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WIUER LA BRBE, PG 1 TV R VAN 4
E LI IX ) R R BOCE . PR LR
AR, SMERAIs . BHiTSART L
SRV AN A IS RIVERIE 7T, dnAE v SR i O
XU RL R 5 AR 2 B e o e v i 3
RPN IR, AN R 2 AR N £
HU210220 BRI, b B b R X e R Rk
JiE PO B D

PRI, AL LB, DU Y 3 T
PEB NS AL R, B /NIRRT I, AR TR AR B EE A
B AR P 5 95 103 P PR EAT 38 0E, AT # 7 iF 5 X
g R AR A DL L KSR Rl A fR) IR B AN U
%, R R AT X R R R S i
BHEHAR .

1 #MRE7A%

1.1 HREXER

AHFFRAENZF H BIE X ERRKIERRE (3943~
39°49'N, 111°13'~111°20'E) BARVA#E RV R . W
FXA T2 L m R IREs, ZhX AT, BTRET
BT RRE A . TR K E 401.6 mm, FEHLE
7~9 H, 41 5EFKER 60%~70%, E7E KT 1 824.7~
2896.1 mm. i 1 L 3 R DURL D 25 R BEA 1 5848+
LD Be= /5 g o w7 1 D 0 S w3177 /AP /IR
2, WPESE, JEAK. T E SR P sh (2 Hh %
A AT AE YR R AE TR KIS, EERIE
X LIRBRAR BRI, R ER A BT
AR A0S J7 T -

WX AT PERE A R TR R A, MM, A
IK, — BT 30%. FEMEPRME: TR by
Populus beijingensis~ M5 Pinus tabulaeformis. &5

111°10'E 111°12'°E 111°14'E 111°16'E 111°18'E 111°20'E

, & B0 L
a. BAET X R 1 B RERARE R R A
a. Distribution of sampling sites of natural vegetation
restoration around Heidaigou mining area

Pinus sylvestris~ 17 Prunus sibirica) VEAR (BKZE Prunus
humilis+ ¥r2c503% )L Caragana mirophylla. T Syringa
reticulate YViR Hippophae rhamnoides 5T Amorpha
Sruticosa), FEAIEY) (KT Stipa bungeana Vb
Artemisia desertorum 15 % B W ¥ F  Lespedeza
potaniniiv. TJRF-HAK Poa sphondylodes H. K FIRTE
Astragalus meliltoides~ VP¥TWE Astragalus adsurgens. *%
1CHTE Medicago sativa. VK&. Agropyron cristatum- ¥
% Calamagrostis epigejos~ B1/RZBMEELE Heteropappus
altaicus WEH Setaria viridis) 7).
1.2 FEEFAZFSIRBUEMRNE
TN I 58 ORI S X A L3 38 e 8 T
[F] — FH ARG X IR A e ya [, Al A iz HE i i
PR AT LS S DU A — 2P S A A TR
HHE50 X TAENREATHE, JATT 2016 4 7-8 H1E
A R AL LM ARHE L RE T 5 FiARIK
SRR A AR AL L B A ) IR, N E R 122
A (herbs reclamation for 12 years, RLH 12). E& 20a
A (herbs reclamation for 20 years, RLH20). E& 10a
H#EK (shrubs reclamation for 10 years, RLS 10). 2 20a
#EAR (shrubs reclamation for 20 years, RLS 20) LK &E B
20 a 78 (arbors reclamation for 20 years, RLA 20) Ff7E
' XAXETRER (unreclaimed, UL) THERES, [N
KEE TH X0 3 A S (natural, NL) 3566 4
FIT A FE SRR S5 0~20 emo BEANRFE AR T
KEEVE, RIETER—MREFEM . REE SRR AN
TR G B R A AR, Lt 92 ASRFERL, REFE S
WA 1 Fs. FEaiE o AME Sy —H5r i Bl seie =
T 5 I 57 2R AT BEAG A BT I E s 53 A A IR AR AE
—4 “CIREG R R AR [ SIS 2 AT - S 4 DA R IR
AR APNE .

