F40E FT1H
142 2024 4F 4 A

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.40 No.7
Apr. 2024

TAZHERRAR = 57 0 R 7K D 58 o A 4 T 3 = 4 B Pl

?EH 1’27 Pfiﬁ —\:il’za ﬁeyxﬂfil’z, %’J‘ %1,2, *ﬁﬁﬁ%l’za Ejg‘ ‘fﬁl’2> aﬂ\giil’zx

(1. KILAFZT A SKAREER, I 4300105 2. AKFIER L b5 o FE B s TRER AR 5T R0, 37X 430010)

O AT TREMERARK A O T I (v R, 3 S T A ME L R Y ARG8T R AR A AN [T MR AR A X HE R = R = v
AE KIS B RHAE R | 7T R L ARG R (10% BRA R4, 3 30°) 1E N LARE 1 T H4 10 i
BREK, JFLRIE (bare slope, BS) JXTHR, &N THEHETE 3 ML HRIFIERAET (SE%MEM (intact grass, 1G),
ANEmE (notleaf, NL), H&HEAR C(only root, OR)) Xt HEARF= I F= Y4 AE B K IID e s . 5 SRR 1 M
AR IG 4644 N I AR K AR 8 BS W5, ZU3RIE 50.74%~188.98%, (HAEEMM (NL. OR) £MIEATR K
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CAHBZMI, JFf 7z iR 24 N T 36 &
BRI+ TR 4 it 16 25 5 B 97 1 X R 8 A Rk B 142
PR, 3T AR A0 i AU DL R K R AR
PR X B 3 A2 ek i S e . AR R AR . RIS, &
AR FUHE s AR 7 R I HERR A S A B Bh i 4
ot F) 2 DR R A AR UL KRR B T M
BB, Wk, W) D0 Navmym Ak (LR
A o M A T e ARAE R 25 5 AN

BE A B b b e S TN AR R R AR e 2
ARSI, 353 WA R AT 280 T R e, R
WA [ 3 b 22 AR5 S 3 9 8 T K Vb (e e A 2 T
3, DA S ARSI R G TR E, T
FE AR AN [R] 3 b R AP A1 2 15 RE 0% A 250 4% TR HERRAR X 2
FEHG N BB AT S AR, R T AR
IR R A Re S KB K LR R RS, DL
Hiy b BCHE R 50X A HERR AR IV B R TR G AT
H ik Z € BT A 502k T A R S e i A
fith b, e A 7T X B AE 4 B E M AR (Cynodon
dactylon, CD) 1F 5% B 8 98 T 72 HE AR AR Pk &2 08 i 2 2,
ST RS AEAS [7] P R S5 R T U 45 MER A T A0 i
WAL, €8 3 ML R RHEE Y 8
BAEMR. AEr. RERER) XPHERARI KD K R &
PRI D R a5, B AT R T A S BT e AR MERUA
ERBEREHRES.

1 RS

1.1 RIEXER
ARG E B 75 K B A 25 R G 1 5 BT AR 27 0 i
WFFEh FE R, BR8N XA TR 36 3 2R i 0 F) 7 43~ 3 |
(35°14'24.204 3"N, 107°41'19.923 7"E), J& Tl KFfitk:
ZRAE, ZHEFRIBEKESN 560 mm, ZEFSEN
9.1°C. WHARXFENIENTAY), F£H7E4—8 H, HUJE
DI i R . R AR R RO, R
3 - R AR X, SR RVAER & E o BIFE 35% A 65%L),
1.2 Rt
BT AT HIR S A = @ T H Seth i A, BAA T T
FEHERVA ) = B HE HoAR A BRI . N
FAE, Bz LS. AP eRa &R —RE 0~40%,
H 10% BONFEW, B, AFFRHERATRA S EEN 10%,
BR A3k FH TRE LR A, RSHAE 15~25 mml"™,
YN 300, ZEG R AMERL R I A O
FHIHIEFT, B e B R AR (1) JUSHKox BEx I 3.46 mx
2.00 mx0.60 m, KN 3.00 mo KEEEANX KI5 N
2N I m WEHNEE .. WA LHORIET AT, 4
AN Tid 10 mm G BR 2% i 5 5 P Bk A 3 S1R & . 3¢
L E HE R I S 405 5 em 4HRP T HEZK, FI4 55 cm
gy 4 BRI, HARHE 3 BRI 15em, RE 10 cm.
MRPE/NX TR SRR AR HE A KR e SR &,
HAJRHr 3 Z MR Z R E S HIAN 1.35 8 1.30 glem®, &
IKEEE R 8%, BB I AHREN R ERIHIEE

