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3. Rill erodibility
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Figure 2. A view of the flume erosion and rain simulator
used in the research
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Figure 1. Location of the study area and soil sampling site
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Figure 3. A view of the nozzle used in the rainfall simulator
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Table 1. Physicochemical properties of the marl soil

AN b Sy oSk S S
Mean Chemical property Mean Physical property
7.45 pH A8l 0017 Sand (%) () o
S slas (1) e
6.35 EC (dS.m™) 40.01 Silt (%)
(% /.

12.22 ESP P e 22 0 Clay (%) ) o
0.63 OM (%) (/) JTesle 1801 Dispersible clay (%) (1) ezt W6 e,
26.14  CaCO,.2H,0 (%) (1) Sal 1.76 Gravel (%) (1) o3 Ko
1230 CaSO,.2H,0 (%) ) C_f 1.04  Bulk density (g.cm?) (gem?) s ol o yases s
5 S P > alus= 5 "j'*'l:.a

0.19 MWD (mm) T A
(mm)
L8l Saturated hydraulic (cm.h™") gl Sads Solaa

conductivity (cm.h")
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Table 2. Analysis of variance using the One-Way ANOVA for comparing flow characteristics and rill erodibility among the

rainfall intensities

Sold e F Sla o pome Sl e Sl 33l a3 S e ae
Significance Sum of squares ~ Mean of squares Degrees of freedom Variation resource
o o
0.000 118.93 0.79 0.08 9 SR =
Flow velocity
oL
0.000 333.26 1.4x10¢ 2.1x10? 9 T 2
Flow discharge
b o el
0.000 144.83 29311621.56 325735.72 9 —
Flow concentration
0.000 263.10 0.002 104x4.1 9 oo
Shear stress
St S adiila b
0.000 103.75 0.053 0.006 9

Rill erodibility
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Figure 4. A view of the rills before exposing the rainfall (a) and the change of rills shape through sediment transportation under
rainfall (b)
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Figure 5. Mean comparing of flow velocity (a), flow discharge (b), flow concentration (c), flow shear stress (d) and rill

erodibility (¢) among the rainfall intensities in the marl soil
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Figure 5. Continued
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Figure 6. The relationship between rainfall intensity and flow velocity (a), flow discharge (b), flow concentration (c), flow

shear stress (d) and rill erodibility (e) in the marl soil
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Abstract

Flow Characteristics and Rill Erodibility in Relation to the Rainfall Intensity

in a Marl Soil
M. Foroumadi' and A.R. Vaezi 2
Received:2016/05/17  Accepted : 2016/10/18

Rill erosion which occurs as a result of runoff concentration on a hillslope is one of the major soil erosion
types in arid and semi-arid regions, especially where plant cover is poor. For this reason, understanding
the factors affecting them is a high priority. Rill erodibility indicates the ease of soil particles detachment
and transport by water shear force in a rill. The study was conducted to investigate the effect of rainfall
intensity on the flow characteristics and rill erodibility (Kr) in a marl soil. A laboratory experiment was
carried out in ten rainfall intensities from 10 to 100 mm.h-1 at three replications. Soil samples were taken
from a semi-arid region in west of Zanjan and placed into a flume with 0.4 m x 9 m in dimensions. Rill
erodibility (Kr) was determined using the WEPP model at three artificial rills. The results showed that
flow characteristics (velocity, discharge and shear stress) and rill erodibility were affected significantly by
rainfall intensity (P<0.000). Threshold rainfall intensity was recognized to be 30 mm.h-1 for producing an
erosive flow with 2.37x10-3 N.m-2 in shear stress and 0.018 kg.N-1s-1 in rill ertodibility (R2=0.92 , P<
0.01). Rill erodibility increased strongly with increasing rainfall intensity. This result was associated with
higher disruption of soil aggregates and higher production of concentrated flow in the rills. Shear stress and
flow concentration contrary to other flow characteristics increased strongly for rainfalls from 30 mm.h-1
to 60 mm.h-1 intensity and then significantly decreased due to larger increase in flow velocity and greater
decrease in flow concentration. Out of the flow characteristics, flow velocity was the most important factor
to explain the variation pattern of rill erodibility under the rainfall intensities, so that there was significant
relationship between the two variables (R2=0.99, P< 0.001). This study indicated that the rainfall intensity
is a major factor controlling the flow characteristics and rill erodibility of furrows in the marl soil.
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