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Mechanism of watershed soil erosion control by vegetation. QIN Fucang?, YU Xinxiao!, ZHANG Manliang®, XIE
Yuanyuan'('Key Laboratory  Soil and Water Conservation and Desertf ication Combating of Education Ministry,
College of Soil and W ater Conservation, Beijing Foretry University, Beijing 100083, China; *Inner Mongolia Agri-
culture University, Hubhot 010019; * Tianshui Controlling and Supervising Bureau of Yellow River Soil and Water
Conserv ation, Tianshui 741000, China) . - Chin. J. Appl. Ecol., 2005,16( 9): 1618~ 1622.

From the view of hydrodynamics, this paper studied the acting mechanism of tree, grass and forest litter on slope
runoff velocity and kinetic energy. The results showed that slope runoff head loss was related to slope gradient,
forest density, net rainfall intensity and slope length. T he relationship of water head loss with the distance among
trees and the diameter at the ground of tree was E o< ( D/ b) Y3 The grass on slope turned to be curved with s
flow ing, and thus, increased the bottom resistance of flow, and reduced the shearing stress of soil surface. There
fore, silt carrying capacity decreased dramatically. T he analysis of actually measured materials of each rainfall,
runoff and sediment, and the comparison of Qiaozi eastern gully and Qiaozi west gully in T ianshui city of Gansu
Province showed that under same precipitation condition, the runoff, sediment yield, flood peak discharge and
maximum sediment transport rate in treated watershed was less than those in untreated watershed, suggesting
that vegetation was obviously beneficial to water reservation and water and soil conservat ion.

Key words Watershed, Vegetation, Soil erosion.
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1
Table 1 Land use form in Qiaozidong and Qiaozixi watershed
Slope cropland Channd
Name of Forest and Road, Total
watashed Fallow Cro pland grassland village Ditch bed Ditch wall
Area(hm?) 38.23 ) 35 7.07 06 3.5 136
Q iaozidong watershed % 28. 11 20. 59 25 74 5.20 0. 44 257 100
Area(hm?) 49.31 24 8 18 7.0 05 9.3 129
Q iozixi watershed % 45.24 22.75 16 51 6. 50 0. 46 8 53 100
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Table 2 Comparative analysis of discharge and sediment in Qiaozidong and Qiaozixi watershed
Modulus of runoff( m® hm™ 2) M odulus of erosion( t* hm™ 2)
Number Rainfall
(mm) . S o _ o o
Qiozidong Qiozixi Reduce in Qiaozidong Qiozidong Qiaozixi Reduce in Qiaozi dong
watershed watershed than in Qiaozixi( %) watershed watershed than in Qiaozixi( %)
1 27. 6 11. 10 20.78 46. 59 2. 80 5. 67 50. 51
2 17. 1 1. 34 2.53 47. 10 0. 64 0. 95 33. 25
3 80 163. 21 247. 87 34. 15 48. 13 87. 83 45. 20
4 12. 8 23.23 26. 68 12. 93 855 8. 86 3.50
5 29 29. 27 41.41 29. 33 13. 94 24.79 43.78
6 28. 8 6. 10 8.22 25. 85 0. 89 1. 39 36. 00
7 13 1. 56 2.26 30. 85 0. 82 1. 04 20. 82
8 20. 4 5. 40 26.61 79. 71 3. 11 15. 81 80. 30

Average 38. 31 39. 17
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3 (1990. 8.12)
Table 3 Comparative analysis of discharge and sediment in Qiaozidong and Qiaozixi watershed on Aug 12, 1990

