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ARTICLEINFO ABSTRACT

Eeywords: The high carbon (C) sequestration potentials of coastal wetlands play an important role in mitigating climate
Chongming Dongean change azzociated with the greenhouse effect. In the prezent srudy, soil samples were collected from the 0-30-cm
Salt marsh vegetation topsoil layers and from O to 100-cm cores for the analysiz of the spatial dynamics and vertieal distribution of
D‘*’“‘:ﬂ::‘:: organic carbon (0C) and biomass in different vegetation zones in a small tidal basin in Chongming Dongtan
Vegetation bi wetland. According to the results, zediments in the region were a mixture of terrestrial and marine sources amd

the proportions of terrestrial components decreazed with an increase in depth. In addition, soil properties were
quite zimilar in the top-soil layer. In the study area, the OC concentration was in the 0.7-10.93 g/kg range, which
wasz positively correlated with halophyte biomass and negatvely comrelated with soil salinity and particle size.
Furthermore, OC content decreased with an increaze in depth. The OC content in different halophyte commu-
nities waz in the order of Phrogmites qustralis community > Mixed community > sedge community, and wasz
conziztent with the gross biomass. The total C sequestered of 100-cm depth in the area was 31,177 ton, with the
FP. gustralic community, mived community, zedge community, and water sequestering 57.7, 49.2, 255 t/ha, and
8 t/ddal cycle, respectively. Tidal marzhes in Chongming Dongtan exhibited a high C sequestration capacity,
indicating that they play a major role in the C cycle in the Yangtze Estuary.

1. Introduction originates from autochthonous accumulation, allochthonous input, and

microbial mineralization (Mitsch and Gosselink, 2007). Such processes,

As the zlobe begins to transibion into a low-carbon (C) economy,
decreasing greenhouse gas emissions and mitigating the impacts of
climate change by focusing on the self-regulating funchons of ccosys-
teme have drawn much attention (HME0, 201 3). Among the ecosystems
that provide C sequestration services, wegetative coastal habitats,
including seagrass, tidal marshes and mangroves, which are known as
‘blue carbon’ ecosystems, are the most effective ones (Mcleod =t al |
2011). Tidal ealt marshes have the capacity to sequester high © amounts
per umit area. Globally, the C sequestration rate of salt marches 1=
approximately 4.8-87.3 Tg C/vr, indicating the remarkable capacity of
such C ginks (Duarts et al , 2005).
coactal zalt marshes, and they receive high amounts of water, and
organic matter (OM) and nutrients from rivers, oceans, and the atmo-
gphere (Hopkinson =t al, 2012). OC accumulation in ealt marsh soil

mn turn, could influence scil moisture content, microbial actvity, and
climate. Furthermore, such factors could interact and influence tidal salt
marehes and their role as C sources or smnks.

Az long-term growing C sink, coastal wetlands have high level of
primary productivity, biomass regeneration rate, and OM deposition
rate, in addibon to considerable tidal flat development and vegetation
succession, although they are distnbuted over a relatively small area
So1l OM In coastal wetlands originates mainly from halophytic plant
biomass (Valicla et al | 1976), and biomass decomposition influences
g01l C storage significantly (Elzey-Ouirk et al | 201 1 a). More than 50% of
their biomass iz often distributed in their roots and rhizomes in the soil,
making the coastal wetland soil an efficient C sink (Duartes =t al | 207 3;
Meleod et al, 2011). The composition of halophytic species commu-
mities determines the gquality of lLitters and roots, which, in turm, in-
flueneces the accumulation of OC (Sousa et al., 201 0). In addition, factors
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such as marsh age, soil drainage, and redox potential could affect
decomposition and production rates (Craft, 2007; Nyman et al., 1993).

Sedimentary dynamics also influence coastal wetland elevations
directly, and the elevations, in turn, influence environmental factors
such as flooding, soil conditions, and the degree of wind and wave ac-
tion. Such factors, therefore, directly or indirectly affect salt marsh
vegetation growth conditions, which further affect C sequestration ca-
pacity (Chmura et al., 2003). Considering the Yangtze River Estuary
coastal wetland as an example, the vertical deposition rate of sediments
in the tidal flat can reach 16 cm/yr (Zhou et al., 2007). With the
development of the tidal flat, the salt marsh vegetation (vegetation
coverage 50%) extends to the sea by 4.3 39 m/yr (Zhu et al., 2012).
During the development of the tidal flat and vegetation succession,
exogenous and endogenous OM continuously enter the sediment,
enhancing C and nitrogen (N) accumulation in the soil (Zhou et al.,
2007). Although most studies have focused on the surface soil layer
(6 30 cm), the characteristics of the surface soil may not estimate C
storage in deeper soil levels (Olson and Al-Kaisi, 2015). Considering the
complex interactions between root systems and soil OC, samples from
deeper soil layers could evaluate the role of salt marshes in the C cycle
better (Burd et al., 2016).

Identifying the source of OM in estuarine and coastal salt marsh
sediments is a prerequisite for identifying mechanisms of improving soil
C storage. The C/N ratio (C/N) is often used as an indicator of the
sources of OM. The C/N in marine OM is often 5. Conversely, terres-
trial plants have higher C/N, usually greater than 20 or higher (Meyers,
1994). OC sources, therefore, could be divided into terrestrial sources
(C/N  20) and marine sources. C/N has also been used extensively as an
indicator of recalcitrance. Microorganisms require a C/N value of
20 30:1 to achieve the maximum C degradation rate (Chapin, 2003;
Yang et al., 2009). The higher the C/N value, the greater the N demand,
and the harder it is to decompose.

Salt marshes are being degraded at alarming rates. Recent estimates
suggest that on a global scale, 25% of salt marshes have been lost since
the 1800s, with ongoing loss rates of 1 2% per year (McLeod et al.,
2011). Currently, the mechanisms by which environmental factors in-
fluence the global C cycle and the C sequestration capacities of estuarine
and coastal salt marsh ecosystems are poorly understood and require
further evaluation. Changes in environmental factors can have cumu-
lative and synergistic effects, which are more unpredictable, challenging
to control, and irreversible (Ruckelshaus et al., 2013). Therefore, it is
necessary to not only estimate the C reserves but also to understand how
vulnerable the blue C ecosystems are (Lewis et al., 2018).

In the present study, we measured soil properties and the concen-
trations of OC, and total N. We also collected biomass of different hal-
ophytes in the small tidal basin at Chongming Dongtan. Spatial
dynamics and vertical distribution characteristics of C stocks were
calculated with the aim of providing basic data that could facilitate
further studies on the C sequestration processes in coastal salt marsh
ecosystems.

2. Methods and material
2.1. Study site

Chongming Dongtan was formed by sediment deposition carried by
the Yangtze River with an average elevation of 4.2 m, which decreases
from land to sea. The reference datum of marsh surface elevation in
Chongming Dongtan is local Wusong datum in Shanghai, China, but the
datum of tidal frame is 0.27 m lower than that of surface elevation
(according to Sheshan tide gauging station, Shanghai, China). Tidal
creeks that originate from the long low-lying areas along the shore are
typical geomorphological features of Chongming Dongtan. Chongming
Dongtan marshes are located at the eastern end of Chongming Island
(31 25’ 31 38N, 121 50’ 122 05 E).

The region has an irregular semidiurnal tide and the annual
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maximum and average tidal ranges are 4.89 m and 2.7 m, respectively.
The region has a humid subtropical monsoon climate and the annual
average temperature is 15.3 C. The average annual rainfall is
900 1500 mm in the region, mainly concentrated in April September.

The south border of Chongming Dongtan wetlands is close to the
south branch of the Yangtze River, by which most of the runoff flows to
the sea. The salinity of the adjacent water is in the 0.14 0.75%. range
and the salinity of the soil is 2.07 (Jiang, 2015).

Currently, the entire Chongming Dongtan wetland is in a state of
high accretion, with the average vertical deposition rate at 10 20 cm/yr
and the progradation rate at 60 m/yr (Yang et al., 2008). The soil matrix
in the region is mostly loam or sandy loam with a high degree of
maturation. Generally speaking, the sea-to-land hydrodynamic forces
keep decreasing, and accordingly, marine sediment particle sizes keep
decreasing along the sea-to-land gradient. The climax vegetation in the
region is a north subtropical broad-leaved deciduous-evergreen mixed
forest. With the growth of marshes, the flat surface was continuously
elevated, and the vegetation exhibited a positive succession, generally in
the order of bare flat Scirpus triqueter, Scirpus mariqueter, and Carex
scabrifolia Phragmites australis (Li and Yang, 2009).

