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Abstract: The storage of inorganic carbon in estuarine wetlands is of great significance for mitigating global
warming. The Dagu River estuary and Yanghe River estuary of Jiaozhou Bay were selected as sampling areas, and
data analysis was carried out by Duncan method to explore the distribution characteristics and influencing factors of
soil inorganic carbon (SIC) reserves. The results showed that increasing distance from the estuary led to higher
reserves in the mudflat along the coastal zone. The scouring action of seawater bodies was the main factor driving
this distribution. In the vertical section, the SIC reserves in 40–60 cm depth were relatively high, accounting for
34.11% of the 0–60 cm soil depth, and resulting from the transport of water and salt in seawater. In the river flat
along the vertical coastal zone, the SIC reserves first decreased and then increased with increasing distance from
the sea, and the SIC reserves in 0–20 cm depth were relatively high in the vertical section, accounting for 38.18% of
the 0–60 cm soil depth. These reserves were affected by synergetic factors such as oceanic factors and anthropogenic activities. The invasion of Spartina alterniflora decreased the SIC reserves of wetlands, mainly due to its
root transformation and the differences of growth characteristics and years being the main reasons for the observed
decreases. Aquaculture activities changed the physical and chemical properties of the soil in aquaculture ponds,
and consequently changed the distribution of SIC reserves.
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Introduction

Wetlands, as a unique ecosystem formed by the interaction
of water and land (Zhao et al., 2010), occupy only 4%–6%
of the total land area globally (Kayranli et al., 2010), while
wetland soil carbon storage accounts for 12%–20% of the
total land carbon pool (Smith et al., 2004), and has attracted
wide attention in carbon cycle studies. There are two main
parts of wetland soil carbon reserves, namely, organic carbon reserves and inorganic carbon reserves. In recent years,
extensive studies have been conducted on the total carbon
reserves and organic carbon reserves of wetland soils
including those focusing on their distribution characteristics
(Owers et al., 2018), influencing factors (Daniel et al.,
2017), and revenue and expenditure accounting (Delaune

et al., 2018); whereas little attention has been paid to the
soil inorganic carbon (SIC) reserves of wetlands, despite the
fact that they also play an important role in carbon cycles.
On one hand, wetland SIC has a higher accumulation rate
than soil organic carbon (SOC); but on the other hand, it is
characterized by a short cycle time and a high turnover rate.
These two major advantages enhance its role in fostering the
dynamic interactions with the atmosphere, plants and soil
carbon pools in the long term (Wu et al., 2009). In addition,
the dynamics of SIC reserves also have a significant impact
on the carbon budgets of wetland ecosystems. Therefore, it
is of significant importance to address the wetland soil inorganic carbon pools.
As an important part of wetlands, coastal wetlands have
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the highest carbon sequestration in the ecosystem, and play
an essential role in the carbon cycle (Duan et al., 2008; Gao
et al., 2017). Some previous studies on coastal wetland SIC
have been carried out. Xu et al. (2009) studied the effect of
different land use types on the SIC pool in the Yangtze
River Delta. Tang et al. (2012) analyzed the spatial distribution of organic carbon and inorganic carbon in Jiuduansha
wetland and the effect of salinity on carbon content. Maher
et al. (2013) analyzed the relationship between dissolved
inorganic carbon (DIC) and the missing carbon sink under
tidal action in a mangrove tidal creek. Guo et al. (2015) explored the seasonal distribution of soil DIC and summarized
the contribution of different factors to the control of DIC
content. Wang et al. (2018) explored the distribution characteristics and influencing factors of soil DIC content in
Jiaozhou Bay estuarine wetland. These studies focused more
on the spatial and temporal characteristics of SIC and soil
DIC and the comprehensive review of SIC pools. However,
the comprehensive analysis of the spatial characteristics of
SIC reserves is rarely reported. Therefore, further analysis is
needed on the size of SIC pools with the unique geographical conditions of the region.
Estuaries are important parts of coastal wetlands, through
which a large amount of inorganic carbon is transported into
the coastal area by the river flows. This inorganic carbon
influx is deposited in wetland soil together with the carbonate formed by unique hydrological processes in the region
(Probst et al., 1994), resulting in an increased proportion of
inorganic carbon to the total carbon. Statistical study of the
SIC pool in the coastal area estuary wetland is thus of great
significance to further improve the soil carbon cycle (Ouyang et al., 2013). In order to better understand the spatial
and temporal characteristics of SIC reserves in coastal estuary wetlands, this study selected the coastal estuary wetland
of the middle and lower reaches of Dagu River and Yanghe
River in Jiaozhou Bay as the main study area. This area is
located at the junction of the land and water, and is affected
by the oceanic tidal process and the scouring of freshwater
rivers that provide good conditions for soil carbon sequestration. Aquaculture activities are unique modes of land use
in the mudflat. In addition, Spartina alterniflora is a typical
alien invasive species in the estuary. The dual effects of land
use and vegetation cover have enabled changes in the original soil properties and affected the reserves of SIC. This
study used the comprehensive sampling of three directions
(parallel coastal zone, vertical coastal zone, and vertical
section) to quantify SIC reserves, analyze the distribution
characteristics of SIC reserves, and explore the effects on
SIC reserves of factors including the invasion of Spartina
alterniflora and aquaculture activities, so as to provide a
sound base for decision-makers to improve the accuracy of
their carbon flux estimations in the coastal estuary wetland
for future quantitative analyses.

