uptake, accumu-
lation and harvesting the excess water nutrients through
plants may be a key factor in mitigating the stress and im-
proving management of wetlands. Wetlands are the known
depositories of nutrients, including phosphorus, and many
times used as filters, thereby preventing their efflux into
larger water bodies and maintaining the water quality
downstream [1]. The global biogeochemical cycle of P is
complex and involves several activities like weathering of

rocks, river discharge, sedimental rate, and uptake by the
biotic components of terrestrial and aquatic ecosystems [2].
With no stable gaseous phosphorus compounds, the global
phosphorus cycle majorly involves the lithosphere and the
hydrosphere.

In the aquatic environment P may be encountered in
several forms, among which are dissolved inorganic P (DIP),
particulate inorganic P (PIP), dissolved organic P (DOP),
and particulate organic P (POP) [3]. The concentration of
DIP and DOP remain characteristically higher in water than
in soils because of the lower levels of potential phosphorus
immobilizing agents like iron, aluminium, and calcium [4].
Among the various forms of P, the most readily bioabsorbed
form is DIP, the other forms must undergo transformation
to the dissolved inorganic form before they can be utilized
by the aquatic flora [1, 4, 5]. P is a macronutrient considered
essential for floral life to flourish. In the plant body, P gets
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Figure 1: Study site: Kabar wetland.

accumulated as polyphosphates [6–8]. These polyphosphates
are either acid soluble, in which case they are mainly used
for metabolism and production of DNA and proteins, or
acid insoluble polyphosphates [9–11], which are stored in
the biomass of plants and utilized at the time of low external
concentration [8, 12]. This indicates the importance of
phosphate for growth and metabolism. This further brings
into sharp focus the aquatic macrophytes that with their
high growth rates [13, 14] may serve as efficient phosphate
biosorbent in their surrounding media. Aquatic macrophytes
have been previously reported to efficiently absorb other
nutrients like nitrogen [15] and NO3

−, PO4
3−, K, Ca, Mg,

and Na [16]. P uptake by aquatic macrophytes like Hydrilla
verticillata and Myriophyllum spicatum [17], Zostera marina
[18], Egeria densa [19], Eichhornia crassipes and Lemna
obscura [20], Phragmites australis [21], Typha [22] and Pistia
stratiotes [23, 24], and so forth have also been previously
demonstrated.

Presence of excess P in wetlands is decidedly harmful,
causing toxic algal blooms, low dissolved oxygen, fish kills
and loss of aquatic biodiversity, and seriously undermin-
ing environmental quality and human well being. In this
condition, phenomenon of luxury uptake of phosphorus is
observed among the flora of wetlands which majorly include
microalga [6, 12, 25, 26], sediment bacteria [27, 28], and
aquatic macrophytes [22]. Luxury uptake has been defined
as the uptake of P by an organism from its P enriched growth
medium, where prior starvation stage by the species is not
required [7]. Essentially, the amount of P taken up is more
than that released by the organisms, resulting in net removal
of P from the surrounding medium [29]. This indicates that
luxury uptake of P by aquatic macrophytes should be inves-
tigated in greater detail with the aim of standardizing the
process for ridding nutrient-polluted aquifers of their excess

phosphate load. The present study attempts to investigate
the P uptake capacity of four common aquatic plant species,
namely, Eleocharis plantaginea, Eichhornia crassipes, Pistia
stratiotes, and Hydrilla verticillata in their natural habitat,
the Kabar wetland (25◦35′ N; 86◦10′ E), Kabar is a large
subtropical wetland in the Gangetic plain of eastern India.
The initial study involves the monitoring of the wetland
water, sediment and the four selected plant species for their
phosphate and/or total P (TP) contents. Later, the P uptake
in natural versus greenhouse conditions as exhibited by the
highest P accumulator has been assessed.

2. Materials and Methods

2.1. Details of Study Area and Sample Collection. Kabar
(25◦35′ N; 86◦10′ E) is a residual ox-bow lake of great local
significance located in the Eastern Gangetic Plain (Figure 1).
It is the largest wetland in the north of the Bihar province of
India spanning an area of 6043 ha in 2002 [30]. It is a major
migratory bird reserve and was declared a Protected Area
in 1986. Kabar has been found to be constituted mainly of
paddy fields. Despite its immense ecological import, Kabar is
under extreme anthropogenic pressure. Currently it receives
the agricultural runoff of nearly thirty odd surrounding
villages.

