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Effects of vegetation restoration on soil aggregate characteristics of an opencast

coal mine dump in the loess area
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Abstract: Soil aggregate structure is an important factor affecting soil fertility and erodibility. Reports have suggested that
vegetation restoration may affect water-stable soil aggregates but few studies have assessed vegetation restoration in the
mining area on the Loess Plateau. This study was performed in the Heidaigou opencast coal mine dump of the Loess
Plateau which has been restored by vegetation reconstruction for 18 years. To study the effects of vegetation types and
landforms on dump soil aggregate characteristics we assessed three vegetation types ( grassland shrubland and bare land)
and two landforms ( platform and slope) with 6 treatments and 126 samples. The water-stable soil aggregate composition was
analyzed by wet sieving. The aggregates were separated into six size classes: >5 mm 5—2 mm 2—1 mm 1—0.5 mm

0.5—0.25 mm and <0.25 mm. Macro-aggregate content ( R,,;) mean weight diameter ( MWD) geometric mean
diameter ( GMD) and fractal dimension ( D) were used as evaluation indexes. Soil particle size distribution was
determined by an MS2000 laser granularity analyzer. Soil organic carbon ( SOC) content was determined by potassium
dichromate volumetry. Results showed that vegetation restoration promoted the formation of water-stable soil aggregates. The
R,,s MWD and GMD of the 0—20 cm soil layer were significantly higher in revegetated land than in bare land on both
platforms and slopes. The R, MWD GMD and D in the 0—20 cm soil layer of revegetation land were 31.1% 0.70
mm 0.26 mm and 2.91 respectively on platforms and 13.3% 0.37 mm 0.17 mm and 2.96 respectively on
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slopes. The soil aggregate quality on the plat form was better than on the slope. Artificial grassland had more significant
improvement in soil aggregate quality than the shrubland on the platform of the dump but the shrubland was better on the
slope. The soil aggregate quality was lower in the surface layer than sub—surface layer on the platform. SOC content and soil
clay content were significantly related to soil aggregate quality. Higher SOC content was noted with vegetation restoration on
the platform than on the slope. The distribution of SOC content changed in the order grassland > shrubland > bare land on
the platform but in the order shrubland > grassland > bare land on the slope. The clay slit and sand contents

respectively averaged 10.52% 54% and 35.48% on the platform and 7.68% 42.82% and 49.50% on the slope.
Significant correlations were noted between SOC content and soil aggregate indexes aswellas between soil clay content and
soil aggregate indexes. Correlation analysis showed that water-stable soil aggregate properties were positively correlated with
SOC and soil clay. Further soil clay promoted the formation of water-stable soil aggregates while the high SOC increased
the particle size of water-stable soil aggregates and changed their size distribution. Our results suggested that soil aggregate
quality improved significantly after 18 years of vegetation restoration and vegetation types and landforms had significant
influences on soil aggregate properties in this mining area on the Loess Plateau. In addition our results showed the positive
effects of vegetation restoration on water stability and soil structure of an opencast coal mine dump on the Loess Plateau

which reduced soil erosion and improved soil quality in this region.

Key Words: vegetation restoration; dump; soil aggregate; fractal dimension
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Table 1 Basic soil properties of the new dump
Sample
Indexes 1 2 3 4 35 6 7 8 9 10 Average
Clay/% 10.08  7.85 10.17 8.83 10.40  9.36 7.76 11.27 8.96 7.24 9.19 +1.31
Silt/ % 45.61 48.21 47.47 50.84 57.58 45.23 40.74 48.76 46.55 34.70 46.57 £6.01
Sand /% 44.31 43.94 42.36 40.33 32.02 45.41 51.50 39.98 44.49 58.06 44.24 £6.92
SOC/( g/kg) 1.82 1.78 1.62 2.04 1.43 1.99 1.49 2.19 1.49 1.59 1.74 £0.26
1.2
18
o 3—4 21
11 10
o 2,
2
Table 2 Basic status of the study sites
. Samples .
Landform Vegetation types n Vegetation
('m x m)
( Leymus secalinus ( Georgi) Tzvel) .
Platf 3 20 x20
atiorm % ( Bothriochloa ischaemum( L.) Keng)
4 20 %20 ‘ ( Medicago saltwa) ‘ ( Astragalus
adsurgens) ( Agropyron cristatum) ( Glycyrrhiza uralensis)
4 20 %20 V o ‘ ( Htppoph(ze rhamnoides)
( Caragana Korshinskii Kom) ( Amorpha fruticosa)
Slope 3 20 x20
4 20 %20 ' ( Aéfropyron crlslalum) ( Artemisi asacrorum)
( Bothriochloa ischaemum( L.) Keng)
3 20 %20 ( Hippophae rhamnoides) ( Caragana Korshinskii
Kom)
1.2.1
2014 7 o 20 m x20 m “
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EXCEL SPSS 20.0 LSD
sigma Plot 10.0 o
2
2.1
( 3) <0.25
mm 67.36%—92.86% 0.25—2 mm
>2 mm >5 mm o 0.25 mm
B, 0—10
10—20 cm (Ry»s) 31.7%  30.5% 13.4% 13.1%
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o 0—10
cm >5 mm 5.71% 4.49% ;
0.25—0.5mm 0.5—1 mm 5.04% —7.70%
0.92%—2.73% o

