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1.1 R XHER
KR L, WA T3 R e R VA AR X (1)
2735 (109°19'23"E. 36°51'30"N) , +IEki4%<<0.001.
=0.001~0.005. >0.005~0.01. >0.01~0.05. =0.05~
0.25. =0.25~1mm [R5 i 73 205 il 3.56%
10.47%. 7.93%. 48.63%. 28.34%. 1.07%, HS{EKifeH
0.034 mm. 2% ELH AR BRAL 3 - bR BB VA AR X ik, )&
T AT KR R R E, AN 8.8°C,
TR IRIK N 505.3 mm, BEKAERRARLE R, B4R 4
BeANYY, PERTER 63% KA 7—9 Hin. 1 HAL &+
5, RN E 425 mm,  FEEAEY PR O 587.7 mm.
LR NG ES B et es At iy o SR E Pl o L R
TR, WA, > 150 71.93%,
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B T oK Bk . KLk, 228 AME Trhdt
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1.2 Rt 5un
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ANHBRE 15, 20°H0 25°, Wy GH R AR o [E R 24 e e 6 B
7 Ah A2 25 56wl B W B ORE 4> B e b 1.0, 1.5 A
2.0 mm/min. ¥4 _F KIS KRR PI AA H E
A L5 AR, 7F 317~1152 m? 2 [i], H:rh 400~800 m?
Eefil ek, RBGIESE 500 m? ACER, 3 AN (174
M6 FE 23 500 15.46. 19.94 F1 25.66 m, k¥4 7 KX 4
PR R AN 0.4, Kk EOSEK R Q 4 9 AN,
FEl &y 7.53~23.45 L/min. 245 5B 74 (#1322 0L
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MIEAS, AP EEENPHEZ (0~20 cm) HIEREINL,
OB T I A E LR ARG, P, = LA
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TIEEAEMILBEST R 1 Frn. Sk gl 4 R
RiSFNT (T) o, Riv SR SERIE, 141 735
B 1.0. 1.5, 2.0 fil 15, 20. 25, NT (Non-tillage) F7»
KHHELFE, T (Tillage) FRBHELRE,

*1 TRYEBMERSIT
Table 1  Statistics of soil physical properties

LB 75T Bulk density LIS Porosity
Soil layer AL f R TR 2 AL fi R PRI
Survey value/(g-cm™)  Experimental value/(g-cm®)  Mean relative error/%  Survey value/%  Experimental value/%  Mean relative error/%
ﬁWEE_ 1.16+0.018 1.15+0.033 -1.70 55.9+0.28 56.5+0.67 1.10
Plough horizon

F =
PRI 1.31+0.01 1.30£0.012 -0.76 50.5+0.37 50.8+0.49 0.59

Plough pan

2014 47 8 H—9 H 12 FAREAE p [F R B KR
K L ORFFOE T N TR MR T R W X dE AT,
WS 16 m, SYA)JEAE 85% LA b, AT AL KSR B4 RN TR
ARSI AT SR 2 R o /NDXCR 3 P AR S AN
i, RSFA 8 mxd mx0.6 m, REGHT 3L 1 om §F2
BrAeW, RIGAERGHE A 10em D 12, 435 2L,
WARE SRR AT 25 AL, BHERLCR B AL S 4 i 4 Bl
Fa, EHHEHEANERAR A P AL BE, #2515 0~20 cm +
2R EAE 1.15 g/em®, =20~50 cm -2 A E R
il 1.30 glem®. RIAFERLBIMERE, R ERvA VAR TN X
[F], VRVAVA RS WA = 22 10 em, BEASRE KT 4 FLTY
AR o W /INX T ) BTG 0.5 m ARV A R BB 3 /NI e
101, AW (][R EE 0.5 mo Ji4bh, AEARFE P i B 4 15t
— BB R, F T B b e VA AR Y i B IR B A
JAFUORE JERITEA M & . T ORUER e iy T
AKE—3, EEsE AR 15 mm/h [ 5E RN 42 300 7

Wi, SRIFTRCE 2 d JEREAT B P IR TR, ARG
W6 B FR AT B ANX PR A LU ST
WK, DURTT BEAE 13 e A s 45 44 Ly Js 20 - AT
AN, SRVA AR IO TR R 43 B A B ) 1 TS

