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H I G H L I G H T S

• SOC was predicted using multiple linear
regressions (MLR) and random forest
model (RF).

• Soil/sediment pH, Cl and silt contents
were identified as the most important
factors impacting SOC.

• RF preformed much better than MLR in
predicting SOC.

• Paddy management was recommended
as an environment-friendly approach to
managing newly reclaimed lands.
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Organic carbon is a key component of soils and plays a fundamental role in soil fertility and climate change. De-
termining the importance of potential drivers of soil organic carbon (SOC) and thus predicting the distribution of
SOC are important formeasuring carbon sequestration or emissions. Coastalwetlands are precious land resources
that are currently undergoing rapid reclamation in China. The alternations in soil physicochemical conditions
caused by reclamation can strongly impact the cycle of organic carbon. However, identification of the important
drivers of SOC dynamics and prediction of SOC using the potential drivers remain largely unclear. In this study,
we used classification and regression tree (CART) to identify the importance of the potential drivers of SOC at
241 sites from an intensively managed reclamation zone of eastern China. Multiple linear regressions (MLR)
and random forest (RF) models were applied to predict the distribution of SOC using continuous variables,
such as the contents of Cl, CaO, Fe2O3, Al2O3, SiO2, clay, silt, and sand aswell as the soil pH, alongwith categorical
variables, such as land use and reclamation duration. The results indicate that the soil/sediment pHwas themost
important variable impacting SOC, followed by the Cl and silt contents. The RF and MLR involving all predictor
variables produced much higher R2 and lower error indices than the RF and MLRmodels involving independent
variables (pH and CaO). RF performed much better than MLR as it revealed much lower error indices (ME, MSE,
and RMSE) and a higher R2 than MLR. The superiority of RF in predicting SOC is related to its capability to deal
with non-linear and hierarchical relationships between SOC and predictors. Analyses of land use effects on SOC
dynamics indicated that paddy soils were superior in sequestering SOC than other land use types, which is likely
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ascribed to the rapid desalination and dealkalization of paddy fieldmanagement. Therefore, paddy fieldmanage-
ment is recommended as an environment-friendly approach for managing newly reclaimed lands.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Soil is the largest organic carbon pool in terrestrial ecosystems
and stores two or threefold more organic carbon than either the at-
mosphere or terrestrial vegetation (Lal, 2004; Schmidt et al., 2011).
Soil organic carbon (SOC) thus constitutes a major global change
driver due to its high sensitivity to human disturbance (Smith et
al., 2015). To mitigate increasing global warming, soils should be
managed to sequester more organic carbon and discharge less green-
house gases (Wiesmeier et al., 2015; Zhang et al., 2016). SOC is also
closely related to soil fertility and productivity due to its significant
role in supplying nutrients and in the formation of improved soil
structure (Tiessen et al., 1994). A further understanding of SOC dy-
namics and related driving factors would be essential for predicting
greenhouse emissions and for pursuing sustainable land use strate-
gies (Hu et al., 2007; Wiesmeier et al., 2012).

Coastal wetlands are precious land resources and play a signifi-
cant role in carbon sequestration (Chmura et al., 2003). Coastal wet-
lands reclamation has been a common practice for gaining new
arable land in China and in other countries for thousands of years
(Cheng et al., 2009; Fernández et al., 2010; Wolff, 1992). In China,
N50% of the coastal wetlands have been reclaimed since the 1950s
due to increasing population pressures and related socio-economic
demands (An et al., 2007), resulting in 13,380 km2 of land reclama-
tion between 1950 and 2008 (Wang et al., 2014b). Reclamation of
coastal wetlands for agricultural uses may have a notable effect on
SOC because of the alternation in soil conditions and OC inputs and
outputs (Deng et al., 2016; Jin et al., 2013; Yin et al., 2016). Numer-
ous studies have revealed significant differences in SOC between
reclaimed lands and natural coastal wetlands (Cui et al., 2012;
Deng et al., 2016; Kölbl et al., 2014).

