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Figure 1. Location of the hillslopes in the Tahamc Chai catchment, north west of Zanjan.

1- Global positing system
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Figure 2. View of a hillslope with rill erosion and measurement of rill length in the Tahamc Chai catchment,

north west of Zanjan.
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Table 1. Statistical descriptive of rill characteristics, hillslope slope in the Tahame Chai catchment, north west

of Zanjan.
e Sl oSk DS e oS e laaasia
StD Mean Max Min Rill characteristics
(e) J
9.74 23.02 57.00 8.00 7 b
Length (m)
(e) 2
0.47 0.78 1.81 0.13 i
Width (m)
( - ) -
0.08 0.11 037 0.03 T
Depth (m)
(= %) G 5
5.49 8.18 17.25 2.63 et aiiad
Width to depth (m)
( ) B io Colows
0.07 0.07 0.29 0.01 Gr ) b e =
Cross section area (m”)
Lo y3) (G5
4.16 28.34 33.7 21.8 (o2 b
Slope steepness (%)
(2a) als J
7.32 38.42 80.02 15.03 7o) el Ik
Hillslope length (m)
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Table 2. Analysis of variance for rill characteristics among the hillslopes in the Tahame Chai catchment, north

west of Zanjan.

Gols ome F Slag o :Sks @byl 4 s s sl S
Significance Mean squares Freedom degree Rill characteristics
. Ls J
0.16 1.66 130.73™ 9 A Ao
Rill length
L
0.00 40.68 2.65%%% 9 S
Rill width
s s
0.00 5.14 0.01%%% 9 T ot
Rill depth
L s .
0.00 3.92 303.17%%x 9 i
Rill width to depth
Li Lo ie ol
0.00 7.13 0.05%%* 9 A 2 e

Rill cross section area
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Table 3. Statistical descriptive of soil properties in the rill's soil samples in the Tahamc Chai catchment, north

west of Zanjan.

Sxe Sl oSSl A AeS Sk gl S
StD Mean Max Min Soil properties
(1)
13.10 63.93 91.01 40.47 o
Sand (%)
(1) oo
9.45 22.67 39.12 5.07
Silt (%)
()
4.63 13.40 21.18 3.92
Clay (%)
() o Ko
9.04 41.04 55.94 23.39 s
Gravel (%)
o Jas gl
1.50 2.01 498 0.001 (o) SRR
Aggregate stability (mm)
xS o Sl 2 8) s Al o peases
0.23 1.4 2.20 1.05 (ofen e 209 b opate p
Bulk density (g cm™)
(1) gLl abais
7.87 32.62 50.81 10.07
Saturated point (%)
el e golw) Ll A Colda
1.68 412 7.81 1.84 e e
Hydraulic conductivity (cm h™")
Sl
0.16 7.98 8.24 745 s
pH
: g S yla
0.17 0.64 123 0.40 (o 7 i) 50 -
Electrical conductivity (dS m™)
S do NI, S s 4l dsls o b
58.63 78.48 107.62 40.70 (5 4o 2 NSl 238 2L “"AJJT
Cation exchangeable capacity (meq 100g™)
(PP WO W)
10.28 9.50 3331 0.06 S e >
Exchangable sodium percentage
Ao cder S
1.95 4.49 9.73 2.04 T
Sodium adsorption ratio
Tosle
0.58 118 3.22 0.25 S
Organic matter (%)
1) dslrs S Ly
7.89 24.81 35.25 11.00 () > ) 4

Equivalent calcium carbonate (%)
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Table 4. Analysis of variance for soil properties among the hillslopes in the Tahamc Chai catchment, north

west of Zanjan.