A1 RARERY &R
Fig.1 Sketch of experiment on ephemeral gully
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FHIRA SR B Gt . thak 2 I sn, RHHESBHER Re
¥>500, ML, FIRIL AT SR KGO, T )
—FSRE S, AR, Redik, HARIR BNV .
KHHEET Re 24 3163~8622, #[H 414 FHHEERIA KR
EEMER FTRGY, JEN 0.95%~30.77%. AHI /i,
KHHERIA Re 5o MR EEHE (P<0.05) , Sk
JERAANEE (P>0.05) 5 HHERGEIE Re S ERIBUK
WM B3 (P<<0.05) , iHAS X HHE G VA%
RN, IR YIRS . S34h, Re JREAE
L B R 3G KT O, S R AN I R R AR A 8 DA

2.1
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1 30 h, —20 g (h - 20) (18) ARBHE L HHER Re 5 B RFM K (P<
- X r— . . S M - = o NILN »
2 h AN Pa 0.01) , BAMAHIERY], RPHESHHERI Re 780K
h>02m M (R?=0.904, P<<0.01) KWi—iit s HAEM (SQ)
) .
‘ by b (R?=0.961, P<<0.01) ¥JRLEMEMBER.
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Table 2 Statistics of runoff hydrodynamic parameters for experiments
. -~ R e - 2rRER
wpas B BT ey mamm mm | wwms B BT e mpzm  zu
Combi Flow Frt i ; : - Flow A ; :
ombined : Reynolds  Resistance Manning Combined . Reynolds  Resistance Manning
experiment d'SCh?rgf/ Froude number coefficient roughness experiment dlschgrgle/ Froude number coefficient roughness
(L'min™)  number gnn (L'min™)  number gnn
coefficient coefficient
R10S15-NT 7.53 0.551 3163 2.261 0.075 R10S15-T 7.53 0.516 3133 2.459 0.081
R1.0S20-NT 9.43 0.614 4073 3.492 0.103 R1.0S20-T 9.43 0.564 3448 3.919 0.103
R10S25-NT 11.72 0.667 4992 4.092 0.108 R1.0S25-T 11.72 0.581 4218 4.984 0.138
R15S15-NT 11.29 0.614 5396 3.617 0.107 R15S15-T 11.29 0.532 3736 3.773 0.111
R15S20-NT 14.14 0.645 5595 4.039 0.108 R15S20-T 14.14 0.623 4678 4.201 0.112
R15S25-NT 17.59 0.726 6409 5.150 0.124 R15S25-T 17.59 0.664 5443 6.607 0.144
R20S15-NT 15.06 0.713 5497 4.202 0.116 R2,0S15-T 15.06 0.592 3964 4.434 0.119
R2.0S20-NT 18.85 0.798 5976 4.290 0.119 R2.0S20-T 18.85 0.628 4838 4.490 0.122
R20S25-NT 23.45 1.091 8622 5.187 0.122 R2.0S25-T 23.45 0.702 6127 8.238 0.162

FE: RuoSis-NT A1 RyoSis-T #-A0KBE I #RA H 1.0 mm-min™ iy 15°0 RAHE SHHERB AT, HARCUILIEME: FH.
Note: Ri10S1s-NT and Ry0S15-T represent non-tillage and tillage treatments conducted under conditions of 1.0 mm-min’ rainfall intensity and 15°slope, respectively, and

so on; Same as below.
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Table 3 Correlation coefficients between runoff and sediment parameters and coupling effects of rainfall intensity, slope and flow

discharge
KHHE Non-tillage BHE Tillage

e i e i

s WY v ot ., Rl B N 0 fr o
z Pl T HNRE HERK kR Eoh s T HNRE RMERK EILIES Enh |
Parameter Froude Reynolds Resistance  Manning  Detachment P ewera Frouge Reynolds  Resistance  Manning ~ Detachment P erlrllera

route — number  coefficient roughness rate gutty TOUe —imber  coefficient roughness rate gurty

number . sediment  number . sediment

coefficient . coefficient .

yield yield

R 0.698"  0.745 0.624 0.695 0.617 0.917™ 0.623 0.615 0.494 0.487 0.750" 0.892™

0.549 0.565 0.708" 0.548" 0.718" 0.298 0.733"  0.738" 0.780" 0.800™ 0.630 0.391

Q 0.923"  0.9517 0.879" 0.823" 0.940" 09317  0932" 0.940™ 0.861" 0.831" 0.985™ 0.966"
RS 0.923"  0.947" 0.885" 0.821" 0.951" 0.910”  0.948™  0.954™ 0.873" 0.842" 0.991" 0.951"
RQ 0.902" 0.895™ 0.767" 0.752" 0.861" 0979”7  0.8307 0.8297 0.739 0.791" 0.930" 0.983™
SQ 0.908™ 0.919” 0.889™ 0.761" 0.981™ 0782  0.961" 0.980" 0.949™ 0.909™ 0.960" 0.848™
RSQ 0963 09427 0.824™ 0.738" 0.966™ 09147  0.921" 0.9357 0.876™ 0.815™ 0.978" 0.947™