" o

A K12 afiA RLH12
© 20 afiA RLH20
A 510 ajfik RLS10
® %220 aj#f kK RLS20
@ 4520 aff A RLA20
© HARMEHKE NL

F42 Bt UL

b. BASWE X LR R

b. Distribution of sampling sites on Heidaigou mine area dumps

Note: herbs reclamation for 12 years, RLH 12; herbs reclamation for 20 years, shrubs reclamation for 10 years, RLS 10;; shrubs reclamation for 20 years, RLS 20; arbors
reclamation for 20 years, RLA 20; unreclaimed land, UL; natural land, NL. The same below.

B 1 AR EiiEis B R RA &5

Fig. 1

SPNNSERY IPRLTVIWG & SN N I prtents L7/
L ARSI RAR 21 B METHEW T . pH R

Geographical location of study region and sampling sites

IKAEEE 101 AAREIGE , W AR A iR E , AR
IR TRERE, RPRLL KL BRL 1 70 R H S 7K ST



16

MRS T RANRERNE LR R X R B E 267

FERL AT, AHUTCR H B A B e, 2R
KA F B e B0EM E SRR AR 3 i
S, AR AP kil e, AR A Olsen 121
E, AP AR AR AR E , ISR E
SR FH A A8 B3 5 5 A B B A FH K A AR B
B EAERTERTNE, JEER R SR
BV E VRN AT , Bl B R IR FH 2R Wl R B Lyl
ORI R FH e My 6 6 PV I, REARERRER D 3,5- A5 K
R EL ikl e, SUEMIR AL A R F & EARIR R
PE
1.3 TIEREFMAZE
1.3.1 AT EZRGS AT AeATR D SAE R aG 2
IR VN T R B A 1) I AR AR, XL
FeAR R e e AR PPN 45 R H A B, 3f
Wik R NS (MDS). R /e — Rt
fEife T B, JEd FEYER 2 A Te bt o DSt br, HoR
HHAT RN BRI P, SRRy SREURIEE =1
HIFE RS, EAREAT KT 0.5 M h—41. Wt RpdabriE
ANE E A AT R T 0.5, MK IR N5 HAb T br
FHORPERUR I —2. 2 BH 5 & 448451 Norm {, EHL
f32H o Norm 1B 7E 1% 2H H £ K Norm 1B ] 10%3 Bl N {16
Fro B—MNAFRE A ZANFERE, {FH Pearson FHK &
BRI E T BB EbR,  Wndebr A R E0N
T 0.5, WA TR, W&FRRIE Ry N B
2% (r=0.5), Mi%$F Norm {8 i m IFE FRiE A MDSPY,
Hor, Norm K, BMEIZIERT A 38501
CEAERATEROR, MZFE bR FT AL & 0 R RS Rt E .
Norm {H i+ & A~

ﬁ%k:=,§:ﬁﬂ(uiek) (

KA Ny R i NMEFRERHEER T 1 IIET & DR
B Norm fH; uy K28 i MRIRIES kA E o I Er ;
ex NEE kA F R FIRHEAA -
1.3.2 2EFE PR ES

D HHEFEARL M (Non-linear) F4r#%Y

TR bR S @ e M PRI R AL e o 0~1 2
()& Y e, AR
_ a
1+(x/x0)b
K Sy AT 0~1 Z [l T35, a N RS
gy, TEIXBEBAAEN 1, x & LIESTFEbRE, xo AN
HIFabs-TIME, b NTRERIRIEE, B2 ML KA
Wi e 2.5, “FBEr” RRIRFR R e 2,581,

2) HIEFRESM (Linear) PFoEAY

IS M TEM AL RN TR AR 4 0~1 A G &
o H . AT I R 22 R > B 7 R R ol R g
A, AR

(2)

S NL

S, = (3)

H-L
x—L
H-L

S, =1- 4

o s, REFELVETES (0~1), x AAFIGFFRSLIME, LA
RIEbRARE, H REEWRESME. TR (3 K
ZHAr” BUERARVR R AL, AR (4) R ARG
ULE LI OO NE k- G
1.3.3 R FEAReIRE

T Ik R o T A B IR A TR U 22 R i
FEAR T AR Ty 2 (I GTIRAEFE,  HL R U B A Ty 22 TR
TR, K TR FH 32 A Wi B AR bR A B LA
U ST SARFR A T 057 2 T fatn AR5 22
FT He )B4
1.3.4 BEFERI;H

B SIRIRIVES AR E S, RIS (5 iHHEL
R B850 (Soil quality index, SQD):

