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Abstract: [ Objective] The effects of restoration years on plant diversity and soil chemical characteristics of

alpine metal mine dumps were studied in order to provide scientific guidances for further exploring the plant
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succession trends and optimizing the plant restoration process of alpine mine dumps. [ Methods] The study
was conducted at the Delny copper mine, Guoluo Xizang Autonomous Prefecture, Qinghai Province. Plant
species composition and diversity and soil chemical properties of ten alpine metal mine dump slopes varying in
recovery years (1—12 years) were measured by quadrat survey and soil chemical analysis. Relationships
between four @ plant diversity indexes (Patrick richness index, etc.), eight soil chemical property indexes
(total nitrogen, etc.) and number of recovery years were determined. [ Results ] The number of families,
genera, and species of plants at the dump sites increased with increasing number of recovery years due to the
continuous invasion of natural plants. There were differences in plant species composition and community
characteristics of the dumps in different years. The Patrick richness index increased as a power function as
number of recovery years increased. The Shannon-Wiener diversity index, Simpson diversity index, and
Pielou evenness index initially increased with increasing recovery year, and then decreased, and all indexes
changed with time following quadratic relationships. The contents of total nitrogen, total phosphorus, total
potassium, alkaline hydrolysis nitrogen, and rapidly available phosphorus initially increased with increasing
number of recovery years, and then decreased. The contents of rapidly available potassium and organic
matter increased as a power function as number of recovery years increased. pH value decreased as number of
recovery years increased. The four a plant diversity indexes were positively correlated with the contents of
soil total nitrogen, total phosphorus, total potassium, alkaline hydrolysis nitrogen, rapidly available potassium,
and organic matter, but negatively correlated with the contents of rapidly available phosphorus and with the
pH values. [Conclusion] When the recovery period was 12 years, the plants in the dump area were still in the
successional development stage and had not yet reached a stable state. There was an obvious interaction
between plant succession and soil nutrients. It is suggested that high nitrogen, high phosphorus and low
potassium slow release compound fertilizer should be used for plant restoration in mine dumps.

Keywords: alpine metal mine; dump; artificial vegetation restoration; plant diversity index; soil chemical

properties; plant succession

W I £ 37 2 AR i BT A L = A L SR A HE
FPE PR B 55 R R A AR AR A PR e
559 02 WU ARl K T ARk R AR et S R A T A e
AL X 22— N HE 35 A AR R R X L AR 2
PRIZ IR0 AR iy T 2E M X 45
YA JZ LN TR L D HE i A SRR SR T 1 i
B A I 8] A 8 52 BUHE 37 A K A2 e ST IX A
AW TAE FEERA A T IR A 0E . N T Al
Pk S R A DX 95 A S BRI RE AR AT
LAY iR A XA 25 RGP IR % L 38 T LA A R
LRSS R B A g AR R T X AR AN R G IE )
KRBT ONTAE IR S W) ) A W A R R 2
N TR R - BEE A YO8 1T, PR R
LD B0 A AR AR AR AEL BT 9 4 0 b AL i 5 45 4
S RAAL AN R R B R VR DI RE R A S R R
B2 R AEARAEI  DR BT B RS TR R SR AE BR A R R
F18 R 400 5 A T A P A A WL L 0 o 7 s ZE 0 DX
TG YIRS i R v ) W Bl S A N A W) 2 R P A
BLH 22 5 F B [ IR X 0 P A e i A M ] e 2 22
BEMAAREEL ",

T i FE Hb DX [R) 4K 52 4 BR 55 N A 9 0 52 HF 1
Yy e N T R ) R A0E R - 398 2 R 1 Ay T 1
ZHIFIE TN EEIFR 59, R Eg
X5 R e D DX R Y AR OR Ak e JE LA N TR A
) 5 AR U T JR AIE 9 2 S B A 0 2 4 PR A 3
N T o b A B (3 R B 8 (Elymus nutans ) 855 H
BB (Poa pratensis) )57 AW AER T — 151
M58 5 Y B B Wk T 8 AP s N TR Y i A
PO R b LR S AR R Bk, T DA T
b D PR e AL IR AL FE R A IR, W &
HEWEE T H AR X R TEY X kA
W12 0,2,4 a B9HE L AE Y A 28 ZREERRAE , 25 R R B
PRAZ B I 5 [ 2 N T % b Patrick Fil Margarlef §£
PR B0 AL G, 52 3 i A2 B2 R 1 %, Shannon-
Wiener fil Simpson Z 854 L & Pielou #4757 484K
B TR RE 4 a J5 35 3 K CF 5 J5 IR HE T ) b
Bt/ N TR A AR W) /b | 3 R 5 A A s
P H AL 1 4 1 A5 0 T X — AR IR A . 4 ST R
SRS BT T AN TR S AT R e S R A X i 1L A )
5 LSRR 45 R 3 W B A S A 0 A, A s A 1 B