2
2.1
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Materials and methods
Study area

The Jiaozhou Bay (120º03–120º25 E, 36º01–36º15 N) is
a semi-closed bay located in the central part of the Yellow
Sea and on the south coast of the Jiaodong peninsula. The
existing coastal wetlands along the coast are mainly distributed in the north and northwest of the peninsula, with a total
area of 348 km2. It is the largest wetland along the estuarine
bay in the Shandong Peninsula and has been included in the
“national important wetland directory”. The coastal estuary
wetland of Jiaozhou Bay and its vicinities are in the warm
temperate continental monsoon climate zone, which is
regulated by the ocean monsoon. The annual average temperature is 12.2°C, and the annual average rainfall is
approximately 900 mm. The annual frost-free period is
about 220 d. The tide is a typical semidiurnal tide with an
average tidal range of 2.71 m and a maximum tidal range of
6.87 m. The flood tide duration is less than that of the ebb
tide. Jiaozhou Bay is the mother bay of Qingdao, linking
five main rivers including Dagu River, Jiaolai River, Yanghe
River, Baisha River, and Ink River. The experimental area is
the estuarine tidal flat wetland located in the middle and
lower reaches of the Dagu River and the Yanghe River in
Jiaozhou Bay. Among them, the Dagu estuarine tidal flat
wetland is located in the middle and lower reaches of the
Dagu River Basin, where the wide tidal flats, with fertile
water quality and suitable salinity, have been developed into
a typical aquaculture area (mainly including prawns and
clams). The Yanghe River is a large river flowing into the
Jiaozhou Bay, with a total length of 49 km and a basin area
of 303 km2 (Xi et al., 2017). Since the introduction of
Spartina alterniflora from abroad in 1979, a typical
Spartina alterniflora marsh has formed in the Yanghe River
estuary, and serves as a representative area for the study of
alien species invasion.

2.2

Samples collection

According to the hydrogeological conditions and the distribution of vegetation in the Jiaozhou Bay, the field soil samples were collected in the study area in July 2016, and four
representative wetland types, including mudflat, river flat,
Spartina alterniflora marsh and aquaculture ponds (Fig.1),
were selected to analyze the characteristics of SIC reserves
distribution. Each wetland type was set up with a different
number of sampling sites. Specifically, the first group of
samples was collected from the mudflat along the coastal
zone (No. 1–7); the second group was collected from the
river flat along the vertical coastal zone (No. 8–14, with
distances of 0, 0.3, 0.7, 1.1, 2, 2.8 and 3.5 km from the sea,
respectively); the third group was collected at the Dagu estuary and the Yangkou estuary, including aquaculture ponds
(No. 15–17), nearshore Spartina alterniflora marsh (No. 18),
and the surrounding mudflat (No. 19), the far shore Spartina
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Fig. 1 Distribution of sampling sites in the Jiaozhou Bay
alterniflora marsh (No. 7, No. 7 is part of the first group of
samples, but is also part of the Spartina alterniflora marsh),
and the surrounding mudflat (No. 20). A total of 20 sample
sites were selected in the three parts. Three parallel soil profiles at depths of 0–20 cm, 20–40 cm, and 40–60 cm at
each sample site were collected. After air-drying, the parallel soil profiles were mixed with the same depth to represent
the corresponding soil sample. All soil samples were placed
in zip-lock bags immediately and transported to the laboratory. After drying at room temperature, the visible plant and
animal residues were removed from the soil samples. Additionally, all soil samples were sieved, and then stored prior
to the next processing step.
2.3 Chemical analysis
SIC includes HCO3 in soil solution, CO2 in the soil air, and
CaCO3 deposited in soil, but CaCO3 is the dominant one
present in large quantities. The content of CaCO3, salt content, and soil bulk density were determined according to the
Methods of Soil Agricultural Chemical Analysis (Lu, 2000).
The CaCO3 in the soil was measured through the gas volume method. The salt content was determined through the
mass method. The soil bulk density was measured through
the cutting ring method. All the samples were prepared as
1:5 soil:water ratio extracts.
SIC content is calculated by the following formula:
ωCaCO3 

