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Abstract: The physical and chemical properties of coastal soils in China have changed due to the
development of reclaimed stretches of coastline, which has a significant impact on the dynamics of
organic carbon (OC) in the soils. We evaluated changes in the physical and chemical properties of
soils in both a natural area and a reclaimed area along the coast of Rudong County, China, as well as
the effects that these changes had on the OC content of the soils. A partial least squares regression
(PLSR) model was used to determine which factors are most important for driving changes in soil
OC at four sites from each area. According to dominant vegetation types, there were significant
differences in soil physical and chemical properties and OC content between the reclaimed area and
natural coastal area. The mean grain size and pH increased gradually with depth, and values were
highest in reclaimed areas. Mean total N (TN), P, and S, salinity, water content, and soil OC were
highest in natural areas and decreased with depth. The PLSR model determined that TN, silt content,
and sand content were the most important factors affecting soil OC in the reclaimed area, whereas
TN, clay content, and water content were important factors affecting soil OC dynamics in the natural
coastal areas. This study provides important reference data for correctly assessing the role and status
of coastal areas in the global carbon cycle.
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1. Introduction

The rapid increase in the levels of greenhouse gases since the Industrial Revolution—
especially CO,—has exacerbated global warming [1], and reducing the risk of climate
change is a major challenge worldwide. Carbon pool expansion represents a practical way
to mitigate global warming by offsetting anthropogenic CO; emissions [2]. The ocean is the
largest carbon sequestration on Earth, and plays a crucial role in the global carbon cycle. It
stores approximately 93% of the global CO, and has absorbed more than one-third of CO,
emitted since the Industrial Revolution [3,4]. Coastal zones, including tidal marshes, only
account for 0.2% of the global ocean area; however, they are the principal zones for marine
carbon burial and 50% of the total marine carbon is stored in coastal marine sediments [5].
As such, increasing the carbon sequestration capacity of coastal zones is important for
climate change mitigation.

The coastal zone is the area connecting the sea and the land. In recent years, with
rapid growth of the global population and acceleration of urbanization, coastal zones are
facing increasing pressures. The construction of ports and economic parks [6,7], beach
reclamation [8,9], and other coastal development activities have greatly reduced the area
of coastal wetlands [10,11]. Overall, coastal ecosystems have suffered severe ecological
damage and their carbon sequestration potential has decreased significantly.
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Tidal flat reclamation is common practice in the coastal areas of eastern China, and
it plays an important role in reducing the pressures caused by population growth and
urbanization [8,12], while also promoting economic development. However, tidal flat
reclamation has also changed the physical and chemical properties of coastal soils [13,14],
soil aggregate formation [15] (Kong et al., 2009), heavy metal accumulation [16,17], and
alteration of the carbon sequestration capacity of the soil [18-21]. To date, there have been
relatively few studies on the physical and chemical properties of soil and their influence on
the organic carbon (OC) characteristics. Furthermore, no studies have drawn comparisons
between reclaimed areas and natural coastal areas in terms of their soil OC content and
carbon cycling. In order to understand the carbon sequestration capacity of different
coastal environments, as well as their role in the global carbon cycle, it is important to
study the physical and chemical properties of soils, variation in their OC characteristics,
as well as the factors affecting OC burial. Furthermore, it is crucial to compare these
traits between reclaimed coastal areas and natural coastal areas, as this can provide a
reference for scientific management of coastal blue carbon and the design of sustainable
coastal ecosystems.

In this study, we collected soil columnar samples from eight different locations in the
coastal reclaimed area and the natural coastal area of Nantong City, in Rudong County,
China. We measured the samples for OC content, total carbon (TC) content, total nitro-
gen (TN) content, grain size, water content, salinity (SAL), pH, and phosphorus (P) and
sulfur (S) levels. The objectives of this study were to: (1) determine the organic carbon
sequestration capacity of soil in natural coastal areas versus those in areas which have
been reclaimed; (2) reveal the effects of soil hydrological, physical, and chemical properties
on organic carbon sequestration capacity; and (3) determine the importance of the factors
affecting the organic carbon sequestration capacity.

