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Abstract ; Upslope runoff has a great influence on hillslope soil erosion in typical black soil regions. However, few attempts
have been made to clearly distinguish the effects of rainfall and upslope runoff on the hillslope soil erosion. Therefore,
quantifying the contributions of rainfall and upslope runoff to the hillslope soil erosion is important, which will provide a
scientific basis to prevent and control the hillslope erosion in the black soil regions. This study used simulated rainfall and
inflow experiments to investigate how rainfall and inflow affect hillslope soil erosion and estimated their contributions to soil

loss in typical black soil regions. The black soil used in this experiment was collected from the Yushu city in the Jilin
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Province and the experiment was conducted in the simulation rainfall hall of the Institute of Soil and Water Conservation.
The set of rainfall simulator with lateral spraying nozzles, 16 m above the ground, were used to simulate the rainfall. An
overflow tank, attached to the upper end of the soil pan, was used for supplying the inflow. The soil pan (8 m long, 3 m
wide, and 0.5 m deep) was divided into two sub-soil pans by separation of PVC sheets. The experimental design included
two rainfall intensities (50mm/h and 100 mm/h) , two inflow rates (50 mm/h and 100 mm/h, equal to 10 I./min and 20
L/min, respectively) , and combinations of two rainfall intensities and two inflow rates (50 mm/h rainfall + 50 mm/h
inflow, 50 mm/h rainfall + 100 mm/h inflow, 100 mm/h rainfall + 50 mm/h inflow, 100 mm/h rainfall+ 100"mm/h
inflow). All experiments were run at a 10° slope gradient and the duration was 100 min. Each treatment had two
replications. During the experiment, runoff samples were collected every 2 min with a 15 L bucket and the weight of the
dried sediment was used to calculate the erosion rate. Results showed that soil loss caused by 50 mm/h and 100 mm/h
inflow rates only occupied 1.9% and 0.6% of soil loss induced by 50 mm/h and 100 mm/h rainfall intensities, respectively.
With increasing rainfall intensity from 50 mm/h to 100 mm/h, the soil loss increased 6.1 times, and with increasing inflow
rate from 50 mm/h to 100 mm/h, the soil loss increased 3.2 times. The results indicated that the influence of rainfall
intensity on soil loss is greater than that of inflow rate. Regarding the combination treatments of rainfall and inflow, when the
total water supply was 150 mm/h, the soil loss under 100 mm/h rainfall intensity + 50 mm/hrinflow rate was 11.52 kg,
which was 7.9 times higher than that under 50 mm/h rainfall intensity + 100 mm/h inflow rate. Under remaining 50 mm/h
inflow rate or under 100 mm/h inflow rate, when the rainfall intensity changed from 50 mm/h to 100 mm/h, the increased
rainfall intensity contributed to 89.6%—99.5% of the soil loss. At keeping 50.mm/h rainfall intensity or under 100 mm/h
rainfall intensity, when the inflow rate varied from 50 mm/h to' 100 mm/h, the increased inflow rate contributed to
17.2%—78.7% of the soil loss. These results indicate that controlling the upslope runoff is also an important way for

reducing the hillslope soil erosion in typical black soil regions.

Key Words: rainfall ; upslope inflow; contribution.rate ; black soil hillslope; soil erosion
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Table 1 Experimental design

=Wy L iR o O BE V92 i
ity .iﬂﬁ%ﬁ . BRitE Tou;lw‘i:;:fiily/ Rainﬁlﬁﬁ iﬁnﬂifsny/ h(lllegiﬁaf/
No. Experimental condition Treatments (mm/h) (mm/h) Caiin/b)
1 (] Rso 50 50 0
2 Rigo 100 100 0
3 R Is 50 0 50 (BI:10 L/min)
4 Tioo 100 0 100 ( RI:20 L/min)
5 R R+ 0 Rsolso 100 50 50 (BI:10 L/min)
6 RsoLi00 150 50 100( B ;20 L/min)
7 R0 150 150 100 50 (BF:10 L/min)
8 RigoT100 200 100 100( Bl :20 L/min)

