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Effects of vegetation restoration duration on runoff and sediment
yield in slopes of waste dumps in alpine mining areas

Li Hongjun"?, Tong Shengchun®, Xu Dezhong', Peng Haiyue', Chen Li', Chen Shuo'
(1.Xining Comprehensive Natural Resources Investigation Center, China Geological Survey, Xining, Qinghai

810000, Chinas; 2.School of Civil Engineering and Water Resources, Qinghai University, Xining, Qinghai 810016, China)

Abstract: [ Objective] The influence of vegetation restoration duration on runoff and sediment yield characteristics
on the slopes of waste dumps in alpine mining areas was clarified in order to provide a scientific basis for the
subsequent efficient implementation of artificial vegetation restoration and soil and water conservation efforts.
[ Methods] Taking the slopes of waste dumps at different restoration stages in the Delni copper mine area, Guoluo
Xizang Autonomous Prefecture, Qinghai Province, as the research subjects, this study analyzed the influence of

vegetation restoration duration on runoff and sediment yield characteristics through plant plot surveys and
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simulated rainfall tests. [Results] D As the restoration duration increased, vegetation coverage, litter mass,
aboveground biomass, and other plant growth characteristic indicators showed significant increases (p<<0.05).
Species diversity and plant root systems exhibited a stepwise recovery pattern characterized by ‘quantity-quality-
@ Compared with the 1-year restoration plot, the 6-year restoration plot exhibited increases of
23.70%, 80.26%, 152.96%, and 171.17% in soil particle density, moisture content, firmness, and cohesion,
respectively. Conversely, soil bulk density and porosity decreased by 36.30% and 74.46% , respectively,

structure .

compared with the 1-year plot. @ The period of 9—15 minutes after rainfall was the sensitive phase for soil
erosion on the slopes of waste dumps. The sediment yield rate showed a trend of initially increasing and then
decreasing with rainfall duration, while the runoff yield rate showed a sharp initial increase followed by stable
fluctuations. Both rainfall intensity and restoration duration significantly influenced runoff and sediment yield, with
restoration duration mitigating the erosive effects of rainfall intensity. @ Redundancy analysis (RDA) indicated
that root surface area density (»p<C0.01), Shannon-Wiener index (»<C0.05) , and porosity (p<C0.05) were key
environmental factors influencing soil erosion. Structural equation modeling (SEM) revealed that plant community
characteristics (path coefficient=—0.892) and plant root characteristics (path coefficient=-—0.733) directly or
indirectly influenced soil erosion through soil physical and mechanical properties (path coefficient=—0.839).
[ Conclusion] Implementing artificial vegetation restoration measures on the slopes of waste dumps in alpine
mining areas can significantly enhance soil erosion resistance. As the restoration duration increases, the functional
structure of the vegetation community improves soil physical and mechanical properties, thereby effectively
reducing the risk of soil erosion.

Keywords: alpine mining area; slopes of waste dumps; plant community; soil properties; runoff and sedi-

ment yield characteristics
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Fig.1 Comparison of landscapes before and after vegetation restoration in Delni copper

mine area, Guoluo Zang Autonomous Prefecture, Qinghai Province
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Table 1 Basic information of slopes of waste
dumps in Delni copper mine area
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5 20.3 204 4132.8 34°23'43"N,100°07'25"E
6 20.7 182 4173.5 34°22'58"N,100°07'56"E
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Table 2 Plant growth characteristics under different restoration durations in Delni copper mine area
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Fig.2 Variation characteristics of plant community species diversity under
different restoration durations in Delni copper mine area
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Table 3 Plant root system characteristics under different restoration durations in Delni copper mine area
WEAERR /a  WRERHEE/(mgecm ) BKEE/(cmcm *) REMAFE/(cm®«cm *) RAABREE/(10°cm® » cm )
1 2.59+0.29° 0.15+0.07 0.21£0.06° 1.6240.08"
2 3.19+0.45 0.20£0.03% 0.2240.05° 1.8340.21¢
3 9.7240.36¢ 0.26+0.08° 0.3340.04¢ 3.2740.19¢
4 10.5940.61° 0.43+0.12" 0.42+0.09" 3.5240.27¢
5 15.8240.38" 0.41+0.16" 0.574+0.07¢ 5.8240.29"
6 19.4340.57° 0.4840.11° 0.544+0.11° 7.0140.42°
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Table 4 Soil physical and mechanical properties under different restoration durations in Delni copper mine area

