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W B RAEPEN XL F S R A L% MO S 7 5 TE P 52 HER R 7K R HE
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M, 5K TSR E R 3 (OL) RURSH 3% (CKO AEXTEE, 40#7 3 Fhek R A 0~20 cm
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HLANEVEILD, AWM SO HEIERE, & R H KA, 332
TEAS EIE U E N E IR, CARZ AR Al TSR E . S ER, 50k XE
Py AT 3 W S IR SRR e B R RIS R B B AR, 4 R
SN, WS IIRHRD S P UeR /> - S ol (R PR, 1 S U B . A R R
HEWHER, FMEEAR. M. SRES, FTEE R AR SO IR D) BRI .
A5 TF 7 PR KU PR o8 P X 8 0 X (T 3t 5 AT WA T, R 5 B 2 TR B IR
HENEHES, Wb 1K BRI, RS B, R P ity
PARARERE N AZ A 5T, N B FH XA S 2 Rl 52 B S BEA E o W]2  E RRCR
LB R i PR 2 P 18 0 T S S 1 o ZE A L@ B 40 DR, B AT B R
T R X B A IE B AR, 2RR Y], ARERAERH G, 0~20cm HE 1%
AHUR IR & RS EE R, FRULBRINEA 27 t hm™ i o R CR AR (U KUK
b5 0 S5 vb i H 3B, BB R i A el R 3 5% 70 AR RO BT 0 0 LARTE . ASHIT 5%
MRS AV LB AR KA 3 18R A WD R IX =R a5 3R PR RS % R Y
TSR, KA HE 3 AT AR E A, A DU AE s A AR R R Y S T, AT IX
FIEBAT R, T T 3 F RS R R S RS SO @ HE Y R R R B R, BAEIR
T X HE I AR e RAR ) 357 70 B8, T X HE 37 5 RS A2 S 0 PR AN
AR BRINR AR5

1 MRS Tk

1.1 MR

B FLIXAL T 5 E V6 IXHERS R e AR HE 3% (39°69'N, 110°27'E) , HiibFE/RZ
WriT s 7R3, e b R SRR 2 v BRI P R A A R 1.409.9 m, LA ALLARD A |
WL ARIX, SRR 6.2~8.7°C, S FF/K & 400 mm, £E3E7E 7% & 20 2 200~3 000 mm,
BEKEEPR. W HRAYL, EEETT 7—9 H. HEZRWD RS, THXE34m s, N
KE T 2T RAM0, EPUPE . . ERKEE. MIOaai R .
1.2 ¥t

TEFKFIER HE LB SRR TN X, /N X SR B TR il S5 i A AR 45 A I R B 7
X M BRI SR A LTSRS (Wt HERDE, wiw, iZA B RIRR N
FS) , - FbB R AL SV 8 HIRS, RULEEARINE N27 t hm? (RIFKAWC) 5 4
SRR BRI N S B e, ANRBHARR M R (RIFRASL) , BARXE
W LN E 13t FHERN50 cm, BAMGEIES =k o BHMEE S5V IRB
Bk LR NXE, R AR S A YD 3 LSRRI 5, N A B AR FE 50 em i)
T2 AR S I0TE TRIB 0T A /NX I, B AR SR F FEALAE FE
Y51, NTHIETE0~20 cmff )2, HIKH AT 1. HEM/NX F20134E 84, /NX A% N5
m>4m, VK50 cm. BRI X T B HARRE R R INR AR (GE3, 25thm™) | R
(T NMAEYEIE, 60kg hm™®) FMULAE (BEER 4%, 600kg hm™®) , Fitijmf#E. fEHE
RN, T-20134EFIAE /N € L 201 44E A 3 52, 20154F FI20 164 B FR 22, DI 244K

He 37 8 11 Sk s 20 DL K S B 1 B b e B v R S o AR et ok SR 3 0
(FIFRCNOL) PARGHT EHE 37 3 (FRIFRONCKD PR Rn g, @il I % /2 0~20 cm+- 35
TR e, WERAAFS R IR E R

RIGHTHYD 8+ ALK [ 240, R AR E 50K 2 MR K BR D 5~ X . Rk
JEPHM6.02, HHUR & 5#58.5%, JEHIR4.617 g kg™, 2%2.98 g kg™ Vb8 T FIRLRD £ (1 L
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Table 1 Physical and chemical properties of tested soil

