Ol 2 B pols 0 )5 oddd il

o550, 5 S ol s rallie oo VWAF g s AL S

P 030 CelS (saz g 1 by (Slgyied Sluogas y akald conds il

You o i . > 4 Y L ‘9 Lo)‘_;c “«53[-3? ‘)Jb)
oSl (63,5LaS 0uStils cwliaS 1 05,5 JLetils’ (o) olKitsls S cbilis 5 o5 ad )| ol IS gomeiils’
ul.?u) oli.;’;.’»lo 6))51.,*5 OM‘O u] ‘SMJJ...Q,O 05; )l..,..::;.;lo“ 9 ul?u)

oS

g g WS oo Joe il e gl o wigie Sloly, &5 pla)ld wilea lalhess o ctS slaazys
sleazgx 0 (b (Sdgyue Sleogad p by cod S0 pw)p jelate 4 (egh (ol Wigd oo g Ll lule B
VeIV g YEIA O 18 8 Glacas b als g jo cunS slaasgr ol plxl il Lulis cov bl jo cis
Vsl 20 oL bz (Sdppaen sl Shs ol o 5 0aa; a0 )50 b )b o) 4 bazusx wiad Slasl oo
W8l mels i il bl > &0 9 Sy (iS a0 mll % W JURPR WP SUC SRV IV-TE NN
o5 5 Srrivish w45 55 LUl S 0555 (S iy 353 b 5 ol S8 Il e 5 oS o
A 8l aily ot ol L SOy yane glad gl castie Kgy e ol (Il Gl e o ], S Cwglas

o G5 g 0l 98 Ol e 5l ol 8 igaldsT (Bl

dodilo
& S S S il g5 ol 58 el Jlacad () s Gl il e JS3 S (S s )led il
S98sn Ohled o slaial 5 (layleds (o 5l ey 85T 55k & gl oo Jiite 5 0ud 0uiS Ol S ate (yz b
54,0 (ol (Sdgyun Slaogas ol b, e ( SW,L Sod 4 6,ld Siale,d b xS (Lei etal, VA3A)
e Jole 90 o g )b wad Lol asls (Romero et al., Y-+ V) S sla Shs g (Ligtal, Yeof) col Job
565 Otabe® O L Gillae g 00 o oy 555 5 Oz Sy SRl sl o (G0 s ()L Gl B 5e
(Deumlich and Volker,Y- +Y) wl oo (il3dl oot ioli8l a0 bagas Olols, ol ) cpl 5l 08 oo 5 st

sae g dae (b Ce g aiilen JUIS 0 (bya (Sdgiaee sl Sy 5l (Sr a0l aeg g 6 bl Giule 3

abwl g8 bl (Reichertand Norton, Y- \Y; Anetal, Y-\ V) ol lag jo Flans g = sulo Cuoglin o po 9 99,8
@ el Sy 0en la i plad 45 0,5 (oo D90 (g D)5 S (L5 (SBU (aw slaplz po B oS >
S > g9y0 (Knapen et al, Y. V) 65,5 S 0 oyl Sz polie 5l 55,5 by (55 g avlpl &jad (b,
S abis 4 (Ol Sgae slaabinl Ko 58,5 ks 10 L) Wb e Gl (Swal 4 jloccd glaatsls s,
Syl 5 By G5 Sld gy n Sileioe S 4 gyd alels cd Sz o Sl )0 AT s aalys
5 Gledom (ladyy glagialed S0 (M 4 5 (2T Glalu Gloan ] 5 sy 50 adsl Uyl 552 Glyz (g
la,led o by (Sgie Sleogas » als o 56 59, » Sl Slllas (Knapen et al., Y« V) cul ()L
L slaaisals jo (o (S g (@23 oy Jold (b (Sgpsee Sloogas (ow)p Saa b Ghagh (ol ol 4385 ploxl



Ol 21 SG pgls 0 55 (ot b

Lmo)fﬁ)jsjbiu‘lgbb)é:d&o)w \WWAP o AL S

59 9 9lge

ol olKiily sogazme ;o ws, Yo/PF 5 YEIVY /00 £V slocas b el amals [l o gl ol
Ogd) I s, oliws 3l oolatwl b asls 2 50 0l s g 00,95 poed HeS T g biaials mhaw ol el
() JSE) ol ol 1SS 4w j0 e £ sk 4y g ;50080 5 e sl YO alold e cile O glay 4 oleaiy (i

