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Reclaimed soil properties and weathered gangue change characteristics under

various vegetation types on gangue pile

WANG Liyan', HAN Youzhi"* , ZHANG Chengliang”, PEI Zongyang'

1 College of Forestry, Shanxi Agricultural University, Taigu, Shanxi 030801, China
2 Environmental Protection Research Institute of Light Industry, Betjing 100089, China

Abstract: The main obstacles to restoration of the vegetation and ecological reconstruction of abandoned mines are from the
special and poor physical and chemical properties of the land, particularly to gangue piles. Vegetation is based on soil and
also affects soil formation, nutrient cycling and development. Study of nutrient change in soil is important to understand soil
fertility and mechanism of nutrient cycling. The study of re-vegetation for coal gangue piles has mainly focused on growth of
young forest, soil matrix improvement, vegetation restoration patterns, vegetation dynamics and vegetation restoration
techniques and mechanisms, etc. However, there are no many studies on eco-environmental effects of vegetation on gangue
piles. Study of the relationship between environment and vegetation on gangue piles is helpful to reveal the stability and
dynamic development of existing ecosystem, and to build up the foundation for vegetation regulation on gangue piles. In this
study, different reclaimed lands from 280 gangue piles of No. 3 coal mine of Yangquan Coal Industry Group in Shanxi
Province were included. The effect of different vegetation restoration patterns were analyzed on reclaimed soil and weathered

coal gangue. The soil, physical and chemical properties of weathered coal gangue and heavy metals under 6 different
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vegetation types ( platation of Robinia pseudoacacia 1.. , mixed plantation of Robinia pseudoacacia 1. and Caragana
intermedia , mixed plantation of Ulmus pumila L. and Amorpha fruticosa L. , mixed plantation of Platycladus orientalis (L. )
Franco and Robinia pseudoacacia L. , Vitex negundo var. heterophylla and grass vegetation of Medicago sativa L. ) on coal
gangue piles were compared. The results showed; (1) The vegetation, particularly the tree plantation on coal gangue piles
significantly influenced the soil bulk density, soil water holding capacity and porosity. As the vegetation was recovered, the
nutrient content in the soil significantly increased. Soil nutrient content varied with the difference between vegetation
restoration types. The mixed plantation of R. pseudoacacia and C. intermedia was much better than other vegetation types.
The order of different vegetation types according to their positive effects on soil bulk density and mechanical components of
coal gangue were: coniferous> mixed shrub and tree forest> broad-leaf tree pure forest> shrub> grass; (2) The vegetation
order according to the accumulation of organic matter and total nitrogen were: mixed plantation of P. orientalis and R.
pseudoacacia > R. pseudoacacia plantation > mixed plantation of R. pseudoacacia and C. intermedia > mixed plantation of
U. pumila and A. fruticosa > V. negundo var. heterophylla plantation > Grass of M. sativa. Total P content under V.
negundo var. heterophylla plantation on weathered gangue piles was the highest. V. negundo var. heterophylla plantation
and mixed plantation of P. orientalis and R. pseudoacacia were good for quick P accumulation, and mixed plantation of U.
pumila and A. fruticosa for quick K accumulation; (3) Planting of vegetation could reduce the heavy metal content in
weathered gangue. Mixed plantation of U. pumila and A. fruticosa was better in reducing excessive heavy metal Cd, and
followed by mixed coniferous forest ( mixed plantation of P. orientalis and R. pseudoacacia). In reduction of excessive
heavy metal As, the mixed plantation of P. orientalis and R. pseudoacacia was better than the other vegetation types, and

could control the As level lower than the national standard.

Key Words:; vegetation restoration pattern; reclaimed soil ; weathered gangue; physicochemical property; heavy metal

1L F7 R Bl DK B R A 2 T o A R IR, BV SR R R ) R R A AR M I iR 1L A
IR R e, i - el R, e R RS R, R A IR R R S AR S A e
— ) HRA S RGP LA SRR (WS SR RAEER K R TE ) RS ) BRIk RS
IR R E S R G A SRR E SR pr 2 — " - BB AT A LR A B % 1 2R
WIME B RS R E D RFERRE R 0 SRR, 0 58 55 0 0078 Ak, X T T 45 B UE
- HEAE SRS FROCRIEALR A B EE AR S H O TR A (A K B ST, A T T AR
AR FEF R MR E AR AR AT R R AL ) A D v i AR
A IAEBE A S FREE ROV AR 55/, DR, s BT L A= B8 SR A B OC RIS, AT B TR E A
BRGWIFGEMERUR JREHZS , I AT R AR GT F 3L AT PG BHAEAE =5 280 JEEAT A1l
ATV B S T B A AT X 42, A3 T AN IR 1 28 700 42 B b 3Rk I R XA B A R AR A, R I
ifr I 52 B 3R S R G RR ARG R XA 25 R G A BRI 9 2 WLPE A B AR | LU R e A Ll AR 2
RGWE H5E P MES %