V  V0   r  2.27

 100%
(1)
m  106
where V is the volume of carbon dioxide, mL; r is the density of carbon dioxide, g mL1; 2.27 is the coefficient of
mass conversion of carbon dioxide to calcium carbonate;
and m is the weight of the soil sample, g.
The SIC reserves are calculated through the method of
stratified cumulative summation calculation as follows:

n

SIC 

SIC  D  H
i

i

i

(2)

i 1

where SIC is the soil inorganic carbon reserves, kg m2; i
represents the soil of layer i; n is the number of soil layers;
SICi is the soil inorganic carbon content of layer i, g kg1; Di
is the bulk density of layer i, g cm3; and Hi is the thickness
of layer i, cm.
The SIC reserves of the four representative wetland types
are calculated based on formula (2). Descriptive statistics of
SIC reserves in different types of wetlands are shown in
Table 1.

2.4

Data processing

Microsoft Excel 2010 was used to collate the experimental
data, SPSS 17.0-Duncan analysis was used to test the difference of data between groups, and Origin 8 and CorelDRAW 12 were used to draw figures.

3
3.1

Results
Distribution characteristics of SIC reserves in
the horizontal direction

3.1.1 Mudflat
The variation coefficient (CV) of SIC reserves in the mudflat is 13.97% (Table 1). The soil variability is divided
according to the CV (Zi et al., 2016), and the variability of
the mudflat is characterized as moderate variability. Therefore, the spatial distribution of SIC reserves in the mudflat is
substantially different.
In the horizontal direction (Fig. 2), the differences of SIC
reserves of the mudflat are significantly different. The SIC
reserves of No. 1–5 sample sites in the Dagu river tidal flat
wetland and No. 6–7 sample sites in the Yanghe River tidal
flat wetland are all at the lowest values in the estuary, suggesting that the farther away from the estuary a site is, the

89

Sui Xiaomin, et al.: Spatial Variation of Soil Inorganic Carbon Reserves of Typical Estuarine Wetlands in Jiaozhou Bay, China

Table 1 Statistics of SIC reserves in the different types of wetlands
Sampling site

Maximum
(kg m–2)

Minimum
(kg m–2)

Mean
(kg m–2)

Standard
deviation

Variation
coefficient (%)

Kurtosis

Skewness

Mudflat

0.8462

0.4792

0.6946

0.0971

13.97

0.0494

–0.6346

River flat

0.9288

0.4076

0.6691

0.1478

22.08

–0.9929

0.0520

Spartina alterniflora

0.6599

0.4193

0.5421

0.0944

17.41

–1.4547

0.0502

Aquaculture ponds

0.8751

0.6842

0.7911

0.0680

8.59

–0.9152

–0.6225

Fig. 3 Horizontal variation of SIC reserves and salt content
(St) in the river flat
Fig. 2 Horizontal variation of SIC reserves in the mudflat

larger its SIC reserves are. As for the distribution trend, the
SIC reserves of Dagu River tidal flat wetland are larger than
those of Yanghe River tidal flat wetland on the whole.
3.1.2 River flat
The variation coefficient of SIC reserves in the river flat is
22.08% (Table 1). According to the result of the division,
the variability of the river flat is characterized as moderate
variability. This suggests that the spatial distribution of SIC
reserves in the river flat is quite different.
In the horizontal direction (Fig. 3), the SIC reserves of
the river flat at different distances from the sea are not significantly different. The soil stored at the sea entrance (0 km

Note: 0 km is the critical point of the sea tide for submerging the soil during sampling.

from the sea) has the highest inorganic carbon. As the distance from the sea increases, the reserves of SIC decrease,
and they achieve the minimum value at 0.7 km from the sea.
Then at greater distances, the SIC reserves increase with the
increase in distance from the sea and reach the secondhighest value at the farthest distance from the sea (3.5 km).