2.2. Sample collection and chemical analysis

In October 2013, column samples were collected from a P. australis
community, a sedge community, and mixed community in Chongming
Dongtan. In each of the three sampling sites above, three 1-m? sampling
quadrats (100 cm 100 cm) were selected randomly, and the distances
between the sampling quadrates were not less than 10 m. Aboveground
parts of the plants in the sampling quadrates (without dead stand) were
collected and transported to the laboratory.

Soil cores were also collected using PVC pipes (inner diameter: 14
cm; length: 100 cm) from each sampling quadrates. In total, nine soil
column samples were collected with three replicates at each of the plots
in the three sites (Fig. 1). Due to the strenuous nature of the soil sam-
pling activity in the tidal flat, only three typical vegetational zones
(P. australis community, mixed community and sedge community) were
selected for the collection of 100-cm soil core samples in the present
study. Each core was divided into 20 5-cm-wide portions for use in the
measurement of soil properties. The sub-samples were put into zip-lock
bags and immediately transported to the laboratory for the analysis of
total organic carbon (TOC), total nitrogen (TN), soil salinity, and other
parameters.

The aboveground plant parts were placed in envelopes with openings
and transported to the laboratory as soon as possible for subsequent
analyses.

To determine belowground biomass, soil samples were air-dried in a
cool place, and large rhizomes removed after gently hitting the soil
samples and breaking them into pieces using a wooden hammer. The
plant roots collected were washed with distilled water and dried to a
constant weight at 65 C, and then weighed.

To determine aboveground biomass, the aboveground plant parts
were washed with distilled water, enveloped, dried at 105 C for 15 min,
and then further dried at 65 C to a constant weight, and then weighed
(Jiang, 2015).

To determine TOC and TN concentrations, the soil and plant samples
were air-dried in a shaded area. Samples were ground and passed
through a 0.150-mm sieve. The sifted samples were acidified with 10%
HCI to remove inorganic C, rinsed with Milli-Q water to neutral, and
then oven dried again to a constant weight at 40 C. The TOC and TN
contents were determined using a Vario elemental analyzer (Elementar,
Germany). The duplicates of each sample were analyzed, and the av-
erages of the three measurements were used in the results. The analyt-
ical precision was estimated to be 2% and 8% for TOC and TN,
respectively.

Soil bulk density and moisture contents were determined from fresh
soil samples, generally 100 cm®, obtained using a ring knife. The
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samples were weighed in-situ, transported to the laboratory and dried to
a constant weight at 105 C. They were then weighed and the soil bulk
density and moisture content calculated.

Soil particle sizes in soil samples were measured using an 1s-100q
Laser Particle Size Meter (Coulter company, US). The classification of
sand, silt, and clay was based on the sediment classification standard of
the American Geophysical Union (AGU) (Lane, 1947).

Soil salinity and pH: Air-dried soil sample (50 g) were dissolved in
Milli-Q water with a soil-water ratio of 1:5, after passing through a 0.15-
mm sieve, and used form soil salinity and pH measurements. The mixed
samples were shaken and filtered to obtain soil extract. Soil conductivity
was determined using a conductometer (DDS-11A, Rex Instruments.
Shanghai, China) and used to calculate soil salinity. The pH value was
measured using a pH meter (pHs-25B, Shanghai DaPu Instrument Co.
Ltd. Shanghai, China).

The Kriging spatial analysis tool in ArcGIS 10.2 (Esri, Redlands,
California, USA) was used for the interpolation of elevation, soil OC
content, total salt content, bulk density, water content, median particle
size, and pH value, and to calculate the tidal prism. Interpolations fitting
a spherical semi-variogram model in the study were prepared using the
ordinary Kriging method with default parameters in ArcGIS, based on
the following assumptions: 1) the distance or direction between sample
points reflects a spatial correlation that can be used to explain variation
in the surface; and 2) the mean of spatial heterogeneity is constant and
unknown.

The vegetation cover data were obtained from the RapidEye satellite
imagery of Chongming Dongtan in May 2013 with ENVI 5.0 (Exelis Inc.
Boulder, CO, USA).

2.3. Statistical analysis

To compare the degrees of variation among different indices, the
coefficient of variation (CV) for each index was calculated.

@

SD is standard deviation.
Dry bulk density (DBD) (g/cm3)was determined from the mass of a
fully dried sample and its original volume.

(2)

M is the mass of dry soil (g) and V is the original volume sampled
(cm3).

Soil C density (SCD) (g/cm?) was calculated as a function of dry bulk
density (DBD) and Cs,. (Batjes, 1996):

3)

Csoc is the OC content of soil (g/kg); H is the soil thickness; g is the
percentage volume of gravel greater than 2 mm. With low amounts of
gravel in Chongming Dongtan wetland, 1-g can be approximately 1.

The C storage of soil (Cs) is the result of the sampling acreage (S;)
(m?) multiplied by the soil C density (SCD) (Kumar et al., 2013):

4

The C storage of wetland vegetation is the C stored in its existing
biomass, calculated based on plant biomass.

(%)

Ci (kg) is the total C stored in the i th-type of wetland vegetation;
every 1 g organic dry matter formed by vegetation during photosyn-
thesis needs to assimilate 1.62 g CO and fix 0.44 g carbon, that is, the p
(C conversion factor) is 0.44; Ai (m?) is the area of the i th-type wetland
vegetation; Qi (kg/m?) is the biomass of the i th-type wetland vegetation
(Zhang et al., 2012).

Organic C sources are divided into terrestrial sources (C/N  20) and
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marine sources (C/N  5) (Meyers, 1994). Assuming the C/N of marine
OM and terrestrial OM are 5 and 20, respectively (based on zeroth
approximation), the above parameters have the following relationships
(Jia et al., 2002):

(6)

)
(®

C,, is marine authigenic OM, C, is terrestrial OM. Without consid-
ering the influence of other factors, the above formula (6) and (7), are
used to calculate the content of marine and terrestrial OC in sediment
samples; Q¢ y represents the ratio of terrestrial OM estimated using the
C/N method.

3. Results and discussion
3.1. Spatial variation of sediment properties in the surface layer

3.1.1. Organic carbon

Limited by field accessibility, a total of 101 points were set to sample
surface soil (top 30 cm) using Fishnet tool in ArcGIS, which distributed
evenly in the whole area of Chongming Dongtan (Jiang, 2015). Based on
laboratory analysis for the soil sample data, spatial extrapolation was
conducted for soil OC, median particle size, salinity, pH, and bulk
density from all sampling points using Ordinary Kriging in ArcGIS, and
generated continuous surface of soil properties from discrete points at
resolution of 15 m. We clipped the above images with the boundary of
this tidal basin that was extracted from DEM, and formed Fig. 2. A total
of 5 points are distributed in this area, three of which are profile sam-
pling points showed in Fig. 1.

The range of OC content was 2.32 6.29 g/kg, and the OC content
decreased gradually seaward. Generally, the supratidal zone experi-
enced a longer succession than the subtidal and intertidal zones and the
vegetation changed gradually from pioneer species to more advanced
macrophytes. With vegetation succession, the main C pool would change
from the belowground of S. mariqueter to the P. australis in favor of the
sequestration of OC and storage. Liu (2013) measured the belowground
C storage of S. mariqueter, which was 4 24-fold the aboveground C
storage. Compared with sedges, large macrophytes can convert more
OM into biomass, and transfer more C into the soil, so that the C sink is
also enhanced (Yang et al., 2013). The extensive tidal creeks result in
frequent tidal disturbance, which flush away C from the vegetation zone.
Therefore lower OC concentrations than in Jiang (2015) (7.29 g/kg)
were observed.

