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Soil and water erosion in its relation to slope field productivity in

hilly gully areas of the Loess Plateau
CHEN Qi-Bo's, WANG Ke-Qin', QI Shi*, SUN Li-Da® (1. Southwest Forestry College, Kunming
650224, China; 2. Beijing Forestry University, Beijing 100083 ,China). Acta Ecologica Sinica,2003,23(8):1463~1469.
Abstract: Soil and water erosion is probably the most serious ecological environment problem in the Loess
Plateau, especially on the slope fields of this semi-arid hilly gully region. It results in decline of top soil
thickness, soil nutrients loss, water pollution, flood disaster and land productivity degradation. But the
relationship between soil and water erosion and land productivity is not well defined yet. Without an
adequate definition, the selection of proper management strategies to optimize perennial crop and biomass
production will be impossible. Insufficiently reasonable decisions can easily result in serious damage to land
resources. Land productivity may approach zero in many severely eroded areas such as in the steep slope
fields of the Loess Plateau.

Accurate estimates of future land productivity are essential to make agricultural and soil erosion
management policy decisions and to plan the use of land from the field scale to the national level. Such a

task is enormous because it requires a method for quantifying land productivity with sediment and runoff
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date bases. Land productivity is the capacity of a land in its normal environment to produce a particular
plant or sequence of plants under a specified management system. Because of the emphasis on a land’s
capacity to produce crops or other plants, land productivity should be expressed in terms of yields or
biomass.

Despite limited research efforts have been developed to relationship between the soil and water erosion
and land productivity problem specifically in china, considerable effort has gone into most of the important
processes involved in middle and upper reaches of the Yellow River. The Yellow River, passing through
the Loess Plateau, is the most heavily sediment-laden river in the world, with an average sediment
concentration of 37.5 kg/m® and annual sediment load of 1.6 billion t. The test zone, Xiji county of
Ningxia Hui Autonomous Region., is located in hilly gully area of the Loess Plateau and belongs to semi-
arid region with average annual precipitation of about 400 mm.

Based on analysis of property of soil and water erosion in slope field in hilly gully area of the Loess
Plateau, relationship between soil and water erosion and slope field productivity is researched with
different test methods and crops in this paper. Runoff plot test handled by piling up topsoil indicates that
each 1 mm of lost runoff costs the producer 5. 0% ~9.7% of the crop yields. Among them each 1 mm of
lost runoff costs the producer 9.7% of spring wheat yield when slope degrees increases from 10° to 25°.
Each 1 mm of lost runoff costs the producer 5. 0% of potato yield when slope degrees increases from 10° to
20°.

Plot test simulated soil erosion shows that the yields of different crop species decease by 1.0% ~
3.1% with removing each 1 cm topsoil and increase by 0.8% ~1.7% with piling up each lem topsoil
respectively. Concretely the topsoil is the most critical layer in the impact of soil erosion on the yields of
spring wheat and flax. Their yields decreases by 3.1% and 1. 9% respectively with removing each 1 cm
top soil when 5 cm top soil is lost, and the reduction are much lower than 1. 9% with removing each 1 cm
top soil when 10 cm and 20 cm top soils are lost. And the yields increase by 1.7% and 1.3% with
increasing each 1 cm of topsoil when 10 cm topsoil is added. Potato and pea yields reduce by 1. 0% and
2. 2% with string each 1 cm of topsoil when the different soil layers are eroded, and the yields increase by
0.8% and 1.2% with increasing each 1 cm of topsoil when 10 c¢cm topsoil is added. There are different
impacts of soil and water erosion on the processes of crop growing during their different physiological
periods.

Impacts of soil and water erosion decrease by 21. 9% ~80. 0% of the crop yields in slope field in arid
years, among them the lost runoff amounts for 95. 8% ~98. 2% and the lost soil loss does only 1. 8% ~
4.2%. Impacts of soil and water erosion on crop productivity are different for different crop species on the
slope fields in semi-arid hilly gully area of the Loess Plateau. The key to keep sustainable land productivity
in this area is the reduction of surface runoff.

