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- Mean Weight Diameter

- Geometric Mean Diameter
- Water Stable Aggregates

- Stability Index

- Stable Aggregates Index

- Stable Macroaggregates Index
- Liquid Limit

- Plastic Limit

- Plasticity Index

10- Coefficient of uniformity
11- Coefficient of curvature
12- Factor Analysis
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2- Digital Elevation Model
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1- Principal Component Analysis
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Table 2- Percentage and density ofgulliesat 5 slope classesin three study regions

R"‘“'“_ pu Slope classcww 4> 0-10% 10-20% 20-30% 30-40% >40%
egion
(Orta Dagh)lsts)| s 2oy 49 39 11 0.7 0.3
2.7 (Km/Km?) xS ($15 2.7 3.2 4.2 33 2.7
(Mola Ahmad) ae>Me daw Joyd 78 17 3.2 11 0.7
7.8 (Km/iKm?) xsif os15 0.3 1.6 45 5 7.8
(Sarcham) ez s o doyd 44 35 12 3.3 5.7
3.8 (Km/iKm?) usif oS5 4.3 5.2 2 1.6 3.8
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Figure 2- Gully's distribution in 5 slope classes
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Figure 3- Changes ofgully densityat 5 slope classesin 3 study regions
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Table 3- Power relation of topographic threshold, slop and area of gully's watershed for three study regions.

Orta Dagh g:ls,i Mola Ahmad seaMe  Sarcham ga yw

Topography threshold 31,56 4kl

S=0.141°%"

S=0.1137%% S=0084%"

RE (s 0.34 0.18
P Value (¢, sins oo 0.00 0.049
Mean of slope (%)(4s)) cud (xSibe 10 11
Range of SIpoe (%0)(se,3) cud <l yuss aiels 4-13 8-14
Mean of area (ha)(,iSa) colus 3:Ske 18 24
Range of area (ha)(,ks) colue s aials 14-23 21-32
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Table 4- Mean and range of surface and subsurface soil physical and mechanical properties forgullies in three regions

S Sy Sarchames Mola Ahmad.sesMo Orta Daghg:l:,i
Soil . . . . . .
p . Surface soil Subsurface soil Surface soil Subsurface soil Surface soil Subsurface soil
roperties
%LL 38 (28-58) 37 (20-50) 33 (22-59) 36 (26-57) 40 (32-65) 36 (26-55)
% PL 24 (19-31) 24 (16-31) 24 (19-33) 25 (19-37) 26 (21-31) 24 (17-30)
%P 14 (9-20) 14 (3-23) 9 (3-17) 10 (0-20) 13 (7-27) 11 (7-17)
Activity 05 (0.3-1) 0.47(0.17-0.9)  0.68(0.27-1.2) 0.6 (0-1.2) 055 (0.3-0.8) 0.45 (0.24-0.75)
SS (KPa) 6 (2-17) 7 (3-15) 7 (1-15) 7 (2-14) 7 (2-12) 8 (3-14)
Cu 65 (30-163) 130 (2-827) 40 (21-57) 43 (3-63) 61 (30-120) 71 (33-200)
Cc 6.7 (0.1-38) 2 (0-16) 5 (1-15) 5 (1-18) 11 (2-46) 9 (0.1-37)
%C Sand 19 (3-51) 21 (4-61) 21 (4-35) 19 (4-34) 18 (2-53) 17 (3-40)
%vfSand 33 (13-75) 27 (7-54) 29 (17-38) 28 (11-45) 38 (8-68) 30 (8-52)
%Dclay 15 (2-39) 15 (3-34) 48 (19-96) 42 (11-95) 14 (2-27) 17 (7-32)
et
A’S":j"fsa 52 (27-79) 49 (17-69) 64 (51-78) 62 (49-81) 56 (32-79) 52 (19-71)
'zﬂrm)) 0.5 (0.1-1.1) 0.3(0.1-0.9) 0.9(0.2-3.3) 1.1(0.1-5.6) 2.6 (0.3-5.1) 0.7 (0.15-1.3)
%SAl 74 (67-77) 57 (0-79) 69 (50-76) 60 (27-77) 68 (48-77) 64 (48-77)
%SMal 5 (0-33) 2 (0-11) 6 (1-21) 7 (0-22) 8 (0-31) 6 (1-16)
%WSA 12 (1-80) 8 (1-32) 25 (2-75) 23 (3-93) 46 (2-86) 20 (3-45)
S| 3(1-5) 1.5(0.5-3) 5 (2-15) 2.7 (0.5-9) 4(0.7-8) 2 (0.4-5.5)
. ) 0.084 (0.32- 0.103 (0.045- ) 0.063(0.002- 0.074 (0.045-
Sindex  0.065 (0.03-0.16) 0.848) 0.29 0.082 (0.045-0.152) 0.105) 0.005)

