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Effects of land reclamation on the physical, chemical,
and microbial quantity and enzyme activity properties of degraded
agricultural soils
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Abstract
Purpose Land reclamation, as a measure of increasing cultivated land area, is being popularized in China in the past decades.
However, the impact of land reclamation on soil carbon (C), nitrogen (N), and phosphorus (P) stoichiometry, microbial quantity,
and enzyme activities has been rarely studied. The objective of this study was to know how land reclamation affected soil
properties in agricultural soils.
Materials and methods Soil samples were collected at 0–20, 20–40, and 40–60 cm depths before and after land reclamation of
degraded soils in a village of southwest China. The samples were used to determine soil bulk density, porosity, moisture content,
texture, pH, soil C, N, and P nutrient properties, microbial quantity, and enzyme activities in agricultural soils.
Results and discussion The soil clay content was increased by 59.7%, while the soil organic matter (SOM), available phosphorus
(AP), total potassium,microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), and activities of catalase and urease
enzymes were decreased by 49.9, 83.4, 32.8, 20.3, and 47.9%, respectively, at 0–20 cm of the soil. The decrease of SOM
contributed to the decrease of MBC andMBN at 0–20 cm after the land reclamation. The soil texture had better capacity of water
and fertilizer retention. Medium sand (> 0.25 mm) content, AP, the ratio of C to N, and activities of catalase were decreased, but
pH and the ratio of N to P were increased at 20–40 and 40–60 cm. The clay content, medium silt (0.006–0.01 mm), total N, and
quantity of fungi and actinomycetes were increased at 40–60 cm after the land reclamation.
Conclusions Soil nutrient and enzyme activities at 0–20 cm were decreased but soil total microbial biomass was not disturbed at
0–20, 20–40, and 40–60 cm depths, after the land reclamation. The decrease of soil organic matter at 0–20 cm contributed to the
decrease of MBC and MBN affected by land reclamation activities. Therefore, topsoil requires better management to preserve
soil nutrients and enzyme activities after land reclamation.
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1 Introduction

In China, anthropogenic factors (i.e., deforestation and rapid
urbanization) caused soil degradation and loss of large quan-
tities of farmland (Zheng et al. 2005; Long 2014). Land rec-
lamation of degraded agricultural soil is the comprehensive
measure to restore farmland, water, roads, and forests
(Chatzistathis and Koutsos 2017; Howell and Mackenzie
2017). It can help to increase the cultivated land area (Wang
et al. 2014), improve soil quality of the cultivated land, in-
crease productivity of arable land (Jürgenson 2016), increase
vegetation cover, and reduce erosion events (Mihara 1996).
However, there are some negative impacts, including
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decreasing landscape diversity and ecological service value
(Yu et al. 2010). Thus, effective soil reclamation activities
require a healthy biodiversity combining physical, chemical,
and biological components of the ecosystem (Shrestha and Lal
2011).

Soil fertility is one of the key points of agriculture,
and land reclamation is considered to be an important
strategy in improving soil fertility (Mihara 1996;
Sağlam 2015). Therefore, how we could increase the
nutrient properties properly is of importance when
conducting land reclamation. During land reclamation,
carbon (C), nitrogen (N), and phosphorus (P) in the soil
are intertwined together (Lal 2004). Ecological stoichi-
ometry, the relation between elemental composition
mostly for C, N, and P and the ecosystem energy balance
(Elser et al. 2010), provides a way of investigating the
ecological interactions among the organisms, plants, and
the surrounding environment (Elser et al. 1996, 2000; Hu
et al. 2016). The study on soil stoichiometric character-
istics can be used for the regulation of soil fertility
(Heuck and Spohn 2016) and soil C storage (Gao et al.
2014) in reclamation activities. The change of environ-
mental conditions also affects diversity of microbial
communities in soil (Manickam et al. 2010; Zhang
et al. 2013a). Soil microorganisms play decisive roles
in the soil nutrient transformation cycle, system stability,
and anti-jamming capability (Peng et al. 2017). Soil mi-
crobial biomass carbon (MBC) and microbial biomass
nitrogen (MBN) have positive effects on the cycling of
soil organic C and N (Iqbal et al. 2010). Soil enzyme
activities indicate the potential of soil to support bio-
chemical processes that are vital for the maintenance of
soil quality (Moscatelli et al. 2001). However, the effect
of land reclamation on soil C, N, and P stoichiometry
and biological characteristics in terms of soil fertility
was not well studied.

