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Effects of Slope Shape and Vegetation Type on Soil Infiltration on
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Abstract: To further explore the mechanism of slope protection by herbaceous plants in the loess region of
northeastern Qinghai-Tibet Plateau, the Changlinggou catchment in Xining Basin was selected as the testing
area. By designing two different slope shapes and selecting three herbaceous plants suitable for the local

climatic conditions, and using the method of artificial rainfall simulation based on the field experimental area,
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the distribution and transformation of slope soil hydrological parameters (soil infiltration, soil moisture
content) were analyzed first, then characteristics of soil water infiltration and its main influence factors on
the slope of planting herbs were discussed. Finally, the process of soil water infiltration on the slope was
simulated and evaluated. The results showed that the runoff generation time of the terraced slope planted
with Elymus nutans in the area was the latest, and the maximum runoff occurred in straight bare slope, and
the maximum stage cumulative runoff was 17 730 mL when the artificial rainfall time was 40~45 min. The
average stable infiltration rate of the six different types of slope in the region from large to small was terraced
slope planted with E. nutans (0.519 mm/min), straight slope planted with E. nutans (0.423 mm/min) ,
straight slope planted with Elymus sibiricus (0.422 mm/min), straight slope planted with Agropyron
trachycaulum (0.318) mm /min), terraced bare slope (0.321 mm/min) ., straight bare slope (0.192 mm/
min). The increase of soil moisture content at 0—50 cm below the surface of the slope planted with E. nutans
and E. sibiricus were relatively the highest, indicating that planting herbs was conducive to the internal
water infiltration of slope soil. On this basis, Horton model, Kostiakov model and general empirical model
were used to simulate moisture infiltration on slope. The results showed that Horton model and general
empirical model were more suitable for fitting soil moisture infiltration on straight slope. While Horton
model was more suitable for fitting soil moisture infiltration process on terraced slope. Pearson correlation
analysis showed that soil organic matter and vegetation coverage were the main factors influencing slope
infiltration characteristics in the testing area. And initial infiltration rate was significantly and positively
correlated with soil organic matter content (R* was 0.986). And an extremely significant correlation between
vegetation coverage and stable infiltration rate was identified (R* was 0.997). The results of this study had
theoretical research value and practical guiding significance for the scientific and effective prevention and
control of soil and water loss in alpine and semi-arid areas, and for the study of vegetation types and slope
shape soil and water conservation capacity.
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TR EE AR5 7K ot 1 R X o i o 6 33 TOU 157 25 A 348 o s 2
A 34.10%6~109.66 % . 17.65 % ~128.03 % , FE I JEE 14
HE EE 2351k 2111 % ~105.55 %, 26.39 % ~65.58 % , 1M

AR B K VA K AR MR LT 050 em £
KB IRAE S TN 12.81% ~53.05% , fE WL IE N
11.59%6~90.40% . FH UL AT 1, A A Bl 340 35 76 B W s
REHE R b B R &K E,

3.3.2 MMM KEmAEKRKESFAEMLE WNE 5T
DA PEASE A0 A T Ao 5 vl A5 308 R e A e o ol o 5 30
PRI 0—50 cm AbHI IO Ak 25 7K & 3 15 43 1)
4 30.18 % ~96.67 %6,16.53 % ~95.72 %% . YR JEE I 1 43 5 Ky
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4.70%~39.11% . 34.32% ~75.93 % ; 7E % F Jj B 60
min 5, SR8 RN R AR S B A R LA R 15,30 em 4b
B K R A BRI FE S T5 43501 A 25.37%,25.73%

28 r (a) BB TR
26 —0— 15cm
24 —0— 30cm
X222 F —A— 50cm
~
,,,mzo B
%18 |
4 16
14
12
10 1 1 1 1 1 1
0 50 100 150 200 250 300
W & B ]/ min
26 (c) T T8 kB8 B 10 B B T
24 r —o— 15cm
°22 B —0— 30cm
izo —&— 50cm
i
%18
4 16
14
12 1 1 1 1 1 1
0 50 100 150 200 250 300
W & B 8]/ min

H1 24.00%,21.67 % , 7E 3% i 43 51 A 23.94 %6, 32.06 % Fll
20.15%,29.71% . FHMTERER M RS &0 T A 9k
BERS NI 3K o0 A LIRS b AR Sk i,

