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Effects of soil properties on vegetation restoration in coal-gangue pile in Jixi area
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Abstract Vegetation restoration of coal-gangue pile is the most important part of the mine reclamation and is one of the
hotspots in studies of degradation ecosystem and restoration ecology. Jixi is a city of main coal resource in China and waste
coal-gangue piles occupied and destroyed large feilds. Consequently it is significant to restore vegetation of coal-gangue
pile in for local environments Jixi. The naturally restored vegetation status of coal-gangue pile was investigated by traditional
plot-survey and soil chemical and physical properties in coal-gangue pile were analyzed by using standard methodology.
The natural vegetation patterns along the environmental gradient and their relationships with ecological factors were also
analyzed by TWINSPAN DCA CCA and DCCA. The results showed that the coal-gangue piles can be divided into three

groups according to community ordination [ . the coal-gangue pile was discarded less than 10 years [I. the coal-gangue
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discarding was between 12 to 30 years [lI. the age of coal-gangue discarding was between 30 to 50 years. The results of
DCA and TWINSPAN for vegetation plots and soil properties were similar the age of discarding coal-gangue pile increased
with diagonal factors variation. The axes of CCA and DCCA ordination diagram indicated that the variation of vegetation in
coal-gangue pile was influenced by soil chemical and physical properties such as pH nutrient and bulk density.
Therefore the native plant species should be applied in restoring vegetation in coal-gangue pile and different species should
be selected depending on the discarding age of coal-gangue pile. Finally we think that the restoration effect in such coal-

gangue pile in this area would be effectiveness by using soil chemical and physical properties with different discarding ages.

Key Words coal-gangue pile vegetation restoration TWINSPAN DCA DCCA
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1
Table 1 The vegetation status of different age coal-gangue piles in Jixi
a % N/m? g/m?
Type Age of coal-gangue Mt. Coverage Density Biomass
1 <10 10 34 31
Il 12 ~30 35 84 209
Il| 35 ~50 57 98 585
1 10a Division 1 N =10
12
Ixeris chinensisi
.. . . D, N=5 D, | N=5
ArtemLSLa steversiana
23 D3 N=4 D} N=3 D} N=2

Dy IN=2 Ds|N=2 Dy|N=2

30a 12a 15a 20a 25a 35a 50a 40a 7a 10a

- 1 TWINSPAN
Fig. 1 ~ TWINSPAN classification of vegetation quadrats at coal —

gangue Pile in Jixi

Ta
I 12a  30a 12
Ulmus pumila
Bidens pilosa Artemisia sacrorum Artemisia coparia
Picris japonica
I 35a  50a
12 Prunus romentosa Sorbaria
sobifolia Ulmus pumila Populus davidiana
Pinus densiflora var. ussuriensts Pinus sylvestris var. mongolica
Larix gmelinii Hippophae rhamnoides
3.2 DCA CCA DCCA
DCA
: 2 TWINSPAN
10 3 10a 10 ~30a
30 ~50a DCA Ta
DCA
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0.701 0.541 0.521
XJ Cirsium segetum KMC Ixeris chinensis DZH
CCA 0.506 Artemisia sieversiana HH Artemisia coparia  CE
-0.478 Xanthium sibiricum SHW] Lactuca indica CHQ
Plantago asiatica GZH Bidens pilosa  BTW Pulsatilla
chinensis WNH Artemisia sacrorum MLC Picris ja-
ponica  FM] Saussurea japonica LM Metaplexis japon-
ica LK Solanum nigrum the same below
2 DCA CCA DCCA
Table 2 Eigenvalues and cumulative percentage variance of species data for first three axes of DCA CCA and DCCA
Item Axisl Axis2 Axis3
Eigenvalues DCA 0.386 0.144 0.079
CCA 0.386 0.191 0.117
DCCA 0.386 0.120 0.046
% DCA 40.9 54.6 62.8
Cumulative percentage variance of species data CCA 40.9 61.1 73.4
DCCA 40.9 53.3 60.1
DCCA DCCA —
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Table 3 Canonical and correlation coefficients of environmental variables with first three axes of CCA
Canonical coefficients Correlation coefficients
Environmental variables
Axisl Axis2 Axis3 Axisl Axis2 Axis3
pH 0.702 -0.390 -0.163 0.723 -0.013 -0.211
Total nitrogen 1.033 0.471 0.614 0.631 0.541 -0.136
Organic matter -0.336 -0.205 -0.189 0.042 0.503 -0.031
Total phosphorus 0.253 0.243 -0.224 0.358 0.701 -0.598
Rapidly available kalium -0.976 0.189 -0.017 0.635 0.521 -0.250
Saturation capacity -0.423 0.156 0. 066 0.243 0.403 -0.699
Natural moisture -0.125 -0.895 -0.682 0.428 0.310 -0.626
Total porosity -0.294 0.014 -0.171 0.074 0.506 -0.669
Bulk density -0.644 -0.457 -0.415 -0.285 -0.478 0.598
DCCA .
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pH DCCA 1.0 0.5 pHo.s5 1.0
AX1
pH R
pH
DCCA W10a["
m35a -
7a
4 -1.0 b
4 DCCA
Fig. 4  Two-dimensional DCCA ordination of vegetation quadrats at
coal-gangue Pile in Jixi
pH N Total nitrogen pH pH value Y Organic matter
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Fig. 5 Two-dimensional DCCA ordination of vegetation species at
coal-gangue Pile in Jixi
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I 12
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I 12
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