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Effects of Coal Gangue Accumulation in Shengxiong Coal Mining of Qinghai on Vegetation

and Soil of Surrounding Alpine Wetland

WANG Rui', LI Xilai'", MA Yu?, RENQIAN Duanzhi', WANG Caiyun', ZHAO Jie!, ZHANG Jing'

(1 College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China; 2 Qinghai Shengxiong Coal
Industry Co., Ltd., Xining 810007, China)

Abstract: Taking the coal gangue mountain in Shengxiong coal mining of Qinghai and the surrounding alpine wetland as the
study objects, the responses of vegetation and soil characteristics of the wetland to gangue accumulation were studied and
analyzed through ground investigation and sampling comparison in this paper. The results showed that the 4 a coal gangue
accumulation had certain influences on the vegetation and soil of the wetland with different distances (300, 650, 1 000 m), which
decreased the coverage and height of native sedge and decreased the height of herbage near gangue mountain, the average height
of herbage in the middle distance was 2.65 cm higher than that in the short distance. Coal gangue accumulation increased the bulk
density and the contents of total nitrogen and organic matter of surrounding soil, average contents of total nitrogen and organic
matter in the far distance were 1.16 and 1.20 times of those in the short distance in 0—10 cm soil, respectively. The quantities of
soil fungi and actinomycetes in wetland decreased, the quantity of soil fungi in the short distance was only 51.8% of that in the
middle distance in 0-10 cm soil, the quantity of soil actinomycetes in the middle distance was 4.32 and 3.4 times of those in the
short and far distances, respectively. Except for Zn, coal gangue accumulation did not significantly affect the contents of other
heavy metals in surrounding soil. The analysis of random forest algorithm showed that herbage height, Zn content, soil bulk
density, sedge coverage and organic matter content were the main factors of coal gangue accumulation which affect the
surrounding alpine wetland.
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Fig.1 Geographical position of experiment plot
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1 LI

B ¥ (Carex scabrirostris)3% . XHEMER H 2003 445
H AL, 2010 4EFF1R AR RIE AR T2, 2013 4F
TER IXTERL T PIRE TR AR ZY 130 5 m? AL, 2014

TR AT, SEX S A BT R . Rk,
A 25° BOFERIHE, RIEITRE S TR,
BERT A7 122 FE AL PR IR LR 1

F1 BEFAUREERELMER

Table 1 Basic physiochemical properties of surface coal gangue

TIRE (%) pH R (gkg) Wi(gkg) 2 (g/ke)

Bl A (me/kg)

B (mg/ke) R (mg/kg) AP (g/ke)

9.03 8.01 1.32 1.03 22.74

24.00 5.83 82.33 83.92

e AT, L L PRABOR . P9, f. db 4 DO BETIR G, BRI i =R . KT, 1
T LB =2t il ORI T R B BEFURE f , R Bl S SR R R i 3 IR M

1.2 BEAHZE

2015 4 8 H DAZMER - BEATA L e, DT
G A, WEEAEAL, 4R 9. B, b4 4Tr
] 1000 m LAPY, HEBGITRE 25300 m) . HHEE5(650 m)
FLZEIEES(1 000 m)12 AMEX (R 2), FEX IS S mx 10 m,
R AR ALEER 3 1 mx 1 mEEH, BUE:
FRELREF YT, RS, NE L WA R, GEE
e . TG CSREEDRR R E . 2E . g

R R AT BT 3 23E SV R, RACR} | 4%
TR EREHE, Bl S TR Rk
Bt ML B 30 P~ BURE 154 0 ~ 10 cm 1110 ~ 20 cm J +
iy ZHCE, o33 R R AR G 1 5), JSpRE
RAA Y, B AR EEERAT

£2 ZHAELRER

Table 2 Basic information of sampling sites

A s At 144 (m)
Rk 38°02'48.200"N, 99°27'37.600"E 3903
Frp 38°02'48.200"N,99°27'37.600"E 3923
Ri 38°02'53.996"N,99°28'12.856"E 3900
[P 38°01'30.514"N, 99°2725.697"E 3877
(LR 38°01'39.770"N,99°27'38.441"E 3 869
LB 38°01'45.949"N, 99°27'10.453"E 3 866
2Bl 38°01'28.097"N, 99°2822.496"E 3872
M 38°01"23.157"N, 99°28'15.432"E 3870
g 38°0121.944" N, 99°28'06.923"E 3877
dtix 38°02'04.434" N, 99°27'16.908"E 3 880
e 38°02'38.100"N, 99°27'14.600"E 3894
deiz 38°02'18.500"N,99°27'05.800"E 3860