* Parenthesis (min-max)
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Table 5- Correlation between surface and subsurfacesoil physical and mechanical properties of gullies with their increasing
thecross section in three regions

Mola Ahmad soaYe

G SB by SB

Orta Dagh g:l},i

S sl S
Soil Properties

Sarcham g2

Surface soil  Subsurface soil Surface soil  Subsurface soil Surface soil  Subsurface soil
LL 0717 050" 047 043" 0.7 -0.48"
%PL 059" -0.46" -0.52"" 044" -0.68" -0.44"
%Pl 056" -0.32" -0.07™ -0.18™ 05" -0.16™
Activity 0.60" 067" 0.62" 0.70” 0.69” 0.69”
SS (KPa) -0.60" -0.60" -0.58" 058" -0.67 -0.67"
cu 0.11™ 0.40" 0.30° -0.33" "5.0.07 0.02"
Ce -0.15™ -0.02" 0.04" 0.12" 0.69" -0.08™
%C Sand "0.15 050" 0.30° "50.06 -0.39" 0.46"
9%vfsand "$0.22 ".0.17 0.32° 0.417 052" 0.42"
%Dclay 0.58" 0.45" 0,25 0.63" 0.66" 0.81"
%%silt+vSand ".0.03 ".0.13 ".0.09 0.39” 0.44 ".0.04
MWD (mm) "s0.21 "0.25 ".0.30 ".0.14 053" 055"
%SAl -0.81" 0517 -0.83" 067" 0717 -0.68"
%SMal -0.32° -0.13" -0.437 -0.35" -0.44 -0.46~
%WSA -0.15™ -0.34" -0.09™ -0.36" -0.56" -0.50"
S| 0417 -0.17™ -0.39" -0.48" "50.28 -0.44"
S index -0.43" -0.60" -0.50" 0.47" 048" -0.68"
B ixe pé g U0 UL pdaw 13 b5 dme g A NS g F X
** * andns areSignificant at P< 0.01, 0.05 and non significant, respectively
aibin aw daw S gbrodld 48l 4yl 195 ud cpd il ylg JS -6 Joun
Table 6- Rotated total variance explained of surface soil for three regions
Sarcham s s Mola Ahmad se>Me Orta Dagh g:U,i
Jole byl ) iU o329 sladle Ll
Comp oy taie Yhele 0/:’” > sy ke P8lE bl 0/:’” P Egenvalue fale uil 0/:’” 2
onent Eigenvalue Variance of ‘—*”’O Eigenvalue Variance of ‘—’”’Q Variance of ‘—’”’O .
component Cu_mulatlveva component (%) Cu_mulatlveva component (%)  Cumulativevaria
(%) riance (%) riance (%) nce (%)
1 3.222 18.950 18.950 3.248 19.104 19.104 3.641 21.261 21.261
2 2.67 16.236 35.187 2.53 14.885 33.989 3.290 19.355 40.616
3 2.664 15.668 50.855 2.47 14.528 48.517 3.225 18.970 59.586
4 2.454 14.436 65.292 1.935 11.382 59.898 2.265 13.326 72.912
5 2.050 12.056 77.348 1.778 10.46 70.358
4 1.491 8.773 79.131
diliio dw (b g5 S glaodld aidly 93 00wl o ily,lg JS -7 Jgu
Table 7- Rotated total variance explained of subsurface soil for three regions
Sarcham s s Mola Ahmad s Mo Orta Dagh g:U,i
P HI . . .
‘cl:mp o t;‘“ 2519 owibyly o % Jole il ) ooty Do faie Udele il oyl
onent 0329 slade hele Y sro oj2g ylde ! ORI Y sros B_ﬁ’ Qe . LS Y sro
Eigenvalue ~ Varianceof o oy, Eigenvalue co\r{::)r(;i:ﬁi ?Df/g) Cumulativeva Eigenvalue comapréi:ﬁ: ?‘)f/o) Cumulativevaria
°°”"(‘32;‘e”t ariance (%) riance (%) nce (%)
1 3.814 22.436 22.436 2.865 16.851 16.851 4,063 23.899 23.899
2 3.774 22.198 44.635 2.633 15.491 32.342 3.602 21.186 45,085
3 2.261 19.185 63.819 2.556 15.034 47.377 2.445 14.384 59.469
4 1.346 7.918 71.736 2.547 14.982 62.359 1.887 11.102 70.571
5 2.152 12.661 75.020 1.541 9.067 79.637
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Table 8- Cummunalities table of soil properties with extracted factors