WIS WA EAEEER, WEZ T EBY IR E
W3 RAMNBCK RIS /NX 54 FRRE, BRI T
20 cm FETREE 15 cm & IR

AT T A AR (CD) A A HE R A 9l )
M, AR X MR R RER A, BRI AR T HR
TREARR, R X R ) BRI,
Iz T TR R, B (BS) 1E X,
RI/NX T 2019 FFHFZE (3 ) @ RIR N b o 2 il
¥ %, ATMRIFE 15emx15em), £ 8 HESEFRIAT] 70%
TR RS A I A 50 AR A AS [F) T b R AR IR AL 45 3 b
SEHEMEPE Cintact grass, IG)+ A& M (not leaf, NL)
MG A Conly root, OR) . H5E#HT IG T KM %
M Ee, Hk, 1E1G il e s N T8 2 CD Wit i
PREMRZE (NL), &Ja, BEZEMEMAREEAR (OR)
BRI . AR O W FT SR IR BRI, HER A
T4 2 T BB R AT, R EIAM, @il
RPN AR il B, 5553 IR B T 8 56 B 78 AH [H] o &
B I S MEHER A R 2, X HERR AR R 2 AT
or, BRI IS A BB AE 3 d BL SRS /N X T 46
FAFHEE, WA BRI R B SR 2 ARG T A R
& BS Fl CD FIZRE 202 1.33 1 1.25 glem®s HIEA K
HN19.92% F 26.92%. RGBT W 1.

RS 2 M /NI fF

The plot is divided into two I m
cells as repeats with steel plate

BT B3 H010%
0,
Gravel con\tsnct)IOA) H MRS Cynodon dactylon with
OO0 specification of 15 cm x15 cm

© Qg (@) © ©

O Ol O

O © [0] © O © O o O

0Z0-0 e} £ iR Collecting trough

o O O 0O 3
3m

oS

a HERUA R A

a. Schematic diagram of spoil heaps

b. 5N X &

b. Diagram of experiment plot

iE: BS, I CD-IG, MFAR-5e¥Mtk: CD-NL, FFMR-A&mH; CD-
OR, MIFM-REMR. FH.
Note: BS, bare slope; CD-IG, Cynodon dactylon-intact grass; CD-NL, Cynodon
dactylon-not leaf; CD- OR, Cynodon dactylon- only roots. Same as below.
Bl KB RETFERAARE
Fig.1 Schematic diagram of spoil heaps and diagram of
experiment plot
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1.3 BEMIALE

HEEADL A T X0 2 L 0ok FH o [ R 2 Bt K R 7K L DR R
B S0 A 1 SR A ANt P R AL, P R o B2 J ek A T
MR EBEL RS AR W b E, BuRER
0.5~3.0 mm/min, [ERIEIEELE 85% LA o ARAE XTI 5T
X [ R REAE TR0 AT, B R Y SR 40 0.8 1.2 Al
1.8 mm/min, i A 50 XA AR T P T A 5 R AN (R
Fole NPRUE S HERUA T RIYI8E & KFE 5, fEIEX
B FR R B AT 24 h SR 0.5 mm/min & N 58 5 30847 T 4 R
ot B2 W9 7 B o B8 T R 4 AR 4 T R AR PR RO . PR R RS
T4 i FH 20 T A SR X8 /N X, e o v 1 R R L 58 R B
RN 90 R E AR ZEAE 5% W o TEIR AR TR /N X
HE TS 2 B R A TR 5 R A A IS 30 mine SRR TR
B A FEAERS 1 min 32X 2 NMRIRIBYIR A FE, R
PRI HEFEZE 105°C 561 FHLT 24 h iR hodi 6 & &
Wi, @ EW R EBEWE RS BN ERR. &
Tabr 8 2 AN X A, B EE/DNXEEZE R
R, WHGEZHRENEGR, Rk, A30h=n
IR ] R R IRk AR D A8
ZH COHE R ED,
1.4 HIELIE

