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Table 1  Physical and chemical properties of test soil

y A HLBT BRI A
7 2 T
R pH Organic matter Particle distribution( % )
Soil type B
(gke™) >2 mm 2 ~0.05 mm 0.05~0.002 mm  <0.002 mm
kA1t Gravelly soil 5.17 1. 65 40. 09 34.01 23.32 2.58
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Table 2 Particle size composition of sediment and enrichment rates of various fractions of the sediment as affected by slope gradient

and rainfall intensity

- £ HLEH Mk HUB b B sk
B i Rainfall Gravel Coarse sand Fine sand Coarse silt Fine silt Clay
Slope intensity gft @R wR o mfR AR WHER AR mER aRt R AR KR
) (mm Content Enrichment Content  Enrich-  Content Enrichment Content Enrichment Content Enrichment Content Enrichment
min=') (g)  rao (%) mentratio (%)  mtio (%)  rato (%)  rato (%)  ratio
20 1. 00 0.00 0. 00 13.97 0.52 10. 45 1.42 20. 50 2.37 47. 60 3.09 7.48 2.82
1.33 11. 69 0.30 20. 84 0.78 9.06 1.23 16. 31 1.887  36.38 2.36 5.72 2.15
1. 67 14.57 0.37 24. 68 0.93 9.33 1.27 20. 05 2.32 26.28 1.70 5.08 1.91
2.00 17.45 0. 44 28.53 1.07 9. 60 1.31 23.79 2.75 16. 19 1.05 4.43 1.67
2.33 33.30 0.85 27.54 1.03 7.52 1.02 9.86 1.14 18. 81 1.22 2.98 1.12
25 1.00 5.61 0.14 39.52 1.48 10. 05 1.37 13. 64 1.58 27.07 1.75 4.10 1.54
1.33 11.37 0.29 23. 89 0.90 11.01 1.50 16. 18 1.87 32.49 2.11 5.07 1.91
1.67 24.67 0.63 26.96 1.01 9.00 1.23 12.05 1.39 23.55 1.53 3.77 1.42
2.00 29.49 0.75 28.53 1.07 8.07 1.10 9.69 1.12 18. 10 1.17 2.83 1.07
2.33 35.63 0.91 31.41 1.18 6.43 0. 88 14. 62 1.69 9.43 0.61 2.48 0.93
30 1.00 5.60 0.14 24.31 0.91 11.07 1.51 17.36 2.01 35.93 2.33 5.74 2.16
1.33 21.85 0.56 30. 44 1. 14 8.27 1.13 11.93 1.38 23.59 1.53 3.92 1. 47
1. 67 31.05 0.79 27.08 1.02 8.00 1.09 10.51 1.22 20. 07 1. 30 3.28 1.23
2.00 32.32 0.82 25.01 0.94 8.42 1.15 18.79 2.17 12.17 0.79 3.29 1.24
2.33 32.21 0. 82 25.02 0.94 8.03 1.09 10. 88 1.26 20. 56 1.33 3.30 1.24
35 1.00 16.03 0.41 24.79 0.93 9.70 1.32 14.59 1.69 30. 13 1.95 4.76 1.79
1.33 23.58 0. 60 22.13 0.83 9.80 1.33 13.85 1. 60 26. 49 1.72 4.14 1.56
1.67 32.08 0. 82 26. 35 0.99 8.52 1. 16 10.23 1.18 19. 64 1.27 3.19 1.20
2.00 31.90 0. 81 25.87 0.97 7.61 1.04 10. 58 1.22 20.72 1.34 3.33 1.25
2.33 31.22 0.79 29. 81 1.12 8.00 1. 09 16. 96 1.96 10. 99 0.71 3.01 1.13
40 1.00 7.63 0.19 17.90 0.67 10.95 1.49 33.11 3.83 23. 84 1.55 6.57 2.47
1.33 19.94 0.51 23.91 0.90 9.79 1.33 14.43 1.67 27. 67 1.79 4.24 1. 60
1.67 41.00 1. 04 23.55 0.88 6.97 0.95 9.10 1.05 16.75 1.09 2.61 0.98
2.00 32.16 0.82 24.57 0.92 8.91 1.21 10. 85 1.26 20. 15 1.31 3.36 1.26
2.33 37. 14 0.95 27.03 1.01 7.11 0.97 9.08 1.05 16. 96 1.10 2.68 1.01
WP
Mean 23.18 0.59 25.75 0.97 8.87 1.21 14.76 1.71 23.26 1.51 4.05 1.53
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Fig. 1 Temporal variation of particle size composition and enrichment rates of various fractions of erosion sediment on