The monthly variation in the P contents of Kabar surface
water, water at 1 m depth and in the sediment (at 0.5 cm–
1 cm depth), was determined. Also, four common plant
species present in the wetland, namely, Eleocharis plan-
taginea, Eichhornia crassipes, Pistia stratiotes, and Hydrilla
verticillata were sampled and tested for P accumulation in
their tissues. These plants were selected as they represented
the three individual niches in an aquatic habitat: submerged
(Hydrilla verticillata), emergent (Eleocharis plantaginea), and
floating (Eichhornia crassipes, Pistia stratiotes). The sampling



ISRN Soil Science 3

and analysis were carried out for a period of 13 months,
beginning July 2009 and ending July 2010. For efficient
sampling, Kabar was divided into 4 imaginary plots. Within
each plot, random sampling was carried out to cover
the span of the study area. Surface water and water at
1 m depth were collected by 1 L water samplers (SP100
Global Water Instrumentation, Inc.). Sediment samples
were collected using long-handled metal ladles that had
been pre-graduated to determine the depth from which
sediment was taken. Samplers and ladles were washed with
phosphate-free detergents and given a dilute nitric acid
rinse followed by a deionized water rinse. Samples were
brought to the laboratory within 4 hours and analyzed
the same day. All samples were collected and analyzed in
triplicates.

2.2. Sample Digestion and P Measurement. Water and sedi-
ment samples were digested to convert all forms of P into
orthophosphate. Water samples were digested as per Ebina
et al. [31] with 5 mL water and 5 mL oxidizing solution
(20.0 g potassium persulfate and 3.0 g sodium hydroxide in
1 L water) autoclaved at 120◦C for 30 minutes. Sediment
and plant samples were first dried at 100◦C in a drought
oven for 72 hours, powdered, and then filtered through a
40 mesh. These samples were then digested as per Langner
and Hendrix [32] taking 15 mg plant sample in 15 mL
oxidizing solution (20.1 g potassium persulfate and 9.0 g
sodium hydroxide in 1 L water) and autoclaving for 2
hours at 120◦C. DIP contents in the digested samples were
analyzed by the stannous chloride-ammonium molybdate
method as per APHA [33]. To 10 mL samples 0.4 mL ammo-
nium molybdate reagent and 0.05 mL stannous chloride
reagents were added and incubated for 11 minutes. The
blue colour that developed was measured in a double-
beam UV-visible Spectrophotometer (Systronics 2202, New
Delhi).

2.3. Greenhouse Culture and Experimental Design. Healthy
and fresh individuals of Pistia stratiotes L. of approximately
same size (number of leaves per plant—8 ± 2, shoot
length—11.3 ± 1.2 cm, root length—7.4 ± 1.9 cm, mean
plant fresh weight—12.23 ± 3.21 g) were selected from the
Kabar wetland and brought to the greenhouse. Here, a
mother culture of the plants was established and plants were
acclimatized to the growth conditions for 30 days prior to the
experiment.

For the experiment, Pistia individuals were cultured
in experimental basins of surface area 0.375 m2 each with
dimensions of 0.75 m × 0.5 m × 0.25 m. For culturing
the plants, Hoagland’s nutrient solution with modifications
[34] were used with the following composition (µmol L−1):
Ca(NO3)2 200, KNO3 200, MgSO4 1000, Fe-NaEDTA 10, B
4.6, Cl 1.1, Mn 0.9, Zn 0.09, Mo 0.01. The nutrient solutions
were renewed every 4 days. All chemicals used were of Merck
(GR) grade. Pistia individuals were exposed to 7 increasing
dosages of phosphate (0.5, 2.5, 5, 10, 30, and 50 mg/L)
supplied in the form of NaH2PO4·2H2O. Additional sodium
citrate was added to each experimental basin to prevent
chemical precipitation of phosphate as per Welch and Lindell
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Figure 2: Monthly variation in dissolved inorganic phosphate (DIP
mg/L) of Kabar water at 0 m and 1 m depth.

[4]. In the control tank, 30l of nutrient solution was provided
without supplementary phosphate.

