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2. Environment and Human Activities in the Taklimakan Desert
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Photo 1. The Kigik Kara Kol Lake on
the upper reaches of Gez River in

the western part of the Taklimakan
Desert. The peak is Kongur, from
which Gez River originates. (Sep. 10,
1994)
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Btk (Populus diversifolia).
Qiman A D % Y LWBFEICT,
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Photo 2. Forest of Populus diversifolia
in the middle reaches of Tarim
River, near Qiman. (Sep. 13, 1994)
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Photo 3. Forest of Populus diversifolia,
which has dried up due to the fal-
ling of ground water level in the
lower reaches of Tarim River ca.
40km south of Bugur. (Aug. 26,
1995)




B4, 4o <h spEipEdo Tamariz
wrEoiRkcilich i FKE, Lop B
Beshtograk FHzT. (1994 4 8 H 30
H)

Photo 4. A rural house made of
Tamariz in the southern part of the
Taklimakan Desert, at Beshtograk,
Lop. (Aug. 30, 1994)
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Photo 5. Windbreaks along the main
street of Keriva. (Sep. 4, 1994)

‘B 6. Rhragmiles spp. Tl & LBl
Lidiks (PRI G PRl
L), ¥y ) =h b A A 3
Bugur-Niya [B|& Gl (Bugur &
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Photo 6. The sand proteclive straw
checkerboard of Phragmites spp.
along the trunk road from Bugur to
Niya ca. T0km south of Bugur. (Aug.
26, 1995)

(il Hiroki TAKAMURA)
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Taklimakan Desert: Man and Environment-An Introduction

Hiroki TAKAMURA*®

This special issue carries the papers presented both at the Symposium on “Environmental Change and
Human Response in the Taklimakan Desert” and at the Special Session on “The Taklimakan Desert”, held on
21 June 1995, at Rissho University, Tokyo, on the occasion of the Annual Meeting of the Japanese Association
for Arid Land Studies, and also includes one specially invited paper.

Among the world drylands, the Taklimakan Desert in China is one of the closest drylands to Japan for
which many studies have been carried out by various fields of Japanese researchers, ranging from natural to
social sciences, since the early times. In addition, during the last decade, Japan-China cooperative study
projects on this desert and surrounding areas, including those funded by the Japan Science and Technology
Agency and several universities, have increasingly accumulated new findings on the past and recent environ-
mental changes, socio-economic changes, and human adjustments to those changes. Among others, as a result
of recent increased human impact on land and water resources, rapid deterioration in the environment, in the
form of land degradation/desertification, has seriously affected the marginal regions of the deserts, particu-
larly in and around oasis areas.

This issue is an attempt of an interdisciplinary approach to combat this dryland problem through provid-
ing basic materials and ideas necessary for a better understanding of the recent changes in man-environment
system particular to the Taklimakan Desert.

Key Words : Taklimakan Desert, Man and environment, Land degradation, Desertification, Interdisciplinary
approach

* Chief Editor of Special Issue, Department of Geography, Faculty of Letters, Rissho University.
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Yulduz Grasslands and Oases in the Tarim Basin

Hiroshi UMEMURA*®

The history of Central Asia has been constructed by two types of society, nomadism and agriculture,
which have always kept a relationship with each other either in peace or in warfare. Under the authority of
P.R. China, the relationship of the two societies in Xinjiang seems to have been controlled well.

When one visits one of the famous nomad areas, Yulduz basin in the Tianshan mountains for instance, one
can see traditional and pure nomad society. They keep four seasonal camps there and do not go down from the
basin in order to spend the special season. Such a situation will be shown in the map and Tables 1 and 2. But,
in reality, the grass of Yulduz is not enough to sustain livestock; in the past ten years the degradation of the
grass has intensified. In this period, nomadic people have been permitted to sell their livestock to the mer-
chants coming from towns of oases located around the edge of Tarim basin, It should be noted that the wide
Yulduz grassland faces the dangerous situation of over grazing. This tendency is influenced by the increase of
population of oases, including towns and cities outside of Yulduz.

Subsequently, when the recent population data of oases of Tarim basin and some historical materials are
analyzed, it is confirmed that each oasis has increased its population as seen in Tables 3, 4-1 and 4-2. Moreover,
one can see the characteristic tendency between the increasing rate of Uyghur people and Han-Chinese people
in these eight years. In the first four years, Uyghur people of Tarim oases had increased 8.6%, while Han-
Chinese increased only 1.2%, but in the next four years the numbers became 8.49% and 17.6%. Of course, most
of the population of the Tarim oases is Uyghur, especially in the southern and the western part of the basin.
Nevertheless, it may be pointed out that the increase of the Han-Chinese is concentrated in the Corps for Pro-
duction and Construction of Xinjiang, which were founded 40 years ago basically at the new frontiers of the
oases area, and in the cities of oases.

On the other hand, the increasing rate of population of the latter half of the 20th century has greatly dimin-
ished in comparison with that of the first half of the century (Table 5). It may indicate that the oases cannot
accept and provide for the population much longer.

But, for the time being, the oases still feed the population; on the contrary, the nomadic population of the
Yulduz grassland is rigidly limited. The trend of increase of population of oases leads to the need for increased
production of meat, and this development of civilification plays the role of increasing the whole of the oases
population. So that it should be recognized that the increase of the population of oases not only influence
directly the food problem of the oases themselves, but also oppresses the grassland much.