Currently, some studies were conducted on the changes of
soil physical and chemical properties after land reclamation
(Juwarkar et al. 2010; 2008; Shrestha and Lal 2011; Wang
et al. 2014), but the results are varied. Shrestha and Lal
(2011) reported that the soil organic matter (SOM) was de-
creased but Nyamadzawo et al. (2008) reported that the soil C
concentration and stocks were increased over years after land
reclamation. In addition, the soil ecological stoichiometric
characteristics, during land reclamation, soil microorganisms,
and activity of enzymes in degraded agricultural soils of dif-
ferent soil depths were still unknown. Thus, the primary goals
of this study are to (1) compare the changes of physical and
chemical properties in different depths of soils, (2) investigate
changes in C, N, and P ecological stoichiometric characteris-
tics at 0–20 cm soil depth before and after land reclamation,
and (3) try to answer if land reclamation could affect soil
microorganisms and activity of enzymes.

2 Materials and methods

2.1 Study area

The study area is located at the Sanba, Fengdu County (Fig. 1),
(107°42′52.8″–107°45′30″E, 29°35′32.7″–29°39′4.6″N), which
is part of the Three Gorges Reservoir Area. The research region
is 8.9 km2 and featured a subtropical humid monsoon climate.
The elevation ranges from 1100 to 1690 m. The annual precip-
itation is 1320mm (from 1980 to 2013). In addition, the average
annual temperature is 14 °C at night and 19 °C in the day. From
east to west, the elevation becomes higher with stable geological
structure. The main soil type belongs to Alisols (FAO soil clas-
sification system) (FAO 2006), which is developed from the
parent material of Jialing River limestone. Before the land rec-
lamation, the study area included a majority of farmland, a small
fraction of agroforestry, and a large part of the wasteland in karst
areas (Fig. 2). The main problems included soils with a large
number of bare rocks, fragmented plots, shallow and uneven soil
layers in some fields, and soil acidification.

2.2 Experimental design

The land reclamation project for Sanba, Fengdu County, was
planned in May 2013 and completed in March 2014 (Fig. S1,
Electronic SupplementaryMaterial (ESM)). The project includ-
ed arable land formation, irrigation and drainage construction
tasks, and arable land formation task, which was the core pro-
ject. At the beginning of the arable land formation tasks, plots of
topsoil were stripped and rocks were excavated mechanically.
Next, fragmentary plots (irregular plots and corner plots) were
merged to larger plots. Then, stone sills were built on the plots
with higher elevation difference to reduce the slope of the plots
and soil erosion. Finally, new soil was added if the surface soil
thickness was insufficient. After the reclamation, the average
soil thickness was 60 cm. The new soil added is light clay soil
which also belongs to Alisols (FAO soil classification system)
with clay content at 28.9%, fine silt at 22.3%, medium silt at
12.8%, coarse silt at 26.2%, fine sand at 5.1%, medium sand at
4.7%, pH at 6.5, SOMat 15.2 g kg−1, available nitrogen (AN) at
85.3 mg kg−1, available phosphorous (AP) at 8.6 mg kg−1, and
available potassium (AK) at 147.5 mg kg−1 (see subsequent
texts for the method of analyses). After the land reclamation
and soil sampling, the project area was rented to farmers to
grow tobaccos (Nicotiana) and vegetables.

The soil from each of these sites was sampled randomly in
“S” layout according to plot area, and soil type and the central
GPS coordinates were documented. The soil samples from 52
sites at 0–20, 20–40, and 40–60 cm soil layers were collected
before the land reclamation in December 2013, and soil sam-
ples from 28 sites were collected in the approximate same place
after the land reclamation in March 2014. The soil samples of
each site had three replicates. Samples were used to analyze soil

974 J Soils Sediments (2020) 20:973–981



physical properties, including soil bulk density, soil porosity,
soil moisture content and soil particle composition (clay, silt,
sand), soil chemical properties including soil pH value, SOM,
total nitrogen (TN), total phosphorous (TP), total potassium
(TK), AN, AP, AK, cation exchange capacity (CEC), ratio of
total C to total N (C:N), ratio of total N to total P (N:P), ratio of
total C to total P (C:P), MBC and MBN, and soil biological
properties, including the quantities of bacteria, fungi, and acti-
nomycetes, total quantity of microbial biomass, and the activ-
ities of catalase enzyme, urease enzyme, and invertase enzyme.

