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ABSTRACT 

In order to determine the contribution of aquatic macrophyte communities on nutrition to sustain the high primary pro-
ductivity of an estuary aquatic community, we analyzed the process of phosphorus release from sediments in aquatic 
macrophyte community in the estuary of the Chikugogawa River, South-Western Japan. Vertical profile of 3

4PO  con-

centration and redox potential (Eh) of pore water in sediments were investigated within and outside the Phragmites aus-
tralis community. Sediment horizon lower than 23 cm layer from the surface showed anaerobic (Eh < −200 mV) in the 
P. australis community, whereas sediment was constantly oxic (Eh > 0 mV) up to 50 cm depth outside the P. australis 
community without organic matter accumulation. Non-vegetated sediment with organic matter accumulation showed 
anoxic profile as vegetated site.  concentration in anaerobic parts of sediment showed higher than oxic parts, and 

higher  concentration in sediment pore water corresponded to sulfur deposition in sediment. Sulfate ion supplied 

from the sea water is reduced under the anoxic condition and S2− reacts with water-insoluble phosphorus salts e.g. 
Fe3(PO4)2 or AlPO4 and Fe2S3 or Al2S3 precipitates. Thus 

3
4PO 

3
4PO 

3
4PO  was mobilized and released under anoxic sediments. P. 

australis supply organic litter to sediment and the sediment within the P. australis community showed anoxic after 
aerobic decomposition of organic substances in sediment. Incubation of sediments under N2 atmosphere accumulated 

 in the medium corresponding to low Eh (< −300 mV) showing that 3
4PO  3

4PO  was released under anaerobic condi-

tion. Estuary P. australis community has function for supplying 3
4PO  to river water. 
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1. Introduction 

Estuary is one of the most productive wetland ecosys-
tems. Phosphorus is a limiting element in limnological 
ecosystems and hence the P mineralization and mobiliza-
tion could limit the primary productivity of aquatic eco-
systems [1]. Mobilization of P in aquatic ecosystems 
proceeds under the acidic or anaerobic conditions, and 
then the anoxic horizon of the sediments could be the 
active site of the P mobilization [2]. Especially sediments 
in the saline water environment e.g. marine sediment [3] 
or lagoon sediment [4] release inorganic phosphorus un-
der anoxic condition. Freshwater sediments e.g. im-
poundment in river [5] or euotrophic lake [6] also supply 
inorganic phosphorus under anoxic condition, however 
Baldwin and Williams [7] demonstrated that phosphorus 
release from the freshwater lake sediment is limited by 
high concentration of nitrogen even under the anoxic  

condition. Jiand et al. [8] showed the contribution of or-
ganisms on the sediment surface and the biomass as well 
as activity of organisms determines the phosphorus re-
lease from the shallow lake both under the aerobic and 
anaerobic condition. Uplift of sediment materials by tidal 
change supply nutrients to the aquatic and riparian com-
munities and the consequent increase of primary produc-
tion [9,10], however, not only physical processes but also 
chemical and biological processes are important for the P 
mobilization in the estuary community. Banaszuk and 
Wysocka-Czubaszek [11] clarified that phosphorus de-
posits in the sediment during the winter season with high 
water flow rate, whereas phosphorus is released from the 
sediment in the summer season with low flow rate, high 
water temperature and low redox potential. 

Wetlands are the main sink of phosphorus and then 
constructed wetlands are used for phosphorus removal by 
absorption by aquatic macrophytes [12,13]. At the same 
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time, waterlogged wetland soil is anaerobic and 3
4PO  is 

released from the wetland soils [2,14-16]. Released 
 from the anaerobic sediments is used as nutrients 

for aquatic plants or phytoplankton and excess supply of 
 causes eutrophication of estuary or coast. Accu-

mulated inorganic phosphorus in sediments moves to 
water column by re-suspension [10].  

3
4PO 

3
4PO 

Phosphorus mobilization in anaerobic sediments has 
been shown by experimental condition. The anaerobic 
reaction of biodegradation or novel fermentation proc-
esses using municipal sludge release mobilized phos-
phorus [17,18], however, release of inorganic phosphorus 
is inhibited by the presence of nitrate [19]. Similar to the 
anaerobic process of biodegradation, incubation of river 
or lake sediment produces phosphate ion under anaerobic 
condition [15,19-21]. Thus anaerobic sediment is em-
pirically shown that can supply mobilized phosphorus to 
aquatic community or riparian vegetation. Anaerobic 
sediment condition accompanies with the vegetation in 
the marsh community, however the contribution of ripar-
ian macrophyte community on the phosphorus release 
from the sediment is not yet fully clarified. 