slope 30° in gradient as affected byrainfall intensity
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Table 3 Mean weight diameter of sediment particle at different erosion stages(mm)

1.00mm min ~' 1.33mm min "'

1.67 mm min "

2.00 mm min "' 2.33 mm min '

W

Slope 0~4 52 ~56 0~4 52 ~56 0~4 52 ~56 0~4 52 ~56 0~4 52 ~56
) min min min min min min min min min min
20 0.05b 0.15a 0.18b 1.13a 0.21b 1.51a 0.35b 1.68a 1.12a 1. 64a
25 0.07b 0.61a 0.38b 1.39a 0.52b 1.90a 0. 66b 1.85a 1. 14b 2.09a
30 0. 08b 0.78a 0.71b 1. 88a 0.91b 2.22a 0.83b 2.09a 1.23b 2.30a
35 0. 13b 1.35a 0.71b 1.51a 0.95b 2.19a 1. 04b 2.28a 1.71a 2.40a
40 0.11b 0.89%a 0.21b 1. 86a 1. 04b 2.35a 1.15b 2.37a 1.72a 2.41a

R W, R/ —f7 A AR 58 H R R 25 B3 (p <0.05) Note: For each element, values in the same line under the same rainfall inten-

sity by different letter representsignificant difference at p <0. 05
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Table 4 ANOVA of effects of slope gradient and rainfall intensity on MWD of interrill erosion
25 IR B 22 J7 f F i Yo% p
Source of variation Sum of squares Degree of freedom Mean square b
W
0.94 4 0.23 6.28"" 0. 000
Slope gradient
[EES _
4.61 4 1.15 30.83"" 0. 000
Rainfall intensity
R
0. 60 16 0. 04
Deviation
pESa
6. 14 24
Total

e o ox FARIKFIN B EKFE (p<0.01)Note: * = significant at p <0. 01
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Table 5 ANOVA of effects of slope gradient and rainfall intensity on MWD of rill erosion

25 IR B2 J7 f F i o7 p
)
Source of variation Sum of squares Degree of freedom Mean square !
W ,
1. 89 4 0. 47 15.48"" 0. 000
Slope gradient
3
6.83 4 1.71 56.04 " 0. 000
Rainfall intensity
R7E
0. 49 16 0.03
Deviation
jESa
9.21 24
Total

e oo FKARKFM B EKFE(p<0.01) Note; * * significant at p <0. 01
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HEAT A2 il e vb s R Uk AR Ak, IS B TR AN 1R
ol By B2 ) 08 VD ORE 20 1 5 R - AR AL, 3R B X
(L7 o e AR TN e | e TR S Bt R R
(¥ MWD i ] 58 A9 384 K 11 3 K5 1,00 mm min =" Al
1.33 mm min 'SR T, RIS A9 MWD iy R A8
FEAFAE W LB B, S 30 ~ 35° 2 [, T G fth TR 8 4%
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EFFECTS OF SLOPE GRADIENT AND RAINFALL INTENSITY
ON PARTICLE SIZE COMPOSITION OF EROSION SEDIMENT
FROM COLLUVIAL DEPOSITS OF BENGGANG

Jiang Fangshi' Huang Yanhe'' Lin Jinshi' Zhao Gan' Ge Hongli' Lin Jinglan®
(1 College of Resource and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

(2 Fujian Soil Conservation Experimental Station, Fuzhou 350003, China)

