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Abstract

Objective: To analyze the challenges associated with vegetation restoration on high-angled rocky
slopes in abandoned mining sites within Wenling City. Methodology: The “wooden strip + galva-
nized wire mesh installation + tubular vegetation belt + thick-layer substrate spraying” technique
was employed; soil covering and planting were conducted on the slope base platform. Vegetation
surveys were carried out across 40 sample quadrats established at five abandoned mining sites
with varying restoration durations (0.5~5 years). Results: 1) This survey recorded 132 plant species
belonging to 99 genera across 46 families, including 37 woody plant species (20 families, 28 genera)
and 95 herbaceous plant species (26 families, 71 genera); the Asteraceae, Poaceae, Fabaceae, and
Rosaceae families play significant roles in the ecological restoration plant communities, while an-
nual herbaceous plants can establish themselves rapidly. 2) There were notable differences in the
composition of plant communities across different slope positions; the tree, shrub, and herbaceous
plant communities on the downhill slopes exhibited higher species richness, greater height, and greater
coverage compared to those on the uphill and mid-slope areas. 3) The founding species for the tree-
shrub-herbaceous community were Acacia spp., Ligustrum + Indigo naturalis, Maka + Cassia, and
Pterocarpus spp.; the designed seed mixture intentionally incorporated a higher proportion of tree
and shrub seeds, representing a human-driven measure to promote the positive succession of plant
communities. Conclusion: The overall vegetation restoration efforts at the abandoned mining sites
in Wenling City have yielded favorable results; the taxonomic composition of the vegetation is rela-
tively diverse, with native herbaceous plants dominating the community, and the species compo-
sition and structure of these communities are gradually evolving toward a more sustainable state.
Since plant community succession is closely linked to the duration of restoration, the communities
within the 0.5~5-year restoration zones covered in this study are still in the early stages of succes-
sion; therefore, continuous monitoring should be conducted in the future. Through experimental ap-
proaches, tree species with high resistance to invasive species should be identified and deployed on
damaged mountain slopes or other habitats to better understand the succession patterns of plant com-
munities in abandoned mining areas.
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1. 51§

KR AT K R B ), RN VESI ARG s K E R 7 L, b mBesE LA
SET I Ry R BER AR, ) DX AR AR R AR K SR s 1] [2]. EIFR b bE s A B gt — Ead
W I AR A B U R3] ARk, E AN SRS W TR S A b 0 BE LA AR S B R
FFRT KEMT, BT EERES4]. MAESS]. B EEBBE 0], WHEaL[7] [8]. HBEH
01— RAIFAR, RBFFHEERE LR K ERE. SCEESHEE. MEFAH IR o E s
W R BUEE .

B BRTF AT, RGBS TAEREEIRT . EpG LRI R, M RIEEA
AEARHIVERT, JRHOREAR R Y, MR E CA R B G R PO PRI L
A IR O ARG 7, H A KR R A B A A B B ORI SRR AR, DR R N T A A W 2 ARFAE
SRR E R, OO A2 S U A 34 107

AR SC LRI T R IR0 1L B U AR SIS TR O 5, 8 X A 18 B 58 B IR X ST
A, SR Z TENESBERCIR, voyEbEE A AE SR HOR & Bk H R AR AR
2. HERER

TRIA T M AR A8 R F vE, 121°09'50"~121°44'0"E, 28°12'45"~28°32'02"N. [X 35 i) it 5L i J T 7 4
HRMIE, REEEGE ALY, KE AR WRNE . IR0 T AL T WL 2R B i K LA
R, RS ZAMARL KA R, REBGBWDHRIERE, BAAG LRSS XA = 5.
ZENGEW, ZHE T A RSIR X, FEHEKERE 1400 mm, FFWNREMIEECE 5000 tkm2, 185K A1 X 2
ORI A ME S L R A, KOS K& 12 A KTR I 5 XA AR 8.3%. MALHAW IR E, &
IRETRRE RIS 120 Mt, AR 5T 8 SR NG ATU M S 5 0 M 46 B R 2 TR 9 e e pt o G Al R 4
My By B T9. oy —ik, SRIRIE B ) I SR M SR IHTE S ) R, TR
28 ANKAEU SR, BEAZ) 31.8 x 104 m?, 5 1314 MR, BAERL 6 x 106 m®, 7EMIERE -
AU IRt 5 b o 2 el A S L A B 11

