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Abstract: The coupling coordination relationship between vegetation and soil is a critical factor influencing
the ecological restoration effectiveness of abandoned mines. This relationship holds significant implications
for controlling restoration costs and ensuring sustained recovery. However, current research lacks investi-
gation into vegetation-soil interactions during ecological restoration of abandoned mines within Giant Panda
National Parks that have critical ecological conservation functions. Therefore, this study selected a typical
abandoned stone quarry in the Giant Panda National Park as the research site. Four artificial restoration
measures were implemented. Through vegetation surveys and soil sampling, changes and interrelation-
ships between vegetation and soil under different restoration approaches were analyzed. A vegetation-soil
coupling coordination model was constructed to evaluate the synchronicity of restoration progress between
vegetation and soil. The results indicated that one year after implementation, significant differences were
observed in plant community species richness and biodiversity indices across different restoration meas-
ures, with the slope-terraced grass-shrub-tree approach achieving the highest comprehensive vegetation
score. Soil indicators, including pH, available potassium, available phosphorus, and nitrate nitrogen, also
showed significant variations (p<Z0.05), and the terrace grass-tree approach yielded the best comprehen-
sive soil quality rating. Plant community diversity indices exhibited a highly significant negative correlation
with soil pH and a highly significant positive correlation with soil NO; -N content (p <0.01). The
vegetation-soil coupling coordination degrees under different restoration measures and the control group
ranked as follows: natural vegetation area (0.82) > slope-terraced grass-shrub area (0.66) > slope-
terraced grass-shrub-tree area (0. 65) >terrace grass-tree area (0. 62) >>sloped grassland area (0. 25). The
sloped grassland area was classified as moderately unbalanced with vegetation loss, the terrace grass-tree
area as preliminarily coordinated with vegetation lag, slope-terraced measures as primarily coordinated
with soil lag, and the natural vegetation area as well-coordinated with synchronous development. Among
the four restoration measures, slope-terraced approaches promote biodiversity recovery and enhance hydro-
logical regulation in abandoned mines of the Giant Panda National Park, with potential to improve carbon
sequestration and habitat connectivity.

Key words: stone mines; artificial restoration measure; vegetation restoration; soil remediation; coupling
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# ¥ 55 [Reineckea carnea (Andrews) Kunth] (F42) 0.073
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RURBBEIR (Pteris sp.) (BRIZ) 0.073
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5,2 (Coriaria napalensis Wall.) GEAKZ) 0.359
B T8 (Rubussp.) (EKRE) 0.058
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a5 (Buddleja lindleyana Fortune) (HEAJZ) 0.295 0.087
WKk (Carya cathayensis Sarg.) (FiARJE) 0.106
Mi¥s (Pinus tabuliformis Carriére) (FFA)Z)
2% (Coriaria napalensis Wall.) (FFAKJZ2) 0.054
SL TE SH ST CF
ZR 51
B1 AERERETENYMHNESREE
4 ARGRERETHLEELER
ER N IR/ cm MW SL TE ST SH CF
pH {H 0~10 9.07=£0.03a 8.34£0.02b 8.08%0.01c 8.03£0. 00c 8. 0840. 05¢ 7.762£0.05d
10~20 / / 8.12£0.03a 8.1140.01a 8.14£0. 06a 7.70£0. 12b
KE/(geem ®) 0~10 / 1.6240. 04a 1.4240.07ab  1.41£0.03ab  1.142£0. 06bc 0.89=£0. 08¢
FKA/ % 0~10 0.164+0.00c  0.2240.00bc  0.28-+0.02ab  0.3340.02a  0.34+0.02a  0.32+0. 04ab
10~20 / / 0.23%£0.00b 0.33%£0.00a 0.36=£0.03a 0.24+0.01b
HAHE/ (mg - kg ) 0~10 3.9340.50c  6.0340.84c  13.7240.45b  12.0740.17b  33.3840.28a  12.8440. 28b

