hdls )
Sth g T WA L /AT B AY elodomio ¥ o)los YEuls / S g Ol il 4y

o COL L SIS 13 (Fuisb (b T (Floj Ul gmdd g Byl 30 S Cé 00

" ety s te 3 (sbg el

A/ VI i pdy )b AT/ T/TY sl b
Ol 3 oKl ((55)5LaS saSKils (Sbt ke 03 8 i) b3S g gmeiils
Ol olR23l5 (55,5l eaSLals (S e o5 8 Slskial T

vaezi.alireza@gmail.com : G5 53 cuy (5 J st

oussa

Dol Gels 555 Sloles Koo lisa buws S ) JEB 5 Gud s wwl 8 golud Gl
29 oF cslie 5o 8l L SE it gla S35 asls ladials 5o SIa @d,a8 50 age (38 Glula s Col ol
otnledl ool 3 Baa IS o 3 gold Glalid B s loles el G5 5 L oIk wss sl
sslie Gl (sl s (Sl (b o pled @lmas Gaal 5 Alite @b L gl 5o old il i s
“oS 5o (B o ool O b psl il psl sl Bl Gus psl s ps! o) AR =il L S cudia
oA a8 S 518 e dose sud (5l Ll a3 placad ey so Sle ) Gase s e VY sk w0 ola
-9 PR R K Papve B\ B U PR SRRV P ICVS PIVESR IS Vol Iy SN CVL ) P B PRI R AU EG R F U R
09 olad Glnlu s oS uls Las @l ad Gual las S Ll 033 5o sad e G Olae el s ol
23 58 0 ok Gnled Oliee e3eS 5 cpcie (PSH/)) @S L8 S cil 8 el cas 4 el
358 oo e 9 LS 5o ket Gilasd Glose b saaliie (Gho) b S 5 (e S3e 52 S TYY) o) S
8509 b Sloles wls 5 LOISIK oLas Jals @ old Gl s cad g Gl o3 eidEsl 5 ol
Lo o 4 wolal 5o 5 B, Y e e 0 (Sl o550 Ml 5o oled Glalasi Sad oS lay Gial3a) (Sl
5 S (S (e ol Gl 38 ol il (e el s (g luly Jalo 4 oo S u s (B

S (gl 38 Glud (Tl (b GBS (gasls slaoslg



WA Jls /¥ojless VAl [ SB 5 Ol iils i bely ¢ by AY

Soil loss in Rills and Its Temporal Variation During Rainfall in Different
Soil Textures

A Vatani' and AR Vaezi*?

Received: 12 May 2013 Accepted: 22 October 2013

" MS.c. Student, Soil Sci. Dept., Univ. of Zanjan, Zanjan, Iran
% Assist. Prof., Soil Sci. Dept., Univ. of Zanjan, Zanjan, Iran
"Corresponding Author Email: vaezi.alireza@gmail.com

Abstract

Rill erosion is the detachment of soil particles by scouring and transport of sediments by a
concentrated water flow on the hillslope. It plays an important role in soil loss on the hillslope.
Various soil properties affect its resistance to rain drops impact and runoff shear stress, and
consequently they influence rill erosion. The study was conducted to determine rill erosion and its
temporal variation during rainfall in different soil textures. Simulated rainfall experiments were
performed in eight soils (clay, clay loam, sandy clay loam, loamy, silty loam, sandy loam, loamy
sand and sandy) at the plots (1X 1.2 m) installed in a hillslope. The plots were exposed to five
simulated rainfalls with an intensity of 60 mm h™' for 60-min. Rill erosion variation during each
rainfall was determined by collecting sediment in a storage tank at the outlet of the plots. Results
indicated that rill erosion was strongly affected by the soil texture (p < 0.01). The highest and the
lowest rill erosion were observed in clay (322 g m™) and sandy soil (zero), respectively. Rill erosion
rate was associated with water infiltration rate and transportability of particles in the soils. Rill
erosion rate increased during the rainfall event due to disruption of soil aggregates and runoff
generation. In the soils rill erosion rate rapidly increased at early times and finally reached a
relatively constant level. The loamy soil showed lower variation in rill erosion rate than other soils

due to greater resistance to soil erosion.