Wk By Bk P T2 it
B S T g s Bl |
. . (0.02~2 mm) (0.002~0.02 mm) (<0.002 mm) pH Cation exchange
Soil type Soil texture o . ) .
Sand (%) Silt (%) Clay (%) capacity (cmol kg
TR = aside: 34.55 59.08 6.37 9.2 54.8
Wit [ 70.14 16.41 13.45 8.60 4.63
e 2ot SoC TN AP NO5s-N NH,*-N
Soil type (gkg™) (gkg™) (mg kg™) (mg kg™) (mg kg™
A" 158 0.03 2.75 0.85 5.45
W+ 1.73 0.08 2.44 3.53 7.48

#: SOC. TN\ AP, NOs-N. NH,"-N 77 Z R A Hlm . %0, A 200 AR 84 % Note: SOC,
TN, AP, NOs-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

1.3 HRmRESHH

TRERER AN 2016 4 10 A, RFETNZ sSSIRA TR, TERA ) T4/ X BEAL
WE 3 NEE, AR HIEL 0~10 cm F1 10~20 cm R JE R RE . i RER RIS,
LA ER R A, o 2mm i, By, — 0T 4CHRAE, —mRTFRA
FA SR V200 e L 0 5 - ) K s I E P A S A AR S E AT Lid 0.15 mm
i F -0 I LR X 3 0.25 mm 3 0 IR A A A AR S . AL
Tk FH ELAS TR A5 BV — AN aE , 438 4 U i LG E L (2300, FOSS A ], Hif )
FsE, HIERAR. EHAEN Lmol LT ELAATRIRIR—R S M1 (AutAnalyel, AAA
AT, SEED VRN E, I B NaHCO; IR3R—AH 8Tt (UV2300, EilgRERIEA
H]) VEE o

1.4 HIRAIE
SR IR Sy 00 ade <7 - 19 R B S VR R

SQI=| [(K)C
L]
A, SQI A F EFEEL (Soil quality index) ; Ci AR MNEMIEIRRIHRIBEM: KN i
AVEMFRFRIOALE : T Z2IERFT S, n 2PN RARIIAN L.
FJH Microsoft Excel 2013. SPSS 18.0 Al Origin8.0 #F 4 HdE HE4T Gi it b FEAN 2 . R

FH SPSS Hft B 7 20 #r (One-way ANOVA) FIXSH (Duncan) ¥ B W21k T2 &
b, DG 2 i i .

2 75 B
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21 TEMRER THIERNKIETK

ARHRER HE LA R e RBEEUT, 0~20 om 3% )2 g8 AN [m] AR R AU HLAR & A8tk
Bl 1 Fs. MBI LA, ANE LR ANER S 2EHRA L2 D 20— Es, )
FIH FSSWC>SL>0L>CK .,

£ 0~10 cm L=, 5 FiA R L ARSK B R ALK & 2 B A B Z R (p<0.05) . FS.
WC. SL. OL VYFp -4 AAN TR HE 37 RT3, LIRS A H 15.4 £5.
14.4 ff5. 83 f%. 7.5 ff. f£10~20cm L3, Wt 5EMSAITCEEZ R, Ktk
RAHNR S EA R ENESR (p<0.05) . FS. WC. SL. OL X PUfh AR RF % T 357
#HEY, AN BN 12.2 /%, 10.0 f5. 5.1 f5. 4.9 5. Kk, B A A
RIS T3 i T3 WU B CR s Wi L RE SR LI GRS B LR E £, K
R a0 e DL s 3 A LR e L i L%, IR B E R .

18 B FS

=3 o
C3cK

12

10

HHLBE Soil organic carbon(g kg™

o k] g
0~10 10~20
+JZ Soil layer(cm)

7E:FS. WC. SL. OL. CK #HlFmiltib A vb s HiRS ik, MALED RS 1k, Wi+, Fib
bk, W Gty  ARNSFRERRE—LERFGH A Z R EE (p<0.05) . T[HE
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

1 AR R AR 3 A Bk

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

22 PEIMREXTLIEER S =T

A R FERZ 0~20 cm HIEAFBHWE 2 iR, £8E LIPS A A RER
LR, H0~10cm )75 10~20 cm L )= %2 R AR 3 fE 0~10 cm #1 10~20 cm A~ L2,
AN Ab B ) I A E AL — B, ¥R OL>FS>SL>WC>CK ., 7E 0~10 cm [F -2+, FS.
WC. SL. OL X DU - ARSEA P LI G E M & L34l 5.2 5. 4.9 5. 5 1%,
8.6 ff5; £ 10~20cm Hy+Er, FS. WC. SL. OL XU 44 + 38 4 500 ) st HE 1
B 3.4 15%.3.2 £ 3.3 {51 7.5 i o JEi 3 i b R B B W T HA RS A (p<0.05),
FRNX P = H RS R S BT, Ed L L AR AR TSR T HAh AR