3.2

Distribution characteristics of SIC reserves in
the vertical sections

3.2.1 Mudflat
In the vertical section (Fig. 4), the difference of SIC reserves among different soil layers is not obvious, indicating
that the SIC reserves are not closely related to the soil depth.

Fig. 4 Profile variation of SIC reserves in the mudflat (A) and river flat (B)
Note: CV is Variation coefficient
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With the deepening of the soil layer, the SIC reserves of the
mudflat first decrease and then increase. The SIC reserves in
0–20 cm, 20–40 cm and 40–60 cm depths account for
33.21%, 32.68% and 34.11% of the total SIC reserves in
0–60 cm, respectively, suggesting that the deep soil is the
main place for SIC sequestration in the mudflat.
3.2.2 River flat
As was found for the mudflat, there is no significant difference in SIC reserves among different soil layers in the river
flat (Fig. 4). The SIC reserves in 0–20 cm, 20–40 cm and
40–60 cm depths account for 38.18%, 29.73% and 32.09%
of the total SIC reserves in 0–60 cm, respectively. Here, the
SIC reserves in the surface soil are the highest.

3.3

The impacts of Spartina alterniflora invasion and
aquaculture activities on SIC reserves

3.3.1 Spartina alterniflora marsh
The variation coefficient of SIC reserves in Spartina alterniflora marsh is 17.41%. According to the result of the division, it falls in the moderate variability category, representing the heterogeneous spatial distribution of SIC reserves.
In the horizontal direction (Fig. 5), the effect of species
invasion on the SIC reserves of the wetland is analyzed by
comparing SIC reserves between Spartina alterniflora

marsh and the surrounding mudflat in the Yanghe River estuary. The SIC reserves of the Spartina alterniflora marsh
and surrounding mudflat can be ranked as follows: the far
shore mudflat > the far shore Spartina alterniflora marsh,
and the near shore mudflat > the near shore Spartina alterniflora marsh. The overall distribution trend shows that
the SIC reserves in the mudflat are larger than that in the
Spartina alterniflora marsh, and the SIC reserves of both of
them are significantly affected by the distance from the sea.
In the vertical section (Fig. 6), the SIC reserves in 0–20
cm, 20–40 cm and 40–60 cm depths account for 33.81%,
29.53% and 36.66% of the total SIC reserves in 0–60 cm,
respectively. The deep soil is the main area for SIC sequestration.
3.3.2 Aquaculture ponds
The variation coefficient of SIC reserves of aquaculture
ponds is 8.59%, which falls in the range of weak variation.
The SIC reserves in the aquaculture ponds have a small spatial distribution difference.
In the horizontal direction (Fig. 7), the SIC reserves of
the aquaculture ponds and surrounding mudflat of Dagu
River estuary are compared to analyze the effects of anthropogenic activities on the reserves of SIC. The results
show that the SIC reserves in the aquaculture ponds are
higher than the SIC reserves of the surrounding mudflat on
the whole. In the vertical section (Fig. 6), the SIC reserves
in 0–20 cm, 20–40 cm and 40–60 cm depths account for
34.81%, 29.87% and 35.31% of the total SIC reserves in
0–60 cm, respectively. More SIC is stored in surface soil
and deep soil than in intermediate depth soil.

4
4.1

Fig. 5 Horizontal variation of SIC reserves in the Spartina
alterniflora marsh and nearby mudflat

Discussion
Spatial distribution characteristics of SIC
reserves in coastal wetland of Jiaozhou Bay

The mudflat and the river flat are both located in the delta
region of the river flowing into the sea. It is a typical estuarine wetland which is formed by the interaction of sea and
land, and it is strongly affected by the tidal effects of the

Fig. 6 Profile variation of SIC reserves in the Spartina alterniflora marsh (A) and aquaculture ponds (B)
CV: Variation coefficient
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Fig. 7 Horizontal variation of SIC reserves in the aquaculture ponds and nearby mudflat