3.1.2. Median particle size

The median particle sizes of the surface sediments were in the
7.16 45.50 m range (Fig. 2b). According to the sediment classification
standards of AGU, the sediments in the sampling area were mainly silt
(Table 1). In our study, the median particle size was positively correlated
with soil bulk density (R?> 0.613,p 0.01) and negatively correlated
with total soil salinity (R? 0.586, p  0.01), but not statistically
correlated with soil OC. Marsh soils contain greater proportions of fine-
grained sediment and higher OM concentrations at lower elevations
than those at higher elevations. The findings were consistent with the
results of Yang et al. (2008) based on studies conducted in the Yangtze
River Estuary, where particle size tended to grow finer from the bare flat
zone to higher elevations, which can be explained by the selective
transport of flow and adherence of sediments onto plants.

After further subdivision into different groups, the sediment particle
sizes significantly influenced OC content (p  0.048), based on variance
analysis. According to the correlation analysis, in addition to the coarse
silt, other particle sizes of silt were negatively correlated with OC (p
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0.05, B® = 0.390). The size of a particle influences the OC adsorption
capacity. Earlier studies have chowed that when particle size i < 37 pm,
sediments exhibit high adsorption capacity, in addition to large specific
surface area (Jiaoc et al., 2010).

The coefficient of variation of median particle size was 36.11%. It iz
generally considered that a coefficient of variation ranging between 10

and 100 indicates medium varation. Hydrodvnamic intensity was a key
factor influencing the distribution of soil particle =ize, as south
Chongming Dongtan was densely covered with tidal ereeks and was
under the influenee of tides, which can carry large sediment particles.
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Table 1
Sediment classification standard (AGU) (Lane, 1947).

Particle size ( m) Sediment types

Fine clay and medium clay

02

24 Coarse clay
48 Very fine silt
8 16 Fine silt

16 31 Silt

31 63 Coarse silt

3.1.3. Total soil salinity

The range of total soil salinity in the tidal basin was 1.22 1.71, and
decreased slightly with a decrease in elevation (Fig. 2c). In the present
study, the total soil salinity was relatively low, because the sampling
area was located in the south of Chongming Dongtan, which was under
considerable influence of the Yangtze River, with more tributaries than
in the north (Zhang et al., 2011). The salinity of the low elevation area
did not increase as anticipated due to the influence of tidal action
because there were numerous tidal creeks in the area with gentle slopes,
resulting in slight changes in soil moisture. The total soil salinity basi-
cally determined the distribution of vegetation, and made it suitable for
the growth of native plants such as sedges and P. australis due to the low
salinity in the southern section. In the present study, there was a sig-
nificant negative correlation between soil salinity and soil OC concen-
tration in mathematical statistics (R? 0.447,p 0.013). However,

Soil organic carbon content (g/kg)
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the data illustrated in Fig. 2c are consistent with the findings of Hu et al.
(2014), who demonstrated that the higher the soil salinity, the higher
the OC content would be. Xue (2017) showed that the positive corre-
lation was limited within a specified salinity range. Wieski et al. (2010)
revealed that the threshold value could be 15, which is much higher than
the salinity in our study area.

3.1.4. Soil pH

Soil pH could influence the microorganisms in C fixation and accu-
mulation (Funakawa et al., 2014). As illustrated in Fig. 2d, pH ranged
8.05 8.10, and decreased slightly with a decrease in elevation in the

present study.

3.1.5. Soil bulk density

The variation range of soil bulk density is 1.29 1.36 g/cm? (Fig. 2e)
in our small study area, which was significantly negatively correlated
with OC content (p  0.01, R  0.439), and increased gradually
seaward. Soil bulk density may influence permeability and mineraliza-
tion rate substantially, and, in turn, affect soil OC accumulation rate.
With an increase in elevation, the root system of halophytes became
more developed and decreased soil bulk density.

Belowground biomass (g/m’)

W24 6 8 0 0 3 @ %0 10 1%
/' \
. =
25| /,.4)” - =
>- - 2
= J =z g8
A £ 5 s 1 . ]
< R _’>.~ g
= h =
3 >l - =
2 75] ,/" _; 5
o, ]
x
100, * £
[1] [2]
0 2 4 6 8 10 12 0 50 100 150 200 250 300
I
-
./
25 T J N
o = s
B E 50l : J —a— 2
-~ ./. 7.—1 E\
a 75 e 13 >
L] 4
0 13
1] 2]
0 1 2 30 20 40 60 80 100 120 140
25- »-%/H 7_>‘— g
: — 4 ; "@
- f 8
=50 .y 1 g
B — i g
2 I -
27 \ ?
100 s
1] 2]

Fig. 3. Vertical distribution of organic carbon and underground biomass of: A, mixed communities; B, P.australis; C, Sedge community.
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3.2. Vertical distribution of sediment organic carbon content and biomass
in different halophytes communities

3.2.1. Vertical distribution of sediment organic carbon content

Dead plant residues and root exudates are deposited and buried in
the soil, and they are the major sources of OC input in salt marsh eco-
systems (Burd et al., 2016). Fig. 3 demonstrates the vertical distribution
of sediment OC in different vegetation zones under current vegetation
cover. As shown in Fig. 3A [1], sediment OC content in the mixed
community changed within the 0.7 8.66 g/kg range, and the average
was 3.54 g/kg. Sediment OC content in the P. australis communities was
in the 1.59 10.93 g/kg range, with an average of 3.66 g/kg, which was
slightly higher than the average in the mixed vegetation zone (Fig. 3B
[1]). Sediment OC content in the sedge community was in the 0.99 2.43
g/kg range, with an average of 1.99 g/kg, which was significantly lower
than the average in the other communities (p  0.05) (Fig. 3C [1]).

The sediment OC concentrations in the P. australis and mixed com-
munity generally decreased with an increase in depth, with the peak OC
concentrations distributed in the surface sediment. In the mixed com-
munity, the OC content decreased significantly in the 0 30-cm layer and
rebounded in the 60 65-cm layer. In the P. australis community, OC
content decreased significantly in the 0 45-cm layer, and tended to be
constant in the 45 100 cm layer. The area dominated by the sedge
community exhibited irregular changes with depth; however, the fluc-
tuation was not obvious when compared with the fluctuations observed
in the other two communities.
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3.2.2. Vertical distribution of belowground biomass

Sediment C content is the greatest in areas with dense halophyte
roots (Fiala, 1976), indicating OC is positively correlated with below-
ground biomass. Root systems of the sedge community were concen-
trated in the 10 20-cm layer, and P. australis communities were tall and
had developed underground creeping rhizomes, which could reach
30 40-cm depths. Shi et al. (2007) also reported that the soil OC con-
centrations in the Sanjiang plain, which was mainly concentrated in the
dense root layer. The results of the present study showed that soil OC
content and belowground biomass in the 5 60-cm depth with dense
plant roots were both high.

3.3. Vertical variation of sediment C/N in different halophyte
communities

As the third longest river globally, the Yangtze River imports a high
amount of terrestrial substances into the East China Sea annually, and
the influence of the OM in Yangtze Estuarine sediments on the biogeo-
chemical characteristics cannot be ignored.

C/N in the sediments in the present study ranged from 3.1 to 12.6, as
shown in Fig. 4, indicating that a large proportion of the sediment was
marine. With an increase in soil depth, sediment C/N increased in the
subsurface and then decreased slightly in the P. australis and mixed
community. With an increase in sediment accumulation over time, plant
roots and litter could have been buried in the shallow layer and broken
down gradually. However, tides affect the upper sediment layer
considerably. In addition, algae and plankton introduced by tides can be
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absorbed easily by the upper sediments; therefore, the proportions of
terrestrial materials in the upper sediment would be relatively low. In
mixed communities, C/N in the sediments varied from 4.5 to 12.6, with
an average of 8.4 (Fig. 4A [1]). In the P. australis community, C/N
ranged between 5.9 and 12.5, with an average of 7.7 (Fig. 4B [1]), while
in the sedge community, C/N varied between 3.1 and 10.9, with an
average of 6.8 (Fig. 4C [1]), potentially because the sedge community
was located further offshore and got high OM input from algae in the
water. According to Xue et al. (2011), the C/N is closely linked to the
geographical locations of the sampling sites.