Key Words: Nomad, Oasis, Population, Yulduz, Tarim Basin
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Impact of Agricultural Landuse on Desertification in the Taklimakan Desert

Masatoshi YosHINO®*, Yoshihisa FujiTA®, Shoichiro ARrizoNo®,
Mingyuan Du** and Jiaqiang LE1***

In order to study on the relationship between the human activities and desertification in the Taklimakan
Desert, collection of data on the agricultural landuse in the oases was tried by us, interviewing with the farm-
ers. In 1993, field studies were carried out in the areas of Hotan and Qira in the southwestern part of the Desert
and, in 1994, in Korla, Aksu and Kashi in the northern and western parts of the Desert. The question items of
interview were: family structure, living history, house planning, area for house and cultivation, number of
animals, cultivation/harvesting and production of crops, irrigation, ground and well water, fuels, damages by
wind/flood/salinization, income from agriculture and side-works, health and living conditions, trafic/ transpor-
tation conditions and so on. Main results obtained are:

(1) The farmers' income in the southern part of the Desert is very low, as compared with those in the north-
ern and western parts.

(2) Farmers in the southern part use wood fuel from the desert, because of high price of coal.

(3) In severe cases, farmers go into the desert to collect fire wood more than 130km far from the oases by
donkey-coaches.

(4) In the case, that family members have chances to work for sideworks and get more money by carpet
making, for example, they can use coal in winter. Higher-up of economic condition of farmers may result
in reducing amount of cutting vegetation in the desert.

(58) In the northern part of the Desert, there found no serious desertification.

(6) Salinization, however, is serious, because they utilize enough water for irrigation.

Key Words: Desertification, Human Impact, Human Dimensions, Taklimakan Desert, Land Use
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Desertification in the Taklimakan Desert : Salinization, expansion of
sand-covered area and wind erosion

Hidehiro Sonma*®

Differences in the types of desertification that occurs in and around the oases in the marginal part of the
Tarim Basin, north-western China were investigated, focusing on the differences in climatic and terrestrial con-
ditions based on ground and satellite images observations. Attention was also paid to environmental changes
taken place around Lou-Lan and other historical ruins. The main results obtained can be summarized as fol-
lows:

1) In general, because of intense and long-lasting sunshine resulting in high evaporation rate and the rapid
increase in artificial use of river water for irrigation, desertification in the form of salts accumulation, i.e.,
salinization has predominantly progressed in the areas where groundwater level is high. Especially, in the
large-scale piedmont oases, which are situated in the northern and northwestern part of the Tarim Basin and
are formed in connection with tributaries of the Tarim River originating from glaciated high mountains, this
type of desertification is common to every oasis. This has been caused by the coupled effect of prevailing
winds from the northwest and northeast that evacuate the sands of the Taklimakan Desert to the opposite di-
rections, and of long and gently sloping braided channels that help both evaporation of groundwater and stag-
nation of floodwater for a long period.

2) Piedmont oases on the southern margin of the Tarim Basin, situated in the leeside of the prevailing
winds, having been suffered from the encroaching aeolian sands from the Taklimakan Desert and from salts
accumulation. In the oases on the lower reaches of the rivers extending into the Taklimakan Desert from
southern piedmont oases, invasion of aeolian sands has a special importance. On the lower part of the southern
piedmont zone, there were riparian oases which prospered in relation with the Ancient Silk Road. They turned
into ruins and are now covered with a thick deposit of dune sand, owing to environmental changes taken place
in the recent past. This has occurred as a result of decreased running water assumed to be caused by a decrease
in the volume of mountain glaciers in the headwaters.

3) Lou-Lan prospered in relation with the Ancient Silk Road as a riparian oasis close to the Lop Nor when
it was in the salt lake stage. Because of low elevation, the mountains, situated in the northward of Lou-Lan,
have received a small amount of precipitation and supplied a limited amount of sand particles to the down-
stream areas. For this reason, when the running water in the Lou-Lan area ceased to flow, it changed from an
area of sand deposition characterized by the formation of tamarix cones to an area of severe wind
erosion dominated by yardan topography.

4) It is concluded that main factors controlling desertification types in the Tarim Basin are ; geomorpho
logical conditions of the lower reaches of rivers, position of the oases in relation with the sands moving from
the Taklimakan Desert by the prevailing winds, and the amount of movable sands.

Key Words : Desertification, Salinization, Moving sand, Wind erosion, Silk Road, Taklimakan Desert

* Faculty of Letters, Nara Women's University. Kita-uoyanishimati, Nara, 630 Japan.
(Received December 25, 1995 ; Accepted February 2, 1996 )
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The Problem of Desertification in the Marginal Regions

of the Taklimakan Desert

Zhenda ZHU® and Tao WANG*

Abstract

The areas of desertified land in the marginal regions of the Takalimakan Desert are more
than 28,300km? of which 58,59 was formed during the historical period and 41.5% during the
last century. The desertification in the historical pericd mainly occurred in the oases which
were located in the lower reaches of rivers in the southern and eastern parts of the desert. In
the northern part of the desert, due to the changes of the river course or irrational practice of
irrigation, the farmlands were desertified by wind erosion and salinization. Since the last
centry, the processes of desertification in the regions have been accelerated due to the increase
of human impacts on land and water. Meanwhile, some areas were suffered from sand dune
encroachment.

Based on the study of desertification in the marginal regions of the Taklimakan Desert, we
can point out its regionality and suggest some combating measures as follows:

1. The areas along rivers: Most active and severe desertification occurred during both his-
torical and present periods, especially in the last 100 years. It is necessary to work out an over-
all programme of rational water resources management to avoid over-utilization of water in
the upper and middle reaches, to prevent serious salinization and shortage of water in the
lower reaches, and to protect oases from wind erosion and encroachment. The oases should be
protected by wind breaks belts.

