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Abstract: Vegetation restoration is a crucial component for abandoned mines in Giant Panda National Park to fulfill the
ecological functions of a “national park”. However, more research is needed on the composition of plants and the factors
that influence vegetation restoration in abandoned stone mines. Therefore, a typical stone abandoned mine in the Ya'an area

of Giant Panda National Park was selected as the object to investigate the plant community and environmental factors under
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natural vegetation restoration, analyze the plant composition and differences between abandoned mines, and then the main
influencing factors of natural revegetation according to environmental factors. The findings of this study reveal that perennial
herbaceous and shrubs are the primary plant types for the natural restoration of abandoned stone mines. A comprehensive
survey was conducted of 121 plant species, spanning 66 families and 105 genera. Notably, Rosaceae, Asteraceae,
Poaceae, and Salicaceae emerged as the main native pioneer plants, widely distributed in most abandoned stone mines.
These results underscore the challenges of natural restoration in such environments, with particle size and recovery time
identified as the key influencing factors.In light of the pressing need to enhance the ecological function of the Giant Panda
National Park, it is imperative to establish a restoration reference ecosystem. This ecosystem should guide soil reconstruction
and vegetation community reconstruction based on the park’s unique ecological functions. Furthermore, a technical system
for systematic restoration must be constructed. This system will play a crucial role in promoting the ecological restoration of

the park.

Key Words: Giant Panda National Park ; mine restoration; plant community; ecological function
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Table 1 Natural environmental conditions in the survey plots

s W Wk g DB PR e KA DRALI
Location Survey plot  Elevation/m  Slope/(°) 0% TV g s e ammual - itations v ter flow - Revegetation
rock/cm temperature/ °C o impact time/a
A LA I HN1 1921 35 150 T+ 10.09 932 #H 5
HN2 1921 45 150 Jt 10.09 932 x 5
HN3 2000 50 6 i+ 10.09 932 x 5
FHBIENHE S DF1 2592.5 45 4 i+ 2.02 798 X 5
DF2 2592.5 46 150 Tt 2.02 798 7 5
DF3 2592.5 40 10 i+ 2.02 798 el 5
FHPARE DLI 1637.3 40 50 i+ 8.16 807 % 8
DL2 1635.9 45 50 Jt 8.16 807 x 8
A AL [l e SH1 1883 40 5 i+ 10.54 962 % 20
AR B E SX1 1438 45 8 b+ 13.66 1033 X 20

HNI1—3 {04 B I B A R 1—3; DF1—3 {UR 5 24 S ZE & AR 1—3; DL1—2 QR S L BB AR ARE L 1—2; SHI AR F A0 5 L I8 e
AR SX1 R FE A B PR E P2 R

1.3 Gttt

K PRI ZR J7 225301 (ANOVA ) AT 25 1 00 LLURE ke o 2 6 B Wl S8 PR A 36, 50l 45 R DL P34 (E b fe
DR HRIR o R BRI G el A A5 R PRI e 28 Sy WA | SR B R AH G HEAT B AR 1 5
RIS 1 22 T AR AR SR 40 AT . 450 R T SPSS 24.0( Chicago Tlinois, USA) A48T , ik 3 K P15 5
4 0.05, 2K OriginPro 2021 ( OriginLab Corporation, USA ) 2],
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Fig.1 Plant diversity in the survey plots
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Table 2 Distribution of plant families and genera in the survey plots

THARE B EER A T JREL FEm Kb T

Survey plot Number of family Main families and the proportion Number of genus ~ Main genera and the proportion
t 7 2 9

HNI 13 WRRH(21.05% ) HFH(10.53%) | " B

RAFE(10.53%) W55 B RH(10.53%)
HERL(18.18% ) HFH(9.09% ) |

HN2 17 FAFH(9.09%) . BefaTREH(9.09%) 21 BRI E (9.09% )
WHRL(14.81%) HFH(14.81%) | N

HN3 17 RAFH(7.41%) . JEH 4FH(7.41%) | 24 iff;ﬁ;;;ig(ﬁjfﬁ
R TH(7.41%) AL BB AT

DF1 1 45%H(31.58%) BHMIFH(15.79%) | 18 HE(8.70%) MIJE (8.70%) %
WAL (10.53%) I 5RH(10.53%) )5 (8.70%)