26 (b) W

—— 15c¢cm
—0— 30cm
—A&— 50cm

14 1 1 1 1 1 1
0 50 100 150 200 250 300

I £ 1 8]/ min
(@) EBEWELIHR

—— 15c¢cm
—0— 30cm
—A— 50cm

0 50 100 150 200 250 300
T B B[]/ min

5 HEREBERMIETNBROKERMRUAT IMARRE T ESKEDHEE

3.3.3 MRAFAMMERRRT FHTERKELSH
AR g Ui W] [R] R A A A [R] SR Ik 5 K o3 A
fiE s AAS ) 2B RS B i i R LR 15 em 4 M55 7K
i CPL 6O R, 2 ol A () 38 Bl T - 1 5 K AR
P E AT L 1007 [ RS T 4R 0~60 min I i 6 12
3 A A K R i s T LR 1 A R T U 45 R
5 B A T8 120 3 AR 5 7 AR R JBE (2488 00 TR A 55
THIPLW(21.19%0) . W AR LN E RN TET
R T I 30 T 1R 2 60 min I, BB TR 30 3 iy T B 2k
AR TR AT JRy 7 KPR, L2 SR R B BT 1 Y
P TR AR UL A 1] 14 7K - ST A, BT sk /L o T
F8 4 TR AR AL 5 S 4 OK 3 A8 00 39 S ) I 1 7 o R
I A5 HE T AR o3 7 ) SR R 2
PERIE ) 2 TR AL S 4% L 0 B3 3R R ROk 50 2%
K MY 7 BB A 0, S BOR R JZ 5 K& BRI

34
3 b —0— ERA
30 —o—  Brip L
28
@26
24
<ﬁ122
20

18

0 50 100 150 200 250 300
W& B 7/ min
6 WX 2MARRFEHMERUT 15 cm
RELGESKESHEHIE

3.4 HEITENETEEDESR
3.4.1 3ARRIABERMEEMLE R AW R Kostia-
kov BiH  Horton #5251 J2 i H 28 B B AL, X X A 2 A
ANFIOE i1 3+ HEOK 5y A8 i B 34T 006 43 B (3R
2). Hp, 7F Kostiakov BRI o (b {H 53 HI4C 20 b
AB S S TS N () e s R R B o fE A
K ABHEBFEACA ;78 Horton A ¢, (7, (£ fH
SRR A E A B R W A B B LIRS
BEEASR A Y o 0 AR ERRE AL
FRMPIRAB R, HE 2 1 H, Kostiakov #E A H1, 2
Folt AN TR T R 20 38R 300 i A8 R 05 KL 43 391l o 088
0.76 mm/min,2 MAEPIL DB BIHE A B RS
SEBR AR A AT BRI 200, ) Kostiakov 4
R B RHORA W2 5 0 A8 [R) B 38 30 0 BR B0 KL 3 )
4 0.41,0.22 mm/min, M 7E 2 A [F)JE AR 21 3 o Fib
T F A B HA G AN B R (o B e b HHAWA BT
Kok 0 W R B P 35 0 - A K a3 A8 AR AR K 23 A
Bl R,

7 Horton BERIB 45 SR b, L3080 8 A8 1
2 MR AR 2 335 rp 249 32 B AR 3 A /)y (0.18,0..26
mm/min) , 75 i AH 2 1 B 5 5 i 3 e K (0.43,0.51
mm/min) . 3X 5K 5 B A5 55 bR L AR E A B R
AAH—F ARG A B R S PR s H R R 2
BOUEAHZE R, Ieoh BEA 2 55 FI ] Horton #7Y
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W BB AE T T A XY B WS R X T B R R 37

FEEAEL N 58 oy AR DL JR BT BV R R A T AR K 3 Fb
AN [) TS 48 e R B M A 9B G R AR B L B S B B R E
ABHEFE(1.50~2.08 mm/min) 5 3L {E HH 22 5 /),

JH AR B AR A X — B, H LA 1S B BT BRI R
(6.86~7.25 mm/min) 53 FRE A LA XT38, 5 A
o8 485 L FE AR — 5,

F2 RBEX2HAAEEELEKSNSITE 3 MIEREINER

BB B3 Kostiakov 15 %l Horton £ &l T 2 5 R R

& K a b R*? i, i, k R? a b n R?