2. The shrub-covered sand mounds areas around the newly cultivated land: Shifting sand
and deflated land spread rapidly and the degree of desertification is severe and moderate. The
controlling measures should be taken to protect the existing vegetation, to establish artificial
forest for decreasing wind erosion, and to improve agricultural environment in the cultivated
areas.

3. Unused areas along the rivers: Wind erosion and/or salinization are too serious to be used
for cropland. Most of those areas have Populus diversifolia forests. So better way is to keep
them as natural conservation areas.

Key Words: Desertification processes, Desertification control, Marginal regions, Taklimakan
Desert, China

1. Introduction

The Taklimakan Desert is situated in an in-
land basin, Tarim Basin, in which alluvial and
lacustrine deposits are widely distributed. Al-
though we take it as an original desert which
cannot be related to desertification since it was

formed in prehistoric times. It is not difficult to
find the different features of desertification,
which were developed during human history,
in the marginal regions, especially around
oases and along rivers. According to the stud-
ies we carried out since the late 1950s, the
Taklimakan Desert, in which eolian landforms
are composed of different dunes with huge

* Institute of Desert Research, Chinese Academy of Sciences. Lanzhou, 730000.
Desertification Research Centre, National Environmental Protection Agency. Nanjing 210042, China.

(Received November 10, 1995; Accepted February 2, 1996)
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bodies and vast areas, was formed gradually
from Mid-Pleistocene to Holocene (ZHu, 1960,
1961, 1962, 1964; ZHu and Wu, 1980; ZHU et al.,
1980, 1981). The dry and windy climatic condi-
tions created the desert. So, when we discuss
desertification in the region, we do not include
the desert areas since what we believe the
desertification is land degradation resulting
mainly from adverse human impacts (ZHu and
Liu, 1981; WANG, 1986). But in the marginal re-
gions of the desert there are many processes of
land degradation, such as wind erosion, salini-
zation and dune encroachment (ZHU et al., 1982;
ZHu and L1y, 1989; ZHU and WANG, 1990; YIN et
al., 1992). There are many ancient cities and
abandoned oases of Han Dynasy (since 206 B.
C.) and Tang Dynasty in the marginal regions
and along the Silk Road which were buried by
sands, such as Loulan, Andir, Jinjue, Kalaton,
etc. (Fig.1). All of those prove the environ-
mental degradation and desertification. Beside
the historical records, the present processes of
desertification should bring to more attention
on the utilization of natural resources. It is im-

portant to learn lessons from the past environ-
mental changes and desertification as well as
to combat the degradation at present and to
prevent it for the future (Zuu and Liu, 1981,
1989; ZHU and WANG, 1993).

2. Historical Desertification

The historical desertification means those
happened in the historic time due to human im-
pacts. The major desertified lands were formed
in the lower reaches of rivers, along the rivers
and in the alluvial fan areas with different
characteristics.

1) Southern and Eastern Parts of the Takli-

makan Desert

In the southern regions, some ancient cities
and towns are distributed along the rivers in
the periphery of the desert. They are formed in
the lower reaches of interior rivers but not in
the areas with sand dunes. A document from
the Han Dynasty, i. e, Western Regions Biogra-
phy, Qiemo and Jinjue (Nos. 4 and 6 in Fig. 1)
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Fig.1 The abandoned ancient oases by the desertification in Taklimakan Region.

1. abandoned ancient oases (1: Loulan ancient city, 2:

Miran ruins, 3: Waxxari ancient city, 4: Ancient Qiemo, 5:

Andir ancient city, 6: Niya ancient city, 7: Kelaton, 8. Dandanwulik, 9: Wucengtoti, 10: Laodamago, 11:
Bugaiwilik, 12: Yuetgan, 13: Canggui ruins, 14: Ancient Pishan ruins, 15: Mazartag ruins, 16;: Kehan city, 17:

Daman town, 18: Tuohushalai, 19: Kalayurgun, 20:

Dawangkum, 21: Tongguzibashi, 22: Yangdakeqin, 23:

Yangdakesar, 24: Qiongsar, 25: Ganshijiati, 26: Pijiak, 27: Heitaiqin, 28: Zhaoguot, 29: Yeyungo, 30: Ziniquanzi, 31:

Yinpan), 2. old oases, 3. new oases, 4. sandy desert, 5.
dried river, 11. city and town, 12. road.

marsh, 6. salt marsh, 7. lake, 8. seasonal lake, 9. river, 10.



were thickly inhabited oases. These oases were
desertified later. For example, ancient Loulan
(No. 1 in Fig. 1) on the delta in the lower
reaches of the Konqgi river was a prosperous
town in the Han Dynasty, but at present, the
landscape is dominated by the distribution of
barchans and barchan chains, Yardan and
bush-covered sand mounds throughout the
whole region. The ruined town Kelaton (No. 7
in Fig. 1) on the delta in the lower reaches of
the Keriya river and that of Jinjue on the delta
in the lower reaches of the Niya river are noted
for their alternating distribution of bush-
vegetated sand mounds, barchans and
barchans chains. The preserved living quaters,
cropping fields and irrigation system in these
ruined ancient towns indicate that these places
were oases with good condition for living and
agricultural practicing. For example, radiocar-
bon dates obtained from unearthed relic of
wood for a house at the ruined town Kalaton,
which was located in the lower reaches of the
Keriya river, suggest that some houses were
built about 2,130 years B. P., and the town was
settled until the 4th to 5th century. But it was
abandoned because of some reasons, such as
excessive use of water in the upper and middle
reaches of the river, destruction of water con-
servancy by warfare and the changes of river
courses due to silt deposition. The events rein-
forced the gradual abandonment of the oases
relying on the rivers in the arid zone. Natural
vegetation on the two banks of the rivers with-
ered and died. Under wind action, sand plains
were developed into the landscape of alternat-
ing bush-vegetated sand mounds and barchans
or barchan chains. Sand dunes in the outskirts
of the oases started to encroach since the oases
themselves lost their vegetation protection.
Sand invasion caused gradually the oases in
the lower reaches of the interior rivers to be
desertified land.