Ee TROREEME 0.05 KT TEREEM 001 KF; R, S. Q. RS. RQ. SQ K& RSQ 4 ALK IR, W, MR, WIR—UE. WIR—E. BE—WiE

Lo ni—Y RE— R R A BAR AL R

Note: *. Correlation is significant at 0.05 level; ™. Correlation is significant at 0.01 level; R, S, Q, RS, RQ, SQ and RSQ represents rainfall intensity, slope, flow discharge,
interaction of rainfall intensity and slope, rainfall intensity and flow discharge, slope and flow discharge, and rainfall intensity, slope and flow discharge, respectively;

Same as below.

WA AN RuoSes-NT W, ¥R A S
(Fr=1.09D) , HRWEAMHET Fr<l, AZN, KIHE
Fr A 0.551~1.091, MHEGERIAFMMALLS, BAME
R Fro/h 3.41%~35.66%, 2 FRikia Fr B sR. BE
i ARG Re ARARL, AH OGO T S B A0 RV 23 B 3R A
BRIEESN, RBHE BRI Fr 5 T0R D 2 AH SRR B 347 5 2
K (P<0.05) , Fr ] I 3—3E—Vif (RSQ) A8
HAEH Tk sR o~ (R*=0.926, P<<0.01) , Fr AJH]
WP AT B I et 7 R A (R%=0.924, P<<0.01) ,
Re KR /KA RS PEMESE, Frio KR KRS, B
VE G RV KRR B IS . AL

BH ) R 5 F AN 2 RS 5 R A n 2 IR AE T Bl i 7
s 2 BBH RN, B EOR, Ul AR v IR VR VA VA il
BH I s FER e AL OR, 20 IC TR iR iz Hh 1) e =
OB/, SRRV D o R E I B ) R R
FER 2B 9k 2.261~5.187. 0.075~0.124, AH[F 44}
N, W R VA B 7 R BORURE K R E 5 0 B 4.01% ~
58.82%. 0.88%~32.79%. AMHELGHIEERIA f 325E N 55
Ay OGO, B AR Re A1 Fr AL AH ]
WHRSRAT T ABHEIRIE n B B MG K, S by 15°
1 20°WF, n BERYGRIG MG K, 25° AR A . 3R
3 ATA, ARBHESHHE R f 5 RS S tA Rk 3 2%
K (P>0.05) , HESHEAE—RELHAEN (SQ) &
W ELPEX R (R?=0.791 A1 0.901, P<<0.01) ; AHHE
SHHEERIE n 5 53R SR A AN B2 (P>0.05),
SrSHE Q. W —MEAEIEN (SQ) EMEEL
kX% (R?*=0.678 £ 0.827, P<<0.01) .

2.2 HHEXRAR MK RS20

FHE 2 A%, 6 ARBHERA, 1.0 mm/min BY5ER,
B G 5 FE 3O, #4300 16.52% . 31.37%, 1.5
1 2.0 mm/min R 5 U 23550 24 9.45% . 37.16%F1 35.38% .
37.20%; X FHHEERE, 1.0 mm/min FY5RE, $HeREE
FE YRR i 8 0 25.0%. 22.37%, 1.5 F1 2.0 mm/min

TR SRISE 43 59 24 20.13%. 33.36%411 40.77%. 15.11%. i
Y4 N, RBHE S HEERA 13 R R 43 5] 12.889~
32.222 g/(m*s). 14.120~37.272 g/(m?s), RIS,
HHE BRI IR 2 AR E IR YK 9.48% ~37.87%.
3 MRS RRM, BREImAL, ARBHE R TR
R S5 HARNERRYEZE (P<0.05) , ZBELHIHSHT
SRR, FphF b W B AT AR A R
KA (R=0.962, P<<0.01) o MFEJRIA 1430 ik Bk
FEAeME R ZE (P>0.05) , ZALHHHT4s Bk, #t
B V) ) Tl 28 5 T e — 48 A8 A FH S A 5 e P v B
K% (R?=0.983, P<<0.01) . HutrLLH L, WA HF
VR G VRV AR B B i, IX2 TR S VA B2 -
SERRAN, TP, IR R Y VA 00 v ] - 35 45 ok
VER 3 T AR BHEERA -

