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Abstract:  China is a seriously desertified country.  Research on combating desertification by biological methods and other 
activities is expanding.  Compared with 1999, the Chinese desertification area decreased by about 38,000 km2.  Desertified 
regions become better managed.  Various future research key topics are now used for ecological rehabilitation by 
engineering projects to minimize environmental impacts on farmland, deforested land, transport and water conservation 
facilities by sand and dust storms and other aspects of desertification.  The Chinese plan of combating and controlling 
desertification (2005-2010) combined with the consisting anti-desertification work will bring a basic change of the 
desertification situation.  Ecosystems will become again more sustainable by phytomelioration.  The local economic level 
of many rural areas will increase not only in the loess region and in Inner Mongolia but also in other endangered provinces at 
the desert fringe.  The present situation of desertification in China is described, the various effects and their impacts are 
shown.  The means for combating desertification and for rehabilitation are demonstrated with case-studies from various 
deserts, from the Loess-plateau, from limestone slopes in the south as well as from moving sand dune areas in Tengger desert. 
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1. Introduction 
 
   Desertification and land degradation are major threats for 
the ecological, economical and social situation in most drylands 
of the world.  Inappropriate land-use practices, over- 
exploitations of natural resources and climate change are major 
factors, which lead to desertification (Breckle et al., 2001).  
Desertification processes greatly affect the ordinary life of 
people of arid regions.  It is a consisting and enlarging disaster 
in front of humans.  It can be called “the cancer of the earth” 
(Yang and Zhou, 2000; Li and Dimond, 2005).  It can induce 
other kinds of natural disasters, which bring the existence and 
development of humans to risk and danger.  It has many sides 
(see Table 1), the causes and reasons are manifold.  The 
ecological aspects and moreover the economical and social 
aspects are deeply affecting human societies.  All aspects of 
desertification (Table 1) are relevant to the Chinese situation. 
   A great part of China is seriously desertified.  Already in 
historical times desertification was prominent.  Fertile 

grasslands were transferred by human activity in less than 500 
years into desertified sandy areas.  In prehistoric times the 
Loess Plateau was covered with rich vegetation but the increase 
in population since the 11th century promoted deforestation 
and the development of grasslands on a large scale.  As a 
result, the balance of the ecosystems got completely lost, 
leading to a barren plateau with extreme erosion problems and 
without a single tree.  In the recent decades the speed of 
desertification processes has been very fast.  The desertified 
region in China is a huge area mainly concentrated all alongthe 
northern belt (Veste et al., 2006) at the broad semidesert and 
desert-fringes.  The climate is semi-arid and increasingly arid 
towards the west (Fig. 1), parallel with increasing altitude and 
increasing continentality. 
   The climate is semi-arid and increasingly arid towards the 
west (Figure 1), parallel with increasing altitude and increasing 
continentality.  According to the scientific principles, different 
subjects of natural science and political science affect each 
other to get a better understanding (Breckle, 2003). 
   Especially, the development of technologies related to 
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Table 1. Main characteristics, effects and aspects of Desertification (accord. to Walter & Breckle 2004, modified). 

Causes and reasons Ecological aspects Economical aspects Social / human aspects

 Deforestation (fires) Loss in biodiversity: plants, animals,
ecosystems etc. Decreasing yields from cultivated plants Sand- and dust storms, storms causing

damages, with danger for humans and

Overgrazing Loss of fresh water lakes Loss of agricultural and farm areas Health problems, famines

Over-exploitation by
collecting plants

Loss of upper soil horizons (humus, less
N-, P- and K-storage) Loss of suitable grazing grounds Migration of people from rural areas to

cities

Over-exploitation by
hunting, fishing

Lowered sea-page, but increased water-
logging and salinity

Decreased capacities for grazing of
cattle etc. Increasing poverty of rural people

Irrigation with improper
water

More frequent sand- and dust storms
(more erosion by wind and water; and
accumulation of particles elsewhere),
sand- and dust deposition

Abandon of agricultural and farming
grounds

Increasing number of (economic)
refugees in urban centers

Soil erosion, soil
compaction, salinization

Abandon of grazing grounds, thus bush
encroachment, more fires

Increasing problems for economy and
supplying infrastructure in the dramatic
growing urban centers

Plowing at wrong places
and wrong time, wind

Drifting sand and dust blocking roads
and railway tracks Increasing chaos, anarchy and crimes

Pollution by various
sources, e.g. industrial
poisoning, pesticides

Increasing sediment loads of rivers
causing increased danger for
inundations of farmland, settlements,

Mining Economical losses in cash and

Dumping
 

 
combat desertification and more advanced research 
achievements will bring new ideas, new methods and new 
theories for combating desertification (Ci, 2004; Gao et al. 
2006). 
   This paper gives an overview on the present situation of 
desertification in China, an introduction on the applied 
technologies, measurements and actions on various levels. 
 