112 7K R E

%43

Wit K S I [] 34 T 24 26 4 B pHL (LA » BB 4 o
EAE YRR 2Z T AR S 3 O 4 e T X T XA
Pk 52 i A v e S B SR IR A i IR T A SR R TR
PINAE T S RIS T TR YA XA ) 45 BRI A )
THEVE FRAE AN L 37 00 1 S 258 fh L 5 SRR W TR
THEFR R A R e AR A DL A PL
AEFRIE I R AR RS, L3 pH HZ W8 T ik,
T SR M XN T M R 7 405 R P b M I B A S AL
[ 1) 32 < A 32 TR A

L5 LTI AT O v FE M DA [ R AR R AT HE
37 F AR Al b AR ) AR R S A A A R AR D T
W2 HCHUS TRV EEIPITESCR . SR, A %
HE SR [R]F7 91 45 10 T i JE AT 1 HE - 3 4 A A
UE A SR 7 A WL T THT B A S AT 5 SR U i AT
il . W BA W2 SRR A L HE L 5 A
AR A M T R AR SC AT 5 T AT G ey JE B IX < J 4 1L HE
T RSB FEIRARRS B> JE T b AR I 5 LA
A AR O H G N PR JE K Z W 1~12 a
(4 HE 37 S W 50 G, DL 1) AR ik ) O 325 0T i
WE5T AR J7 I A B Al b, X5 25 K 2 W HE - i
i R BRI o JBE 46 2R I B AR AT 98 A 0 A 4%
PRS2 I HE - 37 b 2H R A ) 22 AR PR R AR O ok — 28
HVF o ZRAPEREBCS IR AFBR 9 OC R 5l i - e fh oy
FEPE R A o0 AR HE £ 3 - Sl e e S R R AR
FRAYIC AR L5 M W) 22 R PR B A G k. % 0
I 5 09 S Tt T IR AR I e JE A Ll HE - 3 4 ) 3
A =T I L YR E T 2R A &

1 XS

TEIR SR AR 0 T 75 o B AR AU, 7 g 4 S i
T B A FD 0 B R BLRE X Y, 2005 AR, BT IX
ST = VA = N s 9 0 W o e N [ L =
4 783.50 m, A S FEFE IR AT L iR S R 3 980.00 m,
WX 8 T e Ja R Bl P A, AR SRR — 1.2 °CL AR
FHREKE 733 mm, 2K E 1 103 mm, B
8 K@ T i SR X, 2 b/ DR, 22 0 e R A
H 2007 R, 0 Il ZFE T RHEE S A T E .
N AR S8 ) 39 5 0 A 0 e N 0% Ml L AR 2 F R
AR AWM WKE T L EEUE HIE T8 E.
BRI FE LA 10T SR o B 3 A Y R A 1
WLEEEE N 10 cm, BTXHEE A LR EE
LR ik 72 H I8 B Y B S0 R0 AR R AR e B0 BT i
BE 2020 4,0 X O LE 13 a R A EAE Y A1 T2
THRHE 9 N TR E TAE(ER D,

2 AR5 ITE
2.1 #HtFEYIAE

IS T 2021 4 8 A TEFE/RIEW ORI IR &
WHE 3797 1 R D7 P A g, 7 a6 X 3k IO
A3 i AH AL HAR I 735 0 1.2.3.4,5.6.7.9,
10,12 a 3% 10 N HE 2 #4774 GBS, A [ 4F R
HEL G EEAGE R IR 1 Pros, ok A 07 H A R 15 HE
TG Y P R bR BT SR R R A A AR
b R R HE 3 9 DI R TR S 3 AT
1 mX1 m BREETT A BE 8~12 m, #£J7H 100
AN 0.1 m>X 0.1 m (#4977 4% 2H i 3% i 5 1+ 55
A W) BT 5 4 23 7 T AR LA AL B3N DR ) B 5 T
L I DA/IN DA ) 2 o T B 55 0 T T AR 1 0 HE R AE
FEAEY) S . AR AR L i A Y
(VORI R YR L $ R B2, Hovh, B 2{H =400 09
Tl 7 S A S O SRl L B =300 . <<40 Y6 I W B A
SE A b AR R

KM o 22 B 1 38 B0 B VT A AS [R5 4 BR HE
T A YR T 10 W) b 2H R T RE RN 45 R Y S o L £
& Patrick £ 8 # (R) ., Shannon-Wiener £ # 4
R CH ") Simpson ZFEPEFEEL(D) ( Pielou 35]
TeH Ol Ho, Shannon-Wiener £ k£ 1 35 %L
il AR S A W R 1 TE e RS W E L S B E B
i SR R AR R A R SR BRI
J5 WA ) VP9 00 b ISR 72 AR5 2L s Simpson 22K
PEHE RO N — A A Wy A T v i 22 P OCfih AR P AT 3
HIA R EOUR T A 8] R A AL 5 Pielou $42) BE 48 #0dE —
AR RE 7 v A AR A A B B R S BCOIR B L S e T
SRS RECH 43 B 4 5 R B L E R OR L 25 W b
SrECERIG S WAl BAE (V) | Patrick 3= 5 B 45
B(R) . Shannon-Wiener Z £ (H') . Simpson
ZREME TR B (D) 1 Pielou ¥4 BEFE B () B A
S