0o 3 VFIVY s by ol 55 ouibolnl b yleid 51 oz lod =) JSCi

CdS 3l w9 s gl Ol by e y0 2 g Kiw alo ) &lgo BldS ¢ (Fo (565 5l eslatnl b ba Lot
a3 p Y Gled o 50 eud Jlesl (o9 nm) (FC) ae )0 Cd)b Cugh; 4 )Ll 5o s5le glosl plej 5l cels YF
Sl b s b Sl Al diz 50 55 (SrerS Fes g (ahE an) LS s Gl LIS 3 Saed e 09
S Sl e b Sl sl hite (S5, enle 5l ooliul L ((Ewile ce ) Blyz by Ol Sliogas s
Sloy Jolgd jo Ll o, (Buchanan VA7) wles oo jeue b, ahato mhaw 5l Hley axly jo a5 of e 5l o)le
wb apalme g alaly 5L g0 OF Glr (G 5 S i s osleer BB o dids £r by b agds O
:(Nearing et al.,Y341)
T = pghs )
Lol (PR) (LB ST g 4350 S g (M) b ,> Goe h (MS?) il § Ol g (kg.m®) O JBsp oyl 0 a8

2 0hd ojlail gjei 4 azgi baed e (Las ) (g 3550 ladials S (S5 Gla S 5l (S r ) Jgu

Vo V) (Ko iso o0b polie glylo g ad 3 )18 b g Cil yo  Sen S adlas 5,50 slrasls S

Candy s S a5 cul ol samolis ( Sw Lidu ol polie jga> g alocud,s Clb 045 B50g (Mo,
oo £ S ol ;o SB Giale b g b by JSaS Y s pdidehs Lo 4 5 005 calie (Sdgpaee



Ol 2 B pols 0 )5 oddd il

as,531, 5 S Lialoss allie jme VWA oS A LS

2 0y90 Gals S (S5 s Sho-) Jgux

(1) S o2 1y o (1) edews (OFE (1) axels ot
YY/-A OAIDO YAIA0 VYO 20
AL OBV YA VEIYO V100
£100 OOIAYD YV/AYD VEIYO VEIVY
NI 0 Yo/a V0 \R¥i<2

ey Jleg b 9 (2led (Sl (o) (s @l Jdos b plyr (Sl e Cliogas g anls ol (e Ll
Excel |58 o5 51 jebate ol (gl 5 (F JS8) ol Gl (R?) (e oy 0 5L (slie o dlolae oy Sawbin g 005

o oolawl YoV o adews

o 0.18 -
2 12 |
= 0.16 y =-0.0034x+0.1805
& 10 - é‘ ' i R?=0.9937
£ 8 2 014 -
R 2012 ¢
2 4 r =
y = -0.0744x2 +9.4078x + 01 -
2 6.2135
0 RZ=0.9681 : 0.08 ! ! |
0 10 20 30 0 10 20 30
slope (percentage) slope (percentage)
(<) (&

30 -y=0.0962x2-1.1896x+9.6674

R? =0.995
25
o 20 B
g
- 15
10
5 _
0 1 1 ]
0 10 20 30
slope (percentage)
@

() 3 i 9 (@) glyz (29 9 (W) by oy g cold Gy alaly =Y S

W8T 095 4 Jop gy Gl (90 9 e e cdialy o iol38l b aS ol sdalice (0 g AN Y USS 4 4o L
V sz jo el 53 (S5 sl S 4 az i b deaiels 1 selael isu oS all cde cpl 4 Silgi pe (g3 $g, (pl 4



Ol 2 B pols 0 )5 oddd il

o550, 5 S ol s rallie oo VWAF g s AL S

s (G5 Yl g 00,5 Jas ol Sl plp 5o Hlse Ohge 4 S Jisw oby polae @dly (o ailesgs (K idu sl
S cowl SLs §Yb 6).7;}_)\39_04 9 é...[ﬁ)u\.ub W‘M OMQULM.J ;S...w 9 k;.....u uﬂla )i.n) SS9 )‘ el oo)f (5"‘? ‘)
S5 Sy 5 E5ie St Wl s 05 Ko 5 S (5l S 053 0 () Dbz Mg EalS s
o S gy (Wang etal, Y+ \ V) ool a sl iolw,d ol 5 Ololy, (Soisly,osd la Sy S So58
= e 0l (g aen Sliogas SB mhaw 50 ol LEl b g ooy Sie (xlaw slagl > Sy oo
aS ais S ol (V- - V) o Ken o Rieke-Zapp u>e» ((Agassi and Levy., Y44 ; Poesen and Lavee., Y44¥ ) oS

)'l J_,ol> C“’L"’ BB o u«..(blf |)L57‘I°““QL.’.)".> g_,&)wjuw‘)s‘ |) Jl}@bm&l.ﬁa.alg‘_;ﬁ} ‘ngla.w oﬁ)i:.w g
a0 Gl b as Wo S 5158 aS 06 (Yo F) )86 5 Zha0 gl B> 5 gty cnl 50 0b,a (00 9wl k)