2. Present situation of Desertification in China 
 
   The total desertification area of China in 2004 was 
2,636,200 km2, which accounts 27.5% of the total country.  
Desertification affected 498 counties in 18 provinces.  
Desertification areas are mainly distributed in the following 
eight provinces (administrative regions, in brackets the area in 
km2): Xinjiang (1,071,600 km2), Inner Mongolia (622,400 
km2), Xizang (Tibet) (433,500 km2), Gansu (193,500 km2), 
Qinhai (191,700 km2), Shaanxi (29,900 km2), Ningxia (29,700 
km2), Hebei (23,200 km2).  About 98% of the desertification 
area is concentrated in these eight provinces (Yang and Zhou 
2000).  According to the different degrees of desertification, it 
can be divided into four categories, as is shown in Table 2.  
The different causes also can be divided into four categories, 
which share is shown in Table 3.  One fourth of the area is 
seriously endangered, mainly by wind erosion. 
   At present, the whole situation of the desertification control 
in China has changed greatly.  The managed area is now 
equal to the damaged area.  In the early nineties the damaged 

Table 2. The ratios of different degrees of desertification accounting 

of the total county. 

Degree of desertification
area

 (km2)
percentage

(%)
Gentle degree desertification area 631,100 23.9

Mild degree desertification area 985,300 37.4

Great degree desertification area 433,400 16.4

Serious degree desertification area 586,400 22.2
 

Table 3. The ratios of different desertified types taking up of the 

total country. 

Degree of desertification
area

 (km2)
percentage

(%)
Desertified land caused by wind

i
1,839,400 69.8

Desertified land caused by water
i

259,300 9.8

Desertified land caused by salinization 173,800 6.6

Desertified land caused by freeze-thaw 363,700 13.8
 

area was distinctly larger.  The spreading desertification has 
become almost under control.  In 2004 the total desertification 
was 37,924 km2 less compared with 1999, equally to a 
decrease of 7,585 km2 annually.  Progress was made in the 
reduction of wind erosion.  In general a decreasing trend 
compared with the desertification area of the year of 1999 from 
all affected provinces, such as Inner Mongolia, Xinjiang and 
other 14 provinces, is reported. 
   However, in a few parts of China, desertification is still 
enlarging for some special conditions.  The entire situation of 
Chinese desertification is still serious.  Especially the salinized 
areas increased by 930km2 and salinization of agricultural land 

102 



 
 

Fig.1. Ecological climatic diagrams from Northern China.  The monthly means of temperature are drawn as a curve, the monthly means 

of precipitation as a stepwise curve in a relation of 20mm = 10°C (taking the temperature curve as an indication for evaporative 

demand).  The area between the lower temperature and the upper precipitation curve indicates a relative humid season (hatched), the 

area between an upper temperature curve and a lower precipitation curve indicates a relative arid season (stippled).  In some diagrams 

also the relation 30mm = 10°C is used to indicate a rather dry season (Breckle, 2002). 

         The first row is giving diagrams approximately at the 43rd and 44th parallel of N latitude from west to east, the second row at the 

40th and 41st parallel, the third row at the 38th and 39th, the 4th row at the 36th and 37th, the 5th row at 34th and 35th parallel.  The shape of 

the diagrams indicate a strong gradient of increasing precipitation and less aridity from west to east, and north to south.  It is also 

visible that the strong continental winter temperatures at dry seasons (a good condition for dust storms) also become less severe going 

to south east.  In almost all stations the main precipitation is during summer. 
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becomes now a key issue for combating desertification. 
    
3. Ecological impacts of desertification 
 
3.1. Degradation of farmland and grassland 
   According to official calculations, about 5,590 tons of N, P, 
K and organic matters are lost annually from soils caused by 
desertification.  This is equal to 270,000 tons of chemical 
fertilizer and is nine times higher than the total agricultural 
chemical fertilizer amount used in 1998.  The area of 
degraded grasslands caused by desertification is 1,381,000 km2, 
being 59.6 % of the total area of Chinese grasslands.  These 
areas are the basis for agricultural production and livestock.  
With farmland similar threats are observed.  The area of 
desertified farmland is about 77,370 km2, accounting for 40.1% 
of the whole area of Chinese farmland.  Mainly in semiarid 
regions, as e.g. Inner Mongolia, the desertification process due 
to heavy grazing in sandy rangelands causes bare soils.  These 
are the starting points for severe sand movements in such 
wind-erodible soils (Zhao et al., 2005).  This leads to steady 
losses of valuable farm- and grassland. 
 
