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Effects of Contour Tillage on Soil Erosion Process in Different Slope
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Abstract: Contour tillage is one of the typical agriculture tillage measures, which affects the soil erosion
process of sloping farmland by affecting the slope filling and infiltration. In this study, the rainfall intensity
(90 mm/h) , five surface slopes (3°, 5°, 10°, 15°, 20°) and two types of slop treatments (contour tillage and
{lat slop) were designed through artificial simulated rainfall experiments, comprehensive comparison and
analyses of indicators such as runoff rate, sediment rate, runoff sediment concentration and runoff reduction
and sediment reduction benefits were carried out, compared with the flat slope, the effects the contour tillage
on soil erosion process of slopeing farmland on the Loess Plateau were explored. The results showed that:
(1) Compared with flat slope, the initial runoff producing time on the slope was significantly delayed by
11.58~31.91 min under contour tillage. With the increase of slope, the effect of prolonged the initial runoff
producing time under contour tillage was gradually weakened. (2) The runoff rate and sediment rate were
weakened under contour tillage. Compared with flat slope, the slope runoff rate, sediment rate and runoff
sediment concentration under contour tillage were reduced by 11.77% ~94.92%, 20.69% ~99.27% and
2.46 % ~88.40% , respectively. However, the ability of contour tillage to reduce runoff and sediment production is

limited, and the runoff tate, sedimeat rate and runoff sediment concentration under contour tillage slope may
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be closed to or greater than that of the flat slope if ridge breaking occurs on the slope. (3) In the process of

rainfall, the relationship between the accumulated sediment production and the accumulated runoff meet the

linear positive correlation, and the increase of the accumulated sediment production with the accumulated

runoff under contour tillage is always smaller than that of flat slope. (4) The contour tillage has good

benefits of runoff and sediment reduction on different slopes, the benefits can reach 45.35% ~100% and

58.92%~100% respectively, and the sediment reduction effect is obviously better than the runoff reduction

effect. The results revealed the influence mechanism of contour tillage on slope erosion process, and provided

a scientific basis for soil erosion control in slope farmland.

Keywords: contour tillage; slope; runoff and sediment production; artificial simulated rainfall

FEGEH A K Bk RENEEZ —, 8+
v D SR A 1 AR M R K S0 B RS B 28 1
o R X, B R e K TR
F1h = 2 5 VR M, AR ol DX 9 AR ok i 1Y
60%~80%6" . ¥ 4 IXH UL - 4R Dl 2 AL AR AR A1
B R TE AT L4y S Kl KUk A0 B g Rl 3 R R,
Forpr oK pl R 8 XA )T S R K R 2k
RIS b R 1T AN S 5 ) o T
A K R A W) A 3 0 R o A R A 1) A 3R
AR TRV RSk A B AR B
85l X 24 28 AL 2 R R AR R AR SR B
R S AR I B BB A A 2 s M e MR R L A A
ANFRE MR IR A S R AR Bk b R
() —FR K ERPAEROR i T 5207 M I H, 6
25 1N I R TR WA, SUN I S X % L
U0 o, DN 80/ 08 V0 3 B8 S 02 . B Bk iZ s
(PR P P BRVE R S X 1l SO 3 g A Y o B
B Hb A [ S 7K - PR AR R008E K BR , 45 i Bk AR 7T L 3
JNBE T A S £ E WK BLIE R IE B 7 — R -
Yol /> B 1T 7K A 3 R 5 bR R SCAET B A x4 - 1 B 5
P A5 RV AE b /0N R S R 6T b 2 A2 IR AR el A s
VAR H B . (7R W 5% 4 KA 3k b s o A 45 Ok
55 3 4% % RAE A S0 L FE B BF b bR BRUAE o BEAE
FoARM S KEIRE 3.2% ~8.8% ., 12 i & W />
85 % ~100% , #fthill 3 2D 90 %6 ~100% .

BB 5 i A1 o ke 32 b % 5% i 3 1 = O 7 V0 1) B
BT P - R TR A R W A VB i o7 R X T
O FT o F R LA B T ¥R 43 1 B ASORL 9 RE 7 5 F T 52 T
Yoo AR, R, £ A S S D, B
DAL A B0, Wk T AR U 2l RE KGR, i 4 g 4R ph
Zingg ' e R4 4 R DR 5 B 2 E] B & A
35 BRIE S 260120 3R 4T i B o 3 Ml - 88 45 e 1 Y
TR IR 5T, 45 B 7E I 4 0 R T 58 B — S N, 39k AR ok
e vb ik Wil 3 3 4 R B R R 25985 Ao SR IR STIA
SRy 3 B R B W B T Y 43 T B OK L i A
e s 2 B ALY W T RIS AR T