Keywords: Rill, Runoff, Shear stress, Soil infiltration

LU Ljols K oba wpde pbla ol doudo
© S whaa e Ble YooGee Sl bS58 otnles age JS31 5 (S Nsoles Giulass

JEB) srwe (lsie @ ad 5 oo S pie Olse Slod Galesd Gl Lo ol Slacad sl s (ol
9 ) WS e Jae Gislusd Jla Ho dels g5, @)l Jihe 5 swd su Ol 3S5ake loa g SK
o9 otnlasd ol wulyd 5 4a S (VA l,Kea el Ho plasled (Sae 5l puy 45 gosbds sl o

oo pilasd 5 obd Glulayd Sy Ladals

!'Rill erosion



AD ilisee <8l b S > (Sl (b ol Sloj Slyeis g baylus o SB )0

(Yo V OblKan 5 sre)) sdlige Sohw ok
otalesd Lo s el Jele 3 o Qs ol
S o eolad Gl 8 &S (gH5ba adl oo soled
ol S 51 Sche YL OF s liae dals 4 e
(Yord oblan 5 uSlasan) wdbie Al
Ol Lo Sas ke Jele 5o S pladle
Gl e GISE L) golul ol ol
L oo ) S ceglie 5 osad ool
OYAY GLEaa 5 sssenss) a0 oo Gialid) Giales s
2 Pee lale oS (aipislh oS uls plis Sldas
O 5 e ¥ 55 50) cnal (5l Gl 3
ol STl (soaipdsts (ualS b «Sigssb 4 (Y4 4A
abiee Gl ol Gl 8 5 sad w55 (553
Be Jolse Cadiy olidas o ST usas b
OlSen 5 () (Sl adaa B ol Glalusd
Oy y (Yoo A olSas 5 s5laS) s (Y-0Y
GBS LI oo o0 (VAAY LKaa 5 55) alS
oled by S sl pad 585 K ol
Cueal ol GBS I8 s dose SBs 4 S
o Ahhe LS cunlaa Suoly 59 p b ge O
3 Baa ool S ol AT Hlw @obd Gialu s
5 ol Gl g8y Olose (oo GBas3 (o
il oo alin, w8l b glasSla o o) sbe)y @l yuas

Lagigy 9 9lse
Lads S )l 8l g oy g3 9y 90 slasla

ol Ol lasSIa 5l pdas Hu (a5 o)
3 o osbie ool gl i aladl VWYY Yl b
oo o dbie lLasla 5l saaie glag s
sb LS Blg al&absl 4yl sl
sgaa b plulis glas) Ghul che 5o Abias
L lasls & 5 goslpas SIE a5 o SHlS Y-
sl JEDI olas) ol&ails ssgans 5o a3l S S

Chibss ) iels ph & LS SR, 3 i

? Rill erodibility

Ja ol b g o alao) O lsa b g S s
Sly) cl @ sline an 51 el wl i o ool awlSe
99 Ol J:\:i: cal S pladiels 5o (Vo) GlLlKaa
ol piaba,d 51 e Sla il sl po Gl )3
Slaal) adbipe sobed G (I8 O Sote Sloe
o3 15 OB e Sohn (ks Gl 8 OBS G okl
K] ).AH‘) .\:ASU-A GLA..J‘ L&i:\.n‘d BE) S\ Ju“l.a.u‘).a
29 a5 sl lale by ol (Y0¥ oloKan
Osol) adb o el slagse) Sl S o S pola
JSES 5o S5 Jelse 5 a&T (Yoo ¥ ol Kan
olslasd Ol Gmoiy 5o a€ i sl
:%i :;A:IJLJ Sl Jus L L&)‘:uin Jﬂ&i&