3.2. Ecosystem functioning and services 
   On one side, the plantations, whose functions are water 
conservation, are destroyed by degradation (Zhang 2005; Zhao 
et al. 2005).  On the opposite, the amount of sediments in 
rivers is higher than before, causing negative effects to the 
middle and lower watersheds.  
   Desertification destroys habitats of animals and plantations, 
the existing production abilities.  Biological performance of 
species becomes weaker.  The stability of plant and animal 
populations and communities with all their varieties of species 
and ecotypes is threatened or even destroyed.  Subsequently a 
breakdown of the original ecological balance often happens.  
At last, the ecological environment is seriously endangered, 
increasing the frequency of natural disasters. 
 
3.3. Destruction of transport and water conservation 

facilities. 
   Invasion of sands by wind and loss of water and soil, has 
caused hundreds of thousands of hydraulic engineering devices 
being silted or even blocked.  As a result, the discharging 
functions became weaker and the period for use became shorter.  
For example, in the lower stretches of the Yellow River large 
quantities of sediments from the Loess plateau have caused a 

constantly rising river bank.  Roughly 1.6 billion tons of 
sediment clog the Yellow River annually.  They pose a serious 
downstream flood risk.  The river bank dam broke several 
times and caused innumerable economic losses.  
Desertification also causes serious hazards to transporting 
facilities such as rail-roads, highways and roads.  According 
to the official calculations, there are 1,000 km of rail-road and 
thousands of kilometers of highways greatly affected by 
moving sands (Ci, 2004). 
 
3.4. Increased frequence of sand and dust storms. 
   Extraordinary sand and dust storms frequently happened in 
the recent ten year (Littmann, 2006).  The number of dust 
storms increased from 5 in the 1950s to 23 per year in the 
recent decade.  The sedimentation caused by sand and dust 
storms brings serious pollution to adjacent environments and 
humans.  Especially the quartz particles, salt grains and some 
other fine dust particles transported by strong winds are 
harmful to the health of humans.  They are the reason for 
conjunctival inflammation, pneumogaster inflammations and 
others.  Besides these hazards, dust sedimentation caused by 
sand storms infiltrates and contaminates precise instruments in 
factories and enterprises, promoting abrasion of all kinds, 
enlarging the ratio of accidents, shortening the using periods.  
Most seriously the precision instruments stop working and thus, 
affect the ordinary production of some important industries.  
Sand control systems, restoration of natural vegetation and 
efficient wind breakers, and an improved management have to 
be introduced, as the example from the Cele oasis has 
demonstrated (Ximing et al. 2001).  Sand and dust storms are 
among the most severe threats also to urban areas.  They 
originate where open ground prevails and high wind speeds 
occur.  They are partly natural phenomena, but by livestock 
overgrazing, intense agriculture in unsuitable areas, tree-cutting 
and plant eradications the exposure of erodible soils to wind 
action has greatly expanded.  Thus, dust storms can be 
regarded as a severe symptom of desertification (Fratini et al. 
2005).  They are reported very regularly in springtime, 
sometimes also in fall (Littmann, 2006).  Then often a thick 
shroud of haze lingers over China, turning the sky to an opaque 
greyish brown over most of the eastern provinces.  And often 
the heavy aerosol concentrations can be seen blowing eastward 
across the Bo Hai Bay and Yellow Sea (e.g. Jan. 11th, 2002).  
A severe dust storm hit Beijing on Friday night, March 15, 
2002, and began coating everything with a fine, pale brown 
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layer of grit.  Eyewitnesses report that at times the dust was so 
thick in Beijing that visibility was limited to 100 m at 21st, 
march (2002), while in parts of the Gansu Province visibility 
was reported at less than 10 m.  Chinese officials say this is 
the worst dust storm to hit in more than 10 years.  In spring 
2006, again very severe dust storms occurred (NASA: 
http://www.earthobservatory.nasa.gov).  According to 
Chinese government estimates, roughly 1 million tons of desert 
dust and sand is blown into Beijing metropolitan area each year.  
Citizens of northeastern China call this annual event the 
“shachenbao”, or “dust cloud tempest”.  It appears that often 
of the pollution reaches as far east to Korea and the islands of 
Japan, sometimes far eastward toward the open Pacific Ocean. 
 
4. Social and Economical Impacts 
 
   Economic loss caused by sand storms is estimated to $540 
million per year (Li and Dimond, 2005) in the northwest which 
is also the most non-developed region in China.  Yet, the loss 
in ecological and servable values of natural resources for 
offspring is not estimated.  Serious desertification has greatly 
influenced the ecological safety and economic sustainable 
development.  It is even threatening the existence and 
development of Chinese nationality.  Desertification 
aggravates the poor living situations of residents living in these 
places.  It is enlarging the economic distance between these 
desertified regions and other developed places.  It is seriously 
affecting the utilization of natural resources of these remote 
regions, even hurting the union of nationalities in China. 
 
