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Heidaigou Opencast Coal Mine: Soil Enzyme Activities and Soil Physical and

Chemical Properties Under Different Vegetation Restoration

FANG Ying' ,MA Ren-tian' , AN Shao-shan'** |ZHAO Jun-feng' ,XIAO Li'
(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of Soil
Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, China)

Abstract: Choosing the soils under different vegetation recovery of Heidaigou dump as the research objects, we mainly analyzed their
basic physical and chemical properties and enzyme activities with the method of Analysis of Variance as well as their relations using
Pearson correlation analysis and path analysis hoping to uncover the driving factors of the differences between soil enzyme activities
under different vegetation restoration, and provide scientific suggestions for the plant selection as well as make a better evaluation to the
reclamation effect. The results showed that; D Although the artificial vegetation restoration improved the basic physical and chemical
properties of the soils while increasing their enzyme activities to a certain extent, the soil conditions still did not reach the level of the
natural grassland ;@ Contents of soil organic carbon (SOC) and soil total nitrogen (TN) of the seabuckthorns were the nearest to those
of the grassland, which reached 54.22% and 70. 00% of those of the grassland. In addition, the soil bulk density of the seabuckthorns
stand was 17.09% lower than the maximum value of the amorpha fruitcosa land. The SOC and TN contents as well as the bulk density
showed that seabuckthorns had advantages as the species for land reclamation of this dump; Compared with the seabuckthorn, the pure
poplar forest had lower contents of SOC and TN respectively by 35.64% and 32. 14% and displayed a 16. 79% higher value of soil
bulk density ;@ The activities of alkaline phosphotase under different types of vegetation rehabilitation had little variation. But soil
urease activities was more sensitive to reflect the effects of vegetation restoration on soil properties; @Elevation of the SOC and TN
turned out to be the main cause for soil fertility restoration and increased biological activities of the dump.

Key words: Heidaigou opencast coal mine; vegetation restoration; soil enzyme activities; path analysis; poplar; seabuckthorn
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Table 1  Basic information of the sampling site

TR E 7= 4 7 TR B /m
i 39°47'41.35"N  111°17'14. 86K 1278
Tk 39°47'56.39"N  111°17'24. 88"E 1270
i 39°47'15.04"N  111°18'00. 18"E 1275
vl 39°47'27.55"N  111°17'48. 34"E 1260
L 39°47'13.80"N  111°17'58. 78"E 1273
Mt D BRI AS PR 39°47709. 72"N 111°17'19. 47"E 1251
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B R AN L, WS PE DL 37 CHH IR R 5F 24 h
Ja 1 g B3P A RINH, -NAY mg BRI | ARG 1
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Table 2 Soil basic physicochemical properties under different vegetation types

+ Z Kok ﬁm’%ﬂj %ﬁ,l ii%z@i ﬁ%@ 1 oH %ﬁ% TS KE
/em /g-kg /g-kg /mg-kg /mg-kg /g + cm /%

i 6.99+0.00a 0.47+0.04a 1.85+0.09b 21.86+4.21ab 7.42+0.06 b 1.3020.06 bc 9.87 +0.01 a
Fok 3.30£0.01b  0.30+0.04 ab 6.52+0.47a 20.28+0.75ab 7.37£0.02 b 1.34+0.06 be  7.34 +0.00 be

0~10 UM 4.21+0.29b 0.39+0.12ab 6.96+0.58 a 15.50+4.77b  7.28+0.04b 1.28+0.02 ¢  6.46 £0.01 cd
S 3.59+0.28b 0.26+0.07b 2.31+0.07b 31.06+11.55a 7.39+0.13b 1.55+0.09 a  8.28 +0.01 ab
L 2.38+0.02b 0.22+0.01b 6.59+2.08a 14.23+0.89b  7.75%0.03 a 1.47+0.01 ab 3.13+0.00 e
TRACHR 3.30£0.04 b 0.22+0.01 b 2.83+0.21 b 17.41 £2.91ab 7.79+0.09 a 1.47 £0.11 ab 4.84 +0.01 d
i 3.67+0.06a 0.33+0.02a 1.18+0.23b 11.27+2.35b  7.40 +0.04 be 1.42 £0.01 cd 10.28 £0.02 a
/N 3.00£0.02b 0.26+0.02b 7.48+0.44a 17.74+0.62a  7.35£0.05 be 1.38£0.03 cd 10.85 +0.01 a

1000 U 1.56+0.04 ¢ 0.18+0.03 ¢ 6.59+0.19a 8.65+4.33b  7.25+0.04c¢ 1.33+0.06d  7.73 +0.01 ab
SEPEARL 1.66 £0.05 ¢ 0.16+0.01 ¢ 4.32+0.55ab 13.72+1.60 ab 7.44+0.10b 1.6020.03 a 10.74 +0.00 a
Bh 1.33+0.06 ¢ 0.16+0.03 ¢ 6.32+4.21a 11.71+2.72ab 7.64+0.12a 1.58+0.04ab 5.20=0.03 b
ES 1.60+0.05¢ 0.15+0.01 ¢ 4.02+0.10ab 8.70+0.49b  7.80%0.06 a 1.48 +0.08 bc  7.29 +0.01 ab

1) [RIBARTR 4 2 AN [R] kR AN TR R ] 2 S M 235 (P < 0. 05)
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Fig. 1 Changes of soil enzyme activities

under different vegetation types
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Table 3 Correlation coefficients between soil enzyme activities and soil physicochemical properties