2) Northern Part of the Taklimakan Desert

At the north edge of the Taklimakan Desert
there are some alluvial plains along the south
foothill of the Tianshan Mountains. It is easy to
find some cultivated areas of the Han and the
Tang Dynasties, which were already buried by
dunes. The immigrants chose alluvial fans with
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better phreatic water supply and terraces to
cultivate. But due to irrational irrigation dur-
ing a long time and the rise of groundwater
level, it was difficult for the people to avoid the
salinization. As a result the cropping was seri-
ously affected and finally the cultivated lands
were abandoned. Examples of ruined ancient
towns of the Han and Tang Dynasties are
found in the periphery of Xinhe, Xayar and
Kuche (Nos. 20, 21, 22 in Fig. 1). In these aban-
doned cultivated lands on the alluvial fans, fine
sandy materials overlying the fringe areas and
those deposited on dried riverbeds were trans-
ported by windforce. This sand transportation
reinforced the cultivated lands to extend into
the desertified land dominated by bush-
vegetated sand mounds.

It should be pointed out that the desertifica-
tion took place generally in arid areas as soon
as the river course changed through human in-
tervention such as irrational irrigation water
supply or under natural factors. Most of these
areas were buried and less populated, so that it
is impossible to reverse the desertification.

3. Present Processes of Desertification

During the last century, the desertification in
the marginal regions of the Taklimakan Desert
has shown an accelerated process. Misuse of
water resources in arid zone is the major cause
of the process. It is particularly true in the
areas along the rivers. For instance, along the
Tarim river, a most important river in the
desert, agricultural development on a large
scale consumed a great deal of water in the
upper and middle reaches (for example, irri-
gated farmland consumes 16,000 to 22,000m?*/ ha
/¥). More negative effect on the lower reaches
is the construction of reservoirs in the middle
of the river such as the Aysamir and the
Daixhaizi Reservoirs (Fig. 1). So in the lower
reaches river runoff has decreased year by
year, especially during dry seasons. Meanwhile
underground water level dropped down from
3-5 m in the 1950s to 8-10 m in the 1980s, and
mineral concentration increased from less than
1.0g/1 to more than 2.4g/1. With the decrease of
water supply, the natural vegetation growth
declined and great numbers of Populus diversi-
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Table 1. Development of desertification in the lower reaches of the Tarim River (36) (Wang, 1986)
Year Types of the desertified land Woodland
shifting dunes semi-fixed dunes fixed dunes
1958 444 23.3 20.6 11.7
1978 54.5 235 13.0 9.0
1983 64.6 25.0 5.2 5.0

Table 2. Desertified lands in the marginal regions of the Taklimakan Desert (unit: km?).

Types of desertified land

Desertified area

Percentage of the total

1. Historical period

2. Present
Total

among 2:

2.1 wind eroded farmland

2.2 salinizied farmland

2.3 abandoned land because
of the water-cut off

2.4 encroachment of dunes

19,702 58.5
13,974 415
33,676 160.0
3838 114
5410 16.1
3,430 10.2
1,286 38

folia lost their regenerative potential. Human
excessive collection of fuelwood reinforced the
extension of exposed surface. The area of shift-
ing sands was gradually extended under
windforce. Tabel 1 shows the development of
the desertified areas in the lower reaches of the
Tarim river.

Meanwhile the areas of salinized land along
the upper and middle reaches of rivers in the
marginal regions reached to more than 541,000
ha.

4. The Types of Desertified Land

According to the above analyses, the
desertification developed in the marginal re-
gions of the Taklimakan Desert can be classi-
fied into following four types:

a. along rivers;

b. in the border areas of alluvial and

lacustrine deposits;

c. around and in oases; and

d. oases threatened by encroaching sand

dunes.

Table 2 shows the desertified lands in the
marginal regions of the Taklimakan Desert.
Among the desertified lands 90.7% was caused
mainly by human poor management of agricul-
ture or other activities and only 9.3% was

Table 3. Percent changes in the desertified lands in
the oases of the Taklimakan Desert during
1958-1978.

Percentage of the
desertified lands

Region Shifting  Fixed
Year

dunes dunes
North part of Pishan 1958 51 49
1978 62 38
North part of Yutian 1958 22 78
1978 48 52
East part of Jiasi 1958 31 69
1978 45 55
Lower reaches of 1958 43 57
the Tarim river 1978 66 44

created by natural factors.

The desertification is a gradual dynamic
process which is characterized by different en-
vironmental conditions from place to place:

(1) Cropland is subject to be eroded by wind
if there are no effective windbreaks systems, or
is subject to be salinized if irrational irrigation
is practiced. It is easy to find desertified land-
scape resulting from wind erosion or saliniza-
tion.