T 0% T R 4 e T R AR R ARG R, AT e I AR gk P AR S T i AR R S I
P X[ 12]. Y S A A X RKE, 2018 B NKRIEBN S SRR, SR AR O Ok,
KR 73 DX I N TR S AL A2 FRAL . AR AR HE B IR o BT AR AR AR 32 53 A £ V5 8
WX, GFREFAR. F SRR AR SRR AR EFRRVR ISR, PTAR. EREAERA, R E M. FE. AL
L B S5 (L e T AR

3. fiRFG=E
3.1. BEME

PAIRIE T 5 AN RFA L AR TR AR, Wi R SR A& B mih s it, M7 AR% +
PERPRR LM + EOIREEAE + BEEMWEE, SRS LA S8 LRI EAR . B EEY),
WK 1.

Table 1. Basic information survey for slope sampling sites

= L IR E R RIAE
eSS FEHLAAR T 28 #Eih/m RIS WeE W AR/m? B R /em 3R TSR]

1 S FITELY S < +4~78.4 40~45° JE&R 7990 15 2025-11
2 tarn) IR +58~263 41~49°  FPE. dER 77495 12 2021-06
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3 FeATIp AR +60~151 43° 7 32183 12 2023-10
4 TR S Ik e B +90~150.6 45° [E3] 27827 12 2023-12
5 FLE R +4~52.8 35~45° B | A 20045 12 2025-11

X T G BEAT MO R, S BRI R A B, T B ROREE B A AR X DL
B fa s aifa ., SRAABEVUEAT NG, SNS RSP MBI#: 2. HKRG. ZEepP R

E.
3.2. BIRER
3.2.1. MEERARFIEM

KRBT AL EREA TS IR A, (] 40 x 40 x 400 mm J7 A%, [A]FE 500 x 500 mm, %
WA B . (] 147 PVC BB REER 2 W, k424242 >2 mm, MFL Sem x5 cem. BRI ¢ 80~90
mm, ¥ 1000~2000 mm, i 18888k 2 404L7EM A bs 4TER 50 cm, AT I RACLE WAE 2.

Table 2. Vegetative strip substrate mixing ratio

2. EEFEREL

kLR =+ et WA SERE HHLAE g2H5E
MR 2 (%) 20 20 25 23 10 2
3.2.2. B L

KR JZFAA W 7 AT e . R SUACH] WA 3, MR AT B LR 4, R URIE

Yt 7N %, SRR S
I, PR YA T R A K

Table 3. Surface spraying substrate mixing ratio

3. BHEERACLE

T [IHUARE BN R R R T L, WS S N i R X A K R

MR FR L Vemt  HELA4E Bt WA AR BAEIE OKF KA
MEH & 100 kg 15kg 5kg 2kg lkg 5kg 30g 25g 130 g

Table 4. Engineering planting scheme

4. TIEEYRE
KA LELEZY S e = LW AR e =
5 SENNEARL T (Lespedeza thunbergii .
AR subsp. Formosa) Y@ gm?)  ZHELE FFW(Cynodon dactylon)  Fh(2 g/m?)
TeAR G (Leucaena leucocephala) — FhF(Q2gm?)  ZHEHE  EFEF (Festuca elata) M¥@3 g/m?)
EiN A& (dilanthus altissima) MrYQGgm?)  ZHELE B 15 (Medicago sativa) ¥4 g/m?)
HEAR AR¥E (Indigofera tinctoria) MrYQgm?)  ZHELE Y8 (Senna tora) 13 g/m?)
HEAR HIHR(Robinia pseudoacacia) ¥ (3 g/m?)
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TeAR 4 y(Ligustrum lucidum) FhF(4 g/m?)
AR B (Pinus elliottii Engelm.) — FhT(2 g/m?)
PN gl HiAR
AR JENT Bk (Nerium oleander) A
TeAR 1&(Camphora officinarum) AR
AR 1 ¥i(Photinia serratifolia) A
HEAR B IWFF (Jasminum mesnyi) EipN
HEAR NI T (Ligustrum quihoud) A