1 HRRBAEMAEFE
1.1 W5 IR

LL PG BHAREAR A, T L P94 R AR AT L e B v A g BH SR vl 2 3Rl i K I T A A 7 e, b L AL
PrZdt s 37°49. 108", AR 4 111°29. 617", A X J@ Wil > 15 KRR A0, AR 11 °C AR oK i 532
mm , 4E AP0 PE XA 3 AE I XGE 2 m/s, JEFRI 150 d, PHBESE A =57 280 JE6T A 1L A7 T FH AR 77 X A/ 7
AL, 4K 980 m, 1970 I URHERN 1985 4F45 IR HERT , SLIHIFL 3. 807 hm? , A P S 1EFR 0. 847 hm® , &b IR
2.960 hm* , Fe K 36. 6°, Fe K P K 100.3 m, 2005 4F#E477 £ AR K, 5B 50—100 cm , H-2E77HE Bl 2
B, HATIE AL T 6 Fh L 720 fif 4 g S8 7Y | 3 331 & AR AR ( Robinia pseudoacacia L. ) , FII#R-¥7 25 1R 38 AR ( Robinia
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pseudoacacia L. +Caragana intermedia ) , it - L ARSI ( Ulmus pumila L. +Amorpha fruticosa L. ) , MIFI-HI45
13K ( Platycladus orientalis 1. Franco + Robinia pseudoacacia L. ) , 3| 2k K ( Vitex negundo var. heterophylla
plantation ) A AL E 18 ( Medicago sativa L. ) .
1.2 FEHBET R oR A

2010 4F 7 HTE 6 RS RIFITE ROBR M P, SEPRAE L, B AR D, T 38 1, 7E [ AFL B S B 1l 3 il i
B3 AT AR 10 m x 10 m BEARFETT S m x 5 m, BEAF 1 m x 1 m, FERADHET NI TR AR,
05 v SRR R RS B 5 R A 5 PR SRR AR A HE I 8 N TR AR S 7 O A Y R L
G A AU s P FA AR RERILAT 5 (3 50, P2 ST, IF4% 0—20 em \20—40 ¢m ,40—60 cm 3 MJZEIK
I3 B A | e S i AT SRR B S IR IO e TR AT Al 1S3 s I AR S 22 X R i, B 254
WIAIRRE , 3t 20 .80 HAI 100 H i, 2 B0k, 4 0

R1 FAEEMERERL

Table 1 General situation of experimental plots

H5 R IR/ (BR/hm? ) B/ (°) /(o) R#%/a B
No. Plot Planting density Slope Aspect Age of tree Coverage/ %

1 Fil AR PRP 2500 23 VYL 62 7 64

2 FIRR-F7 IR 3k MCR 2500 28.5 PUlREe 45 7 67

3 - EEMR IR 2SR MUA 2500 35 AW 33 7 70

4 MFA-FIBR IR S Ak MPR 1667 27.5 PUTIEg 22 8 68

5 IR Sk PVH 3333 36 FEILT 69 8 70

6 LWETE GMS — 36.2 PUlREE 52 5 75

7 X PEFE R CK - 36.2 P fii e 48 - —

PRP. HIBEAK Robinia pseudoacacia L. , MRC. A7 S IR A KK Robinia pseudoacacia L. +Caragana intermedia, MUA . i ) -2 o B YR S K
Ulmus pumila L. +Amorphafruticosa L. , MPR; A -SRI AR TR A2 K Platycladus orientalis (Linn. ) Franco+Robinia pseudoacacia 1.. , PVH; FF 5K Vitex
negundo var. heterophylla, GMS . BRI E TH Grass of Medicago sativa L. ; CK: T EL A

1.3 R BERT A XA e

BEFPRE AL T E 3 () AR BAR bR . 3925 T AL B S5 W BRAS B R FH 2R T IR BORE I 2, 14
pH {E FH 35S L s AT AILBT A% R B 45 k- ARk 5 4 0UR VR B R 281 i L s R R Mk i
M2 e SRR T A AR Lk s Bt UM R 9 180, 5 ARl T BH B T Lo (2 ik 5 AL TS R 2 I - Ot
BEEE

SRR A AU R T 0 3 R BT A BT A, 08 T S ARG X MR 2+ U B s
[ o O 3 i v O 71 s A = R YA i [ s SN C X (R Y A /) 0 =3 i i [t = O 2 1 7 )
ALY 4 R Bl As FH GB/T22105—2008 -3 v g il 52 v . AR IR T2 Y6 ik A% 7R He A9 2 FH
FR-TL AL BN & -8 TR TR, ANER IR T 266 AFS-230E JR T2 6T, B4R Cr i Cu 4F
Zn A Cd F14% Pb H DZ/T0223-2001 ( HLBGHEG 5 B 1 B3l (ICP-MS) ) Jr ki@, 5 4 @ & 2 i Z 4%
Tl b s Hi A FE BE 43 BT 0 A5 HhC A
1.4 %dEabs

I EE R A Excel 2003 #E1 74P, 33 SPSS13. 0 A4 MR R J7 22507 (ANOVA) ki, A [RlAE B 2k
TR 4 B 8 ST 40 KA BEAL P R A 22 S0 (=0, 05) |, M SE 43 7313 Pearson A E 2%k, I SPSS
AR A TR A XA T B 4 SR AR AT FE LA A, T PPN SR LR R AR
2 RS54
2.1 B E B IR A R AR R

