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Abstract
By using the fixed monitoring sample sites of two re-vegetation modes in the opencast coal mine dump of Zhongmei
Pingsuo as platform, we analyzed the number and the dynamic characteristics of the spatial distribution of all naturally regenerated seedlings in 2010 and 2014, sampled the corresponding soil, and investigated the correlation of two re-vegetation
modes and soil quality parameters. Our results indicated that (1) the plant vegetation seedlings of SII site reduced and those
of SI site significantly increased, which was opposite to saplings, and in 2014, the number of saplings in SII site
substantially increased twice than the number in 2010; (2) from the respective of spatial distribution, the spatial map of
seedlings and saplings showed that the their distribution of major species was consistent in 2010 and 2014. The dense and
sparse areas in 2010 kept a similar distribution in 2014, which corresponds to the quantity of the species; (3) stepwise linear
regression analysis between the survival rates of seedlings and saplings of various species and soil parameters indicated that
the survival rate of elm seedlings significantly negatively correlated with soil moisture content and positively correlated with
pH, and that the survival rate of locust saplings exhibited an extremely positive correlation to the organic matter content.
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Introduction

Materials and Methods

Large-scale mining in Antaibao open-pit coal mine has
resulted in the significant destruction of land resources and
potential safety hazards of ecological environment in
mining areas, Shanxi, China (Li & Bai, 2000; Li et al.,
2009; Bai & Yan, 2008; Guo et al., 2013). Previous study
of the ecological restoration in mining area generally
believed that vegetation restoration is the premise and basis
for the ecological restoration of the damaged land in
mining areas (Guo et al., 2013). Whether the artificial plant
community constructed by the self organization principle of
plant communities can be self-renewed in the process of
vegetation succession is directly related to whether there is
a dynamic and balanced relationship between revegetation
and local environmental conditions (Mao et al., 2017;
Bhanu et al., 2019). During vegetation restoration, the
transition from seedling to saplings is the bottleneck stage
of tree planting and vegetation construction, which is
considered as the most vulnerable stage for individual
growth and the most sensitive stage to environmental
changes (Wright et al., 2005; Chang et al., 2009; Shoaib,
2019). Therefore, exploring the ecological characteristics
and impacting factors of regenerated seedlings and saplings
at different stages of artificially restored plant communities
facilitates the understanding for the new approaches of
species synchronization in the process of vegetation
restoration to reveal the root cause affecting the dynamics
of artificial revegetation communities, which is of great
significance for the reasonable evaluation of the
adaptability of artificial revegetation (Wang et al., 2000;
Wang & Bai, 2002; Wei et al., 2004; Bai & Yan, 2008;
Song et al., 2017; Shao et al., 2017).

General information of the experimental sites: The
experimental sites are located in the south dump of
Antaibao coal mine in Pinglu District, Shuozhou City of
northern
Shanxi,
39°24'N～39°38'N,
112°11'E～
113°32'E.The region belongs to temperate semi-arid
continental monsoon climate with the average annual
precipitation of 428.2mm, the average annual temperature
of 5.5℃, the ≥10℃ accumulated temperature of
2300~2500℃, and the frost free period of 117d. The local
vegetation in mining area was grassland type. The south
dump of Antaibao coal mine was an outer dump with the
final elevation of 1465m, the capacity of 116 million m3
and the dumping height of 150m. It started to dump in
1985 until 1989, and revegetation was initiated in 1993. It
is one of the earliest areas for ecological restoration in
Antaibao Mine. Other than watering during tree planting,
no other management practices were applied. At present,
the vegetation restoration areas showed rich biodiversity
with mainly locust (Robinia pseudoacacia) and elm
(Ulmus pumila), and have basically covered the bare
surface of the dump, so the ecological environment has
been effectively regenerated (Li & Bai, 2000). The region
was the transitional zone between chestnut soil and
chestnut brown soil, and the main zonal soil was chestnut
soil with the distribution in alluvial, alluvial plain and
river secondary or gully terrace. Its parent materials were
mainly loess alluvium, diluvium, slope deposit, and some
zonal aeolian deposits, mostly weathering products of
granite and gneiss. Therefore, the soil exhibited strong
physical weathering, and the soil is sandy and dry with
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good the aeration and vigorous activity of aerobic
microorganism. The carbonate content in the soil was
above 8% and the lime reaction was strong in the entire
soil body. Most of the soil in hilly loess areas, sloping
ground and valley gully is farmland, and only a few is
woodland and wasteland. Due to poor natural conditions,
extensive tillage and poor soil, the organic matter content
in the topsoil is generally between 5.0 and 9.0 g/kg, some
even lower than 5.0g/kg. Total nitrogen content is
generally between 0.3-0.6g/kg, and the range of available
phosphorus content is 5.0-8.0mg/kg with a few above
10mg/kg and some between 2.0-3.0mg/kg. The available
potassium content is usually between 50-90mg/kg with a
few more than 100mg/kg.
Sites with fixed monitoring: The fixed monitoring sites
of mixed forest of locust, elm and heaven trees (SI) and
pure locust forest (SII) were located in the ecological
reclamation area of south dump (Fig. 1). The sample plots
were square (10m x 10 m) with the area of 1 ha. The
whole plot was relatively flat and gentle with an average
altitude of 1386m. In 2010, according to CTFS method,
the total site was divided into 100 of 10 m x 10 m sample
plots which was further divided into 4 of 5 m x 5 m small
sample plots. Species identification, height and DBH
measurement, location and listing were performed for all
woody plants in the sample plots.