TR

Jem TiH AHLRR 2R A AR pH Foiy ko e Wb
o iy 0.882**  0.903** -0.253 0. 104 -0.620* -0.641* 0.778"* 0. 698 * 0. 321
0~10 WEEEE  0.875°  0.681" -0.719** 0.384 -0.133 -0.070 0. 646 0.575
WEREE  0.544 0.324 -0.450 0.220 0.116 0.078 0.273
TR it 0.952**  0.950 " * -0.513 0. 194 —0.386 -0.402 0. 549 0.976* * 0.735* "
10 ~20 WEREEE  0.9677"  0.953* " -0.435 0.307 -0.373 -0.39 0. 549 0. 664 *
WEMREE  0.678 " 0. 605 * -0.488 0.110 -0.335 -0.386 0. 489
1) *HP<0.05, % * K P<0.01
A 4 J2 - M 0 R Tl P 1 R 4 e R BB A 3 Wi
JTE

KLIKEN 0.5 PLE BER A% TG AT B0 Y
ESUN TR &S IPORPAL e A U IISEN D Ry Y
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Table 4  Path coefficients between soil physical and chemical properties and soil enzyme activities
[R5 TIEB A SRty EERIRS 2R PR BRA pH Foyiie BKE ] 4 5m 1%

/em X X x3 Xy Xs X6 X7 EYiginnn
X, 0.524 0. 002 -0. 081 -0.170 0.033 -0. 081 0. 655 0. 358
Xy 0. 475 0. 002 -0.026 -0. 060 0. 045 -0.116 0.583 0.901
X3 -0.250 0. 000 0.170 0. 326 0.008 -0.070 -0.436 -0.423
0~10 Xy 0. 134 0. 000 -0.083 -0.667 0.030 0. 108 0. 584 0.772
x5 -0.221 -0.001 -0.018 0. 255 -0.078 0.103 -0.661 -0.542
x¢ -0.192 -0.001 -0.054 -0.326 -0.037 0.220 -0.251 -0. 861
I e % 0.376 0. 001 -0.081 -0.427 0. 057 -0. 061 0.912 -0.135
¥ X 0. 555 0. 340 0.071 -0.037 0. 042 -0.018 -0.001 0. 396
X, 0.536 0.352 0. 061 -0.031 0.051 -0.018 -0.001 0.597
X3 -0.180 -0.099 -0.218 0. 034 0.026 -0.007 0. 001 -0.226
10 ~20 Xy 0.214 0.112 -0.076 -0.097 0.038 0. 004 -0.001 0.291
x5 -0.219 -0.167 0. 052 0.034 -0.107 0. 021 0. 001 -0.278
Xg -0.252 -0.163 0. 040 -0.010 -0.057 0. 040 0. 000 -0.442
xq 0. 300 0. 157 0. 088 -0.034 0. 045 -0. 006 -0.002 0. 550
X, 0.021 0. 692 0. 196 0. 184 -0.281 0. 185 -0.121 0. 855
kS 0.019 0.764 0. 064 0. 065 -0.389 0. 265 -0.108 -0.084
X3 -0.010 -0.118 -0.410 -0.352 -0.071 0. 161 0. 080 -0.310
0~10 Xy 0. 005 0. 069 0. 200 0.720 -0. 256 -0.247 -0.108 -0.336
x5 -0. 009 —-0. 445 0. 044 -0.276 0. 668 -0.237 0. 122 -0. 801
Xg -0. 008 -0.401 0. 131 0.352 0.314 —-0. 505 0. 046 0.435
TR Al xq 0.015 0. 488 0. 196 0.461 -0.484 0. 139 -0.168 0. 815
¥s X 0. 403 0.451 0. 063 0.029 -0.007 0.019 0.010 0. 565
X, 0. 389 0.467 0. 055 0. 024 -0. 009 0.019 0. 008 0. 486
X3 -0.131 -0.131 -0.195 -0.026 -0. 004 0. 008 —-0.008 -0.293
10 ~20 Xy 0. 156 0. 149 -0.068 0.075 -0. 006 -0.004 0. 007 0.232
X5 -0.159 -0.222 0. 047 -0.026 0.018 -0.022 -0.008 -0.391
Xg -0.183 -0.216 0. 036 0. 008 0.010 -0.041 -0.003 -0.348
xq 0.218 0.209 0.079 0. 026 -0. 008 0. 006 0.019 0.530
X 1.746 -0. 898 -0.185 -0.026 -0.112 -0.107 0.126 -1.202
X, 1.582 -0.991 -0. 060 -0.009 -0. 155 -0.154 0.112 1.316
X3 -0.835 0. 154 0.388 0. 049 -0.029 -0. 094 -0.084 -0.839
0~10 Xy 0. 445 -0.089 -0. 190 -0.100 -0.102 0. 143 0.113 0. 320
x5 -0.735 0.577 -0.042 0.038 0.267 0. 138 -0.128 -0. 151
Xg -0.639 0.520 -0.124 -0.049 0. 125 0.293 -0.048 -0.215
BRI % 1.254 -0.633 -0.185 -0.064  -0.194 -0.081 0.176 0. 097
Y3 X 1. 689 -1.374 0.217 0. 040 0.200 0. 088 -0.181 -1.011
X, 1. 630 —1.424 0. 187 0.033 0. 240 0. 089 -0. 150 2.030
X3 -0.549 0. 400 -0. 667 -0.036 0.121 0.035 0. 135 0. 107
10 ~20 Xy 0. 652 -0.453 -0.233 0. 104 0.178 -0.020 -0.119 0. 005
x5 -0.667 0.676 0. 159 -0.037 -0.506 -0.103 0. 142 0.172
X -0.767 0. 658 0. 122 0.011 -0.269 -0.193 0.051 -0.194
xq 0.912 -0.637 0. 269 0. 037 0.215 0. 029 -0.336 0. 825
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