R R A IS B R R —
JE G, AR o s N S e . S R A R
X —Fh 2R B ERS . A A T 22 % - ARl iy 9
R R B FE KR L MVER . AR SCRLN TR RN S 5%
15 B RV 3 5 90 R AR 45 3R 15 45 T BR AR X R TR
I SR b AR R AR ok v B S e Sy B A 4 v AR AR
KR LA s S AR 2 AR S L iz X HHE T X &
TR ] B DD 0 B8 S
1 BRHS05i%
1.1 KEEESHM

AGREE T 2021 4F 7—9 J 16 BEPE 48 )6 BH T 4 2
B AR R Y X (34°14"34°20" N, 107°59'
108°08"E) PG b 4 ARk K 2 B¢ I R 8% 2 e /K 4 f ¢
TR 5.0 mX 1.4 m AR /PNX EETr., %
JB T I T 2 1 O il v 2 XU AE O Y R OK &
635.1~663.9 mm, 4ERFEKEH 60% HEH T 710
A HZREZBW. M 12.9 °C, 8 Ry
v, R 2 b AR 1 2 K B 1 At I
B — B Rk 3, K8 E R A A (TN & & h
0.89 g/kg, &M (TP) & il 1.22 g/kg. HAHE (AP)
Tl 23.87 g/kg  BAR(NH, " N) &4 10.37
g/kg A A (NO, —N) &4 14.33 g/kg. Pk,
KRR KL 4 ) 30.0%,43.7%,26.3%

RS0 R S 30 >R FH B BE K AR R 5T B 2R
A s X A TR ATL A R X 5 BE AT GA 8006 LA B, &
LI 1 AN7KE (K 2.0 mX 58 2.0 mX & 1.5 m) .1 4
KFE (2.2 kW) HEKAE (NFE 48 mm) .2 DA 7
m) A2 0 T % Sk 20 A, 3 2 AR A R A K R
W% Sk RUSE, T LIOKE B T 5% 5 9 2% 7F 30 ~120 mm/h,
TR AE 1 AW, T E AAEE 5 m, BE & ]
PLIKE] 7.5 m DABH 0% F9 7% 156 7 2 3 n] 3R 31 3 2K W 0
R v% Y 98 % L L,
1.2 REgit

AL ARE — R T 25° LU F MO B Bk, A 3,
5°,10°,15%, 20° & i /N IX by 43 S E AT KRR . 308 o
WFE DI G GORE AT 73 BT, A1 06 [ 9 08 B8 8 Ry



5% 2 3

Pl P 45« A% R AR 0 A [ 3 B 34 AT 3 £ el 5 AR Y 39

90 mm/h, R B [a] 35 & R 40 min, & 35 TR A AL
W& 60 mm, [ B BE £ AL 8 BF 1 O 2055 & BFVEAE
Shy B8 T R AL 3 L LT B T Ol 0 R g R A B EAT 2
WA LI 20 T .

(1) S5 R ARSI V5 4R, e 1 T I 1]
HEATREE B L 2852978 6 em, ZEHIFEZY 14 em,

(2) V- VT TR A 35 T 35 T P AT fof
E R AR RS .

g 7 ek T T 607 D JHE R A1 JEE 55 /0N DX, 0%k o R AR
HEAT 22 YRGS » LA (L 8 W 56 32 R 489 50 i 3k 313t 0 2
Ko FRHARE T L TVHUE T 55 E /N X b A 3 R A
TR 1B, B8 R T 4R J5 e S5 3 1 7 R e R . B T P R
FEUR e SRR AR AR 3 U v o (R BR B [B] 24 2 min,
BRI ZE R X RE SRR S S 24 h, il L2
T WA KD VD vk BER G rh L O HERE L BRI E R
105 °C, 24 h HEF J5 FR &, 0] 4578 BORE D7 s P9 14 7= i
WG,

1.3 HBEBHW
AR FIH Excel & Origin 2021 #4547 £k 4
Gy M5 B R 2 .
2 GiRSH5W
2.1 WEAEE TR EE
HIER 1 A, JC R R A PR I 2 R b T, ok

A 304 T 33 B 1A 5 R T A AR A L 3 K, B T
B30 7 B () AR . E A ) SR L B R SRR L AR
BEAE AT LLSE 28 97 b ™ 3 B ), 7 3°,5°,10°,15°, 203
AT [F] — B J3 33 T8 400 4 7 3 ) R 4B SR 11,58 ~31.91
min, = A2 £ W BT 0 B DA 23 50 3 324. 76 %
87.87%,51.47% ,42.96 % ,36.97 % , it W 55 = B 0]
DA A 5 T8 ] G 7 D A 3 T ) B 7 U B D) AE
1o 3 T3 R DN L A AR R
F 1 FEEETREHES L7 7R