3 Olw) ol Gasly S g 4 Al Gy
2 o8B b S Gbis gla Sy (Y-Y olLKe
s OB 5 OLL SIS G il e ol el
IS e 3 ol piluyd Gl ool
oad ol Blo @ YL cad b gladiely o «S
5 ) wdbiee Sohe sl JSEs S Gl
Olise Gilidl (YA oLKan 5 KI5 X8 ), Kan
Ol 5 ise) Ssdipe Llad Slaw ) @ld Gad
has Gaand 58 e SRaloly K TSIA e (535 (Y
ol el GBS el STl bas S Gus
o s s3lhin &€ ol S 3 age eyl
(V¥ wslans 5 L) oS USRS 15 STl
N PO R PR 1 SV - VW PN R
S WS Shas GBS Gl bl ol
g8 (VoA GLKea 5 ol) ssdipe SaS Lol
S coglio 5o age lole SA @il b @l s)lsl

Grdolayd slie wb) 5, e d b

!'Soil shear stress
2 Critical shear stress



WA Jlo /¥oles YFuls / S 5 T il 4y

bsly ¢ by »

Jite Lo S o © LSK Luw w18
days Veosgaa (Aline Sl Jal e Lo e
o centd Bl suy3l LS gl & cush,
G Lbd JSas Jlaal € agT 5l osd olasl SK
Lo S Job (ugm sgane 4 e b (Sl alia
alilse 4 as aly GlabedT opl 5o o SAl 8 wha
Neoo $E) Slacues Sld g0 o 58 Jsb
oaoe 5 S ) Job 4 (WAL lSen 5 sobTs sase
S /0 dals b yia il Y/O Bac 5 el £

w5531l Laslud Lo SIA =dua s alasl

b 51 soliinl b o) mhacs 5 ot Bla dialy alS
b A5 5 Gl Sl oS
N R SN R
S Vo VY sl b oS i Guges b 5 (0
0% ad Ol e ¥ gl Ll o Jsb o) )
Lo S selom (AN -Y JS8) ad slas) s o 5e
ol Y0 pliiyl 4 e3505IE 355 5 ssliiad L
b8 4 s go ulasd oS A gl Lo el G
SIolss JEB) Ul cumd (sl5s e Bl gy 9 gas
Aol 225 o0 (o 7)Y JSE) ad euls LIB G

coms n 2lole (Sl (o5 (05 ssimb)

(S41)

() oialo 3T SLaCH ) (5518 3 0 gac —) Sk
() il d O S 5 3 gy 9 olilgy JEI gladd ol 5 38 ,] S 0 g

S i b sl e £ ol b ol
oz GBS 3 S a adls 1y Sie i V/0F ok
Sad b s g5latand OLL slad; my cal s
WAoli b cels S e 4 celas o i e 7
a3 51) G g el a8 S 518 50 & Sled
VWAL dls sa oL slasals Jalad el s (oae
59 ek oDl @i jo 356 oKial (VYA- G
—alal Hu s K aladl (M) GiglesT ¥ ulusd 6 gans
28 5 Jeals S 5 ©I0ls iBs gy Sl sla
Jml oKl sl @ 5 soslpan dare (Sask 5o bl
Shealaied b oTolsy 3 ose saule 3] Ho ol suls
olhie dnlas boad laa (Wattman42) bgle 3218

LéJl:uil o s &JJ&& ‘5‘):\50‘3‘&‘
dnd gl cas bajls Ho S cd5ae
@l 288 518 s ose LS S o sud (o)l
VE bl b Ol Sl oS S ke ol
Lol S solaial jie Y/VO pla,) @ yie VY
a9 Teejet-11001 Juo 51 Lia 95 ol o sad solainl
Golwtand gl wSe Jae il oose 4 S
obhd slagl @ 5l el slaghhl pulad 5 L
OIS a)sa 0 sae 5o Hsbie Gl gl o cudiye
ol saldi (Gos ada 9o J‘ S CJa.ua » C)l_)l:\
OoKea 5 oIS 55518) su,T sk i, 4 oloks s
OOL s Ul 5 Sae sl&iws ad Guas (VAVY