FRYEHE WK S 0 B - S PRAL R s i (3 2) T LA Y AR VK S B o, A AL G 5t 1) A A i
JER K, 4 20.29% —93.23% ,pH (E R AR BE fe /N, 7 0.50% —9.20% , FERE IR IZ XT38 (0 3L P AR 1 52
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M = EARPLAE A HLST  FH )3 K B (12. 82% —65. 69% ) WA FLBREE (16. 10% —63. 14% ) i fit & (41. 04% —
87.25% ) BE B (23.75% —68. 68% ) U ACH A A HE b M 58S A 28k pH (E 52 W A Xt
BUN, EAMEEIKE TR R IR AR bR S A R LU AR I AT AR R S s e T A B b M ST Y
47K S R FLBREE , LA R HL R AR A3 i A PR

R2 EEHREXNEERTEELEKE M

Table 2 Effect of vegetations to physical and chemical properties of reclamation soil

S A5/ % T2 % 5B %
Item Range of variation Mean + Sd Coefficient of variation
pH 0.50—9.20 8.43+0.36 4.3

4% Total N 25.76—39. 09 0.43+0.19 44.75

2 Total P 27.73—37.57 0.57+0.37 65.34

Bk % % Available N 41.04—87.25 31.91+9.29 29.12
T Available P 16.67—56. 67 5.75+2.97 51.56

AR Available K 9.65—53.26 102.39+24.39 23.81

A HLIF Organic matter 20.29—93.23 6.511.60 24.55

[ 3E7K 2 Field moisture 12.82—65.69 29.31+2.19 7.47

4X7E Bulk density 3.08—28.79 1.42+0.04 2.89
JBIFLBRE Total porosity 16.10—63. 14 46.06+1.56 3.39
EAFZEBE Capillary porosity 23.75—68. 68 41.89+3.23 7.7

2.2 R[EMEBIRE AT 2 R - e B AR AL RRAE
2.2.1 HHERE

T LT R BRI SRR B RAR T 2R 3 AT T R AN [F] )2 (0—20 em 20—
40 cm 40—60 cm) ZHAFHIE 1,52 .1.63 .1.68 g/cm’, FIXT TS B AR b, Rl Bl G DB 1 3045 )2 28 1 AO A
FHACEA &, b R A A (- S5 AR ) RIEAR F i/l ,0—20 em .20—40 cm 40—60 cm + 245 F 43
9 1.43.1.37.1.36 g/cm’, Ui BAEF TR AR RSG5 44 (0 A8 Ak, - g AA FEAS B0t . [WIm T & 4 i
TRACHR T e F B 2 R B 3, ML T 5 IR SR A B L2883 . 6 Rl gk S B0 1 35 &
SR ACR R - TR ASHR (- ) > TR ETR SR (R -SSR ) > T TR AC (RIRR-F7 55 ) S HIBR A AR > E AR AR
ISR SHEAR CEIEE 1S ) >X IR TE Bt
2.2.2  EERPKEET) AL BEL IR

KGR IR — A EEAR S N R, HESE AR IR iR, 3R 3 R A LR INR, 54
AT 9 R BRI, P AR ST B S BRI S A S R R AR T A AM, B R 2
TR AL bR R N R AR XK RO ERTEAVE 55, b R R R, 2R R K, R K S B R R
P SN e T A R, KA B8 B A 2 WA T M ARV, 0 22 A T XoF A S 5 B %) e 1 D 66 3t 6 3R
JERAIG, MK o 25 K /b, B K S s e

LB SR S e - S A ) AR AR, WFSEIX R IR R 452 R E ISR AR fb A 57 (% 3)
B RETE AR (UAA-HRR ) B )2 A3 in S 1 a4 L Ak 2 ey St (I R 5, S I DR R TR
AR R AE IS 2R T R IE A0 AR RIS YR B AT 8, 45)2 0K 13 S LI R E A LB L
AR FIE AR B AK, ULIA TR AT 38 FLBRUIR B0 1 B 1 A T HE BN
2.3 AR E BT R R v BURE
2.3.1 3 pH HMAENRSE

e IX 52 B - 3 Sk, X HE 35800 pH B R R 8. 63, S5 BRAH H , A T FhRE A B X PRI i B 135
pH A B, (AP M 22 5 AR B ANFR IR E R T A PUR & R R s, M4 %
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T LA AR AL &

ARMRRT LLSEA Rt Bl st L A LB 4

' 4. 14 g/ke TR LAY F

AN 7.14—8.03 g/kg, PiWATF

®3 FAEEHEXETESRLEWIEER(DEARUEDR)

Table 3 Physical properties of reclamation soil in different vegetation conditions ( Mean+SE)