(2) In the areas with fixed and semi-fixed
sand dunes, the increase of shifting dunes and
the decrease of vegetated dunes are the indica-



tors of the development and the intensity of
desertification. Table 3 shows the intensifica-
tion of desertification in the oases areas.

(3) In the areas adjacent to the periphery of
sand desert, sand dunes move forward under
prevailing winds and the landscape with shift-
ing sand dunes appeared on the rangeland and
farmland.

5. Measures to Combat Desertification

In the marginal regions of the Taklimakan
Desert, the desertified land has spread quickly
and the present situation is serious. Since it
was caused mainly by human mistake, if we
pay more attention to the utilization of natural
resources, such degradation could be pre-
vented and controlled. There are some gcod ex-
amples to combat desertification in the regions
and so far adopted measures can be summa-
rized as follows:

(1) Taking the inland river basin as a whole
ecological system to prepare a master pro-
gramme. In accordance with the principles of
overall consideration of all factors in the upper,
middle and lower reaches of rivers it is impor-
tant to unify the management and utilization
of surface and underground water resources, to
allocate reasonably the water supply along the
river, to implement the regulation of regional
general layout and the structure of irrigated
oases which rely on water supply and to estab-
lish stable and high efficient artifical ecosys-
tem in the river valley.

(2) Taking irrigated oases as the centre to
plant sand blocking belts of grasses (use the
surplus water in winter season) at the out-
skirts of oases and plant mixture sandbreaks
composed of trees and shrubs at the margin of
oases and farmland protective networks and
windbreaks in the interior of oases.

(3) Regarding the moving dunes around the
edge of oases, sand barriers should be planted
on moving dunes and sand-holding species
should be planted inside, and sand barriers and
shrublands should be established in the inter-
dunes areas to create a comprehensive protec-
tive system.

(4) In the shifting sand dune areas, where
traffic lines pass through, to stabilize the dunes
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is most necessary. For instance, along the high-
way connecting the centre areas (oil fields) of
the Taklimakan Desert the necessary measures
are sand fixation by large checkerboard system
and vertical sand barriers. These measures are
now working well along the desert highway in
the centre of the Taklimakan Desert.
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Abstract

In the Tarim Basin, the land use for agriculture has a long history, and has played a deci-
sive role in the social and economic development. The human impact on the land for improv-
ing the environment is considered to be favorable for the sustainable development, such as
the expansion of the old oases, the exploitation of the new oases, the increase of artificial
woodland and the construction of irrigation and drainage systems and reservoirs. Those
brought about a great advance in agricultural production. But, because of unreasonable way
and intensity of the land use with the limited natural resources and the very fragile ecosys-
tem, the land degradation, such as salinization, deforestation and sandy desertification ex-
panded quickly, resulting in a heavy loss of the natural resources. Especially, during the last
100 years, along with the continuous increase of the population and the human economic ac-
tivities, the over-cultivation, over-grazing, over-gathering of the fuelwood and misuse of
water resources become more and more serious, which led to a large area of degraded land. Up
to now, there are at least 5,410 km’ of salinized land and 8,570 km® of sandy desertified land. So
the combating land degradation is the most important task for the sustainable development

in the Tarim Basin.

Key Words: Land use, Land degradation, Tarim Basin, Xinjiang, China

1. Introduction

The Tarim Basin is situated between the
Tianshan Mountains and the Kulum Moun-
tains in Xinjiang Uygur Autonomous Region.
Its centre part is occupied by the Taklimakan
Desert, and many oases are distributed around
its border districts. It is a typical interior basin
in the extreme arid zone. In the last 100 years,
the land use has provided a lot of necessities to
the society and has ameliorated the environ-
ment for human survival and development.
But, during the same time, a large area of land
has degraded due to the poor management of
the land use. For example, the salinization was
caused mainly by the overuse of water in the
upper and middle reaches of the rivers, mean-
while the sandy desertification spread because
there was no water supply any more in the
lower reaches. In addition, becuase of the over-

gathering of fuelwood, many oases lost their
natural windbreaks system and were suffered
from the degradation of cropland and
rangeland in the oases due to wind erosion. It is
very regret for such situations which have not
been improved effectively up to now. So it is
necessary to evaluate the land use and land
degradation from the past experiences and les-
sons. This paper outlines the land use and land
degradation in the Tarim Basin and gives some
suggestions for a better management of land
use and combating the land degradation.

2. Land Use

In the Tarim Basin, except some negative
factors like the dry and windy, the climatic
conditions have some favorable aspects for
land use, such as 210°C accumulated tempera-
tures are more than 4,000°C, and sunshine times
are 2,600-3,000h (Table 1), meanwhile there is a
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Table 1. Selected climatic factors in the Tarim Basin.
Region Mean annual 210°C accumulated Precipitation Evapotranspiration Sunshine

g temperature (°C)  temperature (°C) (mm) (mm) (h)
Kurla 113 4,253 52 2,788 2,986
Aksu 9.8 3,788 57 2,500 2,830
Kashgar 11.7 4,194 64 2,400 2,802
Hotan 12.1 4,300 35 2,518 2,695
Ruoqiang 115 4,356 174 2,902 2,800