Climate conditions, soil properties, topography, and anthropogenic
activities are general factors driving SOC dynamics, as stated in previous
studies (Doetterl et al., 2015; Hobley et al., 2015; Six et al., 2000). How-
ever, SOC dynamics in coastal reclaimed lands is not only affected by the
above factors but also by certain specific factors e.g., salinity, pH and rec-
lamation duration (Kölbl et al., 2014;Wang et al., 2014a; Wissing et al.,
2011). Generally, SOC tends to accumulate in areas with lower temper-
atures and higher precipitation (Chris et al., 2004; Hobley et al., 2015).
Soils with finer particles are favorable for SOC accumulation because
of the stronger adsorption ability of soil clay and silt to SOC (Hassink,
1997). Anthropogenic factors, such as land use change and agricultural
practices, also exert significant impacts on SOC dynamics by altering
OC inputs, the OC decomposition rate and dissolved organic carbon
leaching (Cambardella et al., 1994; DeGryze et al., 2004; Richter et al.,
1999). On the salt-affected reclaimed lands, salinity plays an opposite
role in SOC dynamics, by limiting plant growth, which would result in
low OC input, reduced OC decomposition rates and consequently SOC
accumulationwhen the OC input is constant (Setia et al., 2013). The rel-
ative alkalinity of newly reclaimed soil is also a primary limiting factor
for plant growth, thus impacting SOC dynamics (Deng et al., 2016).
After reclamation, SOC increased significantly with increased reclama-
tion duration, which can probably be attributed to the result of fertiliza-
tion and the accumulation of organic residues (Fu et al., 2014; Li et al.,
2014). Some studies have also highlighted that reclaimed lands used
as paddy fields have much higher SOC content than those used as up-
lands (Cheng et al., 2009; Cui et al., 2012; Fu et al., 2014).

Numerousmodels have been developed to predict the spatial distri-
bution of SOC using the potential factors related to SOC dynamics.
Among those models, multiple linear regression has been used as a

most common approach for SOC prediction (Florinsky et al., 2002;
Guo et al., 2015; Thompson and Kolka, 2005). The preference for this
method can be linked to its simplicity in application, efficiency in com-
putation, and ease of interpretation (Thompson et al., 2006). This meth-
od can only detect liner relationships between the response variable
and environmental predictors. However, these relationships are gener-
ally complex and non-linear (Lark, 1999). Therefore, some studies have
used classification and regression tree (CART) model (Hobley et al.,
2015; Ru et al., 2016), generalized linear model (Mckenzie and Ryan,
1999), and artificial neural networks (Alvarez et al., 2011; Guo et al.,
2013) to detect the non-linear relationships between target variables
and environmental predictors. The CART method is a widely used ma-
chine learning method that has proven its superiority in handling
non-linear and non-additive relationships (Myles et al., 2004). Random
forest (RF), developed as an extension of CART, is a relatively new ap-
proach to improve prediction accuracy (Breiman, 2001). This method
has some advantages over other prediction models, such as resistance
to overfitting, insensitivity to noise features and an implemented unbi-
ased measure of error rate (Breiman, 2001). To date, some studies have
used RF to link SOC to environmental variables (Grimmet al., 2008; Guo
et al., 2015; Rossel and Behrens, 2010; Wiesmeier et al., 2011). Howev-
er, on reclaimed lands, RF has only been applied once to the prediction
of SOC (Deng et al., 2016). Considering the rapid dynamics of soil prop-
erties that might affect SOC, accurate prediction of SOC would be essen-
tial for improving understanding of SOC dynamics and its related
controlling factors on reclaimed lands.

The objectives of this study were as follows: 1) to predict SOC using
MLR and RF models and to compare the performances of these two
models; and 2) to identify the importance of the factors impacting
SOC in an intensively managed reclamation zone.

2. Materials and methods

2.1. Study area

The study area is located in Dafeng County, Jiangsu Province,
China (33°00′N–33°30′N, 120°30′E–121°00″E). This study area
covers approximately 1700 km2, with an elevation of several meters
above sea level. The area has a subtropical monsoon climate, with a
mean annual temperature and rainfall of 14 °C and 1042mm, respec-
tively. The area is a marine deposit plain, with large portions of the
deposited sediments derived from nearby rivers. The Yangtze River
is one of the transporters that carries abundant terrestrial material
into the Yellow Sea, and the material re-accumulates in the coastal
area of Dafeng. Material from the old Yellow River also contributed
considerable amounts of sediment to the coastal area of Dafeng be-
tween 1495 and 1851, until its channel was altered northward
(Zhang et al., 2013). In the past century, the tidal flats in the study
area experienced intensive reclamation due to a high sediment ac-
cretion rate and rapid expansion of coastal wetlands. According to
IUSS Working Group WRB (2007), the soil type of the lands
reclaimed within 50 years was classified as Stagnic Gleyic Cambisol
(Galcaric Siltic); whereas the lands with N50 years of reclamation
history was identified as Gleyic Cambisol (Eutric, Siltic).

Dike building has been a common method to separate coastal
wetlands and reclaimed lands in this area. The land inside a certain
dike was reclaimed at approximately the identical time. In this
study area, a total of four dikes have been built during the past cen-
tury, thereby resulting in a chronosequence with reclamation dura-
tions of approximately 10, 30, 65, and 90 years. Dike-building
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