Solsns Sl :SSkee RESIRESS Slaz o o Sk gla S5
Significance Mean squares Freedom degree ~ Sum of squares Soil properties
0.00 483.1" 9 4348.37 o
Sand
- s
0.00 252.1 9 2269.09 )
Silt
0.00 54.1™ 9 486.82 o
Clay
0.41 87.1" 9 783.38 Nadl
Gravel
Jas golul
0.26 2.8™ 9 24.85 TGS
Aggregate stability
) 5 ;
0.88 0.1 9 027 el il
Bulk density
el ki
0.07 99.1 9 890.95
Saturated point
) Ll A Colda
0.00 6.5™ 9 58.78 e Sk =
Saturated hydraulic conductivity
) Llag
0.54 0.1 9 0.23 TS
pH
) s o5lS Jols e b
0.39 5975.4™ 9 5378.97 SRS P
Cation exchangeable capacity
. L e Ao
0.02 196.67™ 9 1769.99 S e >
Exchangeable sodium percentage
ns J] osle
0.88 0.2 9 4348.37
Organic matter
) 693 (,M.JS ol
0.23 79.7™ 9 2269.09 < ) 4

Equivalent calcium carbonate

Ao ,544/44 5 s 40 JL&:&"C%MJ) S sme 5 Gols et o Say FEE G F

ay

ns



OS2 g JLasly Loy e

)\.,Lia cLs_'s'Lx.SUa.a dhw\: BE .J)\.,L} Se 9 S )
3pooml b K5 Ol 4 s S
JE_.:A{ ;5‘14'1\)“:" O Lo .(M).S \YV/8 :_5.,\9-)
9 J&J B L;\AlLaﬁl‘ L;:“'L o C)b: ./‘\-\N‘)L-;d
S gl oy S ol aalasts g lul
Sie Sbess sdkes sba LalS golub s
Ls'if.‘b)"\:"h g;.;‘JsA ./\JJA§L-;¢ )\J.; Sk JT osle
o e RS S e e S gLl
BL) 45&)}]04.: (r= — /YA B P<'/'o) S )L:.il
s lB osba LLs S e dula ol
ol B ol a8 das e Ol a5 sy ol
Ll Rl Ol 0L s bl Lol
Crddsd & bld 5o 0L > cud 2l (Y1)
O sl 1YL (6 ndissd ol aly S
L old Salu b s 53 5055 (6,5 sl wtnpn
BE S k:».l-uw ERSLS) CJ\)J (VV) .,\AJL;G u,:,_hls
wals St 6 pdudsi 2alS gl Jele oS Of LS
Gl 2531 53 0Ll (g il sa s
Cu,,u;,;f@);jdujm;@su
5 b @l b Gllas Loy S5 LS o e
BE Sl @)JM K9 » adlae L: (V'\i) u]a&\}
Jsa ey S s sl Ol dﬁmkﬂ)T
208 YT bl Rl Ol Sk
u,:,{\}_e\ B g;l:m CJ‘)J J.:J‘U .J)\.S \) (CJAJL&
J‘" (i-\ A A A LV) M Sladlas B (LSJLA-\:’

ol 0l ey OLES

ay

ks sbul  ced 5 S sl Sy SU
2 S e s S5 5l ol o3l 235
ol s asie S oy Gbs Rl
s 3 gbces 1) Ks) Sl glst S
Loy 5 Ks o Sl gas uf:wmxa (00 Jsa)
P<t/00) Sty 5 (= —/871 5 P<o/0)) Cl
05 a8 s o Ol e ) A sdaline (r=4/8E
Sl gabdsd s S8l s s
bold o S by i amd s 5 Uiy, g
O 5 5,09, lasdlas 55 (8F) 353 0 5 5
St s gkt b 5 Sl O3 gy (Y41V)
St bl e Gl Jale Ol pea 1)
Loy oS Kos gladlas 55 555 0l L otis S 0L
Slalp s sl (T 0L 5 e
E S el dob axly s old Al
0s byls Sl g e i LS:W aS sl olas
Gl ol sy St ey e 5 awls Jsb
S e s gme Sl ks 4 31 (MWD) wlusts
Hhess sy ag a4 O i bl Il aduls
e S B P P W G P SN W
S b e Shan wlUSL (g5lL S, sba
Lo Saan 5 (= —2/80 5 P<e/r0) -5
ol dr=r/ge 5 P<e/io) S I esle [l
35 bl 28 ey b S CLel s 4 S
03 hisls S Ol ol 5 Laalass | os
5 Bl (L s e Siacan anlllas o
03 S ol b gllas S sdalin Sy Loy
o S 53 (VAAY) S 5 wlsed &5 (glantllas
Lals OLES sls r\q;,\ L, s LS 5l aen