e TR 2 A5 TR i%%?%i FH ] 4 7K o MFLBRE BEILEE EBEFLBE
No. Vegetation Depth Bulk density Field moisture Total porosity Capillary No capillary
pattern /cm /(g/cm®) /% /% porosity/ % porosity/ %
1 HI#E PRP 0—20 1.44x0.47 30.53+0.33 45.53+0.55 44.05=0. 34 1.480.05
20—40 1.50+0. 19 28.34+0.35 43.52+0.33 42.40=0.31 1.12£0.23
40—60 1.58+0.12 24.20=+0.28 43.40+1.27 36.30£0. 56 3.18+0.77
2 JIME-F7 2% MRC 0—20 1.43+0.36 30.74+0.15 45.91+0.22 44.06+0.09 1.85+0. 16
20—40 1.47+0.42 27.75+1.26 44.53+0.53 40.80=0. 14 3.730.36
40—60 1.56+0. 51 24.88=0.34 44.13+0.57 38.81£0.27 2.33£0.35
3 H A - TR 0—20 1.38+0.52 32.01%0.16 47.80+0.33 44.29+0.16 3.51£0.50
MUA 20—40 1.41£0.29 30.82+0.28 46.67+0.53 43.570.30 3.10+0. 63
40—60 1.49+0. 67 22.53+0.08 40.00+0. 39 36.66=0. 13 7.86+0.46
4 MFI-FIHE MPR 0—20 1.40+0.16 18.860. 10 47.30+0.25 36.17+0.28 11.13+0.49
20—40 1.37+0.20 28.98+0.34 48.43+0.33 39.60+0.17 14.1%5.51
40—60 1.36+0.04 25.38+0.07 46.88+0.29 34.51+0.26 14.17+0.36
5 3H 4 PVH 0—20 1.45+0.23 27.33+0.26 45.28+0. 44 39.63+0.51 5.65+0.87
20—40 1.51+0.35 25.68+1.37 43.02+2. 14 38.78+0.27 4.24+1.32
40—60 1.58+0. 14 24.97+0.31 40.500. 13 39.36+0.04 1.1420.13
6 HILHTE GMS 0—20 1.47+0.43 29.34+0.29 44.53+0.23 34.00£0.26 7.38+0.10
20—40 1.55+0.21 24.930.12 41.38+0.13 30.61+0.43 7.87+0.23
40—60 1.59+0.18 21.88+0.09 38.49+0.38 35.82+0. 14 4.18+0.31
7 T L CK 0—20 1.52+0.06 12.770.02 42.77+0.34 19.37+0.09 23.40+1.42
20—40 1.64+0.04 12.75+0.03 37.99+1.58 20.95+0.55 17.04%2.13
40—60 1.68+0.07 12.15+0. 04 30.57+0.20 22.36+0.06 8.20+0.22
F4 AEAHEHERESXBTE BT ELFERIFE
Table 4 Chemical properties of reclamation soil in different vegetation conditions
o £ B i e AL PR A AL
Vegetation pattem pH Total N Total P Available N Available P Available K Organic matter
/(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(g/kg)
HIBE PRP 8.49 b 0.35¢ 0.38b 31.89a 3.46¢ 92.10¢ 7.14a
Hl#E-#7 45 MRC 8.41 b 0.59a 0.37b 34.83a 3.42¢ 87.27 d 7.86a
A -SE R MUV 8.51b 0.36¢ 0.40b 21.68b 6.56b 136.33a 7.86a
MF-FI#E MPR 8.53 b 0.53a 0.54a 34.82a 9.13a 87.36 b 8.03a
4 PVH 8.37 b 0.29¢d 0.35b 25.91b 3.27¢ 134.15b 6.51b
LT TE GMS 7.83 b 0.28¢ 0.32b 21.31b 5.33b 83.77 e 4.14c
T A CK 8.63 a 0.22d 0.25b 14.80c¢ 2.00¢ 81.06 e 3.44d
SEX{H Mean 8.46 0.40 0.53 26.61 4.74 98.39 6.08
FrifE2E SD 0.34 0.19 0.36 8.01 2.47 24.64 1.85
F 4.950 30.991 5.063 14.123 18.249 665.338 18.315

Fo5(6,14)=2.848 [fl—7 it HA AR 7R B BERIR 22 5 A 35 (P<0.05)

2.3.2 HERATELEFMEWHEE

H1# 4 T LI ﬁ?lWH%E(O—ZO om) FIEEFT IR TR, 4 FTAM 2R A&
>R - > A ) - 5%

o R 5%

KK

FEME SR, AR AT 45 W SRMEY) , A 5 m  ERAE SOz 4
R, Tﬁai’@@J_J\IM‘F MM A A S IR 7 31. 83% —168. 18% . MBIk E 5 E B 115
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IR B R 28% —116.00% , AR, I AAE B 22 5 . MgOs IR
SURUCHAT - MR -SRE > A A - SR8 > AR SRR - 2> TR A >R AE B 1 L AT TR SR S e h i i ) 25 7
W,
2.3.3 HERHEHSSES G T

T 4 AT AT O SRR TR A5 22 S W B ARG T RERR M 6 FEBEE AL T R 2 (0—20 cm)
T A S Y SRS o R - % R AN AT - AR b BB A R B e, REAS AR AT B
R AR, AR B A — B, S RAKE AR L, COUAT-HEAR ) i (AR - 22 T ) Ak b T80t 7 i 22
SRS AR B 2 AR A S A D i, 6 MBI BRI A HU G IR 3. 34%
TEARNIEHE K 65.49% , TR ARSI Ty 24.31% , - IFE 32 )2 B0 & B A B hn iy ke
2.4 R[EME IR AT 2 AT A KL REE
2.4.1 A KAL) P3P BRI