1.3 TEENE
1.3.1 SR Eef AR T O E 105+
2) C MRt EEEN L E, K
R, HAEERE 3K, RS, THEAR
WRE,

W =(W1-W2)/W2x100 (1)
K. W R EESKR%); w1 hHIERE();

w2 h T E(g).
132 HHEATE K\ H AR AR [ FE i AR
BIFRTT, AR AE(105£2) C PHE R fH T . FRE .
HRARW TP,

rs=g><100/v(100+W) Q)
AP s HIERFE(gem®); g0 FRITNIBFEF(Q); v:
WIIER(em®); W: FEM KR (%).
1.3.3 Ak pH fdiH PHB BUKS %5 pH it
M5E, AL R E IRk, 2R
SR FH B A% B BB R T AL TR 5, iR v SR -
TRIR IR DT L kil e, S8R BRIk
M5, SRR I HIOR I A , A 8500 R FH IR
SR AR L I S SR S R e —
KGR TR Y, 4 T 3 I R R R T
fif—FL AR B B PR T AE Y,
134 #UEwRCE AN NATF IR
LEopr et -4, B TCRRAS, A VKAS ST RIHCA VAR P
17, B RAVKARICH , SFREBAr 200 H i
N A BRI KR 5 R0 20 00 5 SR FH A AR 2 R
BB, ECR A S S R e 6 BT
B, TR R o R — S R R B ARA ),
1.4 HESH

N FH SPSS 20.0 #A4, >R FH 5K % 77 2% (One-way
ANOVA) ST A L HERU ] AN TR RE 25 (n = )R B
R - HE BRI o 55 i) PR~ B 2 A7 R FH B ML AR PR
2, AP H Breiman!" R, BB A
S ST M TC ISR XA ) P AR O AR AR e A
Pt SE st ROE T s Y,

2 ZER5H9Hh
2.1 BEFAXAYERSEEERNEN

S N R R WL R 7 2 L R A A K 3
B0 T ERCRAR AR, HBUE /NS 15 S
LIRBE N TR UIAR K , [R5 5 2 8 ki sh Tat 5%
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Wil o A ) 58 KT SR AT A A HER R T 9 X Rl
Vb A KOG, %+ HEPRBE 3 B T IR, JE AT
Ay L ) Tt 1 A AR e 2 R A 8 A S o B A
FN(E 2 A 3), I R R R R AR X R R
FHHRARH, &Y P

[ Blisliar
ab o A
o i
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a a 4
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Pl R N

2Ty
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Fig.2 Vegetation group coverages in different distances around

gangue mountain in alpine wetland
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Fig. 3 Vegetation group heights in different distances around
gangue mountain in alpine wetland

VTR B YRR 25 B R 59.5%, 43 5 EE B5(75.8 %)
FIZE P 2 Y 755 P (71.8%) A AE i 35 25 5 . I R g 4
FRE (3.9 em) 73 5 5 B (6.6 cm) | JEHE (5.8 cm)
IR A R E S D R IRR, I TR
Bl B BT A B S Ah Vb SRR 4 A K A
TR, R PR RS RE N A PR g, o
PRI TE BT B I 3 (P<0.05)0
22 HEAAHAXNEEAEESSERH T IEE

14 B4 5 i
22.1 pH  MAEA MR S RO DL
PR E R i IR BRI . R 3 ITLUE
Tt HEEFRZE . 10em LI 20 cm b+ )2, B EERT
AR AFE, 3% pH 253, RFHETE
HERUGE - HER pH oK K 25 5

%3 BEFALURLTEESSE LTI pH L&
Table 3 Soil pH values in different distances around gangue
mountain in alpine wetland

+2(cm) bl R pUiEN)
xZ 5.99+0.74a 6.26+0.71a 5.90+0.30a
0~10 591+0.7la  636+0.74a  592+025a
10 ~20 592+0.66a  637+0.74a  597+024a