WA /a +HPREE/(geom®) AE/(geem ™) HKE/% fLBREE/ % B JE /kPa Hi2 )1 /kPa
1 1.3540.23° 1.4640.12° 15.25+1.03° 29.2540.33" 26.1940.89" 14.574+1.28°
2 1.3840.16° 1.3940.14" 16.38+0.95¢ 23.8340.42" 23.95+1.35" 15.91+0.47¢
3 1.49+0.15 1.2340.09 21.88+0.02" 14.474+0.37° 37.4241.04° 21.26+0.88"
4 1.5840.09" 1.19+0.13 24.02+0.63" 11.04+0.24¢ 49.174+1.35" 27.2542.06°
5 1.5840.14" 0.964-0.18 26.454-1.32° 8.30+0.19" 52.20+2.54" 33.43+1.92"
6 1.67x0.21" 0.934-0.08° 27.4941.87 7.47+0.13° 66.25+3.47" 39.514-1.68"
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Fig.3 Variation characteristics of sediment yield rate with rainfall duration under

different rainfall intensities in Delni copper mine area
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Fig.4 Variation characteristics of runoff yield rate with rainfall duration under
different rainfall intensities in Delni copper mine area
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Table 5 Variation of soil erosion parameters with vegetation restoration duration

under different rainfall intensities in Delni copper mine area

Wit T 28R S R/ a HBribE/g R /L (E3E% JevbueE/ (g L7
1 2516.74+143.25% 136.11+7.56" 11.43+3.52" 18.50+5.78"
2 1939.59+104.17" 119.83+4.01" 7.34+2.42% 16.18+8.18"
20 P 3 1 388.04+83.35" 101.06+6.53" 5.68+2.77% 13.73+6.25"
30 mm
4 888.53+49.52" 94.48+9.25% 5.994+3.34* 9.3944.19"
5 619.78434.73"* 86.45+12.35™ 3.21+1.43M 7.16+3.21%
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6 483.44+59.24* 96.49+7.21% 4.0341.43% 5.0147.91%"

T8 R P R SN R RS 5 B R AN [ 4 FR ) 2 55 48 35 (p<20. 01) , AN R]/ING 7 B3R 28 53 1 3 (p<<0. 05) ¢

SR v R LB R AN A i R R kA A DR A G

2.4 MW RS 4 BR XTI E R R I R A R0
241 HMHAEERZR T LHKAIZRAHG TH
o

o FET X HE - i s A N K R 28
76 HE R Bl 160 M B 0 74.81 % , Wi I Al B3 B R
N 83.95% 5 - BEFR BT PR XF K A7 4% il 2 B0 HE il
LAY R R0 69.42 %0, Tiij 1 il B2 31l B 2R Ol 76.98 %%
(5, FUAAE Y B A e R85 4 1 T 40 e b fie % o2 9
B X HE 3 30 3 0K Jp R DR AE , B B A T HE
Bl Fr e 52 . AR 2% 1 B BE RN Shannon-Wiener £ #:
P T8 B 52 ) 7K g 42 0 G SR AR A 3R B R AL
Bt B 2 5 e 7K ) R ) DG B IR B I . WA
PR T3 5K 2 S EE AR R M+

Ab I B 7 3 5 K D1 4= il S 80 2 TR A A BAH G O6
Fo HUCET W, FE R IXCHE - 3 i B A A B A2 o
2 v R A R R Bl R S T, AT S BN+
{2 i A 40 TR IR

