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LRGSR, BAW . 28E A HAFIERE, e — Rl RAFHRIRIL M IE, a5 o) 2
PG IR TR I E RS, CARZEE MM A TSR E LS. 5 EE, s X5
VENS R T 3 b e e S5 TR SRR A D R B0 0. BRI RCR , 45 R
IR, ISR AT e D SR B A P B, SN R IR B S S Y . B B A RLLRD
HEWER, JFRETOR, MR BRESE, PR R BRSO AT S R .
ATV 7R R R AR A5 P o 8 b X PR B Lt 5 A B AR, A T B e 2 JR T R
TN G, > 7oK BRI, AR S BT R, IR R R, AR
CAXRALIENIE R A5, Dy B PR A e R 2 B s AL P A W ) e R ARCR
3 5% S i AR P 2 0 I T 2 0 . A AR SE L I B Ay DX S, AT SRR A S
BB X 2 B P AR A, SRR, AR RS, 0~20om )= 43
AHB. BTSRRI, HXACEREINE Y 27 t hm2 i 25 R AR e EDRE XUALRE
RS 35 S0 B, LU R A AR R 3857 7 ROR ORI ST R WLARGE - AHIE 7T
HFHRERY AV 38 SR AR . RALBED 3 3B IR A L VD3 X =M 5K 5 R I RER 1)
THESER, KM HE 3T AR R, Gl DU AC D A AR A B 16 i, XA IX
TIEHATR, A HTEEAL T 3 A R RS RS SR g e R e IRy E R, BAER
T X HE -3 AR e AR 3R 03 28, N X HE 37 E IR B 5 AR SR I B A
TR AN RIS

1 #EHS 5k

1.1 #FRXER

WFFE XA T A 5 B A X ARG R AR HEE) (39°69'N, 110°27'E) , HikbFE/R £
s FR AR, A e i ) S R 22 e SR A A R T, MR 1 409.9 m, i S BYRERD
W LA X, H PR 6.2~8.7°C, 3B /K & 400 mm, ST 7E 2 K %) 2 200~3 000 mm,
BKERR. B WA, FEEFT 7—9 . WEZRD R, TFHRHE34m s, A
KT 2T RAM, EEHUIE. FURE. ERKEE. Mgl b,
1.2 ¥t

TERRIBE HE 3B FUHA AR/ X, NX R B TR S i S RS AR s S I By
X P EE R L SR A LT 3L ENES (Bt R, wiw, ZALEE R
FS) , 55 M2 A 5103 1R, WA INE 827t hm? (FIFRAWC) 5 28
=M ERHE I G B b i s, AIRB AR R AR (FFRCASL) , ANNX
W LN E 13t FHREEN50 cm, MG EIEE =K o BIAMED A ST HIRB
Bk AR NXES, AR A VD3 SRR 57, N A U R FE 950 emiff)
+ 25 BRI ST LIRB T AN X, K B i R R D38 - B 3R AL 4
B151, NTHHRTE0~20 cmffi 2, JLRHE A3 . HA/NX F20134E 184, /NX AR A5
mx4 m, K50 cm. EEEIBN P A L ARRE — R IR KL (£38, 25thm2) | H/E
(T VEIHIE, 60kg hm?) AR (BFR 4%, 600kg hm2) , Ki/5HI#F. 7EHE
F/NX R, T-20134FFPAE /N 38 L 20 14 PR 35 &2\ 20154F FI20164F Pt FR 2, AN 241k

HE+37 B 10 AR 28 LUK 38 508 T 136t BBV B S ARG BT Aok R 5 1 4
(FFRCNOL) PAACHT T34 3 (AR NCKD FE X R, @i il e % 2 0~20 cm 1= 3%
T e E, WAARS R LIRS R

RI TR B L KALER B i, itRb A R B 58K 2 B K Bt ib H /R X . WUk
FEpH N6.02, HHLF & E58.5%, JEVERA.617 g kg, %2.98 g kg, Vb# L FIHLRD A3
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Table 1 Physical and chemical properties of tested soil

35 Bk i S
EHOER LM ” B . . *

. ) (0.02~2mm)  (0.002~0.02mm)  (<0.002 mm) pH Cation exchange
Soil type Soil texture L . _

Sand (%) Silt (%) Clay (%) capacity (cmol kg1)

fikwba® Wb +® 34.55 59.08 6.37 9.2 54.8
Wi+ WL 70.14 16.41 13.45 8.60 4.63
o 2 et SocC TN AP NOs-N NH4*-N
Soil type (g kg™ (g kgt (mg kgt (mg kg™) (mg kg™
iR 1.58 0.03 2.75 0.85 5.45
Wg+® 1.73 0.08 2.44 3.53 7.48