2. Materials and Methods
2.1. Study Area

The research was conducted in the coastal zone of Rudong County. Rudong County
(120°42/-121°22' E; 32°12'-32°36' N), which has a total area of 1872 km?, is located north of
the Yangtze River Delta, east of Jiangsu Province, and northeast of Nantong city (Figure 1).
The area has a subtropical maritime monsoon climate, and is characterized by abundant
precipitation, long frost-free periods, and mild, humid, sunny conditions. Sediments along
the Rudong County coast are mainly sourced from the Yangtze River, which transports
a large amount of detrital material from the upper reaches to the Yellow Sea, where they
are redeposited via wave action along the coastline. The sediments in this area have
characteristics of both terrestrial clastic materials and marine sediments.

Due to coastal development activities, dikes have been built in some areas of the
Rudong coast in order to separate tidal flats and agricultural areas. Although agricultural
activities have not been carried out in the dammed areas, the isolation of seawater has
changed the hydrological and physicochemical properties of the soils. Accordingly, the
vegetation has also undergone natural succession. In the natural coastal area, the main
plant species is Spartina alterniflora, whereas, in the reclaimed area, the dominant species
are Phragmites australis and Aeluropus.

2.2. Soil Sampling

On 18 May 2019, after nearly a week of fine weather, columnar soil samples were
collected from eight sites in the coastal zone of Rudong County: four sites in the reclaimed
area, numbered R01, R02, RO3, and R04, which is not affected by sea water; and four sites
in the natural coastal area, numbered NO1, N02, N03, and N04, which is affected by tides
(Figure 1). The subsamples were collected from the surface to a depth of 40 cm (0—40 cm)
at 5 cm intervals at each site, and a total of 64 subsamples were obtained for the eight
sampling sites. For water content analysis, a separate set of samples was taken using a
cutting ring. The samples were refrigerated upon collection, transported back to the Key
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Laboratory of Ecological and Environmental Construction of Jiangsu Province, School
of Geographical Sciences, Nanjing Normal University, and pretreated according to the
experimental requirements. Thereafter, measurements of OC, TC, TN, grain size, water
content, pH, SAL, P, and S were obtained.
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Figure 1. Maps detailing the study area location and the sampling sites.

2.3. Experimental Analysis

The samples used for OC, TC, and TN content, as well as P and S content, pH, and
salinity (SAL) measurements were uniformly dried at a constant temperature of 40 °C,
ground in an agate mortar, and passed through a 200-mesh fine sieve. The samples used for
grain size analysis did not need to be dried; they could be used directly after pretreatment.

2.3.1. Measurement of OC, TC, and TN Content

A total of 250 mg of ground and sieved samples were weighed for the TC and TN test.
In total, 2 g of ground and sieved samples were weighed and placed in a 100 mL centrifugal
tube, and an appropriate concentration of 10% hydrochloric acid (HCI) was added to
remove the inorganic C. Thereafter, 80 mL ultrapure water was added to dilute each
subsample, and they were centrifuged, washed to neutral, dried in a constant temperature
drying oven at 40 °C, and then placed in zip-locked bags for measuring OC. TC, OC, and
TN were tested using a Vario Max elemental analyzer (Elementar, Langenselbold, Germany)
in CN mode, and the sample analysis error was less than 0.03%. Since the inorganic C was
removed prior to the OC test, the measured OC content was larger than the actual OC
content in the soil. In order to correct for this error and to obtain the true OC content of the
soil, the following mathematical equation was used:

OC=0C x (1 — TC)/(1 — OC'), 1)

where OC is the true organic carbon content (mg/g); OC’ is the measured organic carbon
content (mg/g) after removing inorganic carbon; and TC is the measured total carbon
content (mg/g).
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2.3.2. Grain Size Measurements

The following process was repeated for each sample: approximately 0.5 g of each soil
sample was placed in a 100 mL beaker. Then, 10 mL of 10% hydrogen peroxide (H,O,)
was added to completely remove the organic matter from the sample, and 10 mL of 10%
HCl was added to completely remove any calcium cementitious material in the sample.
Thereafter, 80 mL ultrapure water was added for dilution and the sample was allowed
to stand for 24 h. Then, the solution supernatant was removed using a siphon. This was
repeated several times until the sample solution pH was close to neutral. Finally, sodium
hexametaphosphate dispersant was added to the sample solution, and the beaker was
placed in an ultrasonic oscillator for oscillation to fully disperse the sample. After shaking,
the grain size test was carried out using a Mastersizer 2000 particle size analyzer (Malvern
Co., Malvern, UK). The measurement range of the instrument was 0.02-2000 pum, and the
relative error was less than 2%.