DF2 16 BFH(15.79%) \#5EFH(10.53% ) 19 —

DF3 12 WAL (15.38%) 13 —
BH(29.41% ) FHEHFH(11.76%) | o

DLI 21 FAHIRL(5.88% ) L REEL(5.88%) 32 B TR (5.88%)

DL2 3 IR (50% ) 4 —

. B%H(22.22%) RAFH(11.11%) |

SHI 18 R (7.41%) ATTRHT7.41%) 2 o
HRH(18.52%) ERH(11.11%) |

SX1 15 RABH7.41%) FHHFHT7.41%) | 26 R IRJE (7.41%)
EERH7.41%)

Hit Total 66 — 105 —

2.3 RS MY o A

ALV A 121 P, —LEAETE A AR S50 T IR 50 1IR3 (3R 3) o A A IR HE44 IT 10
AR SRR T B R R SRR R AR R RARI G R Y , AR HE AR B 8 55 (B, lindleyana) |
WIS, wallichiana) 5436 (S. salicifolia) J%E (R. setchuenensis) , %4 EEARFY) I BF B % (F. vesca) TR
P (R. acetosa) S (A. argyi) EZEE (C. spp.) HEHFH (A margaritacea) \FEZWE3N-ZE (P. tricholobus) .
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xR3 BEHMEYSHE
Table 3 Distribution frequency of plants in the survey plots

e GEE/Lhe B I3 AREH A
Sequence number  Plant species Family Distribution plot Frequency,/ %
1 P #2.%5 ( Buddleja lindleyana) it R R} HNI—3 DF1—3 DL1—2 80.00
2 P HAE ( Fragaria vesca) PR HNI—3 ,DF1—3 . DLI 70.00
3 P45 ( Rumex acetosa) B HNI HN3 DF1—3 SH1 ,SX1 70.00
4 I (Artemisia argyi) SR HN3 .DF1—2 DL1 ,SX1 50.00
5 YL ( Salix wallichiana) WAL DF1—3 DL1—2 50.00
6 BRI 3|3 (Petasites tricholobus) HF HNI—3 . DF1 . DLI 50.00
7 G243 ( Spiraea salicifolia) SRt HNI—2 DF1—3 50.00
8 YT (Anaphalis margaritacea) Eap HN3 .DF1—3 DLI1 50.00
9 LWL Carex spp.) ARAF HN3 .DF1.DL1 SHI1 40.00
10 )45 ( Rubus setchuenensis) Rt HNI—3 .DLI 40.00

2.4 JEF LA AR R A
I 4RI, R 50 LR b R) SRR S A Bk 26 B S I PR AR K, S5 BV TEL R 0.029%0—55.67% , TEA 55 3
FEl M 0.009%—32.00% , B 75 35 5 Y5 Bl A 0.019%—48.33%, o, SX1 4 50 35 )% (55.67%) FIE A 35 1 (32.
00% ) Fe i, DF1 AYHEAS 25 B (48.33% ) ¢y, 1 HN1 HN2 \DF2 \DF3 DL2 f{7 55 5353 0.00% , b [ 5 55 72
g
F4 BERMEREE

Table 4 Plant coverage in the survey plots

VA R 4 RIS/ % R % AT R/ % A e ST/ % TR/ % FARTEE %

Survey plot  Total coverage ~ Shrub coverage ~ Herb coverage || Survey plot  Total coverage ~ Shrub coverage Herb coverage
HNI 0.20+0.00f 0.100.00d 0.100.00e DF3 0.0420.03f 0.00+0.00d 0.0420.03¢
HN2 0.37+0.03f 0.17+0.03d 0.20+0.00e DLI1 19.67+0.88d 17.67+1.45h 4.67+0.33d
HN3 4.3320.33¢ 2.33£0.33cd 3.33+0.33de DL2 0.02+0.00f 0.0120.00d 0.0120.00e
DF1 48.67+1.20b 1.00+£0.00d 48.33+0.88a SH1 41.67+2.03¢ 4.3320.67¢ 39.00+2.08b
DF2 0.20+0.00f 0.100.00d 0.1020.00e SX1 55.67+1.20a 32.00+2.00a 28.67+3.18¢

