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Abstract : Soil erosion is now universally reckoned as an ecological environment problem,which results in
land degradation and a band of ecological problems such as water pollution and flood disaster,Especially in
the vast northwest region of China,a key to restore ecological environment is to control soil erosion.
Besides vegetation disruption,rainfall concentration,and steep farmland ect,the susceptibilities of loess to
erosion substantially conduce to severe soil erosion on the loess plateau. Soil erodibility being an important
index to evaluate the soil sensitivity to erosion,how to precisely study and evaluate soil erodibility is of
great importance to understand soil erosion regularity,predict soil loss.and evaluate land productivity.

Since the study on the effect of soil properties on erosion began in 50s in China,an abundance of
achievements about soil erodibility have been scored. But as a result of diverse perspectives and methods, a
number of problems still exist. the first problem is that divers indices to evaluate soil erodibility are
present. The second is that the definitions of unit plot are not uniform. The third is that algorithms used to
calculate soil erodibility factor K are inconsistent. The fourth is that lacking observed data leads to little
reliability of calculated results when formulae are used to predict K values. All these problems not only
adversely affect the progress of the soil loss prediction research in China,but also interfere with exchange
and comparison with international achievements . On the base of data from field plots. the selection of soil
erodibility index and its determination method were discussed in this paper. Meanwhile,values of eodibility
factor K for the soils on the loess plateau were determined and analyzed.

To date,there are mainly three different types of methods applied in soil erodibility study. The first
one is based on measurement of physical and chemical properties of soil. But in can’t be used to predict soil
loss because how to quantitatively relate soil erodibility to soil loss was not established. The second one is
based on the results from water flow experiments.which determines soil erodibility directly by measuring

soil loss scoured by water. In 40s,however,Gussak noted that when this method was applied to measure
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the erodibility of two different soils,opposite orders appeared when inflow rates were different. So it is
impossible for this method to exactly characterize the effect of soil properties on erosion. The third is field
measurement from unit plots. Though soil erodibility factor can be directly calculated through observation
data from field plots,soil erodibility was found to alter with slope gradient and even was regarded as a
dynamic index being a function of natural properties, topography. precipitation, and soil conservation
because improper indices were adopted in previous studies on loess erodibility in China. It is obvious that
erodibility of different soils is impossible to be compared because this type of indices fails to directly reflect
the influence of soil properties. We recommend that a good index used to describe soil erodibility should
follow the principles of uniqueness and practicality. So-called uniqueness denotes that a type of soil
corresponds to a certain eodibility value to reflect impact of soil property on erosion. Even though soil
erodibility may interact with some factors such as slope,rainfall ,and land use etc in measurement,it is sure
that soil erodibility should not vary with these factors. Otherwise.the erodibility of soil would have myriad
values and lost its meaning in soil loss prediction because the change in rainfall,landuse and topography is
uncertain. So-called practicality denotes that soil erodibility must be a quantitative numeric index and be
easy to be measured.

In 1963,0lson and Wischmeier proposed the practical index of soil erodibility as soil loss per rainfall
erosivity index unit as measured on a unit plot,which has definite physical meaning and is convenient to
measure. When measured on unit plots its values can be determined by a formula expressed as K =

N N
( Z Ae) /( Z (Elso)e) where K is the soil erodibility factor, A is the rainfall-induced soil loss, El5, is the

e=1 e=1

rainfall erosivity factor among which E and I represent the total storm energy and the maximum 30-min
intensity for a given storm respectively,and e designates the times of rainfall. Given the erodibility index
values of different soils,it is feasible to predict soil loss combined with the factors such as topography and
rainfall. In order to evaluate soil erodibility by consistent methods under same conditions in China, to
establish to unit plot definition suitable to China is imperative.

A unit plot is thought as a benchmark used to analyze and compare the data directly measured from
field plots. With the unit plot having been defined.when field data are analyzed,all data from different
areas can be adjusted to the unit plot,after which the regularities can be uniformly drawn. In addition.it’s
only with the uniform unit plot having been defined that to consistently evaluate and compare the soil
erodibility of different soils is possible. In USLE,a unit plot is 22. Im long,with a uniform lengthwise slope
of 9 percent,in continuous fallow,tilled up and down the slope. This definition deviates from the cropping
practive and the natural conditions of China so that it can’t be generalized in China.

