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W E EREMETXHEES AR S R AT R RO K2 R AR N S RS R K R
W HE Y, B E D E RS (FS) |« KULEYDH RS (We) | Wi+ (SL) =R A T2
RSB £k, 5 DK SRy B0 R SR 5 (OL) DA &4+ (CK) fEXTH, 43 Hr3fb
BRBATO~20 cm3R)2 HHEP AR . 2A . AR BES . AR & 8 I Kok B AUR 2
S, JERUINALZE G kXS JURR L3R 3553 BT i BEAT LR 0P . SR EW . (1) AR S R HE
TR, LSRR R, S 1 EAE0 ~ 10 emFT10 ~ 20 cm IS 122
WA RO RV IR A BIFRAR T 0.36 mg-kg ' F10.9 mg-kg™' . (2) EHY/NX R B AR 10
AP . AREE . AR T E ISR S, RIRECS FUR AR B A K, RIEAR
AR BIFMSKFE . (3) dSFh SRR bR T A LT B0 ~ 10 em )2 P 781k
FilJ£0.16 ~0.79, 7E10 ~20 em=t )2 AL HIE0.16 ~ 0.55, JLFP - e ALY + 58 i 38 50HE A
WC>FS>SL>OL>CK. EMAIT T, Al R A+ 55550 B DX IR iR s, HUOR A
BRI, W m TR 0, IR s
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SR, %X R R R TT R, Al
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TG e R A S I A, BRI T X T e R
HE 437 B0 58 AR TF Rzt T P R B4 1 80 4 5
S, MR B A TR . 0 XS
FEBRGEEMP L H LR R
N YA X A A ER B P o SRR S
B Bewr X HE -+ 3 E A5 22 ONTFAETFS50
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cm, RHMFRAE) | Bkl (0.02 ~2 mmibERK
THTT70%) . ez (ARG &R | s
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Ve LAy, B, PROKORACRE ) 255 At
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B, Y IR KA A — P2 9 KA —— KUk
M, g RS, SALSMEEER, B
MR 2% FIACHR AR VERE , S — il B4 ) K 4K 1
U R AT TR R B AR, A
REHH KM Tl R g+ | SRR, &
W A B S o B30 T e b . e o7
B FERILAD 75 0 BRS040 Bl AW R8O, 4%
SR, ARINAHRD AT b ) Bl O B, 44
T RS AR . AR R s S v
SR, R TR, NE . DA% IR ER
fg BEAL e ook R HERE S s . A BESE T R
AR i e P Xk 2 4 X B - b B A T A
I, AR a2 g, A s, wb
Tk, MRS, AR S R Th R, G
BR[0T REEA DY IR B E A
B B P XA B 52 K 52 B b A 1
A7 I BRI, R4 B R G 3
TN R, AR U S i A KR 8 5T
SRR L 3 KR IX 42 B - S T M T AR A
gER, AR KBIEHS, 0~20 cmt )2+
SEAHLT . AR i W, EL XA it
H27 t-hm IR RSOR R (EL KA AR
SRS R BIR, RO R AR R R
SRR BT E e DL . ASHIF S AT LAY v 8
TBIRAR . LB SR A Y=
P& FY 5 35 0 PEREAS S 1 H IR0 X K R0
L IEAT R T, R LU I A R R A
BOFEIE , XTBIX AT ICR, M H R T3 4RSS
ok B 5 RO SR MR R 3 SR 5
S TE R X HE - 3 AR [ i B 5 A b 9 3R A Ak
B, A IXCHE 3% b RS AR SR AT B B
HEAR BRI Z 5

LR i

1.1 fARXER

WFFE XA T N 52l IR DA R T R A HE
+3 (39° 69" N, 110° 27" E) , Hib®R/R £l
RS, B e i ) S0 2R 22 4 v i U 1 28 Al
HuAE, WKL 409.9 m, JEMAIALEDE . WA
X, 4EFIRIR6.2 ~ 8.7°C, AEX[FE/KE400 mm,
EVEIEZE R 292 200 ~ 3 000 mm, [EKAEPR., Z=

