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Characteristics Under Rainfall Conditions
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Abstract: [ Objective] The aims of this study are to analyze the influence of raindrop splash on the content of
soil cement and the distribution characteristics of soil aggregates in the surface soil layer, and to reveal the
relationship between the soil cementation status and the changes of aggregates under rainfall conditions.
[ Methods| Study on the content of aggregates cement in the sediment and the spatial distribution of topsoil
aggregates were investigated by indoor simulated rainfall tests, physicochemical analyses and synchrotron
radiation computer scanning (SR-pCT) technology. [ Results] (1) The order of the content of each cement in
the sediment was calcium carbonate™>organic carbon™>{ree iron oxide=>{ree alumina>six-carbon sugar. The
content of the cement in the sediment increased with the increase of the raindrop diameter under the same
thin-layer runoff. The content of the cement showed a fluctuating change of increasing and then decreasing
with the increase of the thin-layer runoff under the same raindrop diameter. The combined effect of raindrop

splash and runoff washout on the content of six-carbon sugar, free iron oxide, free aluminium oxide at<Z0.053 mm
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particle size and six-carbon sugar, free iron oxide, calcium carbonate and organic carbon at 0.25~2 mm
particle size was significant (»<C0.05). (2) Under the same thin-layer runoff, the total number of aggregates
(A), the number of microaggregates (<(0.25 mm), and the specific surface area (SSA) increased with the increase
of raindrop diameter in topsoil. The volume percentage of macroaggregates (V,..) . the number of macroaggregates
(>>0.25 mm), and the geometric mean diameter (GMD) decreased with the increase of raindrop diameter. For the
same raindrop diameter, with the increase of thin-layer runoff, the SSA decreased and the GMD increased. (3) The
five types of binder in the sediment were significantly correlated with the structural parameters of the topsoil
aggregates (p<C0.05). The higher the content of binder in the sediment, the larger the A and SSA, and the
smaller the GMD and V... [ Conclusions | Raindrop splash thin-layer runoff increases the loss of topsoil
aggregate cement migration and increases the cement content in the sediment. The decrease in topsoil

aggregate cement content under rainfall erosion is the main reason for the structural damage and the stability

decline of soil aggregates.

Keywords: raindrop splash; thin layer runoff; cementing agents; aggregate microstructure
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from the simulated rain
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Table 3 Hydraulic (dynamic) parameters of Lou

soil under different thin layer runoff
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Fig. 1 Total binder content of sediment aggregates

under raindrop splashing and thin layer runoff erosion
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Fig. 2 Content of binder of aggregates with different particle sizes in sediment under raindrop splashing and thin layer runoff erosion
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Table 4 Two-way ANOVA of effect of raindrop
diameter (d) and thin layer runoff (f) on

sediment binder in aggregate fragments distribution
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d 0.001 2.860 0.083

7S B 0.053~0.25 f 5.448E—5 0.175 0.841
d*f 0.000 0.404 0.803

d 0.003 26.808 0.000

0.25~2 f 0.001 7.230 0.005

d*f 0.001 12.878 0.000

d 1.862 2.811 0.087

<0.053 f 0.044 0.066 0.936

d*f 3.065 1,629 0.010

d 3.417 15.536 0.000

WAL 0.053~0.25 f 0.463 2.106 0.151
d#f 0.483 2.195 0.111

0.712 1.414 0.269

0.25~2 ! 0.858 1.704 0.210

d*f 1.837 9.610 0.000

0.014 8.533 0.002

<0.053 f 0.032 19.285 0.000

d*f 0.012 7.203 0.001

0.050 6.080 0.010

MR RS 0.053~0.25 / 0.027 3.259 0.062
d*f 0.006 0.765 0.562

d 0.029 10.337 0.001

0.25~2 ! 0.016 5.514 0.014

d*f 0.007 2.478 0.081

d 17.768 1,742 0.022

<0.053 f 3.065 0.818 0.457

d*f 5.698 1.521 0.238

d 48.580 11.598 0.001

e 0.053~0.25 f 44.787 10.692 0.001

d+f 9.532 2.276 0.101

10.141 5.099 0.018

0.95~2 f 0.039 0.019 0.981
d+f 7.024 3.531 0.027

d 6.159 10.312 0.001

<0.053 f 1.269 2125 0.148
d+f 0.336 0.562 0.693

4,644 4,674 0.023

FERiR3 0.053~0.25 f 0.504 0.507 0.610
d+f 0.516 0.520 0.722

1.561 3.926 0.038

0.25~2 f 2.889 7.267 0.005

d*f 6.477 16.294 0.000
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Fig. 3 Relative quantity percentage (A) and relative volume percentage (B) of each particle size of

topsoil aggregates under raindrop splashing and thin layer runoff erosion
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Table S Structural parameters of topsoil aggregates

IR E 4.88 mm

BRI E 7.96 mm

S8 b B IR 3.85 mm

SR-2.67 528.330+37.24Aa

B A /A SR-3.39 565.670+46.91Aa

SR-4.05 1030.670+287.70Ab
SR-2.67 291.39044.34ABc
JU P EZ(GMD) /um  SR-3.39 268.330+1.98Ab

SR-4.05 238.230410.43Aa
SR-2.67 0.0404-0.001Aa
H R TEFL(SSA) /pm ! SR-3.39 0.0414+0.002Aa
SR-4.05 0.05540.005Bb

515.330431.67Aa
568.6704107.01Aa
872.000+358.06 Aa
280.920+6.11Aa
268.940+13.29Aa
263.930+6.14Ba
0.03940.001Aa
0.04240.004Aa
0.04740.005ABa

475.000£21.60Aa
486.330+13.60Aa
566.000430.41Ab
302.06042.76Bc
279.34041.36 Ab
265.7804-1.03Ba
0.03740.001Aa
0.0384-0.001Aa
0.04140.001Ab
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Fig. 4 Three-dimensional distribution characteristics of

H <o025mm

topsoil aggregates under raindrop splashing
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Table 6 Correlation analysis between sediment binder and topsoil aggregate structure characteristics under raindrop splashing

Jit 45 71 - 1 5 {4 JUAAT -3 FNZIE 2N Lt 2R 187 AR
2 B (A) H#Z(GMD) LN AN A Q7] (SSA)
X Pearson #3¢ 0.675" —0.917"" —0.850"" 0.721"
AN o
T ey 0.046 0.001 0.004 0.028
i Pearson ¢ 0.712" —0.871"" —0.819"" 0.726"
e B A ALk e
b K 0.031 0.002 0.007 0.027
N Pearson #H5¢ 0.524 —0.805"" —0.713" 0.568
U B A AL e
2 KR 0.147 0.009 0.031 0.110
Pearson 3¢ 0.794" —0.955" " —0.887" " 0.830" "
Ttk 2 55 e
e e 0.011 0.000 0.001 0.006
Pearson # 3¢ 0.789" —0.950" " —0.893" " 0.821" "
EERIRTS o
B F MK 0.011 0.000 0.001 0.007
£7 BHERE I 5 90 I e 5 T 1« PR 3 R 45 LA e o

Table 7 Total variance explanation

o FROEAR PRI/ % BRSURE/ %
1 4.646 92.924 92.924
2 0.286 5.727 98.651
3 0.047 0.934 99.585
4 0.016 0.329 99.915
5 0.004 0.085 100.000

SR OIS V5% 0 VT s 2 ) DN SR [ e o AR /B
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