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1. Introduction

Soil erosion is a common global environmental problem and undermines sustainable devel-
opment in various economies and societies. Detailed information about changes in surface
roughness during the whole soil erosion process remains limited, however, due to practical
difficulties in obtaining direct soil microrelief measurements (Huang, 1998) and a lack in
systematic research. The Chinese Loess Plateau is one of the most severely eroded regions in
the world, which has created many environmental problems along the lower reaches of the
Yellow River. Despite this, however, very little erosion-based research has been conducted
on the Loess Plateau. Erosion and runoff processes are influenced mainly by soil surface
characteristics such as soil surface roughness, cohesion, and granular stability. Among these
characteristics, soil surface roughness is a key parameter (Gémez, and Nearing, 2005; Mir-
zaei et al., 2008), and is used to describe the variation in surface elevation across a field. The
soil surface micro-topography or roughness is strongly influenced by agricultural activities,
together with soil properties and climate. The term soil roughness was used to describe dis-
turbances or irregularities in the soil surface at a scale which was generally too small to be
captured by a conventional topographic map or survey. Soil surface roughness is an impor-
tant parameter in understanding the mechanisms of soil erosion by water and wind. Many
erosion related surface processes, such as depression water storage, raindrop or wind shear
detachment, and sediment transport have characteristic lengths in millimeter scales. Thus,
soil surface roughness resulting from small scale elements is important in understanding
these processes and their spatial variation (Huang and Bradford, 1990). Soil surface rough-
ness determines the storage of water on the soil surface and may indirectly influence its in-
filtration capacity. The velocity of overland flow is controlled by the hydraulic resistance of
the soil surface. Soil surface roughness affects the organization of the drainage pattern on
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the field and the catchments scale, which in turn may have important implications for the
spatial distribution of sediment sources and sinks. Conversely, some of these processes af-
fect surface roughness. Most of the literature on soil surface roughness focusing on its math-
ematical description and on how it changes under rainfall(Linden and Van doren,1986;
Romkens and Wang,1987; Lehrsch et al, 1988; Bertuzzi et al., 1990).Soil surface roughness sig-
nificantly impacts runoff and sediment generation under rainfall in several different ways.

It was one kind of erosion phenomenon which the raindrop strikes the soil surface to create the
soil particle dispersion and the leap moves for the splash erosion. It was one of the important
components to soil erosion (Wang et al, 1997, 1999; Zhao and Wu,2001; Liu and Wu,1996;,Wu,
1999; Wu and Zhou,1994). The kinetic energy which the raindrop dropped from airborne was
the higher than that of sheet flow and erosion sediment during the rainfall runoff for the differ-
ent soil surface (Huang,1983). According to the observation data of some researches, the soils
of bare land by the raindrop scattered were 10 times than those of the laminar flow scoured
(Cai et al,1998). Many authors have studied the effect of rainfall on soil surface roughness and
developed models to describe the change of soil surface roughness. Some researches obtained
the simple forecast model of soil surface roughness (Johson et al,1979; Onstad,1984; Steichen,
1984). Later, the widely accepted concept of decreasing roughness with increasing amount of
rainfall or rainfall energy may not always be appropriate. After 63 mm of rainfall the surface
was crusted and surface roughness was decreased. However, an additional 92 mm of rainfall
appeared to have a higher roughness value (Huang and Bradford,1992).

The objective of this study was to focus on the relationship between soil surface roughness and
splash erosion. First, soil surface roughness affected on splash erosion under the condition of
rainfall. Second, how was the change of soil surface roughness during the period of rainfall?

2. Material and Methods

2.1. Soil and soil box design

Experiments were carried out at the Northwest AF University Soil Erosion Research Labora-
tory, Yangling town,China. The soil was collected from the topsoil soil (0-20cm) in Yangling
town. Basic properties of soil were following (Table 1).

Particle size/ (%)

>0.25mm 0.25—0.05mm 0.05—0.0Tmm 0.01—0.005mm 0.005—0.00Tmm  <0.00Tmm

0.12 2.70 41.13 6.88 12.89 36.28

Table 1. Particle size distribution (0—20cm) of experimental soil.