BA AV :min
I 1 Ak B 3° 5° 10° 15° 20°
Sy 9.833 3.033  4.083  4.050  3.133
SEEHRE 41.767  29.683  25.098  21.450 14.717

2.2 WHEFEREDTE

2.2.1 wk@mppRBEEEAEE NE1ATLUED,
TCI SR 55 o B S TR i, A 5 el A P = IS
— B[R] P B A 7= 30 3 1 25 i, R [ 38 B A2 3 /N X
PR U 5 R R S e MG RS s TR E Y AR Ak
B, Hor, SR A B, 107,157, 20° 3 1A BY AR I 0
4 A8 Ak X 6] 422 3 B AERE R 4R /5 15~20 min W&
Wl TR W I 3 I A AR T B B il R 45
Vo HE AR 30 T R AR FE R R 35 min P RS GE A
A [ B 20, A28 T 8 32 7 i 5 %) 348 o T 22 B0 5
AU B ok R R TR AR I R 1 AR 4K

1.8 1.8
g5 | @ FESE =] (b) PRI TE
g ERS
o 1.2 « 12}
g g
509 509F
1 0.6 = 06 f
E 0.3 f";‘ 03
@ 0 1 L 1 1 1 1 1 ] Lﬁ 0 B J
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
P& 7 B I/ min P R 5 B/ min
—o— 30 —o— 35° —— 10° —— 15° —— 20°

B 1 S R T TR B A B T O P RO T AL

M 2 T LA 1,78 3°.5°,10°, 1574 I 3 R I 1 e
ZENETE T 55 MEVE A 0 B A A T 4 e Tw L axX 3%
A S8 e BV BB 06 7S 2 /N TR O PE . AE 2073
i, 5w B A7 78 LA I 22 5 8] S 51 98 4% , ZB IR AE B o
PRI AR I 3 B o A T o R 3 AT KL AR IR T K
YT FERE RIS 18~20 min PN & A= K1 28 , W7 2B AT A2 R ik
JER 0.928 L/ (m” « min) , Wi 28 J5 428 7L 08 J3E 34 T 1 L 76
20 min Z24 HELER 1 NEA(E, 1,648 1/ (m® » min), 2R
JaaB N, ZJ51E 32 min ZE4 MBS 2 NEE, A
1.163 L/(m’ « min) , FI@AIK T4 1 MM, XIEHNTE
ARYARIS T, B R AR /N DX A 1 2 A ik TR K
BRI A 2o ok 4090 , B B 1R K 11 b iy 2878 v

Bt I AE T 7K B & AR M K T A ) 2 Al e s L 4% i iR
BE2RIR R, HIS 10 min ZE47 /N X H B X — 2B (R 1
mhs IS 2 DI, U] A W 28 45 v B I
55 W TR A% T 1) 8 T 90 553 A 3 1A AR I e AE R L B 21
KT B4 3 Y T AR T AR

2.2.2 W@mErFEe T HE3ALEFEH.
I TR kAR R IR 7 I o AR b Y AR Ak RN B B R] A AR
fb. WK E . BE & 7 I W HEAT , 45 I 1 42 il 2R 5
AR R e B K0/ 5 B AR B e,
LA R AEAE 10°, 15° 3 1 DL AP T 5°, 107 AT Y
MR AR Ak B oy WIS . 7 W A8 RN 3% T Ak 34— B 1
B £ 3 TR ok 23 I B RE Y 3 R K, OF B



40 K AR TR 2R R %375
T 3°,5°,10°,15°, 20 11 K . 42 4 R f K nT L4 il ik 2 R g k] L 3k 3] 0.046,0.390,1.271,7.088

#]0.350,1.139.1.563,2.990,5.509 kg/(m?* « h) ;%
e B 1 A 38 B T A 7 U AE R 57, 10°, 157, 2073k 1