SR FH 5 A R I G 36 X A A R - M R R AT
PEHEF (R 60 45 RW, m 20 X HE -3 30 Y i )
PR X6 7K g A5 ol £ e B 38 K/ SR B A < AR SR TE R
B (26.3% ) >Shannon-Wiener 8§ %0 (15.1%) > i %
Wy (13.6 %) > A8 4% % B (10.5% ) > A8 % 5 B (7.9%)
= MR B B (5.9%) > Ml A W) (5.6 %) > Patrick
F R (3.4 > M i % B (2.76) > Simpson
ZHRETEFE$(2.3% ) >Pielou ¥ 5] FEHEH (1.6 %) >R



%2 3

UL AR e TR X b 3 AR A S A RO 7 U 7 U B 9

PR (1.1%) . 3R 74 342 0 i fi B R K
AN FLBREE (32,7 %) > Fr K #(10.4 %) > &5
BESSY>FBNGIYD > HIEATER2.1%) ., A

a R RT

0.8 RSAD

Axis-2 (9.14%)

-0.8

-1.0 1.0
Axis-1(74.81%)

DL Y, M3 22 1 A% B (p<<0.01) . Shannon-Wiener #%
B (p=<<0.05) AL B B (p=<<0.05) J& 52 i + He 4= ik 4y
KRBT

0871 | b LR 4FHE T
<
O
e}
!
a
;
<
-0.8 ,
-1.0 1.0

Axis-1(69.42%)

T VH AR B 5 VD W MBS I s AGB i b ARyt s L I v W 80kt s R O Patrick 2 & JE 48 % H 2 Shannon-Wiener 6 ;D 2 Simpson
Z VRS B 5 2 Pielou 2 B2 48 80 RMID O AR T 4t %5 2 RLD W AR % 2 s RSAD S AR 1 AU BE s RVD Dy AR BV I s WC O % /K 3 BD 4%
e ML C RS ;o HEIR IRV ™R A RC AR R B SC R IHRE ., TH.
BS EREATVEREYERIERFSIECMSHNT RSN

Fig.5 Redundancy analysis of plant and soil environmental factors with soil erosion parameters in Delni copper mine area
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Fig.6 Structural equation model of effects of plant and soil environmental
factors on soil erosion parameters in Delni copper mine area
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Table 6 Contribution rates and significance test
analysis of plant and soil environmental

factors in Delni copper mine area
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” C 8.5 114 74 0.222
fie T 5.7 6.8 15  0.514
BD 2.1 6.3 1.2 0.806

TR & T8 SR ST

e Ah A B A A e R A A AR R A T B
B R — LTI 1) S5 IE AR S
71 5~6 a ik 2 RE b T B R ) B TR AR IR AR S AR
F R 45 b 43 10 3 e T G Al AR BR A9 K 524 M (5 2,
3,0 H LY ) e e s pn AR ) T

MR (4D, X EEE R — S0k Bk & A R G 9 B
T K A g R A W, IF B 2 A P
FIFEH RS RGBS Lo SR, A
WFFEALII 1 1% 52 W1 By 6 a HE 43 ¥ B 0 B 9K R A1
A A SV B AR A, I H R JE T XA ] T A A
P X, A I oA ofe A 95 34 75 JF T 4 300 e o 03, - 45
B DI A AL R G PR A B DL R A Bl AR R i
TIVER, 5 Gt 48 7 Pk 52 4F BR G BF 75 5 1E R A 48 4 T
(G B
3.2 AEVRE ERHELIF DR D B IR S A
Wit AL K S AT R 38, o FE T DX HE 3 B
Ui U R AR S AR A 1 5 A 2R 8 - St R AR
(A5 . X 0~6 a ik &2 7 4 K b 1) 2 e WL , 7]
T8 O TR HE - 3 300 37 7 U0 9 3 A SRR AR M K )
BLH o DN B 37 ¢ 1) 19 77 3k B ] 28 4k oK &, 4% R b
1146 7™ 3 B ) B P 5 AT PR A S DR G 0 T AR
M ASfb a3 o 1 a ik 52 RF M 57 35 0 46 7= i B fie) A
(8.7 min) , LB HE -3 i 3% By T # b i AR LR AR
R B B i R A, S B T B o T M 3R 5] R R
U s PRI 6 a i Hb ) B 7 ) ] ZE 4 2 24.5 min,
B alREREHIE N 181.61% X S HHE M 1 a
PR A HLEE Y 17.41% $2TF 2 6 a i (19 88.47% % 1)
K o B A ) A 25 4 AR R v 2 B 5 K AR
FHAEZE | WK T B3R, JIF H R IR IR 2R N 2542
Wk LB A, BUK S A BRI SR, 5
AP E ZER o LL 30 mm/h R BR B ], 1 a Pk
S5 FE b B AR R R 136,11 L, T 5 a ¥k 5 kF b 9 42