The objective of our research is to clarify how the ri-
parian emergent plant communities contribute phospho-
rus mobilization and release in the estuary community. 
We compared the difference of phosphorus mobilization 
activity within and outside the riparian Phragmites aus-
tralis (Cav.) Trin. ex Steud. community, the most domi-
nant macrophyte species in the estuary tidal marsh com-
munity, and to evaluate the contribution of riparian 
macrophyte community on the phosphorus mobilization 
in the estuary sediment. And then we experimentally 
investigated the mobilization process of phosphorus by 
using sediments with batch reactor by controlling oxygen 

supply in order to test the  release process under 
the anoxic sediment. 

3
4PO 

2. Materials and Methods 

2.1. Study Site 

The Chikugogawa River (origin of the main stream: 
33˚05'10''N, 131˚11'57''E, 1140 m a.s.l.; river mouth: 
33˚05'06''N, 130˚24'37''E) is located in the north-western 
part of Kyushu Island (Figure 1). The total length of the 
main stream is 143 km, and the river basin area is 2860 
km2. The largest tributary is the Kusugawa River (origin: 
33˚05'55''N, 131˚15'49''E, 1256 m a.s.l.) and it connects 
to the main stream of the Chikugogawa River at a point 
77.5 km from the river mouth. The origin of the Chi-
kugogawa River is within the Aso-Kuju volcanic moun-
tain area, and the land use of the middle basin of the river 
is predominantly paddy fields and orchards. The river 
then flows through an urbanized area in the lower basin 
of the river. Averaged annual precipitation in Bougatsuru, 
the uppermost basin of the Kusu River (33˚05'36.34''N, 
131˚15'50.34''E; 1240 m a.s.l.), is 2724.6 mm (data from 
the Japan Meteorological Agency between 1971 and 
2000). About 36% of the annual precipitation occurs 
within June and July. 

Areas downstream from the floodgate of the river (Chi- 
kugo-oozeki located 24.5 km from the river mouth) are 
affected by sea water inundation. Annual mean tempera-
ture and averaged annual precipitation of the study site in 
the estuary of the Chikugogawa river (33˚08'41.10''N, 
130˚21'54.29''E; 3 m a.s.l.) are 15.8˚C and 1770.5 mm, 
respectively (data from the Japan Meteorological Agency 
between 1971 and 2000). The river flow is artificially 
modified in the 17th centuries after the frequent flooding  

 

 
(a)                                             (b) 

Figure 1. Map showing the data sampling point and study area at the estuary of the Chikugogawa River, western Japan.  
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especially in the lower basin of the river. The river was 
short cut and river bank was constructed. The flood gate 
was constructed in 1985. River width and depth just 
downstream of the flood gate at the usual flow are 265 m 
and 5.1 m, respectively, and the maximum width and 
depth at the flooding are 435 m and 10.3 m, respectively. 
Averaged flow rate of the river measured just upstream 
of the flood gate (Senoshita) in 2008 was 101.8 m3·s−1 
and ranging the minimum of 43.8 m3·s−1 (monthly aver-
age in November 2008) and the maximum of 382.5 
m3·s−1 (in June 2008).  

Survey of sediments was made at the river mouth of 
the Chikugogawa river. Phragmites australis is the dom-
inant emergent macrophyte species which makes crowd-
ed and almost monospecific community in freshwater, 
brackish and salt marshes between the flood gate and the 
river mouth. P. australis community usually establishes 
on the fine sand riparian sediment. In the salt marsh 
community, Scirpus iseensis T. Koyama et T. Shimizu 
makes monospecific community on the mud sediment in 
the river mouth. 