TP FATEAE NG TR R R R R — 2 AN [ B ) 22
SR (P>0.05),

222 HIERE T E M AR S R LR
BUIAADG, RIAChEH S e -3 S0k . AN ERE . £F
IKBE TR B AL T Sy S0+ B ML B it £
Begh kB W, ANF B HER AR E S AR
HfFEE M AR, K 4 FTLEH,
MBI F Aok EL, AEHE/NT 5. 7
0 ~ 10 cm TJRIHRE HiciE e H AR 2E R BE
(P<0.05), Bf&EHATA ILEE ik, HIEAEMN
LHEES Y 0.36 g/em® FFEAHHIE] 030 g/em’, it
HiES 028 glem’, 10~20 cm HEAFEMEE T 0~ 10 cm
+ 2 A A MR AN R B B R X R R AR T R
M) , T A2 A A R B ) BT b ) -3 ML
D, BT RHERE

0.7
0.6
0.5F
04r
03r

TIEAE (g/om’)
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42 (em)

4 BEFALEALTRESESFEETIRAELR
Fig. 4  Soil bulk densities in different distances around gangue
mountain in alpine wetland

e

223 GANrE R MWK 4 LA H, 7E0~10 cm
T2, WA, HEeAEEM 12.65 gke I
FH3 14.07 gkg % 14.69 g/kg, HIEAHUTI 300.63 g/kg
%] 345.52 g/kg E 361.96 g/kg, 0~ 10 cm +)ZiE
FRES HIESAMA YT & m 2 i iy 1.16 fi%
1 1.20 1%, 7€ 10 ~ 20 cm + 2 B FERER AR L
P, mEEE AR MA YL & RS R 1.24
f&F0 1.25 %, EEEE RIS S miEE xR
#(P<0.05), HirE K. Tit/E 0~ 10 cm b &
10 ~20 cm + )2, Jri s B3R & EAR S B 2=
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S, TR R A LR A R S B R 2 S
F o ULIIRERT A7 3ERRUOGS 1 HEFR 705 1 B R W) i LA M
RHAERR G RMAIE & b BIRE2RE . AR
P RSB 2 A5 A AR A A S
21, B A AU A S L RS B T E— 2D 5
M5 il AEH, BR Zn
EEA I — R RS, R 7 R G R A

224 EERBEEE

M AFEE S RIT Y. NRPIETTA I, e+
e Zn RS RS RE, e mif
fib 7 P E A TR AN R HE
B2 AR X U MRS BT R
SETE )R SRR, JUH Zn I Cd R E
AT A e SFER DX RS AT 114 ey SR ) AR T R
REOHTE 6), KBUTARE T ESRE S RLRT L

B 114455/ 113 f

PR T— B RE, B8RS arazRk®, £y B, ULITET DR Hb A R 52 B A R T
F4 BEALFRESSERHIIEFSISR
Table 4 Soil nutrient contents in different distances around gangue mountain in alpine wetland
+ 2 (cm) izt Pl ) SRR T B
0~10 A (g/kg) 12.65+1.01 b 14.07 + 1.31 ab 14.69+0.72 a
2 (g/kg) 236+036a 223+025a 2.17+033a
S (g/kg) 17.58 £ 1.65a 1558 +1.01a 17.29+232a
B A (mg/kg) 719.75 + 66.29 a 685.25+210.83 a 797.25+69.14 a
A W (mg/ke) 715+ 141a 785+145a 7.17+155a
AN (me/ke) 168.50 £ 19.82 a 156.50 + 13.30 a 168.50 + 17.92 a
B (g/kg) 300.63 +30.55b 34552+ 16.19 a 361.96+22.48 a
10 ~20 2% (g/kg) 10.84+1.82b 12.58 +0.34 ab 13.40+0.99 a
2 (g/kg) 227+028a 2.17+0.16a 222+0.16a
48 (g/kg) 17.37+0.67 a 1556 +0.42 b 1535+ 1.02b
T A (mg/kg) 685.50 + 77.07 a 588.25+ 126.45 a 666.88 + 149.27 a
A W (mg/ke) 7.05+297a 6.55+3.88a 7.47+3.02a
R (mg/kg) 93.50+9.00 a 101.00 + 12.49 a 9588 + 14.14 a
H B (g/kg) 24527+ 43.61b 289.81 + 18.73 ab 307.19 + 18.59 a

T - R AT B /NG TR R 2R 7] — 12 R — R R AR TR T LA [ B e w25 8RR b 7] 22 57 3% P<0.05 B3 KF-, &[]

x5 RTALARESSEIMIEEERIENR
(mg/kg)

Table 5 Heavy metal contents in different distances around gangue
mountain in alpine wetland