2.3 Soil property measurement

Composite samples of the soils were collected with five sub-
samples from each sampling site. The samples were divided
into two parts—one part was air-dried and sieved and the other
part was preserved in a refrigerator to measure biological prop-
erties. Soil bulk density was measured by the cutting-ringmeth-
od, and soil porosity was calculated based on the soil bulk
density (Yang et al. 2008). Soil moisture content was deter-
mined by the soil weight before and after the soil was oven-

Feng du San ba

Fig. 1 Location of the study area (San ba, Feng du, the Three Gorges Reservoir Area, China)
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dried at 105 °C for 24 h (Yang et al. 2008). Soil particle com-
position was determined by the hydrometer method (Yang et al.
2008). Additionally, soil pH was measured using a glass elec-
trode (PB-10, Sartorius, Germany) in a 1:2.5 (w:v) soil–water
solution. Soil organic carbon (SOC) content was measured
through K2Cr2O7 oxidation and FeSO4 titration (Yang et al.
2008; Huang et al. 2017). SOM was equal to 1.724 times of
SOC (Yang et al. 2008). Total N was measured according to
micro-Kjeldahl method (Cannon, Shanghai, China). Total P
was measured using molybdenum blue colorimetric analysis
by visible spectrophotometer (UV-1200, Shanghai, China) after
Na2CO3 oxidation (Yang et al. 2008). Total K was measured
using flame photometer (FP6400A, Shanghai, China) also after
Na2CO3 oxidation (Yang et al. 2008). Available N was mea-
sured by alkaline hydrolysis diffusion method (Huang et al.
2017). Available P was extracted by a 0.5 mol L−1 NaHCO3

(pH 8.5) solution and then analysed using the same methods as
that in TP. Available K was extracted by 1 mol L−1 NH4Ac

(pH 7.0) and then analysed using the same methods as that in
TK. Soil CEC was determined by the EDTA-ammonium ace-
tate (pH 7.0) method (Yang et al. 2008). Soil MBC and MBN
were extracted by 0.5 mol L−1 K2SO4 and then determined by
K2Cr2O7 oxidation and FeSO4 titration for MBC and micro-
Kjeldahl method for MBN. The quantities of soil culturable
bacteria, fungi, and actinomycetes were cultured on beef ex-
tract + peptone + agar medium, Martin medium, and improved
Gauss No. 1 medium, respectively, and counted using dilution
plate surface coating method (Zhang et al. 2013a). The activi-
ties of the soil enzymes (catalase, urease, and invertase) were
analysed according to the method of Guan et al. (1986). Soil
catalase activity was measured using the hydrogen peroxide
titration after the enzymatic reaction. Soil urease activity was
measured colorimetrically using indophenol blue and expressed
in mg NH4

+-N g−1 soil for 24 h. Soil invertase activity was
determined colorimetrically using 3,5-dinitrosalicylic acid and
was expressed in mg glucose g−1 soil for 24 h.

(a) (b)

Fig. 2 Distribution of sampling sites during and before the land
reclamation, in which, (a) 6 collection samples belong to degraded soils
in garden areas, 39 collection samples belong to wasteland which
belonged to non-irrigated farmland, 6 collection samples belong to de-
graded soils in forest land, 1 collection sample belongs to agricultural

facility land; n = 52. After the land reclamation (b), 3 collection samples
belong to arable soils in garden areas, 20 collection samples belong to
non-irrigated farmland, 4 collection samples belong to agroforestry soils,
and 1 collection sample belongs to agricultural facility land; n = 28
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2.4 Statistical analyses

The Pearson’s correlation analysis was used to assess correla-
tions among soil properties before and after the land reclama-
tion. Figures 1 and 2 were made by Arcgis10.2. Statistical
calculations were performed with SPSS 22.0. One-way anal-
ysis of variance (ANOVA) was used to test the significance of
the same soil layer during land reclamation. The data were
checked for normality (Shapiro–Wilk test) and homogeneity
(Levene’s test) of variance before ANOVA, and the data were
found normally distributed with homogenous variances.
Significant differences were determined by the least signifi-
cant difference (LSD) at P < 5%. Linear regression analysis
was performed among the soil C, N, and P stoichiometry and
SOM at 0–20 cm depth before and after the land reclamation.