2.2. Field Measurements and Sediment Sampling 

Four sites were selected for measurements of pore water 
chemistry and redox potential (Eh); two sites were within 
and others were outside the P. australis community in 
the estuary at the river mouth of the Chikugogawa river 
(Figure 1). Sites a and b were within the P. australis 
community and the column density of P. australis at site 
b (242 m−2) was higher than site a (58 m−2). Averaged 
population height at sites a and b were 0.94 m and 1.24 
m, respectively, and biomass (dry weight) of P. australis 
in sites a and b were 410 g·m−1 and 1096 g·m−1, respec-
tively. Site c located in the open site without vegetation 
beside site a (within 5 m), and the site c sediment in-
cluded senescent leaves, rhizomes and roots of P. aus-
tralis. Site d was located at the opposite side of the river 
and was in the middle of open site without senescent 
plant materials in the sediment. 

Redox potential (Eh) of the sediment was measured in 
situ with ORP meter (D-54, HORIBA). Platinum elec-
trode with plastic tube with 100 cm long and 0.5 cm di-
ameter equipped with Ag/AgCl reference electrode was 
inserted vertically to the sediment surface. Reference 
electrode was located in the ambient water pooled in a 
small cave just beside the Pt electrode. Measurements 
were made at 1 cm interval from the sediment surface to 
20 cm depth and then at 5 cm interval to 40 - 50 cm 
depth. Values of Eh were read after reading was stable, 
although the value was not the final equilibrium value.  

After the measurement of Eh, one core sample of 
sediment was taken just beside the Eh measurement site 

by using stainless steel cylinder of 50 cm length and 15 
cm diameter. The cylinder was vertically inserted to the 
sediment and then it was withdrawn. Core sample was 
squeezed out from the cylinder on to the plastic sheet. 
Immediately after sampling, core was separated at 3 cm 
segments and part of each segment was stored in 50 mL 
centrifuge tubes. 

2.3. Chemical Determination of Sediment  
Sample 

Electric conductivity (EC) and pH of pore water in sedi-
ments were measured in situ just after sampling of sedi-
ment core with a conductivity meter (Horiba, ES-51) and 
a pH meter (Horiba, D-54), respectively.  

In laboratory, pore water was separated from the 
sediments by centrifugalization (Kokusan H-30R; 2500 
rpm, 15 min). The pore water sample was filtered with a 
glass fiber filter (Whatman GF/C) to determine chemical 
composition in the pore water. Concentration of 3

4PO  
was determined by the molybdenum blue method. Total- 
N (TN) was determined by UV spectroscopic measure-
ment after acid digestion. Total-P (TP) was determined 
by the molybdenum blue method after alkaline digestion. 
Total organic carbon (TOC) was measured with a TOC 
analyzer (Shimadzu, TOC-V).  

Sediment samples after centrifugalization were air 
dried at 35˚C for 3 days in oven. Sample of each segment 
was soaked with Milli-Q water (0.5 g of air dried sedi-
ment with 100 ml of water) and removed salts. De-salted 
samples are air dried and then grounded by agate mortar 
and determined C, H, N and S contents by CHNS ana-
lyzer (Yanako; MT6). Extracted TOC in water used for 
salts removal and rinsing was measured and then added 
the carbon contents in powdered sediment measured by 
CHNS analyzer. 

2.4. Laboratory Incubation of Sediment 

We experimentally tested the mobilization process of 
phosphorus by using sediments with batch reactor by 
controlling oxygen supply. Sediments of surface (within 
10 cm from the surface) were collected from vegetated 
site (site b) on 28 November 2008 and 16 January 2009. 
River water at sediment surface was also collected at the 
same time of the sediment sampling. Two air tight glass 
bottles containing 1.0 L of river water at the sediment 
surface and 30 g of fresh sediment were settled for 8 h 
and then started bubbling by nitrogen as well as air at a 
flow rate of 2.0 L/min. Dissolved oxygen, redox potential 
and 3

4PO  concentration of water were determined from 
8 h before to 168 h after beginning of bubbling. Once 
measurement was made for the sample on 28 November 
2008, whereas duplicate measurements were made for 
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the sample on 16 January 2009. 

3. Results and Discussion 

Redox potential (Eh) of sediment (Figure 2(a)) de-
creased from the surface to the lower horizon at vege-
tated sites (sites a and b) and non vegetated site including 
plants debris (site c). Eh gradient from the surface to 6 
cm depth horizon at site c (−201 mV at 6 cm depth) is 
higher than that of sites a and b (42 mV and 74 mV at 6 
cm depth, respectively). Higher Eh at vegetated sites of 
top 6 cm horizon was due to the oxygen transport to the 
sediment by aerenchyma of Phragmites plants, whereas 
non vegetated sediment showed anoxic condition even at 
the top horizon. Column density of P. australis at site b 
was higher than site a, and then Eh at the surface horizon 
(within 6 cm from the surface) at site b was slightly 
higher than site a. 

