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Abstract

Sand dunes are considered one of the most obstacles that face the horizontal or vertical
expansion of agriculture in the desert. Sand dunes are a collection of a loose grouping of
sand on the land surface in the form of a pile with top. In the recent years, increasing
attention has been taken to cultivate the timber trees and ornamental plants in a narrow
range to combat the desertification, sand encroachment and sand dunes. The climate
factors are characterized by high temperature, strong winds laden with sand and sandy
dunes, lead to soil erosion and remove the fertility soil in the surface layer, and destroying
cultivated lands. Therefore, it's important to planting windbreaks and stabilization sand
dunes to reduce the damage and loss of all areas of development aspects. The methods
used for combating the sand dunes can be classified into two types; biological methods or
plant measure and the second are the mechanical methods or engineering measure. We
will focus in this article on the biological methods where the trees, shrubs and grasses are
planted. The desert plants should have some criteria. Some successful biological measures
were used for combating desertification in different land, such as agricultural areas,
highways, railways, roads, cities, industrial factories and mining areas. There are
environmental and economic importance of the cultivation of the dunes such as
installations and afforestation of sand dunes to maintain the ecological balance and the
stability of life, providing employment opportunities and timber production for fuel, or for
animals feed.
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1. Introduction

Sand dunes constitute a constraint in collection of sand, which is a loose
urban development and agricultural grouping of sand on the surface of the
expansion. Sand dunes are defined as a earth in the form of a pile with top. Sand
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dunes formed by erosion, a desert rock
interaction with extreme temperatures
and wind blowing continued, leading to
the dismantling of the rocks and
fragmentation to a different size and
shape sand granules..

Since pharaonic times mobile sand has
been stabilized through plantations, while
conversely fields and woodland have been
devastated by wind-driven erosion and
coverage of sand. This ancient fight
between vegetation growth and Aeolian
surface mobility has evidently enormous
impact on the economy of semi-arid
regions, on coastal management and on
global ecosystems [1].

Trees, shrubs and ornamental plants are
represented  permanently important
group in windbreaks and play an
important role in combat sand dunes. In
recent years, increasing attention to the
cultivation of timber trees in a narrow
space for combating the desertification,
sand encroachment, sand dunes and
overcome the harmful of climatic changes
and protect the environment from
pollution, as well as its have a role in
addressing the big problems that result
from the movement of sand dunes and its
threat to the installations of industrial and
population, roads and farms, etc.

High temperature, strong winds caused
the sandy dunes, which lead to soil
erosion and remove the surface layer rich;
lead to cover the land and destroying a
cultivated area, soil becoming poor in
organic matter and nutrients. This
prompted many interesting countries to
planting windbreaks and stabilization the
sand dunes to reduce the desertification,
land degradation, particularly in arid and
semiarid regions [2,3]. Sand dunes
without vegetation can be moved by wind
and this process can cause major damage
to the landscape [4,5].

Sand dunes and other aeolian forms cover
about 17% of the whole Egypt country,
while cover approximately 6% of the
global land surface area [6].
Morphologically these landforms are
subdivided into sand seas (ergs), isolated
dunes, dune fields, sandy plains and
sheets. At several locations, sand
encroachment  causes hazards to
farmlands, highways, population centers
and other infrastructures. Remote sensing
techniques could be use effectively to
monitor sand dune movements through
comparing the multi-temporal satellite
images according to [7].

Sand encroachment in Egypt can be
classified into two categories:

1. Severe dune migration (> 15 m year-
). It occurs in South Al-Bardaweil
(North Sinai). It prevails in Central
Sinai, east of the Suez Canal, Siwa,
Abu Mongar, Farafra, Bahariya and El
Rayan.

2. Slight dune migration (< 5 m year-1).
It occurs on both sides of the Nile
Delta, northern coast of the Nile Delta
and along [8].

In Egypt, the main constraints for
sustainable agricultural in Sinai is,
essentially, the migration of sand dunes
that occupy about 5000 Km? of the coastal
zone This adversely affects on the
cultivated lands and the newly reclaimed
areas. It is subject to sand dune
encroachment. The movement of sand
dunes causes severe damage to the
buildings, roads, irrigation and drainage
canals. Migration of aeolian sands results
in the migration of longitudinal dunes at a
rate of 2.25 m/y for that south of Bir El
Abd and 13 m/y at Wadi El Gady [8].