3 Results

3.1 Changes of the soil physical characteristics
before and after the land reclamation

The soil texture was improved after the land reclamation
(Table 1). The soil bulk density was 1.34 g cm−3 before the
land reclamation and decreased by 24.1% after the land recla-
mation at 40–60 cm (P < 0.05), but it was not different at 0–20
and 20–40 cm. Soil porosity was increased by 19.3% after the
land reclamation at 40–60 cm. Soil moisture content was in-
creased by 9.2 and 14.2% at 20–40 and 40–60 cm, respective-
ly, after land reclamation as compared to that before the land
reclamation, but it was not significant at 0–20 cm. The clay
content was also increased by 59.7 and 102.7% at 0–20 and
40–60 cm, respectively, and the medium silt content increased
by 60.7% at 40–60 cm after the land reclamation. The medium
sand content was decreased by 87.0 and 90.3% at 20–40 and

40–60 cm, respectively, after the land reclamation (P < 0.001),
but it was not significant at 0–20 cm. The content of fine silt,
coarse silt, and fine sand was not different at 0–20, 20–40, and
40–60 cm depths before and after the land reclamation. The
soil particles became smaller and uniform in size and the soils
were easier to retain water and fertility at 0–60 cm after the
land reclamation.

3.2 Changes of the soil chemical properties
before and after the land reclamation

The pH was increased by 10.0, 8.8, and 6.5% at 0–20, 20–40,
and 40–60 cm depths, respectively, as compared to that prior
the land reclamation (P < 0.05) (Table 2). The SOM was de-
creased by 49.9% at 0–20 cm compared to that before land
reclamation, but it was not significant at 20–60 cm. Soil TN
was increased by 138.1% at 40–60 cm after the land reclama-
tion, but it had no significance at 0–20 and 20–40 cm before
and after the land reclamation. Soil AP was decreased signif-
icantly by 83.4 84.8, and 80.8% at 0–20, 20–40, and 40–
60 cm, respectively, after the land reclamation as compared
to that before the land reclamation, but soil TP was not differ-
ent at 0–20, 20–40, and 40–60 cm depths before and after the
land reclamation. Soil TK was decreased by 32.8% at 0–
20 cm after the land reclamation, but it was not different at
20–40 and 40–60 cm. Soil AN and AP were not different but
varied a lot in different sites at 0–20, 20–40, and 40–60 cm
soil depths before and after the land reclamation. Soil CEC
was increased by 115.6% at 40–60 cm after the land reclama-
tion compared to that before the land reclamation. Soil MBC
was decreased by 20.3 and 37.3% at 0–20 and 20–40 cm,
respectively, after the land reclamation. Soil MBN was also
decreased by 47.9% at 0–20 cm after the land reclamation, but
it was not significant at 20–40 and 40–60 cm.

Table 1 Soil physical properties before and after land reclamation at 0–60 cm

Soil texture properties Before land reclamation After land reclamation

0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

Bulk density (g cm−3) 1.18 ± 0.14a 1.22 ± 0.04a 1.34 ± 0.01a 1.09 ± 0.09a 1.16 ± 0.06a 1.08 ± 0.07b

Soil porosity (%) 58.99 ± 1.20a 53.96 ± 1.57a 49.56 ± 0.45b 60.25 ± 1.75a 56.35 ± 2.12a 59.12 ± 2.62a

Soil moisture content (%) 14.18 ± 1.28a 22.89 ± 1.09b 29.86 ± 1.37b 16.66 ± 1.66a 25.21 ± 1.14a 34.81 ± 1.24a

Clay (%) 19.24 ± 5.56b 18.77 ± 6.21a 13.98 ± 6.93b 30.72 ± 3.56a 29.38 ± 5.80a 28.34 ± 6.86a

Silt (%) Fine silt (0.001–0.005 mm) 21.14 ± 4.05a 17.33 ± 2.98a 15.23 ± 4.31a 22.59 ± 3.72a 21.91 ± 2.93a 22.14 ± 3.07a

Medium silt (0.006–0.01 mm) 15.48 ± 5.22a 10.78 ± 2.89a 8.75 ± 2.65b 13.64 ± 4.06a 13.75 ± 2.52a 14.06 ± 1.58a

Coarse silt (0.02–0.05 mm) 28.99 ± 5.64a 22.83 ± 6.31a 19.71 ± 4.65a 27.4 ± 6.32a 28.86 ± 6.63a 27.34 ± 4.01a