#: SOC. TN\ AP. NO3-N. NHs*-N 73 & AL 25 AR A% %A% Note: SOC,
TN, AP, NOs-N, NH4*-N represents soil organic matter, total nitrogen, available phosphorus, nitrate nitrogen,
ammonium nitrogen. (DFeldspathic Sandstone, @Sandy loess soil, @Silty loam soil, @Sandy loam soil

1.3 HmRESTH

TRERERE 4 2016 4 10 A, RFE7NZ sRRABURE, TERRA S T4/ X BEAL
BEEL 3 ANEE, 4420 HIEL 0~10 cm A1 10~20 cm VR HETEE R . HEE - RER A S,
LR EAR RACA Y, I 2mm §F, G, — T ACHRE, — IR
FA R0 e e 0 A = ) K s I S A S A S S AT i 0.15 mm
i F 0 5 A LB RT3 0.25 mm i e TR A A AR E. RIEA AL
T FH B AR TR P A5 Bk — AN BRI g , 438 2 U H - i BIL G E & (2300, FOSS A, Hfi i)
HilE, HIEMAR. HAZH 1mol L ELEIABIRIR—FE BT (AutAnalyel, AAA
], EE)ENE, A S NaHCO3 2 #2— 8 fi b (1 (UV2300, LilgRERHEA
F)VEME o

1.4 ¥iEAtiE
K F A 2y 51 e 37 - 398 R e 2 S VAN A Y

sQl = ﬁ(mfi
i=1

X, SQI N+ FHEFE % (Soil quality index) ; Ci AR MNIFNTEIRAIRBIEME; KiNe i
ANV FEARIIAE s TTRERFFS, n 2PN R

FIF Microsoft Excel 2013. SPSS 18.0 #1 Origin8.0 {1 4 # i it AT Si v ab AN 2 1. K
F SPSS # AR 7 Z 0T (One-way ANOVA) FIXSHE (Duncan) #EWZEiE# T &
b, DRI ER R EE.

2 4 B
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21 FRIKREXNTHEBHNKRSET K

KR HEE I A F SRR, 0~20 om &2 H 3 AR [H AR ARG PLRR & 244k
B 1. MBI LA , AELEPAER S 2ERA LEH 20— Eas,
LI K FSSWC>SL>0L>CK.

7£ 0~10 cm L=, 5 FhAS[E ARSI B A ALk & 2 B A B M2 5 (p<0.05) - FS.
WC. SL. OL PUFh AR AEN TR HE 37 R 38 , HEEA IR A 15.4 £,
14.4 f%. 83 f%. 7.5f%. 7£ 10~20cm L8, Yt 5EMIN TG REEZR, HptAg
KMAHHR S B BEFEZER (p<0.05) . FS. WC. SL. OL XPUFy ARSI T35
wHEtY, AN BN 12.2 %, 10.0 f5. 5.1 f%. 4.9 /5. Bk, BRI S A
ACKEERS T3 i T 3 WL W3 8GR Wik b LI AR S B LR EER, K
K5 I 398 DR SR 3 A LB e L3 ) 88, I B R A

18 B FS
E= wc
BN SL
=3 oo

12 ek

10

OO Soil organic carbon(g kg“)

0~10 10~20
OEZ Soil layer (cm)

#:FS. WC. SL. OL. CK ZHllZ&/RtibE b i LIRS ik KRALEYD 3 LIRS Tk, Wit ik
A LK Gty ARNSFRERRE—LEARLEEZREZ (p<0.05) . FFE
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 AR BT B A Bk

Fig.1 Soil organic carbon in the soil relative to soil amelioration mode

22 ARIMRIEXNTLIEERSETHK

A R T RE 0~20 cm HIEAFR WA 2 FoR. &% LIPS A BARER
EIME,H 0~10cm 1 )25 10~20 cm )2 % A W3 7E 0~10 cm A1 10~20 cm AN L=,
ANEV AR EE () A E AL — B, ¥R IR OL>FS>SL>WC>CK., 7E 0~10 cm [+ 2, FS.
WC. SL. OL X DY -LARSEA L% & Bl i L 5.2 5. 4.9 f%. 5 fi5.
8.6 ff5; £ 10~20cm )2, FS. WC. SL. OL iX U -4 7Y + 34 540 B st 1 4
BRI 3.4 £5.3.2 £5.3.3 i F1 7.5 fi% . JE M SR H 3 p A S 1 B 2 v T LA R 2R Y (p<0.05),
FERNX PR ZH RS R S EMIT, Fradty Eh 2R &2 B E T HA R

(p<0.05) .
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o7 B Fs
E= wc
B sL
I EZZd oL
ok