Sand dunes are known to be (1) free of
vegetation and active, (2) partly vegetated
and active and (3) fully vegetated and
fixed. It is customary to conclude that the
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stabilized sand dunes of the world
indicate mobility in the past, probably
under more xeric climate regimes [10].
Many geologists and geomorphologists
relate the mobility of sand dunes during
the Upper Quaternary to an increase in
aridity while stability by vegetation occurs
during wet phases [11,12]. It is obvious
that all fixed dunes were active in the past
and became stabilized when their climate
changed. Most scientists refer to climate
change as a change in rainfall and
temperature, which are the two important
climate elements that affect vegetation
growth [13].

For this reason, it's expected that sand
dunes in hot deserts would be devoid of
vegetation and active, while the dunes
along the coasts of humid areas would be
vegetated and stabilized. However, there
are many examples of active sand dunes in
humid areas and stabilized dunes in arid
areas [14].

Sand dune fixation is designed to prevent
the movement of sand long enough to
enable either natural or planted
vegetation to become established. In the
arid and semi arid regions, various species
of trees, shrubs and grasses can be used
for dune fixation [15]. Atriplex spp. and
Acacia spp. are among the effective plant
species used for the control of shifting
sand dunes [16].

In El-Shaikh Zuweid (Egypt), [17] used
biological fixation of coastal sand dunes
(Moghat, Liquorice, Sisal and Opuntia).
Ndiaya et al [18] cultivated Casuarina
eqisetifolia for the control of the coastal
sand dunes of Senegal. Moreover, the
monitoring of four plant species grown for
sand drift control in India showed that,
the growth and the survival of such plants
were best on the dune crest and leeward
slopes [19]. Furthermore, the most
popular cultivated plants tolerated the

stress conditions under sand dunes in
Egypt are: Acasia saligna, Prosopis pallid
and Atriplex nummularia [17,20].

The sand dune fixation has been carried
out in the Sahel [21,22] in many areas in
the world. In all cases, the use of plastic
sheets, plant residues, bitumen, and
elemental sulphur, lead to improved
chemical properties of dune sand. This
was reflected in significant increases in
plant height, number of branches, crown
cover and crown volume. As a result, the
shifting sands were sharply decreased by
47.2 to 96.7% in the stabilized areas.
Planting of natural wind breaks/shelter
belts, stabilization of sand dunes,
minimum tillage, and conservation of
rainwater are some of the measures found
effective in checking wind erosion. Reduce
to advanced erosion and planned
performing wind breaking the prevailing
winds in the direction perpendicular to
wind prevent devastating effects (wood
and bamboo curtains (reed), shrubs,
fences, rocks, etc.).These measures are
extremely effective against wind erosion
and to stop sand dune in order the move
and keep in the place [23].

It can be classify the methods used to
control sandy desert into two types: One
is to the extant vegetation on the sand
dunes or, where such vegetation has
deteriorated, to plant trees, shrubs and
grasses. The materials used in this type of
method are living. This type is known a
biological methods or plant measure for
desert control. The second is to set up
barriers used in this type are non-living,
such as wheat straw, branches of trees,
bamboo, reeds, sorghum stalks, clay,
cobblestone, petroleum chemicals and so
on. This type, called a mechanical methods
or engineering measure for desert control.
In this article we will focused only on the
biological methods, particularly role of
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ornamental plants and woody trees in the
stabilization of sand dunes.

Biological methods for combating the
sand dues

Some successful biological measures were
suggested for combating desertification in
different land uses such, as agricultural
areas, highways, railways, roads, cities,
industrial factories and mining areas.
Suitable plant species were chosen on the
basis of their capabilities in these kinds of
harsh environments. Plantation
techniques and the seed treatments like
sowing, seedling and air seeding were
successfully used for protecting the
properties of people that are living in the
desert areas of China. Shelterbelt systems
and practical models for the hilly and flat
desert areas are applied [24].

Criteria of desert plants

Desert plants usually call on the plants,
which grow in a sandy dune with loose
texture or sandy beaches; they include
grasses, shrubs and trees. These plants
must be able to tolerate rapid sand
accumulation, flooding, salt spray,
sandblast, wind and water erosion, wide
temperature fluctuations, drought, and
low nutrient levels. In spite of the severe
limits these requirements place on the
plant species, plants capable of stabilizing
coastal dunes can be established in most
coastal regions with enough rainfall to
support plant growth [25,26].

The six primary criteria of desert plants
include:

1. Cold resistance and heat resistance:
Most desert plants such as
Ammopiptanthus mongolicus could
resist severe cold of 25°C and can
tolerate over 60°C land temperature
and 70°C surface temperature.