AY ilisee <L b S > (Sl (b ol Sloj Slyeis g baylus o SB )0

Laouls Jalad g d5ad

JLeod Il dasals Jalas 5 933 sk o
(Sloa wnulane 31 saliiad U Lassls 5bT 555 oose
53 (V444 S4lL 5 salS) it paaad Lasuls LSS
Ssbss 3 soliind L Lasls (yuss Jloss oo sem
w002 @l Bad Jlos (s @oSpiKl) Jsane
O5e3T 3 skt o S mdpsun 5 SK il s
SPSS i3dla 5 5 ssbiie ol (gl i solitad Sl
Slaiais sy gl b GBS a,p WA G
s Bxeel 1580 ass 51 58 gy (Sle) ol ymis
ol saldid Y.y

S g b
i 5 (o8 o S5 © by @l
Sose LS el sad Al Y Joas o LS
O a s (Sl g 5l S ) ek 4 e
o9 (MWD=V/YY mm) GlSla goluly Hlade o3
09 YL Jals 4 pas g al ol sualine ool S
Jals 6 o (a0 VYY) S ol o JT suls lais
LalsSia golul (ad S oo IS sy aae

.JJ:‘J.LA‘NA.:QTJJ

OSan Lgad paddio pan 5 (a8 crus ) O
S 59 of Jlos 4 g (Sea Gad 5 S Ll
el ciwsts &S o o (Sasyboolaa
S (5l S5 g (5 S0 3l

S pliasd 5 (08 oS3 o sl
LSl b Jite sliley] & S a3l gl e da
Eooslie Y SIS I5a sl Lo pad SEA 3
gy 0 SKBoobd adlul b bad ssls H e
Ohas & Il ssle (VAAF Lug s ) ssReson
Jolae S by S (VATY SL 5 KI) S K
S Sowol sl a0 @Ol A Ghss @
© PoSE Juls cudk (VAAY Gl 5 ) Lo
prdes wosay (VAOY LSea 5 55b) Lok G
50l (VAAY ielis) agnisel ol (B & ol
Ak 58

G oAb eseds asa (rines
0SSk 5 (VAAZ ke 5 Sb) e o (5588 il
o0 3 S Gags 4 Dl glawlsla ki S5,
L SolSe Ghgs @ Sele £ B Y G pladlsla
o0 5 /N0 /Y0 /0 A X FIVO a3 suliio
5 GoSeolul s S s 4 (VTP Lug) Slele
s Gl (MWD) wlsSA Hlad o5 oS0k Guleal s

) 3990 LASIA  aland 9 Sa5d glaSag - ) Jgua

g S CEC MWD o seada a e ol eale sy L, ol o2
St el () T N S S S S
VY/A AETALY e A Y Va/y Ve MY TR ol —
VY VAIVE ¥ VYY Y8\ /4 VY ¥R ¥Ye  gife sl
MY VoY e N v S Uy Y/ v/ ¢ ‘:_3-‘ ss e
VA VefRe Yy AR} ACIAV SR VAL NA Vs Yo eyje st
a1 WY NET \/ve VoIve V4 Velt YoiA ¥+ YWY e . e
vii VY8 e Ve WAA Ay VY We e W- e
AV VIAY N Ve AT VA Vely Mo v/ Ao J..J.' ot
o YAV e Vv o8 X i/ V- a8/ s




WA Lo /¥l V¥uls [ SB o T il 4y

sbely « bg M

dals LS 5o OF e5udd 5 saddsid Glouse

ae Lyl oo bola o S edgjua o el

358 ey (51,1 SLASIA oS wau e L La a0

5 stla) WS e wlg g 5aS OIols, Sicke o
5l 6568 Glnlessd 4ol Hu 5 (V00 F l,lSka

@by 5 S il B Gulols i

@l el s o) sl ¥ Jsun o Lkt L S
Slans my b Lol 5o Cpen il b gie Hlaie
29) oeste 52 p S YYY B (A SK o) i
sl La Lt o SUa a0 uis (e, S

aaly @aliae sl L gbasla o gl ee
(p<-/-V)
Sl 1 53 (5 Lt Gl 8 5 SIS @l 3 Gyl g 43aS Jgan =Y o jladd Jgan
sl F Slay e Gl @51 e s
<0y VA/TYY YOYY Y Sl oy
AN\ Y R Y QRIS