1T Excel 2016 X #4347 A BR AL AL 40 B, R
SPSS16.0 HEATAHRPERI 2 et G it o0 i, 2 53 B A
6% FH LSD vEffiE (P<0.05, X2), FHFMIEET Pearson
J7 % 97 M, K F Origin 8.5, Excel 2016, PowerPoint
2016 4.

2 ZERE55H

2.1 AEIEHFRFFETEREFSE
2.1.1  FRACHEETIA

7 UL D G B TB) T 4 PR N 2 5 T AR 9 R A FLIAE HE /S
X i B T AL BT 8], R % LU S B HE R A 3 T W 45 4
5 NEBREAFERRASM, xf 204 BS A1 CD 78 3 #f
IR AFAE (IG. NL. OR) NI i i /|, w] LA
Ve L 0T b R AR A 6 ME A A T N2 - i sl S AR kit
FEB PR FENLE] o AN B HERA AR T EY 1 72 70 4 B 1] L1 2
Jion. EFIRW, FEPEN R 0.8 mm/min 3 K% 1.2 fI
1.8 mm/min B, BS ¥ Ji 42 45 B 6] B 6.86 min 4 %1 &
3.29 F11.36 min. AHELT BS, 1G 7EAR[AI P& M52 T fETS
FELRAR IR A I A HL AR S 0.69~12.96 min, {H 448 #
I FAEER AR (NL. OR) I, Bkl 8 3 H i 4%
WP A A AR AT 0.15~4.81 min (B& T 76 B 98 N
1.8 mm/min FE# 40 T NL 244 475 2 30 H el e 428 v A A=
TR 0.83 min) » FEHEFE 1G 28 F 48 22 e FA S 1 42
TR AT T S R 25 D 50.74%~ 188.98%, {H7E NL 1
OR 251 2= 5 O AR PR THI A28 08 i 2B BT [R1 2 AT 2.19% ~
70.12%. B SEEEAE PR IG I dE BRI T PR RN B, (R
ekt B R (R R kb NSk 5 BRI R R
IR AT . AH LT 5e SR IR, AN 5 BEAE PR B 47 HE AR A
A &K AR T 1.07~17.77 min. W 7N 3T

HERINS [R) B0 ) AR HERRR AT R I I, 3 B AR
PRk HE, ikt B R IR, R IE i 2
IR, BERE R AT AEAOE R U R
T 6 o 5 M AR AR SR T B 4 Ak B ], 69 00 N 95 88 170 5K B 9k
DETIE o

[So]
W

ESBS [ CD-IG 22 CD-NL &Y CD-OR

53
(=}

PR AR I ]
Runoff generation time/min

¥4 7 55 /% Rainfall intensity/(mm-min™")

B2 AFRRART Hed 7 RALAS B 7] ML 5% 2 T A
Fig.2 Variations of the runoff generation time with rainfall
intensity for different spoil heaps