2. Strongly favor sunlight: Atraphaxis
bracteata, Calligonum caput-medusa
trees grow very well under sand
dune desert condition.

3. Sand bury-resistance and wind
erosion-resistance: Twigs of many
desert plants are buried by moving
sand, if the twigs meet water, they
can grow adventitious roots, and can
grow new plants on the twigs rapidly,
such as Nitraria sp. Some roots are
exposed because of strong wind
erosion, and they still grow
tenaciously, such as Haloxylon and
Calligonum.

4. Root developed strongly: Main root
usually can reach underground water
layer, the longest roots are over ten
meters. Haloxylon plants, main root
can reach as 13 meters, Alhagi
sparifolia, its main root can reach 5
meters deep, such as Calligonum
mongolicum; its lateral root can reach
25 meters.

5. Drought and barren resistance: When
the water content rate no more than
2 % in the sand dune, the nutrition of
the soil is a worse desert plant can
still grow well, such as Limonium
aureum can still grow and blossom
strongly in 1.68% water content. The
endemic plants have mechanisms to
adapt the drought conditions [27].

6. Sprout early, the growth period is
long: Desert plants usually sprout in
early April and blossom in May to
July. Desert plants grow more
vigorously, after September their
growths go down gradually.

It is not suitable to raise seedlings with
seeds for desert plant in clay; the most
suitable place is in the sand-loam.
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Introduction of species in the sand
regions
There are four main factors affecting the
introduction of desert plants:

1. Zonal, for example, when Salix

sand covering. However, it is
important to consider that planted
positions of introducing on the sand
dunes.

goredjeveii when grow in the steppe
area was introduced into the steppe,
desert regions, the species can
survive and grow because of its roots.
On the contrary, the two species
Aryemisia  halodendron and A.
Wandanesis cannot grow and survive
in the dry season and dry year
because of their sallow roots. When
the desert plants were introduced
into steppe or steppe, desert region,
some could grow and other could not
grow well because of more rainfall
than that of the desert region.
Temperature especially if we
introduced the plants from abroad
the temperature should be
considered as a major factor.
Ecological series: There are four
ecological series that are the
xeromorphy, hydrophyte, halophyte
and psammophyte in the sand
regions. Elaeagnus angustifola and
Populus euphatic usually grow in the
regions where the ground water
available. While we introduce the
species into the sand region where no
ground water is supplied, the species
won't grow good Hedysarum
scaparium and Caragana korshinskii
are the xeromorphy plants, if we
introduce these plants into regions
where the ground water level is high,
the roots of these plants will be rotted
species.

Sand dune sector: The sand covering
can accelerate the growing of
pasmmophyte. However, some plants
can resist available sand covering
and other have some resist strong

Environmental factors affecting the
growth of sand dune desert plants

The success of the fixation is still
dependent on several other factors, even
with a sufficient supply of planting stock
for stabilization sand dunes.

The important affective factors on the
distribution of vegetation and growth are
[28]:

1. Sufficient soil moisture: is an
essential component for the
establishment of dune grasses, and
the low water holding capacity of
sand can cause failure of plantings
[29]. However, compensating factors
in the dune system such as high
water tables often make it possible to
work around this problem. Also,
dune plants have various specialized
adaptations for surviving long
periods of low moisture. For these
reasons, irrigation of restored sites is
not generally worthwhile [25].

2. Salinity concentrations: Salinity is a
potential inhibitor to dune plants
growth through factors combination
of nutritional, toxic and osmotic
nature [30].

Fortunately, the likelihood of salt
damage to dune plants is greatly
diminished by the rapid leaching of
salts from the dune sands. These
sands have almost no retentive
capacity for salt and only a small
amount of rainfall is needed to
remove salt from the plant zone. Also,
all dune plants are tolerant of
moderate salt concentrations and
most seeds can withstand salinities
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as high as full strength sea water
[31].

Physical and chemical characteristics
of soil such, humidity, salinity and
acidity were the effective factors on
the habitat homogeny, which control
the pattern of plant community’s
distribution [32].