2.5 ASRIREE R T SRR E G AR S AT

F2IRAMAHNE AT A SRR (K 2) |, B35 B SARRE TN & (0.375) PR IFTH] (0.716) 2 8 & IEA ¢, 57K
i fEH(=0.391) JEARIAR (—0.735) St 5 35 0 AH G ER 35 5 11500 (0.454) AFEFER R (0.473) A8
T8(0.523) LU SR B[] (0.657 ) 5L B 3 IE A, 54K (-0.614) 52 1 35 A O ; B 35 B 59K & 1] (0.559)
SR EFIEMC, 5SEARAR(-0.717) 2 B3 0 G WFhF & B 54 (0.379) 2 0 3 A,
2.6 HEIWEH SRR E R H AT

DCA AR BE R R 1.7, IR A RDA FHF 40 B F SR IR BE S5 (0 0T B AR M e Wk 52 1) s, 235 21 7R 5
— Al RIS A R RS EL B 430 R 85.619% 11 11.53% , AR BE A 97.14% , T W [ SR IFBE 2 A% R gk &2 2L
A e AR LA R A 2 2 B AT B 1) RI R A R AR (R s (181 3)

3 it

3.1 RABMEIZR N FE R FA0 M8 L1 F IR IR S A A B

AR I 523 Bl ST AR A 1L SRAB DR AR ) B T2 0 224 A WA R (2D I3 A — A LR AR
EAS . TEATMET IIAHSC IR TS, R BRI B AR B IR 224 A sl R ) R R A v b o A e 2 R )
R OF HR B EE LR R A A PR AR B e R RS AR A
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E2 BAMEFGHSEFERENEXES R
Fig.2 Correlation analysis between natural environmental properties and vegetation restoration
* Fe78 P<0.05 MIEMEMR s * = IR P<0.01 FIEPEAR 38 ; EL. ¥ 4K Elevation; SP: 3% J& Slope; SWR : JK 7 K742 Size of waste rock ;SS: il 415 i
Soil status; MAT; 4 3] & Mean annual temperature; AP ; 4 [T Annual precipitation; WFI; 7K i #1 7 /£ JT] Water flow impact; RT ¥ & B ]
Revegetation time ; TC ; i 55 & Total coverage; SC : 7 A %5 J# Shrub coverage ; HC : 57 % & Herb coverage ; NS : #JFh %0 Number of species; RNS; ; #
R R Number of Rosaceae species ; PNS : RASEHY AL Number of Poaceae species ; SNS : AZHIFH %L Number of Salicaceae species; ANS;
F R R Number of Asteraceae species

E LT PR XSS5 R AR B SR AR L (EL SR BF S8 A 1 SR I S 3 A P b ke AR AR A
NI R LR AR O AT L AR 2 3k B o i T ) AR A W ADR P AR AR A R 0 X S
FAR AW FAAE—E 2257 , X ] BE S HIF5E DAl 30 22 S RN 5 | S 1 SRR A2 3 A 2 S A G A G A2
T EERA MBI

AT A SRR A AT 66 1105 J& 121 Fh, WM&, H 3 2L SARHY (55 35 00k 4
BERARE IR, WFFE R Z B AL R AZ IR Al LU= A B e B R i1 (5 g B 45
F4 AT LA FH XU B6 , A B0 RV RR RO 5 PR3, Wl Re e o i A b R 520 LU A 250, 31X 5 A
FEHABHAIRABHEY) &8 2R BRI A R AL SR ORACRE R ) T B RN A 2
R sl TR IR R0 MR A T T AR SR HE T A b R R L 2 A AR R
B3 N, X AT GEHLIR AT P RE ARARE A iRE SRS AN RIS R R B A MOCTE R IR R, K Ag
Jh FE 2R A Dl A R ST LAV S N e & L0 AR BB RE RAE A HIRE G Rk A T T A nT RE L A
RIS