Key words :hilly gully area of the Loess Plateau; soil and water erosion; slope field; land productivity
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1
Table 1 Runoff amounts from slope field of different slope degrees in Xiji county
30min ( )
. . . . mm
Order Date Rainfall Average rfnnfall RaAmfall @tensnty Runoff
intensity in 30minutes
(mm) (mm/min) (mm/min) 10° 15° 20° 25°
1 1994-06-24 41.2 0.226 0. 082 1. 942 0.539 1. 939 1.213
2 1994-06-27 38.2 0. 306 0.120 1.111 1. 562 2.502 2.696
3 1994-07-10 21.5 0.423 0. 052 1. 891 2.613 3.553 5. 686
4 1994-08-08 11.2 0. 283 0. 093 0.373 0.739 0. 699 1.190
5 1994-08-20 15.3 0. 083 0.032 0. 406 0.581 0. 541 0.483
1994 5.723 6. 034 9.234 11. 268
Total in 1994
6 1995-07-29 19.1 0.143 0. 065 1. 181 1. 786 2.146 0. 658
7 1995-08-05 15.8 0.093 0.052 3.235 3. 664 5.794 0. 546
8 1995-08-16 8.1 0.270 0. 405 1.757 1. 347 2.447 1.598
9 1995-08-28 20.1 0. 667 0.119 3.899 4.283 4. 443 9.274
1995 10. 072 11. 080 14. 830 12.076
Total in 1995
10 1996-07-07 93.7 0.330 0. 097 0. 340 2.520 2.730 1. 220
11 1996-07-17 28.4 0. 240 0.120 0.590 1. 850 4. 250 1. 050
12 1996-08-10 14.3 0. 287 0. 032 0. 040 0. 560 0. 030 0. 200
13 1996-09-17 18.7 0.373 0. 100 0. 070 0. 150 0. 070 0. 200
1996 1. 040 5. 080 7.080 2.670
Total in 1996
3a 5.612 7.398 10. 381 8.671
Average runoff of 3 years
’ 9 ’ ’
’ ’ o b
’ . ’
o s ., 1995 8
B 28 69%~81% ;1996 7 7 17
86%~99%,
1 ,10°~25° 1.6%~3.0% o
s ,1993 . 1994~1996
382. Omm 7.5%, 20 90 . ,
90 o
3.1.2
’ .
’ A} N . ’
1994~1996 s o 2
1 2 » 1994 1995 s s 10°
15° 1mm s s 17.8%  25.3%., .
Imm 5.4%~8.5% s 9.7%, 10°  20° ,
1lmm s s 4.7%~5.4% s 5.0%.
1994~1996 s 3.
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Table 2 Crop yields in plots of different degrees

(kg/hm?)
Yield in different slope field

%)
Table 3 Reduction of crop yields in slope field from

runoff in Xiji county

Year Crop
10° 15° 20° 25°
1994 Spring wheat 897 849 689 606 Crop Slope field in different degrees
0° . 0° .
1995 Spring wheat 1116 834 660 585 ! 1 2 25
Spring wheat 41.7 56.3 76.6 64.0
1996 Potato 7643 6120 5453 4230 Potato 2.5 29.0  39.5  33.0
3 ’ ] o b
3.2
3.2.1 70% , .
[12.13]’ s
s s 10°,15°  20°
3. 5mm, 6. 7mm 10. 6mm, s
10°~20° ,20° o
3.2.2 s
) o 4 B)
4 s 5cm, 10cm 20cm s
. o 10cm ) o 4 s
s 5cm , lem
3.14%  1.87%; 10cm  20cm lem : lem
s 1.7%  1.3%., s lem
s 0.96%, 2.22% lem s 0.8% 1.2%,
4 N 10°,15°
20° 5,
4 5
%) %)