sad 00y Hud Gl alKia & LGISE (SK A S
Sgdeus Giels AL 358 O L sl yea sadlaa &l)d
el @l 1< ol as SE Ake Gud
S oxdsl Sade Jiie ol Gbsa b
SIS aa ws e S wols Glas (VAAY) ol)lSes
ooy | balsSla Aty Soiius 55 wb)

by o waid |, gl ol 5,8

o8 ol 5o S e ue Sk wwwlis

“SL S ols Glas (Y JS8) Gibiie cdl b glasl
Jalas caals s 4y S ddaa Sl 6l 55 sla
daals o Gl S (oeidsd (Gmby cudine
5 o ) S wls ke Clole
Yo s oy S o giaas (WWAY 1LKaa
Voo 53 oYy (SIhe VY/A) (Juls asas s 5u o s

7 A A AB
o 2.5 AB AB
. . 5
by ,
j’u ™~
% E 15
o
32
“ 1
D 05 C
0
0 . . . . . .
2 2 2 3 v E i
o S ‘L '_l;j
i ;—; ' ‘5 1
LA FRCE-

‘)L\L ol sad sualiin )3.: (Y’ '/\) ul:ﬂ.\e—a K U._.\LAJ
#J.A&&eﬂ‘g\wﬁsu)du)@)d&&d)‘)&&
_")‘ u‘ﬂ aule J‘AL\ EERY YLJ‘;‘JLA: ﬁ"""‘ Lo Hd HO e

(o S el ol Gus YL Lo @

o9 S sdjou el o edls ssay ool
o ol e (Siwiaa ads saalie o o la)ls
5 (Yoo V) OLKaa 5 SISHl il o STolss olsee b



A ilisee <L b S > (Sl (b ol Sloj Slyeis g baylus o SB )0

oo, obid o S odsus sad Gl 38l @l gl
sl L;:a_;\: a0 AL et Hu p cdly s ,n
oo 4 (Saib slel o oS ulo olas olisas
YO SK T 358 ey S cughs Gag onb
Ot g Oled B b adl e oS Ol ls, lie
Olose 5 8l (uAlS 358 ooy S 8 5 JA
© culg oo 5 IS e Gl 4 ss sl STols
(V0N OLlSan 5 gl Yo F Jha) sy o (B (1o
s BB obuis pae Jado o (Sasb s ol (b
Lo o3 JE o oTolss 5 S s 5
Sloais wa, €€ ol LB e bl s ol
G o asl S s Lyt s S b Lus cud
o9 Olaiabe YL oluly g s LS nle
55b cas S plaala o)ds ol ca e Syl
L & pease o adl S8 L okl wsa
b Exids wad (ualS 5l goSsla 5u usa
o8 oy JEBI Glhe g0 O s Ske (SWsL

w2l Gl e sd s b Ol Xl L lajla

a5 -
]
- e S
& 20
__‘"r'\l_"‘
735
2— 15 r
o 10 20 30 40 50 680
(min) 5l
5 as -
N ot a sl Sl
Is - -~
9 £ o
2 15
3 :
A 0

o 10 20 30 40 50 60

(min) sl

olts olidas s GSE @l Hus Yo Jo¥s
Gl s b SE Lu T sule ssay 4 aau o
LT oalgod OF wle (VA4 ol,lSan 5 55,53) GlSIA
ol i3 ca e 5 (Vo4 OLKea 5 sulac) s
5 o Sa) SBenddah 50 ol ol
coy als e (Swses asdiee (VA Gl,lS0s
(VYAF) HKan 5 ook olidas 5o JT sobs b
(Yoo ) OblSan 5 50 5 (VAAY) GlolSea 5 GanlS
ol sads sula Las 50
Lol 5o S edpyaa ale) @l nds co )
Ol aS ol plas (v Ka) aabins glasla o
oudl oud o Sanb b bplls e S cs ;) Has
08 S b0 (Sl Jolyl o K sba 0K
oy JEh b gl «al b o5 oe oS ks
el Gl Lol 5o S csus Gnigotnli
o sl Lo S ciyua cad Gl s,
cle) Ho (s ¥eougaa) (Saob ) slagl)
Jals &0 Suisl aell L Jla ol b ags ol s