. Available nutrients: can also

influence the success of the dune
grass establishment. Dune sands
undergo extensive leaching during
accumulation, transport, and
deposition of sand grains, leaving
them very low in most nutrients
essential to growth of plants [29].
Dunes are equally suitable for
growing trees, shrubs and crops, but
their fertility and high permeability
appears to be a limiting factor. Under
sand dune stabilization process
conditions, nitrogen was the most
important plant nutrient required for
establishment and rapid early growth
of horsetail she-oak seedlings [33].
Increased spinifex growth was
obtained by increasing the rate of
application of nitrogenous Fertilizer
up to 934 kg N hal in 5 equal split
applications over 15 months [34].

Under global change scenarios,
increased nutrient input could
alleviate nutrient stress in S
virginicus, enhancing clonal
expansion and productivity, but this
benefit could be offset by increased
sand accretion levels equal or
exceeding 100% of plant height.
Depletion of stored reserves for
emerging from the sand could
increase plant vulnerability to other
stresses in the long-term. The results
emphasize the need to incorporate
statistical designs for detecting non-
independent effects of multiple

changes and adequate spatial
replication in future works to
anticipate the impact of global
change on dune ecosystem
functioning [35].

Experiences have shown that, the
selection of plant species and
adequate maintenance such as
irrigation or fertilization are the key
factors of successful transplant
vegetation [36].

4. Spacing: Soil moisture, salinity, and
fertilization will affect the success of
dune grass establishment once the
grass has been planted, but there are
also certain standards that need to be
followed  when  planting the
vegetation. For most species of dune
grasses and plants, planting is
typically done by hand on small areas
and on rough or steep slopes, and by
machine on larger, flatter sites [37].
The depth and date of planting vary
between geographic regions and
among species of dune grasses. In
general, the depth is typically 20 to
30 centimeters, and date of planting
is dependent upon favorable soil
moisture conditions [38]. The
spacing and pattern of planting is
also important to consider. Spacing
that is too close is more costly and
wasteful, and spacing that is too wide
will usually result in total failure [25].
The spacing and pattern should be
determined by the conditions of the
site and the objectives of the
planting. In general, plants should be
spaced about 18 inches apart, and in
a strip pattern with 36 inches
between rows [39].

Vegetation was destroyed due to different
factors in arid and semi-arid areas of sand
dune formation and going harmful
movement (such as Karapinar-Konya sand
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dunes). A different plant occurs rarely
constantly changing on the dunes as other
than shrub or tree. Because, plants cannot
be developed at the surface of the dry
dunes in the dry season [40]. Wind curtain
statement was used to protect to
buildings, gardens, fields and other
facilities from wind damage for the
purpose of the mechanical and plants
were used all kinds of obstacles. The
young vegetation disappeared without
forming vegetation without creating any
blocking effect of wind moving through
the sand dunes planted. Therefore,
vegetation grown the direction
perpendicular to the wind one side by
cutting the material to keep the speed, on
the other hand prevents further removal
of material [41].

Plant growth and development are control
by internal regulators, which are modified
according to environmental conditions
[42]. The most ecologically important
environmental factors affecting rangeland
plants growth and distribution are
topography (slope, aspect, and elevation)
and soil properties [43]. Thus, according
to the role of plant on the equilibrium of
ecosystem and human interest, the
relation  between  vegetation and
environmental factors for stability and
sustainability is vital, showed that the
vegetation distribution and establishment
of plant communities depended on the soil
and climate variable [44, 45], the altitude,
slope, soil texture and depth [46].

The relationship between environmental
factors and distribution of plant studies
indicated that slope, altitude, texture,
depth of soil and nitrogen had a high effect
on the distribution of species [47]. As
regards the plants, existence in different
region is due to environmental factors and
some of these factors had higher effect on

the plants existence in an area, and
effective factors on plant distribution.

Species selection

Natural conditions in various desert areas
are quite different and they are a key to
select suitable species based on local
conditions. Plants should be preferred
suitable for dry and wind-resistant deep-
rooted fast-growing, branching from the
bottom of a certain size and long-lasting
ones which wood pitch for the
establishment of the selected trees and
shrubs of the region's climate and soil
characteristics [48]. When selecting
suitable species, the following items
should be taken into consideration:

1) Selecting the species which grow well
from nearby area; 2) Selecting local
species; 3) Selecting the species with high
economic values; 4) Selecting the species
that are strong in sand fixing; and 5) In
other places, vegetation was removed
from dunes as a result of over-grazing and
cutting. In these cases, the reverse of the
stabilization process took place, in which
sand-shifting increased. @There are
researchers who  understand this
destruction process as part of the
desertification process [49,50].

This process too causes changes in the
natural landscape and affected in species
selection. So, we have been selecting the
species that have rapid growth for over
grazing and cutting.