SQI=)"" WS, (5

K S RIES, o NfebrdcE, W, ARIERBCE
B, SQIEbl, RELIEFELL
1.4 HiEALIE

KH SPSS 22.0. Origin 2019 # Microsoft Excel 2015
BEATHR AL, S SPSS22.0 X Hd HEAT AH OB
Ji E TR E RS 43T, Origin 2019 HEAT P RNA 47,
Microsoft Excel 2015 22l 44k &

2 HR5SH

2.1 TEREIFNERLKITE

FREHL T I A2 DL R AR R R 1 TR
KRR R E B L IEARE . WOk 4 b DL R R E 4
o, WORiE 2 e, pH (e RE B S, HAR
WMERAK, 25N 8.76 Fl 8.49; H1L G HAE K FEHL R 2 7
ANEFEH (P>0.05); AIRAMERGERINERIKE B
Za T HALEEHL (P<0.05), 73514 15.96 F1 0.44 g/kg,
KERMEM, 2548555 F0.14 gkg; HEAEAEER
12 a B R, N 9.92 mg/kg, fEARE BRI HRIL, A
6.22 mg/kg, HRFEHZAIZRAEE (P>0.05); 2k
TEAEER 20 a Eih &S, H0.53 gkg, EHARKE
AR, N 039 gkgs B EHUMEAMKE T T30 ki
SEREEETARERM (P<0.05); 2 E5EAER20a
WERT RS, N 1747 gke, ERERMPRIK, N
564gkg; RAHM T REARKE A, N
99.24 mg/kg, EARKEBHIPIRAL, v 36.05 mgkg: FHE
FRBP B ZRAEE (P>0.05); AERH+
SRR B EE 2 R T AR L (P<0.05), N 0.84; T4
ARG R A EIITEE R 20 a lERT HE, 703
N 4.98 mg/(g-d)F1 42.02 mg/kg, HWERE BIRL, 7
WM 2.70 mg/(g-d)Fl 15.31 mg/kg: Bt i W g i T AEAS
BRI ZE AR E (P>0.05); AREEETE. FEREEGE L
CLRAE D IRAE S5 AEHh p 22 5 B35 (P<0.05), $A7E H AR
WE MR, 29N 083 mg/(gd). 8.05 mg/(gd)Al
186.72 mg/kg, FHIFEARE B HRAL.
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Table 1 Statistics of soil quality evaluation indicators under different sites
Eiztan 12 a Hilh 20 a Hith 10 a EAR 20 a HEAR 20a FFAR H RS KE R
Indicators RLH 12 RLH 12 RLS 10 RLS 20 RLA 20 NL UL
pH 8.54+0.08bc 8.73+£0.09a 8.74+0.07a 8.57+0.13bc 8.65+0.14ab 8.49+0.2¢ 8.76+£0.04a
EC/(mS~cm’l) 114.37+11.36a 101.01+5.93a 98.47+10.28a 104.3+6.95a 105.4+24.42a 97.63+26.47a 106.99+5.54a
BD/(g‘cm%) 1.14+0.01b 1.35+0.06ab 1.29+0.05b 1.29+0.06b 1.29+0.09b 1.28+0.08b 1.37+0.03a
Sand/% 73.76+10.23a 57.1+10.66bc 71.1949.78a 69.64+5.28ab 66.48+8.23ab 61.38+13.88bc 74.05+6.58a
Silt/% 23.47+£10.01c 41.15+11.21a 25.39+10.29¢ 27.52+5.28bc 30.78+8.63bc 36.22+14.37ab 22.71+6.48¢
Clay/% 2.48+0.93b 2.454+0.96b 3.43+0.82a 2.84+0.86b 2.74+1.01b 2.44+0.86b 3.53+1.48a
OM/(g‘kgfl) 8.45+2.51b 7.7843.36b 8.4943.53b 10.59+£5.75ab 8.27+3.58b 15.96+9.96a 5.5542.86b
TN/(g~kgﬁl) 0.23+0.06b 0.2340.08b 0.2340.18b 0.254+0.13b 0.24+0.08b 0.444+0.19a 0.1440.02b
AN/(mg~kg’l) 9.92+1.98a 9.32+43.58ab 8.89+2.41ab 9.67+3.63ab 9.08+3.09ab 9.15+4.1ab 6.22+1.63b
TP/(g-kg’l) 0.5+0.03ab 0.53+0.08a 0.45+0.04b 0.524+0.07a 0.51+0.07ab 0.394+0.08¢ 0.46+0.04b
AP/(mg-kg’l) 7.3+4.77a 8.11+3.26a 7.074+2.15a 7.7543.46a 8.2+4.1a 6.35+3.99a 4.19+1.38ab
TIU(gkg’l) 7.04+1.63d 16.11+1.6ab 12.68+2.72¢ 17.47+1.93a 16.16+4.16ab 14.39+1.72bc 5.64+0.44d
AK/(mg~kg’l) 85.57+18.14a 80.55+35.26a 99.20+49.05a 89.85+43.71a 78.08+39.36a 99.24+71.32a 36.05+3.57b
CEC/(cmolkg™) 19.86+1.76a 16+8.01a 16.01+£2.02a 18.4+2.26a 15.19+2.65a 16.45+5.5a 16.88+2.99a
SAR 0.79+0.37b 0.4140.09¢ 0.38+0.14¢ 0.53+0.08bc 0.67+0.24ab 0.64+0.35ab 0.84+0.04a
CAT/(mg-(gd)’l) 4.14+0.42b 4.02+0.48b 3.9+0.85b 4.98+1.61a 4.47+0.72ab 4.37+0.59ab 2.7+0.85¢
ALP/(mg(g'd)’l) 0.51+0.28a 0.33+0.25a 0.41+0.23a 0.424+0.29a 0.3+£0.27a 0.43+0.23a 0.3+£0.18a
URE/(mg-(gd)’l) 0.25+0.19bc 0.36+0.35abc 0.62+0.55ab 0.75+0.91ab 0.44+0.53abc 0.83+0.53a 0.03+0.02¢
SUC/(mg~(g~d)71) 1.98+1.49b 2.842.62ab 4.65+8.09ab 4.03+6.66ab 4.71+£5.9ab 8.05+6.37a 0.69+0.64b