The environmental conditions during the study were
temperature—25 ± 2◦C, pH—7.0 ± 0.2, light intensity—
4500–6000 lux, and photoperiod—12 h daylight followed by
12 h of dark period. Evaporation of excess water from the
experimental basins was made up for by adding distilled
water.

Plants were harvested in triplicates after 7, 14, 21, 28, 35,
42, and 60 days and analyzed for the accumulated P content.
Residual DIP in each of the experimental basins was also
determined at the same time periods when the plant harvests
were made.

2.4. Statistical Analyses. Single factor ANOVA was used to
analyze if the variations in the readings were statistically
significant. Multiple regression equations demonstrated the
extent of dependence of Pistia tissue P content, biomass
increase, and residual phosphate in the experimental basins
on supplied phosphate levels and incubation period. Corre-
lation analysis between residual DIP in experimental basins
and tissue P content of Pistia was performed to delineate
that phosphate removal from the experimental basins was
biological and not chemical. All the statistical tests were
performed using STATISTICA v5.52.164.0 for Windows. All
graphs were constructed using the software MICROSOFT
OFFICE EXCEL (2003).

3. Results

3.1. P Contents of Kabar Water, Sediments, and Plants. The
mean dissolved inorganic P (DIP) content of surface water of
the Kabar wetland was 0.22± 0.11 mg/L which was not much
different from that recorded at 1 m depth (0.2 ± 0.09 mg/L).
The DIP content at both the water levels showed maxima of
0.4 mg/L in the month of October (Figure 2) at the surface
(0 m depth) and 0.38 mg/L at 1 m depth. The minima were
observed in the month of June (0.05 mg/L at the surface and
0.08 mg/L at 1 m depth) thus indicating that there was very
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Table 1: Statistical evaluation of variations in dissolved inorganic phosphate (DIP) and total P (TP) of Kabar water, sediment, and plant
species using analysis of variance (ANOVA).

Variable
Sources of Variability

Season Depth Species

Mean DIP content at 0 and 1 m depth 0.0000 0.5799 —

Mean TP content at 0 and 1 m depth 0.0014 0.8200 —

Mean TP content in sediment 0.0000 — —

Mean TP content in plant species 0.7016 — 0.0000

Effects of season, depth, and plant species have been expressed as P values. Values in bold indicate significant differences at P < 0.005.
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Figure 3: Monthly variation in total phosphorus (TP mg/L) of
Kabar water at 0 m and 1 m depth.

little variation in DIP content across depth. The seasonal
variation in DIP content of water at both the depths was
highly significant (P value = 0.0000) but variation across
depth was not (P value = 0.5799) (Table 1).

Total P contents for 0 m and 1 m depth also attained
almost similar mean values of 0.47 ± 0.13 mg/L and 0.45 ±
0.14 mg/L, respectively. The trend shown by TP content for
water was similar to that shown by DIP at both 0 and 1 m
depths. The TP attained maximum values in the month
of October and dipped in July (Figure 3). At 0 m depth
highest TP content was 0.67 mg/L, while the lowest value
was 0.29 mg/L. At 1 m depth, the maximum and minimum
values were 0.64 and 0.25 mg/L, respectively. Here, too,
variation across depth in the TP content was statistically
insignificant (P = 0.9971) but was significant across seasons
at P < 0.01 (Table 1).

Mean TP content of Kabar sediment was measured as
0.74 ± 0.27 g/kg. The P content peaked in the month of
September (1.35 g/kg) and dipped in January (0.31 g/kg)
(Figure 4). TP content in the sediment samples showed
significant seasonal variation (P = 0.0000) (Table 1).

Figure 5 depicts the monthly variation in the tissue P
content of Eleocharis plantaginea, Eichhornia crassipes, Pistia
stratiotes, and Hydrilla verticillata over the 1-year study
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Figure 5: Monthly variation in tissue phosphorus content (mg/g)
of plants Eleocharis plantaginea, Eichhornia crassipes, Pistia stratiotes
and Hydrilla verticillata from Kabar wetland.

period. Mean tissue P contents of the four plants varied in
the order Pistia > Eichhornia > Eleocharis > Hydrilla being
1.06± 0.22, 0.95± 0.24, 0.6± 0.16, and 0.55± 0.21 mg/g dry
weight (dw), respectively. Eleocharis and Pistia both showed
their accumulation peaks in the month of September. For
Eichhornia this peak was achieved in June and for Hydrilla
in July. The variation in the tissue P content was highly
significant (P = 0.0000) whereas variation with season was
insignificant (P = 0.7016).
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Table 2: Relationship between total P (TP) in plant biomass with DIP in water (DP) and total P in sediment (SP) of Kabar. The squared
multiple of correlation coefficient (R2) and F statistics are also shown with multiple regression analysis.

