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A study on water restoration of dry soil layers in the semi-arid area

of Loess Plateau

WANG Zhi—Qiang, LIU Bao—Yuan, LU Bil’lg*JUI’I (1. Department of Resources and Environmental
Sciences, Beijing Normal University, Beijing 100875, China). Acta Ecologica Sinica2003,23(9):1944~1950.
Abstract: A dry soil layer is defined as any layer within the soil profile that maintains a persistent low
water content., which generally results from negative evapo-transpiration equilibrium. Nearly all soils
under perennial leguminous crops and re-vegetated forests on Loess Plateau contain dry soil layers, which
constitutes a serious obstacle to the sustainable land-use of Loess Plateau of China. The formation,
properties and distribution of dry soil layers in the Loess Plateau has been extensively studied, but little
research has been conducted regarding soil water restoration in dry soil layers once the plants which have
caused the dry soil layer are die or turn to annual crops.

The purpose of this study was to examine soil water restoration at 2 sites where the land use was
changed from alfalfa to annual-crops for 3, and 12 years. The soil water of one site on which alfalfa had
been growing for 11 years and one farmland site (row-crop) were also tested as controls. All the sites are
on a slope gradient of approximately 12. 5 degrees. The soil water was measured in the soil profiles to
depth of 9.9 m. Soil water samples were tested at intervals of 0. 1 m to a depth of 1 m, 0.2 m from 1 to 3

m, and 0.3 m at 3 and deeper. The soil samples were extracted using a subsoil probe and oven dried for
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testing soil moisture contents. Results were reported in percent gravimetric soil water content (,). The
study area was located at the northwestern hilly part of the Loess Plateau with an annual precipitation of
433. 8mm. Because of the thickness of the loess deposits of the study area. there was no relationship
between soil water and groundwater. Thus, the soil water restoration of the dry soil layer was totally
dependent on rainfall.

The results show that the maximum water restoration depths of the 3 years and 12 years farmland
after alfalfa were 3m, 4. 8m. But the main restoration depths (within which the soil content was equal or
exceeds the medium available water content to plants)of the 3 years, 12 years farmland after alfalfa were
2.0m and 2. 2m with average soil moisture of 13.7% and 12. 5%, march higher than the soil moisture of
the corresponding layers of 1l-year alfalfa (9.6% and 9.2%), but close to the soil moisture of
corresponding layers of continuous farmland (15.3% and 14. 7% ). From the view of the availability of soil
water content to plants, the soil moistures of main restoration layers of both 3 years and 12 years farmland
after alfalfa were reached easily available water content or the easiest available water content. Because
much previous study has verified that the main water consumption layer by annual crops is within 2m but
that by forest and artificial perennial leguminous plants exceed 8m in the area, the water contents of the 3
years and 12 years farmland after alfalfa can meet the needs for growing annual-crops without further
deteriorating soil water ecosystems, but it can’t meet the needs of planting trees or perennial leguminous
plants for their normal growth even after 12 years of transferring {from perennial alfalfa to annual crops.

Key words :Loess Plateau; semi-arid area; dry soil layer; alfalfa; soil moisture
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Table 2 Average rainfall from 1970~2001 and average rainfall after alfalfa of the different treatments to 2001

Average month rainfall (mm)

Treatment Duration Month Anuual
2 3 4 5 6 7 8 9 10 11 12 (mm)
T, 1999~2001 2.5 3.3 7.7 28.9 37.9 70.3 75.1 79.5 57.2 29.6 3.2 0.4 395. 4
T 1990~2001 3.0 4.5 12.8 24.7 37.6 64.6 99.8 101.4 42.7 31.2 5.2 1.3 428. 7
Long term 1970~2001 2.9 4.1 11.4 25.1 42.8 61.1 86.8 103.7 58.8 28.5 6.6 2.0 433.8
T, 3a 3 years after alfalfa; T; 12a 12years after alfalfa; =
The rainfall data was issued by National weather bureau
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Fig. 2 Curves of soil moisture distribution on soil
3a 12a ’
1 profiles of 11 years alfalfa, 3 years crop after alfalfa,12
years crop after alfalfa and continuous crop
. ( 3a 1.2~3m, 12a 1.2~4.8m) 7.4%
8.2%, 11 13.8% 26.2%., 63.8%  75.9%.
’ 3a 12a
37.0% 41.0%, 58.0%  54.0%,
11 32.5%  32.6%. ,
2216094 s 3a 12a s
11 s s o
s 3a 11 s 12a
11 o
s ( 7%, 35%) o 3a
1. 2~2.0m 8% s 8.6% ., 42.9%, o
76.5%. 11 6.6% 33.0% - :2.0
~3.0m 6.4%, 32.0%, - s 56.1%,
11 5.6%.
12a »  1.2~2.2m , 7% 10.2%, 51.2%,
s 3a B s
90.5%, 11 45%, o 2.2~4.8m , 7.3%,
36. 7% s 69.8% , 11 6% . 2.2~4.8m
s 12a 2m  2.2m .
s 1. 2m o
s 3a.12a ,0~2m 13.7% 12.5%,
68.5% 62.5%, s 82% 89%. 11



9 1949
0~2m 9.6%, 48.0%, 1 90% 2m
L1, 1 .
s 1 s o s 12
4.8m, 2~4.8m 7.3%,
36.5%. 8mP*#7, 12a
3
3a,12a
D s 1 s o 12~
13° 3a.12a 3m.4. 8m,
2m  2.2m, 2m 13.7% 12.5%,
68.5% 62.5%, 89.5% 81.7%.
(2) o
(3) s 1 s
i) o 12a ]
References :

(1]
[2]
[3]

[4]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Li Y. Effects of forest on water circle on the Loess Plateau. Journal of Natural Recourses2001,16(5):427~432.
Yang W Z, Yu C Z,eds. The regional management and evaluation. Beijing: Science Press, 1992. 241~343.