%2 3

UL AR e TR X b 3 AR A S A RO 7 U 7 U B 11

HAR E 67.07 L, WilE 4 102.02% (£ 5), FEEH
T Bt 20 A IR AR 1 0 R B R A R W DA A
MR 7R 2R (A5 - 84 B g 4 o % 2R B B AR Ak, AT
SHUK A AN B R R, KRR TR R . I
A, e T B8R KT 77 A 7 0 1 55 i ik A A R 1 T AN
BT VR 55 . 200 B R 5 A 30 mm/h 3 K & 60 mm/h,
1 akf = v B8 IE o 42.67 %, 110 6 a BEHLAU N 8.15%
CPEL 3D, 2% B ol AT o AHE 5 1T % i vy 5 88 o4 ° 199 2 ol
BN o [FLES 6 a A b Y V0 Ve J3E i 93 T 5 R A 34 KT
FEAR (2 5) , 3% AT BB Al B 38 i 5 5 BOR W H RE )
AW T, i 22 25 45 R W0 AR 2R A0 R L DT fif 2
W TR T W R AR AR B S 9~
15 min Ry R IR BUS M , 3X 5 & 2E 0T X R In S KR
I A B PR A 5 LR TR I B W K PR
7o A FEALBR, 9~15 min ik B 40 A5 7= R IR 6] B
VR G et A A R 3 R PE D, S O™ VD SR 0k B g
B, #E— 25 U 52T R 6 K T R B R
WYERE J) . BB VK AR B A 3 K, B AR R G A
T2 A B SRR AR B SR T RIER
SR RN IR T, o H o AR AR ) 45 A Rl T £
oy Hl, B A HE A R LB AR, e RO +
WhiRaE . moker W, mET X HE L
P77 7 Vb 32 R K A2 AR BRI 52 AL K, JF LB
P 52 AR BR A 38 R, A ) AR ORI R R R R B DA R
- S B T A e T B R ) 2 - AR Dl R A RN R i
MEEFEZE. YR, ZRTARKILE &M, AT 5RAL
WEIE TR IR 6 aHE + 3 1 0 7™ it 7™ VD R AIE
H R Z W AFBR DL AN (7] 95 T 5 58 A B R A A Ak
BN B 3 1w K 3h F7 42 kAR AE K H R VD R P AL BE A
E— WA
33 HEHE-TERFFEFRADHOITLLHR

1o FERT DX KR IR 1 S 2 0 T T A - - 38 R
WU M AMRE L . A ST R W B A B K 2
AFBEL A BG T A A K e AR (R B PR VR A
FOW R EE FTHER(Pp<0.05), I HARIET T
HHERURMAE . XS EMSEYER AT XA
B FE 25 2 — B0, F B R IR B 15 a5 A Bk F U
BT RE , KRBEAL T K 37 R KU, 3% S AR 58 )5
SR R I B A B NI R G O AR T B 4R
S o AR, A T R RE B KO AT B 6 3 2 3%
o Rk A B PR e 2 S TP I IR X
B AIF 58 45 S — 2, Al BN UE T “ Mk - L U ) e B
TP R AR ) S M R . SR, 5 AR A
] (0 2, Bk A2 S VTR o B B IR R L B
S K R A IR B OE A OG o o X Rl 22 S R