45

| . .
A e
-
3 0
__,I"N_"‘
v £

=%x]
2 -— 15 - /m_,,_u
3
3 0 L 3 i i i i i ]

0 10 20 20 40 50 &0

(min) sl
1 a5 -
3 -
4T
1%
T 15 - /ﬁﬂ_'_'—"‘
j D E 3 1 1 1 1 1 1
o 10 20 30 40 50 B0

(miny 5l



WAY o /¥oyleus Y¥ls | ST g O sl 4yt

‘Jjacl’s‘:.\os q.

5 45 -

3 =

4

1%

T L

A o I I I I I |
o 10 20 30 40 50 50

(min) sLaj

4 45

] J.‘\..i.S'._-..

S I

4%

e

o 15

3 D

o 10 20 30 an 50 60

(min) la

45
4 . .
N e ol Sl
3 -
4T
1%
T /MH_'_V_*“
j D P i i i i i
0 10 0 30 4 S0 60
{min) 5l
45
3 s
3 20
jﬁ"
v £
[=1]
A= 15
3 0

o 10 20 30 an 50 &0

() Slas

‘;J;JL.‘ ‘;b ey ‘5‘-&5& Jd Lﬁ\)‘:\di‘l JJ sia CtéJJM ‘.r.‘l_gj | 3“‘:' L IS 3

Oled 5 sy (16 LB aa o SLl oliad 5o
coaay oo Qb bl b Sl AT sl
cud olui Sloly wls 5 S i
Yo g el SE Lo layld Lo S cdus
5 4S L a e sl S Lo SIS oLluly G
SL ST 5 ol cdi€ b s slasla YA
L i s Ghalo8) ot & Laslud 5o S o
6l S 0 S slgdiy OlSee GBS Gl B 4
SB Gislasd s o) ART (S od 508 i
e Ladials S el 5l AT b o el Sl
O e okd o S cdssue el 4 ol
ol Glubs 3 Hlge (53,40l 58 L3 Wl 55 o le Mol

il 5 5e ladials o

S G Saaia
oS3 O @bl « ula plas Juasdy o
LS Lo il Lobd (58 Lo S g
3210l s (S oS 6338 dals 4 e8b 5,
S o ot lslad Ho S b )50 4l s
S008I0k, wlsi bl @disd s & A
Loy d g C).u____Lg‘gyL: LSJT suls 399 Al t_) Sl
9 o) S ol (Rl age Jle 51 (JulS paas
A-:\J_) R OT BL LA_)L;\.:D B S «:.\.5_)‘).\.& ui'.\.&ls
(SLAQLQ:) B (SLAJ[:\-A-::J BE Sl &:AAJ‘)M Sads uﬁg‘\}ﬁ‘
ol LS Lol o (4B8s ¥ ugaa) Sl alyl
i ) s 4 Suisl elal s Jla ol b s

CA&‘J@::_).G (5.}3\5‘) LAJL&&JJ\SL.A C_@_)_)..\AC)AJ-:



) ilisee <L b S > (Sl (b ol Sloj Slyeis g baylus o SB )0

ouldiul v,y 40 b

Gorigoilasd dole b GhSIA goluly slagadlis 51 (A s dhal ) (pess 8 AYAY 0 gansl 50 G558 o sa 00
“adia ¥ oapled Y ada Gl GLle 5 S SliEaT Jlia g3y welibad oL ol Bl saliinl b S
NOY L YYD sla

l-)\S‘A.C.\-a‘)‘)J—AJuT:‘_}‘JJJ_:S‘A. Q%PJ@}‘\V*\ ‘&‘SJC)‘JJS‘ﬁJ‘SSuA?;““(S.}f‘JJ&&J‘.}
A4 ala (SUa 5 OF cblia glagiasss das o Gl sle Jea 3uaal 8)sm @b Sl 4 5l soliiul