TR DR S BT S AR R g AR HAE
WS, ARIKE) ) KN B AR g . 1 Py Ak
2 0hE) )2 SRR 2 B TARWEI V) ) o R R e
KL KFINH U,y 3 ANKB IS4, R e )2
SR, RIS AL AR IR N JE B Va6 3
HFFUCGREE 2 Fhvkva T ERIMOR SR ETY) ). A
R AN RR IR R W TRFREY) ), RPHEE
TR Al 38.948~83.149 N/m?, AHIRI 4 T HEAEAL
IR BT S 1K 0.18%~ 25.04%, ) ith & B 847) 43
KRR, 2 Pk R 52 BAEELERR, W
Kl 3a fros, B LA T RN L i S5, FE
S EONIR A EIY) S, NImM?, KRB SR v v g
A S 5. w4 4.38 X 107 s/m
17.576 N/m? 1 4.05X 10 s/m. 10.585 N/m?, ¥k )5 115
F il FLET) S A T 39.78%. N TARGIhE, RHHE
I @K 11.701~25.778 WI(m?-s), [d] 44 N HHE
WL 1.05~1.36 £, 2 PRy # R 5520
REW LR, WE 30 Fin, EFRE TR
HOA AT S EL, A 1.397. 1.199 g/W, FES
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RIS BRI B AR U v S FUE 35 K R AL (15 119

WHON IR FARR I, 2514 5.036. 3.544 W/(m?s), IIfi
R ZRPRIEIE N 29.63%. X T EAM AW IR, K
BHE A U, ok 0.081~0.144 m/s, HHEEILE R 1.17%~
31.61%, [H[H3HTRET, WRRERFIBhERY 2 BT

v 15 2V 25 35U v 1
3% % Slope/(°)
a. M5 1.0 mm'min™!
a. Rainfall intensity 1.0 mm-min’'

15 % Slope/(°)
b. My 1.5 mm-min’!
b. Rainfall intensity 1.5 mm'min'

TR, W 3¢ FioR, B IE T RERER ) 11
AT E, 30k 280.46. 255.01 g/m®, FES HhE A A
Il AL BRI, 435k 0.381. 0.0277 m/s, Il Ft A
PR 2k IR E Ry 27.26%

hl 3V 1V 15 20 25 30
3 1 Slope/(°)
c. P 2.0 mm-min™
c. Rainfall intensity 2.0 mm-min™'

B2 KB @RS TS RAERA DR R E T4
Fig.2 Variation of soil detachment rate of non-tillage and tillage ephemeral gully under different rain intensity

o K#HE Non-tillage o HHE Tillage
0 po . 40 40
D =4.05%10%(z-10.585) = D=255.01(U-0.0277)
g 32f R=0873.P<00l., st B 32 DAL397(@-5.036) o £ 32| R=0810.P<001Ng
oo = 5.0 2=(). <0.01.2 =
ME% g Eiin #=0870,,<001 ME%
T e ®S y = g7 :
&3 5 16 4 BEd, * D=1.199(w-3.544) 2 g 16 E
B . H3a . 2 il
g < 2 = R=0.815,P<0.01 i S
HEagl - D>4.3SXI0'4(T—17.576) 3 st HEa' g \D=28046(U0.0381)
2 o 3 R*=0.877,P<0.01
2 _ R=0872,P<0.01 N . . s,
20 40 60 80 100 120 14 28 35 006 009 012 015 0.8
BBV [ERvIE S L AL Ew/RIIES

Flow shear stress 7/(N-m)

a. TR SZRBTVIIRK R
a. Relatiship between soil detachment
rate and flow shear stress

Stream power w/(W-m?s™)

b, LR R SRRIIFEN KR
b. Relationship between soil detachment
rate and stream power

Unit stream power Up/(m's")

c. TIER R L5 AR TN KR
c. Relationship between soil detachment
rate and unit stream power

B3 AAXRALERRES RS HAKGKXFE
Fig.3 Relationship between soil detachment rate and hydrodynamic parameters for two kinds of ephemeral gullies

