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Abstract. Taking the reclamation waste dump of the open-pit mining area in the east of Inner Mongolia
Steppe as our study area, we sampled field investigation and laboratory measurements to study the changes
of soil physical and chemical properties in the waste dump of the open-pit mining area during its recovery
years. The objective of this study was aiming to provide theoretical support for the ecosystem restoration and
reconstruction in the open-pit mining area of grasslands in the Northwest of China. The results showed that:
1) the mechanical composition of soil all layers in different reclamation years was mainly composed of silt,
except for 20-30cm; the silt content was significantly higher than the control area (CK), and the silt content
of surface soil (0-5cm) in reclamation 3 years (2016) was significantly higher than CK, but the sand content
was significantly lower than CK; 2) In the early stage of vegetation restoration and succession, the physical
and chemical properties of soil in different reclamation years were significantly different. With the increase
of reclamation years, TOC and TN content decreased, but TP content did not change significantly during
reclamation years. Based on the above results, the change characteristics of soil physical and chemical
properties in the early stage of vegetation restoration succession were discussed. The research results have
certain theoretical significance and practical guidance value for the ecological restoration and reconstruction
of open-pit mining areas in the north of Northwest China.

14-16] and other directions.

Soil reconstruction is an effective way to solve the
problem of insufficient surface soil resources of disturbed
soil in mine engineering. The results of soil reconstruction
will ultimately affect the restoration of ecosystem and
biodiversity in mining area. The study on the change of

1 Introduction

Open pit mining makes the mining area become a fragile
ecosystem with strong erosion, which seriously threatens
the sustainable development of the mining area. The waste

dump of open pit mine is a special deposit of rock and soil
mixed dump, which not only occupies a lot of land, but
also has a great impact on the surrounding ecological
environment. Moreover, the quality of reconstructed soil
is poor, and it is not easy to be reclaimed. Therefore, the
reclamation of waste dump has always been an important
content of Open-pit Mine Reclamation [1,2]. The
domestic research on the reclamation of waste dump
began in the 1980s. Since then, the research has been
further accelerated. The suitability evaluation and
economic benefit analysis of land reclamation of waste
dump have been carried out, [3,4]. After the 1990s, the
reclamation of open-pit mine waste dump began to move
towards practical research. Scholars focused on Antaibao
[8-10], Anjialing [11] and other open-pit mine dumps with
long mining time. The research on land reclamation of
open-pit mine waste dump in grassland area was carried
out late [12], but it made rapid progress. Scholars focused
on Soil and water conservation [13], soil quality change [1,
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soil quality after soil reconstruction with different
reclamation years will provide theoretical support for the
restoration and reconstruction of grassland and even the
whole open pit mining area in Northwest China.

2 Study Area

Shenhua Baorixile open-pit coal mine is located in
Baorixile Town, Chenbalhu Canner, Hulunbuir City, in the
east of Inner Mongolia grassland area. The geographical
coordinates are between E119°15'and 119°36', N49°14'-
49°30', and the altitude is 667m-684m. It is a semi-arid
continental climate in the middle temperate zone, with an
average annual temperature of - 2.4 “C, an average annual
precipitation of 350 mm, an average annual evaporation of
1247 mm, and an average annual wind speed of 3.5 m /s.

The natural grassland type in the study area is Leymus
chinensis + Stipa baikalensis steppe. The main plants are
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Leymus chinensis, Stipa baicalensis, pocokia ruthenica,
Cleistogenes squarrosa, etc. The zonal soil type is dark
chestnut soil. In 2015, the traditional 33°slope was further
cut to 14 ~ 16 °and the reclaimed plant was Elymus
dahuricus with a sowing rate of 40g per m2.

3 Research Methods

3.1 Sample Collection and Oreparation

In July 2019, the reconstruction and reclamation time of
different parts of the dump (2016, 2017 and 2018) was
determined by consulting relevant records and visiting the
staff of mine greening section. After comprehensively
considering the similarity of slope, aspect and irrigation
conditions, the south slope of North dump was selected as
the research object, and the natural grassland without
grazing around the study area was taken as the control
(CK).

The depth of each sample is 30cm ~ 10cm, and the soil
is sampled at a depth of 20cm, and the soil is sampled at a
depth of S5cm. We taked all samples back to the laboratory
to dry, grind and sift through 2 mm sieve for use.

3.2 Soil Sample Analysis

Ls13320mw laser particle size analyzer (Beckman Coulter)
diffraction analyzer was used to determine the mechanical
composition of soil [17]. The soil texture classification
system [18] was used to determine the clay particle size of
0-0.002mm, the powder particle size of 0.002-0.05mm,
and the sand particle size of 0.05-2 mm. Organic matter
(TOC) was determined by potassium dichromate sulfate
oxidation capacity method; total nitrogen (TN) was
determined by potassium sulfate copper sulfate selenium
powder digestion and determined by nitrogen analyzer
automatic analysis method; total phosphorus (TP) was
determined by sulfuric acid perchloric acid digestion and
molybdenum antimony resistance colorimetry. The above
analysis methods are shown in soil agrochemical analysis
method [19].