Abstract A particular type of gully erosion with a steep collapsing wall, locally called “Benggang” , is widely dis-
tributed in the granite-covered areas of tropical and subtropical South China. These gullies develop fast and erupt sudden-
ly, cause great damage. “Benggang” is generally composed of upper catchment, collapsing wall, colluvial deposit, scour
channel, gully mouth, and alluvial fan. Colluvial deposits are materials accumulated at the foot of the collapsing wall.
They were originally part of the collapsing wall and surface of mountain slopes and fell apart under hydraulic pressure and
gravity. As a type of disturbed soil, colluvial deposits feature high contents of gravel, sand, and loose materials, so that
they are often weak in structure, low in cohesion, poor in stability steep in slope ( generally varying between 20° and 40°)
and high in erodibility. Furthermore, rainfall splash erosion and runoff scouring erosion occur easily because in addition to
the above listed properties, they lack vegetation cover and organic matter. As a result, erosion of colluvial deposits triggers
redistribution of materials from the collapsing walls, generating large volumes of sediments, which in turn aggravate the
harm of Benggang. Particle size composition of sediment is an important factor of soil erosion. The study on peculiarity of
erosion sediment will be of great significance to illustration of mechanism of the erosion on slopes of colluvial deposits.
However, so far few reports are available on erosion of colluvial deposits. To study properties of erosion sediment from col-
luvial deposits, rainfalls were artificially simulated, with intensity ranging between 1. 00 and 2. 33 mm min ' over a plot 5
m’ (5 mx1 m) in area and 20° ~40°in slope. Results show the following:

(1) Changes in sediment particle size composition and enrichment rate; As fine particles are washed preferentially by
rainfall, after each rainfall event, the mean enrichment rates of clay, fine silt, course silt, and fine sand are all higher
than 1; With rising rainfall intensity and slope gradient, both the content and enrichment rate of coarse particles increase
in the sediment, making it coarser in texture.

(2) Processes of sediment generation during a rainfall event; At the initial stage of runoff generation, as a result of
splash erosion caused by rain drops, fine particles display a process of rapid increase, while coarse particles do a reverse
one, which is especially obvious under rainfalls 1. 00 and 1. 33 mm min ' in intensity. At the interrill erosion stage, inter-
rill flow is far from strong enough in transport capacity, and carries only fine particles, like clay, fine silt, coarse silt and
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fine sand, of which the enrichment ratios all exceed 1; but the formation of crust reduces loss of soil particles. After rills
form on the slope, scouring capacity of runoff enhances, so content of coarse particles, especially coarse sands and grav-
els, increases while that of fine particles decreases correspondingly, and then particle size composition gradually becomes
stable and approximate to that of the original soil. So, with rainfall going on, particle size of erosion products turns gradu-
ally from fine into coarse and levels off in the end. During rainfalls, high in intensity, interrill erosion manifests “overall
transport” of original soil.

(3)Mean weight diameter (MWD) of sediment: The sediment MWD of rill erosion is greater than that of interrill ero-
sion; which once again shows that sediment becomes coarser in particle size after rill erosion starts. Sediment MWD in-
creases with rising rainfall intensity. Sediment MWD of inerrill and rill erosion varies with slope gradient and comes across
a critical gradient, around 30° ~35°under rainfalls 1. 00 or 1. 33 mm min 'in intensity, but no such phenomenon was ob-
served during rainfalls with intensity either higher or lower. Under rainfalls 1. 67, 2. 00, and 2. 33 mm min ' in intensity,
MWD of rill erosion sediment is higher than that of the test soil (1.96 mm) , on slopes higher than 30° in gradient, which
demonstrates that at the late stage of a heavy rainfall event, erosion sediment is coarser than the original soil in particle
size. Therefore, MWD varies with rainfall intensity and slope gradient as well, and particles are selectively transported in
light of particle size. Dual-factor variance analysis show that rainfall intensity is higher than slope gradient in effect on
MWD of interrill erosion sediment.

Key words Benggang; Colluvial soil; Soil erosion; Particle composition; Rainfall simulation
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