In various places in the world, great
efforts have been made to stabilize coastal
dunes and sand dune of desert in
particular and fore dunes in general. In
most cases exotic species were used, such
as the Australian acacia (Acacia saligna
and A. cyclop), various species of tamarisk,
pine, and perennial grasses, such as
maritime grass (Ammophilla arenaria)
[36]. These plants are rapid growers, have
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low demands on their habitats, and are
able to cope with high-speed wind
regimes and seawater spray close to the
coast, as well as the harsh conditions
typical of sand. Over time, some of these
plants have expanded and covered broad
areas, thereby, stabilizing the sand and
modifying the landscape in both
geomorphic and biological sense. In many
cases this has caused nature conservation
problems [51,52].

Recently, tree and shrub plantings have
been applied to control shifting sand
[53,54]. For example: Populus euphratica,
Populus alba, Callegonum spp, Tamaix spp
Artemisia arenaria, Zygophllum
xanthoxylum, Atraphaxis bracteates ect.
These species, selected from practical
experience through many years have
relatively, strong adaptive faculty and
have been utilized in desert areas. The
Populus euphratica tree grows on the sand
dunes that surround certain wells at the

western stretches of Siwa (Egypt) Oasis
[55] and had been introduced to Siwa
Oasis to fix the sand dunes during the
Alexander the Great Period [56].

Famous plants which used in the

stabilization of sand dunes are

Deciduous (Table 1)

1. Trees (Taxodium distichum, Quercus
alba and Quercus robur).

2. Evergreen trees (Pinus mugo,
Juniperus chinensis and Juniperus

horizontalis).

3. Shrubs (Caragana arborescens, C.
fruticosa, Hydrangea spp., Rhus
glabra, Rhus typhina and Rhus
aromatica).

4. Herbs (Helianthus sp, Methiola
incana, Vinca rosa and Limonium
latitolium).

5. Others Species plants (Tamarix

aphylla, Prosopis juliflora, Acacia
saligna and  Atriplex nummularia).

Table 1: Suitable plant species for different desert types desert [24].

Location Suitable Species
Desert Populus euphratica, Populus alba var. pyramidalis, Populus gansuensis,
Reaumuria soongorica, Elaeagnus angustifolia, Caragana korshinskii,
Hedysarum scoparium, Haloxylon ammondendron, Calligonum sp, Tamarix
spp. Artemisia arenaria, Zygophyllum xanthoxylum and Atraphaxis bracteata.
Sand dunes Haloxylon ammodendron Bge., Tamarix ramosissima Ledeb., Hedysarum
scoparium Fisch.et Mey., Caragana korshinskii Kom, Calligonum arborescens
Litv,, C. caput medusa Schrenk and C. mongolicum Turcz.
Arid area Haloxylon ammodendron, Hedysarum scoparium Caragana korshinskii.
Semi arid Salix matsudana, Populus canadensis, P. simonii, P. nigra var. italica, P. alba
area var. pyramidalis and P. nigra var. thevestina.
Environmental and economic available cropland per capita and

importance of dunes cultivation

Rapid population growth is an important
driving force to increase the pressure on
the land resource, because a larger
population must induce more activities for
needs of life [57]. In the last 50 years, the
population in this zone has doubled. The

rangeland per sheep unit has decreased
by a factor of three. A series of unwise
activities, such as overgrazing, over the
expansion of cropland, abuse of water
resource, removal of shrubs and trees for
fuel wood gathering, etc., has caused wide
spreading of desertification. Urbanization,
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traffic infrastructure construction, mine
exploitation, as well as recreation, have
also disturbed the land and the vegetation.
Installations and afforestation of sand
dunes of the most important factors that
maintain the ecological balance and the
stability of life in these areas, and
contribute to providing employment
opportunities for citizens as a factor of the
limiting factors of desertification, and
contribute to providing employment
opportunities for the citizens living in
these areas and timber production for
fuel, some industries and securities which
can be used as feed for animals such as
leaves Acacia sjanovila and other leads to
economic growth and social development
in these areas generally.

Environmental benefits

The environmental benefits of using the
biological methods for combating the sand
dunes is the stability of the soil surface
which becomes suitable for the cultivation
and growth of trees which leads to the
development of environmental and
improve soil properties, according to the
accumulation of leaves and twigs of
deciduous trees, plants and organic
materials, which in turn activate objects
microbiological existing soil Cabactrella
rizbayoum.