3 il s a5 58 ola 5 OT 5 el ($5ad Jalse S5 pasnn AYAY iz Glissat 5 p aalsa (ou Ligaud

a_sl_&l..ul L.ﬁ (5‘)‘&4.:& U’t'fL""'Jj ‘JJJ—‘:H JJ WEEP 6._\3_.1."‘)5 J..LA U'."Z':)J‘ \V/\K ‘C J‘%LSAJ‘) K] C‘ LST’BJ%. ;‘s GJ‘T;TJJ.AA.A
3 ol o (lalas Caaslen 5 solasaial wtigs g asle (Lo Glales cpadid Olgls) sledand 3
.JJ.S‘uu).\.a&fﬁb&i&‘ddg_ﬂ‘ajlc‘gﬁgjo@&a.s&ilb‘aaigﬁd‘)U\L'S/\ (O gus

Abu Sharar TM, Bingham FT and Rhoades JD, 1987. Salinity of soil aggregates as affected by electrolyte concentration
and composition. Soil Science Society of American Journal 51: 309-314.

Adekalu KO, Olorunfemi A and Osunbitan JA, 2007. Grass mulching effect on infiltration, surface runoff and soil loss
of three agricultural soils in Nigeria. Bioresource Technology 98: 912-917.

Blake GR and Hartge KH, 1986. Bulk Density. Pp. 363-375. In: Klute A, (ed), Methods of Soil Analysis, Part 1, 2nd
Edition. Agronomy Monograph, Vol. 9. American Society of Agronomy, Madison, WI.

Bower CAR, Reitemeier F and Fireman M, 1952. Exchangeable-cation analysis of saline and alkali soils. Soil Science
(73): 251-261.

Carter Cade E, Greer JD, Braud HJ and Floy JM, 1974. Raindrop characteristics in southcentral United States. Trans
ASAE 17: 1033-1037.

Cerdan O, Lebissonnais Y, Couturier A, Bourennane H and Souchere V, 2002. Rill erosion on cultivated hillslopes
during two extreme rainfall events in Normandy, France. Soil and Tillage Research 67 (1): 99-108.

Duiker SW, Flanagan DC and Lal R, 2001. Erodibility and infiltration characteristics of five major soils of Southwest
Spain. Catena 45(2): 103-121.

Emadi M, Baghernejad M and Memarian HM, 2009. Effect of land-use change on soil fertility characteristics within
water-stable aggregates of two cultivated soils in northern Iran. Land Use Policy 26: 452—457.

Evans KG, Loch RJ, Silburn DM, Aspinall TO and Bell LC, 1994. Evaluation of the CREAMS model. IV Derivation of
interrill erodibility parameters from laboratory rainfall simulation data and prediction of soil loss under a field
rainulator using the drived parameters. Australian Journal of Soil Research 32: 867-878.

Gatto LW, 2000. Soil freeze-thaw-induced changes to a simulated rill: potential impacts on soil erosion.
Geomorphology 32: 147-160.

Gee GH and Bauder JW, 1986. Particle size analysis Pp. 383-411. In: Klute A, (ed). Methods of Soil Analysis. Physical
Properties Volume 9. SSSA, Madison, WI.

Hillel D, 2004. Introduction to Environmental Soil Physics. Elsevier Academic Press.

Kasman Z, shainberg I and Gal M, 1983. Effect of low levels of exchangeable Na and applied phosphogypsum on
infiltration rate of various soils. Soil Science Society of American Journal 135:184-192.

Kimaro DN, Poesen J, Msanya BM and Deckers JA, 2008. Magnitude of soil erosion on the northern slope of the
Uluguru Mountains, Tanzania: Interrill and rill erosion. Catena 75: 38—44.

Kravchenko A and Bullock DG, 1999. A comparative study of interpolation methods for mapping soil properties.
Agronomy Journal (91): 393-400.

Lei TW, Nearing MA, Haghighi K and Bralts VF, 1998. Rill erosion and morphological evolution: A simulation model.
Water Resource Research 34: 3157-3168.