Plants of Kabar wetland Regression equation R2 F

E. crassipes TP = 1.10 − 1.267DP + 0.804SP 0.76ns 14.48c

E. plantaginea TP = 0.2 + 0.481DP + 0.380SP 0.64ns 8.11b

H. verticillata TP = 3.16 − 0.931DP + 0.587SP 0.41b 3.16ns

P. stratiotes TP = 0.83 − 0.848DP + 1.063SP 0.53b 5.12a

R2 and F values are significant: aP < 0.05, bP < 0.01, cP < 0.001 with d.f. 2,9 for E. crassipes, E. plantaginea, H. verticillata and P. stratiotes
ns Not significant.

Table 3: Statistical evaluation of variation in Pistia tissue P,
phosphate uptake rate and biomass using analysis of variance
(ANOVA).

Variables
Sources of variability

Incubation period Supplied phosphate

Tissue P 0.053 0.0000

Phosphate uptake rate 0.3644 0.0000

Biomass 0.1283 0.0000

Effects of incubation period and supplied phosphate have been expressed as
P-values. Values in bold indicate significant differences at P < 0.0001.
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The relationship between plant tissue P and DIP and TP
in Kabar was analyzed using multiple regression analysis.
Sediment TP emerged as the stronger factor influencing
tissue P content of the study plants in all except E. plantaginea
(Table 2).

3.2. Luxury Uptake of Phosphate by Pistia stratiotes. Tissue
accumulation of P in Pistia and the uptake rates of phosphate
in the seven experimental basins are depicted in Figures 6
and 7, respectively. Pistia accumulated 6.12±0.95 mg/g dw P
in 35 days in the basin with the highest phosphate supply
(50 mg/L) indicating a high uptake rate at 1.6 g P/m2/day.
Supplied P had a highly significant effect on the P content
of Pistia tissues (P = 0.0000) and on the uptake rate
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(P = 0.0000) (Table 3). Incubation period was revealed not
to have a statistically significant effect either on tissue phos-
phorus (P = 0.053) or on the uptake rate (P = 0.3645).

Residual DIP in the experimental basins has been de-
picted in Figure 8. At lower doses, 100% phosphate removal
occurred within 4 weeks. At the highest dose (50 mg/L),
the residual DIP level reached 4.32 ± 0.22 mg/L at the end
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Table 4: Correlation coefficients (r) among the luxury uptake of P (or total P in plant tissue) and residual DIP (or left over P) in the
experimental basins supplied with five different P concentrations (i.e., 0.5, 2.5, 5, 10, 30, and 50 mg/L).

Residual DIP in experimental basins

P Supply (in mg/L)

0.5 2.5 5 10 30 50

Total P in
plant
tissue

−0.96 −0.93 −0.83a −0.72b −0.81b −0.94

a
Correlation is significant at 0.0001 level (1 tailed).

bCorrelation is significant at 0.005 level (1 tailed).
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Figure 9: Fresh weight (F.W.) biomass (g/m2) variation in Pistia
stratiotes during the study period.

of 60 days which amounts to 91.36% removal efficiency.
Pearson’s correlation coefficients (r) between the accumu-
lated total phosphorus in P. stratiotes and residual DIP
in the experimental basins with five different supplies of
P are presented in Table 4. A strong negative correlation
(−0.96 ≤ r ≤ −0.72) was obtained between the two
parameters.

3.3. Effect of Phosphate Supply on Biomass of Pistia stratiotes.
Total weight of root and shoot was noted. Fresh weight
biomass increase in Pistia stratiotes has been depicted in
Figure 9. The seven phosphate dosages had a highly signif-
icant effect on the biomass increase (P < 0.001) (Table 3).
Multiple regression analysis revealed higher dependence of
fresh weight biomass increase on incubation period than on
the supplied DIP (Table 5). Growth in the control tanks that
had been kept devoid of phosphate ceased beyond the second
week of incubation emphasizing the critical role played by
phosphate in plant metabolism and biomass increase. In the
rest of the experimental basins, the mean biomass increase
was by 107.49%.

