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Abstract

Soil erosion is an integrated process that results from the connection of sub-
processes related to degradation, separation, transport of soil particles and
sediment based on erosive factors such as runoff, rainfall intensity and slope.
These factors change the amount and pattern of erosion and affect the total output
of sediment. The purpose of this research was to investigate the effect of
accumulate depth to wet on sediment in different slopes and intensities using
rainfall simulator. This research was considered as a field survey and it was used
three slopes of slight, moderate and steep at different rainfall intensities of 45, 60
and 70 mm/hr. Wetting depth was measured using a thin rod every 10 minutes
diagonally inside the plot and it was measured using a ruler. Accordingly, the
amount of runoff and sediment were collected from the plot surface and measured
in the laboratory. The results of this study revealed that with increasing rainfall
intensity in all treatments, the amount of sediment production increases in steep
and medium slopes. Moreover, the highest and lowest amount of cumulative
sediment production occurred at medium and slight slopes in intensity of 70 and
45 mm/h, respectively. This would be due to the larger volume of surface soil and
exposing soil aggregates to the kinetic energy of raindrops and factors related to
the slope angle, respectively, which has increased or decreased the protective
effect of the surface layer. Further, the maximum cumulative wetting depth value
increases from high to low intensity due to the possibility of sufficient water
penetration into the soil.

" Corresponding Author: Mahdi Pajouhesh
Address: Assistant professor, Faculty of Natural

Email: pajouhesh.mehdi@sku.ac.ir
Tel: 03832324401

Resources and Earth Science, Department of Range and
Watershed Management, Shahrekord University,

Shahrekord, Iran,

Akbar Norouzi-Shokrlu , Mahdi Pajouhesh *, Khodayar Abdolahi. The Effect of Cumulative Depth to Wet on

Sediment in Different Rainfall Intensities and Slopes Using Rainfall Simulator


https://doi.org/10.22125/iwe.2021.251743.1425
mailto:pajouhesh.mehdi@sku.ac.ir

Iranian Journal of Irrigation and Water Engineering _ 24

1. Introduction

Moisture is gathered in the near-surface region before advancing down through the soil as a distinct wetting
front. Depth to wet presents the amount of water that penetrates into soil and wets that soil profile. Once the
water infiltrates into the soil, this movement carry on under the effect of gravity and capillary forces. Water
then travels to the deep depths across soil and rock pores. The main purpose of this research is to assess
accumulated depth to wet on sediment in rainfall intensities (45, 60 and 70 mm/h) and slopes (10, 20 and
30%).

2. Materials and Methods

The rainfall simulator was equipped with a sort of drip systems with field plots of a 0.9 m long x 0.5 m wide,
with the rainfall apparatus height being almost 2.5 m. The plan view of the erosion flume was selected of
the rectangular area from the watershed hillslope. The collected runoff along with suspended sediment in
containers was transferred to the laboratory. The sediment was separated from the collected runoff samples
and measured in laboratory individually. Each test was performed in three different replications on different
slopes and intensities and it was proceeding 60 minutes according to the rainfall regime of the study area.
Finally, Two-way analysis of variance was used to evaluate the cumulative wetting depth on cumulative
sediment. Also, the mean comparisons were conducted for their significant differences in rainfall intensities
of 45, 60 and 70 mm/h and slopes of 10, 20 and 30%.

3. Results

In rainfall intensity of 45 mm / h, the highest and lowest cumulative runoff volumes of 4.87 and 4.19 liters
are related to steep and low slopes, respectively. The highest sediment production rate is produced at an
intensity of 45 mm/h and on high slopes of the study area, and the lowest cumulative sediment production
rate is produced on low slopes. In terms of wetting depth, the 10 percent slope has the highest wetting depth
with an amount of 52.6 cm compared to the 30 and 20 slopes, and the highest sediment rate is related to the
30 percent slope, which indicates the high cumulative runoff volume at an intensity of 45 mm/h.

The cumulative runoff volume on medium slopes (20 percent) is higher than on low (10 percent) and steep
(30 percent) slopes at an intensity of 60 mm/h. The upward trend in the sediment rate on medium slopes has
been higher than on other slopes, and low and steep slopes have been lower than that. The lowest and highest
wet depth values are related to the 30 and 10 percent slopes with 26.5 and 29.6 cm, respectively. The lowest
and highest sediment values are related to the 10 and 20 slopes with 0.742 and 0.937 kg, respectively.

Based on the cumulative volume curve, the runoff occurring on the 20 percent slope with 9.08 liters has the
highest runoff compared to the low and steep slopes at a rainfall intensity of 70 mm/h. Also, the cumulative
sediment value on the medium slope is higher than the rest of the slopes. The lowest and highest cumulative
wet depth values are related to the 20 and 30 percent slopes with 5.63 and 1.6 cm, respectively. The lowest
and highest sediment values are related to the 30 and 20 percent slopes with 0.372 and 1.3 kg, respectively.
In this section, the highest cumulative wet depth occurred on the steep slope (30 percent) and the
sedimentation rate on this slope was lower than on other slopes.

4. Discussion and Conclusion

In rainfall intensity of 45 mm / h, with increasing degree of slope, the amount of sediment and cumulative
runoff has increased and the amount of infiltration has decreased which is due to shear energy produced on
the soil by raindrops causes runoff production and Soil eroded from upstream to downstream. On the other
hand, the lower speed of runoff, the amount of sediment is low in gentle slopes and as a result, the amount
of wetting depth is high. This is consistent with the research of Sharma et al., 1983. Also, in conditions of
bare or uncovered soil, the absence of any protection on the soil surface allows the erosive power of rain to
increase and cause more sediment. This is consistent with research by Schick et al., 2017.

The reason for the high amount of sediment on the 20% slope in rainfall intensity of 60 mm/h could be the
increase in kinetic energy of raindrops and water depth due to the increase in rainfall intensity from 45 to 60
mm per hour. As the intensity of rainfall increases, the diameter of the raindrops increases and the impact of
number of raindrops hit the soil surface increases and cause the destruction and dispersion of soil particles
and the transfer of particles by runoff. Therefore, high intensity rains produced high kinetic energy and
erosion. The results are in line with the research of Mineo et al., 2019.

In rainfall intensity of 70 mm / h with respect to the results of this research wetting depth occurred on the
steep slope, although the amount of sediment at this slope is the lowest. This would be spatial heterogeneity
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of characteristics of surface soil infiltration. This result is consistent with the results of Parsons and Stone

(2006).
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