2301 0.88 0.41 0.91 0.18 0.64 0.10 0.91 0.12 1.11 0.71 0.92

. |ABHE 051 0.04  0.74 0.43 0.54 0.14 0.90 0.42 029 097  0.86
HIE il b e

B € 0.70 0.21 0.92 0.31 0.62 0.09 0.94 0.22 0.65 0.50 0.94

Eik 0.55 0.07 0.82 0.42 0.56 0.11 0.87 0.40 0.31 0.72 0.87

o 31 0.76 0.22 0.93 0.26 0.56 0.04 0.95 0.24 0.51 0.42 0.83
Wi TE 1 3% "

T FH P 0.52 0.01 0.60 0.51 0.53 0.13 0.74 0.51 0.06 0.97 0.70

204 M Al 0l IR R4 45 2R 5 Horton

R RIREADL 25 SRAH AL, B 4 SRR 8 AN B A 2 RS R 3
T 25 R B /1N (0.12,0.24 mm/min) , 75 Ff 18
TEPY O L 30 W A K (0.42,0.51 mm/min) , 5L PR{E
B — W IR A B R TP .
3.4.2 AMHAEIE RS ANBHEMLER TN HE
2 AT AN [A] AR R0 DX N AN [] 286 Y 3 3¢ 4 30K oy A8
AR BIL G R AP AE — o 22 5, RN TE HIE 3
Kostiakov 15 BUA ] 25 L rb b A B AR 43 3 70 A 240
ZRUKF N AU G HORBF A O R B0 Wiy 0,94,
0.92;7F Horton & RIBLA 45 F 4 F A [m] 28 AU 31 4
LG ROR BB, AR OC R AR R 0.87, HAx 3
b 12 38 HOAH 56 R B KT 0,90 5 7 38 H 28 56 458 R AR 4L
Gh R 4 A [ 2 A 30 3 A AT B R LA O ke
iR BRI B b A A 25 K 30 3 B B B A5 A
R HA K R E N 0.92,0.94,

FT UL EBORILA 50, XN BRI 3 A G R
B(R®) LA Horton FEALAR X e 8 o H A 38 28 56 48
A, Kostiakov &R £z 1% , # Horton £ A1 Fl i@ H] £ 0
HEE AU AT AR Ry S 4R 2 S 3 B A 3B ROR AR R
PRAHAORIAY 5 AR TR 58 AH 28 0L ) BF 5 08 SR IRAE X
I B 202 5% F Philip #% & | Kostiakov 4% % | Horton
HEE YRS HULH I A8 P4 28 S8 3 /N i Bl 3 TR A8 R AR R 1
3 PR A A OC R EC (R (B 43 53]y 0.87,0.93,
0.99, S Wl i 2K F Horton #5 B 0] A S i i b X 3
T A5 o 5 1) PR AR 7R
3.4.3 MM AR XIE RS NS ML RIFN W
2 al DX B B OB R AR R 3 UG R R o, X
FARMIEH Y Kostiakov BLAY & Horton #5215 350 R
BT HASE R B 51 0.93,0.95, 38 FH 450 45 R $0 &
R X 8 2 5 AE P AR S B B R I 3, Horton 52
HIH A SR AT B - (R =0.74) , iR 38 FH & 56 1
B(R*=10.70) , Kostiakov & I £ 8] & L AH X #8¢ 22