The economic benefits

The installation process and repel wind

does not stop for the importance of the

installation process on the preventive side

only, but goes beyond that to include what

can be supplied from production directly

and indirectly in terms of

A. Providing grazing areas or
supplemental feed sources.

B. Wood production (fuel industries) of
economic value.

C. Contribute to raisimg the rates of
productivity in agricultural areas that
are protected from the wind and sand.

D. Limit the degradation of areas of new
production from the impact of the
movement of sand creeping and must
focus on the need to build a
sustainable policy in the afforestation
of sand dunes and species selection
multipurpose. In this, regards [58]
reported that trees and forests had a
role in increasing food security and
reducing poverty is gaining
recognition. A large proportion of the
dry land inhabitants depend on forests
for subsistence or income. They use
trees, in natural forests or on the farm,
to generate food or cash. In the
absence of trees, the harsh
environmental factors of wind and
water runoff become strong forces
eroding the soil. Hence, land
degradation, productivity decline, per
capita grain production decline and
the increase in poverty level as well as
an increasing number of people living
in extreme poverty are becoming
frequent.

Elsiddig et al. [59, 60] reviewed the

literature on shelterbelt influences, design

and related it to conditions in Sudan. They
have emphasized the benefits in terms of
amelioration of the environment, savings
of irrigation water and enhanced crop
production that would result from the
more widespread local use of shelterbelts.

Strong opinions, which are not always

well founded, are frequently expressed

concerning a number of drawbacks
attributable to shelterbelts.

The potential benefits of shelterbelts

Irrigated forest plantations in the form of
shelterbelts or woodlots under Gezira
conditions  are  competitive  with
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agricultural crops and are important in
meeting essential needs and national
objectives [61]. The non-wood values in
the form of reducing rural depopulation,
creation of the jobs, amenity,
environmental and crop protection, saving
of irrigation water and increasing of
agricultural yields are appreciable. They
have not been included in the financial
analysis. Efforts should be made to include
these non-wood benefits in future
assessments of profitability, as they will
definitely boost them greatly [62,63,64].

Biological Dune Fixation Operations
The first step in stabilizing dunes is
temporary stabilization by any material
that stops surface sand movement. The
second step is biological stabilization,
which consists of establishing a
permanent vegetative cover [65]. That is
no easy task because of the character of
the soils and because the winds tend to
uproot young plants or bury them with
drifting sand. Temporary stabilization of
the soils is necessary in order to protect
young plants until they become
sufficiently large to maintain themselves
against the drifting sand.

Over the years, a variety of measures have
been used effectively to build up, and to
stabilize dunes, or to prevent the erosion
of dunes and beaches. Devices that have
been effectively implemented to trap the
aeolian sand are fences, nylon nets, and
rugged materials [66, 67].

Once the dunes have been stabilized, they
can then be fixed definitively by installing
perennial grassy and woody vegetation
(figure 1). For each planting season,
planting and restocking start as soon as
the first rains fall. The ideal is to plant as
soon as the new and residual soil moisture
meet, which takes place a few days after a
good rain. A well-moistened soil means

that the time taken in planting is reduced
to a minimum and the seedlings take root
well, thus reducing the planting costs per
hectare. In the case of insufficient rainfall,
supplementary water must give to each
seedling in order to make up for the depth
of residual moisture. The positioning of
species on the ground is a very important
factor for successful planting.

Plantation Phase: Based on previous

experience  of local sand dune

stabilization, the planting strategy of the
scheme depended on the following
factors:

A. Irrigation of trees and shrubs by fresh,
brackish and/or salinity water. The
water is pumped from a main drain
close to the plantation site;

B. Reduction of the rates of drifting sand
through biological dune fixation.
Among the ten plant species, Tamarix
aphylla, Prosopis juliflora, Acacia
saligna and Atriplex nummularia show
high rates of growth and significant
survival rates [8].

Sand dunes formed through fencing are

unstable and can become deteriorated

rapidly. The most common practice is to

stabilize them by vegetation [68].

However, the dunes close to the coastline

are in a very harsh environment for the

plants. Limited amounts of fresh water,
constant salt spray, sand blasting or burial
caused by the wind, and additional
disturbance due to human activities, all
these can be hostile to the vegetation. In
this way, not only can the dunes be
stabilized by vegetation, they can also be
attractive habitats for some shore-
dwelling animals [69].