[ Total nitrogen(g kg'')
°
@

01r

0~10 10~20
OJZ Soil layer (cm)

Kl 2 ANl A I 3
Fig.2 Soil total nitrogen in the soil relative to soil amelioration mode
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23 FEIMRIEX T LIERSANESASET

A BB LIRS EM S A NS 22 B 3w, tHEI 3A W LLE Y, 7 0~10
cm LEd, WiE IR A S B R E m T HARDY A R ARKRY (p<0.05) 5 [fifE 10~20
cm LEF, W LA R S EE T, DIEHSE S =N BRI WC>FS>SL>0L>CK.
TRAB LD 5 RIS AR R R ol 37 4 A AR o5 R T3 R R S S R CR AR, A
+ 2 E AR A SR A B B E T N LRV = B2 (p<0.05) , HAFEZL
J5 AT X HE L 1 LIRS E A B GE, BARRIN: 75 0~10cm -2+, FS.
WC. SL. OL PUFd &b HH i)+ ISR B8 CK Y 6 fi5. 7 % 11.4 f%41 3.6 fi%; 7£ 10~20 cm
+ 2, FS. WC. SL. OL DUFpibHE () HIBMA %08 CK 1) 3.6 5. 4.2 f%. 2.8 {540
1.6 fio

AF g AR S B3 SRS 2 3B for, 7E 0~10cm Al 10~20 cm HiA~+
EH, AFACE S E G 'R — i, HEREIR . 1£ 0~10cm L2, BIRK
AR A AR RN B b RS A S B W S T A R ARR Y (p<0.05) , A[FRAGETR
ISR BN E BRI WC>SL>FS>0L>CK; MR T3t t17, HoAt PUFf £ 44
HKA R E T 1.29 mg kgt. 2.0 mg kg, 1.98 mg kgt 0.66 mg kgl. 7E 10~20 cm +ZEH,
TIRES RS EHT N OL>SFS>WC>SL>CK, i Mg I3 S A & 8N 5.32 mg kgt, B3&E &
FHADPUR AT (p<0.05) , Vi TSRS REC (3.43mg kgD . REELE F AT
FEih, 3Rl R IS EI A A R R M ScE R

Sr B FS a
E=3 wc —~
NN sL

E=H oL

Cdck 4]

#
- ]ﬂT
o EENL H

0~10 10~20 0-10 10~20
Oz Soil layer(cm) [OZ Soil layer (cm)

Kl 3 AR RN R EHHA R (A FESE (B
Fig.3 Soil nitrate nitrogen (A) and ammonium nitrogen (B) in the soil relative to soil amelioration mode
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24 FEIMREX T HIEAWHMEIETIL

e 4 s, B X3 5 M A A KA R 2RI G . £E 0~10 cm A1 10~20 cm
s, ANF B A R A R AR 2 IR R 2RI 8 WC>FS>SL>CK>O0L..
MR 5 il ARSI R 2 3 R S AR AT A, BRSBTS T 6 25 v T
Fofth 4% (p<0.05) , HUCHBIRMAD & N TR RHTE L4k, Wt LG R & & fE
5 A AR TR0 AN R, SR 3 3 b o RO S AR 0~20 om 3% 2 b B AR TR
AHEE I (p<0.05)

6r B FS
= wc
= SL

EER oL
| — e

OO Available phosphorus(mg kg™)

0~10 10~20
O Soil layer(cm)

Bl 4 AN e AT R 38 Rk
Fig.4 Soil available phosphorus in the soil relative to soil amelioration mode

2.5 TR REX TIEAF D RELEATMN
T3 R RIS R LRSE I A A 235 0~10 cm A 10~20 em R JEHOR
[F) b R g o AR A, AR AR 2 FraR. AT RAE AN RN AL B i A R ek, i 5
AN L HEFE S Febn E A I 3R F R AUPE 0~10 om 2 AR AL G ELZ 0.16~0.79, 7E 10~20
cm b E by A&k YE B & 0.16~055, JU AP S R b b 0 BT B 4 B HE TR N
WC>FS>SL>0L>CK.
#20~20cm LEHPHIEREHEEY
Table 2 Soil quality indices in the 0~20 cm soil layer
+JZ Soillayer FS WC SL OL CK
0~10 cm 071 079 070 046 0.16
10~20 cm 048 055 035 032 0.16