kg/(m® « h) o W TR MR AE AN [F) 35 8T 14 22 53 U6 W
S RE o 35 T e v i R R EE 2L

18 18 ®) 5°
2. L (a) 3° R
g 1.5 g 1.5
« 12 F o 12 |
g g
a 0.9 a 0.9
~ | ~ |
g 0.6 g 0.6
% 0.3 % 0.3 |
@ 0 C L 1 L L L L L 1 J @ 0 C L 1 L L L L L L J
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
F% R 3 it/ min F% 7§ B3 Bf/min
1.8 18 . 1.8
o~ . D (d 15 o~ (e) 20°
.515 L (C) 10 .515 = .515 - '
g g g WiZRAEN\ WRRER
v 12 | « 12 y
g g
a 0.9 Q 09
~ | o~ |
g 0.6 ,;% 0.6
= 0.3 F = 03 |
Lﬁ 0 1 1 L 1 L L L L J Lﬁ 0 1 1 L L L L L L ]
QN O VN O N O n O N SN O N O N O wn oW
— = N N NN < < = = N N th n < <
P& ¥ 77 B/ min F% ¥ 7 i/ min
—— PR —o— EFEE
E2 AEBEETARMEFRNEREEHMERARMETL
8 r 8 r
' o (b) FEHFW
T 6 T |
'H 'H
o 4 w4 [
% 2
# %
2 2 F
# #
™ U] y
0 J 0 B ]
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
F% RN B3 B/ min F% ¥ 55 BF/ min
—— 3° —o— 5° —— 10° —— 15° —o— 20°

B3 EedEMEEFETEMERERAINNEL

ML 4 BT LA 72 W0 28 5 K AR i A e BV 33 T
(RMR GG LR T B B, 76 = W I IR ) S5 S B A
B 5°,10°,15°, 207 1f fix 2 AT LAk 2D )42 1k 2R 43 31 S
97.56%,92.15%,99.14 % , 83.22 % , 16 W 45 5 B 4 7T LAV
AN T AR ok R R L E W RE O 20° I A R REAE A9 4R 1k
FAE 20~25 min BT RS A0, LA 1 AN 081H,
H 7.087 kg/ (m* « ) IXJEH TIZ M [A] & A KT 28 FRETE
ZEIE) N 1) T 7K IF 18] 0 A% 35 2B A o s, DB 28 )5 1 22
Fr A2 o B S v AR VR e v i Bk IR HAE
BT el TR Pl I A0 80.43 %4 5 I S T 2 it 8 2 Jl
Bif  FERETR DT 5 32 minB) B 5A 5 2 MR ploR W AE , HAH
9 3.770 kg/(m* = b)) AHAT /N T [R) B 20 °F- % 3 i 7
Tl R 5 AR TR I 4R R B

23 WHEKDEXBRTWNITE
2.3.1 @it vEa Tt REBMED

TR A7 R O B L B R AE PR BE R RO R A, 7E B[R]
Z3 (] R AT P B AR T VD R AR AR
T T E e Vb, B 5 BT LA W B AR R v
HIEFIAEEZ JEA 1AW 0T R, BT
T v 5 S8 B T AR I U o R A U Bl K, P B i
T,3°,5%,10°, 15°, 20" 3 THI A% it 2 ¥0 1 728 6 1 Bl 4900
5.542~22.630, 14.552~ 26.250,9.721 ~ 25.324, 32.725 ~
62.115,52.682~75.366 kg/m’ ; % #HE = WM& L T .57,
10°,15°, 20° 3¢ I 458 ¥ & ¥0 w784k Y0 [l 40 1) hy 3.819~
6.065,0.524 ~13.416,6.771~ 36.877,22.553 ~ 71.690
kg/m® , F Fifi %5 B W9 D3 0 00 647, B Bl 0 2% . A
NG RSN R RS & 3 NI b 3R R N TTE: N
S R BV RV S B T S

AN TR 3 BE T A5 e B4R P T A o Y
6. MK 6 AT LLE B & A Wi 22 1% 2073 1H 4b , 55



5% 2 3

Pl P 45« A% R AR 0 A [ 3 B 34 AT 3 £ el 5 AR Y 41

VR IR 2R T 7 B B T AR S Y . FE S
VIR AR BEAE AL B A 5°,10°,15°, 20° 35 1 Hx /)N
AT LLIR B 7 8 W T AR A Y Y 20.06%0,0.02%
16.96 % ,35.78% . # 20° ¥ 1. B W HF 45 J5 20 min

I ph T 2R W 28 A5 o B A 3T A A8 U U0 B g
V- B AT AR L U AL IR #) 71,688 kg/m’ s B
A5 e DRV S TR AR 0 5 U BB T R T IR AR TR