Purposes and practical applications of

the process of stabilization of sand
dunes
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Establishing shelterbelts as a part of
dune fixation Shelterbelts for farmland
Definition

An artificial forest comprising of belts to

fringes of deserts close to the farmland,
are also included in the same category
each shelterbelt for farmland is called a
protective Frostbelt, or a forest belt. The

forest belts, which crisscross each other,
are called networks of shelterbelts for
farmland or network of forests. The
purpose of the shelterbelts for farmland:-

protect farmland is called shelterbelt for
farmland. In addition, all shelterbelts,
which are planted along the roads in
farmland, river banks, ditches and the

Figure 1. Deactivation of migrating dunes under the influence of vegetation. On top, a dune
field in White Sand, New Mexico that shows barchanoid ridges on the left, where vegetation is
absent, developing towards a mixture of active and inactive parabolic dunes on the right (wind
blows from left to right). Dark green regions indicate abundance of vegetation. This suggests a
transition between both types of dunes when the vegetation cover increases. This transition is
illustrated with various dune types found in the White Sand dune field (pictures in the middle),
reinforcing the idea of their common evolution from a crescent dune. Satellite images taken
from Google Earth. Below, same transition obtained by the numerical solution of a model that
accounts for the coupling between sand transport and vegetation, with fixation index _ = 0.22.
The vegetation cover is represented in green (grey) [1].

The main purpose of the shelterbelts for Desert control and afforestation

farmland is to protect farming crops from Desert control and afforestation are the
natural disasters, particularly from the two elements of interaction. Before
meteorological disasters, and to improve planting trees on sand dunes, the mobile
the farming eco-environmental sand dune must be fixed. At present there
conditions. are many measures for desert control and

The establishments of shelterbelts for
farmland not only declines blown sand
encroachment, such as sand beating,
cutting and piling in the farmland, but also
to improve the quality of the whole
environment and to increase the
productivity in the oases and farmland.

the main ones are clay barrier, wheat-
straw barrier, barriers made with gravel
and oil felt rug, mechanical and chemical
measures, such as petroleum emulsion,
etc. The details will not be discussed in
this article.
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Research on the characteristics and
sheltering effectiveness of shelterbelts
and forests is quite limited. Recent review
papers on shelterbelt modeling [70] and
worldwide applications of shelterbelts
[71] make no mention of coastal
applications.

Zhu et al. [72] provide a model for winds
within a coastal forest canopy,
windbreaks consisting of shelterbelts (one
or two rows of trees) and forest belts
(multiple rows) are commonly used
(figure 2) at inland locations as natural
barriers to reduce wind speed, modify the
microclimates of small regions and
suppress the movement of snow, pollen,
dust, sand and odors. They are most
widely used in agriculture in regions of
high wind speed such as Australia, New
Zealand, the Russian Federation, China
and the Great Plains of the United States.
Therefore, the methods used and results
derived from studies of agricultural
shelterbelts can be applied to coastal
shelterbelts and forests as well. In this
section, we discuss the knowledge base on
shelterbelt design and application as it has
been established through research on
agricultural shelterbelts.

. o X
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stripped cultivation method applied way in
the agriculture land [73].

In regions where the annual precipitation
is over 200 mm, bushes and herbs can be

planted to further improve the windbreak
and sand dune fixation qualities. After
establishment, the straw gradual laid rots
to become soil organic matter. Scientists
devised this technique in 1957 [74]. It is
widely used for dune fixation in arid and
semi-arid regions of China [75]. It is used
to prevent the burial of the railway and
highway by sand.

Afforestation on sand dunes

At present, the annual species such as
Halaxylon ammodendron calliganum spp,
Atraphaxis bracteata, Nitraria
tangutorum, Artemisia arenaria etc. are
used for sand dune afforestation. Before
afforestation, sand barriers need to be set
up to stabilize the shifting sand.

In order to make the afforestation play its
role of sand stabilization as soon as
possible, trees can be planted with a
density of 2m x 2m (spaces between
plants and rows).

The planting site should be about 50-60
cm for away from the lee side of barriers
and no tree is allowed to be planted in the
centre of the barriers.