Ji B AT B 5 A [ Ml XA B AR R 0 A 1 45 A A
V5 AT BIL BT RS T DA K b SR R IR AR R A G
BE AR, AR WF 5% 26 B 400 1% W 3 00 v A BT TR T
Wi I3 T 5 R ) 1 ORI O, {EL R T AR K AR PR Y
BRI (R 5), %R 55N E27E# + &R
WA X W 5E 4510 58 W) &, #F — 20 UE S8 T A Bk
MR AR MR AR A R DR OK [ AR T
SHR I O T o 4R AR U RE s ] R R L BRI
ZA AR 5T W B A A 52 T I (0~5 a) 2 i AR B
FJe Vb e B 38 B (R 5) , 35X 5 /e A5 e i AR
W DX B9 45 8 — B, e[ Sz e Y PR s AR R 4 T
- AR ) R A R R T AT X 0 A
A T T 7 IR D B OGS B B o A A A R 4
P VD O SR B T O T A AR IR
W DX A 5 v 2 IR R i b S 0 5 B R VD Y BT R
Hm THUR A R FRD H AR T A 43 45 S T
DL MR T8 RRL B X0 s b 1 B R %R (40.3 %) b 3%
fm TR AR ML V% £ K % 9 Shannon-Wiener 5 %4
(29.500) (6D X M2z 57 Al RETR H = 7€ DXRR IR Y A2
PN L 17 S N 3 O 12 o o 1 L (T 1
ARSI WZ LT BT R IR T M
2%, PRI R R T A P R R A ) AR ol 2 S
Fo WA, AT 5T K HE Y &5 F O R AR R U — 2B 1k
R R A RGBT 7 I v 4 5 e AL (TR 6D
ZEE AN BT R FED XHE 4 3 i WA R 2 )
P K A3 2% 1 LA R R R T AR - i ]
(18 B[] YT Ak 2080 7 6T 3% T 77 3k 7 v ok AR 0 R 45 AL o
5 S FE T X BSR4 A L, A WS HE 1 i 3
7Y 0 R X A B B S A R 2
Gy 0T H R R AT g S R R R S A K [ A
A 5 EANHAD & FEY X5 HEAT X L, YA AT
4 PR A2 R AR 2R T 4 2 R 4 7 G U0 R 0 B AR
B [E A2 5 22 3k ] B — it F€ R R, T A B 50 TR 7 7T
o o 3 1 e SR AT X SRR AR B BUR B
i FE PR T VD RO R APPSR T
FEW DX AE B - T T R G A VD R AMURE AL, R
AT YA TR i TET XM AR k7 OC BRI S
F1, o 05 0 e JE T DXCHE 1 37 3 BOK A O R i
PEAL TR 2R

AHFRAAELLTIL T HAA R : ORW KL 10a
DL AR R 5 RN, TC 48 s mE B - R R SR K
HAL AL ; OB 5T R R BR TR K F |, ik = X R
JE K A3 2k B 28 W I 5 O AR Z i A e AR Ak CAn T
e i 6 TR D X AE B K S5 7 R UD B S A L R ke B
FAHAE LN IILA AT . OFF R 10 a L LK@



12 pi s U E SR

46 %

UGS TR ER e o SRk Wask DS S 2 B /I
@ &5 5 18 JBH AR W DX R K 4 i 2R 3 2 T Al
R B S 10 2% WA 25 20 i 5 O WIE T BE TH 5 R A
PR AR A T M B R W, Ol U AR AT
NIRRT X A A A8 A 4R IR X B 5 O Ak RE A
WC L5 8 2 JE R I R AN TR K 52 45 ik 9 %) EE a8 O
e JE X AR B R T %

4 %5 B

(1) B B 52 A0 RS, 4l A K Fe b (56
FEY A OB I EHE(p<<0.05),
YR Z R S YR R R B — 4547 B B
KIKE , HIKE 5 aJq BETE 45 M # TR e o

(2) MUk % B &K RSB R Ik
PRS2 A BR 5 8 4R I Fh G 3, M 25 8 R AL B EE 52 08 AR
T B B, U B R B K S it T Ak B g 2
PET, WA R T4 T FE T IXCHE 1 3 50 3 PR
PhEE T .

(3) B R TR 9~15 min J& HE £ 37 31 B + 5842 ol
B BN, 7 v 58 I I R N ) 2 S 1 S e Y AR Ak
B, 77 U e B A T B I S S 2 B RS R e U Bl
AR Ak B s R B PR AR B G 3 T U AR
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