3.3 Aata Processing and Analysis

WPS software was used for drawing, SPSS16.0 software
was used for multiple comparison (Turkey test), and the
confidence interval was 95%.

4 Results and Analysis

4.1 Effect of Different Reclamation Years on Soil
Mechanical Composition of Waste Dump

Soil mechanical composition is one of the most basic data
for studying soil. The temporal variability of soil
mechanical composition can be used to evaluate the
degree of soil erosion.The difference of soil composition
in 30cm depth is shown in the table. It can be seen from
Table 1 that the soil mechanical composition of each soil

layer in different reclamation years is mainly composed of
silt, which is more than 60%, and the content of soil clay
is the least, less than 10%; the proportion of the three is
roughly sand: silt: Clay = 6:72:22. However, CK's sand:
Powder: Clay = 8:65:26.

From the perspective of soil sand content, the sand
content of 0 ~ Scm soil increased with the increase of
reclamation years, and the sand content of 5 ~ 10cm, 10 ~
20cm and 20 ~ 30cm soil decreased with the increase of
reclamation years. Except that the difference of 10 ~ 20cm
reclamation for 3 years and reclamation for 2 years was
not significant, the sand content of other layers had
significant difference. Compared with CK, there were
significant differences, but no obvious regularity. From
the perspective of soil silt content, the silt content of 0 ~
5cm soil decreased with the increase of reclamation years,
and the silt content of the other three layers increased with
the increase of reclamation years. Except for 5 ~ 10cm,
there was no significant difference among other layers.
Compared with CK, there were significant differences
except 20-30cm. From the perspective of soil clay content,
the clay content of 0 ~ 5cm soil decreased with the
increase of reclamation years, and the clay content of the
other three layers increased with the increase of
reclamation years, but there was no significant difference.
The content of clay in 0 ~ 5cm soil was significantly lower
than that in CK, except that there was no significant
difference between 0 ~ 5cm soil clay and CK.

The silt content of 0 ~ 5cm soil was significantly
higher than that of the control, the content of sand was
significantly lower than that of the control, and there was
no significant difference between the soil clay content and
the control, indicating that soil and water loss would still
occur in the surface soil after 3 years of reclamation.

Tablel. Particle size distribution of soil in different
reclamation years
layer year Sand (%) Silt (%) Clay (%)

2016 20.92£0.03a 73.1340.22a 5.95+0.23a
2017 21.73£0.19b 72.4240.4a 5.85+0.4a

0~Sem 2018 22.36+0.16¢ 71.87+0.4a 5.78+0.31a
CK 44.08+0.27d 50.56+0.16¢ 536+0.12a
2016 24.6140.32a 70.08+0.36a 53120.55a
2017 22.36£0.19b 71.74+0.31b 5.90+0.54a

5~10em 2018 14.23£0.27¢ 79.630.4¢ 6.13+0.57a
CK 16.98+0.34d 74.71+0.24d 831=0.1b
2016 24.78+0.07a 70.8+0.49a 4.4220.6a
2017 24.0740.11a 71.4540.6a 4.48+0.66a

10~20cm 2018 12.75+0.30b 80.77:60.09b 6.48+0.34a
CK 22.9140.21¢ 68.06+0.39¢ 9.0240.23b
2016 2737+0.19a 68.51+0.61a 4.120.8%
2017 24.03+0.32b 70.9740.57a 5.000.36ab

20~30cm
2018 20.28+0.31¢ 72.6140.77a 7.11£0.79b
CK 21.45+0.36¢ 68.4740.18a 10.080.2¢

Note: Different small letters in the same column indicate
significant difference among different years in the same soil
layer (P<<0.05). The same below.

4.2 Relationship Between Species Siversity and
Soil Chemical Properties
4.2.1 Characteristics of Soil TOC Content

It can be seen from table 2 that the TOC content in 0-5cm,
5-10cm and 10-20cm soil layers decreases with the
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increase of reclamation years, and there is a significant
difference between them; however, there is no obvious
rule of organic carbon content in 20-30cm soil layer. The
content of soil organic carbon in 0 ~ 5cm, 5 ~ 10cm and
10 ~ 20cm in three years and two years of reclamation
were significantly lower than that of the control, but the
difference was not significant between one year
reclamation and the control, but it was also slightly lower
than the control.

Average 0.379+0.023a 0.368+0.015a 0.355+0.018a 0.328+0.035a

Table2.  Total organic carbon content of soil in different
reclamation years
layer (cm) 2016 2017 2018 CK
0~5 21.26+0.4a 23.97+0.49b 26.17+0.57¢ 27.3140.4¢
5-10 16.93£1.19a 21.49:0.47b 31.430.98¢ 31.5241.19¢
10~20 16.69+1.73a 23.88+1.29b 30.31£0.22¢ 24.98+1.73bc
20~30 18.78£1.450 22.520.75a 21.69+0.3a 21.5+1.45a
Average 18.42+1.19a 22.97+0.75b 27.4£0.52¢ 25.941.19¢

4.2.2 Characteristics of Soil TN Content

With the increase of reclamation years, the content of TN
in 0-5cm, 5-10cm and 10-20cm soil layers decreased
significantly, while the content of total nitrogen in 20-
30cm soil layer did not change significantly. Compared
with CK, the content of TN in 0 ~ Scm soil layer was lower
than that of CK, but the difference was not significant; the
TN content of 5 ~ 10cm and 10 ~ 20cm soil was
significantly lower than that of CK; the TN content of 20
~ 30cm soil layer was slightly higher than that of CK, but
the difference was not significant.