Generally, dig holes to plant trees. When
digging holes, move the dry sand on the
surface firstly, then dig the hole, putting
the wet sand from the hole beside it for
later use. The trees should be planted as
deep as that 5 cm of root system has been
covered and with the root system
unfolding. The wet sand (no dry sand is
allowed to be filled in the hole) to fill the
hole needs to be pressed tightly. If the
seedlings are too big, some branches can
be cut to reduce moisture loss from
seedlings. No irrigation is needed in those
areas where the rainfall is plentiful or
where the moisture in the sand is
sufficient. But, for those areas where the
moisture is insufficient, about 5-10 kg of
water is needed for every hole. After
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infiltration, cover the surface with a layer
of dry sand to prevent the moisture from
evaporation. In those areas where the
layer of dry sand is too thick and the
moisture in the sand is insufficient, it's not
suitable to plant trees.

Afforestation in the depressions among
sand dunes

The depressions among sand dunes are
the relatively smooth places. In the areas
where the water for irrigation is available
and the soil is clay, arbour can be planted
with a density of 3 x 3m for timber
production.

In the areas where there's no available
water for irrigation, it's suitable to plant
some drought resistance arbour trees,
such as Caragana korshinski, Hedysarum
scaparium, Tamarix spp. And Nitriria
tanutorum ect. The density is 2m x 2m, 2Zm
x 3m or 3m x 3m after planting, water the
trees (8-10 kg of water in every hole).

Some successful models which have
been employed are shelter forest
system (Model Biosphere):

The land uses that are suffering most from
desertification are agricultural areas,
highways, railways, roads, cities,
industrial places and mining areas. The
important plant species used for
combating desertification and moving of
sand dunes are Hedysarum laeve, H.
scoparium, Amorpha fruticosa, Lespedeza
bicolor, Caragara microphylla, C.
korshinskii, Artemisia halodendron, A.
sphaerocephala, Astragalus adsurgens,
Ulmus pumila, Hippophae rhamnoides,
Haloxylon — ammodendron,  Calligonum
mongolicum [24]. Elaeagnus sp., Fraxinus
sp. Robinia pseudeaccucia, etc.), which dry
and hot-resistant plants were selected
plantations [48].

Transplanted seedlings, direct sowing,
use of cutting, and air seeding techniques
were used for greening areas degraded by
wind and water erosion. Different models
have been applied for protecting
agricultural areas, cities, highways,
railways and roads, industrial or mining
and reservoir properties. As soon as the
dune is stabilized and moving sand is
suppressed, seedlings of  woody
perennials such as shrubs and trees may
be introduced. Establishing the shelterbelt
on dunes or protective dykes serves
multiple purposes [76].

There are some successful models which
have been employed are shelter forest
system in oases, shelter system for sand
fixation in agricultural areas,
transportation, industrial or mining and
reservoir properties [24]. Also [77]
revealed that, there are generally three
major types of severely decertified land.
Each different type has its own cause of
desertification and characteristic
fragilities, and needs a specific model for
transformation. In the regions where sand
dunes are densely distributed,
desertification reversion is very difficult
to achieve. Through several years of
experiments and demonstration services
an eco-model named ‘small biosphere’
was developed, which can promote the
above-mentioned theoretic approach to
be realized (figure 3).

The small biosphere model consists of
three small circular zones. The ‘core zone’
is arranged in the center part, occupying
about 1 to 4 ha of wetland, equipped with
one or two wells and pumps for irrigation
in drought season and cultivated with
productive crops such as wheat, maize,
rice and fodder crops. It is used for food
and fodder production. The out-fringe of
the core zone is a ‘protective zone’,
covering about 10 to 20 ha of sandy land
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or sand dunes, where shelterbelts and
windbreaks are planted, and some
psammophytic shrubs planted for fuel
materials as well as for sand control. The
houses and the animal yard are also
arranged in the protective zone [57].
Outside of it is a circular shaped ‘buffer
zone’, occupying about 100 to 200 ha of
sandy land or dunes. As a transitional belt
between the protected zone and the bare
drifting dunes, this buffer zone is used for
light grazing, allowing 0.2 to 0.3 sheep
units in one ha, or even forbidding grazing
in the beginning of the small biosphere
construction for vegetation establishment
and to reduce the movement of sand.

With the increase in crop and fodder
production in the core zone the stocking
rate on the surrounding sandy rangeland
can be decreased gradually. This model
can both reduce poverty and protect
vegetation. Each small biosphere is
managed by one family, which consists of
4 to 6 people. This way the income of the
family has increased from less than 5,000
RMB yuan to more than 40,000 yuan in 5
years; the rangeland resource has been
restored and the environment improved
[78].

Iain Wind Direction

Tree Forest on Rdepdhme, Stk

Figure 3. Blocking Shifting Sang Dunes at Front and Dragging at back in Wushengqi [24].
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