Sldie 5 LIS (L s pre  Sien oS



€ s 7LD woieng? e () o€ e P gy, Cor €y ey

1190 (£) )l dTF) Als S 5 f clis gla iy} s puls

A2l
&JU e e 620" %5670 £01°0 €10 %8€°0 0€0 €10 #%££5°0 I
SS
iy i 80°0- 9¢°0 %L€0 8C0 L1°0- €ro- 10°0 I
WO
es .WJ €C0- 91°0 %L€°0 %0¥°0 81°0- 80°0 I
dsd
cComp oy Jnﬂﬁ cro 20°0- 61°0- S0°0 91°0- I
S
P €0 4OV b0 60°0- _
N
i s LSPO- ¥T0 420 _
Ke[D
0 %SY°0- %%609°0 [
nIS
. %970~ [
puegS
- [
d|qelieA pues NS (e} SV S dSd WO SS A2
ol 0 o 0 A0S = s D T 3 o e e S v o w0

‘uefuez Jo 3som ypaou Qudawrydled rey) dweye ], dy) ui sodo[s[[1y Yy} Suowre BIIE UONIIS SSO.ID [[L1 puk ssauddadys adoys [[i1 ‘sonaadoad [10s S [[LI UIIMIIQ UONB[ALI0)) *S QB L

6P o weng? BO KL CE 09 A9 TR0 5D o € e o e o0 o€ e a9 (e

AL



OS2 g JLasly Loy e

Sy laauls 3 ks iles 5k S
ol cadhae glaasls 53 lasls 185 (g5l oS
2P glaiie 5 LS b8 dhie Colis o
(e 5 gLl (STaodea Solba ey () ol
oo d W8 ot (s S5 45 Sl eslinad L
@u6>\sou@u.mwct§4{rt§
3 et A5 L Sl g lalaily JLd 50 sbada
RP=0 YA 5 P<e/oe)) syls S e Aoy
PS03 R el g3 a0 dsir)
Sl o sy Ol Laaals s jLd st c]ad
e Ol s et S (BS s Sl s o
2 AL S S Aoy S Dles ga
s Solea dxaly asls s bl b orlS
aibie ;3 gladals s L Lo e da.iﬂ Colas
S e Soke auly ol 5 Sl S el VL
S S s a3y Sl 3 inz ™
2o phte Ol 5l Aoy T sl Sl e
5ot s b g Glreg sl s e Ll
Sl 3 Glslp Loy of 51 dss YA 550
Ll dil s oo pme 5sSde abaly ax S| as s
Jolso o8 oo 0L RY) s 2 020 iy
o ayld axwss 5o ladsls s ‘5J_<i; aslsl
Dy el atls Lol & oo ol Hs e Wl
Consy daasls s Cd IKS SE el
Ll o LOT b (S b b aSbr 5 as
Sl plol ly gl > AEL s BB
AL Olebl s b e 4 plaes gl 05 28