S, FEEPFTT—H ., WAEZRD KA,
P RGH3.4 mesT, KRR RAE,
M LIPLR . P . RS Mknaih
S
1.2 R

FE KRB HE + 8 SUH R /NX, MK
T SR BT R S it 5 A A e A &5 A i i R D
55— Ak RO VD 8 & S ALED A T - 3L BIIR B
(WEE L. WA, wiw ZABEEIARNFS ) , 5
A R KA S V0 RIRE, KRS N =
H}927 t-hm™ (FFAWC ) 5 25 =AMt EHE+ 3
FEICS M D 1, ORIR B AR R (FRR
MSL) , BAVNXTE LRGN 13 ¢, AR
BEN50 cm, BEMACHEERE R . BRI A 5T
w A IRBIH L AN, RS A b A A
B B PP 5T, N TR R 50 cm
12 BRI S U3 L IRB W HE R
DI, K At ) KA JRE A b o 8 P AL 1 1
A1, NTAHETE0 ~20 cmiy )2, HIEH b vb 8
T EH/NXT20134E B H, /NXHAKEHS mx 4
m, ¥R50 cm. BN TA EA L ARERE— R
FEMARFE (3, 25 thm™) | BHIE (450
AYIRIE, 60 kg-hm™) FILAE (B8R 4%, 600
kg-hm™) , Ejli)5 B, EEM/NXF, F2013
AEAPE/NESE . 20144E A LT L 20154E 12016
RS, DA 2V .

He+ 37 Bk RS AR SE 5O F A 4
B AR o AR BT ok R b g R (RTRRA
OL) DI Eopr st HE 3 3 (FFRACK) 1B Xt
W, B ERZ0 ~ 20 em FIEFE S, BISEA
Ak AR R HEFR A 22 52

RIS AT TP+ . KRR A Y, ARD
K A SRR 2 W K A R IE X . KR pH
6.02, HHLFESHS.85 gkg™', JEAIR4.617 g-kg ™,
R2.98 g-kg o VDR b RNRILAD A A FE A T AN
LR .
1.3 HmXESHH

T RERAERT ) N20164F10 H IR, REET LN
Z R RE B, A AR /N X AL B3 A
R, HEAESHEO0 ~ 10 cmA110 ~ 20 cm ¥R &
(T B - FE o BT R SR B 6 b B A
WRAEMA, 42 mmii, SR G, —0T4CH
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Table 1 Physical and chemical properties of tested soil

PoH B 7~ A2 e
L o iz Frkr FokL )
Ee: B apit 398 J5 H Cation exchange
. . (0.02~2 mm) (0.002 ~0.02 mm ) (<0.002 mm ) pH )
Soil type Soil texture ) capacity /
Sand /% Silt/% Clay /% .
(cmol-kg™)
ftabE® By g 1-© 34.55 59.08 6.37 9.2 54.8
Wk +® W E Y 70.14 16.41 13.45 8.60 4.63
+ ek socC TN AP NO,-N NH,-N
Soil type / (g'kg™) / (gkg™") / (mg-kg™") / (mg-kg™") / (mg-kg™")
R 1.58 0.03 2.75 0.85 5.45
Wk 4? 1.73 0.08 2.44 3.53 7.48

H: SOC., TN, AP, NO,-N. NH,/-NZMjll R REEA PG, % . AR, SR . #%E%A Note: SOC, TN, AP, NO;~
-N, NH,'-N represents soil organic matter, total nitrogen, available phosphorus, nitrate nitrogen, ammonium nitrogen. (DFeldspathic

Sandstone, @Sandy loess soil, @Silty loam soil, @Sandy loam soil

FE, — T2 F o FBAR 1 D0 5 2o 0 e+ Y 5%
Ky FHEE W E P AR, BEAT R K
KA +350.15 mmii T H5EE P ; KT+
110.25 mmiii FHFlE SR . AR A
- HEA AL FH A% R A A S vA — AN A
TIEE R EMEYLIIRE A (2300, FOSSATH],
T ) EE, REEMAA . AEH mol L
S E W —W s T ( AutAnalyel,
AAANT, ) e, 3430 FINaHCO,
BRI E (UV2300, EilEREREA
GRS
1.4 HIELIE