MBC/(mgkg™) 123.92494.79ab  95.1+75.39ab

MBN/(mgkg™) 38.28+14.52a 32.66+14.06a

124.83+121.49ab
40.954+28.47a

129.12+113.1ab
42.02421.44a

105.56+99.38ab
36.99+19.79a

186.72+174.69a

40.95423.79a

18.24+15.93b
15.31+2.66b

A RAVEEIRT7 2 LSD i Rl — e br e A RAE L Z A 22 7k (P<0.05), ARIFREOREREE. BF%E: EC; AH: BD: HHLR:

OM; A%(: TN;

G AN; A TP; HULEE: AP; A8 TK: HAGH: AK: PHE TR#HE: CEC; #WRFFLL: SAR; %A LEE: CAT: BRIEREIRES: ALP: JRE§:

URE; REWERE: SUC: MUEMRR: MBC; f44%: MBN. FIH.

Note: Different lowercase letters indicate significant differences (P< 0.05) among the different sites under the same indicator based on one-way ANOVA followed by
LSD test. Electrical conductivity: EC; Bulk density: BD; Organic matter: OM; Total nitrogen: TN; Available nitrogen: AN; Total phosphorus: TP; Available phosphorus:
AP; Total potassium: TK; Available potassium: AK; Cation exchange capacity: CEC; Sodium adsorption ratio: SAR; Catalase: CAT; Alkaline phosphatase: ALP; Urease:
URE; Sucrase: SUC; Microbial biomass carbon: MBC; Microbial biomass nitrogen: MBN. The same below.

2.2 TEREIFMNMEFRRDEES

F R s Rk 2 P, KR ARG 5 A F R
SPRHEE R T 1, HRIWER LT 253 1 80.50%,
T 5 A FE R R RE T

XT3 B R 4R T 0.5 TR FREAT 74
G, AR E SRR TE S Norm {8, $%HARAH
Norm {H 7E 5 =i 10%36 Bl A Fs B, 4530 DLF %)k
f&t5: ALP. URE. SUC. MBC. MBN. Silt. AP. OM
I SAR. GEITFRARAIASCME ST (R 3D, LLEFEANHE
PRFEAR A OC R B, B 280 8 AT 0 1 3 o = VR 8 A
w/NBUESE N MBC. Silt. AP. OM il SAR.
2.3 EFHIFNER R TIEREITM