2.1.2 #ZA%

BS Fl 3 /s b 5 A0 T AR 4 b7 7 M FR A ¢ T B o
U0 2R B 7 I T I AR A A 3 BT . TR RN 5 BN
0.8 mm/min [, 1G F1 NL (¥ i 42 3 28 Bl 7= 308 17 1N 35 30
AR, 11 BS A1 OR A4 2 80 R 36 38 e e T FH e e
A5 Ak FERE SR A KA 1.2 A1 1.8 mm/min K IG F) B
BRRSAFEMAG IS, M BS. NL. OR 23 57E
— T 0 B N BN . Tk B AR VR B I P IR R R A A
PRI C0~10 min) F=HHFEH (10~30 min) 2
BB, TEF AT T RN BRI R N
B R ARIE R AT, HERUA TN BRI T
POR, 5 BRI NS BE P U D B O A N 3t 1T A A5 AR
WK, R NIBFIEIE B 3 71 J5 42 U e A48 T HE 6
o, (HTERPEN &1 T 52 T R A1k, 7EHE
TR R JZ T A TR (1 f S 5 TIR R IR, BRI & S R
PR R 1SRN A2 000 25 R A T 0 U3 45 AR A o

—©-BS == CD-IG —-CD-NL =~ CD-OR
6 61 6

W

T

W

T

%) ~ W
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it % Runoff rate/(L-min™")
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&V

12 2 Runoff rate/(L-min ")
129 % Runoff rate/(L-min ")

4

0
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FER I

Runoff time/min

0
0 51015202530
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Runoff time/min

0
0 51015202530
i)

Runoff time/min

a. PR HEE0.8 mm-min™ b PERYEESE 1.2 mm-min™  c. PERY5H/E 1.8 mm-min!
a. Rainfall intensity of b. Rainfall intensity of c. Rainfall intensity of
0.8 mm-min™’ 1.2 mm-min™' 1.8 mm-min™'

B3 RREBEAURT @ 25 M0 i AL
Fig.3 Variations of runoff rate in spoil heaps with runoff time
T BS, IG fEFE M 58/ 0.8, 1.2 A 1.8 mm/min
IS AN REE PR ARHEAR A T R N AR IR M2 I8 ) 5.40% ~
67.81%- 12.45%~54.55% 1 11.97%~55.16%, [ i} &
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e[ R I A2 I R B R W 0 I s TP A% . (H6 T OR SR,
7E 4 WY 5 A 0.8 AT 1.8 mmy/min I (1) 5% I 426 70 8 Ak 1y
=T BS, HIKMREE 2 ik 2 5.38%~81.33% 1 1.57%~
169.10%, 7R3 1.2 mm/min I P2 15 min PR B
7E OR % 1 U5 2 Bl K T BS 8 2> BE B 42 I %
(3.04%~49.03%) , {HAE 15 min PLJ5 %[5 45 ot 5
T HE B B B AR TR R IR (4.72%~90.42%) « 41
kb T NL 2640, TEFENISRE Y 0.8 mm/min B [ B )
BN T BS HHIR A &4 18.87%~64.85%, {HTE[E
TN 95 % 1.8 mm/min B [ I 42 0 R Bk = T BS HLi
MEA 1.20%~96.17%, £ A 1.2 mm/min B 72
15 min AR BETE NL 545 R SR AT S22 30 10 ek 5% o) 428 U A
F, {BAE 15 min DUJ5 23 KFRMAR . 58 KM, 3
R 5RSE F LML AE IG 260 T A 2 HR AR e/, 1M
FE#ETE NL 8¢ OR %5 F T 72 [ WY 58 &£ = 1.2 mm/min F )
A BEH B AR AL, 3 FhPENTSRSE T NL Al OR i