Fig. 4 illustrates the proportion of terrestrial OC (Qc,/n) in the total
OC in the sediment samples at different depths. Based on Fig. 4A [2], in
the mixed community, the average Qc,n in the column is 35.9%, and the
proportion of marine OC is 64.1%, indicating higher proportions in
marine spontaneous sources. The Q¢/n exhibited a downward zigzag
trend, and the maximum value was observed at 15 20 cm. In the
P. australis community, the average Qc,n was 29.8% in the entire col-
umn, which was slightly lower than the Q¢/n in the mixed community.
The maximum value was observed in the 5 10-cm layer, and the trend
was similar to the trend observed in the mixed community (Fig. 4B [2]).
The vertical distributions of Q¢/n and C/N were consistent. The Q¢ n in
the sedge community changed more obviously than the Q¢/y in the other
two communities, with no obvious trends (Fig. 4C [2]). The maximum
Qc/n was 62.2%, which was significantly lower than the values in the
other zones (p  0.05), and was observed in the surface layer, which was
also different from the cases in the other two communities. Qc¢/n
decreased and then increased to 45.2 56.6% at 45 70 c¢cm, and dimin-
ished below 90 cm, where terrestrial OM barely exists.

Notably, the C/N and Qc¢/n trends in the sedge community were
significantly different from the trends in the other two communities. The
proportion of marine source OM was higher than the proportions in the
other communities. Furthermore, washover sand bodies may bury hal-
ophytes after a typhoon. In the summer and autumn of 2012 and 2013,
typhoons (1211 Haikui, 1216 Sanba, and 1323 Fitow) repeatedly
affected the Yangtze estuary. As we excavated the covered sediment,
residual stems of marsh plants (mainly S. mariqueter) were exposed, and
Yang et al. (2019) measured the maximum deposition in the Yangtze
Delta in the center of washover sand bodies, which reached 31 cm in the
post-storm period, explaining significant increases in C/N and Q¢/n
increased at 30 cm.

C/N is used extensively as an indicator of decomposition capacity in
plant tissues. The order of halophyte C/N has been reported to be
P. australis S. mariqueter (Xue, 2017), which corresponds to the
decomposition rates of their litter. The higher the C/N value, the greater
the N demand, and the harder it is to decompose. Compared with
recalcitrant C, labile C is exploited more easily by soil microorganisms
and can combine with minerals in the soil more easily, in addition to
exhibiting relatively high stability and low sensitivity to changes in
environmental factors (Cotrufo et al., 2013; Mioko and Nishanth, 2014).
Therefore, recalcitrant C may have relatively low stability and could be
highly sensitive to changes in environmental factors. In other words,
P. australis litter could be more susceptible to environmental changes
following incorporation into the soil, which may impair associated
long-term soil organic C sequestration.

3.4. Carbon storage of the sampling tidal basin

3.4.1. Organic carbon density

C density in the sediment was significantly higher than the density in
the halophytes (Table 2). Due to the limited growth period of plants, and
compared with the long-term and stable accumulation of OC in the soil,
the vegetation only acted as a temporary pool for OC storage (Minden
and Kleyer, 2011). As a key environmental factor, temperature in-
fluences soil microbial activity, soil respiration, and carbon dioxide
emission during decomposition of stored OC (Kirwan et al., 2014). Since
sampling was conducted in autumn in the present study, the soil
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Table 2
Organic carbon density at 100-cm depth of ‘halophyte-soil system .
Halophyte Aboveground Sediment Belowground Total (g/
Community (g/m?) (g/m?) (g/m?) m?)
P. australis 663.3 4489.7 614.7 5767.7%
community
Sedge 17.1 2445.8 90.5 2553.5°
communities
Mixed 201.1 4335.4 388.2 4924.7%
community

Note. Different lowercase letters indicate significant differences among treat-
ments of the same group according to the Tukey test (p  0.05).

mineralization rate declined with a decrease in temperature and an in-
crease carbon accumulation.

The concentrations of aboveground and belowground OC varied in
different vegetation zones (Table 2). The aboveground OC of P. australis
was almost equivalent to the belowground OC, while the aboveground
OC density in the other two communities were significantly lower than
the belowground concentrations. Neves et al. (2007) found that N,
phosphorus, and other elements in plants accumulate upwards or
transport downwards seasonally. In addition, Feng et al. (2015)
observed similar migration trends for OC. After October, the above-
ground OC shifted to the underground sections and accumulated. In
autumn, when the ambient temperature decreases, the soil respiration
rate decreases, which is more conducive for the accumulation of C and N
(Pietikainen et al., 2005). Soil C in the sedge community, which is most
affected by tidal action, mainly originates from sediment with the OM
attached to the particles (Shi et al., 2003).

C storage in halophytes is considerable and should not be ignored in
climate change mitigation efforts. Our study showed that differences in
halophyte biomass community are the major factors influencing C
density. The C densities in the P. australis and mixed community were
significantly higher than the density in the sedge community (Table 2).

The quantities, compositions, and properties of plant are key factors
influencing soil OM formation and humification in wetland ecosystems
(Kogel-Knabner, 2002). Sedge communities are considered to contain no
lignin or refractory compounds (Li et al., 2014). They are mainly
composed of cellulose, which decomposed slowly under aerobic envi-
ronments (Xue, 2017). In a P. australis community, lignin was resistant
to microbial decomposition and was decomposed completely by
white-rot fungi only under aerobic environments (Lorenz et al., 2007).
In addition, in P. australis communities, soil dehydrogenase catalyzes the
dehydrogenation of organic substances in soil and participates in the
degradation of lignin, in combination with peroxidase and phenol oxi-
dase, with impacts on the C pool (Kuppusamy et al., 2017; Liu et al.,
2013). The decomposition and transformation of low-quality organic
matter such as lignin and cellulose, which were repeatedly washed and
submerged by tide, were potentially inhibited further in the salt
marshes, and their OC accumulation and preservation activities were
enhanced. With an increase in soil depth, influence from external factors
decreases and C storage is influenced mainly by halophyte root growth
and microbial activity (Davidson and Janssens, 2006). A large propor-
tion of aboveground and underground biomass would be transferred to
the soil, and, in turn, lead to increased soil C accumulation (Sistla et al.,
2013).

3.4.2 carbon storage

The OC storage in the sedge community was the largest, followed by
in the mixed community, while soil C storage in P. australis was the
lowest, largely because the area under the P. australis community was
the smallest (Table 3, Fig. 5). In general, endogenous input and
“exogenous capture and their combined action in halophytes promoted
the vertical silting and expansion of the salt marsh, which is very
important for the carbon sink function of salt marsh ecosystems (Davy
et al., 2011).
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Table 3

Area and carbon storage under different wegetation communities.
Cover type Area(m”)  Proportion C (kg Proportion

(%) [
P. australiz 369,950 4563 2,133,761 6.54
Cnmnity
Sedge communities 3,593,325 44.94 9,175,555  20.43
Mixed commumity 4,032,700 50.43 19,859,919  &63.70
Water BO0g 0.03
Tozml 7,995,975 31,177,244
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The spatial distnbution of C storage in Chongming Dongtan was
significantly heterogenecous. In our study area, the P. gustraliz and mixed
commumnity were mainly distributed in the mad-high flat, and the sedze
communities were mainly distributed in the mid-low flat (Fiz. 5). Sadge
communities can capture more carbonaceous sediment directly,
including dizsolved or particulate OM carmied into marshes by surface
runoff, groundwater inflow, and ocean tides (Baver =t al | 201 3).

The contribution rate of sediment OC storage of vepetation in a sedge
region was less than of the contribution of the exogenous sediment iInput
(Wu et al, 2015), which demonstrated that the deposition of exogenous
particulate matter and buried OC were the major sources of the C pool
In addition, local vegetation C fixation and input have important con-
tributions to the C storage in sediment. Particularly in the sediment C
cycle, the OC input of local vegetation represents the mam proportion of
degraded organic C, so that the C storage capacity can be maintained
and preserved (Fristensen et al | 2008). C input in a sedge community is
relatively lower than the C input in a P. qustraliz community; in addition,
zoll microbial respiration in a sedge community 1= significantly hagher
than that in a P. australiz commumity (Tang =t al, 2011), leading to a
significantly lower C density than that in the other commumities
(Table 2). In addition, tidal action greatly affecte the marches, and sodl
surface OC can be brought into the sea, with the tide decreasing reten-
tion capacity (Chen et al | 2007).