Xf MDS #47 Bt 132 SRR AR T %,
BTSSR E . WIER 4 Bk, Silt. OM. AP. SAR
1 MBC IR 5 58 0.174 0.235. 0.193. 0.157 Al
0.241. T HFE (2), (3) M (4) ¥ MDS $5brE#H A
0-1 Z 1A . AW, SAREH “l/iir” B
, X\ T HEPEERSRESEmEDNAK, &
ASHHFEFFK. Silt. OM. AP 1 MBC R4E |+
B AFE RS, EHT B B

F2 FHIBWEEEERKF Norm B

Table 2 Load matrix and Norm values for each indicator

$E45 Indicators PCl PC2 PC3 PC4 PC5 ﬁéﬂ Norm
Grouping

pH ~0.539 0.300 0.267 —0.287 0.440 1 2.808
N 0.804 —0.157 —0.320 —0.037 —0.073 1 4.810
AN 0.751 —0.048 0.281 0.090 0.063 1 4.120
AP 0.585 0.127 0.545 0.127 -0.122 1 3.043
AK 0.732  0.348 —0.041 —0.117 0.248 1 4261
CAT 0.626 —0.039 0.107 0.199 —0.181 1 2.863
ALP 0.829 -0.012 —0.007 —0.089 0.225 1 4.882
URE 0.821 -0.246 —0.146 —0.109 —0.117 1 5.001
suc 0.826 0.151 —0.170 —0.060 0.088 1 4.924
MBC 0.872 -0.126 0.021 -0.049 0.080 1 5.392
MBN 0.865 0.082 0.171 0.017 0217 1 5371
Sand ~0.002 —0.908 0.237 0.039 0.081 2 2951
Silt 0.004 0.918 -0.243 —0.028 —0.104 2 3.023
Clay —0.094 —0.540 0.298 —0.167 0.318 2 1.382
CEC 0.183 -0.719 —0.050 0.165 —0.074 2  2.062
TP 0.059 0348 0.779 0215 0.184 3 1.670
AP 0.585 0.127 0.545 0.127 -0.122 3 3.043
oM 0.638 0.256 -0375 0.746 0.175 4 4138
SAR -0.217 0.160 —-0.267 0.561 0.542 5 1.314
RRAEAE 7.004 3441 1857 1377 1.125

BT ZH /% 38.08 1871 1009 749  6.12

B AR A S /% 38.08  56.80 66.89 7438 80.50
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Table 3  Correlation coefficient matrix of indicators for soil quality evaluation
pH EC BD Sand Sit Cay OM TN AN TP AP TK AK CEC SAR CAT ALP URE SUC MBC MBN
pH  1.00
EC -0.02 1.00
BD 026" -0.04 1.00
Sand —0.18" 0.06 —0.30" 1.00
Silt 017" —-0.05 030 -0.99™ 1.00
Clay 008 —001 —0.06 045" —0.51" 1.00
OM -036" —0.07 —0.13" —0277000 -022" 1.00
TN  -058" —025" 0167004 —0.03 -0.08 057" 1.00
AN 037" —020"-003 008 —-0.08 -001 036" 053" 1.00
TP 000 005 009 -0.12" 012" 000 -0.06 —-0.25"025" 1.00
AP 027" —020"-005 000 001 -007 024 0317 055" 0417 1.00
TK  —0.13" —001 0.5% -0317032" -02370.15" 006 020" 037" 043" 1.00
AK  —0.18" —030"0.02 -028" 028" —-0.19"0.60" 049" 050" 014" 038" 020" 1.00
CEC —-030" 007 —-030"0.56" -0.56" 024" —0.05 029 0.19" -020"-0.01 -0.18" —0.13" 1.00
SAR 0.5 034" 004 -0.12" 011 -005 0.11 —0.17"-0.16"-0.01 -021"-009 -0.10 —0.07 1.00
CAT -037" -0.13" —0.12" 005 —0.04 -0.12° 033" 038™ 050" 008 033" 030" 038" 014" -0.11 1.00
ALP —034™ —029"-006 0.02 -0.02 -007 0547 061" 000 008 042" 009 067" 016 -0.15 047" 1.00
URE -047" 027" -0.14" 017" —-0.16"-0.03 042" 073" 055" -0.19" 031" 009 046~ 032" -028 059 071" 1.00
SUC -037" —0.287 001 -0.15" 0.16™ —0.16" 058" 065" 054" —0.04 038" 0.18" 067" 003 -008 049" 066" 0.70" 1.00
MBC 044" -028" -0.13" 011 —-0.10 -0.04 048" 0.73" 065" 000 052" 011 056" 024™ -020" 044" 0.69™ 071" 0.68™ 1.00
MBN —033™ —026™-0.07 -0.03 003 -006 050" 0.63" 066 0227 059™ 022" 067" 004 -0.11 049" 0.73" 061" 068" 083" 1.00