Leonard J and Richard G, 2004. Estimation of runoff critical shear stress for soil erosion from soil shear strength.
Catena (57): 233-249.

LiJC, Liu QQ and Zhou JF, 2003. Environmental mechanics in China. Advances in Applied Mechanics (39): 217-306.

Li M, Zhan-bin L, Dingd WL 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.

Liu H, Lie TW, Zhao J, Yuan CP, Fan YT and Qu LQ, 2011. Effects of rainfall intensity and antecedent soil water
content on soil infiltrability under rainfall conditions using the runoff-on-out method. Journal of Hydrology 396:
24-32.



WAY o /¥oyleus Y¥ls | ST g O sl 4yt sl ¢ s ay

Merten G, Nearing MA and Borges ALO, 2001. Effect of sediment lead on soil detachment and deposition in rills. Soil
Science Society American Journal 65: 861-868.

Moreno-de las Heras M, Nicolau JM and Espigares MT, 2008. Vegetation succession in reclaimed coal mining slopes
in a Mediterranean-dry environment. Ecological Engineering 34:168—178.

Opsomer JD, Botts C and Kim JY, 2003. Small area estimation in a watershed erosion assessment survey. Journal Of
Agricultural, Biological, and Environmental Statistics 8(2): 139-152.

Page MC, Sprrks DL, Noll MR, 1987. Kinetics and mechanisms of potassium release from sandy middle Atlantic
coastal. Plain soils. Soil Science Socince of America Journal 51: 1460-1465.

Parsons AJ, Wainwright J, Powell DM, Kaduk J and Brazier RE, 2004. A conceptual model for understanding and
predicting erosion by water. Earth Surface Process. Landforms 29: 1293-1302.

Romero CC, Stroosnijder L and Guillermo AB, 2007. Interrill and rill erodibility in the northern Andean Highlands.
Catena 70: 105-113.

Santos FL, Reis JL, Martins OC, Castanheria NL and Serralherio RP, 2003. Comparative assessment of infiltration,
runoff and erosion of sprinkler irrigation soils. Biosystems Engineering 86(3): 355-364.

Siegrist S, Schaub D, Pfiffner L and Mader P, 1998. Does organic agriculture reduce soil erodibility? The results of a
long- term field study on loess in Switzerland. Agriculture, Ecosystems and Environment 69: 253-264.

Sirjacobs D, Shainberg I, Rapp I and Levy GJ, 2001. Flow interruption effects on intake rate and rill erosion in two
soils. Soil Science Society of America Journal 65: 828—834.

Sumner ME, 1993. Sodic soils: New perspectives. Australian Journal Of Soil Research 31: 683-750.

Troeh FR, Hobbs JA and Donhue RL, 1999. Soil and Water Conservation-Productivity and Environmental Protection.
Prentice Hall, New Jersey. 610 p.

Vahabi J and Mahdian MH, 2008. Rainfall simulation for the study of the effects of efficient factors on runoff rate.
Current Science (95): 1439-1445.

Walkly A and Black 1A, 1934. An examination of digestion methods for determining soil organic matter and a proposed
modification of the chromic and titration. Soil Science Society of America Journal 37: 29-38.

Wirtz S, Seeger M and Ries JB, 2010. The rill experiment as a method to approach a quantification of rill erosion
process activity. Zeitschriftfiir Geomorphologies 54(1): 47-56.

Woo M, Fang, G and diCenzo, PD, 1997. The role of vegetation in retardation of erosion. Catena, (29): 145-159.

Yan LJ, Yu XX, Lei TW, Zhang QW and Qu LQ, 2008. Effects of transport capacity and erodibility on rill erosion
processes: A model study using the Finite Element method. Geoderma 146: 114-120.

Yoder RE, 1936. A direct method of aggregate analysis and a study of a physical nature of erosion losses. Journal of
American Agronomy 28: 337-351.

Zhang Q, Lei T and Zhao J, 2008. Estimation of the detachment rate in eroding rills in flume experiments using an REE
tracing method. Geoderma 147: 8-15.