RE DT AR D R

04 1.5
~ (@ 3° ~ (b) 5°
Tosf 0
' W 10|
w 0.2 o
) &
= ~ 0.5 |
£o1f £
™ i
0 o 1 1 1 1 J 0 C 1 1 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
F% W B3 Bt/ min F% TN 3 Bt/ min
2.0 r 4 8 -
~ (c) 10° —~ (d) 15° P (e) 20°
= = 51 = o | wmRAw )\ WERAER
11'8 wa '.*a
~ ~ ~
¥ * 4L %
o H H
I ™ Ui
1 1 1 J 0 1 1 1 1 1 J
S N O N O n O n © 0V S N O N O O n O wn
— = N N NN <t — = N N N oon <t <
F% FF F B/ min F% 7§ 7 Bt/ min
—0— PEEHE —o— S
B4 ARWEETARMEAREHEMETHFRHOTN
o o b) TR
'*g 75 (a) EEH1E "E 75 ®)
_;260 - Q 60
W 45 W 45
A L £
g 30 g 30
=15 F =15
N @
0 o0 oraa8 o y 0 \
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
F% ™ P B}/ min P& 7 [ B}/ min
—{— 3° —0— 5° —— 10° —%— 15° —o— 20°
BsSs ESEHENFEFERETEREVEMEMERMETHL
232 WBmRAIFFVEREFTRAZTHLXEZ F AAH BTG, AT RE R (@) BN 76 M ) 3%

AN TR 3 BE RS [ 33 T A B R0  vb R R AR
AT EIE T (GE D] LA L 3m E v e s
FH AR Ui 24 5 IR DG P iR B 2R PE AR DG OC R L D E
REIIRT 0.98, X SR B M5 LR — B, R
KEAXN:
y=ax+b

K.y R W= (kg/m*) s Rt L/
m*)sa.b BIRHEE.

WAL FRBRE o AR T IR HE U 3
[IES Wil Sapasbiie: SiNE: NITE: N =8 X (B
FPF RS P AE LT sa BEAE Y RE A3G RmiHG K, 45
PR R - 2 g T 3 O B B K43 il AT A 161.48%4
135.47 Yo , R WIH BE Xof B 10 23t 77 Vb 1 B SR 17 Ik 2 1

AT PR Y SR v B B R AR 5 iR
B R T M, 5°,10°,15°, 20° B B N, SF- 2 B i
a H5y W% m e 3.97,1.76,1.72,1.26 15, Ui
AH 4 5 B 2 o 72 B3 1T AR I A R 7 U R RS
2.4 EEHEMBRRD

&7 AT X GO 3 T S R ETE 5
JEET A sk 9 ek V0 A% £ ¥ M E AR, 37, 5°,10°, 157,201
T B 980 8K 2 5 ek V0 8K 2 43 A 100 %6 5,95.56 %%
82.31%, 69.90%, 45.35% 5 100%, 98.51%, 90. 73%,
84.09%,58.92% . BB B AF & K L3k 2s . P
UR 2 %F 7= 3k 7 v 2 B A S A5 R B X O U
BN (e A I o VER T - IS - N O T 5
it KN IR 5 RN KRR BRI A 3°>5">10">



42 KPR 2= R

537 &

15°>>20°, Wb nl WL, 3% R B/ i, A v AR i K 1

Rt B 2R RO A A L T L 157 B B O W A

PRFFROR B, EF= =BT L 45 = B E A > WD RL 55 H I AL AS = 14.19 %,
30 30
g (a) 3° «f; (b) 5°
® 20 T
< <
b I
Z"; 10 | f;‘u 10 |
& 12
I\ N
O C ] 0 - 1 1 1 ]
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
F% §§ P B / min F% F P B/ min
30 80 g0 WIZRAEW WRRLER
~ (c) 10° ~ (d) 15° ~ ;
.E S 60 ? 60
® 20 | ) & ;
< < < :
iz} o 40 | o 40 .
2 2 2 :
@ 10 s s (o) 20°
e s 20 F @ 20
I 1< 1 ;
0 1 1 1 ] 0 0 N 1 1 1 ]
SNSRI 0eY °SrMeSURLEreR crMengL228Y%
F% S PG B/ min % ™ J5 BY/min P&’ 75 IS/ min
—0— VEH —o— SRHE
o6 RARAKETABSEFRERSHERETHBOTK
®2 WEHEUHFPENEHRRENEXER R B T) 22 S AR /N SR #EAE BT DLSE B2 3 T ) 4R
PeHAL B R/ () WA TR R? A TE] 5 3 2 Fl T A5 B A 1 3 v A T B AR
3 y=7.6153x+2.475 0.9896 BH RS A2 0 1) 7= A, 52898 & KA 5, X /K I /9 BEL 3%
5 y=17.9320x—11.271 0.9984 YERYG NG B TRBE A BB eI 17 2810 &
FEHEE 10 y=208160x—14.038  0.9980 W 25 A FF ™ U TP 0 T ol T 4K i e T
15 v =42.1460x +59.835 0.9984 M AR N 3 L T FUE R K AN BH RS AR
20 T O TSI TOROTS 09989 gk o ik KR B A PR A 1
5o yTASIBTT0.019 09998 PETF 25 18 B VR 1979 B 7 U0 I 16 6 ¢ W6 T 4 B
10 =11.7960x —8.160 0.9975 P e e e M1 A IO z
EHE T e P EEBHETI RS R A2 AR
oo ' TEASTRIR v Y T2 0 3 A T A5 A 52 B 2
20 y:50.77601+13.120 0.9908