R AR B 058 T AT A KA A SR AN FL B . TR AMR I e 1 3 0 T AR R R A2 v i
TRASHR (DA - ) JERF A KA B (1. 41 g/em’ ) Fe/y, ST IR TR B (1. 70 o/em’) e K, FEBEIK AR E T
SR AT B AL D T A BRI ) ] B T AT A XU e AR S DL TR R I B, A AR R R T
ST XL 4085 (3—1mm ) 3815 K 0. 27% —29. 09% , MAA-FI LA T 38 I & K h 29. 09% , fillBE-Fr 45 1R
AT B R e/ NA 0.27% o FHAD (1—0. 5mm ) 3 WE K 1. 24% —53.55% , FRPLL N AL (<0. Smm ) 34 1F K
6.79% —59.24% M- FIRLEL T B R R, AR/ N (R S) .

x5 AREEWERTETA R RS REFE

Table 5 Physical properties of the weathered coal gangue in different vegetation conditions

T B A R LR LR 10mm KR 10—3mm 408k 3—Imm  HIEY 1—0. 5mm  FRELL T Rig%
Vegetation Bulk density Porosity Stones Coarse gravel Gravel fine Coarse sand Grain size
pattern /(g/em’) /% /% /% /% /% <0.5mm/%
Fil#E PRP 1.45£0.05 ¢ 39.9020.30 a 10.13%1.29 ¢ 38.37«1.80 b 15.7320.56 b 16.55+3.00 a  19.22%0.84 b
FIRE-F7 545 MRC 1.48+0.11 be 40.20+0.35 a  10.69+1.03 ¢ 38.79+0.44 b 15.06=1.64 b 16.95+1.58 a  19.37+0.63 b
R R MUA 1.44+0.26 ¢ 40.27+0.55 a 10.51+0.48 ¢ 39.10+3.43 b 15.96+3.92 b 16.33+3.05a  18.10+3.97 b
MFA-HEE MPR 1.41£0.03 ¢ 42.47+2.26 a  8.01+0.62 d 34.59+0.93 ¢ 19.39+0.62 a 17.25+1.92a  23.46+1.56 a
3% PVH 1.54£0.06 b 34.27+3.68 b 12.06+1.21b 39.55+0.92 b 17.59+2.31 a 12.7222.42 b  18.09=0.40 b
HAEHTE GMS 1.65£0.05 a 28.75+1.49 ¢ 13.58+0.91 a 43.79+1.64 a 15.53+0.48 b 11.39+1.76 b  15.73+1.77 ¢
it FARHE CK 1.70£0.04 a  25.69+0.69 ¢ 14.67+0.46 a 44.33+0.94 a 15.02+0.31 b 11.25+0.43 be 14.73+1.82 ¢
F 21.899 44.059 18.074 11. 468 3.932 4.616 6.489

2.4.2 AT ALY b2 TR

H AT KA 7 25 0 i 3R B, 45 A e S O BEAT A U pH (B A S2 i 25 S AN I 3, 5 %) RS R A
(pH {H =6.21) A I, A ARHEFN R 1Y (pH B =7. 03 B{E) Xkt A X w b 2 — e Em (K1) .

55 R AT EE A TRV R AR N AT R 32 o S i 22 R (RS £ IER A b 5
ARFIHEAREA T Bt 47 AL LB & iy — 2 i (>40 g/kg) o AEIR A A2 HEA HILBT 2 R B A A
FI-HIBE (71.90 g/kg) >HIHL(60. 81 g/kg) SHIBL-F7 2% (42.91 g/kg) M- LR (42. 97 g/kg) >HHI 5k (42. 68
o/kg) > TE (21.84 g/kg) (K2),

TIAMEAENXT , KA o 2/ & B A 8 — 20K (52 g/kg) o AT, MEY B A S 2N
B =R (1. 5—1 g/kg) o AR RIS SRS XL h &/ & R PR g (1—0.75 g/kg) . 1
PRI AR HE T BT AT AL Fh il S BB 0 . IR 2% DU - SRR A A AR - SERERRX 3 FiE B AL AT KUk
Y i &b T E U (0.4—0.6 g/ke) ISR A KLY BB & B KN 0.54 o/kg, HEMBEI
SERT A XA B o AR (81 3) .
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6 MR B TR A0 ALY R 3 i A B 3 BR A LB % 18 (34. 32 mg/kg) IR
b TR ARANHEA AT 0 55 T A — B, TR S AR -SRI S A R kel o i B 35 I T e R ik
T, TR AR - SEREAR AN AR - , 3 3 R RS R M T ALY s B AR R (1 4) . R WIE A
L BRI S AR A 7 ) AR SR 23 O R, (R HE TR 0 2R AT SR e 22 01 AR P17 . LT 0 XU o s i
S AW AN S, ERG R RR LA SRR MY AR AR T R R A TS
SMEPHIRE B AT A2 LA I TR ot 0 I iU o 3, T2 XU CERI R IR B2 F 4 AR
AR, PR RE R B A7 0 S5 B 955 B 0 T AN DT B8 A1 S D 3t ol A W SR P Bt )
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2
He