FIZSYRIE1G 1K 0.33%~123.89% F10.20%~185.58%

B AR o e B AR RIS, A AP X A AP 3 T 28 9 1
PR Rz, R EEY R S EUR K
o2 R
2.2 AEHEHFRFFET =045

TSR A0 1577 377 b AR 4K B IR 452 ot 38 23 I 7 V7 17 ) )
AU 4 frR. BS A3 Ffiln b 2 REAEAE B B 47 HEAR A
182 ol I 2 B 7= B AR RO 2 e, o BS (1B
45 ol Tk 2R o 7 9 D3 ) S B R v 8 3 498 i 8 w0 s ik L B
WeF R 568 55 384 K I 42 o 26 30 B PR IR 5, AFRE A 7 4 M
FEUUAS P B B A2 e 5 3R A 52 10 A ik s 498 R A Ak L B
o6 T 56 I R R Bl P i o A R T HE AR AR B TR okt
AR, FIAh, 3 FHFETNSRE T BS B2 1k
R AT BN 4.06~99.71 g/ (m*min), ZBALIEE K
2.30%~1061.44%, IG. NL. OR 1 T ) ki 4= s
R A AL Bl 2 HIE 0.85~6.03. 0.29~24.50. 1.63~
91.81 g/ (m*min), ZEALIE 5 5 2.76%~308.34%
7.84%~966.33% Al 40.73%~1017.93%. 3 Flt [& IR 35 &
ZAF N 1G IR B 42 ke 2R (1 AR A0 i B 250/ F BS, R
B TE 52 BEAA AR 25 1 AN BE 85 Yok /I HE R A 39 1 422 ok [0 s
WREF RO T EEps R FEE s, F
B RY 9 1.2 mm/min [ BE I2 040E 26§ BS, (HIH
AR b FE HIEE BS K, #E 0.8 A1 1.8 mm/min RN 5% K (]
AR FEA/NT BS, 3 FhFERY L T NL A OR FfE I
182 b 28 A8 AR FE S AR KT 1G

FEAS R HEAR AR T B [ M ) 422 ok T 26 o 7= 3 7 B ) AR
R4y PR RTH (0~ 10 min) A=A G (10~
30 min) 2 NETEBE AT, 45 R BS 7 3 I 95 4%
PER =T AT 4R hoad R 2 S AR 1.36~1.89 £iF,
MAEPEAE IG. NL. OR 254 T /=i Ja )~ 3 4= ik
R THAE K 7.19%~28.25% 11.13%~59.71% #
2.81%~107.20%. F W] BS 7 B& /i 72 b = 37 w30 i 42
DA T, EAG R B SRR B IR B R AR
T . R o G IR HE AR AR T ™ AR ik AR ]

AR AT HERUAR R A B 4P 4 i T v B, 75 EE 55 R AR
RIE R ANE. X T B e 3 Bl R FEIE T
Yo} S AR AA I THT % BN AR P R R R E A, 3R 3 AR
SREE R AE 1G AT NL 2648~ Eb BS k3 2 3L H B F
(1 1 ek 8 T A2 Tk D PR L, 98 35K 2 4 Sk B 65.34%~
96.38% #110.91%~98.71%. {HX}T OR Kit, 7ERFEN5HE
0.8 A1 1.2 mm/min i, S ARAT 5 I A8 > HER AR 3 T
120, BIERES 72 HIFE 6.21%~88.84% F15.92%~91.98%,
EL7E 4 9 9 FE B8 K % 1.8 mm/min I, OR 2514 K Mk 5
P B R HERR AR TR R 0, B ORMRFEAE 1.15%~311.31%,
[i] FF 2 B /R 9 P N 1.2 mmy/min P23 ER 45 B BE OR 64
AR B AR s R T BS 8K 6.76%~75.63%. ek ARk
F, (EPER IR <1.2 mm/minftf, AEBELE 3 Fh £ H
TE R A2 5 00 AT 1 W s M R AR B TR R, (H
SRR A FREMGEMN SRR (OR) &4 FHE
SR HE AR THAR Pl AEBETE 3 P HbRFFIE & AF
(1) e B 452 b e 3 AR K /N 239 OR. NL. 1G, R
TR o e e LA T N

—0—BS - CD-IG - CD-NL -~ CD-OR

60 7120
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<501 5100
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FEIRE IS
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% eieced
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Runoff time/min

a. PEN5R/Z0.8 mm-min~' b. PENY5R/F 1.2 mm-min™' c. [ 5% 1.8 mm-min!
a. Rainfall intensity of b. Rainfall intensity of c. Rainfall intensity of
0.8 mm-'min™' 1.2 mm min’ 1.8 mm min™'