5. Combating Desertification situation 
 
   Combating desertification needs a complex synthesis and 
in a densely populated and industrialized area needs 
engineering.  Entering into the new century, the Chinese 
government especially has taken many effective steps and 
measures to control desertification.  It got some phased 
achievements in program layout, policy construction, making 
laws and technological innovation and application guidelines.  
All of these promoted the development of local economies and 
society (Song and Zhang, 2003; Yuan, 2003; Yang et al., 2004). 
   However, the achievements are not yet stable.  The 
managed plantations just enter into the rehabilitation and 
reproduction stage, annual herb communities start to dominate, 
and the stability of vegetation associations is poor.  As a result, 

 
Fig.2. Poplar plantations in large extent to minimize wind effects 

and aerosol erosion near Beijing (photo: M.Veste) 

 
the ecological situation is very fragile.  This is also due to the 
huge shelterbelts build up by poplars (Fig. 2).  The 
responsibility of combating desertification is still under dispute.  
There is 1,740,000 km2 desertified land, accounting 18.1 % of 
the total.  And, there is still 320,000 km2 land which has the 
potentiality to turn to new deserts or sandy land, if these places 
are protected unsuitably. 
   The difficulties in controlling desertification are enhancing.  
In recent years, according to the principle of “easy first, urgent 
first”, desertified lands which had comparably better conditions 
and easily could be controlled, has been managed in different 
degrees.  The remaining are the desertified lands with poor 
conditions, which are very difficult to control (Ci, 2004).  
Because of this worse natural situation, the investments for 
combating desertification are now much higher than formerly.  
Besides of these objective reasons, still there exist some 
artificial ones for an enlarged desertification.  Destruction of 
plantations in desertified places still frequently happens.  The 
situation of over-grazing and unsuitable cultivation is still very 
serious. 
 
5.1. Combating desertification by plantation methods 
   Among all the technological means biological methods are 
the most important ones.  Former experience and 
achievements show that plantations for phytomelioration are 
the most common methods.  It is the primary method to 
combat desertification in all the countries of the world (He, 
2001; Zhang, 2005). 
   Compared with other methods (Breckle et al., 2001), the 
use of plantations has the following advantages: the costs of 
phytomelioration are relatively low, but the effects are 
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sustainable and stable, therefore, it is suitable to use it on a large 
scale: 
1. Plantations can ameliorate the  structure  of soil, even 

promoting the formation of new soil on the long run. 
2. Plantations can always ameliorate sand ecosystems as well 

as saline badlands (Meirman et al., 2001). 
3. Plantations can offer many living necessities such as forage, 

fuel, lumber, fertilizer to local residents and a wide variety of 
raw materials for industry. 

4. Plantations can decorate the surrounding environment. 
Plantations thus have many ecological and economic functions. 
   The choice of plantations to combat desertification should 
be in accordance with the local and regional ecological 
situation according to local flora, e.g. available and adapted 
native trees, bushes and grass species (Wucherer et al., 2005a, 
b).  It should be in accordance to the eco-zonal climatic and 
edaphic conditions governing the distribution of natural 
vegetation communities.  This needs basic research, as e.g. 
analysis of the succession series on various substrates and 
under various ecological conditions, as well as on abandoned 
croplands (Zhang, 2005).  It needs a thorough understanding 
of the ecological conditions e.g. on heat and water balance 
from bare soils up to a cover of vegetation similar to potential 
natural vegetation (Kimura et al., 2005; Veste and Littmann, 
2005) and of the parallel long-term changes in physical 
properties of soils (Li and Shao, 2006). 
 
5.2. The “Three circle-model” for combating desertification 
   Chinese people have created many successful models and 
have much valuable experiences.  As an example, the “three 
circle-model” is the most typical (Ci, 2004).  The “three 
circle-model” depends on the zonality of natural geo-ecological 
situations.  It is the objective application of nature and 
environment to ecological systems.  The “three circle-model” 
(see Fig. 3) is an excellent example to demonstrate the 
restoring of a harmonious relationship between human and 
nature, of rebuilding the ecological system in arid areas and of 
implementing a sustainable development.  The ecological 
“three circle-model” is thus the reconstruction of ecological 
systems in an arid area on various scales. 
   There are two kinds of “three circle-models” – the large 
“three circle” and the small “three circle”.  The large “three 
circle-model” is used to control the desertification expansion on 
a large scale and to prevent the propagation of sand storms.  It 
generally consists of the first circle, an arid desertification strip, 

 