2.3.3. Water Content Measurement

Each sample collected using the cutting ring was weighed directly to obtain its wet
weight, dried in an oven at 40 °C for five days, and then reweighed to obtain its dry weight.
The water content was calculated using the following formula:

W = (W1 — W2)/W2 x 100%, @)

where W is the water content (%); W1 is the wet weight of the soil sample (g); and W2 is
the dry weight of the soil sample (g).

2.3.4. Measurement of pH and Salinity

A total of 2.5 g of ground and sieved samples were weighed and placed in 10 mL test
tubes. A syringe was used to add 6.25 mL of ultrapure water to each test tube in order to
mix it according to the water—soil ratio of 2.5:1. The test tubes were covered, shaken, and
then placed on a test tube rack for 3 min. Then, an SX751 multi-parameter water quality
instrument (Shanghai Sanxin Instrument Co., Ltd., Shanghai, China) was used to measure
the pH and SAL. Both the pH and SAL were measured three times and the mean value
was calculated.

2.3.5. Determination of the Nutrients P and S

A total of 5 g of ground and sieved samples were weighed out. The sample was
treated with boric acid and then pressed into a tablet under 30 tons of pressure [22]. Levels
of P and S were determined using an X-ray fluorescence spectrometer (XRF) (PANalytical
Co., Almelo, The Netherlands), and the measurement error was less than 5%.

2.4. Factors Affecting OC Concentration

We used partial least squares regression (PLSR) to analyze the importance of factors
affecting OC concentration. PLSR is a new multivariate statistical analysis method that
integrates the advantages of principal component analysis, canonical correlation analysis,
and multiple linear regression analysis. This method has been widely used to conduct
regression analyses with small samples, multiple variables, and multicollinearity among
variables [23-26]. PLSR presents multiple advantages over other methods; it easily identi-
fies system information and noise, has a stronger interpretation ability for independent
variables, and its results are more stable and reliable. PLSR uses cross-validation results to
determine the number of components, avoids overfitting, and balances the interpretation
ability (R?) and prediction ability (Q?) of the PLSR model [27]. The model is considered to
have good predictive ability when the cumulative predictive value (Q*cum) of a dependent
variable is greater than 0.5 [28,29]. The importance of an independent variable is measured
by the variable importance in projection (VIP) value [30]. When VIP > 1, it means that the
independent variable is important for predicting the dependent variable, whereas it is less
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important at V < 0.5 [29,31]. The regression coefficients (RC) indicate the action direction
of each independent variable [32].

3. Results
3.1. Variation in Soil Physical and Chemical Properties
3.1.1. Grain Size

The soil samples from the reclaimed area (sites R01-R04) were mainly composed of
sand and silt, with less clay content. The average mean grain sizes (MZ) from the four
sampling sites were 77.81, 61.28, 48.35, and 74.65 pum, respectively. Generally, the MZ at each
sampling site gradually increased with depth, except at site R02, where this trend was not
clear. The soil samples from the natural coastal area (sites NO1-N04) were mainly composed
of silt, followed by sand and clay. The clay content in these samples was higher than that of
samples from the reclaimed site, and the average MZs at the four sampling sites were 41.74,
33.57,37.70, and 31.59 um, respectively. The MZ at each sampling site increased gradually
with depth (Figure 2a). Generally, the average MZs of soil samples from the natural
coastal area were smaller than those from the reclaimed area (Figure 2b). The dominant
species in the vegetation of the natural coastal area was S. alterniflora. S. alterniflora is an
exotic pioneer plant species found in tidal flats and wetlands. As this species grows and
develops, the vegetation density increases and it becomes more efficient at blocking tidal
waters. This makes beds of S. alterniflora more conducive to the deposition of fine-grained
sediments. Conversely, in reclaimed areas, activities are conducive to the formation of soil
aggregates [15], and the mean grain size increases.
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Figure 2. Representation of soil sample composition and the change in grain size with depth at each
sampling site. (a) The change in grain size composition with depth; (b) the average mean grain size
(MZ) of samples from each sampling site. R0O1-R04 = reclaimed sites; NO1-N04 = natural coastal sites.