33

A RGERAT LG, BRESESL, SR IGE AT 75 A R I R 1R 2 R
%, HEAENRSE 0~10cm LEET 10~20cm +E (B 1, BN ISR R R UKL
TG (Rt i 95 1 58 2 5 R 7E 0~10 cm )2, SRR R 1 H e PLak B 2 £ 7R 2 0~10
em 3 AN TR] e AR QA S AR LT R I R B, LRSS A AN FIRE R R4
AT, LIRS, 53R Gk, JREN R, TESERE. MM
T2 B0, [FE RY 7K A P 5 B IX I AP ) B 5 EI0E HLEKR R S 18, IR AR
FIRSERG AR UK & 5 A = e RO IR 25 A AR 5 (1 IR B B8 0 R B - 5c 4 e 7, TR/K IR AERE
JILUT o IR RS E R LR WU & & S e BN R & A £ 8 R TERR, it \ 1158
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Ja, IRGEDEVERG SR, N RO, WK IR, AN S BT,
TR RO,

R B E T RE GO REREAL e bR . AREURY, K AT %R
FEAEANRMER S E, HREFEREK, &R £, Fnn K s h T8
REEIRK, BEifm T N TR ERNX, RARED B2 IR, ERCEYRIER T
ARENWY), femtRRR . BRI S T Lk b TRt s B RIEEN, L%
B R — MR, AMIIANTEE, Bt HEhefRaEism (8 2) o SR
SRETHEBR, HERLERIPFEERBA R RRES, 2R Rs). M
A A LIAST SR A E AN R, R S RS Rl 2 T fE 0,
WA A RS, U KA A A U AT G 585 &5 By IR RE 775 S50 R A Bk
MY ERY, RSB LA —ERRIE, LR S EA RSP, HILR N EH T
W — 2 BRI SR A A E T, ATRU AR BRI, BRI, 3R KA R
SRS ERRE (B3 ; HXE R E&H ZRNETEAER], 898 7 3 & B 878
MIEIRRE ST, IR S HR REEZFIICER, FE 0 i R T R SR B as (RSN . 1
INAEAERGR B, b a h SR EERER (B3, Fit, SRS R Lk
FIPEFELI 8] Y38 I s R S B A U B B, — R 0D 1A R A AR R

BRI B R AR A RS e, RO S ZAETESE T, sEAK
Il Bl PR ] 72 R P21 R A o B 5 BRAL S D AR _E TR O T TR R s Y, KR
TIEARGRIr . ABF P BIRMD E RO A S Em T E L (B4, AR
Ty A BA BRI GRRRIERE 1, RORFRAR T R RIS AT R O R E 24T,
JEUH S - S A RO R A, AR TRTE HE 3, BUOABRE IR R A RE TR/,
J iy 350 B ST A e - 3 A AL /N XA BE A zE , 338 rh oA RSO T T s e P IR P R S
tho MO, BrEHEI LR E RN X AR XOPRME RS ETRBEE A, &
JE AP BN, SRR R h S ERGE, BT, RS 0~20 com AR
FE R R E T A LR (& 4D

WL IER G IEM X 6 A R Fa bR vH AN AL BE ) 35 B4R AL W TE RN
B R 3R 7 i B AL IR Ak s, HUGR IR H B R AR, W03 b T R 3
3, WRFERZE . AR BT S HRE NIRRT SOETERE, (EEgh R S EA T
feim, et IR R A AR SRR T R [ e Bk, IR R . RIS BT B A B
(IR B RE 15 BT Sc e a . DRoK DRAERE sy, PT A3 b e . 03 L RTilZe I A
TR, BHEGRIPIROUA B8 R ROR, RS T E A A R IR, B3R A
EROK AR ek, DR Iyb 3 37 43 o7 0 5 3 S R0 B

4 75 B

2e3d 3 SN TR, AFSRET B PUR. AR AR Ol s+
By E i, HIRESRIEAB R FI UK, B AAR AR E B FE UK, B R
TR TR AR R AT 1B IR AL D S (AT AL A 3 HUBR ST BCR %
Uuf ;s BRI RE AL AR AT R AR T BOR B o AN T i R - R A B 4, Y
TR o Fofth 75 70 20 RASCRAB AL, I ISR SETHE 6 FAb BER IR TR L 45
RBH] IR U DUXALIESR i i, OGRS BR 4k, Wit TS+
B, R ERZE. Bk, AR RIE A RIS RN E, K2 T HE
LA B R, B T ARSI N RE S — E AT A .
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Effect of Soil Amelioration on Soil Nutrients at Mining Dumps in the

Shanxi-Shaanxi-Inner Mongolia Region

WANG Lili*? ZHEN Qing? WANG Ying*® SUN Cengceng®® YAN Xiang3
ZHENG Jiyong23t
(1 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation,
CAS & Ministry of Water Resources, Yangling, Shaanxi 712100, China)
(2 China University Academy of Sciences, Beijing 100049, China)
(3 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract [ 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 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
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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 cm 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>0OL>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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