fairly large quntity of water resources from
surface and groundwater runoff, which make it
possible for human survival and development.
According to archaeological data, since as early
as New Stone Age, the land had been opened
up gradually along with the development of
the primitive agriculture and animal hus-
bandry. Many cultural relics can be found
around the marginal areas of the Tarim Basin,
like in Qiemo, Minfeng, Yutian, Pishan,
Bachu, Aksu, Kuga and other places, which
prove to the period of early land use of the an-
cient society between 10,000-3,000 years B.P.
The human influence on the land increased
since the economic pattern changed from hunt-
ing and gathering to cropping. The earliest evi-
dences of cropping practices have been found
in a common grave in the lower reaches of
Kongi River like as some unearthed farm im-
plements and wheat grains which date back to
4,000 years B.P. There were more than 10,000
population in the Loulan ancient city at 2,000
years B.P. During the Han Dynasty (206 B.C.-
220 A.D.), the government had have garrison
troops, and peasants opened up wasteland and
grew food grains in Luntai. “There are 5,000
qing irrigated farmland (1 qing=1.82 ha dur-
ing the Han Dynasty)” as the historical book
recorded. A large-scale irrigation system with
channel of more than 50 km in length, con-
structed in the Han Dynasty, was discovered in
the southeastern part of the Xayar Country. Up
to the Tang Dynasty (618-970 A.D.), the agri-
culture obtained further development as the
areas of farmland expanded and the settle-
ments were full of life in many natural oases so
that many towns and cities could left their
name along the Silk Road. The irrigation works
and cropping agriculture made great advances
during the Qing Dynasty (1644-1911). Based on

the reports of the Guanxu 31 year (1905), there
were 563 trunk canals and 1,887 branch canals
for irrigating 600,000 ha of agricultural land
only in the southern part of the Tarim Basin. In
brief, a considerable tract of cropland had been
formed during the latter half of the Qing Dy-
nasty.

The areas of cultivated land always ex-
panded with the increase of population for a
very simple reason, z.e. to feed increased popu-
lation. Take the Kuqa oasis as an example,
there were 24,258 families and 124,872 popula-
tions, 33,000-40,000 ha farmland at the end of
the 18th century, 60,212 families and 249,998
population, 83,000 ha in 1949 and 128,128 fami-
lies, 605,621 population, 115,000 ha in 1988. In
the oases of Kaxgar and Yarkant Rivers, there
were 152,000 population and 320,000 ha farm-
land in 1948, 280,000 population and 490,000 ha
in 1988 (WANG, 1991). So it was very necessary
to build the artificial oases based on the natu-
ral oases. Most of natural oases are distributed
along the N-S trending rivers exhibiting a belt
or spot pattern in the marginal region of the
Tarim Basin. The artificial oases expanded to
the W-E direction, depending on the fertility of
the land along the foot of mountains and the
convenient conditions to intake channel water
into the fields. The areas of cultivated land in-
creased by the linkage of small oases into a
larger one or an oasis-belt. This was a positive
aspect of land use in the arid regions and was
very beneficial. The oases areas in Xinjiang oc-
cupy only 4% of the total area but hold 95% of
the total population and most of all the social
property (HAN, 1991), so the agricultural land
use in the oases is of vital importance for sub-
sistence and development. Table 2 shows the
land use of the Tarim Basin in 1985 (WANG et
al., 1989).
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Table 2. The land use in the Tarim Basin as of 1985. (unit: X 1,000ha) (WANG et al., 1989)

. Farmland Woodland Rangeland No usable land

Region Total area

area % area % area % area %

Southern part* 45,434.1 9276 2.04 7299 1.61 1,1068 24.45 32,6698 71.90
Bayingolin 47,655.6 1929 0.40 8225 1.73 9,303.0 19.52 37,3373 17835
Aksu 13,211.1 536.7 4.06 8346 6.32 4,2789 32.39 75608 57.23
Total 106,300.8 567.2 1.56 23870 2.25 24,688.7 23.22 775679 7292

*including the Kashgar, Hotan and Kizilusu Regions.

Land use for the farmland under cultivation
spread mainly in the middle and lower parts of
the deltas, piedmont alluvial fans and the allu-
vial plains. The crops are wheat, paddy rice,
cotton, oil-bearing crops (rape, sunflower etc.),
beet, melon and others, and some of them are
harvested twice per year. It is a typical irri-
gated agricultural practice in the arid regions.
Other lands are used for orchards of the grapes,
pear, apple, apricot, peach and plum. Most of
the mulberry fields are located in the Hotan re-
gion. The woodlands, which are distributed
mainly along the rivers, are composed of artifi-
cial ones, like windbreaks forests and fuelwood
forest, and natural ones, like the broadleaf for-
est dominated by Populus diversifolia and P.
prunosa, and the shrub forest by Holoxylon
ammodendron and Tamariz spp. Most of the
rangeland is natural pasture. The desert steppe
is located in the plains below 1,000 m above sea
level and the steppe is located between 1,000
1,700 m above sea level. The waterbody in-
cludes fresh and salt lakes, rivers, reservoirs
and swamps. There is very limited areas of
land for cities, towns and traffic.

The features of land use in the Tarim Basin
can be summarized as follows:

(1) The rate of usable land is very low, as
noted in Table 2; more than 72.9% of the land is
not usable;

(2) The type of land use is not rational.
Among the used land, the rangeland keeps
about 85.91% with extreme low productivity
and economic value. The farmland takes only
5.77%, and the woodland 8.32%;

(3) The areas of land use for non-agriculture
purpose is small, only about 1% of the total
land areas, because the industry, commerce
and communication are not yet flourish;

(4) The regional variation in land use type is

very clear; the alluvial plains and fans with bet-
ter water and soil conditions are productive
areas, the areas along the rivers are broadleaf
forests, shrub-lands and better pastures. Other
areas are occupied by sandy deserts, gravel
deserts (Gobi) and rocks.