3.1.2. pH and Salinity

The pH values of soils from sites R01-R04 ranged from 8.31 to 9.18, and the mean
values were 8.87, 8.80, 8.83, and 8.93, respectively. SAL ranged from 0.06 to 0.24 g/kg,
with mean values of 0.071, 0.065, 0.208, and 0.07 g/kg, respectively. The pH values of
soils from sites NO1-N04 ranged from 8.01 to 8.38, and the mean values were 8.20, 8.12,
8.26, and 8.18, respectively. SAL ranged from 1.99 to 4.26 g/kg, with mean values of
2.414, 3.571, 2.359, and 2.628 g/kg, respectively. Generally, the pH at all eight sampling
sites gradually increased with depth, which may be related to dilution by fresh water in
surface soils, whereas SAL showed no clear trend with depth (Figure 3a). The mean pH
of soils in the natural coastal area was lower than that of the soils in the reclaimed area,
whereas their mean SAL was much higher (Figure 3b). In the natural coastal areas, the root
system of S. alterniflora is more developed, and the organic acids produced by rhizosphere
respiration continuously enter the soil. Therefore, the soil pH decreases as the vegetation
beds of S. alterniflora continue to develop. The soil covered by P. australis and Aeluropus
beds in the reclaimed area is no longer subject to the scouring effect of tidal waters. As a
result, the soils are gradually desalinated through rainfall, resulting in the dissociation of
colloidal exchangeable sodium ions, and the production of sodium carbonate and sodium
bicarbonate, which leads to an increase in pH [33]. The soils covered by S. alterniflora
had a higher salinity compared to that of soils covered by P. australis and Aeluropus. The
rising tide floods the beds of S. alterniflora with seawater, which increases the salinity of the
underlying sediment; conversely, in the reclaimed area, the soil is washed with freshwater
by rain and is desalinated.

3.1.3. Nutrient Elements (TN, P, S)

The TN content of soils from sites R01-R04 ranged from 0.070 to 0.412 g/kg, and the
mean values were 0.115, 0.143, 0.200, and 0.280 g/kg, respectively. The P content ranged
from 0.495 to 0.595 g/kg, and the mean values were 0.541, 0.537, 0.570, and 0.538 g/kg, re-
spectively. The S content ranged from 0.038 to 0.455 g/kg, with mean values of 0.094, 0.146,
0.162, and 0.062 g/kg, respectively. The TN content of soils from sites NO1-N04 ranged
from 0.092 to 0.829 g/kg, and the mean values were 0.485, 0.451, 0.415, and 0.497 g/kg, re-
spectively. The P content ranged from 0.502 to 0.624 g/kg, and the mean values were 0.562,
0.559, 0.561, and 0.580 g/kg, respectively. The S content ranged from 0.237 to 0.647 g/kg,
with mean values of 0.312, 1.153, 0.340, and 0.392 g/kg, respectively. In general, soil nutri-
ents (TN, P, and S) in reclaimed areas and natural coastal areas decreased with depth, with
the exception of the S content in soils from sites R01, R04, and NO02 (Figure 4a). This may be
due to the absorption of nutrient elements by vegetation roots, resulting in their decreased
levels in the subsoil. The mean content of TN, P, and S in the soil at sites R01-R04 was lower
than that of sites NO1-N04, with the exception of P content at site R03 (Figure 4b). Previous
studies have shown that S. alterniflora has high reserves and tolerance to S [34]; furthermore,
a higher density of S. alterniflora greatly improves the content of organic matter in soil by
increasing litter and root exudates, resulting in higher TN reserves.
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Figure 3. Comparison of changes in pH and salinity with depth at each sampling site. (a) The change
in pH and salinity with depth; (b) the mean pH and salinity at each sampling site.
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Figure 4. Comparison of changes in TN, P, and S content with depth at each sampling site. (a) The
change in TN, P, and S content with depth; (b) the mean TN, P, and S content at each sampling site.