Ry : FEFRIBRE 50 mm/h, Rainfall intensity 50 mm/h; R g, : FEFIHREE 100 mm/h, Rainfalliintensity 100 mm/h; Ls, : 332 50 mm/h, inflow rate
50 mm/h; 10 : ILVEZE 100 mm/h, inflow rate 100 mm/h; RsoLsy : B3R 50 mm/h+ ICI# 2 50 mm/h , rainfall intensity 50 mm/h +inflow rate 50
mm/h; R0 : FERTHEE 50 mm/h+ JLHHEZR 100 mm/h, rainfall intensity 50/mm/h +inflow rate 100 mm/h;Rs,Ts, : FERTHEE 100 mm/h+ I %
50 mm/h, rainfall intensity 100 mm/h +inflow rate 50 mm/h;R o010 : FEFR5HEE 100 mm/h+ LA 100 mm/h, rainfall intensity 100 mm/h +inflow
rate 100 mm/h
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Table 2 Runoff, soil loss and sediment concentration at different rainfall or inflow treatments

B /R e _ SV
] VAR /L TR it i U
E K al treat . Rainfall intensity Runoft/I. Soil loss/k Sediment
rpenmental freatmen or inflow rate/ ( mm/h) une oft foss7ke concentration/ ( g/L)
e i et B2 50 578.4x67.2¢ 0.77=0.06b 1.33x0.28b
Rainfall intensity 100 1371.6+302.4a 5.45+1.60a 3.97+0.74a
pIIRRE S 50( Rl ; 10L/min) 536.4+32.4¢ 0.01+0.00c 0.03+0.00c
Inflow rate 100( BV ;20 L/min) 1098.0+277.2b 0.03+0.01c 0.03+0.01c
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Table 3 Total runoff, soil loss and sediment concentration by different rainfall and inflow treatments

. e g it B2 s . R
JoNeiY) i3 I 2 . - _
L2 LB PokimE Rainfall L HLE (bn (EaLiss Sediment
Total water/ . R Inflow rate/ B K
Treatments (mm/h) intensity/ (mm/h) Runoff/LL Soil loss/kg concentration/
m m
(mm/h) (g/L)
Rsolso 100 50 50 1405.2+36.0d 1.20+0.10¢ 0.85+0.11¢
Rsolig0 150 50 100 2074.8+156.0c 1.45+0.54¢ 0.70+0.08¢
Ri0Lso 150 100 50 2528.4+126.0b 11.52+4.04b 4.56x1.18b
RigoLi00 200 100 100 3542.4+230.4a 54.19+9.61a 15.30+4.56a
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Fig.4 Erosion rate versus rainfall duration by different rainfall and inflow treatments
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I8 P R 0 T A 3 {2 e B P8 TR 30 WIAE 41.449%—58.65% F11 89.58%—99.50% ; [F1FH | L4 5—6 P4 ik I
ABR FEIC R AR AR AR BE I 100 mm/h () 5 I 5 82 F , A6 TR OXF 394 1T 428 9t 42 Tl 6 1) 3 ko3 4 - 2
H73.90% F1:99.9% ; 15t BH [ W 58 5 (49 438 0 X 338 1 42 ok o 1) Dk I L X R TR R AR N TR R R S RN
SRR, HXF =35OR8 S A VR R R, R T IR o 0 XV FH 22 A0, 8 R 5 B 1 8 o ol 3 T e 2 4%
T RSP SR DTN R T % - SJEATURE [ (P 2y 5 B 482, 4 (s 43 30 74~ S0 A B 25 5 4 T 3k o A
I, Bl BOHGH iy it Dk R I 5 5 B B %) o O S P e 3 v 42 ek X el R o Sy = R Sk A A 4R
SR, DT o 33 142 ol e S G, 3R ) 1 B T R AR R B B 50 mm/h RN S M T K O
TN T 46.94%—A48.13% ;341 100 mm/h R38R BEJ5 , P HK i HG N T 72.40% 447 . e b sl )12
PSS A ARV A8 ) 55 W (37 7 BCAE LY PRI T3 0 68 T 58 S 3 TR K I A S O, S O T A I ]
B Y AR YRR
2.3.2 L3N R b X AR A TRk S AT

i 5 s R 1—4 19 4 2RI AL BT & 30, 76 R R 3 B DR AN AE B 390 50 mm/h AIE R )5
T3 X A T A I R AR b ) TR A0 A 28.64%—58.81% F11 17.24%—78.74% ; [Rl P | [b4% 5—6 P4 ik E:
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8214 A E = 378