2.3 HHMEMRAMSEAEHZMN

RIS RE TS R MIBUCRRIE, %
WIEWIRIATEE SR 4 iR, $SHSWHR. Y%,
N HA AR REWE 5 Pin. ERERE T
T, ARBAE VA 5 Y% 1 ¥ 78 98 JE A2 46 19.30~
33.48 cm, B RyoSus IS AL A 4h, HAIG 41 FHHEE
R ER T ARMHE, B R TARKME. Wik
KRS N, RIS WA VE VA VA BE i B 9 M v
PR IR, B VA R AR e 7 o B 8 - 1.98% ~
31.79%. #5I, KPHEERATEES RQ. SQ K& RSQ
WEMIKE (P<0.05) o HHEGRIE H T - hTihbE
75, YRR G, MALERE, ST S SR 2N
AR AR 22

TERFER BT, SR AP E R R B IR R
15.93~22.88 cm, X T[]l —H S, VRIE T UIH AR BE W
SRR R SE I SN, BI 1.5 mm/min MESRIN,  ARHHE
TR T UV, MR VAT TR S DU B R i 34 K i 48
Ko B RpoSs Fll RyoSis 1A REA, HRBHEKRIE T

RIERY /N T ARBHE B, BHE VA T DI B AIC 2.84%~
26.66%, 1.5 F1 2.0 mm/min M#RAME T, ABHELRA
VIRIEHET SR B 2R (20 om)
F 4 FAEEBTRAESSHIT
Table 4 Statistics of ephemeral gullies morphology under
different treatments

.. AHHE Non-tillage HEE Tillage

i

Combined  FIOW I RIE g HE WE
experiment 7SS Wcusnth/ Diﬁih/ Arealm? Wécniqth/ Diﬁih/ Arealm?
R1oS1s 753 2398 1593 1.90 2455 1508  1.93
R10S20 943 2513 1656 199 27.13 1563 214
Ry1.0S2s 1172 2309 1629 1.83 3043 1581 241
RysS1s 1129 1930 2154 154 2539 17.97 201
R1sSz0 1414 2031 2288 163 2637 1678 211
RysS2s 1759  23.85 2263 189 2814 2062 226
R2.0S1s 1506 2595 19.03 203 2646 1849  2.10
RS20 1885 2550 19.33 231 2821 1850 2.33

R2.0S25 23.45 33.48 21.32 2.69 2531 23.28 2.52
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%5 RAWESSHEWRE. WE. REREXEERMBEXRE
Table 5 Correlations between morphological parameters of
ephemeral gully and coupling effects of rainfall intensity, slope and
flow discharge

A5t K HHE Non-tillage HHE Tillage
Variable ~ JE/% IR TR i 731 T
Width Depth Area Width Depth Area

R 0453 0585 0453 -0.169  0.735 0.352

S 0399 0228  0.390 0.592 0.417 0.860"

Q 0653 0616 0717 0075 089  0.750"
RS 0.653 0607 07200 0108 0883  0.778"
RQ 0.671° 0560 0.749° -0.072 08727 0.627

SQ 0670° 0529 0.701° 0206  0.853"  0.868"
RSQ 0.738" 0543  0.792" 0 09127  0.767"

IR B TR DR R I D) EI RS, RAHEE

R E AN 1.54~2.69 m?, {£ 25°H/% . 2.0 mm/min F5i
S PRV R BRSO, B 2,69 m?, HAUREFRIHE R
VAR E TR A HH RV 0.87%~31.69%, A
TR A R T T AR 19.25%~33.63%, A/ vRVA AR & bk
TR 24.13%~31.50%. HHEEIE BT BAR R U

- ARBHERH - BiHEH
Non-tillage ephemral gully Tillage ephemral gully
600 800
o
2 500} 3 700}
2 g
£ £ 600}
r =]
g4 £ 500}
g e
5 300F 5 400
3 3
@ 200 £ 300
ﬁ i«lzi 200
i;( 100 ® 100
0 0
10 15 20 25 30 10 15

3 1% Slope /(°)
a. 3% 1.0 mm-min™!
a. Rainfall intensity 1.0 mm-min’!