10~20 / / 8.104+0.22ab  8.0040.73ab  9.84+0. 56a 7.1340. 45b




% 54 F—, F. KERMBEARAEFT LMK LS LEMESLEZHR 9
Bk A
E=La FHWE /em MW SL TE ST SH CF
WA/ (mg e kg™ 0~10 49.50+1.15d  249.25+0. 14b 480.13+13. 64a 118.25+13.57c 157.58+£7.07¢c 145.08+14. 52¢
10~20 / / 263.7544.33a  78.7544. 04c  96.8840. 79bc 122.50+13. 96b
W/ (g kg D) 0~10 17.5040. 38be  9.824:0.35d  6.7940.60d  23.5970.69a 20. 14=1.39ab  14.9240. 08¢
10~20 / / 6.2540.77¢  22.74%0.18a  21.6140.33a  13.68+0.23b
L8 /(g kg D) 0~10 5.9840.35¢  11.0840.07bc  24.90+2.38a 11.1541.03bc  8.6141.20c  15.2471.26b
10~20 / / 22.3543.47a  13.1543.71a  12.2020.69a  12.84240. 05a
L%/ (g kg D) 0~10 0.1040.00c  0.4140.00bc  0.8840.09b  0.78+0.09b  0.56%0.03bc  2.67%0.21a
10~20 / / 0.5440.07b  0.6840.03b  0.4640.03b  2.50%0. 14a
AR/ (mge kg™ 0~10 5.1540.21b  2.0740.10d  0.7840.00e  2.8240.00cd  3.5540.08c  8.71=0.28a
10~20 / / 2.0940.06b  1.91£0.17b  1.1740.06b  13.75%1. 24a
MER/(mgkg ) 0~10 0.3740.01d  0.7740.20d  6.1940.51c  14.10%2.09b  21.5741.09a  21.9440. 20a
10~20 / / 1.6440.10c  6.83%1.10b  5.7240.84bc  12.28=1. 16a
HHR/ (g kg D 0~10 1.2040.14d  4.1540.25¢d  9.48%0.91b  6.6540.27bc  5.6620.0lc  26.96%1.22a
10~20 / / 5.3240.01b  6.4940.21b  4.960.09b  22.1141. 46a

T R RUE NI E ARfEE” n =3, RN FRIIRZRA G2 L. MW, SL AR 73 J2 BURE B9 2 1.
2.3 HEHESTEBEREREXES R

M 2 W, S R
Simpson ZFEHEFEE Y B F & B

Simpson ZHEEFEEC S HIEE K 2W B E EMAL, 5 HEMER
0~10 cm 1 10~20 ecm 12, M FEFTE S LIEL A BEEA LA VLK S 6 2 0% 58 F EAHAC (<
0.00D), #F 10~20 ecm )2, Shannon-Wiener %% . Simpson ZHEMIEH LY M F & FE S HEMERA S

B B IEAC (p<<0.001) , Simpson ZAEMEFE 80 1 e

FEEE L pH 2B MK (p<<0.0D),
2.4 EH—TEBESHAXR

HiP 3 WA, il

it 3R o A AR AR T A R
FRAEFEARRI 1 S F a0y, H B 250k N 92. 56 %05 + 1k

SRLECRNSEE R O S ARG

AR B B I U DG (p<<0. 001)

MR A 83. 26 % . TEAHBLERMESE A5 P, 2 A (H f% K K35 45 4 Shannon-Wiener $8 %0 (0. 259) ;
Frrb, 2% B K 48 b ok A MUK % 1 (0. 104)

HEAL . R bR AR 9 18 b S0 - 0T AR i 45 S8R 3 i SR AT

25 s, gt

EAEFERA 22 5 . MR SR &
OB B X (SHD > 5 #L 5L —F7 X (TE) > ®F FL A X (SL)
AN ) A i it DX S % B A o — H B R SRS A B2 0.36~0. 99, K/NIF k. CF>SH™>
A P BE S 0. 256~0. 82, K/NMIF N . CF>SH>ST>TE>SL,

SH>SL,

TE>ST>SL;
L RIS ECRR

31 FERNKE,

SR A £ P B 5301 1 A 5 - 05

FAETE b Z B FEAE B E A 2 ME . 72 0~10 cm + )2 #, Shannon-Wiener 8%,
543 pH {H 3 20 W3 5 (p<<0.001);
IR A IE AR (p<<0. 001,

Shannon-Wiener 1§ %% .

