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Table 1- Geographiccoordinationand geologic formation of study soils
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Figure 1- Rainfall simulator from Soil Erosion Laboratory of the University of Zanjan
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Figure 2- Somesoil samplesplaced in water box for capillary wetting (a) and splash box containingsoil plot (b)
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1- Penetrometer
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Table 2- Some of physical and chemical properties of the soils
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S :?; :Tlf ACT): Faile (o sleo) (ecshe) (59, Exchangeable Organic CCiLCIm
Soil a " el (cso Geometric Aggregate Saturate sodium matter arvonate
oi @) ) () tabil - Equivalent
text Bulk mean stability hydraulic percentage (%) (%) %)
exture density (g diameter (mm) conductivity ?
cm?) (mm) (cm day?)
o)
Clay 12.35 2435 63.3 1.07 0.01 0.38 41.54 9.12 1.01 25.0
Silt
oy 3 4 84 12 1.25 0.02 0.10 44,09 3.34 0.61 48.7
)
Clay
loam 35 27 38 121 0.03 0.08 313 6.4 1.55 22.98
e pg)
Silt
loam 27 53 20 1.30 0.04 24.32 7.07 0.24 34.0
s ey
Sandy
loam 75 21 4 1.50 0.34 89.66 5.9 0.69 12.0
ol
Sand g5 3 2 1.68 08 518.15 23 0.47 2.50
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Table 3- Descriptive statistics of rainfall erosion processes
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) Soil compaction (%) Soil resistance ratio
Splash erosion (g m2 h?)
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. 3 9 5 9% 5 Sl 9
S " 25 b - . 25 o - 155 .. Sl
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textur Max Shap_lro Max Shaplro Min Mean Shap_lro
e —Wilk —Wilk —Wilk
test test test
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Clay 603.86  1601.95  633.12 0.92 13.41 15.90 14.10 0.96 4.43 12.46 8.73 0.95
Silt
N 1113.0
£ 72832 2456.54 1 0.94 13.00 22.38 15.01 0.91 7.84 13.40 10.31 0.90
)
Clay
loam
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b eyl
Sandy
loam 41011  1137.60  406.84 0.91 4.77 5.64 4.76 0.95 3.10 4.66 3.23 0.93
o
Sand
177.88  691.80  364.84 0.97 0.16 0.34 0.23 0.93 1.91 3.23 2.48 0.98

*: Significat at the 5% level
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Table 4- Mean comparison for the effects of soil texture, slope, and antecedent moisture content on the splash erosion, soil
compaction, and soil resistance ratio
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Introduction: Rainfall erosion results from the expenditure of the energy of falling raindrops and flowing
water when these two agents act either singly or together. Soil erosion by rainfall is a serious ongoing worldwide
environmental issue that contributes to soil and water quality degradation. Understanding raindrop-impact-

induced erosion processes are key to design and apply soil management techniques that minimize and control
soil erosion risk. Water erosion and especially raindrop-impact-induced erosion is the primary agents that cause
soil erosion-induced degradation and has been identified as one of the major processes contributing to the soil
and water quality degradation. Soil degradation caused by rainfall raindrops impacts the soil surface disperses
and splashes the soil, and displaces particles from their original position. Raindrops striking the soil surface
develop a raindrop-soil particle momentum before releasing their energy in the form of the splash. Other causes
of soil degradation are including compaction and penetration resistance.

Materials and Methods: This study was conducted to investigate the raindrop-impact-induced erosion in
relation to slope gradient (0, 10, 20, and 30%) and antecedent moisture content or AMC (air dried, quarter
saturation, semi saturation, and saturation). Toward this, six soil texture classes were exposed to simulated
rainfalls with 40 mm h* in intensity for 15-min in four slope gradients and four antecedent moisture contents.
Rainfall was simulated using rainfall simulator from soil erosion laboratory of the University of zanjan with 3-
meter height and surface of 2 m?. A total of 288 experimental soil boxes with 25 cm x 35 ¢cm dimensions and 5-
cm depth were investigated using the completely randomized block design with three replications. Data of soil
erosion processes include splash erosion particles amount caused raindrop impact, soil resistance ratio after
rainfall using penetrometer, and compaction percent using bulk density after and before rainfall was measured
and then compared using Duncan's test among the slope steepness and antecedent moisture content

Results and Discussion: Significant relationships were found between the splash erosion rate, soil resistance
ratio and soil compaction means (P<0.01).The results showed that silt soil carried the highest mean value in

splash erosion rate with 1574.93 gm2 h'?, soil resistance ratio with 10.53 and soil compaction with 17.43 percent,
while sand soil carried the lowest mean value in splash rate with 437.37 gm? h%, soil resistance ratio with 2.66
and soil compaction with 0.25 percent. Soil erosion processes were significantly affected by slope gradient and
AMC. Soil erosion processes showed a decreasing rate in 0 slope degree and increasing rate in 30 slope degree
and also decreasing rate in air dried and increasing rate in semi saturation AMC. Significant correlations (P<
0.01 and 00.05) were found between soil erosion processes and sand, silt, geometric mean particle diameter, bulk
density, saturated hydraulic conductivity, and calcium bicarbonate equivalent. among the physical properties of

the studied soils, the sand percentage, bulk density, and Geometric mean diameter showed a negative
significant correlation with splash erosion, soil compaction, and soil resistance, and the percentage of silt and
calcium carbonate content with splash erosion, soil compaction, and soil resistance were positive significant
correlated. The cause of this negative and positive correlation might be dependent on particles size and more
percent of coarse particles, the transfer of particles from the soil mass is reduced due to raindrops and
degradation processes occur with less intensity. In addition, destruction processes with more intensity occurred
with increasing silt and lime percent.

Conclusion: Increasing the slope gradient has an incremental effect on the amount of rainfall erosion
processes i.e. sediment load, penetration ratio, and soil compaction value. However, antecedent moisture content
in various soil textures has the different effect on the amount of rainfall erosion processes. Among the soil
chemical properties, only calcium carbonate equivalent with splash erosion, density, and soil surface resistance
was positively correlated and chemical properties such as a percentage of organic matter and exchangeable

1 and 2- Ph.D. Student and Associate Professor, Department of Soil Science, University of Zanjan, Zanjan
(*- Corresponding Author Email: alibaliani63@gmail.com)



00 ooy oby (5190 9 cnid 92 )3 b (G1ybsiolus 8 (0T 9 LSl (mi 2

sodium percent no significant correlated with soil erosion processes. In other words, the physical nature of soil-
forming particles such as particle size, as well as some of the chemical properties of soil particles such as organic
matter, have a more effect on soil degradation, density, and soil resistance ratio. also the role of soil physical
properties such as sand percent and calcium carbonate equivalent on the rainfall processes were more than soil
chemical properties. In general, increasing the percent of silt and lime in the soil, unlike sand, was increased the
sensitivity of the soil to the rainfall erosion and as a result increasing the splash erosion leads to increased soil
compaction and soil resistance ratio.
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