3 1 Slope /(°)

b. F5# 1.5 mm min’!
b. Rainfall intensity 1.5 mm'min’'

AR, (RS 8n 0, Y s S orEl, [mlE s
B, ABHMESHHERA IR 55 RSQ (R*=0.627, P
<0.05) #1SQ (R?*=0.753, P<<0.01) ZkPEAH%.
2.4 HHEMRALIEFRIMEREIG

RV TR R S SRR OCR WK 4 FiR. HIR
I A M E RV L2 bl 133.481~296.242 kg, #H
A 4, BFE B R BRI 12 oh =48 i 0.91% ~
22.80%. PHFPTVAAR T I BE MY O . 3R A JBOK L
KGR, FUSRAH R, 3 P B AR e K,
BHEA, 1.0 mm/min BUSRET, 358 H 15°88 4% 20°, ¥
VARG 3.159 kg, WL A 25°m), ARl iy
33.643 kg; 1.5 A1 2.0 mm/min [ #&I 4514 7.397.
14.214 F113.12, 42.303 kg; HEFEAHIAII, TR SR A4
WM. AR 3 AIAL, REHMERBHMERA MRS
Y ESIAH G (P>0.05) , 5MsR—m & HAEH (RQ)
AR R, BEDRIH e KR, ABHERBE
AR R VA AR v 5 T S — A AT LA T ) S A R et Ok
% (R?=0.958 f1 0.966, P<<0.01) .

4 ARHE RV 7]

Non-tillage inter-gully

1000
900
800 |
700 |
600
500 |
400 F
300 F
200 ¢
100 |

BRI 1 A]
(I Tillage inter-gully

{21 Soil erosion mass/kg

25 30 10 15 20 25 30
1 ¥ Slope /(°)
c. M5 2.0 mm-min’!

c. Rainfall intensity 2.0 mm-min’!

B4 #ES RIE R A BB EAT I
Fig.4 Comparison of soil erosion mass of non-tillage and tillage ephemeral gully

HRMEAVEFBEAE SR8 1 AR b i 43 i) oy AR T 1
44.09%~74.16%. 42.44%~56.44%. HAk I, HHEKRA
R KT ARMHE, EBHE R 3842l o o LI
TARBHMERE . X2 T: BRI bRV o R
(R B M o S ROROK IR RO O, (B
YE¥VA 0~20cm (BHE)Z) HIEPTIE(R, B W omA
e BEMIBE R, BHE R A VA 18] L3 R B VA T8 S 912
T, AR VA 354 Tl AT T AR el B 1 R k)

3 i i

e S Y R I — SR, e A
I, EJRIERSREOR, CHAEPHME S Mp b £, 1
SN, TR, I NV ERAR TR IE R 2, A
PR SR F RO 2, LR W R LR . 7ERE
FIATBOKRE A5 T RPHEABHERIA KT Re A1 Fr
5 35 FEE AT R S8R 085 KT MK, ELI OO Bk AF: I e 2K
WMZEB MR 5. PHEE LR Sy h, AR
Ko ARVEBH I IG5, PR EAE BT I A K R S s »

WAASLE, WAL FORE BB, Re Fr 23 BV
0.95%~30.77%. 3.41%~35.66%, f. n 7353401 4.01%~
58.82%. 0.88%~32.79%.

AR R £ N KIS B IR RE S R ERY,
kR NE — e R b S AR ) 25 BB b 2 1
F1o BEW RS ERIE I IRIGE) F1, Bk EJEK
DXk, NSRRI K R, DRI NV A 2 1
K, Rk - e S IRBE 2 Wa 58 . AH R 44 N EIEG
(A3 b B o 5 v VA AR ik, S b 3R AR 2 B A R e
B, IR R, RV I S AR i R A 2
A, FLI R BRI R ) B RO IR, AR AT FEAE R |
(MfEFE 2, 12 i sh vEmg sm Sl P R 1A
0~20 cm F3EGTRY, AR, A RN X A A 1) B
IR E T R T AR E RS, Rk, MRS B
v VA) - 33 S i R A ARV E TR VA G K 9.48%~37.87% . AH]
KA RN, W SRR E 5 VR4 38 34 ol 5 v 15 5
AR R IR R BAR S A A B (P>
0.05) , {HL5 Ry sR—3 A8 HAE FHEAH DG, Ui 3% 0 1L
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RIS BRI B AR U v S FUE 35 K R AL (15 121

S N SRR A GG . AR BEE IR A 1 R R
4345 SQ. RS &tk X Rk # (P<<0.0D) .