HeR plin i) rh R g JIEHE Y
As 6.71+0.49 a 7.08£0.15a 6.70+£0.35a
Cr 71.82+8.36a 6941 +1.12a 7036 +7.38a
Ni 2840+ 1.50a 27.18+0.29 a 26.49 +£2.05a
Cu 25.58+091a 23.58+1.27a 24.04+2.01a
Zn 11294+ 6.43a 99.77+559b  94.52+11.34b
Hg 0.08+0.01 a 0.07+0.01 a 0.07+0.01 a
Pb 19.97+1.64 a 17.78 £0.69 a 18.53+2.23a
Cd 0.14+0.01 a 0.12+0.01 a 0.12+0.02a

225 fUAEwEGE

TIEABE YRS S £
BEHARME AT, Al E (R AR R R i A A 25 Y PR

WP, WET7ALIAEH, f£0~10em +)2, Tit
AT . HEIS SRR, TSN X ERE, H
UOREHE B, TR A Wi, T AR
(33.18x10° cfu/g) 5HHE (64.08x10° cfu/g )25+

F(P<0.05). HHHE B LR B (49.00%10° cfu/g) 53
FEES(11.35%10° cfu/g) L1 B (14.40% 10° cfu/g) 2 57 .
Oy A B 1Y) 4.32 F5 A 3.4 fF. 10 ~
20 cm + 2 H R S A RIS T 0~ 10 cm +)2,
HEFCEM/NT 0~ 10 ecm )2, dbal W, BEAFA
HERG MR T R E Y IREE, 1l i Yt
JeHE R e 2 2 - R A B B
2.3 AR RERIEN R AR EDE

4B A A1 - R4S AE RO 220

Kl 5 JRIETRMLARMA L EREA L 26 A
FREMHF AR, B, kg,
Zn T, HHIEE . RS AR S RO
A7 A M S v S M ) R

3 e

MBFFEEE R A, FET5 A BT 5 X 2 M
BB fF 7 1L R TR I B R BRI R 3 R
YiRReh, Tt m I R, PRI S 4 X
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Table 6 Heavy metal contents in several herbage samples
R 4R & & (mglkg)
As Cr Ni Cu Zn Hg Pb Cd
PRRIBHACER 1 1.63 16.60 2.35 5.20 59.425 0.010 4.06 0.04
WHEHRHACR 2 1.52 11.46 2.86 5.97 71.85 0.005 1.57 0.04
P RBHICR 3 0.96 4.78 2.98 6.52 74.188 0.004 1.02 0.03
RAFHACH 1 1.77 481 5.14 12.931 42.54 0.008 1.59 0.10
RAFHBE 2 0.28 0.43 1.80 4.43 22.17 0.001 0.46 0.02
P 0.24 4.04 6.74 7.57 92.12 0.024 0.80 0.15
#7 BEHALTRESSE R TIEMEYHE LR
Table 7 Soil microorganism quantities in different distances around gangue mountain in alpine wetland
+ 2 (cm) WA T B R prisg i
0~10 YT (x 10° cfu/g) 12.08+8.27a 16.15+12.69 a 1593+9.10a
B (x 10’ cfu/g) 33.18+ 18.08 b 64.08+17.74 a 52.40 +7.89 ab
LR B (% 10° cfu/g) 1135+53b 49.00 £ 35.66 a 14.40 £ 9.58 b
10 ~ 20 TE (% 10° cfu/g) 14.08+7.17 a 12.03+8.40a 15.85+9.53 a

H(x 10’ cfu/g)
TR B (x 10° cfu/g)

70.43 £10.87 a
14.00+ 1232 a

82.18 +53.96 a
47.60 +£30.83 a

76.30 £74.33 a
3093+21.8la

T q  AEREE g
P ° | T o
e o LT o
V2 o L o
As ) VP S o
A7 HLF 0 ATHLIE o
cd o AN o
TR o Gd, o
A ° SLIA o
SN o As o
Pb o HEN ©
e o YR o
;';:./‘\KZO ls] Cu o
e o Cr o
ENGE S o PH o
pH ) ARFAGIE )
Cu [¢] Ni o
RN o Pb 0
Cr o %P o
K o BK,0 o
Hg o 4l o
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L S ZeERE | O
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Fig. 5 Orders of important variables based on mean decrease gini
(MDG) and mean decrease accuracy (MDA)
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B, HCEY EE 75% LLE L B R PR N B
U, — ROk UL, R ZECH T HAETE pH R IR
WARKEEP, HES5 A NURR MR, T
s AL & i, 2, A LT B A
AETCE + HE PR A BOR RN P, ARHF 9T 45 SR S i
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