3.1.4. Water Content

The mean water contents of soils from sites R0O1-R04 were 24.51, 19.67, 31.04, and
26.97%, respectively, and the mean water contents of soils from sites N01-N04 were 29.36,
31.23,29.51, and 28.38%, respectively. Generally, there was more fluctuation in soil water
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content of samples from the reclaimed area. With the exception of site R01, soil water
content in sampling sites within the reclaimed area gradually increased with depth. This is
due to higher levels of soil evaporation and vegetation transpiration near to the ground
surface, resulting in a lower soil moisture content. In the natural coastal area, the soil water
content of sites gradually decreased with depth (Figure 5a). Sites in the natural coastal
area are all affected by tidal waters, and more water is able to seep into the soil closer
to its surface. Furthermore, soil compaction increases with depth, and water infiltration
decreases as a result. Overall, the soil water content of sampling sites in reclaimed areas was
slightly lower than that of sites in the natural coastal areas (Figure 5b). Sites in the natural
coastal area are inundated by the tides and, thus, have a relatively stable, reliable water
source. Conversely, the soil water supply in the reclaimed area is sourced mainly from
natural precipitation and groundwater, which is further affected by weather conditions. As
such, the water content of these soils is relatively low and subject to frequent fluctuations.
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Figure 5. Changes in soil water content with depth at each sampling site. (a) The change in soil water
content with depth; (b) the mean soil water content at each sampling site.

3.2. Organic Carbon

The mean OC content of soils from sites R01-R04 was 0.96, 0.99, 1.37, and 1.46 g/kg,
respectively, and, for sites NO1-N04, it was 3.64, 4.08, 3.22, and 4.11 g/kg, respectively. The
OC content of soil at all sampling sites gradually decreased with depth (Figure 6a). The
mean OC content of the soils from sampling sites in the natural coastal area was much
greater than that of soils in the reclaimed area (Figure 6b).

3.3. Factors Influencing the Sequestration Capacity of OC

The sampling sites in reclaimed areas and natural coastal areas are subject to signif-
icant differences in environmental conditions; as such, the factors which influence the
sequestration capacity of OC in these areas may vary. We used the OC content values of
soils in the reclaimed and natural coastal areas as the response variables, and then used the
PLSR model to analyze the data of all samples to identify factors that have an important
impact on OC concentration.
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Figure 6. Change in soil organic carbon (OC) content with depth at each sampling site. (a) The
change in soil organic carbon content with depth; (b) the mean soil organic carbon content at each
sampling site.

3.3.1. Important Factors Affecting OC Concentration in Reclaimed Areas

We used the OC content of soil samples from sites R01-R04 as the response variable,
and the soil physical and chemical properties as the predictor variables in the PLSR
model. The results showed that two components could explain 74.4% of OC variation. The
maximum Q? reached 57.9% (Table 1) and the model fit was good. The order of importance
of factors influencing soil OC in the reclaimed area was as follows: TN > silt > sand > pH
> water content > S > SAL > P > clay. The VIP values of TN (VIP = 1.58, RC = 0.426), silt
(VIP =1.50, RC = 0.238), and sand (VIP = 1.44, RC = —0.211) were greater than 1, indicating
that these are the most important factors influencing soil OC concentration in the reclaimed
area. The VIP values of SAL, P, and clay content were less than 0.5, suggesting that these
factors had no significant effect on OC burial. In addition, TN, water content, silt content,
and S had positive effects on OC, whereas clay content, sand content, pH, P, and SAL had
negative effects (Figure 7).

Table 1. Summary of PLSR model outputs relating to soil organic carbon (OC) content in reclaimed area.

Explained Cumulative
Variable R? Q? Components Variation Explained Q%cum
inY (%) Variation in Y (%)
OoC 0.744 0.580 1 64.0 64.0 0.523
2 10.4 74.4 0.580

Note: OC = organic carbon content; R? is a measure of fit; Q? indicates how well the model predicts new data.
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Figure 7. PLSR model of factors influencing the content of soil OC in reclaimed areas.