Investigation of vegetation: All trees with DBH smaller
than 3 cm and with DBH between 3 cm and 7 cm were
considered as seedlings and saplings, respectively. Their
species, height, DBH and coordinates were recorded.
Soil sampling and test: Based on CTFS soil sampling
plan and combining with the site status, 1 hm2 sample plot
was divided into 100 of 10 m x 10 m grids. The center of
each grid was set as the sampling base point and samples
were collected from four corners of each base point with
the depth of 0-20 cm and 20-40 cm.According to the map,
the sampling points were marked (red rope) using
compass and tap. If the sampling point happens to be a
big rock or tree root, then the samples were collected
within 50 cm of its vicinity with the sampling point as the
center. For sampling, the surface dry branches and fallen
leaves were removed, soil was collected using ring cutter
to measure its bulk density, and fresh soil was collected
with a aluminum box. Three soil samples were collected
within 20 cm of the sampling point using the earth boring
auger with 5 cm diameter, and they were mixed and
stored in valve bags. The sampling depth were 0-20 cm
and 20-40 cm. Finally, the soil moisture at the sampling
point was determined using TDR at the depth of0-20 cm.
In addition, the representative original soil in the vicinity
of the reclamation area was selected as the control.
Soil quality parameters test：The soil samples were
dried and sieved at 2mm. The aluminum boxes were put
into 105℃ oven for 12h to measure the soil moisture and
to calculate the soil bulk density. The soil physical and
chemical properties, including pH, organic matter, total
nitrogen, total phosphorus, total potassium, available
nitrogen, available phosphorus and available potassium,
was determined as previously described in "Soil
Agrochemical Analysis Method" edited by Lu Rukun
(1999) and "Soil Agrochemical Analysis" edited by Bao
(2001) (Guo et al., 2013).

SII in 2010

Data analysis and important value: The important
values of tree layer, shrub layer and herbaceous layer
were calculated as follows:

AI 

SH 

HE 

SII in 2014
Fig. 1. Re-vegetation comparisons from two types of restoration.
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where, AI, SH and HE are the important values of tree
layer, shrub layer and herbaceous layer, respectively; Ab
is the relative abundance, Co indicates the relative
coverage and Hi represents the relative height.
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Size class and spatial distribution: Akima, spatstat and
spatial packages in the internationally recognized
software R2.11.1 (http://www.r-project.org) were used for
the analysis and map-making.
Correlation analysis of soil quality and plant
communities: The data processing and analysis were
performed using SPSS13.0 software. The single factor
ANOVA was used to determine the effect of various plant
allocation modes on the physical and chemical properties
of soil, and LSD test was performed to check the
significance (p<0.05). The regression analysis between
soil factors and the average density, DBH and height of
various populations was carried out, and its reliability was
determined with t-test. The principal component of the
soil factors in the regression equation was demonstrated
using Principal Component Analysis (PCA).
Results

Seedling

Sapling

Species
composition

2010

2014

elm, locust, heaven tree,
dryland willow, simon
poplar, armeniaca, torch
tree, sea-buckthorn,
caragana microphylla,
Chinese wolfberry

elm, locust, heaven
tree, armeniaca,
sea-buckthorn,
caragana
microphylla

Table 2. Seedling and sapling quantity of various
species in SI.