Plants and soil are two major carbon pools in salt marsh ecosystems
(McLeod et al, 2011), and also the tidal water. Based on our field
sampling and analyees, the average dizsolved organic C and particulate
organic C concentrations in the tidal basin were 3.55 mg/L and 5.48
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mg/L, rezspectively. During a tidal process, the amount of C that the
study tidal basin can hold was approximately 8.0 t (Yuan <t al, un-
publiched). The result confirmed the conclusion that the sedimentary C
sink iz a major component of the ocean C sinks, and that it can be a
long-term (millennial imeseale) or even permanent C sink (Zhang et al |
2017).

Global climate change and strong influence from human activibies
will inerease the frequency and intensity of storm surges, sea level rise,
and saltwater intrusion, resulting In a rise in BASE water levels under
tidal action and alterations to vegetation habitats (Cazenave and Le
Cozannet, 2014). According to Musller t al. (2016), under projected
higher sea-level rise, a decline in soil OM decomposition rate would
compensate for a decline in halophyte biomass accumulation rate. In
addition, according to Foner «t al. (2016), in low salt marsh areas, the
degradation of OM iz slow under anaerobic conditions, and most of the
recaleitrant OM can be preserved to compensate for the lower primary
productivity of halophytes.

3.5. Discussion

The biomass of halophytic plant commumities at Chongming Diong-
tan wetland exhibited varying characteristics. On the regional scale, the
aboveground biomass of the sedge community in the current study (43
g.fmz}wassigniﬁnanﬂyluwcrthmﬂubiummr:pmt:dprcﬁnuslyiu
the north of the Chongming Dongtan Wetland (67 + 36.7—650 + 360 g/
m?) (Zhang, 2016), which suggested the grazing affected vegetation
productivity. Notably, belowground biomass in the sedge community
was 426.05 g.fmz, which was comparable to figures reported in the
adjacent coastal regions (63.4 + 19.4 g/m”-500 + 180 g/m?) (Zhang,
2016). In addition, such differences were closely correlated wath sedi-
mentation environment, hydrodynamics, grain eize, vegetation pro-
duction, and so on.

Compared with previous data from eight wetland sites distributed
a.cruasEumpcl::!-ﬂB—fllﬁﬁgjmz}ll:E:ix etal, 2001 ) and north Chongming
Dongtan (905 + 94.7-1720 + 180 g/m”) (Zhang, 2016), the above-
ground biomass of P. qustraliz was 1520 g/m°, which was within the
ranges reported. P gustraliz belowsround biomase reported at Hangzhou
Bay (less than 1000 g/m?) (Shao =t al., 2013) was significantly lower
than our result (2659 g.r’imz}l. Shao =t al (20]3) demonstrated the pro-
ductivity of a eimilar plant in different regions could vary eignificantly,
which may be related to the different physiclogy and community
compoesibion, in addibon to different labtudes and wetland =01l enwi-
ronments. Meanwhile, our samples were collected from different loca-
tions and belowground biomass under the same vegetation type was
estimated based on average data, which could aleo introduce some bias
in the eshimates.

The C stocks of P. qustraliz in our study were comparable to those
reported at Minjiang River Estuary, shightly less than those reported at
Jinduan sheoal, and significantly lower than those reported at Yellow
River Delta and Baityangdian Wetland, which iz directly related to zoil
galinity and eanopy density (Table )

5. marigueter grows mainly in low tidal flate and haz a poor trophac
basiz. The current C storage in the sedze community is sigmificantly
lower than the C storage levels at Jiuduan shoal (Table 4). In addibon to
the tide and other hydrodynamic effects, the study area was affected
considerably by anthropogenic activities and disturbance such as land
reclamation and grazing, which hmited the C fixation capacity of the
sedge commumity.

The C stocks of the mixed commumity were in between the two
mentioned abowve. Therefore, the protection of P. qustraliz plant com-
munities would facilitate the accumulation of more total OC per unit
area when compare with the protection of 5. marigueter.

The total C storage was much lower than the storage in other parts of
the globe (Table 4). The reasons could be due to the measurement
methods adopted, vegetabion composition, geographical age, and zam-
pling time.
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Table 4
Comparison of carbon stocks in the Yangtze Estuarine salt marsh, adjacent coastal areas, and other coastal regions globally.
Study Site Vegetation Core Plant C stocks Total C stocks Reference
depth (g/m®) (g/m®)
(cm)
Southeast Chongming Dongtan P. australis 100 1278 5767.7 This study
Wetland Sedge community 107.6 2553.5
Mixed community 589.3 4924.7
Global Subtropical tidal marsh 59,300 Alongi (2014)
Chongming Dongtan Wetland P. australis 4020 1210 Mei and Zhang
S. mariqueter 510 150 (2007)
Jiuduansha Shoal, the Yangtze P.australis 30 1757 2443 3212 Liu (2013)
Estuary S. mariqueter 155.6 441.6 636
The Yellow River Delta P. australis 1950 2720 Zhang et al. (2012)
Baiyangdian Wetland P. australis 2520 3440 Li et al. (2009)
Minjiang River Estuary P. australis 60 744 1497 9337 Huang (2008)
Little Assawoman Bay Marshes Juncus roemerianus 30 3047 11,984 Elsey-Quirk et al.
Spartina alterniflora 4944 15,635 (2011b)
Spartina patens 5619 16,645
Vasa Sacos Salt Marshes Spartina maritima, Halimione portulacoides and Arthrocnemum 40 837 1761 5971 7482 Cartaxana and
perenne Catarino (1997)
Tampa Bay Marshes Spartina alterniflora, Juncus roemerianus and Sporobolus 50 6640 2500 Radabaugh et al.
virginicus, Sesuvium portulacastrum, and Fimbristylis castanea (2018)
(small contributor)
East coast of Florida Marshes Spartina alterniflora, Distichlis spicata, Salicornia bigelovii, and 50 12,300 503 Simpson et al.
other halophytes (2017)
Coastal Wetlands, in the Yucatan Typha domingensis, Cladium jamaicense, Eleocharis cellulosa, and 100 17,700 7300 Adame et al. (2013)
Peninsula, Mexico Eleocharis interstincta
Near-shore and coastal ecosystems Arthrocnemum macrostachyum dominated 200 3140 20,500 Schile et al. (2017)

within the United Arab Emirates

Most of the C fixed in belowground C pools originates from in-situ
plant production (Valiela et al., 1976). Spartina alterniflora, Spartina
patens, and other poaceae plants have highly similar niches and
morphological characteristics (Chen et al., 2004), with much higher
biomass and carbon sequestration capacity than S. mariqueter, resulting
in the higher C stocks.

The surface C density (3541.46 g/m?) observed was equivalent to
that of Liu (2013) in Jiuduan shoal, but much lower than that of Else-
y-Quirk et al. (2011b). Elsey-Quirk et al. (2011b) considered that small
roots and large organic debris are important contributors to soil C pools,
and, therefore, calculated their C stocks separately. However, here, we
did not consider fine roots, which can be one of the reasons for the lower
C pools than those observed in Elsey-Quirk et al. (2011b).

Our study area was conducted in a relatively young marsh. Young
marshes require several decades to increase organic C stock levels to the
levels in relatively older marshes (Lunstrum and Chen, 2014).

4. Conclusions

Land-ocean interactions, such as strong tidal dynamics, frequent
sediment transport, and material exchange, which may significantly
impact C stocks in the salt marshes, affect the tidal flats along the
Yangtze River Estuary. Because of the strong tidal dynamics, sediment
particle sizes tend to decrease from the bare flat to the high elevation
through interaction of flow and vegetation.

The Yangtze River Estuary is still experiencing high rates of sediment
deposition. The C/N of OM in the sediments, which originate from the
high deposition, range from 3.1 to 12.6, indicating the sediment OM has
a predominant marine source, with minor contributions from marsh
vegetation within the three vegetation zones.

The contribution of vegetation to the sediment OC concentration
seemed to vary, with 1.59 10.93 g/kg in the P. australis community,
0.7 8.66 g/kg in the mixed community, and 0.99 2.43 g/kg in sedge
community. In addition, all contributions decreased with an increase in
depth in the vertical direction. However, in the horizontal direction, soil
OC decreased with a decrease in elevation.