3.3.2. Important Factors Affecting OC Concentration in the Natural Coastal Areas

The OC content of soil samples from sites N01-N04 was considered the response
variable, and the soil physical and chemical properties were used as the predictor variables
in the PLSR model. The results show that three components explained 93.7% of OC
variation. The maximum Q? reached 90.1% (Table 2), and the model fit was excellent.
The order of importance of factors influencing soil OC in natural coastal areas was as
follows: TN > clay > water content > sand > pH > silt > S > SAL > P. The VIP values
of TN (VIP = 1.64, RC = 0.725), clay content (VIP = 1.35, RC = 0.125), and water content
(VIP =1.21, RC = 0.190) were greater than 1, indicating that these are the most important
factors influencing soil OC concentration in the natural areas. The VIP values of P, S, and
SAL were less than 0.5, suggesting that these factors had no significant effect on OC burial.
In addition, TN, water content, clay content, sand content, P, and S had positive effects on
OC, whereas silt content, pH, and SAL had negative effects (Figure 8).

Table 2. Summary of PLSR model outputs relating to soil OC content in natural coastal areas.

Explained Cumulative
Variable R? Q? Components Variation Explained Q%cum
inY (%) Variation in Y (%)
OoC 0.937 0.901 1 734 73.4 0.705
2 18.0 91.4 0.871
3 2.3 93.7 0.901

Note: OC = organic carbon content; R? is a measure of fit; Q? indicates how well the model predicts new data.
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Figure 8. PLSR model of factors influencing soil OC content in natural coastal areas.
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4. Discussion
4.1. The Effects of Vegetation Type on OC Content

The OC content at all soil depths in the samples from the natural coastal area was much
greater than that at all depths in the samples from the reclaimed area (Figure 6). P. australis
are tall, perennial, aquatic grasses of the Gramineae; they utilize C3 photosynthesis. They
are generally tall plants with a strong reproductive capacity, and they are adapted to a
wide range of aquatic conditions and can greatly enhance carbon burial capacity in the
ecosystems in which they occur [35]. Species from the genus Aeluropus are perennial grasses
with a medium rhizoid stem and strong adaptability and are an important component of
salinized lowlands. S. alterniflora is an exotic plant. Compared with the native P. australis
and Aeluropus, it has a stronger competitive advantage due to the wider ecological range
in which it can grow. The upper limit of its distribution can reach the reed beds in the
high tide zone, and the lower limit can reach the front of the beach [36]. The area in
which S. alterniflora can grow is located within the tidal range, and the tide invasion
frequency is between 50% and 80% [37]. The areas dominated by P. australis and Aeluropus
are located within the reclaimed area and are no longer affected by tidal invasion. The
areas dominated by S. alterniflora have a high tidal invasion frequency relative to those
dominated by P. australis and Aeluropus, and this is conducive to the deposition of fine-
grained sediments, which can lead to the enrichment of OC [38,39]. Furthermore, beds
of S. alterniflora are greatly affected by tidal invasion, and the associated soils have a high
water content; although this is not conducive to the mineralization and decomposition of
OC, it is conducive to OC storage. Many studies have shown that the soil OC content under
the cover of S. alterniflora is higher than that of soils under other native vegetation [40,41].
Huang et al. [42] found that, since the introduction of S. alterniflora, the burial rate of OC
in Wanggang tidal flat in Northern Jiangsu has increased sevenfold, and the OC content
rose from 1.7 g/kg to 8.8 g/kg. S. alterniflora is a C4 plant and has a higher photosynthetic
efficiency compared to C3 plants [43]; thus, it has a higher primary productivity and burial
rate, which can significantly increase the OC burial capacity of associated soils. As such, we
believe that there are significant differences in the OC contributions of these two different
vegetation types.