Sapling

2010

2014

Elm

3231

10189

Locust

847

315

Heaven tree

138

673

Elm

79

472

Locust

240

109

Heaven tree

368

146

No species variation was observed in SII during
2010-2014, and there were still 3 species locust, elm and
Caragana microphylla (Table 4). Within 4 years,
seedlings decreased from 1856 to 1755, while saplings
increased from 102 to 172. The decrease of seedlings was
mainly attributed to the death of locust seedlings. There
were no dead individuals observed in elm seedlings, and
the mortality rate of locust was higher than that of elm
(Tables 5 and 6).

Death
932
591
64
Death
11
124
206

Table 4. Species composition of SII.
2010
2014
elm, locust and Caragana microphylla
elm, locust and Caragana microphylla

Table 5. Seedling and sapling quantity of various
species in SII.

Sapling

Table 1. Species composition of SI.

Table 3. The survival dynamics of seedlings and saplings of various species in SI.
2014
2010
Seedling
Sapling
Elm
3231
1843
456
Locust
847
175
81
Heaven tree
138
53
21
Seedling
Sapling
Elm
79
34
34
Locust
240
60
56
Heaven tree
368
120
42

Species composition

Seedling

increase. The majority of dead seedlings was locust,
which was 932 individuals, accounting for 58.73% of the
total number of dead seedlings (Tables 2 and 3).

Seedling

Quantitative dynamics of young seedlings under
various modes: Based on the investigation data of two
plant allocation modes, SI and SII, in the reclamation area
of Pingshuo opencast coal in 2010 and 2014, we explored
the variation on the species composition, quantity
composition, and composition of new and dead seedlings,
which were as follows: The results of SI indicated that
four species, Salix elliottii, Populus microphylla, Torch
tree and Lycium chinensis, disappeared from the plot due
to individual death, and no new species were found during
2010 -2014 (Table 1). A total of 4216 seedlings and 687
saplings were recorded in 2010 and the net increase of
seedlings and saplings was 6917 and 40, respectively, in
2014. The net increase in the number of seedlings and
saplings was contributed by heaven trees and elm with the
increase of elm accounting for 92.22% of the total

319

2010

2014

Elm

123

264

Locust

1733

1491

Elm

3

46

Locust

99

226

Table 6. The survival dynamics of seedlings and
saplings of various species in SII.
2014
2010
Seedling Sapling Death
Elm
123
56
46
21
Seedling
Locust 1733
900
229
604
Seedling
Tree
Death
Elm
3
3
0
0
Sapling
Locust
99
20
41
38
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The spatial distribution of seedlings and saplings
under different modes: The elm seedlings were
aggregated in the northeast, northwest and south of SI site
in 2010 with the northwest being the most crowded. In
2014, the elm seedlings exhibited large-scale gathered
distribution, and its number was significantly increased.
The elm saplings showed even distribution throughout the
plot in both 2010 and 2014. In 2010, the locust seedlings
were evenly distributed within the site with concentrated
distribution in certain small plots. Because of the
substantial death of seedlings during 4 years, its number
was significantly decreased, so it exhibited random
distribution within the site. The elm sapling also showed
even distribution in 2010, but from then a great number
was dead at the southwest and northwest of the site. In
2010, the seedlings of heaven were gathered in the
southwest and east of the site with southwest being the
densest. Until 2014, the seedlings were aggregated in
northeast, middle and east of the site with east being the
most crowded, and the quantity was significantly
increased. Its sapling exhibited random distribution in
both 2010 and 2014. In 2010, the distribution of elm
seedling in SII site was random, but they were gathered in
the middle, and exhibited dense distribution in certain
small plots. Due to the small quantity, its saplings were
randomly distributed within the site. The locust seedlings
were evenly distributed in the site with gathering in
certain small plots in 2010.No dramatic variation on
seedling numbers was observed in 2014.Saplings showed
a similar distribution in 2010, but a gathered distribution
was seen at the east top in 2014, and the quantity was
higher than that in 2010 (Fig. 1).
The general characteristics of soil physical and
chemical properties in dump: According to the national
classification standard of soil nutrient content, the soil pH
of reclamation area of Antaibao open-pit mine dump
ranged from 7.59 to 8.49 with the average of 8.23, so it
belonged to alkaline soil. Range of soil bulk density was
0.92g/cm3-1.38g/cm3 with the average of 1.13g/cm3,
exhibiting a desirable bulk density. The organic matter
content was medium, third class, with the range of
17.45g/kg-34.28g/kg and the average of 26.13g/kg. The
total nitrogen content was medium, third class with the
range of 0.53g/kg-1.42g/kg and the average of 1.23g/kg.

