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Particle-size Composition of Erosion Sediment on Granite-derived Red Soil
Slope Relative to Erosion Degree
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(Research Center of Water and Soil Conservation, Huazhong Agricultural University, Key Laboratory of Arable Land Conservation (Middle
and Lower Reaches of Yangtze River) in Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: [ Objective ] Soil erosion is a main mechanism of land degradation. Much works have been done on sensitivity of
coarse-textured soils to erosions different in degree, however, little is known about erosion mechanism of slopes of
granite-derived red soil. An indoor simulation experiment was done to characterize runoff and sediment production on steep
slopes of granite-derived red soil as affected by rainfall intensity and erosion degree and to explore erosion mechanism of slopes
of coarse-textured soils. [ Method ] The experiment had flumes (3 m long, 1 m wide and 0.45 m high, each) packed with
coarse-textured soil to simulate soil slopes different in erosion degree, two treatments in rainfall intensity (90 and 120 mm-h™")

and two in inflow rate (2 and 2.66 L-min"). Based on field investigations and previous studies, the three slopes were designed to
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be slight (E1), moderate (E2) and severe (E3) in erosion degree, separately and all 16.7% in gradient, commonly seen in the hilly
region in the sub-tropical climate zone of China. Before each run of the experiment, the flume was covered with a gauze to reduce
the splashing impact of rain drops and then treated with a rainfall event low in intensity (30 mm-h™") till runoff appeared at the
outlet of flume. Before each run, soil moisture content in the soil slope was determined with a soil moisture meter to ensure it was
no more than 30%, and rainfall intensity and inflow rate was calibrated to ensure they were up to the set requirement of the test
(£5%). [Result] Results show: (1) both rainfall intensity and flow rate played important roles in runoff formation and soil
erosion. Runoff yield rate and soil erosion rate increased with rainfall intensity and inflow rate, and soil erosion varied in
characteristic with slope erosion degree. The slope slight in erosion degree (E1) was most affected by rainfall intensity and inflow
rate. (2) The slopes varied in erosion characteristics with erosion degree erosion. The slopes exhibited an order of E2> E1 > E3 in
runoff yield rate and an order of E3 > E2 > E1 in soil erosion rate. Multi-factor stepwise regression analysis shows that the higher
the bulk density, the lower the runoff yield rate (R*= 0.8, P< 0.01) and the higher the clay content or the lower the silt content, the
lower the soil erosion rate (R*=0.715, P< 0.01). (3) With rising rainfall intensity and scouring strength or inflow rate, gravel and
clay contents increased, sand and silt contents decreased and fractal dimension of the sediment increased. (4) Fractal dimension
was ultra-significantly and linearly related to the ratio of clay/sand in content. [ Conclusion ] All the findings in this study may
provide a train of thought for evaluation of soil evolution under erosion and contents of the research on soil evolution.

Key words: Simulated rainfall/runoff; Granite red soil; Soil erosion; Sediment size distribution
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Table 1 Basic physicochemical properties of the soil samples used in the experiment
B 1A BE Aok HHLBE
<0.002 0.002~0.05 0.05~0.1
Experimental Bulk density/ Particle density/ ~ Organic matter/ pH
mm/% mm/% mm/%
soils (gem?) (gem?) (gkeg!)
El 1.3£0.02¢ 2.55+0.01a 15.62+0.55a 4.19+0.21b 14.21+0.03b 6.97+0.01c 5.62+0.01a
E2 1.41+£0.01a 2.49+0.01b 4.65+0.11b 4.44+0.30ab 16.09+0.63a 16.49+0.72b 2.13+0.04c¢
E3 1.35+0.01b 2.54£0.02b 0.65+0.07¢c 4.69+0.18a 11.14+0.45¢ 25.95+0.85a 4.21+0.05b
I LA 0.1~025mm/% 0.25~0.5mm/%  0.5~1mm/%  [~2mm/% 2~10mm/% s} JE4EEK Fractal dimension
El 1.34+0.06¢ 1.60+0.04b 21.19+0.92¢ 25.90+1.39a 23.18+0.12a 2.76+£0.01a
E2 8.30+0.09b 2.15+0.03a 29.97+1.11a 21.26+1.02b 3.75+0.05¢ 2.77£0.01a
E3 9.30+0.12a 2.17+0.10a 23.13+0.76b 19.54+0.65b 4.77+0.23b 2.74+0.01b

e AP AREFHCEZEREE (P<0.05), FF., Note: Different letters represent significant difference ( P<0.05 ) .The same as

below.
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Fig.3 Temporal changes in runoff rate relative to erosion degree of the slope
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Table 2 Soil erosion characteristics relative to erosion degree of the slope
Ik B 2 ) o i bz TR MR PR
f bz
Rainfall intensity/ Flow rate/ Sediment concentration/ Sediment yield rate/ Runoff rate/
Erosion degree

(mmh™) (L-min™) (gem?) (kg'm2min") (L'm?min")

El 90 2.00 0.014 3e 0.032 6d 1.071 5f

120 2.66 0.081 4d 0.308 9bc 1.641 4d

E2 90 2.00 0.082 3d 0.206 3c 1.661 2¢

120 2.66 0.118 1c 0.419 3b 2.374 3a

E3 90 2.00 0.154 1b 0.324 3b 1.311 4e

120 2.66 0.217 Oa 0.740 9a 1.862 2b
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Fig. 4 Temporal changes in sediment yield rate relative to erosion degree of the slope
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Fig. 5 Temporal changes in particle size composition of the soil slope relative to erosion degree of the slope
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Table 3  Particle size composition and enrichment rates of various fractions of the sediment as affected by erosion degree
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Fig. 6 Correlations of fractal dimension with sand, silt and clay in content
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