 
Fig.3. Scheme of the “three circle-model” to combat desertification 

in sandy areas 

 
which is the origin of sand and sand-drift in the region.  
Protecting natural vegetation is here the basis for combating 
desertification.  The second circle is a protected grassland strip 
(in the north, in this region, where 70 - 80 % of the total 
grassland was degraded, therefore, controlling overgrazing is 
the primary method to combat desertification).  The third 
circle is a rotation pasture strip.  The ecosystem of the third 
circle is very fragile, but it is the most important potential for 
desertified areas.  It is the increasing vegetation cover of this 
region, which is the most effective method to protect local 
ecosystems. 
   On the opposite, the small “three circle-model” is used to 
control the local desertification and sand spread on a small 
scale, taking the Ordos-desert and its sand as an example.  
This area belongs to the temperate grassland zone or to the 
forest grassland with semi-arid climate (see Fig. 1, Yinchuan).  
The first circle is a flowing high dune group with mobile sand, 
which takes up 30 % of the total area.  The primary method of 
combating desertification in this circle is the restoring and 
protecting local natural bushes or grasses by the build-up of an 
artificial bush belt.  The second circle is consisting of low 
fixed sand dune groups, which take up to 60 % of the total area.  
In this circle, it is best to develop an artificial grassland for 
controlled grazing and to build up some hydraulic engineering 
devices both for economy and for combating desertification.  
The third circle is the oasis in the desert.  Its area is less than 
10 % of the total, but it is the key region for the developing 
local economy.  This “three circle-model” has achieved great  

106 



Table 4. Long-term observations on the effects of suspending agriculture and suspending grazing by sheep on plant cover. 

1976 1979 1982 1985 1988 1991 1994 1997 2000 1976 1982 1988 1994 2000
Artemisia capillaris Thunb. As P 0 3.2 3.9 5.2 6.1 4.4 4.2 4.2 4.5 4.1 4.3 4.3 4.2 3.9

A.giraldii Pamp. As P 0 0 0 1.1 2 5.7 9.8 14.4 18.2 7.5 16.4 19.2 20.5 21

A. gmelinii Web.& Stechm. As P 0 0 0 1.3 2.7 6.8 9.6 16.6 22.7 7.1 16.8 22.9 23.7 23.3

Aster altaicum Willd. As P 0 0 0 + + + + + + + + + + +

Lactuca chinensis A.A.MEY. As P 0 0 0 + 0 0 0 0 0 0 0 0 0 0

Sonchus brachyotus DC. As P 0 0 0 + 0 0 0 0 0 0 0 0 0 0

Convolvulus arvensis L. Co P 0 0 0 0 0 0 0 0 0 0 0 0 + +

Limonium bicolor O.Kuntze Pl P 0 0 0 + + + + + + + + + + +

Polygala tenuifolia Willa. Po P 0 0 0 + + + + + + + + + + +
Torularia humilis
O E Schulz Br A 0 0 0 + + + + + + + + + + +

Agriophyllum arenar. Bieb. Ch A 0 2.1 3.2 1.4 + 0 0 0 0 0 0 0 0 0

Kochia scoparia Schrad. Ch A 0 1.6 2 1 + 0 0 0 0 0 0 0 0 0

Salsola collina Pall. Ch A 0 3.8 4.4 3.3 2.1 + 0 0 0 0 0 0 0 0

Potentilla chinensis Ser. Ro P 0 0 0 + 0.1 0.4 0.5 0.7 0.7 0.4 0.6 0.5 1.1 1

Lespedeza dahurica Schindl. Le P 0 0 0 + 0.2 0.6 1.5 2.3 2.3 0.6 2.5 2.6 3.4 3.5

Aneurolepid. dasyst. Nevski Gr P 0 0 0.9 3.5 6.3 7.3 7.5 8.4 8.6 3.1 7.8 8.8 7.1 7.9

Bothriochloa ischaem. Keng Gr P 0 0 0 0.1 0.4 0.9 1 1.3 1.5 0.4 1.4 1.7 2.5 2.3

Setaria viridis Beauv. Gr A 0 + + + + + + + + + + + + +

Stipa bungeana  Trin. Gr P 0 0 0 + + 3.9 10.8 22.6 41.7 3.6 14.9 47.5 58.7 50.4

0 10.7 14.4 16.9 21.5 29.5 44.9 70.5 100.2 27.8 64.7 107.2 121.2 113.3

Plant cover of suspended grazing, area %

Total cover %
Plant Families (Fam); As: Asteraceae, Br: Brassicaceae, Ch: Chenopodiaceae, Co: Convolvulaceae, Gr: Gramineae, Le: Leguminosae, Pl: Plumbaginaceae, Po: Polygalaceae,  Ro: Rosaceae.
Life forms (LF); A: Annual, P: Perennial.
Coverage is given in percentages.  + denotes less than 0.1%.

Species Fam LF
Plant cover of suspended cultivation, area (%)

 
 
successes now. 
 
