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Table 1 Statistics of soil physical properties

LB 75T Bulk density LIS Porosity
Soil ‘lj‘yer WA W E PR R WA W E SRR
Survey value/(g-em™)  Experimental value/(g-em™)  Mean relative error/%  Survey value/%  Experimental value/%  Mean relative error/%
%}H’EE. 1.16+0.018 1.15+0.033 -1.70 55.9+0.28 56.5+0.67 1.10
Plough horizon
Fi) =l
AR 1.31+0.01 1.30+£0.012 —-0.76 50.5+0.37 50.8+0.49 0.59
Plough pan
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Fig.1 Sketch of experiment on ephemeral gully
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KHHEIRIA Re 5O W EEHIC (P<0.05) , S5
FERREANEE (P>0.05) 5 HHERIERIA Re S RITBOK
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B E, WE EENIRTS . I4h, Re JEAER
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2 h; WEACHAER] (RSQ) HHATAIR T (G 3) o &R
103 h—0.2 7 (h-02) (18) ARBHE L HHERIE Re 58S LI RFM K (P<
—x0. s -d.(h.—0.2)- gt L e »
2 h P P 0.01) , BLEVAPHTR], RPHELHHER Re S5THUK
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Table 2  Statistics of runoff hydrodynamic parameters for experiments
. 5 2R . o 2rRER
wpnter B OB g mem se | oweme BB g masm sm
Combined di - Reynolds  Resistance Manning Combined . - Reynolds  Resistance Manning
- ischarge/  Froude : . discharge/  Froude -
experiment .9 number coefficient roughness experiment .9 number coefficient roughness
(L'min™") number . (L'min™) number .
coefficient coefficient
Ry 0Sis-NT 7.53 0.551 3163 2.261 0.075 R10Sis-T 7.53 0.516 3133 2.459 0.081
Ri1.0S20-NT 9.43 0.614 4073 3.492 0.103 Ri1.0S20-T 9.43 0.564 3448 3919 0.103
Ri.0S25-NT 11.72 0.667 4992 4.092 0.108 Ri.0S2s-T 11.72 0.581 4218 4.984 0.138
Ri5S15-NT 11.29 0.614 5396 3.617 0.107 Ri5Sis-T 11.29 0.532 3736 3.773 0.111
Ry.5S20-NT 14.14 0.645 5595 4.039 0.108 Ry.5S2-T 14.14 0.623 4678 4.201 0.112
Ri585-NT 17.59 0.726 6409 5.150 0.124 Ri5S:5-T 17.59 0.664 5443 6.607 0.144
R0S15s-NT 15.06 0.713 5497 4.202 0.116 Ry0Si5-T 15.06 0.592 3964 4.434 0.119
R20S20-NT 18.85 0.798 5976 4.290 0.119 R20S20-T 18.85 0.628 4838 4.490 0.122
R20S25-NT 23.45 1.091 8622 5.187 0.122 R;0S25-T 23.45 0.702 6127 8.238 0.162

TE: RyoSis-NT Al RyoSis-T #ARRBER RN 1.0 mmemin™y A 1SR RHE LG BRI AT, AR .

Note: R;0Si5-NT and Ry ¢S;s-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 HEE Tillage
e i e i
P v ot i Rl B N 0 f it
Z Pl minE MO RE RERRH R Eoh L FiEE N RE RMERK i Eoh !
Parameter o Reynolds Resistance  Manning Detachment ~—Premeral e Reynolds Resistance  Manning ~ Detachment P hord
Froude . gully Froude . gully
number  coefficient  roughness rate . number  coefficient  roughness rate .
number . sediment  number . sediment
coefficient . coefficient .
yield yield
0.698°  0.745" 0.624 0.695" 0.617 0.917" 0.623 0.615 0.494 0.487 0.750" 0.892"
S 0.549 0.565 0.708" 0.548 0.718" 0.298 0.733°  0.738" 0.780" 0.800" 0.630 0.391
0 0923 0.951" 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" 0948  0.954™ 0.873" 0.842" 0.991" 0.951"
RQ 0.902"  0.895" 0.767" 0.752" 0.861" 0.979"  0.830"  0.829” 0.739" 0.791" 0.930" 0.983"
SQ 0.908"  0.919” 0.889" 0.761° 0.981" 0.782"  0.961"  0.980" 0.949" 0.909" 0.960"" 0.848"
RSQ 09637 0.942" 0.824" 0.738" 0.966" 0914 0921  0.935" 0.876" 0.815" 0.978™" 0.947"

e TROREEME 0.05 KT TEEEBEM 0.01 KF; R, S. O. RS, RQ. SQ K RSQ 4r ALK IR, W, Wik, MR, WIR—iE. BE e

Lo w4 R R A BAR AL R

Note: ~. Correlation is significant at 0.05 level; ™. Correlation is significant at 0.01 level; R, S, O, 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.