KR AL Ak L s R R A T
LAY

SQl = ﬁ (K¢
i=1

AP, SQIN HIE R H 4554 ( Soil quality index ) ;
CoNAS AV B AR SRR BEAE s KNSR iR 8 b
MR ; TR ETRRT S, nieTEM 48 b i 85

M A Microsoft Excel 2013. SPSS 18.0Fl
Origin®. OF {4 Xf F s A7 e it b A 2 151 . SR A
SPSSH M HLR K 77 22571 ( One-way ANOVA ) Fl
XH (Duncan) FrEMWZEZRMITZEILE, UK
WRERERDE,

2 45 R

2.1 FRIMXREATLEBNKIET K

KA HE AR R, 0~20 cm
2 R R 2R B AR AR AR L
Fim o MBI AT LLE B, AN R b Lk &
WM 2R -8Bk ias, HRARK
FS>WC>SL>0L>CK.

FE0 ~ 10 et 2, SFR [A] - 1A 7Y fa] (1) A
MLk & i BA 25 (P<0.05) . FS. WC,
SL. OL VUM + A AAF Tt HE+ 37 (X8t
g, AL 15445 14.465 . 8.3
B 7.50%, 7510 ~ 20 e -4, Vi S E LS
)G W E 25 S, R ARSI R A LR % A ik
FEPEES (P<0.05) . FS, WC. SL. OLX Py
AR TR Y, A PR A o
By12.24% 0 10.06% . 5.14% . 4.91%. Kk, BiRHt
W0 2A AR F 2 5 - e Pl B 8308 1
w A MRS IR AR SRR E S, R
Je B4 = 398 LR D b S A HeR R HE 3
YA R
22 FARUREATIELTSETL

AR AR TFTRZ0~20 cm 2 A4
fEME2 R, @AFELE T SHAEAERER
WL, HO~10 cm+ )2 510~20 cm )2 %
SAEE, 7£0~10 cmAI10 ~20 cm A4~ + 2
o, AEAFER R A%, WERAR
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OL>FS>SL>WC>CK. 70~ 10 cmiy + 2,
FS. WC. SL. OLX YR+ AR+ 2R &
WO HE R 5 245 . 4,905, 5%, 8.6
ff; 7£10~20 emiy+JZ2H, FS. WC, SL. OLiX
ISR L SR N7 2 o S D e TR Y AN
3215, 33575, M P AR SRR E

18 ¢ &= FS
Tb.() 16 F = WC
" = S
o0 141 a S OL
g K
g 12t m—
5
S ot
5 st <
.2 6 cc
3
w4

o 0 0

£ B o

0~10 10~20

+J2 Soil layer/cm

H: FS. WC. SL. OL. CKAjlRmit b s b +ikE +
W AR B R IR S R W U AR R xR
& Ot « RF/NG F A R L2 R [E A 1
) 22 5 2% (P<0.05) . N[ Note: FS, WC, SL, OL, and CK
stands for feldspathic sandstone mixing with sandy loess soil,
weathered coal mixing with sandy loess soil, sandy loess soil,
soil under original landform and soil as control respectively,
and different lower-case letters indicate significant difference
(P<0.05) between treatments in the same soil layer. The same

below

K1 Rl R T 9 38 Bk

Fig. 1 Soil organic carbon in the soil relative to soil
amelioration mode
0.7 B 1S
a . E=WC
,T‘\ 06' == I -SL
2 05 oL
o CICK
= 04l
agb 0.4 b .be
b=
g 03
=
S
= 02
=
# 01 d
0.0 = |:|
0~10 10~20

+JZ Soil layer/cm

K2 ARk RS i e
Fig. 2 Soil total nitrogen in the soil relative to soil amelioration

mode

T HA AR R (P<0.05) , EH/NK PR =4
TR ERGEME, FEEtEyHE A SRR
FALT H A ARZEA (P<0.05) .
23 FRXRERXATEIEHSTNESESE

Tk

AT R AT A A A A A A i
AN E 3 s, HE3ARILIAHH, 50~ 10 cm
+E, WEEREPWESA S R RS T H
flpu A A2 (P<0.05) ; Mi7E10 ~20 cm+
B, WELWMESAGERTY, THEBESASE
M BRI I WC>FS>SL>0L>CK , RZB it
AR B KAL) 19 A0 B 4 R R TR+
Hh A AT BENPCRME, P20 R
IR AR S B E KT A TR =R 4k
ZA (P<0.05) , HAFZAMT X T XH+
i AR A R s, HAREI R .
0 ~10 cmtZH, FS, WC. SL. OLPYFhibF
B R AR M CK 6% . 7% . 11.445F13.6
¥ 7E10 ~20 cm+ 29, FS, WC. SL. OLPYFf
AbFR A RS A B A CKIN3.66% . 4.25. 2.8
fEHI. 618

