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1- Sodium adsorbtion ratio

2- Exchangable sodium percentage
3- Elecric conductivity

4- Aggregate stability
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Figure 1. Location of study watersheds in Iran and Ardabil province.

Sl s e JSKD Ayl Jele 5 LSl e
ok sl Clllg e sy ) se dligs 690
2 S B sba alsl Sllie 4 o | Lo
LB B8 3 L ol sl SSesll 5 das
il i 555 ST & M s 0351
sl s dlags oy JasL aS ol Jlaal 5 s
e bl 3 Gl sy FeS A3l e Of
FoS Lol AV Gas o8 was Ol plaas
Slolsale solas 31 eslaal L osgy e SO
bl Sl (Y)Y e pslas) A cond
Sloslsale psla s, oo glelid s oad
SIS ay aii 5l elmel L Xud asie
5, e ArcGIS10.2 55 O FVY JL V:Y0e s s
Sl cwd i 5 e 0 s L (DEM) gLl
g o3 MDA e d)se (Slaed i
A eiSes o3 53 ) S e S (Al
e So ol Ve sl Osls i3 LT

Olewl ViV ewvwn Lllwy 4l 3l eslazal L
Size b a5l L 5550 bl ¢ Jos)l
(2o dKS s s e (b gbds
Gl 5 bos Gpul WY (Bl Sl
Camdse VS 3 s S slag)be 5 x5l
o315 QLS Ol 5l 5 Jessl Ol 53 sy 0 3550 bl
el 0
sl 5l eslinal Ll iy plsl )
2kl 5 gl Gl e ()l 858 ol sale
Gl g adleis an 53 (TOAY) A o) glol sale
Wuwdmiﬁuf Sl 03 5dms 0
aibie 53 AT YA slaws sl sl L
33 ST Ye 5 dem Pl ailae s LSST VY ;C\;uj
Gos 5 ding dd ASVL Ghils oS o e adlae
Sl s e ) Sl S aSYL s s WO
Seslial bS5 oA Sl 5 el
S S Lol ojlul 8 pleusll s o GPS



1190 (F) )l dTF) dls S 5 f clis gla yidg}s s puls

s b Jola Sy o3 lanie
A i Ao e 635 s b
sAo e (CN) s ojled 5 (b
0 gladsst a5l oeslaad Lozl |, cals
Slad o 4 gl Lds Ol SPSSI9 il
5> LS b adkie s ST A o sls 0L
1o pama) wor oo ailate 53 LTV ¢ 5 dam o ailats
iSe5 03 Dlasiie §saze 5l (WSST Y
A O &S ool Sl amals |y wlis 5 ke
s ibe alie L al s 5 Ol aib
Sl M 5l 5wl s Coe gbaasK
o2 Al e wlie Ll 0 ghls LS 05 o
Lok 3l Sl e AL 3 &S s S
B s (el e ailae o Gt slaxSi
LAl pl S cud , S gl S
ST b daaT pl Ll 5l e A e 5
A dsb Sl des Slex 5o 5 Sl gl e b
Loy VO 500 JO Jool g 5 kST fols 1T
el Olgea o g LSS w5l Jsb
Jols Lo LSl wds Slatin 5 cual
5 Ges dod O 3 o ey 5 e Ges
95 b 5 e A e BB ) S S e
LSSl cpl wdin slal ol uis VYAY-AYT JL
Whos e Gub il 3 S e 5yt ol
warg LS (2,0 5 Ger Ao 00 3 B
waloan Lol 55 (s 53 0ld o glaaxls
et (S0l ey A Sl e S (S5l
s odalie AT sl 55 a5 LB a5 aale ¥
e Jsb Olgea dle g o J e 4
Sde 3 Sl S3a Y Ao S Ol e
200 SSeill Glaslpl 4 ar s b SebS Ol
SB35 odg el oslal Ol 3 g S el

