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Effect of Spartina alterniflora Salt Marsh on
Total Soil Organic Carbon (TSOC) Acquisition in
Intertidal Zone of Jiangsu Province, China”

LIU Jin’e, ZHOU Hongxia, QIN Pei®, ZHOU Jun
(Halophyte Research Lab, Nanjing University, Nanjing 210093, China)

1 Introduction

Estuaries and coastal wetlands are critical transition zones (Levin ef al. 2001) between land,
freshwater habitats, and the sea, providing valuable ecosystem services such as seashore protec-
tion, water quality improvement, fisheries resources, and habitat and food for migratory and resi-
dent animals. Accordingly, salt marshes at the critical transition zone are now widely recognized
as playing a major role in coastal defense, in wildlife conservation on the coast and as a key source
of organic material and nutrients vitally important for a range of marine communities ( Boorman
1999). The coastal wetlands in Jiangsu Province were consisted primarily of alluvial intertidal
mudflats, tidal creeks and river channels, salt marshes, reed beds and marshy grasslands. The
coastline was accreting rapidly (more than 100 meters per year in Dongtai County) in the south of
the area.

S. alterniflora Loisel, a native salt marsh plant in the eastern coastal region of America, is
a C, halophyte of which the ratio of photosynthesis to respiration is much more than 1 (Mallott ez
al. 1975, Long et al. 1975, Thomas 1977, Pomeroy et al. 1981) and average net primary pro-
duction (NPP) dry mass varied from 1 000 to 1 500 g m~? per year (Mann 1982). At optimal
conditions, it could be as high as 4 000 g m~?(Odum ez al. 1973), and it was 3 155 g m % in
Jiangsu Province (Qin ez al. 1990). S. alterniflora was introduced to China in 1979 (Chung et
al. 1985) and was planted in the intertidal zone in Jiangsu Province in 1982 to protect the seawall
and accelerate sediment accretion (Zhuo er al. 1985, Qin et al. 1997). Researches in China
showed that the average accretion velocity of S. alterniflora salt marsh was 0.085 m per year ,
which was several times than that of mudflat. S. alternifiora salt marsh protected the seawall
and reduced the cost on repairing the seawall by million dollars per year in Jiangsu Province (Chen
1990). '

S.alterniflora salt marsh in Jiangsu expanded quickly during the past twenty years. The
area of S. alterniflora salt marsh in Jiangsu Province was about 2.3 km® in 1988 and increased to
125 km? in 1999 (Shen et al. 2002, Zhang er al. 2004). Series of researches covering different

fields on S. alterniflora in Jiangsu Province were performed in the past twenty years: Isozymes

@ This paper was also published on Ecological Engineering, 2007, 30: 240-249.
@ Corresponding author. Email: ginpei@nju. edu. cn
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characteristics of three ecotypes of S. alterniflora was analyzed by Chen et al. (1992), the dis-
tribution of the microbe in the S. alterniflora community was studied by Sun et a/. (1989), the
biomass dynamics of S. alterniflora salt marsh was studied by Qin et al. (1990), the photosyn-
thesis rate of S. alternifiora and S. angilica was determined by Wang et al. (1994), the mer-
cury enrichment in S. alterniflora was studied by Zhou et al. (1985). In addition, some re-
search on utilization of S. alterniflora were reported such as cleaning sewage with S. alterniflo-
ra salt marsh (Liu et a/. 2002), extracting bioactive material from S. alterniflora (Hu et al.
1998, Cai et al. 1996, Qin et al. 1998), producing green fertilizer (Zhuo et al/. 1993, Wang
et al. 1996). Furthermore, S. alterniflora was used as fodder for fishes, fowls, goats, pigs, et
al. (Zhuo et al. 1985, Zheng et al. 1994, Lin et al. 1999, Zheng et al. 1995). S. alterni-
flora salt marsh dominated the intertidal zone and greatly changed the tidal flat characteristic in
Jiangsu Province, but the ecological consequences of this were largely unexplored.