3.2.3. HEIEBRASK
YR s N ekl , BRELEE >80cm, MEETIA. AR, BLGHER., TEREANSL, MELE
50 cm, FEEEA. HUBER, WE 4.

3.2.4. BUERGRFFIP

&) 2 W R G % B A Bk, AR RN . FRVERL, © BaiERM, Bk DR B AR
ST RR], PRI, RAIEKE] 5 om MFER. @ WETGKIRY . @ HEFRY, BIEHIK.
RE. A R BEBT RS

33. MESE

2025 4 11 AF12026 4 6 A 2 YCRHNUAT pi K SRS 7 23 AT REHOA 28, SR REh A B 8 A
D, SAFEMATE T 40 ME o fERMEEEE B3 2 AN 3 3 AN 3 AMREDT s B B R
Yoo FEAFEINS 5~10me KHESSNRBR TR BEARFI A, W THEARIEZRETT KN 2mx2m. BAREF
JiRANA Tmx Ime EFETNREBEICREMN AR I LR, S, ERKEN. BORBETRES. 2H
WIRZ . 2. — M. Dy ARSI T 5. 4. 3. 2. 1 FEEME.

3.4. Gt 7k

M4 (RS SCRROE )£ (https:/www.iplant.cn/) 22 1) B AP 1) 73 A0 KR, 4 A E B AR EK BT
2 LM ARRMAN TR P& TT %)

HEME, KA E B EAV) N SRR B AR . THERETT AR A 2 BE(RA) ARG SRS
(RF). TR JZ HIAHN 2 2 FE(RD), HEAR)ZFEAZ FIARN 85 FE(RC), H LTS B & Fh ) B 2E . TR
JEVFhEEAE = (M 2R + AEXAEE + AR RE)/3 x 100, HEARZFIEAZYFEEE = (X2
B+ AEXSAEE + AR )3 x 100,

4. BEREDH
4.1. BHEMSELERR

PERETT AT, IRIATH 5 NI A E BB (0.5~5 a)Ja L BUREY 132 F, 228 46 199 J&, Hrp
B 95 B, 408 26 B 718, (HEEFE 71.96%, MEESHASORE, FEAMEYI N ARE
s WEARKY 23 R, )@ 12 B 16 &, (HHEYDEAEN 17.42%; TR 14 8, )@ 11 RHI3 R, o5
TS FRE) 10.61% 0 X2 B TR 06 T b A o IV R 5 3¢ ] b b 50 ST bl AR i 8 S b o PRI JRE X,
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TR E R MR Hrh AR 2 R R 14 8 18 M, HLUCNERE 13 & 14 Bl RAFL 9 J& 12 F
TR 6 J& 9 b, BefeRt 1) 6 Fh JBIEARL 4 & 5 Ay 2R3 8 5 A EBAAAEL 1R 4 R R 3 I8 3 F.
PHEB2JE3 M. AR 2 )8 3 A REBF 2 J& 3 Fh. KER} 2 8 3 Fhy SREAERE 18 3 F; Ahk
HMHA S 1~2 P 31 B HEBHY 67.39%. %F RARH SRVRIEEHRHE LS BB —YBEE
b e AL, RURA BN, XU TR T R R R R A, AR 5. K 6o

Table 5. Composition of families, genera, and species among woody plants with vascular bundles