Four iron boxes of 2.0 mx1.0 mx0.5 m were used in the rainfall simulation study. Air-dried
top soil was passed through a 10mm sieve to insure homogeneity and placed in every ero-
sion box with an area of 2m? The soil bulk density was controlled to 1.08 g cm™ in order to
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assure to fill to be homogeneous and close natural state through randomization method. Be-
fore the rainfall, the soil mechanical composition was measured by the pipette method, and
the soil bulk density was measured by the ring sampler method.

2.2. Rainfall simulations and soil surface roughness measurement techniques

Rainfall/erosion methods in this lab study were similar to those described by Zheng et al.
(2007). The soil box was adjusted at 150 slope gradient and then placed under a rainfall sim-
ulator with oscillating nozzles. Rainfall high was 2.7 m and effective rainfall area approxi-
mately was 20 m? This experiment used the constant rainfall intensity, therefore, different
rainfall intensities were rated before testing. The uniformity of rainfall was up to 0.90. De-
velopment of micro-relief was monitored by recording soil surface at the beginning and at
the end of the experiments, using the non-contact profile laser scanner measuring instru-
ment specified and calculated (Zheng,2007). The maximum range of detectable elevation dif-
ferences was approximately 500 mm. Surface relief was measured point by point in a
regularly spaced grid. The maximum scanning area was 2 m. The surface roughness was
measured for each soil box before the rainfall and after the rainfall separately with non-con-
tact the profile laser scanner.

Simulated rainfall for each replication of a treatment were divided into the single rainfall in-
tensity and the combined rainfall intensity, the parameters of single rainfall intensity respec-
tively were 0.68 mm/min and 1.50 mm/min, the parameter of combined rainfall intensity is
0.68 mm/min,1.00 mm/min and 1.50 mm/min. The above experiments had three repeats.
Each experiment started on a freshly prepared surface for each replication of a treatment.
The rainfall simulation duration were depended on the change of soil surface.

2.3. Management treatments

The four artificial management measures were designed according to the local agriculture cus-
tom in Loess Plateau, because agriculture management measures were mainly artificial man-
agement. The four artificial management measures were the raking cropland (PM), the artificial
hoe (CH), the artificial dig (TW) and the contour slope (DG).They were used to simulate differ-
ent types of soil surface roughness separately, the straight slope (CK) was taken to the control.

2.4. Splash erosion

The amounts of splash erosion were collected through the hanging splash erosion board and
measured by the oven drying method. The width to the hanging splash erosion board was
1m and the height was 0.5m.The hanging splash erosion board was installed in the middle
of the soil box was to be used to collect splashing soil during the experiments(Fig.1).

At the same time, raindrops of every rainfall were collected to calculate raindrop diameter.
Raindrop diameter was measured through the color spot method according the B.Z.Dou
et.al (Dou and Zhou,1982; Zheng and Gao,2000), the formula was as following;:

d=0.356D %712 (1)
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where d is the raindrop diameter of every rainfall (mm), D is the color spot diameter (mm).

Board of splash erosion

/ Slope surface

Figure 1. Collecting board of splash erosion.

3. Results and Discussion

3.1. Changing characteristics of soil surface roughness on the single rainfall intensity

The changing characteristics of soil surface roughness had complicated relatively under
the different rainfall intensity (Table.2). The soil surface roughness increased on the CK
slope under the rainfall intensity of 0.68 mm/min. The soil surface roughness decreased
on the CK slope under the rainfall intensity of 1.50 mm/min. On the PM slope, the chang-
ing characteristics of soil surface roughness was consistent with the CK slope, however,
changing characteristics of soil surface roughness decreased on the other slopes under the
rainfall intensity of 0.68 mm/min. Under the rainfall intensity of 1.50 mm/min, the chang-
ing characteristics of soil surface roughness with other slopes were contrary with the CK
and showed increasing trends.