Climate change is one of the most serious environmental problems and the rise of the key
greenhouse gas CO, in the atmosphere is well documented (Keeling et al. 1989). In recent
decades, knowledge of the role of soils as a source or sink for carbon on a global scale has become
vital for assessing of changes in atmospheric CO, concentrations. Soil is the largest carbon pool on
the Earth’s surface (Schimel 1995), and the soil organic carbon (SOC) pool indicates a dynamic
equilibrium of gains and losses. It was estimated (Lal 2004) that the global SOC pool was about
1 550 gigatons (Gt) and as 3.3 times as the size of the atmospheric pool (760 Gt) and 4.5 times
as the size of the biotic pool (560 Gt). The NPP of vegetation and SOC play important roles in
carbon budget of terrestrial ecosystem (Kirschbaum 2000). Accounting of the importance of SOC
in carbon equilibrium, SOC in S. alterniflora salt marsh and CO, fixed by S. alterniflora salt
marsh during the past two decades in Jiangsu Province were estimated based on the previous

work, with which to evaluate the effect of this exotic species on carbon acquisition in local area.
2 Study Area

The study area was between subtropical and warm-temperate zones, with a mean tempera-
ture 11.4—13.78 T, 2 241 —2 390 h of sunlight, 100 — 115 days with precipitation and a frost-
free-period of 209 — 218 days per year. Mean annual precipitation is about 1 000 —1 080 mm.
Tidal range between mean springs is about 3.75 m, and tidal periodicity is semidiurnal. The local
soil is alluvial origin and composed of 19.6% sand, 40.1% silt, and 40.3% clay. Soil pH and
soluble total salt concentration were between 8.30 —8.63 and 2.00~8.00 g kg™ '.

The original plant community distribution of coastal wetlands in Jiangsu Province showed a
typical landward succession sere (Fig.1). (1) As pioneer species, S.alterniflora dominated the
elevated part of intertidal zone, most of where the tides come twice every day. (2) Suaeda salsa
and Suaeda glauca community flourished in the hightidal zone following the S. alternifiora
zone. (3) The above-tidal grassland developed in the supratidal zone where Aeluropus littoralis,
Phragmites australis, Imperata cylindrical, Scripus karuizawensis or Zoysiam Jjacrostachys

prevailed with various water conditions.
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Fig.1a. A paradigm of typical vegetation succession sere in coastal wetlands in Jiangsu Province (revised from
Ren et al . 1985).

Suaeda salsa + Phragmites australis +
Suaeda glauca Scripus karuizawensis

S. alterniflora Artificial wetland for waterfowl

Fig.1b. Primary vegetation landscape in coastal wetlands in Jiangsu Province.

Three research sites were set in intertidal zone in north of Jiangsu (Fig.2):

A) Mudflat, located at Xiaoyangkou Estuary (120°59'E, 32°35'N);

B) S.alterniflora salt marsh, located at Wanggang Estuary (120°44'E, 33°19'N);
C) S.alterniflora salt marsh, located at Simaoyou Estuary (120°43'E, 33°18'N).

Simaoyou Estuary and Wanggang Estuary were located in the largest S. alterniflora salt
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Fig.2. Study Area . Site A, Mudflat in Xiaoyang Estuary; B, S . alterniflora salt marsh site in Wanggang
Estuary. C, S. alterniflora salt marsh site in Simaoyou Estuary. The black plots were S. alterniflora salt
marsh (Shen et al. 2002).

marsh zone, where the natural geographic conditions were similar to those of Xiaoyang Estuary.
3 Methods

3.1 Sampling Design

Field sampling was performed in May, July, October, and December in 2002. Soil samples
were collected from fifteen sampling plots under each of the three research sites: A) Mudflat, B)
S. alterniflora salt marsh located at Wanggang Estuary, and C) S. alterniflora salt marsh, lo-
cated at Simaoyou Estuary. In each research site, the sampling plots were set as five rows sea-
ward, with three plots in each row. The sampling plots were around 1 km from each other. The
distribution of the sampling plots in each research site was illuminated in Fig.2. For each plot,
two soil cores were taken for SOC and bulk density analysis respectively. Tie soil samples were
sampled at a depth of 0~ 20 cm with a 4 cm diameter auger.
3.2 Method of Experiments

Soil organic carbon was analyzed according to standard procedures (Liu et al. 1996). Initial-
ly, soil samples were naturally air-dried, sieved (< 2 mm), and kept in plastic bags. Three
2.50-g sub-samples were weighed from each SOC soil sample for determination, and wet oxida-
tion of soil organic carbon took place by the acidified dichromate technique. Given excess dichro-
mate, the amount of SOC was determined by measuring the amount of unreacted dichromate by
titratign. The mean of SOC in the three sub-samples was taken as the value of that in the soil
sample in each plot.

The bulk density of the soil was analyzed according to standard procedures of the oven-dry