Sand (%) Fine sand (0.06–0.25 mm) 3.86 ± 2.16a 2.49 ± 1.38a 2.57 ± 1.62a 4.56 ± 3.86a 4.13 ± 3.31a 4.26 ± 3.58a

Medium sand (> 0.25 mm) 5.56 ± 2.41a 27.8 ± 6.89a 39.76 ± 8.01a 3.27 ± 1.31a 3.61 ± 1.2b 3.86 ± 1.4b

The different letter indicates that the difference is significant in the same soil layer of the same line (P < 0.05)
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3.3 Changes of the soil stoichiometry before and
after the land reclamation

The contents of soil organic C were significantly different
among sites at 0–20 cm before the land reclamation (Fig. 3a)
and were decreased significantly in most of the reclaimed sites
after the land reclamation (Fig. 3b). The ratio of C to N was
decreased by 55.2 and 65.5% at 20–40 and 40–60 cm, respec-
tively, after the land reclamation (Table 2). The SOC was
correlated with soil TN before and after the land reclamation
at 0–20 cm (P < 0.01). Soil organic C was correlated with soil
TP before the land reclamation (P < 0.05) (Fig. 3c), but the
correlation between SOC and TP was not significant after the
land reclamation (Fig. 3d). Similarly, soil TN was correlated
with soil TP before the land reclamation at 0–20 cm (Fig. 3e),
but the correlation between TN and TP was not significant
(Fig. 3f). The ratio of N to P was increased by 105.9 and
179.8% at 20–40 and 40–60 cm, respectively, after the land
reclamation compared to that before the land reclamation.
Before the land reclamation, soil moisture content was posi-
tively correlated with N:P but not after the land reclamation
(Table S1—ESM). After the land reclamation, the content of
soil clay, coarse silt, and fine sand was correlated with C:P
(P < 0.01).

3.4 Changes of the soil biological characteristics
before and after the land reclamation

Soil total microbial biomass at 0–20, 20–40, and 40–60 cm
was not affected by the land reclamation (Table 3). However,
the number of fungi was increased by 52.0% at 40–60 cm as

compared to that before the land reclamation. The number of
actinomycetes was also increased at 40–60 cm after the land
reclamation (P < 0.05). The activities of catalase enzyme were
decreased by 27.9, 21.3, and 15.4% at 0–20, 20–40, and 40–
60 cm, respectively, after the land reclamation compared to
that before the land reclamation. The activities of urease en-
zyme were decreased by 52.0% at 0–20 cm after the land
reclamation. However, the activities of invertase enzyme were
not different at 0–20, 20–40, and 40–60 cm soil depths before
and after the land reclamation. The activities of urease enzyme
were positively correlated with SOM and TN at 0–20 cm
depth (Table S3—ESM). The activities of catalase enzyme
and invertase enzyme were also positively correlated with
pH at 0–20 cm.

4 Discussion

Soil physical characteristics were affected by the land recla-
mation activities. Lower soil bulk density and higher soil po-
rosity were found at 40–60 cm after the land reclamation be-
cause the reclaimed soils were loosened deeply. The soil water
retention was also increased at 20–40 and 40–60 cm after the
land reclamation because the soil texture was changed in the
land unknotting work. Soil particles became smaller and the
soil texture became uniform after the land reclamation, which
can contribute to preventing the nutrient leaching, without
serious repercussions on gas exchanges and water drainage.
Soil chemical properties, including pH, SOM, TN, AP, TK,
MBC, and MBN, were also influenced by reclamation activ-
ities. The increased soil pH at 20–40 and 40–60 cm after land

Table 2 Soil nutrient properties before and after land reclamation at 0–60 cm

Soil nutrient properties Before land reclamation After land reclamation

0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

pH value 5.6 ± 0.9b 5.7 ± 0.1b 5.8 ± 0.1b 6.3 ± 0.4a 6.2 ± 0.2a 6.2 ± 0.1a

SOM (g kg−1) 27.51 ± 7.53a 18.9 ± 6.17a 14.0 ± 4.18a 13.77 ± 5.05b 12.23 ± 4.97a 13.26 ± 6.53a

TN (g kg−1) 1.43 ± 0.27a 0.75 ± 0.12a 0.42 ± 0.11b 1.06 ± 0.27a 1.05 ± 0.23a 1 ± 0.25a