W H AN RygSys-NT B, AR A 2
(Fr=1.091) , HRWREAMT Fr<l, AZN, KIHE
Fr /3 0.551~1.091, BHEGERAFRMSLLE, BAPE
R Frl/D 3.41%~35.66%, 2 FlkiA FrBER SR, BE
St AR Re ARACL, AHOGoM AT S B A0 R JH 23 BT 3R A
BRIEIESL, RBHERIE Fr 5 I0R A0 R B 347 5 2
K (P<0.05) , Fr ol IR SR—3E—ii i (RSQ) &
HAFH MR £ (R*=0.926, P<0.01) , #HEX
8 Fr o] IR — s BA R 2 vE 7 R dlid (R=0.924,
P<0.01) o Re BRFRIIKIMEN MR, FriB KR K
TR, BHES R RS EIRTS . AL

BH ) RN 2 TR R R n S R R IR AE T i
W2 BBH 7 RN, B8R, Ul AR v IR VR VA VA Rl
BH I BT FER e AL OR, 20 TC TR TR i Hh 1) e
OB, ISR D o RPEE VA BH ) SR AR
FERZB N 2.261~5.187. 0.075~0.124, AH[F 44
N, B R VA B T R BORURE R E 5 0 4.01%~
58.82%- 0.88%~32.79%. AMELBIEEIL £ 30 M58
R B ARG R, Bl E AR S Re R Fr AL, AHIH]
W BRSAT F, ARBHEERIE n B3 K, Sk 15°
12000, n BERYSRIGE TG R, 25 AR . HE
3 AL, ARBHESHERI £ 5 M s S AL B i 25
AP (P>0.05) , HISHE—RELLAEM (SQ) &
Wl LR ME R R (R=0.791 F110.901, P<<0.01) ; AHHE
LSRR n 20 0 3 T SRAR DG E AN B3 (P>0.05),
SRS RE O WE—RELHEH (SQ) Rk #Lk
PEXRFR (R=0.678 F110.827, P<<0.01) .

2.2 HHEXRAR MK N HEHERY 2N

FE 2 w7 %0, XFFARPHERE, 1.0 mm/min FY5RES,
Bl & SRR, PR 16.52% 31.37%, 1.5
1 2.0 mm/min RIS 235504 9.45%.37.16%F1 35.38%
37.20%; XFFHHERE, 1.0 mm/min FY5RE, $HCREE
5 I K BN 25.0%. 22.37%, 1.5 A1 2.0 mm/min

RIS 23 59024 20.13%- 33.36%H1 40.77%- 15.11%. iR
U N RBHE S HE A 13 R DR 43 5] 12.889~
32.222 g/(m*s). 14.120~37.272 g/(m*s), & E&A4FF,
HHE BRI IR 2R E IR YK 9.48%~37.87%.
3 MRS RRM, RIS, ARBHE R TR
MELILARNEXRRBEE (P<0.05) , ZLMIHSHT
gERRNT,  FphR b W R AT AR A R
KFE (R=0.962, P<<0.01) . Bk 135 ¢ irh % Bl
FEASeME R ZE (P>0.05) , ZLRHa T4 Bk, #F
B V) ) Tl 28 5 T e — 48 A8 A FH S I 5 e v v £
KE (R*=0.983, P<<0.01) . HUtrLLH L, FmAHE
VE G VRV AR B B i, 32 B TR S e B2 -
SEERAS, T h R R, RS VR VA Y VA ) -t 38 4 el
VER 3 T AR BHERA -

TR iR S BT S AR R g AR B
WS, ARIKE) ) KN B AR R R g . 1 Py Ak
120 E) )2 SRR 2 TR V) ) o R R e
KL KFINZ U, 3 AR II2ESH, R )&
SR, IR A AR TR g fe B Ve . K 3
HFUGREE 2 FhvkvA T ERIMR SR ETY) ). A
Ry AN RR IR R W TRREY) ), RPHEE
VAR PR 38.948~83.149 N/m?, AR 444 N HH/EAE
RIARG BT S K 0.18%~25.04%, #h 2 Bl 5 17) ) 48
KIS 2 Pk R 52 BAEELERR, W
Kl 3a s, R IE RN L i S5, FE
SR EBONIRIEIY) ), N, RHHE SRR v
A S B AT Y0 4 438 X 107 s/m .
17.576 N/m* 5 4.05X 10 s/m. 10.585 N/m?, #H{F )5 115
Pl ALY S AR T 39.78%. W TARM I, KHHE
B A K 11.701~25.778 W/(m™s), [H44F FHHER
WYL 1.05~1.36 £, 2 PRy F bR 520
REW LR, WE 3b Pin, EFRE TR
FOh RS AL 2 1397, 1.199 /W, FE5
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WRCNIE AR I E, 39N 5.036. 3.544 W/(m*s), I
BRI BRI IEIE N 29.63%. X TEAM AR IR, K
FHESRE U, h 0.081~0.144 m/s, HHEMFILE R 1.17%~
31.61%, [AIASHTRM, WARIE R 52 AR
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Fig.2 Variation of soil detachment rate of non-tillage and tillage ephemeral gully under different rain intensity
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Fig.3 Relationship between soil detachment rate and hydrodynamic parameters for two kinds of ephemeral gullies

