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Restoration of degraded ecosystems and development of water-
harvesting ecological agriculture in the semi-arid Loess Plateau of
China

LI Fenngin, XU Jin—Zhang* , SUN Guo-Jun (The Key Laboratory of Arid Agroecology. Lanzhou
University s Lanzhou 730000, China). Acta Ecologica Sinica2003,23(9):1901~1909.

Abstract: The natural regional vegetation and soil quality in the semi-arid Loess Plateau of China have been
degraded extremely due to over-grazing and frequent reclamation of natural grassland. Functions of the
ecosystems and regional sustainable development were seriously threatened. The analysis of the current
ecological environmental situation suggests that transformation of natural vegetation to farmlands in the
process of frequent reclamation of natural grassland results in water loss, soil erosion and land
degradation. Repeated reclamation of wasteland due to the great pressure of food demand resulted from

population growth is the key driving force to the degradation of these ecosystems. To restore natural
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vegetation and soil quality, we have to find a way to meet the requirement of food for the local farmers in
a small portion of the land to reduce the pressure of food production for the rest of the land of a region. In
semi-arid areas., many studies have shown that the key step for increasing grain yield per unit area is to
improve field environmental conditions, including soil moisture supply, topsoil temperature and soil
nutrient level. This can be accomplished through the combination of water-harvesting technology with
plastic film mulching and fertilizer application, which can generally increase the unit grain yield twice or
more. Based on these technologies. we propose an approach of water-harvesting ecological agriculture
(WHEA) and associated landscape configuration in the paper. Unit yield of cash and grain crops can be
increased greatly through limited irrigation, and the irrigated cropland can be interspersed with improved
pastures and restored natural vegetation in a continuous landscape (a typical hill) in WHEA. Further
research and dissemination of WHEA can help supply local farmers with sufficient food and higher income.
Various types of grasslands will replace cropland and cover a large proportion of the landscape; animal
feeding will be mainly dependent upon pen feeding in order to decrease grazing pressure. These strategies
closely follow the ecological patterns of natural vegetation and landscape . as well as the planning pattern of
regional industrial arrangement. The coexistence of multiple ecological and economic systems in a
landscape helps to improve both biodiversity and industrial diversity, and enhance the flexibility and
stability of these systems. Therefore, WHEA, an innovative approach for regional development, can lead
to significantly improvement in both the restoration of degraded ecosystems and regional sustainable
development simultaneously in the semi-arid Loess Plateau.

Key words :semi-arid loess Plateau; rainwater use; ecosystem; sustainable development; water-harvesting

ecological agriculture
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Table 1 Yield effects of limited complementary
21~23] , irrigation
Irrigation ) )
Coe o Year Site  Crop o% (kg/hm?) (%) (kg/m®)
(m®/hm?)
’ B 0 C()z - ~ _
1991 ! @ 750 4245 88.4 5. 66
0O, ’ ° 1992 ® a 450 2700 140 6. 00
1993 2 © 345 1035 28 3. 00
. ) 1994 @ ® 405 1995 41 4.93
1995 @ 405 645 148 1.59
o b
0 1997 300 1605 174 5.35
(D Dingxi, @ Corn, 3) Huining , @) Spring wheat, 5
(D Dingxi, ©)Spring wheat, (7)Dingxi, ®) Corn, 9 Dingxi.,

Spring wheat, Dingxi, Spring wheat
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Fig. 3 Landscape scheme of water-harvesting ecological agriculture

N N o ’

References :

[ 1] Zhao S L, Ed. Introduction to cachment agriculture. Xi’an: Shaanxi Science and Technology Press, 1996. 9~
236.

[2] MaS], Ed. Dryland agronomy. Beijing: China Agricultural Press, 1991. 180~203.

[ 3] Chinese Academy of Science Ed. China vegetation atlas. Beijing: Science Press, 2001. 1.

[ 4] Zhang X S. Ecological restoration and sustainable agricultureal paradigm of mountation-oasis-ecotone-desert



1908 23

(5]

L6]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

system in the North of the Tianshan mountains. Acta Botanica Sinica, 2001, 43(12): 1294~1299.

Li C H. The population pressure upon the natural resources and ecoloic environment on the Loess Plateau and the
ways of its elimination. Journal of Natural Resources, 1989, 43(12): 1294~1299.

Tang K L. Analysis about the key point of eco-environment construction on Loess Plateau. Quaternary Science,
2000,20(6):504~513.

Jiao F, Yang Q K, Lei H Z. Study about problem of agriculture, eco-environment construction and land resource
in the Loess Plateau. Research of Soil and Water Conservation. 2000,7(2) :55~57.

Zhao S1, Li F M. Discussion on development of water-harvested agriculture in semi-arid region Northwest China.
Acta Botanica Boreali-Occidentalia Sinica, 1995, 15(8): 9~12.

Zhang W B. Why the ecological environment of the Loess Plateau is destroyed thoroughly? Bulletin of Soil and
Water Conservation, 1989, 9(1): 21~27.

Tang K L. Discussion on key problem of eco-environment conservation on Loess Plateau. Bulletin of Soil and
Water Conservation, 1998, 18(1):1~7.