AN (mg kg−1) 79.59 ± 0.73a 48.95 ± 3.19a 35.43 ± 4.36a 80.3 ± 26.73a 72.65 ± 25.15a 75 ± 30.62a

TP (g kg−1) 0.67 ± 0.18a 0.6 ± 0.17a 0.52 ± 0.17a 0.4 ± 0.09a 0.39 ± 0.1a 0.4 ± 0.11a

AP (mg kg−1) 14.07 ± 9.28a 14.17 ± 6.81a 10.23 ± 4.62a 2.34 ± 1.54b 2.16 ± 1.31b 1.96 ± 1.42b

TK (g kg−1) 40.19 ± 7.69a 37.92 ± 7.85a 35.05 ± 9.06a 26.99 ± 3.07b 27.29 ± 3.17a 26.84 ± 3.43a

AK (mg kg−1) 207.02 ± 50.76a 165.88 ± 39.28a 126.25 ± 39.58a 134.49 ± 58.13a 126.56 ± 47.8a 115.77 ± 42.77a

CEC (cmol) 15.39 ± 4.38a 11.29 ± 3.55a 7.82 ± 2.28b 16.74 ± 4.43a 16.49 ± 3.99a 16.86 ± 4.09a

C:N 11.14 ± 2.1a 14.94 ± 5.35a 20.92 ± 9.47a 7.59 ± 2.13a 6.70 ± 2.28b 7.21 ± 2.28b

N:P 2.27 ± 0.65a 1.36 ± 0.46b 0.94 ± 0.48b 2.76 ± 0.91a 2.80 ± 0.67a 2.63 ± 0.69a

C:P 24.98 ± 8.55a 19.4 ± 7.94a 22.85 ± 9.19a 20.62 ± 8.17a 18.79 ± 7.75a 19.04 ± 8.31a

MBC (mg kg−1) 174.75 ± 11.58a 109.02 ± 5.25a 96.64 ± 1.51a 139.22 ± 1.85b 68.34 ± 11.95b 86.40 ± 13.69a

MBN (mg kg−1) 51.89 ± 3.48a 38.96 ± 4.08a 19.95 ± 0.97a 27.06 ± 1.42b 33.58 ± 2.13a 22.62 ± 1.42a

The different letter indicates that the difference is significant in the same soil layer of the same line (P < 0.05)
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reclamation may be influenced by the type of bed rocks by
reclamation activities (Indorante et al. 1992). The SOM was
decreased at 0–20 cm after land reclamation in this study, and
a similar decrease in SOC concentrations was observed after
the land reclamation (Ganjegunte et al. 2009; Shrestha and Lal
2011). On the one hand, the soil disturbance caused by

reclamation activities may result in the dilution of SOM, in-
crease of oxidation, and acceleration of erosion during the
reclamation (Stahl et al. 2002). On the other hand, the soil
added to the surface during the land reclamation had a lower
content of SOM as compared to the local soil which may also
be one reason for the decrease of SOM after the land
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Fig. 3 Relationships between soil
organic carbon (SOC) and total
nitrogen (TN) before (n = 52) (a)
and after (n = 28) (b) land recla-
mation; relationships between
SOC and total phosphorous (TP)
before (c) and after (d) land rec-
lamation; relationships between
TN and TP before (e) and after (f)
land reclamation

Table 3 Soil biological properties before and after land reclamation at 0–60 cm

Soil biological properties Before land reclamation After land reclamation

0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

Bacteria (× 104 g−1 dry soil) 11.12 ± 5.31a 5.21 ± 1.28a 5.87 ± 1.36a 9.14 ± 2.93a 4.38 ± 0.30a 5.39 ± 1.35a

Fungi (× 104 g−1 dry soil) 6.67 ± 1.97a 4.35 ± 2.06a 4.19 ± 0.29b 7.94 ± 1.51a 5.14 ± 1.19a 6.37 ± 1.87a

Actinomycetes (× 103 g−1 dry soil) 2.95 ± 1.74a 1.35 ± 0.94a 1.13 ± 0.21b 1.39 ± 0.22a 1.10 ± 0.21a 2.03 ± 0.40a

Total microbial biomass (× 104 g−1) 18.65 ± 7.66a 9.48 ± 4.79a 10.18 ± 1.69a 17.22 ± 4.47a 9.64 ± 1.30a 11.96 ± 2.03a