The total phosphorus content was slightly deficient, fourth
class, with the range of 0.36g/kg-0.56g/kg and the
average of 0.45g/kg. The range of total potassium was
18.76g/kg-21.43g/kg with the average of 20.40g/kg, so K
was slightly rich, second class. The available nitrogen was
extremely deficient, sixth class with the range of
7.54mg/kg-36.12mg/kg and the average of 18.60mg/kg.
The available phosphorus was fourth class, slightly
deficient, and it ranged from 3.46mg/kg to 8.75mg/kg
with the average of 6.36mg/kg. The available potassium
level was medium, third class, and its range was
122.4mg/kg-194.6mg/kg with the average of 160.8mg/kg.
In all, the soil nutrients in the reclamation area of
opencast coal dump in Antaibao was medium to slightly
deficient. Further analysis showed that the variation
coefficient of various soil physical and chemical
properties was not large. The available N exhibited the
largest variation coefficient, followed by moisture
content, and that of pH was the smallest. Variation
coefficient reflects the spatial variation of specific
parameters. Generally, CV＞1.0, 0.1≤CV＜1.0 and CV＜
0.1 respectively indicate strong variation, medium
variation and weak variation. Other than pH, total P and
total K content, which showed weak variation, all other
indicators exhibited medium variation, suggesting the
heterogeneous characteristics of the soil physical and
chemical properties in this area (Table 7).
The relationship of seedling survival and soil factors:
The correlation between the seedling survival rate of
various species and all the indicators listed in Table 7
showed that the correlation coefficient between the
survival rate of elm seedling and soil moisture content
was -0.988 (p<0.05), suggesting a significant negative
correlation. In addition, it was significantly positively
correlated with soil pH with the correlation coefficient of
0.953 (p<0.05). Furthermore, linear regression was
carried out with soil water content and pH as independent
variables and survival rate of elm seedlings as dependent
variables. The parameter estimation of regression model
was not significant, so the regression analysis was not
performed. Similarly, there was no significant correlation
between all the soil factors and the seedling survival rate
of locust/ heaven tree, so no regression was carried out.

Table 7. Distribution characteristics of soil physical and chemical properties under different plant allocation modes.
Indicators
SⅠ
SⅡ
Bulk density (g/cm3)
1.31 ± 0.04a
1.14 ± 0.02b
15.24 ± 3.04a
13.42 ± 2.58a
Moisture content ﹪
pH
8.25 ± 0.03b
8.30 ± 0.01a
Organic matter (g/kg)
21.54 ± 0.97bc
29.47 ± 0.76b
Total nitrogen (g/kg)
1.01 ± 0.05bc
1.30 ± 0.02a
Total phosphorus (g/kg)
0.51 ± 0.03a
0.39 ± 0.05bc
Total potassium (g/kg)
18.25 ± 1.29bc
18.02 ± 1.13bc
Available nitrogen (mg/kg)
16.23 ± 0.27bc
16.21 ± 0.20bcd
Available phosphorus (mg/kg)
5.95 ± 0.19b
8.24 ± 0.04a
Available potassium (mg/kg)
152.4 ± 27.9b
162.5 ± 30.2a
Letter represents the statistical significance tested by LSD (p＜0.05)
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Table 8. Linear regression between the sapling survival rate of locust and soil factors.
Variant