Eild 31 &

2.4.3 MR KALDELILFE BR B A S PE

AN RE AT IR A B A 0 A A DG A AT 22 B, BT KU 25 5 S5 A KR DL AL B P () 7Nk AR
Wk (d<1mm) HLE R GAHSE(P<0.01) , 5FKARBRL(3<d<10mm) B 2 EA S, S8 XA £ 5
FEoFEbR L 3 A OC (P<0.001) o WAL AL S 25 8 5 3 A OC (r=-0. 845, P<0.01) , 5 XAk
Hi(d<0.5mm) 5 g F A (r=0.804,P<0.01) . Ui BT A 09 XAL Y 25 51 R/ INGHIRERT A7 384 8 B W
W FERIER

R6 HITARAMEBERIEREXSH

Table 6 Correlation among properties of the weathered coal gangue

BD 10mm 10—3mm 3—Imm 1—0.5mm <0.5mm pH oM TN TP AN
BD 1
10mm 0.895"" 1
10—3mm 0.841°* 0.881"" 1
3—Imm -0.169 -0.326 -0.452" 1
1—0. 5mm -0.724** -0.746"" -0.751"" -0.058 1
<0.5mm -0.748** -0.778** -0.811"* 0.372° 0.702** 1
pH -0.511"" -0.482" -0.535"" 0.164 0.410" 0.344 1
OM -0.845"" -0.878"" -0.853"* 0.330 0.763** 0.804"* 0.501" 1
TN -0.894"* -0.886"" -0.808 " 0.081] 0.845** 0.759"*  0.409" 0.908 ** 1
TP -0.546"" -0.534"" -0.476" 0.206 0.267 0.486 " 0.408 * 0.491 " 0.359 1
AN -0.875"" -0.868 " -0.839"* 0.173 0.755** 0.757"* 0.523*" 0.868"* 0.884"" 0.596"" 1
AP -0.455* -0.418" -0.362 0.264 0.008 0.213 0.476 " 0.266 0.170 0.749 ** 0.453"
AK -0.714*" -0.677"" -0.629"" 0.245 0.362 0.527** 0.572"* 0.589*" 0.517*" 0.871"" 0.763 "

BD: % H Bulk density; TP +3EFLFE Soil porosity; TN: 4% Total N; TP; 484 Total P; AN . Bfifi# & Available nitrogen; AP #54# Available
phosphorus; AK HAEH Available potassium ; OM . A HLE Organic matter; A1 10mm ; A%k 10—3mm ; 4k 3—1 mm;*ﬂﬁ’/l‘ 1—0.5mm; b DL kg
<0.5mm; = * FI/RTE0.01 K HE, = FRAE0.05 KV g

AL G52 (0.908 ) #HAA (0.868 ") \HALHH (0.589 § ) R WEAAMLE, HEA#E0.4917)
RIEAMSE, BFA XA 5 At = B RAL IR AR AE B IEA R R (£ 6),
2.4.4  RIEIRE IR S AR R IR XA 4 B & AR AR A

AIRIG X AT KAL) pH (B AITE RN 6. 5—7. 5 MR R 58 TS PREE B BHARIEE ( GB15618—1995) 1" | 1+
B & R P bR e v A 7R R S R IR A KAk B rh I e 1 7 D E A @ fa b, Cd, As & & 34 i
RINBE bR e ) — b, KT EL B S8 AR, R T B MK = X EAER A KLY E 48 &
R B —EEA  (HAE R R s i TR A KUAE I 4R Ph IR,

®T FREEHEXBTEFTERUYEESEEE (my/kg)

Table 7 Heavy metal content of the weathered coal gangue in different vegetation conditions

L=k &S| H | B b §% *K i
Vegetation types Pb Cu Zn Cr Cd Hg As
Fil#E PRP 38.86 a 54.88h 34.20f 32.49f 0.66b 0.09b 33.56b
FIBE-#7 4 MRC 27.84b 59.13a 62.28d 57.78b 0.61c 0.06e 32.50¢
Tt -2 MUA 20.08e 47.28¢ 61.05¢ 53.65d 0.66b 0.15a 32.79¢
MFA-FI4E MPR 23.28¢ 55.94h 82.82h 35.28e 0.63¢ 0.07¢ 27.72d
¥ 2% PVH 22.92d 51.52b 70.29¢ 54.40¢ 0.68h 0.08b 30.43¢
LAV GMS 23.28¢ 60.61a 82.82b 35.28e 0.72b 0.07¢ 37.71b
S FL R CK 16. 84f 64.30a 86.88a 62.79a 0.81a 0.06d 43.60a
TN FRE

1 2 2 . .
Soil evaluation standard 300 00 30 00 0.6 0-5 30
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i LSD 528 5 VT R W], 5 e FEAR MU A LU, AN [RI AL B 2 0T D AP B A o < i 5 AT 3 A
P o AN TR AP Dol AP T <5 5 A A 22 501, (AR - S5 R ) AR IR SR BBl < Cd 5 f e, I
U (A -sRIRR) B2, W T e R A AR, AR 22, M T EER As IBEmS, ()
FA-HRR ) ROR B 2, FEASIA BT XA P BB Jm As ANEAR . TR IR SR I0 T I AR Ak (HITRR ) %) 8
G JE As BYMWRHER
2.4.5 A[AREPRE AT BERT O XA BRI b5 B 46 1 o 70

i LR AR R AR BT XAy A B bn (R R ALBRBE AN [RDREAR 21 180 P A7 B ML |
AR AP LU R ) Aeesfihn (pH AL 4 % AW B Ak 20 Rl AT ) AN EE ) (Pb . Cu,
Zn .Cr.Cd Hg As) 3L 21 BHEHR , HE47 B0 M, SO PUAS T8 (3R 8) o SR BUE BT 4 N ERE 18R
4 T TTRRRIKE] 93. 094% , RUIFEHCE AYHT 4 DEREHPREINEE 21 AN IR IR A IR 5 B Al LAUTIX
4 > FE RS A R R SR SRR £ AL B A S5 R o < A T 20

