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Abstract: Vegetation restoration is an important measure to prevent and control soil erosion on the Loess Plateau, but
shallow landslides induced by rainfall occur frequently on the revegetation slopes, affecting the process of runoff and
sediment production in the watershed. In order to quantify the impact of shallow landslides on the process of runoff and
sediment and to study the difference in runoff and sediment yield before and after the landslide occurrence, the field
simulated rainfall tests were carried out on the grasscovered slope in the Wangdonggou watershed on the Loess Plateau.
Based on the field investigation, each experimental plot was 25 m long and 2.5 m wide, and the slope was 35°—40°.

Rainfall intensity was 60 mm/h, rainfall time was 90 min, representing a typical heavy rainfall on the Loess Plateau. After
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the shallow landslide occurred, another rainfall test was carried out, and then the rainfall was stopped. Runoff and sediment
samples were collected at the plot outlet at Sminute intervals from the beginning of the rainfall. After the test, a 100 ¢cm’ ring
knife was used to collect soil samples from different soil layers (10 em, 30 cm, 50 cm) in the experimental plot to
determine soil bulk density, soil porosity, and the saturated hydraulic conductivity. Three soil samples were taken from each
layer. The drying method was used to determine the soil bulk density and soil porosity, and the doublering knife method was
used to determine the saturated hydraulic conductivity. The results show that; (1) the depth of the shallow landslide on the
grass cover slope induced by extreme rainfall was 14—36 cm, which was consistent with the shallow landslide depth (less
than 50 cm) caused by the natural heavy rainfall. The shallow landslide depth was significantly correlated with the
vegetation root depth. (2) There were significant differences in the physical properties between upper layer ( rootsoil
composite) and the lower layer of the landslide surface (P<0.05). The bulk density of the lower layer of the landslide
surface was 20.6%—26.0% higher than the upper layer of the landslide surface. The saturated hydraulic conductivity of the
upper layer of the landslide surface was 8.2—311 times higher than that of the lower layer of the landslide surface. Under
extreme rainfall, the soil moisture on the surface of the landslide reached saturation sooner, and the soil moisture saturation
exceeded 90%. (3) The runoff and sediment yield after a shallow landslide on the grass cover slope increased significantly
(P<0.05). The average runoff intensity of the three plots was only 0.05—0.13 mm/min before the landslide, and as high as
0.62—0.69 mm/min after the landslide, an increase of 4.0—13.1 times. The average sediment concentration and average
sediment yield rate were only 0.6—5.8 kg/m” and 0.03—0.26 g m™> min~' before the landslide, respectively, and reached
30.0—111.5 kg/m’ and 18.6—21.9 g m™> min~' after the landslide, respectively, increasing of 9.9—54.9 times and 70—
841 times. The research results are helpful to deepen the understanding of the erosion and sediment yield mechanism of

revegetation slopes, and provide scientific basis for shallow landslide prevention and control.

Key Words: Loess Plateau; shallow landslide; extreme rainfall; runoff; sediment yield; vegetation restoration
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A AR 9.1°C , ZAF-FXRE T i 584 mm , ZAEHTE 7—9 Ay, HZ LRI FIZRRY £, 2%/ MR
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Table 1 Basic indices of vegetation and soil in test plots

REAR (mm ) LR o 4340

RS =x 2& BE T ho e B A o) B
RN X Lt i) PR ME @ﬁuﬁﬁi Ak Particle size (mm) composition
Test plots Plant types Average plant Vegetation Initial mass water and mass percentase/%
st plots ant ypes height/cm coverage/ % content of soil/% > pereenfage
<0.005 0.005—0.05 >0.05
1 BeATE ok 63 78 11.2 30.7 59.6 9.7
I VKHL RAT 76 85 14.5 33.1 59.2 7.7
1 BT K 68 80 18.9 31.6 59.5 8.9

1.1 5/MX test plot 1;1I.2 FNIX test plot 21113 FNIX test plot 3

F2 RRIXWERREZEEENH/ (ky/m’)

Table 2 Vertical distribution of vegetation root weight density in test plots

R0/ +JZEE Soil depth/em

Test plots 0—10 10—20 20—30 30—40 40—50 50—60
I 1.35 0.57 0.35 0.25 0.14 0.08
1 1.48 1.44 0.69 0.54 0.81 1.14
111 1.64 0.71 1.51 0.53 0.45 0.14
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Fig.1 Study area and test model diagram
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Table 3 Test groups of shallow landslides in grass slope on the Loess Plateau

[T i SR 7 e

i /NMX . . . YR B TR [ [EIEE7/ - SRR
Test plot Rainfall intensity/ Rainfall time,/mi Number of rai Total rainfall Total rainfall/
est plots (mm/h) ainfall time/min umber of rains time/h 'otal rainfall/mm
I 60 90 3 4.5 270
I 60 90 2 3.0 180
II1 60 90 3 4.5 270