2.3 HHMEMRAWSLERZMN

ISR R E 5 RS MIBCRRIE, %
WIEWIRIATEE SR 4 Fin, $SESWHR Y%
i N HA AR REWE 5 Pin. ERERE T
T, ARBAE VA 5 Y% 1 8 T8 FE AR 19.30~
33.48 cm, B Ry oSys I AL A Fh, HARI 41 FHHE
W ERTARHE, FERHTARKMEE. Wik
KA, RIS S5 WA VE VA VA BE i B 9 R %
PR R, B VA B R AR e 7 9 B 1 1.98% ~
31.79%. # 5[0, KREHEERATEE S RQ. SQ & RSQ
BFEMK (P<0.05) o HHEG A T8 3 hi i
75, YRR G, MALERE, ST S SR 2N
AHRMEAR 2

TERFER BT, SR AP E R R B IR R
15.93~22.88 cm, X [A 4, i F YA R
SRR S RGN, B 1.5 mm/min RS, REHE
R UV SR, T HEETRIA T 1) VU)o 7 5 38 A 34
Ko B RyoSys AARIAL, JLRBHERIA N UIRIER /N

TRBHERA, HHERE T VIR K 2.84%~26.66%,
1.5 A1 2.0 mm/min F3EEAF R, RBHMERE N VIR L
I HHE ZIREE (20 cm)

F4 FEKETRABESHIT

Table 4 Statistics of ephemeral gullies morphology under
different treatments

e AHHE Non-tillage BHE Tillage
Lﬁ%ﬁﬂ;{% Iﬁti SRl i S i
gcombmed Discharge/ wm?cﬁ/ D{f%/ HIAL \;ﬁq/ Dbk%/ ke
periment (L'min™) om cfn Area/m’ em f:?n Area/m’
Ri0Sis 7.53 2398 1593 1.90 24.55 15.08 1.93
R10S20 9.43 25.13 16.56 1.99 27.13 15.63 2.14
RS2 11.72 23.09 16.29 1.83 30.43 15.81 241
Ri5Sis 11.29 19.30 21.54 1.54 2539 17.97 2.01
R15S20 14.14 20.31 22.88 1.63 26.37 16.78 2.11
Ri5Sss 17.59 23.85 22.63 1.89 28.14 20.62 2.26
R20S15 15.06 2595 19.03 2.03 26.46 18.49 2.10
R2.0S20 18.85 25.50 19.33 2.31 28.21 18.50 2.33
R2.0S25 23.45 33.48 21.32 2.69 2531 23.28 2.52
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Table 5 Correlations between morphological parameters of Wi, RBHESHHERATR 5 RSQ ( R=0.627, P

ephemeral gully and coupling effects of rainfall intensity, slope and <0.05) FSQ (R=0.753, P<0.01) LEIEHI.
flow discharge

. RHHE Non-tillage VEIE Tillage 2.4 HHE i‘fj&f@iﬁ%@ﬂ% =opA1 0] B

Variable B WE B RwE wE WH iy R S MR MRS R WA 4 PR, #HK
Width  Depth Area Width Depth Area Y : VB T2 AL Iy 2 .

R 0453 0585 0453 -0.169 0735 0352 A dé/giif& EE# 133.481 - 296.242 kg, A
N 0399 0228  0.390 0.592 0417  0.860" [ 2T, BFERBCR PR VA 42 bl & 389 I 0.91% ~
0 0653 0616 0717 0075 0896 0750 22.80%. PHFPRVAR I BE R AR 3R BRI Y
RS 0653 0607 07200 008 OSSIT 07 A, WA, SRR R, ok
RQ 06710 0560 0749 0072 0872  0.627 A A . s S
SQ 0670° 0529 070" 0206 0853  0.868" %#WBZQ, ‘ 1.0 mm/min Ry, ‘ B 1500 29 :E_‘dé
RSQ  0.738° 0543 0.792° 0 0912”0767 VAR 3.159 kg, PEERIE 25°Hf, (R ihiEE A

33.643 kg; 1.5 A1 2.0 mm/min F§3EI 25104 7.397.