Rainf al Rain time Runoff Modulus Max runoff Max seliment Max seliment ~ Sediment Modulus of
(mm) ( min) (m3) of runoff ( mo s 1) concentration transport rate product sediment
(ms'hm7 2) (kg‘m’3) (kgrs™ b} (1) product
(kg hm™?)
Qiaozidong watershed 28.7 1030 596 46 4.39 0.125 231.6 25 38 98. 07 721. 1
Qiaozixi watershed 28.7 1030 1060. 57 8.22 0. 164 257 42 15 179. 28 1389 8
Q Bozidong than ix Qeeein(%) - - 43.76 46.59 2378 9.88 3979 45.30 4811
28.7 mm, 1 030 , , ;2)
m]n N ’
500~ 600 min, , ;3)
2 2
o
2 2
2
2
~35 ’
qE
ik}
8%
&
1 Burch H, Forster F, Schleppi P. 1996. The influence of forest cove
on the hydrology of catchments in the Alptal valley. Schw eiz-
L 0asr erischeZeitschrif t-f ur- Forstwesen , 147(12) : 925~ 938
—"V‘ 0.16}F 2 Cao W-H( ), Qi W( ). 2003. Ditributed model for
g 0.14F simulating runoff yield in small watershed. J Water Cons (
2 012} ), (9):48~ 54(in Chinese)
‘M‘E oot 3 Evan R, Reynolds C, Thompson FB. 1998. Foregs, Climate, and
D2 008} Hydrology —Regional Impacts. Singapore: Kefford Press.
ﬁE 006 - 4 Huang M- B( ), Liu X-Z( ). 2002. Regulation effect
2 0.04h of forest vegetation on w atershed runoff in the Loss Plateau. ChinJ
E 0'02 | Appl Ecol( ), 13(9): 1057~ 1060( in Chinese)
8 ’ 0 " N | | 3 5 Stednick JD. 1996. Monitoring the effect of timber harvest on ar
0 100 200 300 400 500 600 700 800 nual water yield. Hydrology, 176: 79~ 95
B {ii] Time (min) 6 Lei X-Z( ). 2000. Research on the regulation and transfer
rules of forest to precipitatiorr unoff. J Sichuan For Sci Technol
2 (1) (1) (1990. 8. 12) ( ). 21(2): 7~ 12(in Chinese)
Fig. 2 Rain and mnoff and sediment transportation process in Qiaozidong 7 LiZB( ). 1996. Study on small w atershed single storm ero
(1) and Qiaozixi waershed ( 1I)on Aug. 12, 1990. sion sediment yield in Loess Region. J Xi’ an Univ Technol(
1) Qiaozidong watersh ed; 2) Qiaozixi w atershed. ), 12(5): 177~ 183(in Chinese)
8 Liu X D( ), Zhao Y ( ). 1994. The vertical inter
ception function of forest vegetation and soil and water conserva
4 tion. Res Soll Water Cons( ), (3): 13~ 17(in Chr
nese)
9 Song X-D( ). 2001. Function on soil and water conservation
of forest vegetation on the Loess Plateau. J Inner Mongolia Agric
Univ ( ),22(2):7~ 11(in Chinese)
10 Tang D R( ), LiGQ( ). 1994. Sol erosion dynam ics
in the lower mountain and hils region of southern Shaanxi and its
N relation to the forest. Shaanxi For Sci Technol ( ),
(3): 48~ 54(in Chinese)
’ : 11 Tang Iz Q( ), Chen G X( ). 1997. A dynamic model

of noff and sediment yield from small watershed. J Hydrod (
), 12(2) : 164~ 174(in Chinese)
12 QiL-X( ), Huang X F( ). 1997. Simulation on slope
runoff and soil erosion in a raining event. A cta Mechanica Sin(
),29(3):27~ 31(in Chinese)
: 1) , 13 Wang HS( ). 1999. Analyses on vegetation structures and



1622

16

their controlling soil erosion. J Arid Land Resour Environ(

), 13(2): 62~ 68(in Chinese)

vegetation types on soil erosion by water. A cta Bot Sin (

), 45(10): 1204~ 1209(in Chinese)

14 Wang H-S( ), Liu GB( ). 2001. Structural charac 22 Zhang Z Q( ), Yu X X( ).2003. Advance in research
teristics of effective vegetation for preventing soil erosion. Chin J on effect on hydrobgical process. Chin J Appl Ecol(
EcoA gric( ), 9(2): 54~ 5¢(in Chinese) ),14(1): 113~ 116(in Chinese)

15 Wang Y- P( ). 1997. The mechanism of sediment yield and 23 Zhao H-Y( , Wu Q- X( ). 2003. Studies on hydro e
harness countermeasure for little valleys in the middle reaches of the cological effects of artificial Chinese pine stand in Loess Plateau.
Yellow Rive.J Arid Land Resour Environ( ), Acta Ecol Sin( ),23(2):376~ 379(in Chinese)

11(1): 67~ 77(in Chinese) 24 Zhao H-Y( ), Wu Q- X( ). 1996. Study on sediment

16 Wikon GV. 1990. Hydrology of a forested watershed during storm and yield munoff of nature mountain Populus woodland in Loess
event. Goodevma, 26(2): 352~ 355 Plateau. Res Soil Water Cons( ),3(4): 120~ 123X

17 Xu G- G( ), Hu Y-M( ). 2004. A pplication of spatiak (in Chinese)
ly explicit landscape model in soil loss study in Huzhong area. Chin 25 Zhou Y( ). 2000. Vegetation and emwsion control: Explo
J Appl Ecol( ), 15(10): 1821~ 1827(in Chinese) ration on basic principle of slope engineering. Chin J A ppl Ecol (

18 Yang FR( ), Cheng ZY( ). 2000. Analog study on ), 11(2) : 297~ 300(in Chinese)
slope urr off and afflux of small basin. J Gansu Agric Univ ( 26 Zhu }Z( ), Liu }J( ).2002. Hydro ecological func

), 35(1):75~ 78(in Chinese) tions of forest litter layers. J Bejjing For Univ (

19 Yao W Y( ). 1996. Experiment sudy on hydraulic resis ), 24(5/6): 30~ 34(in Chinese)
tance laws of overland sheet flow. J Sediment Res ( ),
(1): 74~ 81(in Chinese)

20 Yu XX( ), Qm Y- S( ). 2001. Effect of forest cover , 1966 , , .
on sediment yield produced by erosion in different spatial scales. Res s 20 . E-mail: ginfucang
Soil Water Cons( ), 8(4): 66~ 70(in Chinese) @ 163. com

21 Zhang Y ( ), Liu BY( ). 2003. Effect of different

2005 11 ( )

1.
2.
3 « »
, 2005 9 10 (A4 ) E-mail
( : , , 110016, : 024-83970452, - mail:

wangpeng@ iae. ac. cn) .

§

2005
» o,
(www . ipmchina. net/ cspp) .

2005 9

, 2005 8 31



