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Effects of topsoil aggregate size on runoff and erosion at hillslope in red soils
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Abstract The red soil hilly region located in the tropical and subtropical zones of Southeast China consists of 9 provinces
and 1 autonomous region. The area of region is about 1.13 million km®> and hold 30% of the population. Because it has
plentiful light heat and water resources the red soil hilly region has a high potential for agricultural and economic
development. However soil erosion and seasonal drought are major constraint for sustainable agriculture due to improper
land use and uneven distribution of rainfall. Efficient rainfall use and erosion control therefore are very advantageous from
eco-environmental and agricultural perspectives. Soil aggregate stability has substantial effects on soil porosity and

therefore may influence infiltration rate and runoff processes under rainfall. The objects of this study were to investigate the
relationship between aggregate size and soil aggregate stability and determine the effect of aggregate size on runoff and soil
loss. In this study three red soils derived from Quaternary clay were studied. Aggregate size <2 2 to3 3 to5mm of each
soil were exposed to simulated rainfall with an intensity of 60mm h~'. The Le Bissonnais” method was applied to simulate
the breakdown mechanisms of slaking in fast wetting and mechanical breakdown by wet stirring. The aggregate stability
index normalized mean weight diameter NMWD  indicated that fast wetting caused the most severe disruption to

aggregates. The NMWD in the fast wetting treatment ranked in the order of aggregate size <2mm 2mm to 3mm and 3mm
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to Smm. There was a significant interaction between soil loss

runoff rate and aggregate size. The results showed that as

clod size increased the runoff rate decreased ranging from 0.36 to 0. 62mm min — 1. The small aggregate size is likely to

form a seal consequently the soil loss increased with decreasing aggregate size. The largest MWD of sediment materials

were found in aggregate size <2mm of each soil.
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Table 1 Basic soil properties of studied field
gkg™!
Soil code Patent material . g om _BA g ]fg_l Mechanical (‘Lumposilion
Soil density Organic mater Sand Silt Clay

QPI1 Quaternary clay 1.21 15.4 152 497 351

QP2 Quaternary clay 1.13 22.7 107 307 586

QPpP3 Quaternary clay 1.19 17.4 96 463 441
1.2

SPRACO 4.75m 0. 08 MPa
60mm h™' 90%
0.9 " 60cm x 30cm x 30cm 15°
“vr Scm
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20ecm  10cm QP1 QP2 QP33
1.21 1.13 1.19g cm ™ 1.66 1.47 1.58 g cm ™
10% 1h 6min 1
3 27
1.3 Le Bissonais '
<2mm 2 ~3mm 3 ~5mm 40°C 24h
1 Fast Wetting FW S5g 50ml
250ml 10min 2 Wet Stirring WS Sg
50ml 250ml 10min 200mlL
20 30min
50 pm 20 2cm 40°C
40°C 3210.50.25 0. 1mm
0. 05mm
MWD 1
Zhang " 2
Mwp ="y 1
=12 '
Nmwp =MD 2
Timax ~ Tmin
r; i mm ry=r, r,=r,,; m i NMWD
o T oin NMWDy  NMWD
FW WS
1.4
0 ~20min 20 ~40min 40 ~60min 3

2.1

LB NMWD 1

1
3 NMWD p<0.05 3~5mm <2mm
NMWD QP2 NMWD QP1  QP3
QP2
2.2
2
3 ~5mm 10min
QP2 QP1 QP3 0.36 0.52 mm min~"  0.47 mm min "'
2 ~3mm 3 ~5mm 10min 3 ~5mm
QP1 QP2 QP3 0.54 0.45 0.50 mm min~'  <2mm 3~52~3mm
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Fig. 1 Normalized mean weight diameter of soils for different treatment by LB method
p<0.05 Different capital letters indicate the significant at

p<0.05 among aggregate sizes and different small letters indicate the significant at p<<0.05 among treatments
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Fig.2  Runoff for processes each aggregate size

2 ~3mm QP1 QP2 QP3
13% 12% 24%
o 27

3 ~5mm 45.9% 2 ~3mm 47.6%

<2mm 50.0% Q5 Qg O NMWD,,,  NMWD
o, =1.825 -0.912NMWD —1.25NMWD, R*=0.88 n=9 3
o, 5 =1.429 —0.855NMWD, —0. 164NUWD,, R*=0.90 n=9 4
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Fig.3  Soil loss processes for each aggregate size

QP1 QP2 QP33 <2mm
3 ~5mm 2 ~3mm 3 QP1 QP2 QP3
2 ~3mm <2mm 51.6% 58%
59.2% 3 ~5mm <2mm 82% 74.5% 83% <2mm
3.40 2.55 3.33g m > min~' <2mm

13

2~3mm 3 ~5mm

<2mm
E
E_, =19.305 = 17.282NMWD,, — 14.985NMWD,,, R* =0.904 n =9 6
E_, =5.214 -3.384NMWD, —0.305NUWD,, R*=0.91 n=9 7
E_,_;=1.237-0.0571INMWDy - 1.43NMWD,,, R*=0.94 n=9 8
2.4
> Imm
<0.25mm > 1mm <0.25mm
40% 3 2
QP] Table 2 Mean Weight Diameter of sediment for each aggregate size
4 “_lm Mean weight diameter of sediment
<2mm Aggregate size OPI 0P oP3
<2mm <2 0.21a 0.33a 0.29a
2~3 0.15b 0.27b 0.17¢
3~5 0.17b 0.29b 0.23b
p<0.05
3

Different letters in the same columns mean significant at p <0. 05 lever

MWD among aggl‘cgale SiZCS
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Fig. 4 Distribution of sediment size
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o, =1.825-0.912NMWD s —1.25NMWD,
o 53 =1.429 —0. 855NMWDys —0. 164ANMWD
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