®8 ATREHHKERX TRFAERNUY P EIERERD S0

Table 8 Principal component analysis of every index of the weathered coal gangue in different vegetation conditions

FEHCF I A TSP T R A
)% Extraction sums of squared loadings Rotation Sums of squared loadings

Compontant FRAEAR A TR/ % KT % FRIEAR TTHRR /% RBTTRER %
Eigenvalues % of Variance Cumulative Eigenvalues % of Variance Cumulative/%

1 12.683 60.393 60.393 8.256 39.312 39.312

2 2.805 13.356 73.749 4.579 21.807 61.119

3 2.200 10. 478 84.227 4.562 21.726 82.845

4 1.862 8.867 93.094 2.152 10.249 93.094

A ZER AN A3 15 6 PO R gk = Bk R 1 &2 BAICRBHES 5 0%, A AL
I WRFERRVEACE s, A FRR B
A A, A A,
S A A A A A A A T A
K fREERTEME A A, A ACHRRIERRIE £, f, s fe W ERSME.,

WG LR TR ZR AR E, i Al IR A7 AR K AN SR I R 32 9 B,

R9 TREHEKREEXESITENERHF

Table 9 Comprehensive appraise value and sequencing of different vegetation conditions

BRI, # LA Every factor value GRAVENME S e
Vegetation pattern fi b £ fi Comprehensive appraise value Rank
MFG-HIBE MPR 1.05419 0.09338 0.87157 1.45421 0.93 1
HIRE-F7 545 MRC 0.91499 0.17936 -0. 88631 -0.04419 0.52 2
Hivhss - 2T MUA 0.35835 0.42728 0.94113 -1.89018 0.22 3
Fil#E PRP 0.63368 —1.33488 -1.01256 -0.28829 0.08 4
% PVH -0. 60625 -0.03588 1.21897 0.37786 -0.23 5
HIHTE GMS -0.74101 1.70803 -1.02265 0.25994 -0.33 6
W CK -1.61396 -1.03729 -0.11014 0. 13065 -1.2 7

AN RIAB R SR R RERE A7 LR S RAR U Ay - M- JURE (0. 93 ) > IBR-F7 45 (0. 52 ) > Hir -5 AR
(0.22)>HIKE(0. 08) >l (-0.23) >EALETE (0. 33) >ERHUL(~1.2) o RIIEFRETRSSHR (OAA-RIRE ) e R AR
T R e, ORI A ORI A7 2% T - S5 RER IRR ) , A2l AP R ORI 2% ) P ABE (CERAE B AR )
EERCRANIE, (B A B, AR i A AT A LU S22 PR R0 TR
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3 g
3.1 MR LR [FIAR B N A B A SR AR M o % 5 i)

BUES RE RGN, B FAE R 2504, I A 5 b b+ S e vk i k52 R 0 SRl
R SR AT Dol 1 i % A B ks 0+ HEFR A S i 2 RS AR R R A R AR TR AR T
INES I, IR K AL BRI, 26 B TR AR B REAT S50 1 00 T b R 2540 TR AR, B 4
Wl VR ACARBE AL - I As , 25 Bk, TR K ML B . AR EF IR R AS AR B A 2 R TS50 1978
TR, PNERIE Y X R Sa W8T X - e se 2 I, A3 B AR REAS [ R b - 498 5 2 S A, AR A
ORI A s H 3 DR R A A A BT AR AR HAR S LG R AR NI BAR TR AR D
SEEFEREMN, KERAEEERSRANEZERE D FRARMOK ORI 8, TR AN T 4 R+ 5
Rk g ram, R 7R/ X AT RE R TR AR SR B R B R R 2 AR £
AP AL 537 T (6] — AR BT 5 5 25 A, EATTR 2 ] pH (E A LB AR 85055 40 & 5 W PR e
FEAE 35 28 5 R W TR AR RIS A =00 - 8 e R AR T B9 AR R RIORAFAE 22 57, i DB T LA o0t 52 B+
SRR R AR AT Z A
3.2 N[FIAE B ARG A XA A B Ak 1 S5 ) 52