BTN A SR L TE TS BEAL T 100 em® $RJTHL 0—20,20—40 ,40—60 cm )2 19 HIEFE A
B2 3 AL, IR R MR E A i (4 b A T R TR KR I RE S AL B E R 5 7K
i 5 SRR TIE [ 2 7K Sk iR B2, DU 3R ol BT S /KR

SR R T 00 7 - St ot ) e o FLBRE AR A 5 7K B | SR XU 0125 00 5 - S8 it RO TR RT3 K 36
FARPR R AT
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FARE 2 R = . 1
RWR T x A X cosf W

P RO HAER BENAR TR A, mm/ming V, 2 BRI VAR RORER, Ly MO R R PR VDR T i g
T REFERTTA], 550 /NXHEEE  © A /P IXTEIAR , m?,

Mr
(N Rl W= (2)
Krp, WONEERERT BN B b A kg/m®
DT M
o T x A X cos@

AP E R BON B T AR B g m T minT
14 Bllehb #5304

RS R T7 2200 HT KT T 350 BE A S T 4 - S gy RV AT 25 S MR 0 A o SRS REAS T 4 56,
Xt R T2 T A A R AR R E Vb AU R AT 22 S b R AR S R A LB A
WA SRR IEAT Pearson AHICHEMT . MISCGETT 0T ITE SPSS 19.0 #fF BT,

(3)

2 EREH

2.1 MR VA I v M B A RRAE

AR AU 5 W T 175 A 11033 2 0 e, T AR 1—2 RPN BT e B A 2 vb b /N T I A D
A3 BIAE BT DT 183 72,128 min J& & AR W, F 1 R A9 BT R R 43R 183 .72.,128 mm, 413K 4 fF
N, AN AU B A A K 4.2—6.1 m, KA F 6.5 m, = A/INX 2
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WIRBERCUR, 7 36 em, F T 5 S8 BE RN B, M A AR K/ N B B T R B, = A/ IX
M AR FTE 1.82—3.28 m* Z [0, 13 & AL 07 B e /NX 3R BENLA G, ZE i b R A B R, Ho
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Table 4 Morphological parameter characteristics and occurrence location of shallow landslide in test plots
fiee) 891 YR .
3 . T 3 . 0 3 g
RN X Landslide length/m Landslide depth/cm L (ﬁi&ﬁiﬁﬁ,\ A
Test plots = ! - 1 Landslide Landslide Landslide
est plots Tk P R A width/m volume/m? location
Longest Average Deepest Average
I 6.5 6.1 21 14 2.5 1.82 RS
1 5.0 4.2 51 36 2.5 3.28 TR
il 5.5 5.4 21 17 2.5 2.01 B

2.2 IR IR A e EE M R
2.2.1  HIEYEEMERRE A+ EIRE AR R
ke 2 Fras, I RE A T 1 2 IR BB R HE R , (H A B AE 45 AR A0 1 )2 22 8] B 18 R R B 2= S5

o EAPNRMHIEREL 0—20 cm 5 20—40 em 12 8] B3 KME BE K 9.4%—25.2% , i H A& HAE 20—

40 em5 40—60 cm 2B FHEKIE N 1.2%—16.1% ,5iE B K TFREH .

FIERE Soil depth/cm
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Fig.2 Variation of soil bulk density, porosity and saturated hydraulic conductivity of typical grass cover slope with soil depth

LB B AR AL 5 A B A S, A b L B R B 2 R 8 RN A5 AR AR )2 22 1] A A AL T
JEZ S (E 2) , HIEFLBRETE 0—20 cm 55 20—40 cm 1 )Z [0 94X 22086 N 3.4%—5.6% , Tife + )2 5 E
20—40 em 5 40—60 em +JZ A4 XF 22E N 0.3%—1.5% , FiHE KR TIEH .

http ; //www.ecologica.cn



7904 A E = 2%

IR T K R R OR U B 2 R A B RN, R SRS LR Z M E R E R
(F2), IR FKELE 0—20 cm 55 20—40 em 2 I/ NEEE N 74.7%—98.2% , WiFE 20—40 cm 5
40—60 cm 1 JZ A Y28 AIE BE e /N 28.7% , e KW 99.3%