Bl iali8l oh s ma casels ol mol38l L asT al saslice @Y IS @ axg L.l oo Sl gJle) adgi coads
Sladllas ;o i an (Yo +) o, Lea ¢ Tailong 3 (144+) ;l,LSen g Poesen .og aaials oo Sial3dl o] Juds 4

ol Gae Gl s Gloyz Co g ol (2alS s 4y (xas 03,50 (g 45 WS 1S e 5 (2Rl
S U 95 = (WTAP) hlSen 5 (AndS g3 @l ams oo GlBl ) 0l (o5 A5 5 SB gl 6 25
a0 S b GBI L by S oS obs Glas (s laglz (STgpuen la Sy p (e o S

ol o Dygo 4 bz B GRS 5 SKible (555 e p Ol Ges g (R ol Djgo 4 o0 Y 4y sao
el

&b

Sgien oSy (w0 Ko b ST ATAS Lo (e 50 ()00 B (SIS (SLE m JadS

gleo g pgle) S g Ol 405 oo llyd o Olgly, leand b LS JSis abinl 5 (xhaw slapl >
AD-YO slaazias ) o leds « YY) ul> ((g),5liS

Agassi M., and Levy G.J. 1991. Stone-cover and rain intensity: effects on infiltration, erosion and water splash.
Aust. Journal of Soil Research, 29: 565-575

An, J., Zheng, F.L., Lu, J., Li, G.F. 2012. Investigating the role of raindrop impact on hydrodynamic mechanism
of soil erosion under simulated rainfall conditions. Soil Science 177, 517-526.

Buchanan, T.J. and Somers, W.P. 1969. Discharge Measurements at Gaging Stations: U.S. Geological Survey
Techniques of Water-Resources Investigations, Book 3, Chapter A8, p. 1.

Deumlich, D., and Vdlker, L. 2002. Sediment and nutrient loadings due to soil erosion in rivers: Example: The
Odra catchment. Germany, Institute for Soil Landscape Research, 12p.

Knapen, A. J. Poesen, Govers, G. Gyssels, G. and Nachtergaele. J. 2007. Resistance of soils to concentrated
flow erosion: A review, Journal of Earth-Science Reviews 80, 75— 109.

Kinnell, P.ILA., 2008 a. Raindrop-impactindused erosion processes and prediction: A review. Hydrology
Process. Vol. 19. pp. 2815-2844.

Lei, T.W, Nearing, M.A, Haghighi, K., and Bralts, V.F. 1998. Rill erosion and morphological evolution: A
simulation model.Water Resource Research 34, 3157-3168.

Li, M., Zhan-bin,L., Dingd, W.L., and Yaoa, W.2006. Using rare earth element tracers and neutron activation
analysis to study rill erosion process. Applied Radiation and Isotopes 64, 402—-408.

Nearing, M.A., Bradford, J.M., Parker, S.C. 1991. Soil detachment by shallow flow at low slopes. Soil Science.
Society of America Journal 55, 339-344.

Poesen J., Ingelmo-Sanchez F., and Mucher H. 1990. The hydrological response of soil surfaces to
rainfall as affected by cover and position of rock fragments in the top layer. Earth Surface. Process
Landform, 15: 653-671.

Poesen J., and Lavee H. 1994. Rock fragments in top soils: significance and processes. Catena, 23: 1-28.
Rieke-Zapp D., Poesen J., and Nearing M.A. 2007. Effects of rock fragments incorporated in the soil matrix
on concentrated flow hydraulics and erosion. Earth Surface. Process Landform, 32: 1063-1076.

Romero, C.C., Stroosnijder, L., and Guillermo, A.B. 2007. Interrill and rill erodibility in the northern Andean
Highlands. Catena 70, 105-113.

Reichert, J.M., Norton, L.D. 2013. Rill and interrill erodibility and sediment characteristics of clayey Australian
Vertosols and a Ferrosol. Soil Resource 51, 1-9.



Ol 2 B pols 0 )5 oddd il

o550, 5 S ol s rallie oo VWAF g s AL S

Tailong G., Quanjiu W.D., and Li J.Z. 2010. Effect of surface stone cover on sediment and solute transport on
the slope of fallow land in the semi-arid loess region of northwestern China. Soils Sediments, 10: 1200-
1208.

Wang X., Li Z., Cai C., Shi Z., Xu Q., Fu Z., and Guo Z. 2012. Effects of rock fragment cover on hydrological
response and soil loss from Regosols in a semi-humid environment in South-West China. Geomorphology,
151-152: 234-242.

Zhao L., Liang X. and Wu F. 2014. Soil surface roughness change and its effect on runoff and erosion on the
Loess Plateau of China. Journal of Arid Land, 6(4): 400-409.
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Abstract

Cultivation furrows in the rain fed lands act as the rills that runoff can concentrate in them and causes rill
erosion. This study was conducted to investigate the effect of hill slope gradient on flow hydraulic
characteristics in the cultivation furrows in a rain fed land under fallow conditions. Cultivation furrows were
installed in four hill slopes with 6.1, 10.6, 14.8 and 20.7% slope steepness. The farrows were reached to field
capacity and flow hydraulic characteristics were determined in them using a constant flow discharge of 2 lit
min. Based on the results, flow velocity and discharge decreased with increasing slope steepness, while shear
stress increased in the furrows. These results were associated with the presence of rock fragment in the soil
matrix which increased both soil permeability and soil resistance to runoff flow. There was no obvious trend for
hydraulic radius with increasing slope steepness.
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