5.3. Rehabilitation measures on the Loess plateau 
   The Loess Plateau is another example.  It is a vast plateau 
which extends around midstream of the Yellow River, 
occupying about 600,000 km2 (1/16 of China, this is 1,5 times 
of Japan).  The Loess Plateau is considered to have been 
formed by an accumulation of a huge volume of loess with a 
thickness of 50 to 100 m, sometimes even more, brought to this 
region from NW deserts by strong winds 1 to 2 million years 
ago and during glacial periods.  The plateau was created by 
the deposition of wind-blown dust and by glacial till, which 
was left behind by retreating glaciers.  In prehistoric times the 
area was covered with rich vegetation but the increase in 
population since the 11th century promoted deforestation and 
the development of grasslands on a large scale.  Forests have 
been cleared here over the past few thousand years, but 
deforestation was particularly severe during the mid-20th 
century.  As a result of centuries of unsustainable farming 
practices, combined with huge population pressures, the 
balance of the ecosystems got completely lost, leading to a 
barren plateau with extreme erosion problems (Fig. 4). 
   The annual means of soil erosion is one of the highest in the 
world and is said to amount to 1,100 to 9,600 t/km2.  
Evapotranspiration over grassland areas is rather high.  It was 
estimated to be about 1 mm day-1 during the growing season 
(Kimura et al., 2005). 

 

Fig.4. Strong erosion by water in steep loess slopes, near Wuqi 

(photo: S.W. Breckle) 

 
   A Japan-China-Joint Research Group established 
experimental fields at Guyuan prefecture (Ningxia Hui 
Autonomous region) and at Ansai prefecture (Shaanxi 
Province).  Both are located in central parts of the Loess 
Plateau.  Extensive research has started in 1988, including 
climate, geology, soils, crops, ecology and forestry.  It covers 
investigations on the relation between management systems 
and soil erosion and research on the adaptability of native and 
introduced plants (Nielsen, 1944).  Further studies on the 
effect of different vegetation covers are dealing with the 
outflows of soil and water.  Finally, extensive studies on the 
possibility of vegetation recovery in these semi-arid parts of the 
Loess-Plateau were undertaken (Ichizen, 2003; Ichizen et al., 
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Table 5. Plant Cover and height of some of the tested perennial 

grasses 

Species Plant cover
(%)

Plant height
(cm)

Panicum virgatum 100 146
Bromus inermis 83 26
Stipa bungeana 78 22
Eremochloa ophiuroides 78 10
Stipa comata 77 21
Bothriochloa ischaemum 76 24
Bromus marginatus 44 18
Oryzopsis hymenoides 43 26
Bromus biebersteinii 41 17
Elymus dahuricus 38 17
Elymus junceus 29 16
Agropyrum intermedium 25 20
Agropyrum repens 21 14
Agropyrum elongatum 19 21
Agropyrum sibiricum 19 13
Agropyrum desertorum 16 19
Bromus carinatus 16 13
Eragrostis curvula 14 27
Festica arundinacea 9 18
Festuca ovina 9 16  

 
2001, 2005; Nishio et al., 2000).   
   The relations between management systems and soil 
erosion are very obvious.  As a result of stopping cultivation 
and also stopping grazing by sheep during 25 years, dominant 
plant species changed from annual herbs to perennials herbs 
such as Artemisia spp. and Stipa bungeana, the vegetation 
cover rate remarkably has increased, as is shown by these 
long-term observations (Table 4). 
   For several years there have been growth studies on the 
adaptability of introduced plants.  About 20,000 plant species 
were collected inside and outside of China.  They were 
seeded in experimental fields.  Most species were not suitable.  
Several perennial grasses were growing well.  Therefore the 
adaptability of 197 grass species was tested in pasture trials.  
Some of the results are shown in Table 5.  Twenty species 
were still growing for 5 years after seeding.  Panicum 
virgatum exhibited by far the most dense plant cover and 
greatest height. 
   The effect of vegetation on soil and water outflow is very 
distinct.  Suspension of cultivation and grazing markedly 
contributes to a decrease in the amount of soil erosion and 
water outflow.  Table 6 gives data on the influence of 
suspended grazing and of seedings on soil and water outflow 
and on vegetation cover.  Outflows decrease in the following 

Table 6. Effect of suspended grazing and seeding variations on soil 

and water outflow 

Vegetation Soil outflow water outflow
(%) (t / km2) (m3 / km2)

No grazing with
   Panicum virgatum seedings 101.1 152 764
   Bromus inermis seedings 100.8 317 1,653
   Stipa bungeana seedings 103.7 589 2,695

Grazed 30.5 1,070 4,987

Plowed 0 1,438 5,616

Plot

 

  