b PR R TR SR DR AN AR B 100 mm/h BTSRRI X B 1T A O e AR ok ) BT R R A3 Sl A
61.28%—72.12% 1 46.90%—89.94% ; Uit I LIt i 22 (1) 38 R =2 ol o 9 D ikt LRSI I, X2 PR oA B 380
SR TS [RIAR R 007 22 (17K 38 BE B A% 32 A A | TR /INAS (SO T 35 1 A8 R U 038 7 A 5 i), AR 395 1T 1R
Tb 7y 3 P R Ay YR AR A AR VAR ok oy T DT fofE 3 T A28 A Dk RN S BB T 3, 5 S0 T A o o SR B
T I A K B R T, 0 S0 mumy/h I 5 IR TS T 10.55%—19.84% 5
100 mm/h 3R SE  SEAK PRI T 28.21% 447, S FEMI + 582 1 ok — ¢, 398 il R Je,
AT 7K It T G R, S O T AR U ] g B e  TAR d v E E n

R4 EEXBLEEERANSMHATRKE

Table 4 Contribution rates of the rainfall to runoff and soil loss

E B I TR 8 R TTIRF(Ryy) RMTTIRA (Eyy) -
' 2y
Variation of Increased rainfall Contribution to Contribution to R
No. X . o Erosion patterns
experiment treatments intensities/ ( mm/h) runoff/ % soil loss/ %
Iso /,
1 50 51.15 9950 ik
Rsolso
Lioo i
2 50 47.07 97.93 Fil
RS()I]()U
RSOISO I DAL=y
3 - 50 58.65 89.58 J i+ A ARl
100 150
Rsol100 il - 4T VA A
4 R 50 41.44 97.32 J i+ R 4=
1001100
1
5 N 5"1 100 78.79 99.95 F o+ 404 45k
100 150
I
6 N '°f 100 69.00 99.95 b+ 403 2k
1001100
*5 CRMEIHEERMEMHEARHRKE
Table 5 Contribution rates of the inflow to runoff and soil loss
. FEA I 3R St spe g .
- B b 0" Gy BHIIE(Ry) RO (Ey) e
i o Increased o o =i =
Variation of . Contribution to Contribution to .
No. X inflow._rates/ ) Erosion patterns
experiment treatments runoff/ % soil loss/ %
(mm/h)
Rso ;
1 50 58.81 35.83 Jrih
Rsolso
Riog Pl - AT VA A
2 - 50 45.76 52.69 Jr i+ 40 9 £ il
10050
Rso 1
3 > 50 32.26 17.24 Friah
Rsoli00
Rioo 150 T 4T S
4 2 ¥ 50 28.64 78.74 i+ A 9 £ il
100100
Rso
5 100 72.12 46.90 Ji
RsoT100
1
6 R '°f 100 61.28 89.94 o+ 40 3 £k
100100

AR5 3 T AR T IS0 A0 VAR, BT 1 A [) R T i 88 A 3 TR LA S — 38 A A i 5 A
TFFE T R W R G0 % = 30 17 - 3R P (%) 52 i, AT 1 o8 W A 3 o) 0 T 4= ik A/ FH ok, 22285800 F .

(1) 7R RS FIC S S 3856 | 2 AR 5 2 50 mm/h 3895128 100 mm/h B 355 17 42 3 RS ok 240 31 184
BT 1.4 F006.1 4% 40 2 50 mm/h BN ZE 100 mm/h B 3% 100 A% 3 6 042 B 43 0486 A 7 1.1 A0

http ; //www.ecologica.cn



24 44 FN5E A TR R A X T SRk ) R i S B Y 8215

3.2 4% d A oA T 30 T AR e = v B B ) R TIE AR

(2) FERE R A AL A 56 v, B R 7K i B (R T 9 B + T R ) ¥ 150 mm/h B, B RR 38 B2 R 100
mm/h AR A 50 mm/h 21538 56 0 35 11428 U et AR Dl 6 53 0l 2% 38 RT3 B2 50 mm/he R U 38Ry
100 mm/h AR50 1.2 F1 7.9 4%, Fir 2 i g0 Ak B0 0% 395 17 5 22 LA ANYA 4= ik oy =0 8 | I 25 A B0 %) 3 v = 22
LA R

) LEAARNE AT, B3R SR 50 mmy/h 5, HEX 35 17 42 flt it (9 5Tk R 89.6%—99.5% ; 11 7E 4
[P A5 0F I T8 0 50 mm/h i, HOG 3 R bR ST 17.29%—78.7% , Ul WA 1 4 6 SR X B
T VATV AT 3 1A - AR o R e e Ry

(4) WEFR ANV 22 18] B AH B 52 VR o 33 TR 39842 1l (R R AE A IR ARIESE
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