(R*=0.60), HUtm] %0, Horton £ B X b 46 I i B
TIEA B S BELE SO B B AR X N+
HEoK oy AN B AR A
3.5 FMMEELAEYLEENTENSETERER
R HAFHE
3.5.1 EXIMBAMR HFESATH.LXH 2 MORFEBIE
YA AT ML DR R 20 25 vk s B e KL R 8.74
g/kg HUCH R Z - 2 h e, H 5 3 7.94 g/kg.
MR 4 n] N g R LB S ) IR AR
MEEABRYEIEMCK R, B AL -
WItH A5 Zela) 2 3 E A E R (R =0.986) , & B
XN 3 A P B A L A R
S, TR AR AT A A B AT A B IR
AT 2Z N IX 6 FlAS [ 4 R A 28 70 ) + 8 A B
Hipm KRR, THEAIES LIEABREEM
K. HREABREEEFIEMLE (R =0.813), 5A&MF
FEAERAHLL,
3.5.2 XMEmdLAKET WMEIAALXNH A4 FARE
R IE 3 4 e s K b R AE AR ) R
KB AT F A, A 13,19 %0, PR 40 25 VK R ELE 3 A
B KK O 17.28 %6 52 FAS [R] 28 78 B 466 02 341 31
R U P K S 2 0 oA e R B AR R B B R
TR, B4, KN E &K RS
TIERIE AN B R E A B R B A CRE(R) 4
1ok 0.901 #10.669, HEIEAM KRR,
3.5.3 EEEE MEIAMXN 2 FARBIE N
IR I R EE AR X B i oA 1,28 g/em’, FAE &
T IV R R s . 1.38 g/em’, IR 4
AL DX i A B S A A A B R R A G
KR MERE(R) N —0.010, LR EF 5 LR E
ABRE M RZB(RY) N 0,629, RIEMH LKL R,
LA O 2R BEORR 2 L At 52 ey R 2240 G R 501 L 10 ) 1 4
X IR A B R EABREE WA R E,
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3.5.4 MARE EZE R 3 A, X N R I R
B 5 9 A0 T 30 33k R e A  E  HL b R i B e R
SERE X AR B AR AE L SRy 10,74 % FlAf 2 1 3 R A b
R .o 32.89%0, MR 4 RIHI MR 5 5
Y+ AB R AR ABHER R IEMXKER, B
MBEGEE SREABEERBEEMLLRR A
0.997) » 1 15t W 4l 4% 7 25 B XoF IX. P o 30 0 T A B A B8
S T R T R T ¢ A RV o 7 R A 4
(SN ES NI R P L NN K] 3]
WEEEH A R K B ¥ i 1 b 7 5 A8 A - HEA
Bt RS R W] B AR A R R, AR e
AB R FER K, HUIE AB R 5REABRILEH
3.33FF MR & 1.45, SAMFR 45 R A,
#£3 RBEK2HARKHARRENE BN S
EMERRBAKER

gk wyE REEES Wi ANRSE/ M
I KRB (geem ) FAKE/YU (geke ) EEE/YU
I 1.28 13.19 7.79 0
TR 1.32 15.83 7.29 19.61
LEALS MEEIKE 1.25 17.28 8.74 24.35
1 1.38 16.30 7.94 32.89
I 1.28 12.18 6.93 0
P st mEMEE 134 15.38 5.84 10.74

4 HERBFIEANSHESEHEFEXESTER
ANBFRIE L3R WM& KR AP R

HIRABRE  —0.010 0.901 0.986" 0.393
REABE 0.629 0.669 0.303 0.997 "

T A e AP FRONAE R B F AR IR 0.05 1 0.01 K-,
4 Wik

P EL AT W45 R TR 3R R 9 2K 8
i [ 5 R 3T - K SO B0 3 2 R A B T
aof ZE AR BI7 38 35T K A G S IR i 33 T -
ABHG . ARPFLEE R Z 0 B — R 0P
7 11— M B3 MU S 3 H— A Al
BRESE K - HE B R I AR L 10 EE 3 TP
32 UIIE 39X 3 R AR WL S - S B 2 19 B 0 1 R AT —
BELsie . fEW LIRS B B 3 2 RO & 1F
BTSSR A5 0 T 6 T = K SCS AR 1Y
BFFE R AT 8 5 e Abh s B A BIF S 25 R R WL AR
FEE T P B R AR PRRY A 0 LA R T R Bk
YR AE A R R BOUK LR R L doE H
IR PR BT P B IR N R 2 — . R HEA B S KA
PRRVAE T I e B B AYY  3 HE K AR A
AF DL e i+ HEK Sy is S . P AR
LAV A DX {91 3o MO T 3R BLAR

WFRLIT 050 em A5 KR BT BB RN
FEWTE S AR L R 3 Fh A B BRI A B
i R AT Sy B — DT R VG T A AR W 30 B 1
ABIK XS E 52 IR IR A

AW R AEARIRBORAE T 4 R IR 3™ i
BF T AR 2255708 2 B B O 20 35 7 it ) (1) 22 BE B 4, 2 e
OB AT Y3 I AR 7 Uit I () AR X 5 22, 76 A [m] 43¢
TEAME T BB i i B 3 v T LA . R A )
TR FIE 25 A T B BRI s B i 2 B AR i i, 5
WIS, B 33 5 BB I S 3 Th BRI 5 A ARG
TE G FE AR TR [R) I ol R A e 38 1 D1t DXL 7 T A
PO Z A LR P o7 4 L 28 58 8 08 i - HE A R B
TERETE 24T Ry 3 B S B 3 a3 AT BE 5 4
IS SEE 27 38 c e (1] 1w B 2 SRR - B 2 7 N 1 51
T AR B R 10 B 5 T e A R A L B R T
YR AR L) IR A B R R E A B AL UL By
L 3 H KB B R IR T BB 3