 
Fig.5. Landscape of rocky desertification at the limestone slopes in 

Yunnan, China.  Vegetation has been destroyed by over- 

logging and over-cropping, the bedrock is exposed after soil 

erosion. Maize cultivation is still going on only on small fields 

(photo: T. Nishio) 

 
sequence: 
   plowed plots > grazed plots > suspended grazing and Stipa 
bungeana seedings > suspended grazing and Bromus inermis 
seedings > suspended grazing and Panicum virgatum seedings. 
   The vegetation cover percentage in all three seedings types 
was at the same range, about 100% coverage, in contrast to 
grazed plots and plowing. 
   Recent studies have indicated that plantings of Panicum 
virgatum are effective to prevent soil erosion.  This species 
has, however, many strains (Nielsen, 1944).  Further studies 
are needed to clarify variations and ecological behavior among 
the strains, to compare the structure of aboveground parts and 
root system, the soil binding force, competition with weed 
species in the local area and feed components for livestock.  
Together with afforestation those plantings are first steps for 
vegetation recovery in the loess plateau.  It remains an open 
question, if some sustainability of those fragile ecosystems can 
be reached in future. 
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5.4. Rehabilitation of desertified limestone slopes in Guanxi, 
Southern China 

   Not only in northern China there are desertification 
problems, as a third and contrasting example the limestone 
areas in Guanxi will be mentioned.  Rocky desertification in 
limestone area is a process of land degradation involving soil 
erosion, extensive exposure of basement rocks, drastic decrease 
in soil productivity, and the appearance of a desert-like 
landscape, even under relatively humid conditions.  
Meanwhile the ecosystems of limestone slopes in Guanxi are 
extremely fragile because of shallow soils, water deficiency 
and leaching of soil nutrients.  Human land-use activities have 
exposed the Karst region.  This has led to serious land 
degradation, resulting in extensive exposure of the basement 
rocks (Fig. 5). 
   The Carbonate rocks cover about 4,260,000 km2, largely in 
Guizou province (110,000 km2), Guanxi Zhang Autonomous 
Region (890,000 km2) and Yunnan Province (610,000 km2).  
The limestone area in the southwestern China has special 
geomorphic features such as scenic landscapes in Guilin.  
Cone Karst and tower Karst are developed in manifold 
combinations, forming landscapes with extremely steep slopes 
and gentle plains.  Two types of geomorphic features were 
mainly identified in this area.  Peak-forest plains are 
consisting of peaks and plains including rivers, people are 
relatively blessed with water.  However, on Peak-cluster 
depressions, people are short of water because of Karst 
geomorphology with a very high permeability of the sieve like 
rocks.  In Guanxi Zhang Autonomous Region in the center 
and northwest part of the province many people suffer from 
water shortage.  Especially, Dahua Xian, the study area, and 
the suburbs of Nanning are very seriously affected, 2-3 million 
people are chronically suffering from water shortage. 
   The bedrock limestone and dolomite tend to be exposed at 
concave slopes and rocky crests, respectively, after soil erosion 
by nature or human activities.  As dolomite has a tendency to 
be more resistant against weathering than limestone, the 
development of Karst topography in this area seems to be 
closely related to the distribution pattern of limestone and 
dolomite.  This brings about that the parent materials of soils 
are different according to the relief among the sites of this 
region.  Soils at rocky crests, where formerly natural 
broadleaved forests were distributed, are very shallow.  The 
surface soils are rich in organic matter and even acidified.  
The contents of exchangeable potassium and available 

phosphorus are very low.  Soils at concave slopes, where 
grasslands and artificial forests are distributed, are relatively 
deep. 
   The initial quantity and quality of actual vegetation and the 
relevant site conditions were measured to know the potential 
for reforestation.  Vegetation and site conditions were 
surveyed. Six types of land use are identified: forests, shrubland, 
grassland, maize fields, other crop fields and bamboo forests.  
Human activities increased the percentage of maize fields and 
grasslands, in other parts over-grazing and over-logging lead to 
severe rock desertification.  Forests were confined to very few 
areas on the upper steep slopes of depressions.  On middle 
slopes, forests became shrubland after felling and grazing.  At 
the bottom of the depressions, the people settled and tilled 
fields because of the easy accessibility of water.  Bamboo was 
planted near houses.  Classification of vegetation indicated the 
difficulties of succession suppressed by human activities. 
   The whole limestone area has a population of 100 million 
people, and minorities account for about 20 million.  There 
are 48 different ethnic nationalities residing in these areas, and 
they are very poverty-hit in China, accounting for half of the 
total poverty.  In consideration of our preliminary results, it 
will be necessary to rearrange land use.  Afforestation is again 
a means of rehabilitation, for reduction of environmental 
impacts and for multipurpose use such as fuel, fodder, timber 
and fruit and to keep livestock in barns with an efficient 
management-system.  Here, several native tree-species will be 
used for afforestation. 
 