ocean. The hydrologic process is thus an important factor
for SIC reserves. As the media between inshore and coastal
wetland ecosystems, tidal effects can contribute to transverse
material migration and energy transformation between estuarine, wetland and coastal areas (Bauer et al., 2013). Under the effects of hydrological processes, the large water
flow at the entrance to the sea and the strong scouring effects facilitate the reaction between CO2 in soil and seawater.
As a result, the generated H2CO3 decreased the pH, causing
the dissolution of CaCO3 and reduction of SIC (Yang et al.,
2010). Moreover, suspended sediment will carry a significant amount of material during the tidal period, which will
be deposited under flocculation. At distances farther away
from the estuary, the flow velocity becomes smaller. Nevertheless, the strength of the water disturbance cannot resuspend the sediment in the flat surface, causing the accumulation of SIC, and this effect is the main factor leading to the
variation of SIC reserves in the horizontal direction of the
mudflat (Duan et al., 2008). In the vertical section, there is
no vegetation cover in the light beach, and the interference
intensity of the ocean tides is greater. This not only affects
the lateral migration of the land and water, but also accelerates the deposition rate of the material. The Ca2+ of the soil
surface is combined with the carbonated phase produced
from the dissolved CO2 in the air or the decomposition of
the plants and plant residues to form Ca(HCO3)2, which then
moves downward by seawater leaching, and is deposited in
the middle and lower soil profiles in the form of calcium
deposits (Mi et al., 2008).
Salinity is an important ecological factor in the estuarine
environment. It will directly or indirectly affect many
physical, chemical, biological and biogeochemical processes. Frequent periodic seawater tides will cause changes
in soil salinity (Liu et al., 2012). The carbon sequestration is
achieved by affecting plant growth and vegetation growth
structure in wetland ecosystems. Yu et al. (2015) confirmed
that salinity is an important hydrochemical factor affecting
inorganic carbon in surface sediments. Therefore, we measured the soil salt content of the 7 sampling sites of the river
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flat, and analyzed the relationship between the SIC reserves
and the soil salt content. The results showed that both SIC
reserves and soil salt content present similar distribution
trends with distance from the sea on the whole. However,
SIC reserves first increased and then decreased with the
increase of soil salt content. This phenomenon indicates that
the salt content below a certain critical value, the increase of
salt content will provide the required ions for the formation
of SIC, and above that value, it will affect the processes of
respiration, digestion and decomposition of plants and microorganisms in the soil, thus reducing the activity of soil
organisms and slowing down the process of organic matter
to inorganic matter transformation in the soil, and inhibiting
the production of carbonate (Setia et al., 2011; Li et al.,
2017; Zhao et al., 2017). These trends are not only related to
the dissolution of seawater in estuaries, but are also related
to the mineralization phenomena caused by anthropogenic
activities. Because of the factories, residential areas and
other buildings located in the inland part of the region, the
disturbances to wetland soil are obvious, leading to the increase of exogenous substances entering the surface soil, the
acceleration of the deposition rate, and the deposition of SIC
(Duan et al., 2008). In addition, studies have shown that
inorganic carbon content in sediments is affected by different material sources, sedimentary environments, redox
processes, and other factors. Moreover, the physical and
chemical coagulation, such as the marine redox conditions,
the organism metabolism and the physical and chemical
agglomerates, also affect SIC reserves in offshore areas
(Yates et al., 2006). Therefore, the changes of SIC reserves
in the river flat reflect the effects of both hydrologic and
anthropogenic factors on SIC migration, and have great
complexity.

4.2

The effects of Spartina alterniflora invasion and
aquaculture activities on SIC reserves