Non vegetated site without plants debris (site d), 
showed lower Eh at the surface (72 mV) compared as Eh 
of the vegetated sites, however the Eh gradient in sedi-
ment was smaller than sites a, b and c. Eh at site d at 40 
cm depth layer was −4 mV, whereas Eh at 40 cm depth 
was −170 - −350 mV at sites a, b and c. Oxygen at the 
deeper part of sediment was consumed up by aerobic 
bacteria that would be abundant under the high amount 
of decomposable organic matter supplied by vegetation 
and plant debris. 

3
4PO  concentration of sediment pore water (Figure 

2(b)) at lower part of sediment (20 - 40 cm from the sur-
face) was higher than the surface layer, and the 3

4PO  
concentration at sites a and c (vegetated sites) was much 
higher than site d (non-vegetated site without plant de- 
bris). Higher  concentration at the lower sediment 
horizon corresponded to lower Eh of sediment. Eh of 
sediment showed significant negative correlation with 
pore water  (Table 1). Lukkari et al. [22] demon-
strated that  concentration in sediment pore water 
increases with decreasing Eh and increasing total-C in  

3
4PO 

3
4PO 

3
4PO 

sediment, although our data showed negative correlation 
between sediment-C and pore water  concentration. 
Phosphorus produces water-insoluble salts with Fe, Al or 
Ca under the aerobic condition and phosphorus is mobi-
lized under anaerobic condition. High concentration of 

3
4PO 

3
4PO  under the low Eh sediment was due to the mobili-

zation of phosphorus under the anoxic condition. Sedi-
ment lower than 20 cm layer at sites a and c consists of 
heavy clay, and then the mobilized inorganic phosphorus 
would accumulate because of the low permeability of 
water at the lower part of the sediment. Relatively low 

3
4PO  concentration at lower part of site b as well as rela-

tively higher Eh at the horizon was partly due to the ab-
sorption of 3

4PO  by P. australis and the oxygen supply 
by the roots of the plant.  

Non vegetated site without plant debris (site d) showed 
lower 3

4PO  concentration at the lower part of the sedi-
ment because of the low mobilization rate under the high 
Eh. Slightly mobilized phosphorus would be kept in the 
sediment without absorption by plants as well as low 
diffusion rate in the heavy clay layer. 

Elements concentrations in dry sediment are presented 
in Figure 3. Carbon concentration in sediment showed 
decreasing tendency from the surface to the lower hori-
zon at every site (Figure 3(a)). Carbon concentration at 
site d (non-vegetated site without plant debris) showed 
lowest value especially horizon lower than 20 cm. This 
implies that relatively small accumulation of organic 
carbon in site d.  

Hydrogen concentration in sediment showed minimum 
at 10 cm horizon at sites b and d, and at 17 cm horizon at 
sites a and c (Figure 3(b)). Higher concentration of hy- 
drogen corresponds to higher concentration of carbon 
implying carbon and hydrogen accumulated as decom- 
posable organic materials in the top layer within 10 cm 
from the surface. Relatively higher concentration of hy- 
drogen lower than 20 cm depth did not correspond to 
carbon, and then the hydrogen in the lower horizon was  

 
Table 1. Correlation between chemical parameters of sediment and pore water of sediment in the estuary of the Chi-
kugogawa River, western Japan. Spearmen’s coefficients and significance levels are shown. Significance level; ***: p < 0.001, 
**: p < 0.01, *: p < 0.05, NS: not significant.  

 
Pore water-   

(mg/L) 

3

4PO 
Sediment-C  

(mg/g) 
Sediment-H  

(mg/g) 
Sediment-N  

(mg/g) 
Sediment-S  

(mg/g) 
Pore water TOC

(mg-C/L) 

Redox potential (mV) −0.694*** 0.124NS −0.065NS 0.672*** −0.708*** 0.211NS 

Pore water-  (mg/L) 3

4PO 
 −0.293* 0.144NS −0.549*** 0.629*** 0.104NS 

Sediment-C (mg/g)   0.522*** 0.249NS 0.031NS −0.216NS 

Sediment-H (mg/g)    0.286* 0.109NS 0.260NS 

Sediment-N (mg/g)     −0.550*** 0.112NS 

Sediment-S (mg/g)      −0.091NS 
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(a)                                                 (b) 

Figure 2. Redox potential (Eh) and  concentration of pore water in the sediment at the estuary of the Chikugogawa 

River, western Japan. (a) Eh-Depth; (b) -Depth. 