Since the 1950’s, along with the pressure of
population growth and expansion of produc-
tion, the area of cultivated land has developed
gradually. The population has increased from
4.33X 10 in 1949 to 14X 10° in 1988 (three times
more), and the cultivated land has increased
from 1.2X10° ha in 1949 to 4Xx 10° in 1988 (two
times more) in Xinjiang. The tolal area of re-
claimed wasteland reached 3,580,000 ha and the
net increase of the farmland was 1,867,000 ha,
two times of that before the 1950s. For example,
in the catchment of four branches (Yarkant,
Kaxgar, Aksu and Hotan rivers) of the upper
reaches of the Tarim River, the farmland ex-
panded 300,000 ha more. Many of those newly
developed land accomplished the system of
wind protecting plantation, which improved
the ecological environment and land produc-
tivity. Meanwhile, a lot of efforts have been
made on the construction of irrigation and
drainage systems, and land fertilization, so that
the per unit area yield of grains increased from
1,360 kg/ha in the middle 1970’s to 2,680 kg/ha
in the late 1980's. During the same period, the
yield of oil crops and beet also increased from
550 kg/ha to 1,180 kg/ha and from 11,430 kg/
hat to 26,240 kg/ha, respectively. In brief, the
benefits of land use were tremendous. It has
provided all of agricultural production in
Xinjiang and proved a decisive effect in im-
proving the well-being of the people and devel-
oping the economy and society.
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Table 3. The farmland quality in the Tarim Basin as of 1985. (unit: X 1,000ha) (W ANG et al., 1989)

First class®

Second class® Third class*

Region Area of farmland area 9% area % area %
Bayingolin 192.90 53.59 27.78 10651 55.22 3280 17.00
Aksu 536.74 30887 56.80 133.75 24.92 98.12 1828
Kashgar 629.31 25256 40.13 251.50 39.97 126,25 19.90
Hotan 226.87 142.11 62.64 5445 24.00 3031 13.36
Kizilsu 71.45 1264 17.70 2790 39.06 3089 4324

Total 1,657.27 76402 46.15 574.11 34.68 31737 19.17

* The first class: good farmland with high quality, without degradation. The second class: land affected by
some degraded factors like salinization, waterlogging, wind erosion and so on. The third class: land affected
seriously by various degraded factors and land with poor quality.

3. Land Degradation

In the arid regions, the natural oases can be
considered as a special ecosystem. The forma-
tion and development of every oasis are de-
pended on water supply from the river. Along
with the increase of cropping land and the pro-
ductivity, it has become necessary to reallocate
the water resources. As a results the periphery
of oases was exploited and a new ecosystem
was formed. This is the process of formation of
so called artificial oases, which transformed
and replenished the natural oases. But if the
human activities were not coordinated with
the natural environment and exceeded its car-
rying capacity, the environment will be de-
graded to unfavorable conditions for the
human substainable development, such as the
spread of the land degradation (Fig. 1). In the
Tarim Basin, those unfavorable conditions
have been displayed mainly by the following.

1) Land Salinization

Relied on the better supply of water re-
sources in the upper and middle reaches of riv-
ers, the cropping land expanded in a large
scale. For example, only in two years of 1957
and 1958, 72,000 ha or more wasteland were re-
claimed, 5 reservoirs and 17 state farms were
constructed along the Tarim River. This en-
abled 122,000 ha or more cropland to be irri-
gated (Zuou, 1991). Although the wasteland in
the Tarim Basin can be transformed into good
farmland through drainage works and desali-
nation, rotation of crops and fertilizing, yet it is
easy to lead to the salinization due to an acute

change of water and salt movement resulting
from careless management of the land. It is a
common problem in many irrigation areas of
the Tarim Basin. In the irrigation system, the
utilization coefficient of canal water system
was low, although a great quantity of irriga-
tion water was supplied to the fields. This was
a major reason for leading to a large quota of
irrigation. The irrigation way was also poor
like as the flood irrigation, so the gross quota
of irrigation was more than 16,000°/ha and in
some areas more than 22,500°/ha. Such practice
not only wastes the water resources but also
cannot meet the water need for crops in the
good timing and quantity. This has resulted in
the raising of groundwater level, leading to the
creation and expansion of the land affected by
salinization.

In the Tarim Basin, the farmland can be
graded into three classes according to the qual-
ity (Table 3). Among the criteria for land
evaluation, the most important factor is the
salinization. A total of 751,000 ha farmland in
the Table 3 was affected by the salinization and
more than 72% of those areas have been
salinized in different degrees, i.e. about 5410
km?, which accounted for 32.64% of the total
areas of the farmland in the Basin.