Catalase enzyme (H2O2 ml g−1 soil) 5.26 ± 0.47a 5.47 ± 0.08a 5.44 ± 0.21a 3.79 ± 0.35b 4.30 ± 0.38b 4.60 ± 0.22b

Urease enzyme (NH3-N mg 100 g−1 soil) 15.55 ± 2.72a 11.66 ± 1.63a 7.79 ± 0.83a 7.46 ± 1.21b 8.11 ± 2.82a 7.78 ± 1.28a

Invertase enzyme (glucose mg 100 g−1 soil) 48.3 ± 14.27a 66.01 ± 9.88a 48.71 ± 17.88a 40.03 ± 8.09a 50.73 ± 44.13a 53.32 ± 33.76a

The different letter indicates that the difference is significant in the same soil layer of the same line (P < 0.05)
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reclamation. Soil AP at 0–60 cm and TK, MBC, and MBN at
0–20 cmwhich were decreased after the land reclamation may
also be affected by the soil disturbance resulted from reclama-
tion activities. The linear regression analysis revealed that
SOM was positively correlated with MBC and MBN at 0–
20 cm (P < 0.05) (Table S4—ESM). So, the decrease of
SOM contributed to the decrease of MBC and MBN at 0–
20 cm after the land reclamation.

After the land reclamation, soil organic C had a significant
linear relationship with TN at 0–20 cm (Fig. 3b), which sug-
gests that the distribution of nitrogen fertilizers may increase
the production of biomass, and, therefore, there is an increase
in organic matter (Zhang et al. 2013b). This is because an
increase in N facilitates the build-up of C in soils, increasing
the overall rate of nutrient cycling (Gao et al. 2014). In this
study, the range of C:N ratio was 11.1–20.9 at 0–60 cm before
the land reclamation, which was consistent with the range of
C:N ratio of 10.5–18.8 at 0–100 cm soil layer in China (Tian
et al. 2010). The decrease of C:N at 20–40 and 40–60 cm after
the land reclamation suggests that the SOM had a more rapid
mineralization at 20–40 and 40–60 cm in reclaimed soils be-
cause the lower soil C:N easily contributed to the mineraliza-
tion and humification of SOM (Wang and Yu 2008). The
average N:P ratio was increased at 20–40 and 40–60 cm after
the land reclamation, while increased N:P ratio in soil
reflected the deficient P that would be limited for increasing
microbial biomass and diversity (Ren et al. 2016).

Land reclamation helped increase the quantity of fungi and
actinomycetes at 40–60 cm, but the quantity of total microbial
biomass was not significant before and after the land reclama-
tion in this study. The reason may be due to the soil that was
loose at 40–60 cm after land reclamation, which helped the
increase of fungi and actinomycetes. However, the total mi-
crobial biomass varied a lot in different sample sites and hence
showed no significance during the land reclamation. The ac-
tivities of catalase enzyme decreased at 0–60 cm and the ac-
tivities of urease enzyme decreased at 0–20 cm after the land
reclamation indicating the disturbance of reclamation activi-
ties affected the enzyme activities. The decrease of catalase
enzyme at 20–60 cm after the land reclamation may be affect-
ed by the changes of soil pH as well because the correlation
analysis revealed that the activities of catalase enzyme were
correlated with pH in this study. The significant decrease of
urease enzyme activities at 0–20 cm after the land reclamation
may resulted from the decrease of SOM because the urease
enzyme activities were positively correlated with soil soluble
organic C and N in SOM (Yang et al. 2012; Liu et al. 2014).

5 Conclusions

Reclamation activities significantly affected physical, chemi-
cal, and biological properties of the reclaimed soils. The soil

particles became smaller and the soil texture became uniform
through the land reclamation. Water and fertilizer retention
capacity increased, and it was beneficial to maintain soil fer-
tility and promote crop growth. However, soil organic matter,
AP, TK, MBC, MBN, and activities of urease enzyme at 0–
20 cm decreased significantly after the land reclamation. The
ratio of C to N was decreased but the ratio of N to P was
increased at 20–60 cm. Land reclamation affected the activi-
ties of urease enzyme and catalase enzyme but not the total
quantity of the microorganisms. Soil organic matter was pos-
itively correlated with TN, C:N ratio, and C:P ratio; so, the
SOM may be the most important factor to affect the soil eco-
logical stoichiometry and appropriate measures should be tak-
en to increase C sequestration after the land reclamation.
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