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Effect of combined microbial-plant remediation on soil
physical properties in mining area
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Abstract: In view of the problems of vegetation damage, soil water and fertilizer shortage, soil heavy metal pollution,
ecosystem damage and other problems existing in the long-term mining of the coal mine area, this study uses micro-organism-
plant to bioremediation the coal mine area. The changes of soil physical properties were studied through pot experiment. The
results show that the combined remediation can change the physical properties of soil to a certain extent, but the effect is not

significant in the short term.
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1. Background

China is the country with the largest coal consumption in
the world. In the future, coal will still occupy the main energy
position in China's energy utilization structure for a long time
[1-2]. Plants take soil as the main material basis for survival.
Coal mining has destroyed the soil layer structure of the
original soil, resulting in serious water and soil loss, reducing
the nutrient content in the soil, and also causing damage to the
rhizosphere microhabitat where plants normally grow. In the
late 1950s, China began to focus on the reclamation of
abandoned mining areas. In 1989, China's first regulation on
land reclamation, the Land Reclamation Regulations, was
promulgated, indicating the direction for land reclamation in
China. At the same time, the government has also paid great
attention to the comprehensive renovation of mine waste land,
which has significantly improved the recovery speed and
quality of waste land. According to the survey results
published by the National Environmental Protection
Administration in 1996, the total amount of various types of
abandoned land repaired in China in the five years after 1990
was about 533000 hm2, and the reclamation rate reached
26.83%.

Microbial remediation is to use some microorganisms in
the soil to reduce the toxicity of pollutants in the soil and
improve the soil conditions for plant growth. Its application
cost is low, and its negative impact on soil fertility and
metabolic activity is small. It can not only shorten the
reclamation period, but also avoid the impact on human health
and environment due to the transfer of pollutants. The content
of soil organic matter in rare earth mines is extremely low,
which is not conducive to the growth and reproduction of soil
microorganisms. Microbial remediation must be based on
increasing soil organic matter (such as applying organic
fertilizer, burying plant branches and leaves or humus, or
directly planting pioneer plants).

Phytoremediation technology is to follow the ecological
law, improve the physical and chemical properties of soil (soil
structure, pollutant content, etc.) by using some stress-
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tolerant plants and super-enriched plants, re-establish plant
communities in ecologically fragile areas caused by human or
natural damage, and play a greater role in biological treatment
with rhizosphere microorganisms. It is the most effective
means to restore the production potential and landscape of the
mining area [9-11]. Compared with conventional physical and
chemical methods, phytoremediation technology has the
characteristics of low cost, small quantities, fertility and
pollution-free, so it is called "cheap green remediation
technology" and is widely used in the remediation of soil,
water and sludge [12-13].

Therefore, this study adopts the pot experiment and the
micro-organism-plant combined remediation technology,
selects three different microbial agents and three plant
planting methods, and carries out the pot experiment on the
soil matrix of the mining area, in order to analyze the changes
of soil physical properties, and provide a theoretical basis for
the reclamation of abandoned land in the actual production in
the future.

2. Materials and methods

2.1. Test materials

The test soil for this experiment was taken from the
abandoned soil in the mining area of Yulin City, northern
Shaanxi Province. The soil samples collected were 0-20 cm
of surface soil, which was finely ground after drying, and then
screened with 20 meshes for use. The types of microbial
agents tested are rhizobium, EM bacteria and Bacillus subtilis,
which are specially provided by fertilizer companies. At the
same time, vetiver and seabuckthorn were selected as the
restoration plants.

2.2. Test method

The indoor pot experiment was adopted. In the experiment,
the microbial fertilizer (rhizobium agent, bacillus subtilis
agent, EM agent) was spread by mixing soil. According to
Table 1, 10 treatments were set up, and each treatment was
repeated 3 times. The three parallel spaces of the same



treatment should be more than 50 cm apart, and the interval
between different treatments should be more than 80 cm.