F 5. HERAKEYR. B, MEK

B4 JE% Tk x4 B3 i

E F}(Fabaceae) 6 7 M Anacardiaceae) 1 1

7 RH(Rosaceae) 2 5 Jc &8 7 Fl(Sapindaceae) 1 1

AR E}(Oleaceae) 2 3 R Meliaceae) 1 1

KEF}H(Euphorbiaceae) 1 2 #pkEl(Juglandaceae) 1 1

TLHAF}(Pentaphylacaceae) 1 2 HARF(Cupressaceae) 1 1

Ly i % BL(Verbenaceae) 1 2 2% Rl (Malvaceae) 1 1

%l (Moraceae) 1 2 KA (Cannabaceae) 1 1

JeTkEL(Apocynaceae) 2 2 & FH(Vitaceae) 1 1

F B Urticaceae) 1 1 TLE Araliaceae) 1 1

#& %N (Lauraceae) 1 1 ## ¥R} (Smilacaceae) 1 1

Table 6. Composition of families, genera, and species among herbaceous plants with vascular bundles
6. HEREREYR, B, FhHEK
x4 &%k i B4 &%k i
% F}(Asteraceae) 14 18 i BH(Dennstaedtiaceae) 1 1
ARAEl(Poaceae) 9 12 A Bl (Aspleniaceae) 1 1
7 F}(Fabaceae) 7 7 i o5 % B (Athyriaceae) 1 1
LR Convolvulaceae) 1 6 ¥ EL(Apiaceae) 1 1
JEE AN (Lamiaceae) 4 5 FEA# AL (Campanulaceae) 1 1
FF}(Polygonaceae) 3 5 74 H R (Rubiaceae) 1 1
HEHA%l(Selaginellaceae) 1 4 P fiti Bl (Phytolaccaceae) 1 1
WEAL T (Primulaceae) 1 3 K 1T4F(Asparagaceae) 1 1
6 £} (Amaranthaceae) 3 3 F 71 FHCaryophyllaceae) 1 1
PEFEHCyperaceae) 2 3 2R FI BE(Nyctaginaceae) 1 1
+=£ 16} (Brassicaceae) 2 3 KEkEH(Euphorbiaceae) 1 1
KB} (Pteridaceae) 2 3 &7 FH(Lygodiaceae) 1 1
R (Rosaceae) 2 2 KREl(Cannabaceae) 1 1
Jif: % Bk} (Oxalidaceae) 1 2 # 5 B (Cucurbitaceae) 1 1
5 i FL R Commelinaceae) 2 2 % BH(Vitaceae) 1 1
4 Fl(Caprifoliaceae) 2 2
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Figure 1. The Baishanli Village abandoned mine before ecological restoration in Daxi Town

1. KEZEBUEREFI LESEER

Figure 2. The Baishanli Village abandoned mine after ecological restoration in Daxi Town

B2 KZEEALENEFT LESEER

Figure 3. The Panma Mountain abandoned mine before ecological restoration in Wuheng Town

3. EHEEDLEFT LWESZER

DOI: 10.12677/ije.2026.154064 591 A


https://doi.org/10.12677/ije.2026.154064

Tl &

Figure 4. The Panma Mountain abandoned mine after ecological restoration in Wuheng Town

E 4. ZREEDLEFTLESEER

4.2. BEXERS

TEPIREVR I 53 AR PEAE A AR K S Y 1) JE A S350 w5 B R i e R B VR 2R AL, I + E + B
FEEEFN AR AR Ll + R¥E. 2 #R(Boehmeria nivea)+ R HYT5. SRMEREAR. HARYFXT
AR EERE A R, A EAABORAE KT HRE 7 I e B A A0 B [ B ) g R AE ), R
R A (R e .

TEREH 1A S Ay SRR AR, ME#IRE 0.5a, TRARER L. BWER. fIFL, EREAARE. ™
R FREL(Smilax china), ¥EARZEH R, H 5T (Miscanthus florvidulus)« &N (Bidens pilosa)~ TNEK—
7 ¥ 4¢(Solidago canadensis) fi LAz . FEHL | AR 44 Fh, TR 7 Fhy #EAR S B, L 1. E 2.
FEM 5 A 46 M, HorbFefh 4 B, BER S M, B TIPSR B, WK 3. & 4. FEREH 3 A
4, BIRDARFEI, MR 2.5a. FEHL 3 Y 62 B, HA TR 10 B EAKR 130, EHEABAK
(Eurya japonica)~ 205 ¥ (Eurya nitida) S FA A RITRARIINAR SR AE TR AR BIR P38, TRt
BIMER, MBI TR G REARM B3a 4, DRIMZAE IR AL TR [\ TR A B TR E B B R 4 HHEA) 48
Fifr, HA TR 4 Fhy BEAR 7 M. FEFEHL 2 T, BmDhErE . JBAR, WIRRARECOR, AR 41°~49°, 3
FER, B0 K, BHARRIE AR, SRR E, EEWKE 5 a, HHEY 57 F, g 8
Fiy HEAR 13 F0, HEYIFEREBONEE, BERYBNH RS G5EWT a) RYEDT R R, WA 7~9.