Table 4 Reduction percentage of crop yields in different

plots of undisturbed topsoil in contrast to other soil layers

Table 5 Reduction of crop yields in slope fields from soil

erosion every year in Xiji county

Test plots

Degree of slope fields

Crop

Crop S 5 S_10 S_2 Sio 10° 15° 20°
Potato —5.64 —9.85 —15.69 7.57 Potato 0. 40 0. 66 1. 20
Flax —8.44 —10.59 —25.44 10.32 Flax 0.59 0.71 1.79
Pea —9.79 —26.20 —41.38 12.21 Pea 0.69 1.76 2.08
Spring wheat —15.68 —22.34 —37.92 16.86 Spring wheat 1.09 1.49 3. 36
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Table 6 Reduction of crop yields on slope field from runoff and soil erosion every year in Xiji county
10° 15° 20°
Crop Runoff Soil loss Soil loss  Total Runoff Soil loss  Total
Flax — 0.6 0.7 — 1.8
Pea — 0.7 1.8 — 2.1
Spring wheat 41. 7 1.1 1.5 57.8 76.6 3.4 80.0
Potato 21.5 0.4 0.7 29.8 39.5 1.2 40.7
B s
s o 1994 s, 10~ 20° s
42.8% ~80.0%, 95.8%~97.5%, 5%~
4.2% ., 1996 s 356mm Smm,

21.9%~40.7%,
97.1%~98.2%,

9.7%;

4
4.1
QD]
(2
1.0%~3.1%, lem
(3

95.8%~98.2%,

’

1-8%’”2-9%0 ’

5% .
Imm s
1mm s 5.0%,
s 5cm, 10cm 20cm
s . lem s
0.8%~1.7%.,
21.9%~80.0% . ) )

1.8%~4.2%,

’ o ]



1469

4.2

(D . .

2

References :

[1]

[2]

[3]

[4]

[5]

[6]

[10]

[11]

[12]

[13]

1]
[3]
[10]
[11]

[12]
[13]

Chen Q B, Qi S, Sun L D. Process and trend of soil loss tolerance research. Bulletin of Soil and Water
Conservation,2000,20(1):12~17.

Larson W E, Pierce F J. Dowdy R H. The threat of soil erosion to long-term crop production. Science.1983,219
(2):458~465.

Shao S D, Wang L X, Zhou J X. New advances in soil erosion research abroad. Scientific and Technical
Information of Soil and Water Conservation, 2000, (1) :32~36.

McDaniel T A, Hajek B F. Soil erosion effects crop productivity and soil properties in Alabama. In: Proceedings
of the national symposium on erosion and soil productivity. Erosion and Productivity. Published by American
Society of Agricultural Engineers, 1984.

Battiston I. A, McBride R A. Soil erosion-productivity research in southern Ontario. In: Proceedings of the
national symposium on erosion and soil productivity. Erosion and Productivity. Published by American Society of
Agricultural Engineers, 1984.

Williams J R, Renard K G, Dyke P T. EPIC-a new method for assessing erosion’s effect on soil productivity.
Journal of Soil and Water Conservation,1983,38(6):381~383.

Johnson Leonard C. Soil loss tolerance: Fact or myth? Jowrnal of Soil and Water Conservation, 1987,42(3):155
~160.

Droppelmann K J, Lehmann J. Eperath J E. water use efficiency and uptake patterns in a runoff agroforestry
system in an arid environment. Agroforestry Systems, 2000,49(4) :223~243.

Pierce F J, Dowdy R H, Larson W E, et al. Soil productivity in the Corn Belt: An assessment of erosion’s long-
term effects. Jowrnal of Soil and Water Conservations 1984, 39(2).:131~135.

Qi S, Sun B P. Watershed management and agriculture sustainable development in semi-arid hilly gully region of
The Loess Plateau. Journal of Beijing Forestry University, 2000,22(3):63~67.

Chen Q B, Qi S, Sun L. D. Study on impacts of runoff on land productivity of slope field in semi-arid hilly gully
region of the Loess Plateau. Bulletin of Soil and Water Conservation, 2001,21(6):18~21.

Sun L. D, Sun B P. Prediction equation of soil loss in small watershed in semi-arid hilly gully region of the Loess
Plateau. Journal of Natural Resources, 1988,3(2):141~153.

Zhang K L, Cai Y M, Liu BY, et al. Evaluation of soil erodibility on the Loess Plateau. Acta Ecologica Sinica,
2001,21(10):1687~1695.

, s . . ,2000,20(1):12~17.
, , . . ,2000, (1) :32~36.
s . . , 2000,22(3):63~67.
s s . . +2001,21(6) :
18~21.
s . . , 1988,3(2):141~153.
s s P . , 2001,21(10):1687~1695.



