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Fig. 1  Sketch of the volumetric method used in this study
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Table 1 Regression analysis of cumulative amount of erosion and length of rills

b33 bk
A B R? p
Slope gradient( °) Flow rate(L min~")

5 2 2.95 0.27 0.92 1.13 x10 "
4 6.81 0.20 0.90 3.11x10° "
8 16. 88 0.20 0.88 1.11 x10°1'®
10 2 3.29 0.28 0.95 8.36 x10 "
4 7.02 0.42 0.95 2.09x10°1
8 27. 84 0.31 0.95 2.28 x10°"
15 2 6.29 0.52 0.88 1.56 x10°1°
4 15.39 0.44 0.91 5.35x10°1°
8 35.76 0.30 0.93 2.58x10°%
20 2 7.15 0.73 0.88 3.30 x10 "2
4 19. 56 0.44 0.95 2.00 x10 1
8 46.21 0.29 0.98 1.17 x107°
25 2 10. 68 0.51 0.94 6.67 x1077
4 21. 11 0. 46 0.92 4.80 x10°°
8 49. 09 0.35 0.98 5.42 x10°°
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Fig. 2 Distribution of cumulative amount of erosion along eroding rills
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Table 2 Regression analysis of amount of erosion sediment and length of rills

Slope gradient( °) Flow rate( L min~") ¢ ’ i !

5 2 440 0.13 0. 95 6.35x10 ¢

4 470 0.14 0.96 1.52x1077

8 520 0.15 0.95 2.31x10°°

10 2 630 0. 30 0.97 5.96 x10 71

4 690 0.33 0.97 9.85x10"*

8 720 0.36 0. 98 4.65x10°"

15 2 790 0.33 0.97 1.09 x10 ~°

4 830 0.36 0.97 9.34 x10"°

8 840 0.41 0.97 7.84 x107°

20 2 820 0.41 0.98 1.96 x 10"

4 860 0.48 0.99 1.22x10°*

8 880 0.51 0. 98 1.87 x10 ~°

25 2 910 0.51 0.99 5.07 x1077

4 910 0. 47 0. 98 3.26 x10°°

8 920 0. 54 0. 98 3.96 x10°°
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A VOLUMETRIC METHOD BASED STUDY ON DISTRIBUTION
OF EROSION ALONG RILLS ON LOESS SLOPE

Zhao Yu' Chen Xiaoyan'?" Mi Hongxing' Mo Bin'
(1 College of Resources and Environment/Key Laboratory of Eco-environmenis in Three Gorges Region( Ministry of Education) ,
Southwest University, Chongqing 400716, China)
(2 State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateaw, Institute of Soil and Water Conservation, CAS,
Yangling , Shaanxi 712100, China)

Abstract Rill erosion is a serious environmental problem threatening the agricultural production safety and sustain-
able societal development in the Loess Plateau, China. It is, therefore, very important and urgent to quantify dynamic
process of the rill erosion. To that end, an indoor simulation experiment was carried out the scouring and backfilling meth-
od. Erosion process was analyzed through observing variation of the shape of rills and measuring volume of erosion along
the rill segment by segment. Cumulative amount of erosion along the rills was worked out by refilling the separated rill seg-
ments with water to their original elevation. The sediment concentration was calculated by dividing the cumulative amount
of erosion at each segment by the total volume of the water flow during the erosion period. A typical silty-loam soil was
sampled from the Loess Plateau of China and used as experimental soil in this study. The soil contains 16.31% clay ( <
0.005 mm) , 61.35% silt (0.005 to 0. 05 mm ), and 22.34% sand ( >0.05 mm). The soil was air-dried and then pas-
sed through an 8 mm sieve. In order to a complete continuous erosion process, an experimental trough, 3.0 wide and 12. 0
m long, filled with loess, was used. In the trough six experimental rills, 0. 1 m wide and 12 m long, were built to simu-
late well-develped rills. The trough was put at horizontal position for soil packing. At the bottom, the trough was densely
packed with a 5em thick layer of local clay soil, made compact with a hammer to simulate the plow pan layer, 15 g cm ™
in bulk density. The upper 20 cm of the trough was packed with loess in layers, about 5 ¢m each, to make the soil even

3

in bulk density, ranging approximately between 1 150 to 1 200 kg m ~*. The soil surface was raked to make it as rough as

natural Condition. Cumulative volume of erosion of a rill was the sum of erosion volumes of the eleven rill segments (0 ~
0.5m,0.5~1m,1~2m,2~3m,3~4m,4~5m,5~6m,6~7m,7~8m,8~10m, 10~12m) of arill. To-
tal amount of erosion sediment was measured volumetrically by a collecting vat at the outlet of each rill during the experi-
ment. The experiment was designed to have five slope gradients, i.e. 5°, 10°, 15°, 20° and 25° for the trough, three
flow rates, i.e. 2, 4 and 8 L min "' and three replicates. Results show that the process of rill erosion was not constant
along a rill, with cumulative rill erosion and sediment concentration increasing exponentially and margin of the increase
declining with rill length till the extreme in the end, which means that cumulative amount of erosion and sediment concen-
tration increases rapidly at the initial segments of the rills, and the increase rate (the slope of the curve) attenuates gradu-
ally to approach zero along the rill. Flow rate and slope gradient were the two major factors affecting rill erosion, but the
former seemed to have more influence than the latter. The comparison of the cumulative amount of erosion measured with
the volumetric method with the result of direct measuring at the rill outlet validated the accuracy of the former, and the
comparison of the sediment concentration measured with the water backfilling method with the result of direct measuring
demonstrated that the former was quite accurate in and applicable to investigating distribution of erosion sediment along a
rill. The findings of this study may serve as certain basis for consummating the research on soil 1ill erosion process, assess-
ing sediment concentration from rill erosion and establishing a prediction model for farmland rill erosion.

Key words Rill erosion; Cumulative amount of erosion; Sediment concentration; Erosion process

(RERBE AT HH)

http : //pedologica. issas. ac. cn