Soil OM in coastal wetlands is mainly derived from halophytic plant
biomass (Valiela et al., 1976). Therefore, the gross biomass and C

density in the P. australis (57.7 t/ha) community was significantly higher
than that in the sedge (25.5 t/ha) and mixed community (49.2 t/ha). The
total C stock in the tidal basin was 31, 177, 234.5 kg, with 8000 kg in the
tidal water and 31,169,233 kg in the vegetation zone. In general, the C
stock of the young salt marsh at the Yangtze Estuary is relatively less
than the stocks in marshes that have been established for years, indi-
cating that it has a potential to sequester great C amounts in the future.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

CRediT authorship contribution statement

Yiquan Yuan: Conceptualization, Formal analysis, Writing - original
draft. Xiuzhen Li: Resources, Supervision, Writing - review & editing.
Junyan Jiang: Investigation. Liming Xue: Visualization. Christopher
B. Craft: Writing - review & editing.

Acknowledgements

We sincerely thank the Shanghai Chongming Dongtan National Na-
ture Reserve for their assistance in our experiments. This work was
supported by the National Key Research & Development Program of
China (2017YFC0506000 and PSA 2016YFE0133700), Royal
Netherlands Academy of Arts and Sciences (KNAW) (PSA-SA-E-02), the
111 Project (BP0820020), and the National Natural Science Foundation
of China (41476151, 41271065). We also greatly appreciate the efforts
of Dr. Kai Tan and Weiwei Qian in data processing, and the valuable
suggestions from anonymous reviewers.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecss.2020.106900.


https://doi.org/10.1016/j.ecss.2020.106900
https://doi.org/10.1016/j.ecss.2020.106900

Y. Yuan et al.
References

Adame, M.F., Kauffman, J.B., Medina, 1., Gamboa, J.N., Torres, O., Caamal, J.P.,

Reza, M., Herrera-Silveira, J.A., 2013. Carbon stocks of tropical coastal wetlands
within the karstic landscape of the Mexican Caribbean. PloS One 8, €56569.

Alongi, D.M., 2014. Carbon cycling and storage in mangrove forests. Annual Review of
Marine Science 6, 195 219.

Batjes, N., 1996. Total carbon and nitrogen in the soils of the world. Eur. J. Soil Sci. 47,
151 163.

Bauer, J.E., Cai, W., Raymond, P.A., Bianchi, T.S., Hopkinson, C.S., Regnier, P.A.G.,
2013. The changing carbon cycle of the coastal ocean. Nature 504, 61 70.

Brix, H., Sorrell, B.K., Lorenzen, B., 2001. Are Phragmites-dominated wetlands a net
source or net sink of greenhouse gases? Aquat. Bot. 69, 313 324.

Burd, A.B., Frey, S., Cabre, A., Ito, T., Levine, N.M., L nborg, C., Long, M., Mauritz, M.,
Thomas, R.Q., Stephens, B.M., 2016. Terrestrial and marine perspectives on
modeling organic matter degradation pathways. Global Change Biol. 22, 121 136.

Cartaxana, P., Catarino, F., 1997. Allocation of nitrogen and carbon in an estuarine salt
marsh in Portugal. J. Coast Conserv. 3, 27 34.

Cazenave, A., Le Cozannet, G., 2014. Sea level rise and its coastal impacts. Earth s Future
2,15 34.

Chapin, F., 2003. Effects of plant traits on ecosystem and regional processes: a conceptual
framework for predicting the consequences of global change. Ann. Bot. 91, 455 463.

Chen, Q., Gu, H., Zhou, J., Meng, Y., Hu, K., 2007. Trends of soil organic matter turnover
in the salt marsh of the Yangtze River Estuary. J. Geogr. Sci. 17, 101 113.

Chen, Z., Li, B., Yang, Z., Chen, J., 2004. Local competitive effects of introduced Spartina
alterniflora on Scirpus mariqueter at Dongtan of Chongming Island, the Yangtze River
estuary and their potential ecological consequences. Hydrobiologia 528, 99 106.

Chmura, G., Anisfeld, S., Cahoon, D., Lynch, J., 2003. Global carbon sequestration in
tidal, saline wetland soils. Global Biogeochem. Cycles 17, 2201 2212.

Cotrufo, M.F., Wallenstein, M.D., Boot, C.M., Denef, K., Paul, E., 2013. The Microbial
Efficiency-Matrix Stabilization (MEMS) framework integrates plant litter
decomposition with soil organic matter stabilization: do labile plant inputs form
stable soil organic matter? Global Change Biol. 19, 988 995.

Craft, C., 2007. Freshwater input structures soil properties, vertical accretion, and
nutrient accumulation of Georgia and U.S. tidal marshes. Limnol. Oceanogr. 52,
1220 1230.

Davidson, E.A., Janssens, I.A., 2006. Temperature sensitivity of soil carbon
decomposition and feedbacks to climate change. Nature 440, 165 173.

Davy, A.J., Brown, M.J.H., Mossman, H.L., Grant, A., 2011. Colonization of a newly
developing salt marsh: disentangling independent effects of elevation and redox
potential on halophytes. J. Ecol. 99, 1350 1357.

Duarte, C.M., Losada, 1.J., Hendriks, L.E., Mazarrasa, 1., Marba, N., 2013. The role of
coastal plant communities for climate change mitigation and adaptation. Nat. Clim.
Change 3, 961 968.

Duarte, C.M., Middelburg, J.J., Caraco, N., 2005. Major role of marine vegetation on the
oceanic carbon cycle. Biogeosciences 2, 1 8.

Elsey-Quirk, T., Seliskar, D.M., Gallagher, J.L., 2011a. Nitrogen pools of macrophyte
species in a coastal lagoon salt marsh: implications for seasonal storage and
dispersal. Estuar. Coast 34, 470 482.

Elsey-Quirk, T., Seliskar, D.M., Sommerfield, C.K., Gallagher, J.L., 2011b. Salt marsh
carbon pool distribution in a Mid-Atlantic Lagoon, USA: sea level rise implications.
Wetlands 31, 87 99.

Feng, Z., Gao, J., Chen, L., Wang, Y., Gao, J., Bai, F., 2015. The response of organic
carbon content to biomass dynamics in Spartina alterniflora marsh. Acta Ecol. Sin. 35,
2038 2047 (in Chinese with English abstract).

Fiala, K., 1976. Underground organs of Phragmites communis, their growth, biomass and
net production. Folia Geobotanica Et Phytotaxonomica 11, 225 259.

Funakawa, S., Fujii, K., Kadono, A., Watanabe, T., Kosaki, T., 2014. Could soil acidity
enhance sequestration of organic carbon in soils? In: Hartemink, A.E.,

McSweeney, K. (Eds.), Soil Carbon. Springer International Publishing Switzerland,
pp. 209 216.

HMSO, 2013. Building a Low-Carbon Economy - the UK s Contribution to Tackling
Climate Change.

Hopkinson, C.S., Cai, W.J., Hu, X., 2012. Carbon sequestration in wetland dominated
coastal systems a global sink of rapidly diminishing magnitude. Current Opinion in
Environmental Sustainability 4, 186 194.

Hu, M., Zou, F., Zou, S., 2014. Ecological stoichiometry characteristics of the cyperus
malaccensis wetland soils in Min River Estuary along with a salinity gradient. Urban
Environment & Urban Ecology 27, 17 21 (in Chinese with English abstract).

Huang, W., 2008. Study on the Carbon Storage in Minjiang River Estuary. MSc
dissertation. Fujian Agriculture and Foresty University (in Chinese with English
abstract).

Jia, G., Peng, P., Fu, J., 2002. Sedimentary records of accelerated eutrophication for the
last 100 years at the Pearl River Estuary. Quat. Sci. 22, 158 165 (in Chinese with
English abstract).

Jiang, J., 2015. Soil Organic Carbon Sequestration and Relationship with
Physicochemical Factors in East Chongming Headland. MSc dissertation. East China
Normal University (in Chinese with English abstract).

Jiao, L., Meng, W., Zheng, B., Zhang, L., Zhao, X., Qing, Y., 2010. Distribution of
polycyclic hydrocarbons (PAHs) in different size fractions of sediments from
intertidal zone of Bohai Bay, China. China Environ. Sci. 30, 1241 1248 (in Chinese
with English abstract).

Kirwan, M.L., Guntenspergen, G.R., Langley, J.A., 2014. Temperature sensitivity of
organic-matter decay in tidal marshes. Biogeosciences 11, 6019 6037.

Kogel-Knabner, 2002. The macromolecular organic composition of plant and microbial
residues as inputs to soil organic matter. Soil Biol. Biochem. 34, 139 162.