Spartina alterniflora is the most representative invasive
species in Jiaozhou Bay. The mulching effect of plant leaves
and the water conservation effect of roots can effectively
reduce water evaporation, increase soil moisture content,
and form an environment of soil anoxia (Tang et al., 2014).
This anoxic environment can cause roots to be exposed to
the surface, which weakens the flow velocity of the tidal
water and deposits the carried SIC. Then plants transform
the SIC into organic matter through photosynthesis, decreasing the reserves of SIC. The growth of vegetation is
also an important factor affecting the carbon sequestration
capacity (Bernal et al., 2012). Studies have found that
short-term Spartina alterniflora invasion will decompose
carbon pools for plant uptake and utilization (Yang et al.,
2010), which results in low SIC reserves in the soil of nearshore Spartina alterniflora marshes. Through these processes, differences in plant growth characteristics and years
can lead to variations in SIC reserves.
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The planting of Spartina alterniflora can change soil
structure and soil colloid state (Liu et al., 2011). The wetland soil transition layer is generally about 30 cm underground; and it is hard for the plant roots to penetrate into
deeper soil where fewer roots can be found (Liu et al., 2003).
Accordingly, the densely packed soil layer has low SIC
reserves. In addition, the decomposition of SOC by Spartina
alterniflora promoted the dissolution of inorganic carbon in
surface soil, which caused SIC to move down with the increase of soil depth (Pan et al., 1997), and led to the low
value of SIC in the upper and middle soil. In deep soil, organic matter decomposition and root and microbial respiration release a large amount of CO2. The CO2 interacts with
soil water to form H2CO3 solution, which causes the precipitation of CaCO3 and resulting increase of SIC (Yang et
al., 2010).
Aquaculture is one of the main anthropogenic activities
in Jiaozhou Bay. In the process of sterilization and alkalization of aquaculture ponds, the large number of additives
added into the ponds will increase the content of many different kinds of ions and nutrients in the soil and cause the
salinization of the soil. This process leads to the increase in
various forms of inorganic carbon, which is beneficial to the
accumulation of SIC (Liu et al., 2015). Moreover, the algae
resources in the aquaculture ponds are abundant, and their
photosynthesis will change the physical and chemical properties of the water body, which is also one of the main factors that lead to the over saturation of calcium carbonate to
produce carbonate precipitation (Obst et al., 2009). The
complex and diverse management measures will affect soil
SIC reserves as well. When the ponds are abandoned, the
salt ions in the water accumulate on the surface of the soil
under evaporation and increase the SIC reserves in the surface soil (Hren et al., 2012). Meanwhile, the biomass in aquaculture ponds is high. The decomposition activities of
microorganisms can speed up the transformation of primary
carbonate to secondary carbonate in surface soil, which also
increases the surface SIC reserves. The leaching of water
remains the main reason for the high SIC reserves in the
deep soil. Additionally, related studies have shown that aquaculture activities will change the physical and chemical
properties of soil in aquaculture ponds, resulting in low SIC
solubility in deep sediments, which is beneficial to the retention of SIC in this layer (Quan et al., 2015).

5

Conclusions

In the horizontal direction, the SIC reserves of the mudflat
are the lowest in the estuary. At increasing distances from
the estuary, the reserves in the mudflat along the parallel
coastal zone increase, suggesting the impact of tidal scouring action on SIC reserves at the estuary. The SIC reserves
of the river flat first decrease and then increase with the
increasing distance from the sea. Due to the different distances from the sea, SIC reserves are affected by synergetic

factors such as the dissolution by seawater and anthropogenic activities. In the vertical section, more SIC is stored in
the deep soil of mudflat due to the surface SIC replenishing
to the deep soil under ocean tidal leaching. The SIC in the
surface soil of the river flat is relatively high, indicating the
effects of hydrologic and anthropogenic factors on SIC migration.
The invasion of Spartina alterniflora can decrease the
SIC reserves of the wetland through the cover of leaves and
the water retention of roots. The difference of plant growth
and period is also an important factor affecting the low value of the SIC reserves. In addition, aquaculture activities
have an impact on SIC reserves. The use of additives in aquaculture ponds and the biological effects of algae lead to
the higher SIC reserves. The effects on ion concentrations
caused by water evaporation, the decomposition activities of
microorganisms and the leaching effect of seawater also
comprehensively affect the vertical distribution of SIC reserves.
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胶州湾典型河口湿地土壤无机碳储量的空间分异特征
隋晓敏，庞明月，李

悦，王筱彤，孔范龙，郗

敏

青岛大学环境科学与工程学院，山东青岛 266071

摘

要：河口湿地无机碳的储存对于缓解全球气候变暖具有重要意义。本文选择胶州湾大沽河口与洋河河口为采样区，应

用 Duncan 方法进行数据分析，探讨了土壤无机碳（soil inorganic carbon, SIC）储量的分布特征及其影响因素。结果表明，距入海
口越远，平行海岸带的光滩 SIC 储量越高，海洋潮汐的冲刷作用是主要驱动因素；在垂直剖面上，40–60 cm 土层 SIC 储量相对
较高，占 0–60 cm 土层的 34.11%，这是海水淋溶作用水盐运移的结果。垂直海岸带的河漫滩 SIC 储量随距海距离的增加呈现出
先降低后升高的趋势，在垂直剖面上，0–20 cm 土层 SIC 储量相对较高，占 0–60 cm 土层的 38.18%，这主要归因于海洋因素和人
类活动等综合因素的影响。互花米草的入侵降低了湿地的 SIC 储量，植物根系的转化作用与自身生长特性和年限的差异是导致
SIC 储量低值的主要原因。养殖活动改变了养殖池塘土壤的理化性质，进而改变了 SIC 储量的分布规律。
关键词：湿地土壤；土壤无机碳；互花米草；养殖池塘