2.2.2 YW L TR IEY BRI BRI 25

TR RS Y OC R E Y], BUE S LR )2 R e A W 2R R, AnER 5 R R
RS IS E 2 UHOC(P<0.05) , 5 T HEFL IR i 35 TEAHOC (P<0.05) ; 13845 5 S 1A S K S8l o 2%
T (P<0.01) , W3 L F 2R INEE 6 fR, D2 HIEATE R 1.27—1.36 ¢/cm’, T2 L5
TR 1.60—1.66 g/cm’ , BEKMFE K 20.6%—26.0% , HHE T JZ ) MM T KK A 0.002—0.015 mm/min,
WY 2R A S K E R 0.102—0.612 mm/min , 38 KR Sk 8.2—311 £5, W )2 A0 5 FLER
JE (41.5%—46.7% ) R T N 20 -8 FLIREE (40.2%—41.5%)

£5 HEMREFEFRESTEYMEERBEXXR

Table 5 Correlation between vegetation root and soil physical properties in test plots

e LB RIS
Soil bulk density Soil porosity Soil saturated hydraulic conductivity
P r P r P r
M E % Root weight density 0.021 0.747 " 0.018 0.757 " 0.082 0.608
+ 45 Soil bulk density — — 0.013 0.780 " 0.009 0.803 **

# FRTE 0.05 KTV EEFEREXRR, «+ FRTE 0.01 KV HAEERE LR

*6 RI/NXARELEWEERIERR
Table 6 Plasticity indices of different soil layers in test plots
W S8 AR Soil physical index

/N X TR T L T3 A KR TP Y
Test plots Soil depth/cm Soil bulk density/ e Soil saturated hydraulic Landslide depth/cm

Soil porosity/ %

(g/em?) conductivity/ ( mm/min )
0—20 1.32b 46.6a 0.102a
I 20—40 1.64a 40.9b 0.022b 14
40—60 1.67a 39.4b 0.0001b
0—20 1.29¢ 43.2a 0.977a 36
1 20—40 1.42b 39.8h 0.247b
40—60 1.64a 40.8b 0.002b
0—20 1.27b 46.7a 0.710a 17
il 20—40 1.59a 41.6b 0.012b
40—60 1.61a 41.4b 0.017b

] — /N X [R)— B AN [R) - B 2R i 3 1 25 5 (P<0.05,n=3)

P L N R RS AB KL N R RN A S W T PR R
Pk A WY 2 K B A, =AY NX A )2 A K Rk E] 32.5%—36.7% , +3EK
FEY L 90% , HE I 91.5%—98.2% ., SFEMET 2 13 11.3%—18.9% 1 & /K S AR HE, 5 7K & 13 R
H15.4%—21.2% . WY T )2 58S K N i BERTRTEY 9.9%—14.1% b F+ & 23.6%—25.7% , 45 %F 2 {6 R
3.2%—7.2% . WY L2 EHEEKE IS RMEZE R T T RS KR, v WA RN T, AB R K I E
ZW AT BRI DI B R SR AR A 4 X AR , AB K S TR ST )2 A
A L83t 70% , 3o (5 R 74.4%—85.4% , Ji HIRAR I /INK 1L, HAR S 4 (VK2 A 5 T H B WA /MK
(FATE) , HAR RO A MR H 50, K A5 LATE Z2 b 43 A T3 S i )2 18 (85.4% ) , i/ NX FE /b
NG T R A AR 12 0 e ) F R
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®7 BWEHETELEKSTHIHE

Table 7 Variation characteristics of soil moisture in the upper and lower layers of landslide surface

Y F 2 R K YR R ok
Mass water content of Mass water content of
upper soil on landslide surface/% lower soil on landslide surface/%
HENX (Q1 = Q) x 100
Test plots ek i iy HE TR &K i A WA T iy B A K AR Q1 =0Qo*S -5
Before rain After landslide  Saturated water Water Saturation  Before rain After landslide  Saturated water Water Saturation
0() Ql content O Ql/Q SO Sl content S Sl/S

I 11.3 32.5 35.5 91.5 11.0 18.2 23.6 71.1 74.6

i 14.2 32.9 33.5 98.2 9.9 13.1 24.8 52.8 85.4

1 18.9 34.3 36.7 93.5 14.1 19.4 25.7 75.5 74.4

2.3 RIZWEBEZ T 0 R

AR R AR E R AR R R B E 3) . DI/NX I B 1 SRR, R S AT AR TR
i1 0.06 mm/min( 15 min) 2218 7+ % 0.19 mm/min( 70 min) ; 7EABE AN 208 T2 0.68 mm/min(72 min) ,
IR EE R 254.2% ;WSS 1 0.65 mm/min( 75 min) 2818 FFFZE 0.70 mm/min(90 min) .
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Fig.3 Change of Runoff rate with rainfall time
INXT 25 2 3BT 83 min B & AR Z W /ANK T 2256 1 3R 72 min B2 AR R Z W /N X T 2256 2 3R W 38 min I & AR R Z W
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Fig.4 Changes of sediment yield rate with rainfall time
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Fig.5 Changes of sediment concentration and sediment yield rate before and after landslide
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