3
4PO 

PO3
4

 

 

Figure 3. Carbon, hydrogen, nitrogen and sulfur contents in the sediment at the estuary of the Chikugogawa River, western 
Japan. (a) C-Depth; (b) H-Depth; (c) N-Depth; (d) S-Depth. 
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in the inorganic form.  

Nitrogen concentration in sediment decreased from the 
surface to the lower horizon except for site a, although 
the difference of concentration within 40 cm layer was 
small (0.1 - 0.2 w/w %; Figure 3(c)). Vertical profile of 
nitrogen concentration in site a showed maximum (0.9 
w/w %) at 4 - 10 cm layer from the surface and the N 
concentration in the surface was higher than the horizon 
lower than 15 cm. Nitrogen accumulate in the surface 
layer, however the accumulation was not clear as C or H. 
Beutel et al. [20] demonstrated by incubation experiment 
that  is mobilized under the anoxic condition, 
whereas 4 as well as 3NO

3
4PO 

NH  are released under the 
oxic condition. Thus phosphorus release from the sedi-
ment is limited under the condition of high concentration 
of inorganic nitrogen in water [19,21]. 

Sulfur was detected lower than 20 cm horizon at site c, 
lower than 25 cm horizon at site a and at 38 cm depth at 
site b (Figure 3(d)). Sulfur was not detected from the 
surface to the 38 cm layer at site d. Sulfur accumulation 
in sediment corresponds to anoxicity of sediment. Eh of 
the sediment at sites a and c showed lower than −200 mV 
at lower horizon than 25 cm depth. Eh at site d was ca. 0 
mV at 40 cm depth, and sulfur accumulation was not 
observed at site d. Sulfate reduction in the organic matter 
rich river sediment is reported by Watanabe and 
Tsunogai [23] or Barbanti et al. [14]. 

Correlations between carbon and hydrogen, as well as 
hydrogen and nitrogen in sediment were significantly 
positive, whereas correlation between nitrogen and sulfur 
was significantly negative (Table 1). Sediment nitrogen 
concentration showed significant positive correlation 
with Eh and negative correlation with pore water 3

4PO , 
whereas sediment sulfur showed significant negative 
correlation with Eh and positive correlation with 3

4PO  
(Table 1). Thus  accumulation in sediment pore 
water accompany with sulfur accumulation in sediment 
and with nitrogen depression in sediment. This observa-
tion corresponds with the findings by Baldwin and Wil-
liams [7]. Pore water TOC did not show significant cor-
relation with Eh, pore water , and elements (C, H, 
N, S) in sediment. 

3
4PO 

3
4PO 

3
4PO  accumulation in sediment pore water was ob-

served at Eh < −100 mV (Figure 4(a)). Nitrogen in sedi-
ment was also the determining factor of  accumu-
lation in sediment pore water, and  was observed 
only at nitrogen concentration in sediment <0.5 (w/w %; 
Figure 4(b)). Sulfur was not the direct determining fac-
tor of  accumulation in sediment pore water, how-
ever higher concentration of  in sediment pore wa-
ter mostly accompany with higher concentration of sulfur 
than 0.6 (w/w %; Figure 4(c)). Carbon in sediment was 
not the determining factor of PO  accumulation in 

sediment pore water, however  in sediment pore 
water tended to be lower with increasing carbon concen-
tration in sediment (Figure 4(d)). 

3
4PO 

3
4PO

3
4


3
4PO 

3
4PO 

3
4PO 

Laboratory incubation of estuary sediment showed 
3
4PO  release from the sediment proceeds only under the 

oxygen deficit condition accompanying with lower Eh 
than −250 mV (Figure 5(a)). Under the condition of air 
supply to the sediment containing medium, Eh of the 
medium decreased to −60 mV just after the incubation 
and Eh slightly increased to 0 mV.  concentration 
in medium was <0.5 mg·L−1. Under the condition of ni-
trogen supply to the sediment containing medium, Eh 
decreased after the beginning of incubation and Eh 
reached −450 mV after 170 h of incubation (Figure 5(b)). 