Multiple regression analysis studied the extent of depen-
dence of tissue P content on plant biomass and residual DIP
(Table 6). Biomass uniformly remained the stronger factor
affecting the tissue P content.

Table 5: Relationship between total tissue P of Pistia stratiotes (TP),
plant biomass (B), and residual dissolved inorganic P (RP) with
incubation days (D) and DIP supply in the experimental basin. The
squared multiple of correlation coefficient (R2) and F statistics are
also shown with multiple regression analysis.

Parameters Regression equation R2 F

P Tissue
storage

TP = 0.0742 + 0.166D + 0.841P 0.998b 859.9b

Biomass B = 83.92 + 1.823D − 0.952P 0.94a 25.45a

Residual P
in Basin

RP = −0.282 + 0.929D + 0.021P 0.90b 13.636a

R2 and F values are significant: aP < 0.05, bP < 0.001, with d.f. 2, 3 for
biomass, phosphorus tissue storage and residual phosphorus in basin.

4. Discussion

Nutrient dynamics in any wetland is influenced or domi-
nated by some basic processes like transport, transforma-
tion and storage, and release and removal. Transport of
suspended solids and particulate bound nutrients is highly
dependent on the inflow regime of wetland. The inflow
regime of the studied wetland is its connection with river
Buri Gandak and other water bodies like the Bikrampur
Chaurs and Nagri Jheel in the late monsoon months
[35]. The elevated P contents of these inflow water bodies
cause the enhanced influx of P in Kabar. The other key
processes in the nutrient dynamics like transformation and
release by microbes, storage in sediments, and uptake and
accumulation in aquatic plants are complex. The removal
through accumulation is directly dependent on amount of
nutrient in the water column. In this study also, the tissue P
content of the four species studied peaked in the late summer
and rainy season (Figure 5), corresponding to the peak in
the TP and DIP contents of water at both depths and in the
sediment total P of Kabar wetland (Figures 2, 3, and 4).

The DIP and TP contents did not vary significantly with
changing water depth. This ensured that the four species
studied, received equal apportions of the macronutrient. The
difference in the tissue P content of the four plants studied
was highly significant, justifying the selection of Pistia for
further studies.

An interesting aspect here is the marginal edge that Pistia
displays over Eichhornia crassipes in tissue accumulation of
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Table 6: Relationship between total P (PTS) stored in P. stratiotes with plant biomass (B) and residual DIP in the experimental basin (RP).
The squared multiple of correlation coefficient (R2) and F statistics are also shown with multiple regression analysis.

Supplied DIP (in mg/L) Regression equation R2 F

0.5 PTS = 15.59 − 1.494B − 1.737RP 0.64b 4.46 ns

2.5 PTS = 7.23 + 0.112B − 0.627RP 0.49 ns 1.92 ns

5 PTS = 6.93 + 0.669B − 0.418RP 0.52b 2.67 ns

10 PTS = 2.21 + 1.032B − 0.142RP 0.96 ns 54.49c

30 PTS = 13.65 + 0.669B − 0.369RP 0.7 ns 5.94a

50 PTS = 23.12 + 0.516B − 0.722RP 0.86 ns 15.82b

R2 and F values are significant: bP < 0.05, bP < 0.01, cP < 0.001 with d.f 2,5 for the supplied Phosphorus of 0.5, 2.5, 5, 10, 30, and 50 mg/L.
nsNot significant.

P as depicted in Section 3.1. The same has not been demon-
strated in previous studies. Tucker and DeBusk [36], Agami
and Reddy [34], and Tripathi et al. [37] report greater growth
efficiency and biomass increase of E. crassipes as compared to
Pistia. However, Polomski et al. [23] demonstrated that Pistia
absorbed slightly more tissue P as compared to E. crassipes
(3.07 mg/g dw versus 2.53 mg/g dw). Tucker and DeBusk [36]
reported greater tissue nitrogen content of P. stratiotes as
compared to E. crassipes.