The reasons of the above results were the interaction among raindrop kinetic energy, soil
surface roughness and splash amount possibly. From the angle of physics, the function of
raindrop to the soil surface was one kind of acting process actually. The raindrop would hit
and compact exposed soil surface when the rainfall began. At the same time, infiltrate ability
of the soil reduced and soil bulk density increased gradually, and the partial soil was easy to
form the crust due to soil surface fine-grain inserting in former place or migration and jam-
ming soil pore space. Thus, soil surface roughness and the splash amounts also changed.
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Rainfall intensity/

Tillage practice . Ro/cm R/cm R/R,
mm-min-’

0.68 0.235 1.169

Straight slope (CK) 0.201
1.50 0.193 0.960
0.68 0.246 1.024

Raking cropland (PM) 0.240
1.50 0.268 1.115
0.68 0.654 0.926

Artificial hoe (CH) 0.706
1.50 0.732 1.036
0.68 0.701 0.864

Artificial dig (TW) 0.812
1.50 0.874 1.077
0.68 1.576 0.965

Contour slope (DG) 1.633
1.50 1.707 1.045

Note: R ,-soil surface roughness before rainfall, cmR- soil surface roughness after rainfall, cm.
The same bellow.

Table 2. Change of soil surface roughness on the single rainfall intensity.

Relationships between rainfall energy and soil surface roughness were obtained by the
method of statistics and analysis. The results followed:

Under the rainfall intensity of 0.68 mm/min: R /R ;=49261E=**! r=0.817 n=15
Under the rainfall intensity of 1.50 mm/min: R /R ;=2x10°E**% r=0.836 n=15

where R, is the soil surface roughness after rainfall(cm), R , is the soil surface roughness before
rainfall(cm), E is the total kinetic energy of raindrop (J/cm? min), n is the sample number.

They had the power function relationship between the change of the soil surface roughness
and kinetic energy of raindrop under the different rainfall intensities. Soil surface roughness
decreased with the increasing kinetic energy of raindrop. The results had the consistent with
Burwell (1969) and Steichen (1984).

3.2. Changing characteristics of soil surface roughness under the combined rainfall
intensity

The combined rainfall intensity was be simulated in order to clear about the change and
nature of soil surface roughness. The changing characteristics of soil surface roughness
were different for the different slopes under the combined rainfall intensity (Table.3). The
changing characteristics of soil surface roughness increased first, and then decreased, and
increased finally with the increasing rainfall intensity on the CK slope. However, the
changing characteristics of soil surface roughness increased on the PM slope, and the
change of soil surface roughness increased first and then decreased on other slopes with
the increasing rainfall intensity.
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Tillage practice  Rainfall intensity/mm-min-’ R,/cm R/cm
0.68 0.235

Control slope (CK) 1.00 0.201 0.222
1.50 0.302

0.68 0.246

Raking cropland (PM) 1.00 0.240 0.283
1.50 0.319

0.68 0.654

Artificial hoe (CH) 1.00 0.706 0.624
1.50 0.625

0.68 0.701

Artificial dig (TW) 1.00 0.812 0.586
1.50 0.614

0.68 1.576

Contour slope (DG) 1.00 1.633 1.572
1.50 1.577

Table 3. Change of soil surface roughness under the combined rainfall intensity.

The reasons of the above results were the interaction between raindrop kinetic energy and soil
surface roughness. The micro-relief of CK slope and PM slope were relatively small in the ini-
tial period of the rainfall. At the same time, the raindrop impact was relatively even, and they
had the positive relationship between the raindrop kinetic energy and the rainfall intensity.
Therefore, the changing characteristics of soil surface roughness increased and the raindrop
impact gradually strengthened with the increasing rainfall intensity for the CK slope and PM
slope. However, the micro-relieves of other slopes were relatively obvious in the initial period
of the rainfall. At the same time, the convex fraction of raindrop impact was splashed and the
concave fraction of raindrop impact was padded by other soil particle, and the part of the con-
cave appeared the crust. So, the soil surface roughness decreased in the initial period of the
rainfall. The partial soil particle of surface was dispersed or migrated, caused soil surface
roughness to increase with the continuous the function of raindrop impact.

The changing characteristics of soil surface roughness were decided on the initial soil sur-
face condition and the surface dynamic process of rainfall. The changing characteristics of
soil surface roughness were analyzed with the impact of accumulating rainfall amount un-
der the combined rainfall intensity in order to clarify the change of soil surface roughness.
The results followed as Fig. 2.