3

Table 3 Aggregates content under different vegetation types and landforms

Content of aggregate/%

Soil laver/c Lands Vegetation .
o e types >5mm 2—5mm [—2mm 0.5—Imm  0.25—0.5mm <0.25mm Ry 25
0—10 5.71+1.17a  5.29+1.26a  6.70+1.83b 8.56+1.36a 6.38 +1.64a 67.36£7.93b 32.63 +7.93a

4.49+1.07b  3.06+1.18b 9.70+1.73a  6.79+1.89b  6.45+1.78a 69.50 £12.90b 30.50 +12.90a
0.25+0.35¢  0.66+0.34c  0.68+0.7lc 1.15+1.09¢ 1.54+1.47b 95.71+3.39a 4.29 £3.39b
1.38+0.39a 1.57+0.64a 1.76+0.18b 2.00+0.84b 1.98+0.87b 91.30+1.24b 8.70 £1.24b
1.93£0.75a  2.27+0.4la  2.73+0.39a 5.61£1.29a 5.50+0.50a 81.96 +2.84c 18.04 +2.84a
0.65+0.22b  0.32£0.07b 0.12+0.07b  0.21 +0.14c  0.37 £0.19¢c 98.22+0.32a 1.78 £0.32¢
10—20 2.87+1.88a 3.79=x1.17a 6.47+1.97a 9.69+2.28a 9.32+2.68a 67.86+4.96b 32.14 +4.96a
2.03+1.45a 3.16+1.42a 5.59+1.92a 9.63+2.58a 8.73+1.34a 70.86+4.87b 29.14 +4.87a
0.43+0.75b  0.27 £0.41b  0.42+0.64v  0.95+1.15b  2.07 £2.41b 95.85+4.18a 4.15+4.18b
1.37+0.81a  0.92+0.36b 1.26+0.67b  1.46+0.46b 2.14+1.34b 92.86+1.82b 7.14+1.82b
1.78 £1.28a  2.02+0.66a 2.52+0.29a 5.04+2.04a 7.70+1.69a 80.93+3.12¢ 19.07 +3.12a
0.70£0.39b  0.33+0.12¢  0.23+0.10c  0.25+0.10c  0.22+0.14c  98.20 +0.34a  1.80 +0.34c

. (P<0. 05)
2.2 MWD  GMD
( MWD) ( GMD) MWD
GMD o MWD
GMD( 1) MWD GMD o MWD  GMD
0—10 cm MWD  GMD 339.84% 100.91%
10—20 cm 221.65%  75.75%; 0—10 cm MWD GMD
104.23% 30.44% 10—20 cm 85.08% 27.31% MWD
GMD, MWD GMD MWD GMD o
MWD  GMD MWD > >
> > (P<0.05); GMD > >
> > (P<O.
05) - MWD (0—10 cm) (10—20 cm)
MWD GMD
MWD o
2.3
(2
o 2.908 2.922
2.966  2.968,
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Fig.1 Mean weight diameter ( MWD) and geometric mean diameter ( GMD) under different vegetation types and landforms
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Fig.2 Fractal dimension of soil aggregates under different vegetation types and landforms
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Fig.3 Content of soil organic carbon under different vegetation types and landforms
0.34.
( 4.
10.52% 54%  35.48% 9% 10% 17%; N 8.93%
48.02%  43.05% 21% 16% 21% -
6.63% 33.91% 59.46% 5.68% 33.45% 60.87% -
( 5 ) 3 ROA 25>
MWD.GMD (P <0.01)
. o R, R 0.67 MWD

http: / /www. ecologica. cn



* 5074 ¢ 36
6 6 -
5F L
° L] )
4
3
2
—~ 1
en
22 0 . . . . . , 0 ) ) ) ) ) )
it § 0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.2 0.4 0.6 0.8 1.0 1.2
ﬁ =}
% g KA Roos PHERER MWD
= ‘-E’ Macro-aggregate content /% Mean weight diameter/mm
s
®E 6, 6
3
w2
5t
4t
3|
2t
It n=42 r n=42
0 " " " 0 n L " "
0.1 0.2 0.3 0.4 2.85 2.90 2.95 3.00
JUT P E A2 GMD SHBHER D
Geometric mean diameter/mm Fractal dimension
4
Fig.4 Relationship between SOC content and soil aggregate indexes
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Table 4 Soil particle size distribution under different vegetation types and landforms

Soil particle size distribution/%

Soil layer/cm Landform Vegetation types Clay Silt Sand

0—10 10.38 +0.94a 54.55 +6.82a 35.07 £7.72b
10.16 £1.00a 51.76 +5.11a 38.08 +6.01b
5.99 +0.29b 31.53 +3.19b 62.47 +3.47a
7.33 £1.73b 43.32 £9.04b 49.34 +10.61b
9.86 £0.99a 50.31 +3.68a 39.83 +3.60c
5.50 +1.69¢ 31.47 +2.54c¢ 63.03 +4.22a

10—20 10.42 +1.17a 56.24 +6.54a 33.33 +7.66b
11.11 £0.87a 53.44 +3.11a 35.44 +3.96b
7.28 +1.21b 36.28 +3.28b 56.43 +3.85a
7.23 £2.02b 44.18 £11.23b 48.59 £13.20b
10.30 £0.55a 52.21 +6.98a 37.48 +7.19¢
5.85+1.25¢ 35.43 +5.09¢ 58.71 £6.27a
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Fig.5 Relationship between soil clay content and soil aggregate indexes
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