Yang Q Y, Jing K, Shen Y C. Eco-environment construction and disaster reduction in Loess Plateau. Disaster
Reduction in China, 2001,11(1):19~22.

Wang W, Liu Z L, Hao D Y, et al. Research on the restoration succession of the degenerated grassland in Inner
Mongolia 1. Basic characteristics and driving force for restoration of the degenerated grassland. Acta
Phytoecologica Sinicas 1996,20(5): 449~459.

Li F M, Wang TC, Cao J. Effect of organic matter on total amount and availability of nitrogen and phosphorus in
loess soil of Northwest China. Communications in Soil Science and Plant Analysis, 1998, 29:947~953.

Liu X L, Li SQ, Li F M. Agronomic roles of organic fertilizers and legumes on modern dryland agronomy.
Journal of Soil and Water Conservation, 2000, 14(6): 161~165.

Yue T X. Studies and questions of biological diversity. Acta Ecologica Sinica, 2001,21(3):462~467.

Xu J X. Some Problems and Research Requirements Concerning Eco-environmental Construction on Loess
Plateau. Research of Soil and Water Conservation, 2000, 7(2):10~13.

Li F M. On agricultural productivity and ecosystem’s sustainability in semiarid areas of China. Resources Science,
1999, 21(5): 25~30.

Shan L, Cheng G L Ed. Theory and practice of dryland agriculture in Loess Plateau. Beijing: Science Press,
1993.

Yang W Z. A discussion on the issue of eco-environment construction in Loess Plateau. Bulletin of Soil and Water
Conservations 1992, 12(1): 1~8.

Li F M, XuJ Z. Eco-farming mixed planting with animal husbandry based on rainwater-harvesting technology in
semiarid Loess Plateau. Chinese Journal of Eco-agriculture, 2001, 8(1): 36~37.

Li F M, Wang J, Zhao S L. The rainwater harvesting technology approch for dryland agriculture in semi-arid
Loess plateau of China. Acta Ecologica Sinica, 1999, 19(2): 259~264.

Zhu X M. Saving soil water reservoir is a key issue for integrated control of ecological environment and sustainable
development on Loess Plateau —— The fourth discussion on 28 words strategy for land and environment hardness
on Loess Plateau. Journal of Soil and Water Conservation, 2000,14(1):1~6.

Zhu X M. Environment in Loess Plateau and Pedogenic Reservoir. Quaternary Science, 2000, 20(6): 514~520.
Wang J, Ding Q T, Wu G H. Natural foundation of rainfall-harvest agriculture and devision of region types most
suitable for rainfall-harvest in the semiarid region on Loess Plateau. Jowrnal of Desert Research, 1999, 19(4):
384~389.

Wang J, Li F M, Li S Q, et al. Effects of plastic {ilm mulching on soil temperature and moisture and on yield
formation of spring wheat. Chinese Journal of Applied Ecology, 2003, 14(2): 205~210.

Song Q H, Li F M, Li SQ, et al. Effect of various mulching duration with plastic {ilm on soil microbial quantity

and plant nutrients of spring wheat in semi-arid Loess Plateau of China. Acta Ecologica Sinica, 2002, 22(12):



1909

[27]

[28]

[29]

[30]

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

[8]
L9]
[10]
[11]
[12]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[26]

[27]
[28]

[29]

2125~2132.

Li F M, Yan X, Wang J, et al. The Mechanism of Yield Decrease of Spring Wheat Resulted from Plastic Film
Mulching. Scientia Agricultura Sinica, 2001, 34(3): 330~333.

LiSQ, Li F M, Song Q H, et al. Effects of plastic film mulching periods on the soil nitrogen availability in
semiarid areas. Acta Ecologica Sinica, 2001, 21(9): 1521~1526.

LiSQ, Li F M, Song Q H, et al. Effect of plastic film mulching on crop yield and nitrogen efficiency in semiarid
areas. Chinese Journal of Applied Ecology, 2001, 12(2): 205~209.

Stephen R, Carpenter, Monica G Turner. At last: A journal devoted to ecosystem science. Ecosystems, 1998,1:

1~5.
,1996. 9~236.
,1991.180~203.
,2001. 1.
- - - . ,2001,43(12):1294~
1299
» 1989, 4(2): 177~191.
.+ 2000,20(6):504~513.
s s P N . , 2000,7(2):
55~57
, , . . » 1995,15(8):9~12.
21989, 9(1): 21~27.
, 1998, 18(1):1~7.
s s . . » 2001,11(1):19~22.
, s PR 1.
» 1996,20(5):449~459.
s s . . , 2000,14(6): 161~165.
,2001,21(3):462~467.
, 2000,7(2):10~13.
»1999,21(5): 25~30.
s . . : , 1993.
» 1992,12(1):1~8.
s . . , 2002,10(1):101~103.
s s . . . 1999, 19(2):152~157.
* 7 — 28
» 2000,14(1):1~6.
“ T . + 2000,20(6):514~
520.
s N . . , 1999, 19
(4): 384~389.
, s PR N . , 2003,
14(2): 205~210.
s s PR N.P
, 2002,22(12):2125~2132.
s s .. , ,2001,34(3): 330~333.
s s . . » 2001,21(9):
1521~1526.
s s s .2001. . ,

2001,12(2):205~209.