Parameter
estimation

Intercept

-0.277

Organic matter

0.035

Partial regression
coefficient

Model R2

0.994

The relationship of sapling survival and soil factors:
The correlation between the seedling survival rate of
various species and all the indicators listed in Table 7
showed that the survival rate of locust saplings exhibited a
extremely significantly positive correlation to soil organic
matter content with the correlation coefficient of 0.997
(p<0.05). With organic matter content as independent
variable and survival rate of locust saplings as dependent
variable, linear stepwise regression (Table 8) was carried
out and the regression equation was fitted according to the
parameter estimation of variables: Y=0.035x-0.277. Where,
Y is the survival rate of locust saplings and x indicates the
organic matter content. The variable of organic matter
content showed extremely significant difference in t-test
(p<0.01). The determination coefficient of the model R2
was over 0.99, indicating that the variation of survival rate
of locust saplings can be well explained by soil organic
matter content. The scatter points of the residual analysis
were randomly distributed on the baseline, along with the
high determination coefficient, it suggests that the
regression equation is well fitted.
There was no significant correlation between the
sapling survival rate of elm/ heaven tree and soil factors,
so no regression analysis was performed.

0.994

t

t-test

-5.326

0.033

17.828

0.003

The correlation analysis between the survival rate of
seedlings and saplings in various species and the soil
factors showed that the survival rate of elm seedlings was
significantly negatively correlated to soil moisture content
and positively correlated to pH, and that an extremely and
significantly positive correlation was observed between
the survival rate of locust and soil organic matter content
(Deng & Zhang, 2010; Liu et al., 2011; Liu et al., 2014;
Sanjoy et al., 2015; Lenka et al., 2018; Maja et al., 2019).
The comparison of data collected in 2010 and 2014
demonstrated that the greater the number of individuals in
2010 was, the greater the number of deaths was,
regardless of seedlings and saplings. The survival rate of
both elm seedlings and saplings was significantly higher
than that of locust. The variation in the renewal capability
allows the transit of allocation mode from one equilibrium
state to another equilibrium state in sample site (Liu et al.,
2014; Yuan et al., 2018; Silvano et al., 2019; Liu et al.,
2019). The survival rate of seedlings is the key factor to
determine the position of species in one plot, but the low
survival rate becomes the bottleneck of self-renewal, and
thus, its dominant position may be replaced by other
species in the plot.
Conclusions

Discussions
Soil development is an integral process of mining
spoil restoration, which is critical for vegetation
establishment and may help to predict reclamation
success (Huang et al., 2016; Hou et al., 2018; Jing et al.,
2018 Ivana et al., 2019). In our study, changes in soil
properties and plant community structure, were examined
at different rehabilitated phases in chronosequence
reclaimed coal mine spoils ecosystems, and discussed
potential functional relationships. From the perspective of
species composition, the species composition of seedlings
and saplings in SI varied, but not in SII. The main reason
for such change is that the original species disappeared
from the plot due to individual death with no adding of
new individuals, and new species are supplemented by the
emergence of its new individuals (Li & Bai, 2000; Liu et
al., 2009; Chang et al., 2009). From the perspective of
quantity, the seedling number in SII reduced, and it was
substantially increased in SI, which was opposite for
saplings (Song et al., 2017). However, in 2014, the
sapling number in SII was dramatically elevated to twice
of that in 2010 (Fig. 1).
From the number and composition of new addition
and death, elm was the species with the biggest increase
in seedlings in both sites, and locust showed the largest
increase in saplings. The most seedling death was
observed in locust with the mortality rate over 50%, so
only a few seedlings grew into saplings during 4 years.

The present study was only based on the investigation
data from two sites, and time is not very sufficient to
monitor the regeneration status of artificial forest and the
effect of soil factors on the survival of seedlings. In
addition, the evaluation factors we selected were not
comprehensive in the analysis of the factors affecting the
survival of seedlings, such as topographic and light
environment factors. Therefore, long term monitoring and
more factors are needed to fully reveal the renewal
mechanism of species in the vegetation restoration area.
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