5.5. Rehabilitation of desertified limestone slopes in Guanxi, 

Southern China 
   The fixation of drifting sands is a major task in the frame of 
combating desertification (Ximing et al., 2001).  Several 
experiments have been made regarding this problem (Sun et al., 
2001).  Planting methods are a traditional means to control 
drifting sands and are increasingly practiced.  The vegetation 
establishment on mobile sand dunes is only successful if wind 
speed is greatly reduced and sand movement is minimized.  
Straw-checkerboards (Fig. 6) are successfully used for wind 
speed reduction at the soil surface.  An efficient checkerboard 
is 10 to 20 cm in height and 1×1 m in size (Qiu et al., 2004).  
Seedlings of Artemisia ordosica, Hedysarum scoparium, 
Caragana korshinskii, Eragrostis poaeoides and Calligonum 
mongolicum were planted or sown.  Other plants especially 
annuals became established naturally.  The vegetation 
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Fig.6. Checker-straw in sandy desert to prevent sand movement 

and catch seeds for revegetation in Tengger desert (photo: M.Veste) 

 
coverage in experimental plots with A. ordosica and C. 
korshinskii is depending on plant density and mixture.  In 
monoculture of A. ordosica the maximum observed vegetation 
cover was 18.6 % and for C. korshinskii 18.0 %, respectively, 
whereas in mixed stands of both species the cover was up to 
25.8 % (Li and Shi, 2003).  The reasons for the higher 
vegetation cover in the mixed stands are different root systems 
of the species.  Caragana can use water from deeper layers 
than Artemisia. 
   However, the main disadvantages of the straw- 
checkerboards are:  
1. Period of their function of protection is rather short. 
2. These methods cannot ameliorate the productivity of soils. 
3. The engineering methods do not have the function of 

decorating surrounding environments. 
4. The availability of straw and transportation to the huge sandy 

sites is limited. 
5. The installation is rather labour intensive. 
 
6. Political measures and prospects of combating 

desertification 
 
   Since 2000, the Chinese government promulgates and 
executes “the law of combating desertification”, “the execution 
principles of forest law” and others, completes “the grassland 
law”.  Using the strong basis by governmental laws, the 
procedure of combating desertification is now effectively 
working.  And with the motivation systems made by the 
Chinese government, more and more local residents actively 
participate in combating desertification.  The government 

offers the policy principle ”who controls, can get benefits” and 
admits local residents to undertake and manage desertified land 
for fifty years, or even seventy years.  Chinese government 
gradually reduces all kinds of taxes, such as Chinese 
government claim tax relief to companies who take over 
engineering projects for combating desertification or ecological 
construction.  The Bank of China offers all kinds of loans 
whose interest is offered by Chinese government for combating 
desertification especially, encouraging local residents and 
companies to join anti-desertification efforts.  All means, 
mentioned above, have achieved outstanding positive results, 
and the participation of the local people is steadily enhanced. 
   In February, 2005 a new action plan of combating and 
controlling desertification of China was passed.  Until the year 
2010, the total desertification expansion of China shall be 
basically brought under control, the ecological situation shall be 
better at all.  Special emphasis should be laid upon the 
ecological conditions of the Construction and the Project Area 
for Control Engineering of Wind and Sand Resources of 
Beijing and Tianjing.  The key controlled area of the fourth 
stage of northeast, northwest and north is protection of forest 
and construction of engineering controls.  The four deserts 
should develop to better natural conditions.  However, by 
some certain parts of human activities and low investment, it 
will appear that in some regions severe desertification is still 
enlarging.  But in general, under the management of nearly 
thirty years, the outstanding effect of ecological construction 
will be obvious.  If there are no huge climate changes, the 
desertification situation will greatly turn better.  The past 
policy leading to expansion of desertification and to unsuitable 
human activities may be inhibited stage by stage.  Although 
humans still cannot change the fragile natural environment in 
an arid area, under the sustainable ecological construction and 
persisting plantations for restauration, until the middle of this 
century, the desertification situation of China may exhibit 
ultimate changes. 
   Although Chinese people have got many achievements in 
combating desertification, the majority of research on 
desertification in China is still by the behaviour of single 
subjects, inferring a narrow range of knowledge.  This 
research is immediate and qualitative, lacking data from 
long-term observations, from synthesis and constant 
measurements.  Therefore, Chinese scientists and with the 
help of the international scene will pay more attention to the 
following subjects for combating desertification: 
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1.  The appraisal index system about desertification;  
2.  The warning and forecasting system about monitoring 

desertification;  
3.  The rehabilitation of soil salinization and other kinds of 

soil degradation;  
4.  The causes and the developing mechanisms of sand storm 

and the monitoring and controlling methods;  
5. The mechanism of vegetation degradation and the 

regulations about vegetation dynamic changes;  
6.  The selection and rehabilitation of tree species for various 

purposes;  
7.  The research about biological diversity and variety;  
8. The synthesis balance of the optimization model 

“plantation-climate-soil-water”;  
9.  The research on ecological economy;  
10. The various designs about ecological rehabilitation 

engineering. 
   The desertified areas of China will decrease on a larger 
scale.  From long-term designs, China will have a sustainable 
improvement of those areas, with new ideas and controlling 
abilities for understanding ecosystems and desertification 
processes. 
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