TRVE TR T8 P IR SRR S e T V7 R 1 T 4
o RBHEERIIMN S, —J7i, TIEFLBREE R, NiB#
T ARMHE R, MRS, B Ew R/ T
KM RTVE S I A A3 B A VRV A AR S 1 D) S b T 1)
RE MR T ARPHERIY . S5— 71, 0~20cm + )z 13
PR T AR BEE IR IE , 70 P 0 35 ThT b D81 B8 R 7= A= 1)
TR AL ) V) T Y A I ey e v et K, I FLRA Hi - 45
AT 15 B AR VR VA 7 B I 3 R B U8 BE K T AR B R
W, B2 Y ABHERE T, TR 0EE ) AR5 3
PV PR AR K T AR BE A, 2 i D UR B v
IR AR T AR B 3, JUILAE KR SR 4 ki o
T v B3, ok i S BIR S 482 4 W [ 7 7 S 93 vk ) T
DR G RERE, A TRVE R G %5 3 WG
& FARAL, TRVAVRE NS 4 IR %W 5 VA R FE AR,
YL BT KA HRVA TS R B I E B . A A B
B B4R, B G ER V8 7 3 ¥ 58 1 R 4
1.98%~31.79%, ki THAE K 0.87%~31.69%, HHE
SO AR T 5K 7 SRR b 1) g 1 A X, L 9 b R T
A, MWIMAERERVA AWK G, VA 5 5 B 40 w8, i
B 5 e R34,

RHE S BEE R AR bl o 3 by 6 AR
] 44.09%~74.16%F11 42.44%~56.44%, 45 FAK T-H K i
2B [ R 45 1F 1 Hv TR R BT |5 L, TR
A 25° FH ) 42 3 /N X R e 9 42 b T o LG 431 ) 0
LR, I T R AR 3 DA (0 A A2 BRI T 7
Rk B34 Casali 250Nt i i o 35 1 5 [ 4 pig B HIE 9 46
B, ARBE R A AR i B o L AR AR T AR SR
VEVRVAZ T & L), wT R AL th T R 2 e g
22 S BN R G0 R AR Rk B TRV VA
AT Y -3, P RHMERE 0~20 cm 12 LTl
PEAR, AERVARE SRR W) R AV REY S, VA () 3
TR E R KT APMERA SR, SECEZ RPN
W, LR DO AR s, BEAS TR YD, B
W, BV VAR Tl A T R R i B o LN .
VR B AR T 35 4 R e i s SR SoW, 45
BEARAME, Bl LR o KR . sbah, BHESS
TE 5 MR VR VA FE T TR, RO R st 2 R 2 20 cm
AR 3, R IR, AR R
REGE I, — 7T, X5 5 U A 15 0
RS R, BRI DS, S Orim, fERR
JEE BB b b A 2 AR AN IR V0 MR B M s Bk A MR
AT, a5 S TR K 5 ) 2338,

EH - B A MBI I R BOK R 45 2 1 PR R B = N 1
FERSTIZIR, ANBFE ISR A R DL 101 b )R
B, LR R T REAE L AN MY R S R AR ABL, AR 2
{15 5 PRV 45 R RE SLIE IR %S T4, H S T
GO T TR NS SE RS AR BRI 45 1F i AR i b
NI R G RFAEBEA T LR IF

4 % i

AT AR B ST (15°, 20°. 25°) VR
Y, B AR E RS (1.0, 150 2.0 mm/min) Flji
KRB (7.53~23.45 L/min) [R5 44 N F 9T BFE AL 7
XVRVAAR T AR TKE) ) RIEA R B REE g, 2
gl

D) R T 2 FhEAKIIEI R, BHERTERIAK
WMERMEAT TR, WAL, FHi Re. IB55HE% Fr
3 IR/ 0.95%~30.77%. 3.41%~35.66%, 17550 f 1
B 250 n 310 4.01%~58.82%.  0.88%~32.79%.

2) AHIF A N B E iR 33 )k R AR B v 4
K 9.48%~37.87% . AMHEHHIAE I T I # Dl 5 5 5
WRE—TBOK MR WoR— A AR B B SR
2 Bl IR 34 ] AR RBY V) 0 L AR R K A
BRI R BHER, AKBHESBHE R R A3k
I SR BT 0« i 5 D 2 B S B A% 308 T 26 43 5l b
17.576 N/m?. 5.036 W/(m*s). 0.0381 m/s 15 10.585 N/m?.
3.544 W/(m?:s). 0.0277 m/s.