2) Vegetation Degeneration

In the arid zone, the decisive factor to the
ecosystem is the water, which will affect di-
rectly the environment by the changes of its
quantity, quality and regional distribution.
There are 106 X 10® ha of cropland in the Tarim
Basin and most of them are located in the
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upper and middle reaches of rivers. Because
more than half of those croplands were opened
up since 1950s, much water was used in the
upper and middle reaches, so the water supply
decreased or even stopped in the lower reaches
of every river. This was one of the reasons for
vegetation degeneration. Take the Tarim River
system as an example, the river valleys con-
verge some river systems, which come down
from the Tianshan Mountains and the Kunlun
Mountains. There was enough runoff so that a
large lake, the Lop Nur Lake with more than
3,000 km?, was formed in the end of the river
system. But, during the last 5 decades, due to
the development of agriculture and the sharp
increase of the water consumed for irrigation,
the water supply to the lower reaches has de-
creased constantly. The artificial Daixihaizi
Reservoir became “the end of lake” (see Fig. 1).
The lower reaches from the Tikanlik had re-
ceived less and less runoff from the upper
reaches decade by decade as follows: 8-9 X 10°
m® in 1950s. 3.6 X 10°m? in 1960’s, 0.55-1.09 X 10°
m?® in 1970s, less in 1980s and almost 0 since
1990. More than 300-km long river beds dried

The sketch map showing the distribution of areas affected by land degradation

out for many years (ZHou, 1991). The ground-
water of the both sides along the river course
declined quickly from 3-5 m to 8-10 m or more.
For instance, the groundwater levels were 3-5
m in two wells in 1950s in the Aragan and they
descended to 11-13 m in 1985 (WANG , 1986).
The result was that a vast area of the wood-
land, which was mainly composed of Populus
diversifolia, has disappeared along the dried
river beds. Table 4 shows the Populus
diversifolia woodland degradation in the lower
reaches of the rivers in the Tarim Basin
(Zuou, 1991). The rangeland degradation was
also caused by the shortage of water supply
and by the overgrazing sometimes.

The decrease of the water supply, which can
be taken as an indirect human impact, was an
important factor for the degradation of wood-
land, but a more important factor, the direct
human impact, was to fell the trees for opening
up wasteland and to gather fuelwood for heat-
ing and cooking, which resulted in the wood-
land to be destroyed much quickly. Table 5
shows that at least 285,000 ha of Populus
diversifolia woodland were destroyed since
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Table 4. The Populus diversifolia woodland degradation in the lower reaches
of rivers in the Tarim Basin. (unit: X1,060ha)

River 1950s 1980s Decrease %
Tarim River 54.00 16.40 —69.6
Yarrows River 171.30 94.60 —44.7
Kaxgar River 70.00 28.60 —59.1
Kaxakax River 10.70 1.17 —89.0

Table 5. The woodland degradation in the Tarim River. (unit: X 1,000ha)

Upper reaches Middle reaches Lower reaches Total

1950s 230.0 175.8 54.0 459.8

1980s 58.2 100.2 16.4 174.8

Decrease 171.8 75.6 276 285.0
% —~74.70 —43.00 —69.60 —61.98

1958 not only in the lower reaches but also in
the upper and middle reaches of the Tarim
River.

3) Sandy Desertification

The sandy desertification is a major part of
land degradation in the Tarim Basin (ZHu and
Liu, 1981, 1989; WaNG, 1989), which has been
mainly caused by the excessive human activi-
ties facilitating wind erosion. Wind erosion oc-
curred after the vegetation has been destroyed
by  over-cultivation, over-collection of
fuelwood, over-grazing and misuse of water re-
sources. When wind eroded the farmland and
range-land, the top soil was transported to eve-
rywhere. The shifting sands accumulated at
the leeward side and gradually developed to
mobile dunes. The features of the land surface
changed to deflated fields. Those processes
damaged the structure of the soil and led to a
rapid decline of the biomass production and
the potential productivity of the land. During
the last century the processes of the sandy
desertification developed very quickly and
were composed of following three main
forms:

a) In and around the oases, since the large
areas of the woodlands and rangelands were
degraded by the different human activites as
mentioned above, many oases and farmlands
lost the windbreaks systems. Wind erosion not
only harmed the farmlands and oases, but also
endangered the former woodlands and

rangelands themselves. In this case, most of the
shifting sands come from those areas which
were suffered from wind erosion. In the Tarim
Basin, about 3,840 km? of desertified sandy land
have been developed from this process during
the last century (ZHu, 1987).

b) Along the lower reaches of the rivers
there were many areas of farmland which had
to be abandoned because the water supply had
been cut off. Those areas were subject to be
eroded by the wind and became to the
desertified land in some years later. For exam-
ple, only in 5 state farms in the lower reaches of
the Tarim River had discarded 8,600 ha since
1970s. In Hotan region, more than 30,000 ha of
farmland were desertified after they have been
given up. The total areas of such desertified
land were 3,430 km? and most of those was
formed since 1950s.

¢) Since most of the oases face the deserts in
the Tarim Basin, it is very difficult to protect
the oases from the movement of shifting sands
and the encroachment of dunes, although some
efforts have been made in some areas. About
1,300 km?® land have been degraded by this
process during the last century (ZHu, 1987).

So the total areas of the sandy desertification
is about 8,570 km? in the Tarim Basin, which
was formed during the last 10 decades.

4. Conclusion

The land use has achieved many good results



and has greatly contributed to the socio-
economic development and people’s living
standard in the Tarim Basin. But the land deg-
radation has spread seriously too, which has
been caused mainly by the unceasing pressure
of population and overuse or misuse of land
and water. Based on the evaluation, some sug-
gestions can be made for improving the land
use and combating the land degradation as fol-
lows:

a) To reasonably utilize the water resources
and to accelerate the development of econo-
mized water use for agriculture and intensive
farming.

b) To work out a unified plan of land use
and to regulate the structure of land use for ag-
riculture, animal husbandry and forestry;

¢) To continuously establish the artificial
windbreaks system for protecting the oases
from wind erosion, and to construct artificial
fuelwood forests land and grasslands so that to
utlize the natural rangelands and woodlands in
a moderate degree for protecting the vegeta-
tion degeneration; and

d) to increase the technological and funds
input for raising the land productivity.
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