0

o e Cols o (Sies () b

aS ols QLA awls ol Aoy baasls s LS
Olgea (S 3l &_L&;;JJ LS s il de
s acals 53 ki plade (S S5 e Jule
33 ) m U Cute Sen sS(g,ba
o S b (T=e/0F 5 P<e/n)) ai edali
M5 ORI T S s el Lol Jule
55 YL bl S sl ams s 5 0L~
OMiMr & 5 et a3 Rl Jdsa OL > (20
(A Al Lulpls bola 5l Sk ol
Ol S22 53 e bl 0L (22 Gerpe
chie Gos s B, SR LLTA) Ll e Ll
Olpes O Ly phats I3l e 5o 5 5l
05 b e Il s laals s S b ua
St b auls ood 5 ool Slallas
5 s baly ol s el st Ol O bau g
o o d bl &S sl OLas (Yeer) e S
Olje p Sol3iime 5 Cute 50 Aoy VT L £
Olo (Vv A) 0L 5 o5leS 5yl S oy ua
Oﬁ,wg@ﬁu;);wdub%‘\smu
oot ot GRUH Al bl g0ld
ol il s sy £ (VL slacis s
P30k Db ol GRS e S ol
sladnls das o 0L 55 ol tags c,\:; ]
by oS5 St il 3 W o L
b b Dl wl gl Sl WOT aLS

sl ools Sl 3



1190 (£) )l dTF) Als S 5 f clis gla iy} s puls

gl o5 55 auls Sl O3 doys 5 et G L LS o0 e Cobos sl (g S5 45w N Jgdr

Obd) sl o

Table 6. Regression analysis for the relationship between rill cross section area and slope steepness and silt
percentage of the hillslopes in the Tahamc Chai catchment, north west of Zanjan.
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Abstract

Background and Objectives: Rill erosion is one of the most important soil erosion types in the
hillslopes which occurs due to concentration of surface runoff. In general, rills are a small,
ephemeral concentrated flow paths which function as both sediment source and sediment delivery
systems for erosion on hillslopes. Rill development is common in overgrazed land where soil water
retention capacity is diminished and also in freshly cultivated soil where the soil structure has been
loosened. Rill erosion can be a large portion of the channel erosion in these areas, particularly in
semi-arid regions. Rill development in the hillslopes can be affected by different factors including
topographic characteristics, vegetation cover condition, rainfall characteristics, soil properties and
management practices. Knowledge of factors affecting rill erosion development is necessary to
control this erosion in the hillslopes.

Materials and Methods: This study was conducted to find factors influencing rill development in
semi-arid rangelands in the TahamChai catchment, north west of Zanjan, Iran. Toward this, ten
sparse hillslope as affected by rill erosion were selected and all rill characteristics along with some
soil properties were determined in the rills. Rill characteristics, slope steepness and soil properties
were compared among the hillslopes. Effects of slope steepness and soil properties on the rill erosion
were recognized using the correlation matrix method. Multiple linear regression analysis was used to
develop an equation for estimating rill erosion in the hillslopes.

Results: Results indicated that all rills characteristic expect length were significantly differed among
the hillslopes. Significant differences were found among the hillslope soils in sand, silt, clay,
saturated hydraulic conductivity and exchangeable sodium percentage. Rill cross section area varied
from 0.01 to 0.29 m® with an average of 0.07 m” in the hillslopes. It was recognized to be the most
important rill characteristic to describe rill erosion development in the hillslopes. Significant
correlations between this rill characteristic were observed and slope steepness, sand, silt, clay and
saturated hydraulic conductivity. Rill cross section area was the highest where either the hillslopes
tend to have higher slope steepness or they have higher percentage of silt and clay. Multiple linear
regression analysis appeared that rill cross section area in the rangeland hillslopes was significantly
related to slope steepness and silt (R*=0.38, P<0.01). In fact, about 38% of variation of rill erosion in
the hillslopes could be explained by the developed equation. Slope steepness was recognized as the
major topographic factor which explained about 20% of rill erosion variation in the hillslopes.
Conclusion: With regarding to the importance of slope steepness and silt in the rill erosion
development, maintaining vegetation cover through preventing over-grazing in the hillslopes of the
area where slope steepness is higher and the soil is sensitive to water erosion processes is very
essential. According to the developed equation there are also other variables which may control rill
development in the hillslopes. Land shape, soil profile characteristics and land surface cover can be
introduced as unknown variables which can be investigated in the next studies in order to develop a
reliable model to prediction of rill erosion in the hillslopes.

Keywords: Rangelands, Rill development, Rill characteristics, Semi-arid region, Soil loss
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