AN R AT R A A & AR e an
3B, 760 ~ 10 cmF110 ~ 20 cm P4~ 2,
AN A # ) B SR & AR e g — R, Hoo#k
RBHL ., 7F0~10 cmEZ2H, BIRXAE B
R E P EESA S R E A T AL
R (P<0.05) , AT SRS &
MR BRI WC>SL>FS>0L>CK ; #HXT T %
AAE Y, HAb A AR AR R4 S T 1.29 .
2.0, 1.98, 0.66 mg-kg'. 7£10~20 cm+ZH,
+ AR A R HEF NOL>FS>WC>SL>CK, Jil
S R S S R 532 mekg!, BEE TH
flp A AR (P<0.05) , Vi HhEEAS
AL (3.43 mg-kg') . iR LIEH,
3 ek A Ok 4 B A R A AN [ R R Y e
YEHT
24 FARIMREATHEBYHI=TK

WMEARTR, 0 XHE 43 A 308 1 o i 25
HEZREMSE ., 7£0~10 cmH10 ~20 cm 1
H, ORFEAEFETE A 0 S R 3, R
ZARMHEF A WC>FS>SL>CK>0L, MiXx5#h + 1k
FNFRZ LA & AT LUE Y, BIR X
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5r B 1S
= WC
4l == SL
—OL
I CK

TAS A, Nitrate nitrogen/(mg - kg™")

2%, Ammonium nitrogen/(mg « kg™')

0~10 10~20
+:J2 Soil layer/cm

B3 ARl RAER i LIS A (A) AIESA (B)

Fig. 3 Soil nitrate nitrogen ( A ) and ammonium nitrogen ( B) in the soil relative to soil amelioration mode

0
0~10
+: )2 Soil layer/cm
~ or e IS
o A
i) T = WC
-5t =
g’ H = SL
3 = —OL
S 41
15 1 CK
=
&
23
[=9
—
=2t
=
-
<
# 1
-
0

+ )2 Soil layer/cm
B4 ARl RARTT /Y 5A 30k

Fig. 4 Soil available phosphorus in the soil relative to soil

amelioration mode

JHE BT R AR S A I 2 T A - (P<0.05)
HK N BIRM A AN T2t 1k, v+
TR RO B E . 5 A AL B A R A N [ Y
S, SRR A R O /R0 ~ 20 em R 2 T
Herp B LT R A HE L xR (P<0.05) o
2.5 FRIMRERTEFSREEZEESITFMN

F R A B LA RS R o
W0 ~ 10 con 110 ~ 20 cm -+ JZ A [a] b 2 1 +-
HERETRR, ARWME2IR . LA O R Ab
) IR R A, S ISR R AR A
Y S TR BOEO ~ 10 em + 2 T 9 728 4L
0.16~0.79, 7E10 ~20 cm+JZ 897281630 Fl &
0.16 ~0.55, JLA 12 A0 rp + 38 i it 45 B0HE )7 8
WC>FS>SL>0L>CK .

®2 0~20cmEEPFLIEFERY
Table 2 Soil quality indices in the 0 ~ 20 cm soil layer
1 )2 Soil layer FS wcC SL OL CK