10

Estuarine, Coastal and Shelf Science 243 (2020) 106900

Kristensen, E., Bouillon, S., Dittmar, T., Marchand, C., 2008. Organic carbon dynamics in
mangrove ecosystems: a review. Aquat. Bot. 89, 201 219.

Kumar, S., Lal, R., Liu, D., Rafiq, R., 2013. Estimating the spatial distribution of organic
carbon density for the soils of Ohio, USA. J. Geogr. Sci. 23, 280 296.

Kuppusamy, S., Thavamani, P., Venkateswarlu, K., Lee, Y.B., Naidu, R., Megharaj, M.,
2017. Remediation approaches for polycyclic aromatic hydrocarbons (PAHs)
contaminated soils: technological constraints, emerging trends and future directions.
Chemosphere 168, 944 968.

Lane, E.W., 1947. Report of the subcommittee on sediment terminology. Trans. Am.
Geophys. Union 28, 936 938.

Lewis, C.J.E., Carnell, P.E., Sanderman, J., Baldock, J.A., Macreadie, P.I., 2018.
Variability and vulnerability of coastal Blue Carbon stocks: a Case study from
southeast Australia. Ecosystems 21, 263 279.

Li, B., Liu, C., Wang, J., Zhang, Y., 2009. Carbon storage and fixation function by
Phragmties australis, a typical vegetation in Baiyangdian Lake. Journal of Agro-
Environment Science 28, 2603 2607 (in Chinese with English abstract).

Li, H., Yang, S.L., 2009. Trapping effect of tidal marsh vegetation on suspended sediment,
Yangtze Delta. J. Coast Res. 25, 915 930.

Li, X., Ren, L., Liu, Y., Craft, C., Mander, U., Yang, S., 2014. The impact of the change in
vegetation structure on the ecological functions of salt marshes: the example of the
Yangtze estuary. Reg. Environ. Change 14, 623 632.

Liu, F., Wang, C., Liu, X., Liang, X., Wang, Q., 2013. Effects of alkyl polyglucoside (APG)
on phytoremediation of PAH-contaminated soil by an aquatic plant in the Yangtze
estuarine wetland. Water, Air, Soil Pollut. 224, 1633.

Liu, Y., 2013. The Assessment of Carbon Storage of Vegetation Zones in the Jiuduan
Shoal Wetland. MSc dissertation. East China Normal University (in Chinese with
English abstract).

Lorenz, K., Lal, R., Preston, C.M., Nierop, K.G., 2007. Strengthening the soil organic
carbon pool by increasing contributions from recalcitrant aliphatic bio(macro)
molecules. Geoderma 142, 1 10.

Lunstrum, A., Chen, L., 2014. Soil carbon stocks and accumulation in young mangrove
forests. Soil Biol. Biochem. 75, 223 232.

McLeod, E., Chmura, G.L., Bouillon, S., Salm, R., Bjork, M., Duarte, C.M., Lovelock, C.E.,
Schlesinger, W.H., Silliman, B.R., 2011. A blueprint for blue carbon: toward an
improved understanding of the role of vegetated coastal habitats in sequestering
COy. Front. Ecol. Environ. 9, 552 560.

Mei, X., Zhang, X., 2007. Carbon storage and carbon fixation during the succession of
natural vegetation in wetland ecosystem on east beach of Chongming Island. Chinese
Journal of Applied Eology 18, 231 234 (in Chinese with English abstract).

Meyers, P.A., 1994. Preservation of elemental and isotopic source identification of
sedimentary organic matter. Chem. Geol. 114, 289 302.

Minden, V., Kleyer, M., 2011. Testing the effect-response framework: key response and
effect traits determining above-ground biomass of salt marshes. J. Veg. Sci. 22,
387 401.

Mioko, T., Nishanth, T., 2014. Plant litter chemistry and microbial priming regulate the
accrual, composition and stability of soil carbon in invaded ecosystems. New Phytol.
203,110 124.

Mitsch, W., Gosselink, J., 2007. Wetlands, fourth ed. John Wiley & Sons, Inc., Hoboken,
New Jersey.

Mueller, P., Jensen, K., Megonigal, J.P., 2016. Plants mediate soil organic matter
decomposition in response to sea level rise. Global Change Biol. 22, 404 414.

Neves, J.P., Ferreira, L.F., Simoes, M.P., Gazarini, L.C., 2007. Primary production and
nutrient content in two salt marsh species, Atriplex portulacoides L. and Limoniastrum
monopetalum L., in Southern Portugal. Estuar. Coast. 30, 459 468.

Nyman, J.A., Delaune, R.D., Jr, W.H.P., Roberts, H.H., 1993. Relationship between
vegetation and soil formation in a rapidly submerging coastal marsh. Mar. Ecol.
Prog. Ser. 96, 269 279.

Olson, K.R., Al-Kaisi, M.M., 2015. The importance of soil sampling depth for accurate
account of soil organic carbon sequestration, storage, retention and loss. Catena 125,
33 37.

Pietikainen, J., Pettersson, M., Baath, E., 2005. Comparison of temperature effects on soil
respiration and bacterial and fungal growth rates. FEMS (Fed. Eur. Microbiol. Soc.)
Microbiol. Ecol. 52, 49 58.

Radabaugh, K.R., Moyer, R.P., Chappel, A.R., Powell, C.E., Bociu, L., Clark, B.C.,
Smoak, J.M., 2018. Coastal blue carbon assessment of mangroves, salt Marshes, and
salt barrens in Tampa Bay, Florida, USA. Estuar. Coast 41, 1496 1510.

Roner, M., D Alpaos, A., Ghinassi, M., Marani, M., Silvestri, S., Franceschinis, E.,
Realdon, N., 2016. Spatial variation of salt-marsh organic and inorganic deposition
and organic carbon accumulation: inferences from the Venice lagoon, Italy. Adv.
Water Resour. 93, 276 287.

Ruckelshaus, M., Doney, S.C., Galindo, H.M., Barry, J.P., Chan, F., Duffy, J.E., English, C.
A., Gaines, S.D., Grebmeier, J.M., Hollowed, A.B., Knowlton, N., Polovina, J.,
Rabalais, N.N., Sydeman, W.J., Talley, L.D., 2013. Securing ocean benefits for
society in the face of climate change. Mar. Pol. 40, 154 159.

Schile, L.M., Kauffman, J.B., Crooks, S., Fourqurean, J.W., Glavan, J., Megonigal, J.P.,
2017. Limits on carbon sequestration in arid blue carbon ecosystems. Ecol. Appl. 27,
859 874.

Shao, X., Li, W., Wu, M., Yang, W., Jiang, K., Ye, X., 2013. Dynamics of carbon, nitrogen
and phosphorus storage of three dominant marsh plants in Hangzhou Bay coastal
wetland. Environ. Sci. J. Integr. Environ. Res. 34, 3451 3457 (in Chinese with
English abstract).

Shi, F., Li, R., Wang, S., Kaichiro, S., 2007. Profile distribution and accumulation
characteristics of organic carbon and total nitrogen in typical marshes in Sanjiang
Plain. Chin. J. Appl. Ecol. 18, 1425 1431 (in Chinese with English abstract).


http://refhub.elsevier.com/S0272-7714(19)31025-X/sref1
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref1
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref1
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref2
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref2
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref3
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref3
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref4
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref4
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref5
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref5
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref6
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref6
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref6
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref7
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref7
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref8
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref8
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref9
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref9
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref10
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref10
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref11
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref11
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref11
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref12
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref12
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref13
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref13
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref13
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref13
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref14
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref14
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref14
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref15
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref15
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref16
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref16
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref16
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref17
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref17
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref17
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref18
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref18
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref19
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref19
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref19
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref20
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref20
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref20
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref21
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref21
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref21
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref22
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref22
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref23
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref23
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref23
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref23
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref24
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref24
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref25
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref25
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref25
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref26
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref26
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref26
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref27
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref27
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref27
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref28
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref28
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref28
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref29
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref29
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref29
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref30
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref30
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref30
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref30
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref31
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref31
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref32
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref32
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref33
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref33
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref34
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref34
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref35
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref35
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref35
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref35
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref36
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref36
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref37
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref37
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref37
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref38
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref38
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref38
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref39
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref39
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref40
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref40
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref40
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref41
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref41
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref41
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref42
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref42
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref42
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref43
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref43
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref43
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref44
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref44
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref45
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref45
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref45
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref45
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref46
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref46
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref46
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref47
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref47
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref48
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref48
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref48
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref49
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref49
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref49
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref50
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref50
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref51
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref51
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref52
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref52
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref52
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref53
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref53
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref53
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref54
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref54
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref54
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref55
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref55
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref55
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref56
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref56
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref56
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref57
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref57
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref57
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref57
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref58
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref58
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref58
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref58
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref59
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref59
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref59
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref60
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref60
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref60
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref60
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref61
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref61
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref61