(p<0.05) .
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0.7 B FS

E3 wc
i BN SL
: £ oL
CJck

4% Total nitrogen(g kg™)

0~10 10-20
B Soil layer(cm)

B 2 ASF e AR T B a4 i
Fig.2 Soil total nitrogen in the soil relative to soil amelioration mode

23 PRI RERX THERSEMEFESEASET K

A BB LIRS EMES A NS 22 B 3 R, tHEI3A W LLE H, 7 0~10
cm LEH, VW L R AR S B R & T AR M AR A (p<0.05) ;5 TfifE 10~20
cm LEH, W LA R S EE T, BIEESEE BN 2RI WC>FS>SL>0L>CK.
TRB LD A RIS AL R W e AR SR AR T o R 3 R S R S R ORI, A
R R R IS A A B R T N TRV = AR (p<0.05) , HAFE#L
75 T X HE I 00 R IR A R I B s, BRI 76 0~10cm L2, FS.
WC. SL. OL DY ih B () 3R A B 39 CK [ 6 1% 7 £ 11.4 {541 3.6 fi5; 7£ 10~20 cm
T2, FS. WC. SL. OL PUFibHE () HIEMAE 58 CK 1) 3.6 5. 4.2 f5. 2.8 {540
1.6 fi.

ANF S R R RS AN S 2R 3B fian, 7R 0~10 cm 1 10~20 cm B>+
EH, AFEAEEES RS2 TTG i, B EREIS. £ 0~10cm LjZ, BIRK
AR E AL LR FI YD 3 b TSR S B B & T HAR L ARSK A (p<0.05) , A[FELET
TSR AR N E BAUK A WC>SL>FS>0L>CK; At T3 idHe 37,  HoAth PO fd 444
KRS T 1.29mg kg™t 2.0mg kg™, 1.98 mg kg™, 0.66 mg kg™. 7E 10~20 cm + 2,
+ SRS EHF N OL>FS>WC>SL>CK, J5iHi g 4 S5 &8~ 5.32 mg kg™, B3 &
FHABPY AR - AKR (p<0.05) , i+ FESR S ERL (3.43mgkg™) o k¥ B AT
B, 3 Rl RS LIRS E A AR R M SGEE A

5r &R FS 2
==¢ -
T al . sL ‘o
< EZ3 oL o
£ = 4tk
£ K =
g g
e 3r =
= = 3k
= £
o =
= 2t £
= 2r
= £
® &
#o1p L
0 0
0-10 10~20 0~10 10~20
4R Soil layer(cm) +J2 Soil laver(cm)

B3 AF e RN i HI SR (D) MESE (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 HIEFYUHMES =T

WKl 4 Fros, A X3 38 Rk 1) o0 A A R R SRR . #E 0~10 cm AT 10~20 cm
3, ARSI A R S E R 2 RS 2N vy WC>FS>SL>CK>OL.
IR 5 AR SRR R 2 I A B R v LU, BRI i AR R R B T
Hoth 44k (p<0.05) , HUCNBIRILRS & N T8 H i LAk, it b ik & 2
5 A AP -SRI AN A 1), Ji M 300 - 45 v oA RO B AE 0~20 om K= g BB AR TR
IR (p<0.05)

51 BB FS
=wc
S sL

=3 oL
Cck

A2 Available phosphorus(mg kg™)

0~10 10~20
+J2 Soil layer(cm)

4 ANJA] e RABESR B e R
Fig.4 Soil available phosphorus in the soil relative to soil amelioration mode

25 TEIM REXTIRA D RELEEITN
TR E R EIERAE GRS R . 25 0~10 em 1 10~20 cm L E A
[F) AL PR 3B AR, AR AR 2 Pro. AT DAE AN RIAC B R i & 59, | 5
AL HEFE S FR bR S H ) R R R 0~10 em )2 R AR K TE [ /& 0.16~0.79, 7 10~20
cm £ ZH iy A& A G Bl £ 0.16~0.55, JL A R R op R E R B F N
WC>FS>SL>0L>CK.
#*20~20cm L EFHIRFEEH
Table 2 Soil quality indices in the 0~20 cm soil layer
+JZ Soillayer FS WC SL OL CK
0~10cm 071 079 0.70 046 0.16
10~20 cm 048 055 035 032 0.16