3) FEMIFIBRIT . I KSR iR 4 E . BRBE
FI MR 2.0 mm/min FISESE 25° REGZH &40, BHE G kA
Wi B 1.98% ~ 31.79% , ¥ V4 TH AL I K 0.87% ~
31.69%, NYNEEFFAK 2.84%~26.66%. HFE Gk
TR BAR N UNR A TR, YRV S e, Y
A IE

4) RIS N ARMAERBEE A T332 bl 43 51
o 4 R b B 44.09% ~ 74.16% . 42.44% ~
56.44%. AHIRIZAF T BHE A 342l B R B v VA
#4710 0.91%~22.80% . RHHE 5 HEE VAR 34 5 T %
—EA HAFH R B E LR,
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Effect of tillage on runoff and sediment yields and morphology
development characteristic of ephemeral gully in loessial region

Guo Mingming*, Wang Wenlong™?*, Li Jianming®, Zhu Baocai'*, Shi Qianhua’,

Kang Hongliang®, Li Yanfu®, Li Yaolin®
(1. State Key Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau, Institute of Soil and Water Conservation, Northwest
A&F University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water
Resources, Yangling 712100, China; 3. Department of Soil and Water Conservation, Yangtze River Scientific Research Institute, Wuhan 430010,
China; 4. Forestry College, Shanxi Agricultural University, Taigu 030801, China; 5. Nanjing Hudraulic Research Institute, Nanjing 210029;
6. Xifeng Soil and Water Conservation Experimental Station, Yellow River Conservancy Commission, Qingyang 745000, China)

Abstract: In the hill-gully area of the Loess Plateau, serious man-made soil and water loss occurs in disturbed soils of sloping
farmlands formed in the process of tillage operation. Frequent farming activities cause ephemeral gullies to develop
continuously on sloping farmlands. Although an ephemeral gully may be refilled and rehabilitated, new ephemeral gully may
develop in the original position in next rainy season. An indoor flow scouring experiment under artificially simulated rainfall
was carried out in the State Key Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau, Institute of Soil and
Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, China in July 2014. The effects of tillage
treatments on runoff and sediment yielding in ephemeral gully and its morphology were investigated at different rainfall
intensities and slope degrees under the condition of upslope concentrated flow. Based on preliminary field investigations, 3
slope degrees of 15°, 20° and 25° were selected. Rainfall intensity was designed at 1.0, 1.5, and 2.0 mm/min. Flow discharges
were 7.53 to 23.45 L/min. Plots of 8 mx1m were laid out for experiments and 3 flow sections were set up for runoff and
sediment measurements. Before each test, rainfall intensity was calibrated repeatedly until the rainfall uniformity coefficient
reached 85% or above. During each test, flow velocity was measured with dye tracing method and flow width and depth were
measured with point gauge system. Runoff sample was taken once a minute within 3 minutes before runoff generation, and
once 3 minutes after runoff generation. The results showed that: 1) Flow regimes for non-tilled and tilled ephemeral gullies
were characterized by turbulent flow; Tillage could decrease Reynolds number and Froude number by 0.95%-30.77% and
3.41%-35.66%, and increase Darcy-Weisbach coefficient and Manning roughness coefficient by 4.01%-58.82% and
0.88%-27.87%, respectively; and 2) Compared to non-tilled ephemeral gully, the soil detachment rate for tilled ephemeral
gully increased by 9.48%-37.87% under the experimental condition; The soil detachment rates for non-tillage and tillage
ephemeral gullies were in a very significantly linear relationship with the interaction of slope and flow discharge, and the
interaction of rainfall intensity and slope; It was also significantly linearly correlated with flow shear stress, stream power and
unit stream power; Critical shear stress, stream power and unit stream power was 17.576 N/m?, 5.036 W/(m?s) and 0.0381 m/s,
respectively for non-tillage ephemeral gully, and 10.585 N/m? 3.544 W/(m?s) and 0.0277 m/s, respectively for tillage
ephemeral gully; 3) Compared to non-tillage ephemeral gully, the eroded width and area of tilled ephemeral gully increased by
1.98%-31.79% and 0.84%-32.03%, respectively, but the incised depth was reduced by 2.82%-26.67%; 4) The soil erosion mass
for ephemeral gully increased from 0.91% to 22.80% due to tillage treatment; The ratios of soil erosion mass for tillage and
non-tillage ephemeral gullies to the total soil erosion mass were 35.95%-57.72% and 42.68%-69.03%, respectively. The
erosion masses for non-tillage and tillage ephemeral gullies were a significantly linear function of the interaction of rainfall
intensity and flow discharge. This study may provide valuble information for the construction of an ephemeral gully erosion
model and the security and protection of agricultural eco-environment.

Key words: cultivation; runoff; sediments; Loessial region; sloping farmland; ephemeral gully; morphological characteristic