Though a unit plot only serves as a man-established benchmark as data are analyzed a certain number
of principles should be complied with. First of all defining a unit plot is continent on particular natural
conditions in addition to landform characters and land use in the investigated area. Secondly a unit plot
should facilitate making the most of available data,which means making data use easy after scale and slope
range of available plots are fully considered. Thirdly error from data modification should be minimum.
After comprehensive consideration in practices of reclamation and cropping on steep slopes,scale and slope
range of available plots and regularity of error fluctuation,we suggest that the unit plot is 20m long and 5m
wide with a slope of 15 degree in continuous fallow. The plot is placed in local conventional seedbed
condition and is tilled as needed to prevent marked weeds gowth in conformity with local farming system.
After the erodibility of the primary soils in China is evaluated based on soil erodibility values determined

from unit plots.a set of basic data will be collected serving as criteria to compare erodibility characters of
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soils and predict soil loss in our country.

The suitability of soil erodiblity index defined in USLE and another index to loess was examined on
the base of the selected observation data from the unit plots in Ansai County,Shanxi Province. The values
of soil erodibility factor K were tested against by employing the data from a group of plots of diverse
gradients observed from 1985 through 1989. This group of plots,20m long and 5m wide.with respective
gradients of 5 degree,10 degree,15 degree,20 degree,25 degree and 28 degree were laid out on the same
slope. These plots with the same soil type of lossent in bare fallow were plowed,tilled and weeded to keep
free of vegetation perennially,similar to the measures exerted to the unit plot prescribed above. The values
of soil erodibility factor K determined based on soil loss data collected from 39 times of ranifall-runoffs in
5 years and the results derived according to the definition of the index were compared. It was indicated that
the K values of loess measured from the plots of different gradients were rather constant and kept
invariable with the change of the plot gradients while the index altered greatly with gradients. This result
revealed soil erodibility factor K used in USLE more literally respesented the effect of soil properties on
erosion than the index on the loess plateau. So applying K in soil loss prediction as an index reflecting soil
properties on the loess region was justified.

That the properties of loess varied markedly results in different values of soil erodibility factor on the
vast loess plateau. Erodibility factor K of loess in different regions was calculated by use of the plot data
collected from the chosen observation stations of Huangpuchuan,Zizhou, Lishi and Ansai etc on the loess
plateau. It was shown that erodibility values of the loess ranged from 0. 3 to 0. 6 in American system,and
from 0. 04 to 0. 008 in metric system. And in the investigated portions of the loess plateau in this paper ,soil
erodibility values distributed regularly which were high in the central region and decreased southward,
northward,and eastward. The high value 0. 61 appeared in the tract of Zizhou and Suide,from where soil
erodibility values fall off northward to 0.531 in the watershed of Huangpuchuan,southward to 0. 3278 in
Ansai, and eastward to 0.4372 in the region of Lishi, Shanxi. It is primarily the regional difference of
physical properties of loess that brings on the regionally various erodibility values of loess mentioned
above. Soil erodibility closely relates to particle-size distribution,permeability,organic matter content and
texture of soil. For loess organic matter content is generally low and texture alters slightly, so the
difference of soil erodibility values is mainly influenced by the variation of particle-size distribution among
which silt and clay contents are the most important factors. On the loess plateau.from the northwest to the
southeast soil particles generally get finer, sand fraction decreasing. clay fraction increasing., and silt
fraction firstly increasing then decreasing with the maximum appearing in the central region of Zizhou and
Suide. Soil resistance to erosion gets enhanced and soil erodibility values go down with clay content
increasing. With silt content increasing,soils are more apt to undergo erosion,which results in greater soil
erodibility values. Therefore,the derived results tally with the fundamental change pattern of soil-particle
distribution of loess in the investigated region, which further corroborates it is reasonable to apply the
index of soil-particle distribution on the loess plateau. Though how to quantitatively relate soil-particle
distribution to erodibility of loess in pending, these results can still be referenced to when soil loss
prediction and soil conservation planning are conducted in the loess plateau.

After the results of soil erodiblity research on the loess plateau have been analyzed and the values of
loess erodiblity factor have been determined based on observation data on plots,conclusions are as follows:

1. That the unit plot is 20m long and 5m wide with a slope of 15 degree in continuous fallow was
suggested. The plot is placed in local conventional seedbed condition each year and is tilled as needed to

prevent marked weeds growth(coverage no more than 5% )in conformity with local farming system.
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2. Results calculated from observation data for unit plots indicated that compared to other indices used
in soil erodibility study on the loess plateau.the index defined as soil loss per unit of rainfall erosivity index
from unit plots reflects the effect of loess properties on erosion more directly and accurately.