3
4PO 

3
4PO  concentration increased just after the beginning of 

incubation corresponding to Eh decrease and 3
4PO  con-

centration reached 1.7 mg·L−1. The same process was 
demonstrated by Wang et al. [24], and Christophoridis 
and Fytianes [25] showed that phosphorus release ap-
peared at Eh < 100 mV and the release proceeds much 
higher Eh in the eutrophic lake with high organic matter 
concentration. 

The proposed process of  release from the sedi-
ment of the estuary P. australis community is as follows. 
P. australis supply organic litter to the sediment and the 
sediment with vegetation (or supply of litter) becomes 
anoxic due to the oxygen consumption by aerobic micro-
organisms in sediment.  inflows from sea water be- 
cause of the inundation of sea water to the estuary com-
munity [26]. 

3
4
PO

2
4SO

2
4SO  is reduced in the anoxic horizon of 

sediment and then S2− is isolated. Phosphorus migrates in 
the river water from the agricultural filed (e.g. paddy 
field) in the basin and forms water insoluble salts e.g. 
Fe3(PO4)2 or AlPO4 and Fe2S3 or Al2S3. These salts are 
transferred by river flow and precipitate on the estuary 
sediment by decreasing water flow rate as well as in-
creasing salinity at the estuary. Lai and Lam [15] showed 
that more than 50% of the phosphorus among total sedi-
ment P is inorganic form and the dominant component of 
inorganic P is redox-sensitive P that combined with Fe. 
Surridge et al. [21] clarified that Fe combined P is the 
main source of 3

4PO  released from the reduced sedi-
ment. Sun et al. [27] also showed that loosely sorbed-P 
and Fe bounded P in the reduced sediment release 3

4PO , 
whereas Ca-P and Al-P are not reactive under the re-
duced condition. Jordan et al. [28] showed that the domi-
nant particulate inorganic P compound in sediment is P 
combined with iron oxide and the contents in sediment 
decreases with increasing salinity. Sulfide increases with 
increasing salinity and Fe reacts with sulfide by ex-
changing and releasing P from Fe-P. S2− reacts with wa-
terinsoluble phosphorus salts precipitated in the estuary 
sediment and 3

4PO  is released combined with precipita-     
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Figure 4. Correlation between (a)  concentration and Eh of pore water in the sediment; (b)  concentration of pore 

water and carbon contents in the sediment; (c) 

3
4PO  3

4PO 

3
4PO  concentration of pore water and nitrogen contents in the sediment; and 

(d)  concentration of pore water and sulfur contents in the sediment in the sediment at the estuary of the Chikugogawa 

River, western Japan. (a) -Eh; (b) -C; (c) 

3
4PO 

3
4PO  3

4PO  3
4PO -N; (d) 3

4PO -S.  

 

 
(a)                                                (b) 

Figure 5. Changes in Eh and concentration of 3
4PO  in the incubation medium under (a) air supplying and (b) nitrogen supply- 

ng condition by using sediment from the estuary of the Chikugogawa River, western Japan. (a) Air bubling; (b) N2 bubling. i 
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tion of water insoluble sulfur compound e.g. FeS. Bar-
banti et al. [14] demonstrated that Fe concentration in 
sediment pore water is higher in the surface sediment 
compared as lower part of sediment with high concentra-
tion of , implying the precipitation of Fe under the 
reduced sediment horizon by producing water-insoluble 
salts with sulfur. Thus  is mobilized and released 
under anoxic sediments and then  is partly ab-
sorbed by P. australis roots and by phytoplankton in the 
river water column. 

3
4PO 

3
4PO 

3
4PO 

In this study we found that P. australis in the estuary 
of river contributes actually the mobilization of 3

4PO  
and the consequent P supply to aquatic communities. 
Wetland community has also accumulating phosphorus 
in sediments [29], and then the wetland community can 
be the buffering zone of phosphorus dynamics that con-
nect terrestrial and aquatic systems. Many researched 
clarified that the soil chemical environment in the 
Phragmites community is significantly different from the 
soil chemical condition in other aquatic macrophytes e.g. 
Typha, Lythrum, Spartina, Distichlis or Juncus [30-32]. 
Role of Phragmites community in the estuary systems on 
nutrient dynamics should be investigated including spe-
cies difference as well as salt tolerance of the species. 
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