Relationships between the accumulated rainfall amount and the change of soil surface
roughness were obtained by the method of statistics and analysis.
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R [Ry=-6x107°P2+0.0012P 2~0.0768P +2.3629r =0.708;1=15 )

where R | is the soil surface roughness after rainfall(m), R , is the soil surface roughness be-
fore rainfall (m), P is the accumulated rainfall amount(mm), n is the sample number.

1.60
140 L
120 L
1.00 |-
0.80 |
060 I
040 |
020 |
0.00 ' r

0.00  20.00  40.00  60.00  80.00  100.00

change of soil surface
roughness(R,/R,)

Cumulated rainfall amount(mm)

Figure 2. Relationship between change of soil surface roughness and cumulated rainfall amount.

The changing characteristics of soil surface roughness increased first and then decreased for
all the slops with the increasing accumulated rainfall amount.

3.3. Relationship between the changing of soil roughness and splash erosion amount

Table.4 shows the splash erosion amounts of all tillage practices under the different rainfall
intensities.

. . Rainfall intensity/ Splash erosion amounts /
Tillage practice )
mm-min-! g-cm??

0.68 0.10
Control slope (CK)

1.50 0.57

0.68 0.93

Raking cropland (PM)

1.50 1.18

0.68 1.27
Artificial hoe (CH)

1.50 1.46

0.68 0.61
Artificial dig (TW)

1.50 1.09

0.68 0.81
Contour slope (DG)

1.50 1.01

Table 4. Splash erosion amounts under the different rainfall intensities.
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The change of splash erosion amounts had the difference under the different rainfall condi-
tions on the all the slopes. The splash erosion amounts of the CK slope were lower than
those of other slopes under the rainfall intensity of 0.68 mm/min and 1.50 mm/min (Table.4).
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Figure 3. Relationship between soil surface roughness and splash erosion amounts under the different rainfall
intensities.

The change of soil surface roughness showed the different characteristic with the splash ero-
sion amounts under the different rainfall conditions for the all the tillage practices. The
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splash erosion amounts of the CK slope were lower than those of other slopes under the
rainfall intensity of 0.68 mm/min, but the change of soil surface roughness was the highest
(Fig.3a). However, the splash erosion amounts of the CK slope were lower than those of oth-
er slopes under the rainfall intensity of 1.50 mm/min, and the change of soil surface rough-
ness was the lowest (Fig.3b).

The change of soil surface roughness increased first and then decreased for other slopes with
the increasing splash erosion amounts under the rainfall intensity of 0.68mm/min and 1.53
mm/min. The above results were caused the interaction of raindrop kinetic energy and soil sur-
face fluctuation condition. The raindrop impact to rainfall intensity of 1.50 mm/min was obvi-
ously stronger than that of the rainfall intensity of 0.68 mm/min, and soil particles of former
sites were sputtered. In turn, the around particle of the former sites might supplied soil parti-
cles through the same action. The soil particles of the continuous supplement might also sup-
ply the material base for the migration. The unceasing replacement would cause the
interaction of soil surface roughness and splash erosion. So, the results were quite complicated.

4. Conclusions

Under the rainfall intensity of 0.68 mm/min, the soil surface roughness increased on the con-
trol slope, the changing characteristics of soil surface roughness to the raking cropland slope
was consistent with the control slope, however change of soil surface roughness to the other
slopes decreased. The splash erosion amounts of the control slope were lower than those of
other slopes, but the change of soil surface roughness was the highest. Under the rainfall in-
tensity of 1.50 mm/min, the soil surface roughness decreased on the control slope, the
change of soil surface roughness showed increasing trends on the other slopes. The splash
erosion amounts of the control slope were lower than those of other slopes, and the change
of soil surface roughness was the lowest. Under the combined rainfall intensity, the change
of soil surface roughness of the control slope increased first, and then decreased, and in-
creased finally with the increasing rainfall intensity. The change of soil surface roughness
increased on the raking cropland slope, and the change of soil surface roughness increased
tirst and then decreased for other slopes with the increasing rainfall intensity.
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