1E

1y fif

fEE =1 B9 U0, A #
AR R AR LB I 2 A Ty, H Ry 22T
Tt HERAE 95
ik 5 b 2t
I3 T AR ORI L R £ 5 AT AN R E

A T R A2 48 it IX R 0 IR A 5 S Y 25 5 AT A0 48 B S R S P O R

friw

P8 B BURAR O - A SR AE B X (CFD) > B -3 77 X (ST) >3

CF B 5 Op 80 A 1 8 ] 20 0

g RHELSEG

PR KR Y

. CF>TE>ST>

Horp, SL R
TE. ST #1 SH #: #3458 T 91 & th 25 (TE RAE g 5 8, SH fil ST v 8 5 8D,
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0~10 cm 10~20 cm

EARE

<]
ﬁ
B
_H

HEHEE -

*HEE -

EKE -

pHIE

T
S. E. D, H2r 548 ¥ 4% B | Piclou 35 BE4E L. Simpson Z K PEHE 8. Shannon-Wiener #880, Tl * . » » | * » » R FR
E p<<0.05, p=<<0.01, p<<0.001 /K L W2, MW, SL A 40 2 BORE A9 45 14 .
B2 AREKEHETEHRS DEFMEHEXE

BENmEE
E
pH
WEASE
D WAL E ok
a. M SRR E Fa 3 b, THAFEHE AR TS5
B3 AEAREEBETEHRS T EBEERINERER
x5 AACEXEBETHEHE—TEREXE
20 51 f(a) g(y) C C, f(x)/g(y) AR
B AR X (SL) 0.10 0. 25 0. 36 0.25 0. 40 v RE 2 R AR B 6 25
BT TR X (TE) 0. 37 0. 47 0.93 0.62 0.78 ) L5 T VAR e i R
I BB B X (SHD 0. 50 0. 41 0.95 0. 66 1.24 W A e S R
W OB R TR X (ST 0.63 0.42 0. 81 0. 65 1.51 W19 P A S e R
A 2R HE B X (CF) 0.71 0. 65 0.99 0. 82 1.10 B 47 i 8 A e - 9 D A R

T f GO MBI R g () 0 BB RN sMBG C MM HIRRGEMA . C, MW LIRRGMA hRE.
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RJ
3.1 FEREEETEYEE SRR

O R T M LRV RE TS 2 R O AR T . B2 0 BRI X (MWD 41, B9 1X AR [ 46 52 48 it 49 45
ORI T B SRR P . e FUR T M 3 B B, FE AR T AT T A B A 1L 06 L g AR e
Ve, ARIRMREHEHE T . Y Fh = 5 B R 0 A A (k22 5 035 L 00 B AR 1 20 8 K 22 L X 3% o 4k
L R T UK L O TR X (ST M 9 = B R 5 R K T BB G . i T Rl 25 T
R+ A R TR IR KA AR TR R A R, 2R A Rl LA R Tl R
K. G LA AR TE R, BT T A R L ST R R R A A R,
FORBR, 403 AINEE S, WEECAE . WEEIE N, BT TR £ 08 TS R R R L 3 2 3R
BESE BV . ERH R, AT SR TR BBV SR L OB 25 X (SHD BE M 4 B 41 R0 b B TR O
. BRI, P, OO AR R, BRI, IR SH AR b A — R K LA
J1. BB R TR R R AT B R AR P B E A R R AR BT R T L AEH 0 R AL
F7 25 12 X Sl BV SRR T [ MR AT . 0 M B X CTE) BE M0 AT 77 7 400 B TS 1 — 4 2k 25K ) 22 76 2B
B IROKEE S R EE X R R R O S 4 B, DRI B L RSk . e
T MR ot R O 2B 1, AR IX (SR S b o B BN e T I A R Ol 3 s Lk 4 4 4k
S SR R ORI K L 0 A R TR O T A A A BELTE T LA S e i 2 B R 2
I 400 5 300 R0 L 0 26y T R S AR I AR R RE ) Rk EL B S AOR AT PR VSV . R R AL R
R | AR A R AR, R A IO R R B A AR, — B LR T A Rl AL R
SL BEHAT — B AR T 1K, T ) A I T R M 0 0 R 32 T 0 R S 4 MUK SR ARAE 2
VR R T, A R [ 52 4 P T S O M R R R E R B A R, X — B 5 A
5T Fh T A5 406 5 18508 I 00 8 20 SR — 30, 92 W 4 B0 0 R S 4 2 A 0 BT AR T S AR 1
B, ARBFST TR K S HE T RS R 22 B W, R R TR R T B R T, 3 B A WA A
2 KA A4S TR0 VR R T R M AN L (LR B X R B L R 2 R O A R I T R — o R
S, ORI R MU R T B 2 S SR MO B0, ASIF O B SR N S AR AT 0 HL AT . R AR SR SR ST T 4
R TR 3 5o R 2 4 AT OE
3.2 AEMEERTLEELEROESR