0 LA IR S AT LA & Al s SR AR X S8 BE AR D RE % | DE R 20 25 AR e o) R G e &
PERTYIRETRDIRE Y (RS RN [ G A P HEA T AR IR AL S5 B AN (AN 5 2 5 W A AW A2 B il
I TR RE AN [ K Al AR S T B A, 0 2 R T S M R AR e S B ) M B A A R SR LR B
TE RV AR /N ELR L , AU & RO 2 SR A2 A B JCIA AR T R R 1 52 el A 25 DT B
UK A A 25 AR G /D R BB T2 BT O O RB M A9 JEE 3P D REVE S JICik R A LR A R DI RE , S SR LA 0K
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EWEBZZ AR, DEsESBE MELS Y6
Tk, 1.0
3.2 RAEM I 58 e B 5 A0 LA B P A2 5 M R 2R
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HIEEXR TIPS B, i e R A R KN i 5 1)
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PR3 FEE R, ROREAR I A I A I i 49 110 35T 68 D] Sy
G B BRI ARSM A I R G R 1R I, IR O A AR
JEFE T BE AR AERRYG I, B A HERUE B 1L R 254y
Rt [T P4 v, U A AR D K A A T A A VR 08
SRR . AP A5 R R K AF PR 5 4F Je 8 AR A 1L RDAT (85.60%)
FE A 55 B8 e BhATY SR B, TR A2 A4F PR 20 440 LLI AR 4% E3 SRR S S A R 1 RDA TS M 54
W ERAT LUK B 41.67% 1 55.67% , X RIWITERK IS HIH)  Fig.3  Redundancy analysis between vegetation restoration and
VT RS I T 07 1L 5F YRS 25 WA . natural environmental properties
X5 KB R B A4 A R kiR AR S OBER A9 RDA 3 BT5 DCA - 258 55 X4 1o 53 B
MR IKERIRRILL SEAT P s i o 801
AP IRGEAdLJR R A TR/ N R 57 4 *%“JZ%;,RDAI;ﬁ*ﬁﬂ]ﬁ@%?’yﬁ%;f{DAz;’éﬁjﬂﬁ;@;QQ
BE AR = 1, 9 B 55 A M0 LA 7E Y 1 4
A B SRS RAR K TR R AEBE ) 25, 45 5 32 BNV B, ANl BAE Y AR AT, DR L Ak A%
IERE R R T A A SRR AT 4 R LA AR L AR

A T B A K Gt oo R P 6 DR BB 1 58 Bl B2 3 A M 4 LU R A 1 SRR A 7 A T S e, K A Xof
MK S BA LA E A B TR SRR g A AR AR R & B AR S R G a5 s FEA K A i f
TR BYIK G3 AR AR (BRI A 25 () G RE R R AR R oK b VE TS5 87 1Lk MR 4 R R B A DG, 7K
AT LU BIC AR N TR b i AR, S BOR A0 LIRSS AT E , 1 B e A T RN IR R
R, H R AR TR A R IR R A (AT R R AR 58 AR S A I AN
SRR A SRR B F BN FR X5 DA 5 —E 25 55, AT A 9% % B4 A2 Ak T 5 | kS Yt B2 TR /K i B
RARAY. , Ve 2 T B P B T B AR o T R oy /D ) SO R  J 3 L  H R )  SRRR . AR F
FEX IR A T 1500—2600 m , 7E I DAk A AR AR A 2 8 LASIE AT 8 S il b bR 7 - o b ARORII B o] T 52 bk
R YRR Y A A R IR R DR AR PR N 2 TR L AR R R R

SR KRR E G A Bl HE 4 v DX R S0 LUk F SRAR B S S i R R 22, 38 AR S ek [) 79 52 i 7k
ST RIS HB AR RIS DR R T, PRI, 7 KRB I 5020 el B 30 Lo b A 9 1) SRR A2 32 BIR | 26 45 o e R UE A7 1O
T, RGN LT LA BRI RIS B TR RE A [ KA Pl AR S R G e B Mk 5 B R AR B 2 AL A Bk
RN S RIEA R SE B AE R RS
3.3 RAEM E A W R F5A A 1L i S g

JEFAME B R 237 2R AR AR RS Z B T BRI, FE AT kA v, T DE N T A e 2 4
ARG AR A6 52 b L RS FIAF B 254 5 38 G456l i T SR AR [ i 3 VA 5 17K &8 N T BB 52 H0 R T B
WL B T B T IR BAR SR S, R A IR — IR G HOR e AR A
PRI TR

TR ARSI R Pl A= S DB, B UEE T L AR AR AR A L DA JK RE A [ 5228 Bl AR B I A AR S R
Gk B, AL S IS RS (Reference Ecosystem ), /E N 1A SR E 5IHEHR TR H AR5 M) XA
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