B4 REPBEARIKT RE@AZ A RiE 0 77 T4
Fig.4 Variations of soil loss rate in spoil heaps with runoff time
2.3 BRI E

AN [ HE FAAAR T EOTH IR B RN ST 3R R L AR R
KRR D 35 WK 1 s . Bl P RV SR E B 0.8 mm/min
BRZ 1.2 1 1.8 mm/min B, BS IR &IP3 RIE R
439 10.89 < 19.50 1 34.48 ¢/ (m*min), BS PR
b Yo 2R o o R R K 1.50~2.25 % 8 K 1.79~3.17
fi5, FEYETE IG. NL. OR K242 ik = i f Wy oot J5F 44
KA K 2.03~3.46 1% 10.72~35.08 1541 3.41~16.81
fifo EIRRUA, PR 5 B AN 58 BEAE AR B B HE B AR 1)
182 o R ) B 25 KT BS R SE BAERR I RS . X
TRMEMET, BS MR35 1% I 26 B P4 R 58 B 1
KGR 1.68~2.61 £, H#HHEAE IG. NL. OR B 117
TR BB K A% H o 02 1.99~3.04 f5 . 2.73~5.75 {5 Al
1.38~2.67 fi%, P& TN 5 B X A B 77 47 S R AR A28 i (1) 52 1)
KT BS, (HFER 58 FE AR R 52 AR B /N T X2k
TR o, B HERR RS 42 ok bl = IR 0T B R 5 T A
JE I
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Table 1 Characteristics of average soil loss rate and runoff rate in different spoil heaps and the soil and water loss reduction benefits
e S 52 1] PR pE A IR IR ok [
Rainfall Underlying Average soil loss rate Average runoff rate Sediment reduction Water storage
intensity/(mm-min ") surface /(g'm *-min"") J(L-min") benefits/% benefits/%
BS 10.89+1.02a 1.33+0.06b / /
0.8 CD-1G 1.16+0.04c 0.69+0.01¢c 89.32 47.92
: CD-NL 0.53+0.03¢ 0.70+0.02¢ 95.18 47.43
CD-OR 3.45+0.08b 1.734£0.05a 68.31 -29.63
BS 19.50+1.20a 2.24+0.07a / /
12 CD-1G 2.36+0.13d 1.38+0.03¢ 87.91 38.27
: CD-NL 5.63+0.52¢ 1.91+0.08b 71.14 14.74
CD-OR 11.76+0.75b 2.38+0.13a 39.72 -6.33
BS 34.48+3.30b 3.49+0.16¢ / /
18 CD-1G 4.03+£0.14 d 2.11+£0.04 d 88.32 39.46
' CD-NL 18.42+0.53¢ 4.03+0.10b 46.58 -15.57
CD-OR 57.98+2.60a 4.61+0.09a -68.13 -32.19

e BRNGFREBOSMFARRRE T 4 T RER MR Ml ZRE, L ARTFRARERESE (P<0.05), HATFHARERTEE (P>0.05),
Note: The lowercase letters in the table represent the differences between the four underlying surfaces and the same parameter under the same rainfall intensity, with different
letters representing significant differences (P<0.05), the same letter represents no significant difference (P>0.05).
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Fig.5 Coupling relationship between water and sediment for
different spoil heaps
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Note: There is a significant difference (P<0.05) between different lowercase
letters representing bare slopes and three vegetation treatments in the same graph
under the same rainfall intensity. Different capital letters represent significant
differences (P<0.05) among the three vegetation treatments. The same letter
represents no significant difference (P>0.05).
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Fig.6 Variations of soil loss amount by unit runoff volume under
different conditions
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Fig.7 Pictures of spoil heaps under bare and vegetation with only
root system conditions after rain event
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Response of runoff and sediment production and sediment and water
benefits of engineering spoil heaps to vegetation characteristics