[ 106 548t % 80 9 43 B 5 40 2 M B R A 25 S o A e TR IR A A 2 R T
T i 2 B AR, R 0~ 10 em A J2 . AR T R SR S 1 B X (MWD 450 B4 it X
W 9 pH S WA . b K B TR S L R R R O i KO R 3, - A A S
S EFRRAECT B S DX R U T 0 A A D R R M N, L b A LA — o K
PEflE, (B T 2K BHE RIS X (SL) RE M A9 + 5875 T 5 25 05 LM RE b L 2 W 0K B e
T b I SRR . P RS T b M S RUK AN B, AR KRR A R X
(CEOREHYIF 2R 80, AN T3, MWW A KRS, AR T HES . RESAMEWS. i
VR 52 4 G X TR 4 B T AR R B X (MWD RE L s B3 X - S L e i T B M X
T 2 K U i ) S0 0 BB (B T B R R X 2 R R e b A T B
HAE KR

TE R VR JE 2 ] 398 I (R B b J2 VR B A 00 T T 5 . K 7 Al 4R 15 2 A A 5 1L
7% BE 1 S B M M A v TR 10 BT 5T 45 SR — B, AT AR SR T 582 RO ) B 8 0ok T K R O ) b R R B
W, SEORIE L pH BT . TR R B R PR R B T Bh 3Bt R k(R A B
0T S T D A A AR R SR L SR LT R R TN L R K S X e A 2 R i
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FARE R IERIZ(0~10 e, ARBFEE R 5 00— 80, T 0 56 4 o PR S S T AR L AE R e 300 A%
WARE, RHEAILR . REEZRETHED MR, miMED B ENAILY EZER T+
HERRD D, AR RS AR DL AR R B B 2 R R 0 B A . B Ah . AR B
FEHER A FE Lk = VR )2 BOHE . 5 B0 HOREAS S B, SR e 3 R 43 )2 R b 2k e A TR IR BE )
RA M. AKs TC 3 38 ORI (0 RE a9 A VR 2 20 A, DABI A TR 2 B R A 19 — 8ok 5 5 S iR 58 1% AR 1k
R T DL B T BOHE — Btk .
3.3 HEHETIESENELE