Li Y S. The properties of water cycle in soil and their effect on water cycle for land in the loess region. Acta
Ecologica Sinica,1983, 3(2):91~101.

Yang W Z, Han S F. Soil water ecological environment on the artificial wood land and grassland in Loess hilly
region. Memoir of NISWC, Academia Sinica,1985, 2:18~28.

Li Y Y, Shao M A. Climatic change, vegetation evolution and low moisture layer of soil on the Loess Plateau.
Journal of Arid Land Resources and Environment 2001,15(1):72~77.

Yang X M, Yang W Z. Study on the water balance in Shrub Land. SWCC,1998,5(1):109~118.

Wei T X,Yu X X,Zhu J Z. Relationship between water supply and consumption of main planting tree species of
protection forests in Loess area of western Shanxi Province. Chin. J. Appl. Ecol. ,2001,12(2):185~189.

Hou Q H.Han R LL,Han S F. The preliminary study of “Soil dry layer” of artificial forest and grass in Loess
Plateau. SWCC,1999,(5):11~14.

Hou Q C,Han R L.Li H P. On problems of vegetation reconstruction in yanan experimental area m.
Significance of native trees in plantation. Research of Soil and Water Conservation, 2000,7(2):119~123.

Wang L, Shao M A, Hou Q C. Status of dried soil layer in the Yanan experimental area. Bulletin of Soil and
Water Conservation, 2000,20(3):35~37.

Wang G L,LIU G B,CHANG X,et al. A study on the effect of soil water on vegetation rehabilitation in watershed
of Loess hilly area. Journal of Natural Resources, 2002,17(3):339~344.

Hou Q C.Huang X,Han S F.et al. The status of soil moistures and nutrients in small-old-tree stands and impacts
on the tree growth. Acta Conservationis Soil Et Aquae Sinicas 1991,5(2):75~83.

Wang Z Q.,Liu BY, Xu C D,et al. Survival capability analysis of four kinds of artificial forests in Loess Plateau.
Acta Conservationis Soil Et Aquae Sinicas 2002,16(4) :25~29.

Guan X Q,Zou HY.,LuZ Y, et al, Study on the sustainable development of the grassland production in Loess
Plateau. Research of Soil and Water Conservation, 1994,1(3) :56~60.

Liang Y M,Li D Q,Cong X H. The biomass and water use of astragalus adsurgens grassland on the semiarid Loess
Plateau. Acta Conservationis Soil Et Aquae Sinica, 1990,4(3):71~78.

Liu X D.Wu Q X,Zhao H Y. Studies on soil moisture characteristics in flantation of chinese pine in Loess hilly



1950 23

(17]

(18]

[19]

[20]

[21]
[22]

[23]

(1]
[2]
[3]
[4]

[5]
[6]
[7]

[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]
L16]

[17]
[18]

[19]

[20]
[21]

[22]
[23]

region. Memoir of NISWC, Academia Sinica,1991, 14:71~78.

Li X Y,Chen G L. The systematic dynamic model of soil moisture and it,sover-exhausted recovering forecast in
artificial grassland. Research of Soil and Water Conservation, 1996,3(1):166~178.

The beaurou of Ninxia natural Reservatoin. A collection works on scientific investication and management in
Ningxia Yun Wushan reservation. Ying Chuan: Ningxia peopule’s Press,2001. 1~12.

Liu Z M,Shan L,Den X P,es al. Study on grass-grain crop rotation in south Ningxia hilly area 1. field water
balance under different crop rotation systems. Jowrnal of Soil and Water Conservation, 1993,7(4):67~71.

Han S F,Shi Z Y,Xu J R. The evaluation on water recovery in different topography in southern Ningxia semi-arid
area. Research of Soil and Water Conservations 1996,3(1):22~26.

Yang W Z, Shao M A.eds. Soil water study of Loess Plateau. Beijing: Science Press, 2000. 49~115.

Han S F,Li Y S,Shi Y J,et al. The soil water properties of Loess Plateau. Bulletin of Soil and Water
Conservation, 1990,10(1):36~43.

Wang Z Q, Liu BY, Hai C X,et al. Analysis of different vegetation types on soil water in the northwest of Shanxi
Province. Journal of Arid Land Resources and Environment, 2002, 16(4):53~58.

22001,16(5):427~432.

s . . : ,1992. 241~343.
,1983,3(2):91~101.

s . . ,1985,2:18
~28.

s . N . ,2001,15(1):72~77.

, . . .1998,5(1):109~118.

s s PR . 52001,12(2):185~
189.

, , , “ ” . 21999(5): 11~14.

s s . . , 2000,7(2):119~
123.

, s . . , 2000,20(3):35~37.
s s .. . ,» 2002,17(3):339~344.
s s (
). » 1991,5(2):75~83.

s s . . ,2002,16(4): 25
~29.

s s . s 5 1994,1(3):56~60.

s s . . ,1990,4(3):71~78.
1991, 14:71~78.

s . . » 1996,3(1):166~178.

,2001. 1~12.

s , . ( ). »1993.7(4):67
~71.

s s . . » 1996,3(1):22~26.

,2000. 49~115.
s s . . » 1990,10(1):36~43.
s s . . , 2002, 16(4):53~