Y. Yuan et al.

Shi, X., Wang, X., Han, X., Zhu, C., 2003. Nutrient distribution and its controlling
mechanism in the adjacent area of Changjiang River estuary. Chin. J. Appl. Ecol. 14,
1086 1092.

Simpson, L.T., Osborne, T.Z., Duckett, L.J., Feller, 1.C., 2017. Carbon storages along a
climate induced coastal wetland gradient. Wetlands 37, 1023 1035.

Sistla, S.A., Moore, J.C., Simpson, R.T., Laura, G., Shaver, G.R., Schimel, J.P., 2013.
Long-term warming restructures Arctic tundra without changing net soil carbon
storage. Nature 497, 615 618.

Sousa, AL, Lilleb , AL, Pardal, M.A., Cacador, I., 2010. Productivity and nutrient
cycling in salt marshes: contribution to ecosystem health. Estuar. Coast Shelf Sci. 87,
640 646.

Tang, Y., Wang, L., Jia, J., Fu, X,, Le, Y., Chen, X., Sun, Y., 2011. Response of soil
microbial community in Jiuduansha wetland to different successional stages and its
implications for soil microbial respiration and carbon turnover. Soil Biol. Biochem.
43, 638 646.

Valiela, I., Teal, J.M., Persson, N.Y., 1976. Production and dynamics of experimentally
enriched salt marsh vegetation: belowground biomass. Limnol. Oceanogr. 21,

245 252.

Wieski, K., Guo, H., Craft, C.B., Pennings, S.C., 2010. Ecosystem functions of tidal fresh,
brackish, and salt marshes on the Georgia coast. Estuar. Coast 33, 161 169.

Wu, Z., Wang, D., Li, Y., Chang, S., 2015. The contribution of Scirpus mariqueter to
sediment carbon storage of chongming east tidal flat wetland in Yangtze River
estuary. Acta Sci. Circumstantiae 35, 3639 3646.

Xue, B., Zhang, H., Pan, J., Hu, C., Liu, X., 2011. Distributions and sources of various
forms of carbon in different sedimentary environment of Changjiang River Estuary.
Journal of Marine Sciences 29, 187 193 (in Chinese with English abstract).

Xue, L., 2017. Effects of Salinity and Flooding on Organic Carbon Accumulation of Plant-
Soil System in the Salt Marsh of the Yangtze River Estuary, DSc Dissertation. East
China Normal University (in Chinese with English abstract).

Yang, S., Li, J., Zheng, Z., Zhuo, M., 2009. Characterization of Spartina alterniflora as
feedstock for anaerobic digestion. Biomass Bioenergy 33, 597 602.

11

Estuarine, Coastal and Shelf Science 243 (2020) 106900

Yang, S.L., Fan, J.Q., Shi, B.W., Bouma, T.J., Xu, K.H., Yang, H.F., Zhang, S.S., Zhu, Q.,
Shi, X.F., 2019. Remote impacts of typhoons on the hydrodynamics, sediment
transport and bed stability of an intertidal wetland in the Yangtze Delta. J. Hydrol.
575, 755 766.

Yang, S.L., Li, H., Ysebaert, T., Bouma, T.J., Zhang, W.X., Wang, Y.Y., Li, P., Li, M.,
Ding, P.X., 2008. Spatial and temporal variations in sediment grain size in tidal
wetlands,Yangtze Delta: on the role of physical and biotic controls. Estuar. Coast
Shelf Sci. 77, 657 671.

Yang, W., Zhao, H., Chen, X., Yin, S., Cheng, X., An, S., 2013. Consequences of short-term
C4 plant Spartina alterniflora invasions for soil organic carbon dynamics in a coastal
wetland of Eastern China. Ecol. Eng. 61, 50 57.

Zhang, E., Savenije, H.H.G., Hui, W., Kong, Y., Zhu, J., 2011. Analytical solution for salt
intrusion in the Yangtze Estuary, China. Estuarine. Coastal and Shelf Science 91,
492 501.

Zhang, T., 2016. A Study on the Dynamics of Sediment Organic Carbon and Total
Nitrogen Stocks at the Chongming Dongtan Wetland. East China Normal University
(in Chinese with English abstract).

Zhang, X., Zhang, C., Xu, Z., Hou, X., Cai, Q., 2012. On the relation between carbon
storage and reinforced fixation of the coastal wetland vegetation in the Yellow River
delta area. J. Saf. Environ. 12, 145 149 (in Chinese with English abstract).

Zhang, Y., Zhao, M., Cui, Q., Fan, W., Qi, J., Chen, Y., Zhang, Y., Gao, K., Fan, J.,
Wang, G., Yan, C., Lu, H., Luo, Y., Zhang, Z., Zheng, Q., Xiao, W., Jiao, N., 2017.
Processes of coastal ecosystem carbon sequestration and approaches for increasing
carbon sink. Sci. China Earth Sci. 60, 809 820.

Zhou, J., Wu, Y., Kang, Q., Zhang, J., 2007. Spatial variations of carbon, nitrogen,
phosphorous and sulfur in the salt marsh sediments of the Yangtze Estuary in China.
Estuar. Coast Shelf Sci. 71, 47 59.

Zhu, Z., Zhang, L., Wang, N., Schwarz, C., Ysebaert, T., 2012. Interactions between the
range expansion of saltmarsh vegetation and hydrodynamic regimes in the Yangtze
Estuary, China. Estuarine. Coastal and Shelf Science 96, 273 279.


http://refhub.elsevier.com/S0272-7714(19)31025-X/sref62
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref62
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref62
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref63
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref63
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref64
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref64
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref64
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref65
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref65
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref65
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref66
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref66
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref66
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref66
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref67
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref67
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref67
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref68
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref68
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref69
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref69
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref69
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref70
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref70
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref70
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref71
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref71
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref71
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref72
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref72
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref73
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref73
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref73
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref73
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref74
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref74
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref74
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref74
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref75
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref75
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref75
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref76
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref76
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref76
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref77
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref77
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref77
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref78
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref78
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref78
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref79
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref79
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref79
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref79
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref80
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref80
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref80
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref81
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref81
http://refhub.elsevier.com/S0272-7714(19)31025-X/sref81

	Distribution of organic carbon storage in different salt-marsh plant communities: A case study at the Yangtze Estuary
	1 Introduction
	2 Methods and material
	2.1 Study site
	2.2 Sample collection and chemical analysis
	2.3 Statistical analysis

	3 Results and discussion
	3.1 Spatial variation of sediment properties in the surface layer
	3.1.1 Organic carbon
	3.1.2 Median particle size
	3.1.3 Total soil salinity
	3.1.4 Soil pH
	3.1.5 Soil bulk density

	3.2 Vertical distribution of sediment organic carbon content and biomass in different halophytes communities
	3.2.1 Vertical distribution of sediment organic carbon content
	3.2.2 Vertical distribution of belowground biomass

	3.3 Vertical variation of sediment C/N in different halophyte communities
	3.4 Carbon storage of the sampling tidal basin
	3.4.1 Organic carbon density
	3.4.2 carbon storage

	3.5 Discussion

	4 Conclusions
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A Supplementary data
	References