3. Loess erodibility factor K values ranged from 0. 3 to 0. 7,with the maximum in Zizhou,from where
K values decreased southward, northward, and eastward. The high value 0. 61 appeared in the tract of
Zizhou and Suide, from where soil erodibility values fell off southward to 0. 3278 in Ansai,eastward to
0. 4372 in the region of Lishi,Shanxi,and northward to 0. 531 in the eatershed of Huangpuchuang river.

Key words :loess ;erosion prediction serodibility ;unit plot
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Table 1  Slope gradient of typed watersheds on The Loess Plateau

)

Class of gradient

Luergou in Gansu
Zhangjiagou in Gansu
O
Yujiawa in Shaanxi
Wangjiagou in Shanxi
Dashagou in Shanxi

Huangjiaercha in Ningxia

Zhuanyaogou in Shanxi

0~10 10~15 15~25 >25
Landform type
24. 4 16. 2 30.9 28.5
Hilly region of long liang
21.1 9.4 44. 8 24.7
Hilly region of long liang
62.2 17. 4 6.3 14. 1

Hilly region of jian land

Hilly region of liang and mao

17.72 22.5 35.4 24. 38

Loessial and rocky hilly rigion
15.1 38.5 27.8 18. 6

Hilly region of liang and mao
23.2 9.5 14 53.3

Loessial and rocky hilly rigion

Average
s s s s
20 s
s 2 o
0°~39° o ,40% 10°~20° 5 10°~20°
s , P
s N 15° s
15° s o
2
Table 2 Slope gradient of typed field plots
Slope gradient 0°~5°  5°~10° 10°~15° 15°~20° 20°~25° 25°~30° >30°
Numbers of plots 46 70 81 74 44 53 21
% Percentage 11.8 18 20. 8 19 11.3 13.6 5.4
s s s
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N s s
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o s P N
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Table 3 Comparsion of the erodibility measured from different gradient plots at Ansai

K R
A R , g
) (m) ) ) (mm) ((t + hm? « h)/
(t/km?) (MJ « mm/(hm? « h)) Erodibility
Degree Length Depth of runoff (hm? « M]J « mm))
Soil loss amount Rainfall erosivity index
K factor
5 20 7658.9 8. 7TE+03 225.54 4. 37E-02 0. 0340
10 20 22106. 4 8. 7TE+03 260. 21 4. 21E-02 0. 0850
15 20 38778. 3 8. TE+403 263.97 4. 46E-02 0.1469
20 20 51631. 8 8. 7TE+03 276. 54 4. 28E-02 0.1867
25 20 69306. 6 8. 7TE+03 276.17 4.52E-02 0. 2510
28 20 70368. 9 8. 7TE+03 277.7 4. 09E-02 0.2534
4.2 s ,
o b Y A} 9’
K 4 o s 9
15° s 2. 3. 4 5 o
6 o
4 , 0. 04~0. 08 o s ,

N s 0. 083, s 0. 069,
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Table 4 Soil erodibility calculated using the data from plots at Zizhou,Ansai and Lishi station
R K
) (m) (M]J « mm/ (t « hm? « h/
) (t/km?)
Location Degree Length (hm? « h)) (hm? « MJ » mm)) Average Note
Soil loss
Rainfall erosivity  Soil erodibility
22 40 76256. 9 4. 8E+403 7.29E-02
Zizhou 22 60 102659. 6 6. 7TE+03 5. 77E-02
22 20 33085.9 4. 6E+403 4. 8E-02
N 3 8. 27E-02
31 20 67897 4. 4E403 7.07E-02
5 20 7658.9 8. 7TE+03 4. 37E-02
Ansai 10 20 22106. 4 8. 7TE+03 4. 21E-02
15 20 38778. 3 8. 7TE+403 4. 46E-02 - N
4. 32E-02
20 20 51631. 8 8. TE+03 4. 28E-02 K
25 20 69306. 6 8. TE+03 4.52E-02 [9]
28 20 70368. 9 8. 7TE+403 4. 09E-02 3 N
5 20 823.9 1. 32E+03 3. 09E-02 s
Lishi 10 20 1388.5 1. 88E+03 1. 22E-02 R C
15 20 6394. 2 1. 85E+03 3. 46E-02 0.753 ( )
20 20 13190 1. 8E+03 5.27E-02
- . . 4. 79E-02
25 20 12662. 9 1. 86E+03 3. 86E-02
30 20 18750. 3 1. 86E+03 4. 76E-02
Huangf 6 20 2669. 8 1. 37TE+03 6. 90E-02 6. 90E-02
uchuan
Type of Landuse: Ansai and Huangfuchuan-bare land. Zizhou and Lishi-farm land. 1961~1969
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