N=(H,+F, +D)/3 (1
R=S (2)
H' —— 3P 1P, (3)
i=1
s
D=1—2> P*? 4
i=1
J=H'/InS (5)

Ao NOWREDT A « BB (005 H, IR
V) CAFETT AR @ 1T X B S R DT T T A
T2 2 M o B s By D ARG AR (04
NRETT AR ¢ BB SRR DT R T A 0 22 A



54 3

Vi 5 56 45 K A2 AR IR 15 7€ 2 B A LI A L 3 AE W 20 A 1 A b S A R A ) 5

113

AT s D, A HIA 3 B Do) BVRE D5 R A ) @ 1Y
MRS T P R Z M S

RFERE NP SECCRD s P, SRR R — P A A
PRECRNAE DT b T A RS AR R LU

x1 BEREVELARAMREERHELIHRERESELRER
Table 1 Dump information and sampling point coordinates of different recovery years in Delny copper mine
H1Y H1Y W/ Wiy / R/ Kb w L
WAL REZAER/a © <°> m ¢)) €3] (3)
2020 U motrz wn aaw NLEEY NCESTNaeng
2019 2 36.24+3.4 72 4 238.00 Efé;?;,,;ng” gfé;gjf/ijg” gfé;%?;lér?/
2018 3 32.24+7.2 45 4 180.00 Efé;g?:zl(’;” Efg;??:;gu Efg(??;/;;u
2017 4 37.84+2.7 30 4 400.00 gféo?;’/;;?’,’, gfgo?;’/;j’,’/ gféosz/slg/’;
2016 s ssar a0 aimes URSE Nwemse o Naas
- o wmssa a0 aowso PR Nwmse o Navasy
2014 7 28.5+7.1 42 4 073.32 Eféogg:jg Efgoiz”fg’,’/ Efgog,?/,fg:
o wrmasm aosem  WUEEY Nermue Nocna
o1 o smatizoam ez PR N Namg
2009 12 31.3+4.1 33 4 070.00 ngogfrfg Efgogf:jg: gfgog,?/,fg:

22 TEUZHELN

FEJ7 VRl A 45 05 AR AR 5 J) LR AT R R
. THERFER TR AR DT T I B AL R 3 S HORE
WA HIREMELL T 0—20 cm BWEE BN LA, KR
JE K 3 A BURE s IR A S AR 1 kg BFEAE ik
T5 AL A A HE R R 3 A . HEE
IR DL I A AR AR I B A A 2 A
B A R AR R A LT R pH (R B AR
BT EANTR L A E R 2 e B IR R I 5 4
K HIE A AL S il —BH B T L ik D s 2 BR T A
AR B R — R DG B VA I S 5 AR SRR P R
B AE s AR A 0.5 mol/L Bk R S AN 12 HE—4H 46
P ORI E 5 R R TS 2 S = 38— KM DG B ik
e 3 pHERFHE M EOKE L 2.5 « DIE;
AT BT R A TR A R
2.3 HIESW

T8 A1 UH 5347 o o3 A AN TR S A IR HE 37 3 o B
FE W) Z2 P8 HIORD - A2 e R 48 A 5 KA A B 1 O
A OGO B B AR AR ) 22 A 1 A O AL e
PEFEARAH G M. DL L3 A 3 R FH Excel 2016 #{F iF
17, Y 2R PR B0 138 Ak 5 R k48 A AE DG M 2 Bt
Hh AH G RR BE R A AR T WL OCER[24 ], SRR R

77 253 H1 Cone-way ANOVA, LSD ), k-3
HE W) 22 A P T8 ORI - 38 Ak 27 e M AR A )k & 4 B )
M5, R I 20 IBM SPSS Statis-
ties 23 B AN, SCrb T I R b AR 0 e i
I3AT s KA G AR 2R H] Excel 2016 #4447 .

3 SRaR

A [E 1k & 5 PR HE 37 ¥ Fh 28 B R BE TR 4 AE

H e 2—3 Al a3 DA [a) 4k &2 4F BR HF - 3 4t
I 33 FhAE . GG 32 Fh R A W RN 1 Fh O OK AE
W.or)m 14 B 29 T . BEAE WA IR B9 3, HE 3%
GEE 7/ ROE NN b RN N VR ST R N Y
3 A B R R K AR PR O 1~12 a BOHE L
A 1 R AR AR 2 a i HOR 5
S (Pedicularis kansuensis) IR K AS [8] Pk 52 42 [R
He LG Y . L L TR 1~
4 a [a], 2% K 52 4 FRAE 1 3 2 8] 36 A ) R 5 1 o
1.864-1.67 F 1 ARSIy 5 a i, £ 9K 52 4 FRAE 1
Yz WA YRR E W £, Py 5.86 186 F,
Ul B o 2 1 22 S A AR D8/ e [BAEXS T 5~12 a
24 BRAHE L 37 19 ) Al B80T 5 45 4R FR ) 4 b 4 ACAR SR
FETE & 0 22 S

3.1



114 7K R E

%43

x2 MRARAEHREFERATFEDYMHE ST
Table 2 Statistics of plant species of dumps with

different recovery years in study area
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Table 3 Plant species composition and important value of dumps with different recovery years in study area %
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