Table 7. Composition and characteristics of dominant tree species in the tree layer

= 7. AREMBFER KA

15 25 35 45 55
M4 HEE wmEF 0 =HIEME ®E 0 =HEHE &F 0 HEH &SF 0 HEE &
(%) (cm) (%) (cm) (%) (cm) (%) (cm) (%) (cm)

2 22.6 2.8 21.3 3.1 21.7 32 / / 725 2.7
A 31.2 2.0 29.6 2.3 23.4 2.0 40.2 2.2 / /
g 14.4 2.5 12.7 3.0 6.2 3.0 15.5 2.4 / /
EhERAR 9.5 23 73 2.6 9.6 25 28.0 2.2 / /
v 7.7 2.4 9.8 3.0 8.3 3.0 16.3 2.1 / /

AR 6.8 2.0 6.6 2.1 / / / / 275 1.8
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Table 8. Composition and characteristics of dominant species in the shrub layer

8. EARRMB AR KA

=}

=}

=}

15 25 35 45 55

4 HEME  wE HIEE 0 &E HEE O SE  HEE 0 ®E HEE &

(%) (cm) (%) (cm) (%) (cm) (%) (cm) (%) (cm)

PN 30.5 13 25.1 15 243 2.6 33.4 22 33.7 12

LR 21.9 0.7 10.3 0.9 12.2 0.9 18.7 0.7 20.6 0.6

Law il 18.2 0.5 / / / / 21.3 0.6 / /

gl / / / / 10.7 0.7 16.5 0.6 / /

ATk / / 12.6 23 / / / / / /

Ei 14.7 0.5 9.3 0.6 7.5 0.6 10.1 0.5 10.2 0.4

5 14.7 0.4 8.7 0.5 8.6 0.5 / / / /
Table 9. Composition and characteristics of dominant species in the herbaceous layer

9. EARREME TR MAFIE
15 25 35 45 5%

4 HEE  &E HIEME &E  H¥EE O mE HEE S HEE &

(%) (cm) (%) (cm) (%) (cm) (%) (cm) (%) (cm)

TR 23.9 110 213 125 205 120 25.7 115 25.1 110

e 11.3 160 9.7 175 10.8 170 9.5 165 73 155

SRl 7.1 45 6.5 53 33 55 53 55 6.9 50

NER 6.2 42 53 50 6.8 45 4.7 50 / /

5 5.0 50 5.3 70 6.8 60 3.1 60 5.4 50

MER—KEE 7.6 47 45 55 6.8 50 6.4 55 5.4 40

¥ R 5 / / / / 2.6 50 59 55 4.6 50

B4 4.4 40 33 55 4.7 55 3.1 50 4.6 40

B 2.6 35 3.0 42 2.6 40 3.6 35 3.9 35

4.3. FAFHEMEERIRR

MBIRE 0.5a )5, YWINEAZ AR REN . NEE (Erigeron canadensis). & RK—HE 8
I 4:%9 % (Coreopsis lanceolata) #HIZ(Youngia japonica), BRMIWR. &, AARRIETTE. MHER
(Setaria viridis)5 £ L HINKENFEAREY AT, REHYIRAEF, FARZEFYEE 60 cm: HYM
BONBISIRPRS B L TE AR IROIRAS, S M BEH U A0 A . MEREC G,  BP o i v . W
REREF AR 4L (Vitex negundo var. cannabifolia). 2%~ FEI|(Vitex negundo), FrpARKW 3%
AR, EARJZEE 120 cm. TR Z B AN MBI 22 01 BR(Melia azedarach)~ #(Broussonetia papyrifera) «
HER, R 240 cm. PATESBEEEARMTE[13], A BEA BB ER B RCR