Wy NEIT VYR (kg/m?) ;2 HEHTFHRE(L/m?),
3 W
3.0 S HHERT R i R T8 77 i A ) O B

ST B 7 I B T 2 9 A IR /K %8 0 T 4 7 9
314 6 A ) S 0 2 7 O T Y
T, B G L M T 0 0 7 I A
B UL T A B 40 B 5 Ok AR T R — |
/NI BB ST S5 — B, 7E 9 MR
S8V 9 T 0 T 43 AN o Y R 6 4
8K BT AR R FR R I M T 52 B e
SR T AR T R IR PR B 150
10° 7= 0 M Ay 452 32 » 17 il 2 pht F 75 A IR B K 4%
L B B 1 B A A A TR L L A Bk
S5 R R R G — B4 B 0 )

R EJE B TRE S, 1R, ST L5 K
3 A DR L K R S o A R B 45 i L
RT3 1T FE QAR JAE o 3P 1 422 U 5t S5 L S 38 K A
ek R J 300 o 385 T 7 U — BE I [ i o 34 1T A8 0 B AR 3k 3
R A U o e B X AR BRPIR A . AR TR T 5 2%
o B Bl RE B30 i R TR R A R e, R 9 3
i VA B 0 AR G R B 2 T ELRE A B
JEE 34 O T g 5 R I v B T B T A 38 T T 1) 3 T
B AR VR AR YT T 1] b A o s R R R BT L 3
JIE 998 Aol A Ui oA B i 2 4 O A R AR A L B T
R e A W 2B I 25 v BF A B AR TR 58 R 0 IR T R
T o 3K 2 R T A5 e B A T R 28 A 422 e W 1 A
AR I AC AR e 22 N, HL 2B IR RE 9% A S0 2 12 U
DL D A ) 5 I R b i R AR R E AR
JEE BE IR T /A 78 9 2 98 I AR U 2B AR L 0 O e



5% 2 3

Pl P 45« A% R AR 0 A [ 3 B 34 AT 3 £ el 5 AR Y 43

il & J8 o DT 77 A S AR AR ol 408 T A4 A 9 e e, 24 28
PWICSE R K FUR B — e PR B (xR A W 2, 22
PN 1 T KR 2 75 0 10 L A2 i B O o (A
T A2 30 5 58 R T A A - B T AR 5

120

U771 W RS B mvb R

o
(=]
T

W WD %
s 3

15 20

B7 AREKETESHIEAXBR R H

TEFEAS D R TR S [R]85 T 4R ok R P R B e
B R5 0/ BASE (AR AR B, X AT BE S il T R
R3] AR U R AT R, LA VD BE )t AR L AR i 4R
RGN 5 Bl W TR A EAT b RAN BORORLI D 7E—
T JBE b BELA 2 o 5 A 0 5 3 R 300 o 0 5 UK B A
KA N TR AR IR T AR, PRI 3 T 4R o
RIB WA T o A T SR AR ) B, 3 BB O, T A T AL
2 | NI A TR el L S AN AN 5
iR N 2 €7 AR SN 8 NI () g R | B ]
A v 9 S R T ol 45 3 T 4R ol BB ) e 5 L AR A
X - SEASURL (1 43 BOVE FH B o kil 852 g ) B8R0 BT
DA T A2 ot 23 i i 2 ) 2 B 5 i O B
S5 e DIV S T M RS JE L 7 i 3R o i TR R AR KL B
TET Y8 YD TR A L4 o i TG AR 1 $H 3 R LF- TR
FEE VU ROAE T L B B Je VD I AR A /D B 8 YD 4
SR L AE AR AE AR Tl R AR 2N TP R BT
1713 45 1o BF A e A W7 28 2B A B 2 ) O 5 T 4= ok 3=
SR TR R EL IH B S5 1 A A 5 EE A i R 35 i
AR ol 1 i AT £ okt 3R 2 A 28 I 2 v T R T,
HIEATI IR /N T B
3.3 ERHHEMEEAKD X RN