e WURAE 0.01 KF ERFEMFE, *ARAE 0.05 KF LEFEMR.
Note: **means the significant correlation at P<0.01, * means the significant correlation at P<0.05.
F4 TRREINENBEEMSEIRESN
REAFHEMNE

Table 4 Communality and weight of minimum data set

and total data set for soil quality assessment

Sk SHELE TDS /% MDS
Indicators ~ AHTII%E B ARTI 2% B
Communality Weight Communality Weight
pH 0.727 0.049
EC 0.678 0.046
BD 0.304 0.021
Sand 0.889 0.060
Silt 0914 0.062 0.556 0.174
Clay 0.518 0.035
OM 0.781 0.053 0.753 0.235
TN 0.692 0.047
AN 0.658 0.044
TP 0.811 0.055
AP 0.686 0.046 0.616 0.193
TK 0.707 0.048
AK 0.734 0.050
CEC 0.586 0.040
SAR 0.752 0.051 0.503 0.157
CAT 0.476 0.032
ALP 0.747 0.050
URE 0.781 0.053
suc 0.746 0.050
MBC 0.786 0.053 0.771 0.241
MBN 0.831 0.056

WK 2a Frow, ANEREEIKERIT, T R/NEE
MIAEZe M LI B FR Py BARKE (0.587) >
HR 20 R (0479 >HE 12 a BA (0455 >HE
10 EHER (0.453) >H R 20 a A (0.424) >EE 20 a
iR (0.364) >KRE R (0.262), WA 2b fix, AH
TR, BT s/ N E et T 3R S i
BeE . ARIKE (0.522) >H R 20 a R (0.444) >
HER 10 a R (0412) >HR 12 a HA (0401 >HE
20 a HiA (0.400) >HE 20 a 7K (0.326) >KE Rt

(0.228) FIFHIFAN TN, 38R B4R EAE AN [RIAE Bl K
BRM I AMENIEAR 5, FERINSGARERM
AHEL, HEMKE B E R T R R (P<0.05), R
Bk, HEREMERE T LR ER SR EERT
HARKE N 3R EIEH (P<0.05), Hd, BB 12a %
AR, HE20aTA, TR 10a#EARLILE R 20 a FEAM
TR ERAS HERME T LR RO, W
PP ITE T, ER20 a BEAM LIERER B EER 12
TR A AR FIFEIC, ME R 20 a AN 115
JRERHE SR 10 a AR AAFREERRS. U
BHLEAE B R R W, B AT H 38 & DK B R e o
1M Bl VK AE R 0, EK R LR R, &
MK E, X ER IR ER OS8R KE
TR RS, HR 20 a AN TR B
B, A R -39 5 B B
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Fig.2 Soil quality index of two scoring models

based on minimum data set under different
vegetation restoration types
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(PCA) FREUSHIRE R Iabr AR T 7 2, 4k sk 8
RS TRIRAE (R 4), RAmRTE, ST %
JR B VPN T bR e B AR 1) T AT T

WIS 3 AR, PR R RPN R N fe s b
KPS AN br e B 5 2 R A M e o AEER VPN T
2 (E 3a) [BIHTREAN:

y=0.722x+0.138 (n=92, R>=0.911, P<0.001), Z&M: ¥
W5 (B 3b) [BIHTFEA: y=0.812x+0.095 (n=92, R’=
0.866, P<0.001), M1, y MELEHIEE, x TR
s .