0~10cm 0.71 0.79 0.70 0.46 0.16
10 ~20 cm 0.48 0.55 0.35 0.32 0.16
3 i %

ARG R LE S, BRESAEIN, wRE
B R RS R RN RERERS .
TR S EO~ 10 cm T )2 E T10~20 cm )2
(), A A 5 o AR R DA R R 1 A R %
M ZEPHE0~ 10 cm )2, FEHEYHEK L
WA MR E ZERER)Z0 ~ 10 ecm T HEp . R
2 R - AR LR A R 0, A LR
WA RRIRENR S, RO ENHE LY, 5%
Figies, SR G, TR, TR
FIES . MERIAE SR A2 B R, R E R 7K e A P
52X K 4 BE S ECE HLBR I iR L B
TR AR 5 R R - AT AL 5 ik i e S DR R RO
ARG Y W B RE AR T Ag AR ), PROK ORI RE
B BIRRACEE BT AE  R A HLRR & s B R
RALBE T & 8 R RR, A B3, e
A YSRGS, Y A FLBRRE bk IR
&, flEEEEAHUR SR, IR

2R/ R A R F KT R AR E T 48
bro AR, AR E T3 nHE + 3% 2 1
APURMAER S &, HIREFRBI, &
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BT FHR A K R TR RAERR K, B
T A TR EL/NX, REAKREEZHZ R
R, TERUCEROME T P e K sy, 45+
HERE i, BIRALE A BT LA TR A
AN, B W B —E R4, A
THOE, Wik, e SRR (K2) . 6l
BRMES AR THRA, WAL RS e
P R R ZIB S, WRARRS) . Bk M
L B rP o B A 5 2 R o S A PR P A o il s
A, HHRESASERSIGE TR . KL
(19 B A5 A, DR R KU A LA A LT N IS B
TR L B RE R A O R A B AL R AR By
P2V HAS R — R, RERS A
AT 2 EL I B T A — A B 2
B ZatARVER ., AIRLPEAE KRR A A,
I, 38R XA F 397 4 s e e 25 A B AR
(E3) ;5 HRALHE & AG Z G, o T
TR A A RIEERRRRE T, AR SRR . A
ZRICE, TEAM i 7 B R 25 U e i
AU, SRR 1 MR RS A
SEBEE (F3) , Hit, BIRMD AN
A T 7 61 T ) PAY S35 00 5 L 3 0 i 2 L 0
—ERRE B TS AR IR

BRI M R A R e, R
PRI KA 5 A 22 R PRSI, DR R IR 0 Bl Y
FE R 2 KA P B AL S W AR L T
TR IEFE IR T 2, RO LA R 4
AW 45 IR 5 0 # A Sl 2 s T
WA (E4) , TTRER t TRLED & B A B ok
TRABRE J7, KARIEAR T A 280 77 38 3 375 3 v A
W R 2 RS b R A Al A R A
BERTH AL, W LR BT
BE I/, MBS AR R A 1 1 3 A T R /N IX A
R AT, 3 A 00 72 W IF B 1 38 A ) W TR
PRt AN, B3 LR RN X B AR T
T IXIFRMERE FFRRSEN LK, R2 1%
HA RO B R R R, TR P SR
DI, JEHB5R0 ~ 20 om 38 i A A0l & B A%
THA LA LB (F4) .

A AL 5 R X 5 R HE SR A FR AR
IR [v b B g R FE R, WIS R AR ) e A
T 350 B KA BRI s, kR b

ABIRE, VR LR TR -, X T A
250 WARSRE T by 8 A e 2 10 T B M S A
iff e SR O B BT, fRdE R kA AR
JEAE F B /b B e e, e i . AR
H B R B BE 5 B AR RE T, BROK R
NERE e, PP LR WS . Y RaTiE
AT, HHEFRRIA B EUCE R, [
P FREAMY AERFRER, HERSHEFERK
KEAFEFE ER I, Ky + 5550 B 55 5 H 50
- SR R

4 45 B

S 3MEM AT, AR SR LA
PLBK . AHASA . A R El o O - R
i, BIREEREARBRE AR, IR
RSB S MR K-, ELFTIN 33 23 249 2 35 v Tt
i, AR AT BIR A A BE i RS
TR PRI T HCR s s B IR KA BT 14
XA RO B B T RCR R o RN T 24 M R - Bk
RIVD B, PR R AR AR IR O3 B R BCR
Bhf, AN ZE G TR S Ml Ak B R B T R
B, SRR R 0 e U S TR+ I f
wy, HUCRMW A B R, Wt m TS L
e, XMFURE R, B, W RIS R Y A BE
PALH . BT, B KAz T HE 3 1
AR R, BIRias 1 AR A PR SRS — E I 48
s Gl