7 D S0 R SR AR UL R EE AN (LI PR 3 2 A O
KL 2, TS AL o Ho RAR W B/ B A& P i
e 5 WO W R A R R HE AT L IR IR % T SR, K
o3 B S KR T O, Ml 3R S S I R iR
LI A A2 3 1 A8 R, S BUR IR & V0 o T s 2 e
oS3 A R AR ok A T R AE I AR A YD
PN E B 2 A8 /0N o I 3 B BE B K AR R E T
% B8 2 AR VRS R AR 1 O i a2, EL 39 1T 200 V) it 35
JEE B 3 T 46 22 (0 A5 200 30 4R o e 42 Ak 97 70 4 U
Wt 2 385 R, 2 B Ay B AR U B rh 4 A 0 e v B

(N RN o DN R (2 A TTN EEST NSRS R (BN
Wy 28T U 2R TP BB O ol T 2B MOR S A
IR, 52 ot Y8 P 3 2 TR X0 2 A o e ) ol i 7 A Y
HEREE W) I, A= P v B RN i — 2B R Kk A Y
S5 Wl B AR ok Wy T e A O A v B AR T R A B
28 | AT T A e B IR E) 0 2 BRI S VD R 2
WO, (ERERT AR o, ROt v iR R AR B Y
PNIE:-PNSEECE G R SN S8 S R0/ Ehe
SRR — B0 ELHE R 3 B 35 R 0 39 g 4 K o A
A i R s Pe v i Bl g HL R EOR R AR TR Y
B NP4 R U ¥ A = (B TS
i S R A AR S e R v R
T AR P A O R AU

S5 v B A B O Ul I DR v R i X T A
R A PE TR R 3 A% U A S 2BV R L ek b T K
X 28 b A STy AT D A O A M AR ko R
{FL5 R B A 11 DAL D A5 i I 7 S ) 3 DR i)
KR RE SR T BE S b B 2B AR B Y AR S
AR A B E . REER Y T RSB
PRSI NI AR K L R AFERE . ABF S 2 m A
P18 L R V0 A5 25 BE S 1K B 100 %6, S PR O o Bk T ok
Sy 3°H A B ERS I AE 40 min IR I  I 7E S8
P B0 2R 77 52 B v L Hh T AR ER BRI O DR A A A
2y AEAEARMERF] 10004,
4 gw

(DFE 90 mm/h FSRAPFT . H 2R 204 6 cm.,
ZERBE 20 14 em I, 25 & B BE B 0. 4 22 3¢ 1f1 0] 4
7 UG AR 8] L3 JEE /)N, S 2% A B

(2 32 3 Ve 3B TRT 400 B 7™ B P T 3958 B8R L 3% T
oy 7 Ui I T A . S8 R B R A [ 38 B 3 v ) A
TSR JEE R PR AR I 5 Vb i A S R A A
ZINERF o 28 A TS Dl /) 35 TR 194 A 9 08 R AR el R A
AU U0 5 M BRI S IR oy e A W 2 A3
TET 5 A2 W7 28 1) W ) o S5 o R S0 T A A8 O 5 L R ok
AR VD R Y O, AT RE T R % T K TR
W A SIEAT IR /N TP BT

(3) 45 fe B 70 AN [] 92 B2 18 B AT e 14 D80 9 0
A ELISCD AT A8 T 0k 0 A T AR ROR B
SR I ORI o A R A A [ AR B 3 T SR
T b S RIS T Z AR A ) B A 24 IE
MRKHR.