Sarcham (s sw Mola Ahmad s Orta Dagh g:ls,i

Pl S b i SE paw SE pda  SB e S e gy SB

SB sy S Surface soil Subsurface soil Surface soil Subsurface soil Surface soil Subsurface soil
% LL 0.856 0.923 0.911 0.925 0.917 0.920
% PL 0.694 0.913 0.841 0.821 0.731 0.900
%PI 0.554 0.836 0.856 0.873 0.836 0.937
Activity 0.893 0.761 0.860 0.764 0.539 0.853
SS (KPa) 0.612 0.785 0.554 0.598 0.694 0.741
Cu 0.842 0.883 0.867 0.854 0.669 0.829
Cc 0.832 0.679 0.666 0.765 0.821 0.777
%C Sand 0.869 0.912 0.923 0.877 0.891 0.662
%vfSand 0.889 0.833 0.783 0.801 0.761 0.653
%Dclay 0.731 0.817 0.730 0.660 0.609 0.754
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S index 0.857 0.568 0.572 0.696 0.507 0.827
Leosls KMO asls 0.594 0.795 0.649 0.680 0.605 0.640
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Table 9- Soil properties including the highestcorrelationwithextracted rotated factors (obtained from rotated component

matrix)
ble Jolgs 1 2 3 4 5 6
Regio  Component
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Table 10- Regression models forpredicting increasingthe gully's cross section from soil properties obtained by PCA
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Introduction: Gully erosion is an important type of soil erosion in Iran and Ardebil province (Moghimi and
Salami, 2011; Khatibi, 2006). Increasing the cross section of gullies is an indicator for gully developing (Deng et
al, 2015). Topography and soil properties are two important factors in gully developing in various regions of
worldwide (Poesena et al, 2003). Despite the importance of soil properties in gully erosion, the direct effect of
these agents was less investigated and few researches have been carried out to the effect of physical and
mechanical soil properties on gully erosion. Therefore, the objectives of this research were to determine 1) the
effect of topography on gully erosion, 2) effect of surface and subsurface soil physical and mechanical properties
on increasing the cross section of gullies and 3) to select the most important soil properties affect developing the
cross section of gullies in three regions of Ardebil province (Ortadagh, Molla Ahmad, and Sarcham). In addition,
the relationship between the most soil properties and topographic agents was investigated

Materials and Methods: The effect of topography on gully erosion was investigated by using of two

methods i.e. topographic threshold of gully forming (asS = aA”, where A and S is gully watershed cross
section and slop, respectively, a and b is local coefficients) and the relationship between slope classes with
gullies density. In regard to catchment characteristics, a set of similar gullies was selected in each region and the
changes of cross section area for gullies in four points along its length were measured as indicator of gully
development during two years. 17 physical and mechanical of surface and subsurface soil properties in each
point were measured and the most important properties that affect on gully development were selected based on
principle component analysis (PCA) method. Finally, the stepwise regression model was fitted to the soil
properties selecting from PCA for gully's development in each region.

Results: The relationship between Slope classes and gully density showed that in MollaAhmad region gully
density was increased with increasing the slope. In OrtaDaghregion, similar trend was observed up to 20-30%
slope, while in Sarcham region these was no relationship between slope classes and gully density. According to
the topographic threshold it seems that runoff is the main agent for gully forming in MollaAhmad,but in
Sarchamthe piping and tunnel erosion might have caused gully formation and in Ortadagh both surface and
subsurface flows were recognized as effective agents for gull¥ formation. Increasing values of the cross section
for the selected gullies during 2 years was 0.9, 0.6, and 0.8 m“ for Ortadagh, MollaAhmad, and Sarcham regions
respectively, which were 41, 44 and 61 percent more than their initial cross sections. Among mechanical soil
properties, liquid limit (LL), plastic limit (PL) and shear strength (SS) had the negative and significant
correlations with increasing the cross sections of gullies in 3 regions. Among the particle size fractions, Water
dispersible clay had the most effect on increasing the gully’s cross sections and except for surface depth of Molla
Ahmad, its correlation with gully’s cross section was significant. Principle component analysis (PCA)
demonstarated that in MollaAhmad and Ortadagh mainly mechanical properties of soil and aggregate stability
had the more effect on increasing the gully cross section, but in Sarcham soil particle size classes and aggregate
stability indices had more effect on gully’s cross section.

Conclusion: According to topography threshold, it can be concluded that surface runoff is the main agent for
gully forming in MollaAhmad and gully density increases by increasing the slope classes. In this region the
effect of surface runoff on surface soil erosion was sever. In Sarcham there was no relationship between slope
and gully density and it was found that the subsurface flow is predominant factor for gully forming. In OrtaDagh
both surface and subsurface flows were the main factors for gully forming, so due to increasing the surface flow
up to slope 20-30% class, maximum gully density was noted in this slope class and the effect of subsurface soil
properties in developing gully cross section was higher than surface soil properties. In general, the relationship
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between gully density with slope classes, topographic threshold and soil physical and mechanical properties
which were effective on gully development indicated the close consistency between the type of hydrologic flow
in gully forming and the most important soil properties on increasing the gully’s cross section.
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