AR, HAEMRE ARA B RNZR, EWNREE. SRR, oI, it

SR MERACT R, M, HEENEAR, EAMYMAN B NSRS EAMY T
AR, WL SEHMT BRI, 55 TN R S R, SO N ERIRIE, K 10,
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Table 10. Plant communities at different slope positions

= 10. RAEEAEYEEE

Wt HEHSH  ®Eem  #5E/% kY EAR N TSR

E Ttz 83 52 AREE AL BFHEpR. 3K T REA T SR A
AR 35 44 RET. REFE. NERE. B —H, ZHEA

" Ttz 135 71 WA B AR I 22RR. #OH VIR
FAJZ 56 48 D IR RN PN T I & A —E. ZHEAE
Il 190 80 AN Zots KRB 8. RATHE. 4ETR. B M5 gk

T A 75 53 P TUTEE REFEL NERL INEARBORAE. T

MR, & Wi, #HE. LR

4.4. ISREHEN

IRITT 5 MEFN AP AESEEE, BN THEVEE M T E B AT B, 25— A Twik ek
RRAE (P TCVEE RLIA I PR AR K B HL AR T, W3 B e A RESRAESAL, B REMNEN
W3R ) % (Pueraria montana var. Lobata)~ NS RK—HH 4G 7003 T 5 (Alternanthera philoxeroides) 1% 5
(Humulus scandens). YEFE. ¥, TS RABIRVE S, 2P G X Lo 2500 70300 SR, o
o H A A ) AR K ], B A AT DR Y R = AN, e AR AR B B - A AR, AT 3
NI R ARV FRAR, 3G O A A IR S Ty e 352

INER BRI (P EEE —HABSRAN R4 ) FIHEY, BEE ISR BN RAEE
UG oR, BEE N A BOZETEAR,  HAMR R Y B2 E 2 MBI, 5N fR X YR ARk
I8D 30%~50%, T 2 UH A ISR L AL S R e 22 14]

B AE R, AR 15 em/d, —F K 15~30 m. ZEFAIZE 6 8 7008, JESEM R 2T,
BT FHAY), HNRE R=1.538, NREARXKE IR=>54, & EGRKIMLAEEY, R
PG EEE, Bilby BUSAE(15]. PR I AR R AR K, H WG-WRA SIS 34 75, N
R LT B AR SR A oV BT R A i A E A, R HIE RN R fE E I HE R VE[16].

I NAZ S IM ) 53 A BNAR BRI G50 . U AR 2 RErE . e AR S KRG D Red R, RAS
RGN R A P AR A HIHE T o SRR ANAR WAL A 458 b d e T e I 0 A R A DA R Y
AL AR B E RAPEREAG[17]. N R 2 BFERRNRES RGN 2 LY 2R, XRS50y DU
ABRGRER. EIRMBEE KA AR EN LU 8 FR A i 2 R = 2 (18]

WA TR A L @ b PUA A S E K 2 YR B RTS8, A5 NREY)
WMER. . INER—BEEAENTTIBX FRA DGR #, il wle T-B i ik — e m] BLRAR 2ok
T B BT BRI, IR T AR A I 1L AR AR A B4 o R — B ORI ST AR [19].

4.5. BB RY

SRS EE R, @il 0.5~5a M ANTAHEYIKE, BBREIY S MR, VIR 2T
TGP, ARV EAR ) B LR BN & B, ST T T 45 S RS, DIREAN AR E
A3 2E R e B Wt T LR AL RRAE B 6 A, SEINE] H ATRY 132 A FRRMEIN 13 B, BEARIEIN 21
i, BARIEIN 94 B A2 MAIL 2 LIREFEMNRIFIBEIREE . NI LIS RHOINE K — B AE
REFPHL, NER, RABHOIR M, MRS, AR, SRIENE. 5 AR TRRIYIFEI
I, R LA A IR, IO IR R IR
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