AL, AT iR 245 0 300 min W, 55 X i
P b LA F 030 em M K i 7R IR T 4
60 min, B[ T 128 56 45 TR I B s R {8, B8 S BE I (8]
BN FEAR e 8 TR 8 . B E IR BT B B R B
P AR E K AR AR [ BOE 25000 T 2 2 ik it — 20
S e A BB 0 B B A i R SR
7 AL e LR 030 em &b A 55 7K 2 25 4 I AR
XA T ToAL  HE st DR 7E T 32 38 K i g # | 3 Jo
S L HEK 5338 B I R A5 Ak H ) 3R TR A K i 3
JU&FR A2 By, feT 300 3 3 T AR U AE SR AL T A L X L 5 2K
XA HLR LR 50 em ¥ BE A 4R 55 7K i K(E K
PR AE I T X0 45 o 7T A2 7 o W a0 2 oS K i
2k 2 180 B 5 T RRE 5 T e 30 3 B TR i ek -
A K AR AR BE AR ARL St R T B o T 20 3 Ry v /K
- S TET AR DT A WA o 08 A D 7K 1 3B T A WA R IS A
BB D,

TE I VE A 4 Rz o [ 3R v, 2 RO + 0%
Lo 8 R FAR 223808 o T B 6 08 20 3+ S8 A B BT 541K
FERI Ny LS KoK Rk ny L AEH] . Ak,
Y 3 i DL A B A (4 #4645 2R 7T 1. Horton A5 Y
XF 2 PO i H 45 B RE AR T AR RIAL, FOR Oyl
ZIEIRL, fE Kostiakov B 7 it fy 24 =X ] i ke i
NG BB JE 55 K Bl R W B ) 8 BR 1 K S5
TR XL AB AT T RESE B, (H A H A B W
Hgh Sy AT RE N 2 O I A S MR IR AN AT BE S
K, T8 Kostiakov B Y 451 A 2% S 458 H: At 452 75
AR S 15 AR IF 5T AR AR AU 3 e v O R T A R A ) AR R L
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W BB AE T T A XY B WS R X T B R R 39

b R R 5 0 A AR B A A A R 30 g
AB BYFE N A DX T T Y N 25 02 AR IR Jis 2L it
F Rt — P IRA RN E .

5 &5
(1) DX P AL ) e Aol Bl 0 T2 320 358 7™ St sk ) A

XoF S e o BT BRI B Be SR AR AR Ui i e K Ho e KB B 22

AR Vi 7E P IR 40~45 min Bl 17 730 mL,
(2)2 AN [R5 340 35 ke T~ P8 e A8 3 %

KEN/NRIR Sy B #5678 32 58 B 5% 5 321 3% (0,519 mm/

min) , ELJP 3 3% A 0 10 3% (0,423 mm/min) | B ¥

TS Y (0,422 mm/min) | I 4 25 VK B i B

(0.318 mm/min) i #R I (0.321 mm/min) FlH

ALY (0.192 mm/min) ,

(3) XN EIE 120 35 55 AR AR BRI AH LU 55 oA i
PO N T i E R E K BEAE LR LT 050 em
)2 A AR K G W A X SR e I TOURG I 4y 5 A
34.10%~109.66 % ,17.65 % ~128.03 % , 7535 JE 1 i g J35
439k 21.11%~105.55%,26.39 % ~65.58 % .,

(DX XN 2 PR A 3O 13 4 18 A% 3 78 45
¥ H Horton # % | Kostiakov 5% 7 138 F £ 55 155 7Y
HEATREAU R ] L A 4 RS [R) 28 A B8 e b, 4 3
A8 FE LD Horton #5571 138 F 28 56 45 7Y (1) 451 & 2%
SR AR 2 PSR ZE R G A D 3+ A B i R
VI Horton 15 #Y i $ & 20 R &AL .

(5) il 33 2k il Pearson #=PE 145 H . X N
e 3B R SR e R R O A LT S A b
BT o R PLR 5 W) 46 A BRI 2 B R A
KRR HRRECRY) N 0.986, A 4 4 w5 B 5 Fa e
ANB R B EMK R AHMERE(RH 0.997,
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