LI Jianming®? , CHEN Lan'? , REN Hongyu' , SUN Bei'? , YANG Hefeil? , XIONG Yi'* , SUN Baoyang'**

(1. Changjiang River Scientific Research Institute of Changjiang Water Resources Commission, Wuhan 430010, China; 2. Research Center
on Mountain Torrent & Geologic Disaster Prevention of the Ministry of Water Resources, Wuhan 430010, China)

Abstract: Engineering spoil heaps as a severely eroded geomorphic unit in production and construction projects have generated
widespread attention to soil erosion. Vegetation was the most direct and effective means for ecological restoration of
engineering disturbed underlying surfaces. Conducting quantitative research on the effects of different near-surface
characteristics of vegetation on the runoff and sediment production and water storage and sediment reduction benefits of spoil
heaps under field simulated rainfall experiments was of great significance for deeply revealing the internal mechanism of
vegetation protection disturbance slope erosion. This study selected mixed soil and rock spoil heaps (10% gravel mass fraction,
slope 30°) as a typical representative of engineering erosion underlying surface, and used bare slope (BS) as a control. Four sets
of eight engineering accumulation models were established in the field, with dimensions of 3.46 mx2.00 mx0.60 m (length),
and the projected slope length was 3 m. Quantitative analysis was conducted on the characteristics of runoff and sediment
production and the benefits of water storage and sediment reduction of the spoil heaps under three types of near-surface
characteristics of vegetation (intact plant IG, no leaf NL, only root OR) through field rainfall experiments (set rainfall intensity
as 0.8, 1.2 and 1.8 mm/min). The Cynodon dactylon (CD) as a grass species for vegetation restoration in the study area was a
typical type of grass species with strong growth ability and belongs to the perennial grass species, which was also widely used
in engineering construction. Further, it reveals the internal mechanism of vegetation regulation of spoil heaps erosion from the
perspective of its impact on water and sediment relationships. The results showed the following: 1) The occurrence of runoff
begin time on the gentle slope surface of intact plants (IG) resulted in a delayed benefit of 50.74%-188.98%, as compared to
BS, while the lack of vegetation canopy (NL, OR) accelerated the occurrence of runoff begin time, causing it to occur 2.19%-
70.12% ecarlier than BS. 2) The instantaneous runoff rate of vegetation under NL and OR treatments was 0.20%-185.58%
higher than that under IG treatment, while the instantaneous runoff rate of OR and NL treatments under heavy rainfall
conditions (1.8 mm/min) was 1.20%-169.10% higher than that of BS. The instantaneous soil loss rate of vegetation under IG
and NL conditions decreased by 0.91%-98.71% compared to BS. They even increased erosion under OR conditions when the
rainfall intensity reached 1.8 mm/min, making it 6.76%-75.63% higher than BS. 3) As the rainfall intensity increased, the
sediment reduction benefits of vegetation under NL and OR treatments decreased from 95.18% and 68.31% to 46.58% and -
68.13%, respectively. However, the impact on sediment reduction benefits under IG treatment was small (benefit
difference<2%), and the average water storage benefits decreased with increasing rainfall intensity. There is a significant linear
correlation between water and sediment in both BS and vegetated spoil heaps (R ranging from 0.40 to 0.88), and a runoff rate
of 4 L/min significantly changed the protective effect of vegetation on the slope surface of the spoil heaps. The vegetation and
its near-surface characteristics had significant impacts on the average runoff and sediment yield and per unit runoff sediment
yielding (P<0.05). It is proposed to choose vegetation with a rich canopy when carrying out ecological restoration of spoil
heaps, while avoiding external factors that may cause damage to vegetation. The research results are of great significance for
revealing the erosion mechanism of vegetation protection disturbance slopes, and can provide practical guidance for the
restoration of accumulated vegetation.

Keywords: vegetation; erosion; spoil heaps; near-surface characteristics; sediment and runoff yielding; water storage and
sediment reduction
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