4.2. Factors Influencing the OC Content in Reclaimed Areas and Natural Coastal Areas

In the coastal area, the distribution and migration of soil OC are largely affected by
vegetation type, soil physical and chemical conditions, and biogeochemical processes.
PLSR analysis showed that the important factors influencing soil OC distribution in the
reclaimed area were TN, silt content, and sand content, whereas, in the natural coastal
vegetation area, they were TN, clay content, and water content. In summary, we found that
soil grain size and TN are important factors affecting soil OC content in both areas, and
water content is important in natural coastal areas.

Many studies have indicated that OC tends to be enriched in fine-grained mat-
ter [38,39,44,45]. Finer particles render the soil under vegetation less permeable to water
and air, weakening the soil respiration process, and avoiding the decomposition of organic
carbon; thus, the OC content in the soil increases. Coarse particles have a poor water
holding capacity and carbon adsorption capacity; as such, the OC content in coarser soils is
relatively low.

The soil OC content in samples from our sites along the Rudong coastline increased as
the amount of fine particulate matter increased. In the reclaimed area, which is dominated
by silt and sand, these two coarse particle sizes were important factors affecting the soil
OC content. The coarser sand has a negative impact on soil OC content, and the finer silt
particles have a positive impact. In the natural coastal area, there was an obvious increase
in fine-grained material, specifically clay, which became an important predictive factor for
OC content and had a positive impact on OC accumulation.

TN is an important nutrient for plant growth and has a significant impact on plant
primary productivity, carbon fixation, distribution, and accumulation [46]. As such, a
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reliable supply of TN can promote plant growth and the accumulation of OC [47]. More
than 90% of TN in soil is organically combined [48], and the availability of mineral TN
in soil directly controls the decomposition rate of organic carbon [49]. Therefore, it is not
surprising that the results of our PLSR model indicated that TN is an important factor
affecting soil OC in both the reclaimed and natural coastal areas.

Based on our PLSR results, water content was another important factor which pos-
itively influenced the soil OC in natural coastal areas. Under the long-term influence of
the tides, the soils in the natural coastal area have a high water content and can often
become saturated, creating an anaerobic environment. Soil salinity is also high, which
inhibits the activity of micro-organisms and slows the decomposition rate of OC [50,51].
Furthermore, other studies have shown that the water status of soils can significantly
affect their permeability to air, which has a negative impact on the mineralization and
decomposition of inherent and exogenous OC [52].

5. Conclusions

This study analyzed the physical and chemical properties of soils and their effects on
the OC content in reclaimed and natural coastal areas along the Rudong coastline. The
results show that:

(1) There is a significant difference between the grain size compositions in both areas;
although, the grain size of soil particles generally increases with depth in both the
reclaimed and natural coastal areas. Overall, the fine particle content in the soil
of natural coastal areas is much higher than that of the reclaimed areas. Although
salinity in the soils varies greatly, there is no obvious trend with increasing depth. The
pH in the soil at all sampling sites increased with depth. There was no clear variation
in soil water content with depth in the reclaimed areas; however, soil water content
decreases with depth in the natural coastal area. Furthermore, the mean soil water
content at each sampling site in the reclaimed area was slightly lower than that of
sites in the natural coastal area. The content of nutrient elements (TN, P, S) decreased
with depth, but this trend was not significant. The contents of soil TN and S in the
natural coastal area were much higher than those in the reclaimed area; however, the
P content was not significantly different between the two areas.

(2) The soil OC content in the two regions gradually decreased with depth, and the mean
OC content of samples from the reclaimed area was lower than that of samples from
the natural coastal area.

(3) The factors which affect OC burial in the reclaimed areas were different to those
that affect it in the natural coastal areas; however, at all sites, TN and grain size are
important factors that influence the burial of OC. The relative composition of silt and
sand play an important role in the sequestration capacity of soil OC in the reclaimed
area, where coarser grain sizes result in the decomposition of OC and a decrease in
OC content. In the natural coastal areas, clay and water content are important factors
that affected soil OC concentration.

Our study provides critical information regarding the soil physical and chemical prop-
erties, as well as the important factors affecting OC concentration, in different areas along
the Rudong County coastline. Furthermore, these results are crucial for understanding the
different contributions that these contrasting environments provide to soil OC. This study
provides important reference data for correctly assessing the role and status of coastal areas
in the global carbon cycle.
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