Table3.  Total nitrogen content of soil in in different
reclamation years

fayer 2016 2017 2018 CK
(em)

0~5 1.693£0.033a  1.757+0.024a 1.767+0.08a 1.897+0.118a

5-10 1387£0.055a  1.687+0.081b  1.843£0.019¢ 2.417£0.147d
10~20 1.497+0.069 1.64:0.029b 1.70:£0.049¢ 2.033£0.192d
20~30 1.617£0.07a 1.96+0.057a 1.907+0.084a 1.583+0.2a
Average 1.55+0.06 1.79+0.05 1.8+0.06 1.98+0.16

4.2.3 Characteristics of Coil TP Content

The content of TP in soil layers increased with the increase

of reclamation years, but the difference was not significant.

Compared with the control, the content of TP in each layer
of soil was higher than that of the control, but the
difference was not significant.

Table4.  Total phosphorous content of soil in in different
reclamation years
layer 2016 2017 2018 CK
0~5cm 04030.024a  0.367:0.022a  0343£0.014a  0.35040.012a
5~10cm  0.37820.021a  0367:0.009  0356:0.02a  0.363x0.044a
10~20cm  0.346:0.017a  0346:0.008a  0.357£0.017a  0.317x0.045a
20~30cm  0.389£0.029a 03900019 0362£0.019a  0.280+0.038a

5 Discussion

Soil mechanical composition is one of the most basic data
for soil research, which can reflect the size and quantity of
soil mineral particles, affect soil and water conservation
and the supply of plant nutrients [20]. The results show
that, after enclosure of degraded grassland, with the
restoration of vegetation, the clay content in soil
significantly increases [21], which is different from the
results of this study. With the increase of reclamation years,
the content of sand increases, while the content of clay
decreases, which is consistent with the research results of
Liu Jun on the waste dump of Huolin Henan open-pit coal
mine [22], which may be due to the natural restoration of
soil Even if the upper layer is covered with the original
topsoil, the original sequence of occurrence layer will be
destroyed, and eventually the soil properties will be
changed.

Organic matter is an important part of soil and plays an
important role in soil fertility and environmental
protection [23]. The input of soil organic matter mainly
comes from the accumulation of surface biomass and the
contribution of human activities, while the output is
mainly from the decomposition of various life activities
and the output with soil and water loss . Generally
speaking, soil organic matter content increases with the
increase of reclamation years, but this study shows that
with the increase of reclamation years, soil organic carbon
content decreases. The lowest content of organic matter
was found in the soil after 3 years of reclamation, which
may be due to the loss of original accumulated nutrients
with the loss of soil clay after soil disturbance. At the same
time, due to the short recovery time, the vegetation
coverage is not as good as the surrounding grassland, and
the surface litter remains less, which can’t effectively
supplement soil nutrients, which is basically consistent
with the research results of Su Zhongfei et al. The content
of TN in different reclamation years was consistent with
that of TOC, and decreased with the increase of
reclamation years.

Most of the phosphorus in soil comes from soil parent
material except for a small part from dry wet deposition.
In addition to the loss of surface runoff, the phosphorus in
soil is almost negligible [23]. Some studies have shown
that, in the natural grassland vegetation restoration
succession, the soil total P content also increases with the
increase of the restoration year, and has a significant
correlation with the restoration year. In this study,
although there are similar characteristics, the difference is
not significant. It is speculated that the reason is due to the
implementation of reclamation project, the original 0 ~ 30
cm soil layer is mixed and then covered again.

In this study, the soil quality of three years of
reclamation is obviously inferior to the surrounding
natural grassland, but the soil quality of one-year
reclamation is similar to that of surrounding natural
grassland, which is the same as the dynamic evolution law
of soil quality of Yimin mining area in Inner Mongolia:
"the growth rate of soil quality in the initial stage of
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reclamation is fast, and with the increase of reclamation
time, the recovery speed of soil quality is gradually slow,
close to the original landform". It has been reported in
some studies that after full enclosure of severely degraded
grassland, good restoration effect can be achieved about
8-12 years; for waste dump restored by artificial
intervention, it is reported that the surface soil quality can
reach the level of undisturbed soil after 5 years of
Reclamation [14]. It can be seen that the artificial
intervention will accelerate the reclamation speed of the
waste dump in the mining area, but the specific recovery
time of the ecological system structure and function of the
dump still needs to strengthen the long-term positioning
monitoring.
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