5 i L AR HEE A [ 30 8 0 T 4 4R b i e
7 HE R A FLI T3 P RN XA P 22 sl 53



44 K LR R 537 &
factors based on the WEPP Erosion Model[ ] ].Soil Science
B30k
Society of America Journal,1993,57(5):1176-1183.
(1] S mm. B i i = ik 5 2w e v B Ak [ MOt 5t (170 i, X0 W 2%, 5 & JA . AE K X i 8k i A% 3t 42 ol ™ v
] Bk 2 B R H A L 1993, M) ] oK 2R FpoA i, 2012, 26 (4) £ 32-36.
(2] REBL & X SRR MAY 7RI 4. 1956, 4 [18] Chul HE, Yong H C, Min H S, et al. Effects of rice
(2):99-115. straw mats on runoff and sediment discharge in a labo-
[3] Gomez] A, Nearing M A. Runoff and sediment losses ratory rainfall simulation [ J]. Geoderma, 2012, 189/
from rough and smooth soil surfaces in a laboratory ex- 190:164-169.
periment[ J].Catena,2005,59(3) :253-266. (191 BKIDEAR HORYHT . 5K Lo 21 3835 8 % T A 38 B 7 Vb
[4] Arnhold S, Ruidisch M, Bartsch S, et al. Simulation of EREATTEL) K - fR3F22 41,2009, 23(4) - 39-45.
runoff patterns and soil erosion on mountainous farm- [20]  FEft—, RoRAME NI, 55 08 W b B X i 2 500 o
land with and without plastic-covered ridge-furrow culti- TV PR [J ). R 5 MOk K2 2F i CH SR B 2= D
vation in South Korea[ J]. Transactions of the ASAE, 2019,43(2):114-120.
2013,56(2) :667-679. (21 GR/NGR 5 2% 48 3. A [ W 58 T 4 X 3 i 7= 31 0 A
(5] WPARAT, A B ok XU, 45 00 28 JEE B RURE A2 AL i ) 2 Wz B i L) ] K2z 2 4l CH AR B 0
b B B O U B R R [ ). AR AR, 2017, 54(1) 2010,38(3) :246-251.
60-72. [22] XA MK, S8k 3 , o) 5 2 55 AR 4 2 X B R U0 v i 1
[6] @i, AR mlBH, Z2.0 W, 55 8 - 8 s Bk 4 o7 XA ) W o e KRR 2 - S AR AR i s e [ ). 0 AR
AR ol b B 2 A1 4 i B K DR s8Rz [T, v K g A H2,2009,20(7):1657-1663.
FH4,2011,9(2) :64-70. (23] FR/ANIB VG » i A 55 2R [ T 58 2% 140 T 39 B8 %o % ot
(7] ARAERSC, BR— 5, 35 & b 45 AN TR B A 5 2K R T 5 4 4% PR B Bis B i 52w L) K 1 AR HF 38 4, 2010, 30
& 4 IR R B A [T A A B2, 2007, 40 (10) (2):119-123.
2241-2249. (241  EF . ADE KM . 558 0 DX B B 3 28 1 5 it By
(8] M2 R, Pk s S Ht 28 4 IX AR K 88 7 &l 4 i A5 [ AR b A R [T ] AR AR AR, 2018, 34
TR X AR FE 1997 ,15(4) 1679, (15):141-148.
(9] R AL R0k A, 55 DEM 5 IX i - 3% 4= ph i B [25] sy  HRRA, kb, 55 A [ 0 A% £ 898 S 3k T 452 ol 5
B e (). 3t 3045 B 5 2009, 7(1) : 25-31. FOFFAEATFELT ] A0l TR 2% 4 . 2020, 36 (8) : 62-68.
(100 Fpicid . 22 MG A 5% 0, 55 B B X o - 3 v 7 3 7 v 2o (261 gk J 5k 408 Al b 3 1 3 K 43 5% 14 X 5 ThT L 442 1t
REROKY R AZNEmL]] K B HEFFIFGE.2020,27(2) L AR L) o K AR EERE . 2007,5(2) :5-10.
118-122. [27] Locke M A, Krutz L J, Steinriede R W, et al. Conser-
[11] Zingg A W. Degree and length of land slope as it af- vation management improves runoff water quality: Im-
fects soil loss in runoff[ J]. Agricultural Engineering, plications for environmental sustainability in a glypho-
1940,21(2) :59-64. sate-resistant cotton production system[ ] ].Soil Science
[12] BRIEE 7B HARM, & P K 7 X5 £ 6 1 3% 8k Society of America Journal,2014,9:e0308.
R A AR B A ST LT 1K L AR 3R 24 4 2010, 24 (28] ROy, REHF RYET 5 SOm W FE 5 T /YK Y
(5):83-87. HH A e R U 9 v R T 5 L) ] oK A A4 4, 2010, 41
[13] Ao C. Yang P L, Ren S M, et al. Efficacy of granular (7):870-875.
polyacrylamide on runoff, erosion and nitrogen loss at [29] RIRVE. MR 28K, % BER R A T TREEM
loess slope under rainfall simulation[J]. Environmental PR BE I - e it R [ ] Al T/ 24 41, 2013, 29(8)
Earth Sciences,2016,75(6) :490-499. 145-153.
[14] E sl TW =, #H &, %8 A 4 52 bluid 72 o [30] LiuM X, Wang J A, Yan P, et al. Wind tunnel simulation
LK AR FFESE , 2004 ,11(4) ;84-87. of ridge-tillage effects on soil erosion from cropland[ ] ].Soil
[15] Benik S R, Wilson B N, Biesboer D D, et al. Performance and Tillage Research,2006,90(1/2) :242-249.
of erosion control products on a highway embankment|[ ] ]. [31] Liu X B, Zhang S L, Zhang X Y, et al. Soil erosion
Transactions of the ASAE,2003,46(4):1113-1119. control practices in Northeast China: A mini-review
[16] Huang C H , Bradford ] M. Analyses of slope and runoff [J].Soil and Tillage Research,2012,117:44-48.