Pistia stratiotes has been widely reported as a P bioreme-
diating agent, but the reports in this paper present Pistia as
more efficient than reported before. For instance Zimmels et
al. [38] reported 25% to 38.4% total P removal efficiency of
Pistia when it was exposed to 17.2 mg/L TP for 14 days as
against the efficiency of 43.3% reported by us at the end of
14 days. Lu et al. [24] reported an efficiency of only 22.39%
and 31.08% at the end of 19 days when exposed to 0.63 and
0.77 mg/L TP, respectively. It was also demonstrated by Lu
et al. [24] that Pistia accumulated 3 mg/g dw P in its tissues,
which is nearly half the maximal tissue storage reported
by us (6.12 mg/g dw) but is comparable to our report of
3.14 mg/g dw tissue P at the end of 21 days in the 0.5 mg/L
tank.

Our results may be compared with those of Polomski et
al. [23] who exposed Pistia to up to 6.77 mg/L TP in nursery
runoff for 8-weeks and observed 93%–96% TP removal
efficiency and 3.07 mg/g dw tissue P at the conclusion of the
experimental period.

When compared to other wetland plants, Pistia accu-
mulated significantly high amounts of P. Afrous et al. [21]
reported the accumulation of 10.8 g/m2 P by Phragmites
australis which is much less than the amount biosorbed
by Pistia (56.5 g/m2) (Figure 6). Typha, Phragmites, Scrispus,
and Junucus were reported to accumulate between 1.4 and
37.5 g/m2 P by Reddy and DeBusk [22]. The fibrous root
system of Pistia makes it an efficient nutrient biosorbent [8].

The absorption of phosphate by plants is also affected
by the concentration of other nutrients like nitrogen [21]
and zinc [39, 40] in the nutrient medium. Since the present
study utilized the Hoagland’s solution for cultivating Pistia,
optimum amounts of all the required nutrients were present.

The residual DIP in the experimental basins diverged on
some occasions from its usual descending trend (Figure 7).
These insignificant divergences may be the outcome of
microbial activity or may be due to the release of nutrients

during senescence [41–43]. A strong negative correlation
was obtained between tissue P content of Pistia and the
residual DIP in the experimental basins. This supported the
fact that the removal of phosphate from the experimental
basins was indeed by biological uptake and not chemical
precipitation, hence the negative correlation coefficient (r)
value approaching −1.

Further implications of this study lies in the successful
usage of P. stratiotes for the restoration of actual nutrient-
polluted wetlands. Such wetlands that are already suffering
from algal blooms and biodiversity loss may have to undergo
one manual harvest of the algal population, followed by the
establishment of Pistia monoculture. Being a free-floater,
Pistia population will then have to be harvested time to
time [44]. Later, the plant body may be harvested and
put to use as animal feed or source of fuel [45]. Once
water phosphorus levels are reduced to normal, Pistia may
be removed altogether and a healthy biodiversity may be
allowed to develop in the restored wetland.

Hence, at the end of this study we conclude that Pistia
is an efficient P accumulator as compared to several other
wetland species like Phragmites, Typha, and so forth. Its
efficiency becomes better in subtropical ecosystems where it
can out compete even efficient growers like E. crassipes. It
may be utilized for the amelioration of subtropical wetlands
that are battling enhanced phosphate influx.
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[43] R. Kröger, M. M. Holland, M. T. Moore, and C. M. Cooper,
“Plant senescence: a mechanism for nutrient release in tem-
perate agricultural wetlands,” Environmental Pollution, vol.
146, no. 1, pp. 114–119, 2007.

[44] J. Vymazal, “Removal of nutrients in various types of con-
structed wetlands,” Science of the Total Environment, vol. 380,
no. 1–3, pp. 48–65, 2007.

[45] K. R. Reddy and W. F. De Busk, “Nutrient removal potential
of selected aquatic macrophytes,” Journal of Environmental
Quality, vol. 14, no. 4, pp. 459–462, 1985.



Submit your manuscripts at
http://www.hindawi.com

Forestry Research
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Environmental and 
Public Health

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ecosystems
Journal of

Meteorology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Ecology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Applied &
Environmental
Soil Science

Volume 2014

Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Environmental 
 Chemistry

Atmospheric Sciences
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Waste Management
Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

 International Journal of

Geophysics

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Geological Research
Journal of

Earthquakes
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Biodiversity
International Journal of

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oceanography
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

  Journal of 
 Computational 
Environmental Sciences
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Climatology
Journal of