S S eVsb ol e s il e tals S

G e Ad S el oSl S sl s
Sk s ol 38 Lle e Wl mul S 2y,
Li s S SG3 s 05,5 5 LSSl o)
035 5 b SR den Sl el L (M)
oo )l ASTT 3 2T 035 S G555 s
Sl s s Kl 5 w58 055~ (CN)
Bl ond [ slteas (YF) Ld ond (ol 035> 3
31 oslizal U bl DEM KaS o bl 31 S5 5
S 4Ss; oy~ Global mapper 14 le 5
o 538 i 5l (ol 5 e S
WSS iSes 055 et Sl e o AE s O]
ArCGIS10.2 Ls 53 5 b 42 3l eslizal L
Gt b A5 el AT a3 By
@il & LSl oy colas 5 ot Ol
sty S aels ailas a B S5 g cld
S=ad" dal, Ll 5 31555 okl e
ST sl o5 () b 5 (A) cls
On sl daly s e o o il
G5 O S5 Alaly G A3 030y 551 WO
Slsme a3 b sa s o Ol
SPSS 19 izl 5 51 eslial b adlaie 2 0500 5
abie ab sa Lo Sdel Cowsts b el Cosa
Sy el cas adlaie a 318 55 skl e
SRR o PRt ¢85 Gk ol
S goye s> k3 S patie die s lus
o 5 Coles o odaly ASL e b oOIg
ol Jole el CUlsy OL s s e S
LWL e 015 oal ST Al sl (SCes
ol ele Oas LS s ey gl 0L
Aol e sl (s
Cdd Ly Skl Sy U s e

S LKl adae a s (ST il

1- Curve Number



Oled 9 5151 lend (s

e skt Ad Sl e ST s b s
o 5 AT casVU oy St s S
LTI o 2505 0350 e S 51 S e 450
S Sl Shs S e S Sl
Sl b wdly e Lasil 528 Ll
G Shs A (Selul Al 5kl
5 e (b O3 dons el sl s S
Aoy caibey Jlemr S35 g R S 4 e
IR e T R = I LI
FSES) st B s Grede TE N 230
Bl S| S el 5 S s w Graghe )
dosn Q) sk b s Sl faeme Ao
doys VD) S5 S s 4 M oS
e i) Cand 2 EC 5 pH (oles odS by S
Lol pdised gy o Sht ol o 5a5
frorme 5 el e okl ‘é Lo s Gl
gl s S5 o SKlke (OA) sie 5 oS
OY) 5 S s, & (MWD) of s Slaul
S Cand 2 ls 5 (SAR) i ol s
L3y (VF V) [(CROSS) b+ plazstl (5l
LT a8 Sl b e
S T ALl slas Sl 51 e
s LA Sl G Sy o O
son e Jl Y dsb s Lol dhis e
m SN Grames A3 el (1TAY-AY)
(mlos Jold) LA LiS65 o35 Slasiis
S35 eyt (A iy Aoy e ol
e S gla S5 5 (o led 5 ke
el 5 LSl e a5 L Ll
Lo Ses oL Sy o
s il ASST oz 5 olaie mlan 528

A o Sl o8 w8 0 S5 5

1- Mean weight diametr
2- Cation ratio of soil structural stability
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Figure 2. Topography threshold for three study region.
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Figure 3. A gully sample presented in each region, right to left: Orta Dagh, Molla Ahmad, Sarcham.
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Table 1. Geometric and watershed properties of selected gullies in three regions.
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Curve Number Plant Cover (%) . Area (ha) Region name
index Slop (%)
70 30 0.5 7 16 () gt
(60-78) (15-45) (0.45-0.58) (4-14) (14-21) Orta Dagh
(8 gullies)
LSSTY) ot
65 51 0.26 10 18 (VD) demBLe
(61-74) (40-75) (0.21-0.36) (4-13) (14-23) Mola Ahmad
(12 gullies)
ST Y
75 16 035 11 24 V) e
(71-81) (10-25) (0.2-0.43) (8-14) (21-32) Sarcham
(10 gullies)

Al e Sl sy 50 S (ST — Blas) S eas anls 33, el slis

Values in parenthesis is range (min-max) of properties.
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Table 4. Correlation between drainage basin properties and soil properties of gully’s with volume change
during 2 years.