AR 0 S S AT Ll R ) B S5 R AT L I A R E N A AR BT A 1 -
H Y BEA B EE ) KRN T A A XA ik 8 . SRR AR L, AR 0 A XA 2 E AL
PR B R FH AR UK R B BRI SS AR S T RS T AR SIS HEASRS BAS M R R 080 T BT A KAk A
BRAIATHL HB) 3K TR BR LA ARErd H 3, NI/ T KRR 25 8, kol ™" 45000 - Al B A
AT A WA BRACPE BT AR T, V22 [ A MIF 8BS 1 ALY 458, SN S A [l b o e 2 XU A 400 1 T 1Y)
AR Suqing Li 255 XHEILPGBH IR =5 9 ST 7 dh 3 Rl B S RIMIRE , P 7r ) 2R hnt s
B AL 8 S M A 52 3R T FERIRRAR S BT A KL AR /N T 3mm JIF 5 LU 66. 7%  FEID A 22 7T 5
PR ARG KRR /INT 3mm T 7 HEEL SRR 40. 8% 57 1% TR T8R4 N P K 1 & , 5
A EE S YT KAL) b & s T AR, 2R R 1 PR S A 7 1B K ik  FEIZE R IX
RSB A A5 U8 15 KA E A 3B R I A2 3BT ) At vy s A 7 i Al 2 S R A, A ALK S s
K5 VA LIRS AR SRR 7 — MR FR IR, T A MUICHE SEAE XS 28 = S i 4l v A G MR
MR ARG AEIEER] R TR0 E BAEH 5 20BN AL N & & i R T e, BT XUk
WA BB AEFR R IR A O E T, AN TR AR IR SRR T B A 35 005 W B o2 — 30, R A 3R 0 26
SY2E SRy I DNER SRV Y/ B B 3 T IE Y NI N I i 7S el e s R ey e I K o) B S ) R e AR
PR RE v 4 T B A g R kst R T N
3.3 AR AT XA b G R AR A 5

W IX SR G 5 R — b BRI TR ) R BRI I8 TS G ) A PR IR BRER | SR Genfk 2y Wy RN TR
B SAETAR L, B HA R AR BRI, BA TR P RS S D05, S B PR R 4 oKk, R F
KA A S B E R AT SH K ED FUTR M —S iR, i H&4A K& As Hg . Zn Cu Pb Cr,
Cd FEE/ITR . BEEREMFAO XL, Eam b o B, S YRl IEE & w5 J + 1 B4
FERURESY) 6 T IX - i 52 R OGS Gl SR T R LAY REAE B R TS YL SR 2 i R B
A KB AR SR AT Y, Dutta™) XA K AE AT A7 B 35 3 4 4 A2 K ( Eucalyprus hybrid ) 8k J1 K ( Cassia
siamea ) FIBTHLAR A (Acacia auriculiformis) 3X 3 Fpk T 13 b 8 42 % (Cd \Ni \Mn ,Cr Pb Hl Zn) #4798 45 &
BLERT Cd, R TIAK (Cassia siamea ) FRHb Y HAD T 4> J 70 28 Wk BEAR A =, MTAZAR AR R4 A i & 4 & 1
e/ RN R BRI AN RE ST AR R B, BR T Min, oAl 8 42 J@ TR AEA [R] AR HE 5 0 BRAH LG, R A
B S Hb U /N . Petra M. Bleeker!™! £ X5 A8 My 76 BEAT AT 1L 25 42 @8 B TR 52 MEAIF 9T 2 B, 5 R (Agrostis castellana)
2B 5 ( Holeus lanatus ) X} TE 43 J& As W 32 B8 715% . Hector M. Conesa > F 5% 3¢ BH | #A 2§ ( Asparragus
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horridus L. ) . 5 B ¥ ( Helichrysum decumbens (Lag. ) Camb) | & 2% ( Beta vulgaris L. ) F1 3 4 i FH #5 ( Pinus
halepensis Miller ) X 7 4 J A5 50 1Y 2L i k430 Y Bl gE 2 AEYIR X As W UCRE 71 LA AA BE ) e it
HIE R, FROGE RAE R A, LA EBIESY 32 B4R i e B3 — bR J Bl e A R e 452 0 6 4 i MO it 52 e Ak
T, A X, TEA FHE B N AT XA b 68 Cd As & 5 E KRB i — bnifie, M w
WA BETC R AR ST, PR TR 5 (Dutta) o AHPIRIL As JTCRRE ST, WAL R BRI S A5 2w 4
(HRE -2 TR ) 52 A MR IR R DB EE 4 J8 Cd &t die i, LU (AR - ) A I 38 O T L e A
WA, AR R 2, TR, 7ERERF A LI B S i A v, (DR -SRA ) A5E C ( f - S5 B ) X e A
A A ST T R TS e, A A B R SR

4 #Hit

4.1 AL EAEAE T RIS | SRR E LB R G . AR IR R TE R R AR
WA ARSI, T ) 3 3 % 4y & it AN EAERR T, ISR A A AE 1B 3 25 S5 o IR B R A
B - SRR S RO

4.2 RERETEEAT A 25 S RN ZE s R AR Ry T R TR S8 PR > e AR > T AR bR S HE AR RS BEAS  AE XS
FEAT A KAL) 4 AT AILBTRR AU « USR8 > SR > U - A7 S > wi A - S B S IR > SR AE E A . TP 2%k
RO A4 P S iR . ISR S OSBRSS MOR T8 P AR R L X BRAL K B R A A D A
SRR R - SRR TR ST

4.3 AHGRE AT LAUBARBET A XA h G i & i R - S A TR S B O sl B A T 4 Cd RO B
HYCZE TR AR (CAT-HIBR) o X TR E SR As 15, AR UL TH A s, A A 3| i 45
J& As AR,

Bigt . B LAY R A A AR R R S A iR Tl BB PR A A 5T sk s s TR SCE ERY RS B
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