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ABSTRACT

After water allocating and recent integrated control project put into practice in
Heihe River Basin, The Zhangye City has decreased its water use from main stream of
Heihe River and dropped water table, which led to lower agricultural irrigation water,
and the agricultural production and food security is affected. How to use limited water
resources to produce more food is a serious problem in this area. Researches on the
benefit of agricultural water apparently become the focus of water-saving agricultural
in oasis.

In this book, the oasis of Ganzhou, Linze and Gaotai which located in the middle
reaches of Heihe River is selected as study area. Adopting Landsat TM images in 2000
and 2005, using GIS and RS technology, simultaneity combined with ground survey
data and the Yearbook, we studied on the land-use change before and after the water
allocating, spatial pattern and influential factors of agricultural water productivity in
the three counties. The purpose of this research is to explore the measures to increase
effectiveness of agricultural water while promote stable and high agricultural yield.
These results may provide theory basis to exploiting the development modes,
constituting the farming systems and adjusting the industry structure of the oasis
agriculture. The main conclusions are:

(1) As the main manifestation of natural and human mutual activity, land-use
pattern has changed along with the region's socio-economic development, population
growth, and industrialization and urbanization process advancing roundly. Since the
water allocating in Heihe River, the land-use changes in different degrees in the three

counties. The area of cultivated land has shown an upward trend: increased 49.885km?
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in Ganzhou, changes in rate of 0.986% per year; increased 32.004 km’ in Linze,
changes in rate of 1.505% per year; increased 52.468km? in Gaotai, changes in rate of
12.684% per year.

(2) Vegetation is an indicator of the surface natural landscape; it also shows
water resources abundance or deficiency, and its utilization. Normalized Difference
Vegetation Index (NDVI), as an important measure in vegetation changes research,
can reflect the growth of surface vegetation and changes in vegetation coverage. After
the water allocating in Heihe River, great changes of NDVI of crop have taken place
in three counties. The area of NDVI between 0.65 and 0.84 increased by 57.59% in
Ganzhou, 40.36% in Linze, and 56.73% in Gaotai; The area of NDVI between 0.55
and 0.65 decreased by 48.66% in Ganzhou, 40.61% in Linze, while increased by
40.99% in Gaotai; The area of NDVI between 0.45 and 0.55 decreased by 48.04% in
Ganzhou, 33.23% in Linze, while increased by 22.86% in Gaotai; The area of NDVI
between 0.35 and 0.45 decreased by 45.52% in Ganzhou, 24.78% in Linze, while
increased by 78.70% in Gaotai; The area of NDVI between 0.25 and 0.35 decreased
by 39.40% in Ganzhou, 12.94% in Linze, and 29.50% in Gaotai.

(3) Water productivity is an integrative index that evaluates agriculture
production level and the scientificity and rationality of agricultural water using. Using
the relationship of NDVI and vegetation biomass measured with main crops (wheat,
maize), combined with field investigated data of biomass and the spatial distribution
of oasis farmland NDVI, we calculated the spatial pattern of crop water productivity.
After the water allocating in Heihe River, the spatial pattern of crop water productivity
changes obviously in the three counties, especially manifested in reducing in
low-value areas of water productivity, expanding in the high-value areas. The crop
water productivity has increased in all of three counties from 2000 t02005, which is
increased from 0.730~1.790 kg/m® to 0.815~1.987 kg/m’ in Ganzhou; from
0.711~1.742 kg/m*® to 0.755~1.853 kg/m® in Linze; from 0.743~1.821 kg/m’® to
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0.747~1.833 kg/m® in Gaotai.

(4) As a result of that the three counties are located in a different section of the
middle reaches of the Heihe River, the climate, farming systems, crop planting
structure, utilization of water resources in Heihe River, level of socio-economic
development are different. Therefore the crop water productivity and the irrigation
water productivity are different in the three counties for each cropping pattern. From
1995 to 2007 the average crop water productivity is: 1.111 kg/m’in Ganzhou, 1.055
kg/m’in Linze, 1.019 kg/m’ in Gaotai for farm wheat; 1.313 kg/m® in Ganzhou, 1.097
kg/m’ in Gaotai, 1.044 kg/m’ in Linze for farm maize; 0.863 kg/m’in Ganzhou, 0.842
kg/m® in Linze, 0.833 kg/m® in Gaotai for intercropped corps; 1.118 kg/m’*in Ganzhou,
0.803 kg/m’ in Gaotai, 0.788 kg/m’® in Linze for seed maize. From 1995 to 2007 the
average crop irrigation water productivity is: 1.313 kg/m’ in Ganzhou, 1.289 kg/m’in
Linze, 1.251 kg/m’in Gaotai for farm wheat; 1.492 kg/m’ in Ganzhou, 1.378 kg/m’in
Gaotai, 1.299 kg/m’ in Linze for farm maize; 1.006 kg/m® in Ganzhou, 1.059 kg/m? in
Linze, 1.045 kg/m® in Gaotai for intercropped corps; 1.333 kg/m’in Ganzhou, 1.186
kg/m’in Gaotai, 1.082 kg/m’in Linze for seed maize.

(5) There are many influential factors of crop water productivity, some are
controllable (like water consumption, seeds, chemical fertilizer, management, and so
on) and the others are not (like temperature, precipitation, and days of dust). However
the water productivity is the result of impact of all factors. The results of gray
correlative analysis for the influential factors show that the influential factors of crop
water productivity in three counties are different. From 1995 to 2007, the top five
factors (ordered by gray relational grade) is: precipitation in growing season, number
of days of dust, labour input, charge of agricultural water, amount of chemical
fertilizer in Ganzhou; amount of chemical fertilizer, amount of pesticides, charge of
agricultural water, total powers of agriculture machine, labour input in Linze; amount

of pesticides, number of days of dust, total powers of agriculture machine, seeds,
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labour input in Gaotai. Labour input factor is in the top five in all three counties,
which means how many labour power inputs in influences crop water productivity
significantly. In those five factors, there are three controllable factors in Ganzhou; all
of them are controllable in Linze, and four in Gaotai. That means the crop water
productivity in the arid zone is influenced more by controllable factors than
uncontrollable ones. In arid areas, the basic strategy of improving crop water
productivity in agriculture with the background of limited water resources is inputting

the factors that arranged efficiently and rationally in agriculture production.
Key words: oasis irrigation districts; water allocating; land-use change; spatial pattern of

NDVI; relationship of NDVI and vegetation biomass; spatial pattern of water productivity;

influential factors; gray correlative analysis
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