31 B

KR FAERAT LG Y, BREA RS, SR JE I AR 7700 70 A R B B 2 1 3R 2 R AE B
. HIEANSE 0~10cm LE®ET 10~20cm L2 (B 1), BB PR R K
R (Rl B 94 1 B8 2 45 R 7E 0~10 cm L2, SRR R 1 L85G MLk B 2 4 7ER 2 0~10
em g R R i RS S5 LR R HE A I 8, LR S B AN R R R
BT 3, LIEpERRS, TIRFRo ik, TR I, TEER e, MM
R B2 342, AN R K bR B P SR f XUk 240 B S B HLBR (K K BB e DO, SR At
F BTG AR WU & B f = 2 DR R 5 A AR B ) I B e 0 RN B 152 e e 7, TR/K AR A RE
DI o IR AR A AR WL 2 & e UM AR b 2 A = & IR TEIR , i\ 3%
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Ja, dIRGEDEVERG R, A R RAOSLIRRE, bk, R, AN S T,
B TE R

PR AN E TIREFICT ML J1ahs . ARTFURM, MK E rT R R L353%
EABENURAMA RS R, AREERK, &R bkt 72
REEIRK, BEilfm T AT ERNX, RABEZ B2 IR, ERCEWIER T
ERE W, RmTIRER TR SR A K LR Ttk s B RILEM, T
BRI AA — M7, AMIIANTEAL, B, HEhef e 8sssm (8 2) o iESEE
SRETHEBR, HERZEBRAWFEERBA AR RRES, 2R R, R
FIF BRI BRI E O A R, TP S A S B S Il P,
RABE RS RS B, B RACBERAA A USR5 & v IR E )5S0 R i 24
AR, RS B — kI, LRSS RA e, B A
W BRI SR Ll i R, AT A KBRS, I, SR KA +
SRS ERRE (B3 ; HXWESEH ZREERER, 88558 1 L3P B R0
WIEIRRE ST, JEIERR SRR WAL FIITER, 7R i 12 RO SR B4 (BSR4
In-EBeR RSP, B AR S R (B3, Bk, BRI A ETH 1k
FTLEJLHRF 1) DAY 18 N L T B S U R B i, — e R b T e S R R B R,

SR AT B R A A 2 & Bede i, RO AR &7 2R s PR ], BEK
e D 1 [ 2 153 R A R ) 2 B A A P A L TR AL R I B R S R P, KO
TIEAHGRr . AW SR BIRME A K LR A S Em T E L (4, mTaERH
FRERD 2 A SRR RALEE 1, KRB T RO E L S sh MR kv R 2L
i 50 - 9 oA R A I, AR TR A L3, OB IR R IE R BE SR
JE 3t By BRI HF 3 A0 AL AN XA A, 338 A S AT 1 RS e P MR PR i R 45
o BEAN, B HE AR ER N X BN ORI B B)E ETFRREG RN AR, £
JZ PR R BRI, SRE RS R, B, SR 0~20 cm IR
WS B R E T A LR B (& 4)

I ER VAR TIX 5 A H TR DRI T SEAS [ AL HE 10 38 g AR A W U IAN
B RAET RIEIR R NAIE B IR R i, UG A IR AR, ibss a1 Rt
3, R R KA TS AR REE SRR, (IR SR T
S, ARHEIR Y R AR AR ] S b B E B R, SR R e AR B AR
M RE ) 5 T Hae 7y, DRoKIRILRE J18m, Pril B him . vhse Lariiaad A
T, HIEFRIPIRDUAT B35 B HOR, b3 T E A A R IRAL, IR A
BRKHAFERBESR, By 57 70 i A i 3 3 A IR s ey

4 75 B

2ot 3 FMALTRA, ARSRBET BEAYUR. SR, AR Dl Fn i+
R o, RS EERERFESUKT, LR ARIKE R FEISUKT, HrilgR
oy 28 TR AN R RAR IR B IR ALY 5 TR A0 A WU SR T AR
Uf s BRI B R 1 A A7 R B BRI ROR i o AR 2t i A R b i, Y
Tl i - Aot Hofth 77 70 o RASCRAB RS , GBI A ER G¥ATHE S R AL BRI IR TR, 45
SRR T35 7 i DAL ISR i e, LRI A B 4, Wit g+
8, MR ERE. P, ATRLTe 0 k8 S SIRI0 S AR E, B2 AT
LI HIEA R, BT T ARSI SR SEEL € AT A
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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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Abstract [ Objective]l 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 c¢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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