o~ LoD EJUJ
Sarcham Mola Ahmad Orta Dagh
LSl sl o S jaxls
0.768%* 0.082 ™ 0.103 ™ el oS e 525 et
Miller shape index of gully's watershed
ha) LasGl sl o) o= Comlons
0.034™ 0.138™ 0.02™ (ha) Lotsel el o3 o
Gully's watershed area (ha)
ASOT ssul o 9= Jow o :
0.299 ™ 0.877%* 0.073™ P T e e
Gully's watershed slop (%)
LSSl el o g Ao
-0.933%* 0.6 -0.902%* ol e gl A o
Gully's watershed plant cover surface (%)
LA 5l o) 9 (CN) o o)lad
0.942%% 0.515% 0.704% el o5 (CN) e o)
Curve number of gully's watershed
. . 0
0328 ™ 0354 ™ 0.639*% o
Clay (%)
. () oy
0.014™ 0.57* 0.626* o
Sand (%)
. . ) e
027™ 0171 ™ 0.673* ;
Silt (%)
Sl LG
0.003 ™ 0.138™ 0.398 ™ S JE o
Dispersible clay (%)
fa ke Y b
0.63* 0237 0.038™ A s
Coarse sand, 0.1-2 mm (%)
- YA Y
0429 ™ 0.256 ™ 0.651* Fooe NN ot o
Very fine sand, <0.1 mm (%)
. . . () 3500 o+ S
0353 ™ 0.102™ 0386™ o
Silt + VFsand (%)
- . oy .
0243 ™ 0.777%% 0.339™ s
Organic carbon(%)
. . . (1) oS
027™ 20.183 ™ 0.189 ™ ? s
Calcium carbonate(%)
0281™ 0.639*% 0.486 ™ pH
0.597* 0.426™ 20.105 ™ EC (dSm™)
) ) J Ca+M
-0.555% 0.174™ 0.051™ e &
Soluble Ca + Mg (meqL™)
0.342™ 0.582% 0422™ MWD (mm)
0.597* 20.199 ™ 0231 ™ Na (ppm)
0.251™ 0.586+ 0.309 ™ K (ppm)
. . . ) S
0.256™ 0.154™ 0011 ™ &
Gypsum (%)
0.302™ 20.149 ™ 0.655% SAR
0.301™ 0203 ™ 0.642% CROSS
-3 .
cm 5 ;
0.099 ™ 20,588 0.704* (Eem’) S o oot o2

Bulk density (gecm™)

Db gme Saan L™ 5 4oy ) CE—.—/J) Sl e (S gl s, 0 CE—.—/J) Sl e (S gl

* Significant correlation at P<5 %, ** Significant correlation at P<1% and ™ No significant correlation.
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Abstract

Background and Objectives: Gully erosion is an important type of soil erosion worldwide with respect
to sediment production and land degradation that also occurs in different parts of Iran. Topography and
soil properties of drainage catchment of gullies have important effects on development of gullies. The
effect of soil properties on gully formation has been reported in different studies. The objective of this
study was to investigate hydrologic process of gully forming by topography index and to determine the
effect of surface and subsurface soil properties on gully extension for 2 year and to select the most
important of this properties.

Materials and Methods: In order to determine the main hydrological process that creates the gully
erosion, three regions of Ardabil province including Orta Dagh, Mola Ahmad and Sarcham were selected
and topographic threshold of gully forming was determined as S=a4” where S and A are the slope and
area of gully's drainage catchment, respectively and a and b are the regional coefficients. Also, to
investigate the effect of soil properties on gully's development in each region, a set of similar gullies were
selected and the changes of volume and cross section area for gullies in four points along its length were
measured as indicator of gully development during two years time. 19 different soil properties at surface
and subsurface layer of gullies and at drainage area were measured and their effects on gully development
were investigated. At the end, stepwise regression models were introduced to predict the value of gully
development and to determine the main factors of gully development in each catchment. Precision of
regression models was determined with R* and root mean of squared error (RMSE).

Results: The results showed that in Sarcham catchment b power of topographic threshold was positive,
therefore it seems that piping and tunnel erosion be main reasons for gully forming but in two other
catchments the values of b power was negative therefore runoff may have caused gully formation.
Correlation analysis between soil properties and gully's development revealed that in Sarcham catchment
erodibility and presence of soluble materials in subsurface layers of soil had a strong relation with gully
development. While in other two catchments, erodibility of surface and subsurface layers of soil had similar
effects on gully development. In general, application of regression models that used total data set of surface
as well as subsurface as independent variable for prediction of cross sectional area changes showed higher
precision. For prediction of changes of gully volume, total properties of drainage area were used as
independent variables. The precision of this model in Orta Dagh and Sarcham was high but in Mola Ahmad
was low. The results of stepwise regression model demonstrated that in Orta Dagh catchment, mean
weighted diameter (MWD), very fine sand, clay contents in surface layer, gypsum, calcium carbonate,
dispersible clay in subsurface layer, percentage of plant cover and CROSS index in drainage area of gully, in
Mola Ahmad catchment, organic carbon and bulk density at surface layer, dispersible clay content and SAR
in subsurface layer, and mean slope of gully drainage area and in Sarcham catchment, bulk density and
dispersible clay content in surface layer, bulk density, silt and sand contents in subsurface layer, and curve
number (CN) and Miller shape index of gully drainage area had the most effect on gully development.
Conclusion: Used topography index had careful efficiency for determining the hydrological process of gully
formation. In Sarcham, gully's extension related to soluble material in subsurface soil but in two other region
gully's extension related to erodibility of surface and subsurface soil. Among properties of gully catchment,
ones affects on runoff creation had the main effect on gully's extension.

Keywords: Head cut, Soil loss, Stepwise regression, Tunnel erosion
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