Table 1. Test scheme setting

Main Vetiver Seabuckthorn vetivers
treatment X) (S) seabuckthorn
(H)
Rhizobium
G) G G
Bacillus
Treatment subtilis(Q) Q Q
EM
bacteria(A) A A
Control without adding any material (CK)

2.3. Index measurement

The soil moisture content is determined by drying and
weighing method; Consolidation test: one-dimensional
confined compression test is adopted. The test soil sample is
a small ring knife sample. The pressure levels during the test
are 12.5 kPa, 25 kPa, 50 kPa, 100 kPa, 200 kPa, 400 kPa, 600
kPa and 800 kPa respectively; Direct shear test: the shear
strength of soil samples is tested by the quick shear test
method, and the vertical pressure is 50 kPa, 100 kPa, 200 kPa
and 400 kPa respectively.

3. Results and analysis

3.1. Changes of soil compressibility in pot
simulation experiment with different
treatments

The compression characteristics of the soil in the
bioremediation mining area were studied by the indoor
consolidation test g-p curve is shown in Figure 1. It can be
seen from Figure 1 that the compressibility of the mining area
soil is significantly reduced by the combined treatment of
microorganisms and plants. Under the same vertical load, its
compression deformation is smaller than CK. At the initial
stage of loading (vertical pressure<200 kPa), &-p curve is
steep, and the deformation gradually tends to be stable with
the increase of vertical pressure in the later stage, while the
slope of the compression deformation curve treated by CK is

always large.
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Fig. 1 The &-p curves of soil under different experimental
treatments

3.2. Shear strength characteristics of mining
area soil with different treatments

The direct shear apparatus is used to test the shear strength
of potted simulated mining area soil. The test method is fast
shear test. The shear rate is set at 0.8 mm/min. After the shear
box contacts with the dial indicator, count and record once
every 10 seconds. When the pointer of the dial indicator
remains stationary or rebounds, it indicates that the sample
has been sheared and the test is terminated. The shear strength
of soil mixed with different microorganisms and plants was
obtained in turn. The experimental results are shown in Table
4.1t can be seen from the table that under the action of vertical
stress, the shear strength of soil under different experimental
treatments has increased to a certain extent compared with
CK. The shear strength of AH is the largest. However, the
overall increase and decrease are small. The cohesion and
internal friction angle of potted soil treated by microorganism
and plant increased to some extent. See Table 2 for its change
trend. Among them, the internal cohesion and internal friction
angle treated by AH reach the maximum value. The cohesion
and internal friction angle were increased to 72.68kPa and
34.22 ° respectively, and the cohesion was 1.6 times higher
than CK.

Table 2. Direct shear experimental results under different treatments

Shear strength . Internal
Treatment 50 100 200 200 Cohesion (kPa) g iction angle (9
CK 832 78.6 1192 2384 44.66 2475
AH 103.025 127716 189,528 301.36 72.68 34.22
QH 93.1 107.24 14518 282.97 5775 28.43
GH 9732 106.8 121229 294,565 58.14 29.26

3.3. Effect of combined microbial and plant
remediation on soil water content in pot
experiment

It can be seen from Figure 3 that the combined treatment of
different microorganisms and plants significantly increased
the soil water content. The soil water content of different crop
planting modes is herb>mixed species>shrub; The soil water
content of different microbial agents is soil remediation
agent>Bacillus subtilis>rhizobium. Comprehensive analysis
showed that the soil water content of AX and AH treatments
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was the highest, 13.2% and 12.9% respectively, which were
significantly higher than other treatments. Next were QX and
GX, 11.6% and 11.2% respectively.
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Figure 3. Change of soil water content under different microbial
and phytoremediation treatments

Note: Different small letters above the bars mean

significant at 5% levels.

4. Conclusion

Pot experiment was conducted to study the effect of the
combined action of microorganisms and plants on the
physical properties of the soil in the mining area, and the
following results were obtained:

The compressibility of the soil in the mining area is
significantly reduced by different test treatments. Under the
same vertical load, its compression deformation is reduced
compared with CK, while the shear strength is increased to a
certain extent. The shear strength of AH treatment is the
largest. However, in general, the changes in compressibility
and shear strength are small.

Through comprehensive analysis, it is found that the
microbial - plant combined remediation can change the
physical properties of soil to a certain extent, but the effect is
not obvious in the short term, of which AX and AH are the
best.
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