R
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Effect of Soil Amelioration on Soil Nutrients at Mining Dumps in the Shanxi-
Shaanxi-Inner Mongolia Region
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[ Objective ] The Shanxi-Shaanxi-Inner Mongolia region is an energy base in China,

massive opencast mining activities in the region bring about a series of environmental and ecological

problems. In this case, reconstruction of disturbed surface ecosystems and reclamation of dumps have

become the upmost urgent tasks in eco-environment rehabilitation of the region. The soil in the region is

dominated with sandy loess soil, and some feldspathic sandstone and weathered coal. Studies have shown

that feldspathic sandstone can be used to improve soil properties of sandy loess, and weathered coal, too,

as soil amendment. However, effects of using feldspathic sandstone and weathered coal as soil amendment

to improve soil properties and fertility of reconstructed soil are rarely reported. To reconstruct the soil of

the dump of the Yongli Coal Mine, this study was oriented to explore effects of different soil amelioration
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modes on soil nutrients in the soil of the dump so as to accumulate certain theoretical and practical
experience in reclaiming deserted dumps and restoration of the ecosystems therein. [ Method ] In this
study, three types of reconstructed and artificially aged soils, different in structure and nutrient state, i.e.,
FS ( Feldspathic sandstone mixed with sandy loess soil ) , WC ( Weathered coal mixed with sandy loess
soil ) , and SL ( Sandy loess soil ) , were selected for comparison with the soil under original landform
grown mainly with Stipa bungeana ( OL, Original landform soil ) and a new dump ( CK, Blank control ) .
So there were 5 treatments and 3 replicates for each treatment. After three years of artificially aging through
fertilization and plant cultivation, soil samples were collected from the five treatments for analysis of soil
organic carbon, total nitrogen, nitrate nitrogen, ammonium nitrogen and available phosphorus in the 0 ~ 20
cm surface soil. Comparison was made for differences in nutrient status and the weighted synthesis method
was used to evaluate the nutrient quality of several soil types. [ Result ] Results show that: (1) SOC in
the reconstructed soils ( FS, WC and SL ) and the original landform soil ( OL ) was 12.2, 10.0, 5.1 and 4.9
times respectively as high as that in the new dump in the 10 ~ 20 cm layer soil. Soil total nitrogen in OL was
the highest among the five treatments. TN in the 0 ~ 10 cm layer in the three reconstructed soils was about 5
times as high as that in the new dump, while TN in the 10 ~ 20 cm soil layer, about 3 times as high. Nitrate
nitrogen in the 0 ~ 10 cm soil layer soil was the highest in SL, reaching up to 3.61 mg-kg'. Ammonium
nitrogen in the 0 ~ 20 c¢m soil layer varied randomly, showing no consistent tendency among the treatments.
Available phosphorus in the 0 ~ 10 cm and 10 ~20 cm soil layers was 0.36 mg-kg™' and 0.9 mg-kg ',
respectively, lower in OL than in CK. (2) Soils under three different amelioration modes were obviously
higher than OL in content of soil organic carbon, available phosphorus and nitrate nitrogen, and almost as
high as OL in content of soil ammonium nitrogen, but still lower than OL in content of soil total nitrogen.
(3) The soil quality index in 0 ~ 10 ¢cm soil layer was 0.16 ~ 0.79 while range from 0.16 to 0.55 in 10 ~ 20
cm soil layer, and the soil quality index among five soil types shows WC>FS>SL>0L>CK. [ Conclusion ]
All the findings in the experiment demonstrate that the soil amelioration mode of mixing weathered coal has
the highest soil nutrient quality, followed by the mode of mixing fieldspathic sandstone, and the soil nutrient
quality of sandy loess soil is higher than the original landform soil, while the quality of the blank control is
the worst, showing three amelioration modes all have some positive effects on soil nutrients. The findings
may serve as indices for evaluating soil fertility and as theoretical basis for constructing high-efficient
artificial soils, and also provide reasonable suggestions for land reclamation and ecological restoration in
mine dumps.

Key words Mine dump; Fieldspathic sandstone; Weathered coal; Soil nutrient; Ameliorating effect;

Soil quality index
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