IR B B/ NRIRIE g DRI R, RHEE 14.214 1 13.12 42.303 kg; SEFEAHIRI, WY SRE IR 1h
WRETAHN 1.54~2.60 m?, {£ 25°H /%, 2.0 mm/min Fi5%  WEINEOC. H3E 3 w40, KPHERBPHERAR MRS
A RN E B, B 260 m?, HLARWRBEWHMEER  BESAHE (P>0.05) , SWE—mELHAEH (RQ)
TR E TRARPHE RN 0.87%~31.69%, KXHMERIA  AHCME SRR E, BL RIS KRR, KPHEM
TR A TR 19.25%~33.63%, MAMESIA AL AF SRR i 5 W s — U A AR 38 S A 2 e 1 O
TR 24.13%~31.50%. HHEEIEBEHERS AR N U % (R=0.958 F10.966, P<<0.01) .

SRR BHEH A M i ) B )
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Fig.4 Comparison of soil erosion mass of non-tillage and tillage ephemeral gully

RBHAERIBEAE 0 13847 i 43 o) v SR Bl i T WAL, IR FOREREXI Y, Rew Fr 435I/
44.09%~74.16%- 42.44%~56.44%. ik I, HHEKRA 0.95%~30.77%- 3.41%~35.66%, f+ n 53 4.01%~
ol KT ARBHE, (ARSI R MET H I 58.82%. 0.88%~32.79%.

TRBMERIE . X2 HT: BRI bRV o AR TR A PRI B SR AR
R B R 5 B SOBUK R G, R RSN — e R R AR U S P L 1 R
VEERIE 0~20 cm (BHEZ) HIEProhbEAR, B WA 1o BRI =V IR IG3) 1), ekl EJ7K
R RO, B VA VA 1) L 3R R B MRV B S B4R DXk, NSRRI K I R RO, DRI N VA A 2 1
T, AEASVRVA AR P AR G TR AR Tl 1 LB 9 K R Aok e Re SRR 2 BE5R . AR R 4 1F T RIEE S
3 it B (3R B 5 5 S v VA 4R ik, 3l 3 A 2 e R B S B

Mt LR, VAL R R AR i R AT Ak

oL R R B R, RN R AR, FLUR ORI A S T AR, R e AR b
i, EJRIKm RS, JCHAEMHE G S 1 (REFE 2, (R bligshPEsgsmt . T G A
BEgiAS, I phbvEaR, VI NICEART R RZY, A 0~20 cm HIEERKS, AlphEsG G, RV VA A3
PIRHESATBR BT 2], LW R LRI . 7ERE SRR SR TR BRI, Nk, AR R B
FAIBOKIRE S0 R, RBHERIBHERVAKIT Re F1 Fro A vya) 155 B iR s R e e VA 1k 9.48% ~37.87% . ]
TEJ it P RO R SR IR S I RO, H BEXRTBHE S VIAK ST R i), T ot BF AR i Y V) 1 438 300 ol 5 i 4
MRS G . BHEE LIEsAR S i, NBEN BHEERE L p R BAR S W MR 2 (P>
K, PP g8, AR 5 i K i 2 B ks 0.05) , {HL5 Ry sR—3 A8 HAE FHEAH DG, Ui I3 0 1L
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SEMA Y SR A O o ARHIE AP Vvl g h
75 SO RS MR FEBZE (P<0.01) .

VRVR IR B8 B R ST AR O TRV R B TS
fEe XHHEREM S, —J7im, HEALBRE R, ABE
T ARMHERIE, MRS, BiE i & v RN T
FRAAHE RV, X AL A A IR VE P AR TN ) D) 1 TR 1)
RE MR T RMHERIY . 55— 71, 0~20cm )2 13
UM PEAR T AR MR A, V7 PO 33 T K] o T 7= 2 1
AR ) 36 VAR I T e vb s RO, IF HAR E L4
ARV v v v B i 3 o B 58 e 0 K T R B &
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E72 287 N
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AN &I 259 FH TA) 42000 /08 X Hh i v 422 kB FIE o8 B 481 £ 00
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VEVRVAAZ T b L), wl ALt T R 2 e g
22 SR EAEAN I RGN R o ok TRV A
Fya (R 3, BHRHMERS 0~20 em 122 3R
AR, oMK B R TRl Ty R e Ve e I, 3a )33 T
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IR E AR T 8 4w S b R B S e 00, 454k
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TE 8 VR IR VA fE 3 E K, AR Dl F 2 R 2 20 em
AR L3, X2 I m, BYURS B,
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TR, 4T S UBURIK T ) 230,

EH T B AR 1% W9 AR O R 2% A1 1 B B 3 N
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4 % i
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Y, BRI (1.00 1.5 2.0 mm/min) FI
KL (7.53~23.45 L/min) (AR5 51 FHFSEHE/E Ab B
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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%-32.79%, 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 mV/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 0.87%-31.69%, respectively, but the incised depth was reduced by 2.84%-26.66%; 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 44.09%-74.16% and 42.44%-56.44%, 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.
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