FTF MDS JELRPE VPP v 3 =R 50 (SQI-NL)
ARALIXTE] 9 0.070~0.829, 48 57 ZRHHN 40.65%; T MDS
LRAEVPAN Tk 3 R 4R L (SQI-L) AR4LIX [/ 0.103~

0.744, 5 ZB0N 36.81%. HIBLAIH, AHELT SQI-L 7
%, %:T MDS 1 SQI-NL 771215 2 1) 328 g & 48 H0 b
DX TR) AN AR S R ERR, U B % g ont 3R AR R AR
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£ SQI-NL A1 SQI-L MiFt ¥ 777% F, TDS 5 MDS #£
W IEAHE, {2 R* 439108 0.911 F1 0.866, illid SQI-NL
THEA MG RO EA, R R R, e
5 %X TDS AT L3 & VPN .
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Fig.3 Relationship between minimum data set (MDS) and total
data set (TDS) under two evaluation methods
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Soil quality evaluation for reclamation of mining area on Loess Plateau
based on minimum data set

Li Pengfei>*, Zhang Xingchang®*, Hao Mingde?, Zhang Yanjiang®*, Cui Yongxing®>, Zhu Shilei*
(1. Upper and Middle Yellow River Bureau, Yellow River Conservancy Commission of the Ministry of Water Resources, Xi’an 710021, China;
2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese

Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 3. University of Chinese Academy of Sciences, Beijing
100049, China; 4. College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: Mineral exploitation affects soil quality especially in the ecologically fragile areas the Loess Plateau. The quality of
soil can be improved by vegetation restoration. In order to reveal the changes of soil quality in the process of vegetation
restoration in the reclaimed land of mining, we took Heidaigou mining area and the surrounding natural vegetation restoration
area as the research area, and selected 21 physicochemical indicators as the total data set (TDS). The minimum data set (MDS)
was constructed by using principal component analysis (PCA) and Norm values. Two evaluation methods, non-linear (NL) and
Linear (L), were used to evaluate the soil quality in this study area. The results show that the minimum data set include
percentage of silt (Silt), organic matter (OM), available phosphorus (AP), sodium adsorption ratio (SAR) and microbial carbon
(MBC). It indicates that in addition to conventional nutrients and physical properties, soil quality in this region is restricted by
salinization and microbial biomass. The order of weight of MDS was: MBC (0.241) > OM (0.235) > AP (0.193) > Silt (0.174)
> SAR (0.157). The applicability of the two evaluation methods is verified and we find that the overall spatial pattern of soil
quality obtained by the two methods is similar, but there are still differences in details. According to the analysis results of the
two evaluation methods, soil quality index (SQI) were all significantly improved by vegetation restoration (P < 0.05).Under
different vegetation restoration types, the average value of the SQI-NL based on the MDS was sorted as follows: natural
vegetation restoration land (NL, 0.587) > shrubs reclamation for 20 years (RLS 20, 0.479) > herbs reclamation for 12 years
(RLH 12, 0.455) > shrubs reclamation for 10 years (RLS 10, 0.453) > herbs reclamation for 20 years (RLH 20, 0.424) > arbors
reclamation for 20 years (RLA 20, 0.364) > and unreclaimed land (UL, 0.262) (P < 0.05), the average value of the SQI-L
based on the MDS was sorted as follows: NL (0.522) > RLS 20 (0.444), > RLS 10 (0.412), > RLH 12 (0.401) > RLH 20
(0.400) > RLA 20 (0.326) > UL (0.228) (P < 0.05). In summary, different vegetation restoration years and different vegetation
restoration types significantly improved the SQI of reclaimed land of mine areas (P < 0.05); however, the SQI of all reclaimed
land has not reached that of natural vegetation restoration land, which indicates that the soil quality restoration of reclaimed
land of mine areas is a long process. Since the SQI — NL method has a wider value range of SQI and coefficient of variation,
this method has better applicability in this region than SQI-L, this is because 1) in the case of a wide range of soil quality index,
the identification and classification accuracy of soil quality can be improved, which is conducive to the accurate evaluation of
soil quality status and the timely detection of problems; 2) the coefficient of variation represents the sensitivity of SQI to
changes in different environmental conditions, the higher the sensitivity of soil quality index to changes in environmental
conditions is, the clearer the influence factors of soil quality change can be reflected, thus more effectively guiding the
scientific management of soil quality improvement. Under the SQI-NL and SQI-L methods, the determination coefficients
between MDS and TDS are 0.911 and 0.866, respectively, indicating that MDS can accurately replace TDS for soil quality
evaluation. This study summarizes the MDS and soil quality evaluation methods suitable for the reclamation soil quality
evaluation in the mining areas of the Loess Plateau, and recommends the future research and application in the same area and
soil conditions.
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