AR AN A B R A5 e, AR S SRR IR AR AR AR AR N AR B A A OGP . R Z(0~10 em) +
5 pH {6 5 M YRI5 2 AE PR 4R H08 S0 2 0Ok OC, SR WD 1 SRR AR T v s BRI AR 2 AR S A B .
JE AT REAE T ok @ 0 pH (E S M I ) 35 008 SohE . R e v R R AR, SR RS R ) S
Hefe. pHERY], REESKE A AERKERE EMC, BAES/KERAUN X B, YR R X 115 5Kk &
(1 5% 0 5 O i ), Shannon-Wiener 54, Simpson ZFEPEFEEUR Pielou ¥4 IS EU S K2 £ HES K &2
Mo B35 EAH G, RS KAE Y R /K B2 700~1 300 mm., BHE b AT W 2 Al 2 K5k H 3% X 3 3l 4 XL
A WKL iR PG E B R, AU DR R KA RS Pt 38 B oK AT 2 R o A b A K i
%, Pielou ¥4 FEAEHCE + 3 Sk R0 B E IEADG, X 580445 R o &5 A . nTBER I oh 78
SRR AR THEEERKEE . WOYRE STy, (582 ME AR, Wmies T amis i, o
TRV, THEAGNR S AR SHEMFIEXREY ., AREHEYLFNRETLR. ZHEARAS KRS LEE
s E A HURRE i 0 R R R A, JF Tk IR SRR YT . AR R EE S, £
AR (TN . #EE(NH, -N) | 5B A (NO, -N) KA LK (SOC) % & 5 Shannon-Wiener 5 5014 Ff 3=
WEH RS EEMOC, X ETREN SR S R R S AR A, B T S R YR Y
AR, #Emfest 7 AN S AR R [FE, AP I AR A A I 0T X W] 8 28 /028 04 W 5 s
EHEES, XMERY KT IR FEAMANEE, B TR E S, #F—2 8T Shannon-Wiener #8505
il =F B
3.4 HEWH—TIEEE X R X R E 8 E 8 N A

F R AT (PCA) SAHCHE T s S R W, B MLk . 20, pH (B A1 24 202 52 i Al gk 2 1Y
TR T, X ANIE PCA P HAKRSNE, H5HY 24848 50U Shannon-Wiener #5481 .
YhFE B SR EAMC, CAMERY, HIEAVLR M BAE N IEM IR E WO, 5 1IE
Yy BEAN A W) v B U AR OGN L ARBF A . A HLER B AT T AR X SR EN X st X
AR AR ST KA B T SR S, X P 22 S R VR T AT M XL - 3 A i DA R A A W 2 R
[, +48 pHE S W H R W B RMBUED W MAZEENMEY T AN EEZEZIEE, KRN
O figp A A PR AR o AR A R R ) R

KRB ] 588 b 2 540 AT LR 52 IX AR AR 5 B 3 R 4 A T R iR K P, AS TR &2 4 it T — 35 1Y)
A DM C RAFTER R E . HARME B X (CF) iR & D0 B2 de i o B R AF DR K o RHBECREAS X (SL) [ 4
LR A VR 5 BOIK T H A AR b, 5 R TT BB R 0% 1 it DR 2R R R — | W R IR (IO AT 4 R R
BB, MR A BRI A R R SRR, BRI AR e, S EUE B U R S R SR R R A A 25
1% 5 ] A AT R b R XN O S M AV S A SRS M B A A R — B B MR- TR X (TE) 58 ALY
WA S, R AE R, K IEAE HIEIE ), (Al TR R 0 B3R 2 20 T5em, e E MY
V% S5 A0 2 ST 5 SR AT AT By TR A A S B RO B X (SHD | 3 el TR X (ST 7R A 9k
KB WIS A, AR SRy, BB ) it AE A B AN T Ok, B R ik gz . Wb
6] A A R TR (RSO, Nz RS FEAL, S B R AT N,
T B SR A, N R A R S AR R A S AR R Y, Bl R R A
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B A R R B A TR A R

4 Z5ie

R BB 6] 2 el O A0 0 L0 45 40K 5 48 it DX 90 e 5 AR AT 22 5 S o B3 o8 e e —E 7 XA B 238 5 AN 1
ke, YR E S . Shannon-Wiener 840, Simpson ZH 48 80 & 3 ML 7% X0 R L5 50T 75 4K
Fefm, AR HUSCH I S T AR (p<T0. 05) . 4 RS IE T AR KA . B ORs AN £ M
DAL T W1 G DM RPIR S 5 RFEFAS X (SL) J& T Hp B2 2% Vel R #5408 4 Y o o Sfe 7 K R A [ 58 bl IR 5 40 1 Wk A it
R, EUGHEIRAES2A H, Blof 55 5 P R B Rl . ISR A 18] A EL AN o TR R R T R S Y
s D05 Al B B SR O T i . LR R 7%
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