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3. Sand dune fixation techniques

PRIMARY FIXATION
Mechanical dune stabilization
The initial phase in combating sand encroachment consists of halting or slowing the 
movement of sand by erecting fences 1 to 1.5 m high to cause a buildup of sand, leading 
to the formation of an artificial dune. The mechanical explanation for this process is 
that the fence slows down the flow of air, and this slowing down causes the air to 
release its load at this point. Two types of artificial dune are distinguished, depending 
on the positioning of the fence in relation to the prevailing wind.

Stop or check dunes, the most common way of preventing sand from advancing, are 
formed by setting up fences directly across the path of the prevailing wind (Figure 10). If 
winds also come from directions other than that of the prevailing wind, the installation 
incorporates a checkerboard or grid of stop lines, creating squares or diamonds between 
two successive fences. The nature and installation technique of these lines are similar 
to those of fences, with each element in the grid acting as a fence beyond which sand is 
deposited. The spaces within the grid are gradually filled up as they trap more sand.

Deflection or diversion dunes, which deflect advancing sand in a direction other 
than that of the prevailing wind, are formed by setting up fences at an angle of 120 to 
140 degrees to the average direction of the prevailing wind (Figure 11). However, this 

FIGURE 11
Deflection or diversion dune

Source: FAO, 1988

FIGURE 10
Stop or check dune

Source: FAO, 1988

Area to be protectedPrevailing wind

Stop dune

90º

Area to be protected
Prevailing wind 

Diversion dune

120º–140º  



Fighting sand encroachment: lessons from Mauritania 14

from the zone that is the object of the stabilization work.
The fences may be woven (more expensive) or unwoven, and are usually made of 

branches and twigs from mature forest stands of suitable species, such as natural stands 
of Prosopis juliflora, Balanites aegyptiaca and various acacias, but also of palm fronds or 
Leptadenia pyrotechnica or euphorbia stalks. This material must be rationally extracted 
so as not to endanger the sustainability of existing stands. Straw from millet, sorghum, 
rice and other natural leafy vegetation such as Panicum turgidum may also be used.

After the site has been marked out with stakes, the plant matter is set in a trench 
to form hedges. If it is hard to obtain plant matter, the use of perforated sheets of 
fibrocement or synthetic latticing is recommended.

If a fence is to work effectively, it must have a 30 to 40 percent permeability to the 
wind, so that it curbs wind speed and causes a buildup of sand without causing wind 
turbulence in the lee, and be no more than 1.2 m high, inasmuch as 95 percent of wind-
borne sand is found in the first 30 cm above the ground (Figure 12).

The fences and the interior grid must be regularly maintained and raised when the 
sand comes to 10 or 15 cm from their upper edge, so that they keep working effectively. 
Any breach in these structures can quickly set large amounts of sand in motion, again 
cancelling out their effectiveness. The fences are repeatedly raised until the artificial 
dune attains a balanced shape and thus becomes stable and fixed.

The size of the mesh in the grid is determined by the intensity of the winds and the slopes 
and shapes of the dune. The more complex the dune model, the denser the grid (fences and 
interior wattling), which can range from 600 to 1 200 linear metres per hectare.

Permanent posting of guards optimizes maintenance work by preventing any 
intrusion by livestock (camels, sheep, goats and donkeys), for which corridors are 
allocated. The guards can also make those living on the edges of protected areas aware 
of the need to respect and preserve the installations, which will quickly ensure the 
protection of their infrastructure (dwellings, mosques, crops, market gardens, roads, 
etc.) against sanding over and help protect their environment.

Mulch or protective screen
The mulch technique consists of covering the dune uniformly with a natural or artificial 
protective screen to prevent saltation and is adopted especially on flat or reasonably 
even surfaces. The mulch can be made of various materials, such as straw, branches, 
stalks, plastic film or acrylic fibre and mesh.

Grid made of extruded polystyrene
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For the sake of completeness, it should be mentioned that mineral oils (asphalt, 
heavy oil and crude oil) can also be used to fix moving sand. Although this procedure 
is expensive and tends to lack long-term effectiveness, it is adopted particularly in oil-
producing countries. The Islamic Republic of Iran, for example, has carried out major 
dune fixation work using this procedure, associated mainly with tamarisk plantations.

Aerodynamic method
This method aims at using the wind’s speed and carrying capacity, either (i) by making 
it remove unwanted sand deposits through procedures that increase its speed in contact 
with them (such as orienting streets in some Sahelian towns parallel to the prevailing 
wind, or placing stones at a certain distance from one another along the crest of the 
dune to be removed) and ensuring that it meets no obstacles and thus carries the 
deposits far away; or (ii) by shaping obstacles in the path of the sand-laden wind, 
so that they have an aerodynamic effect on the air flow, causing a compression that 
increases its speed instead of reducing it, but without creating any turbulence, a process 
that helps buildups of sand to be carried off. This latter principle of accelerating or 
maintaining wind speed stabilizes or increases its carrying capacity and therefore its 
drag power. Thus it literally sweeps away the sand that is to be removed. This method 
is the opposite of that of slowing down the wind through the use of fences. The most 
striking example of its use is the transverse streamlining of a road and a strip on either 

average total width of 25 m. In Mauritania, the method has been successfully applied to 
certain sections of the Road of Hope, although these sections must be monitored and 
the streamlining maintained if the effect is to be lasting.

BIOLOGICAL FIXATION
After dunes have been mechanically stabilized, they can then be permanently fixed by 
planting trees and perennial vegetation.

Dunes present a difficult environment for the establishment and growth of all 
plant species, so that any planting must be done with species that can adapt to the 
environment and the depth of residual moisture in underlying strata. Bare sand 
dunes have the special feature of conserving part of their infiltrated water for fairly 
long periods, inasmuch as they have a high light reflection coefficient (albedo) and 
very low heat conduction rate, so that they are little affected by major variations in 
temperature and are severely heated to a depth of only 1 m. Moreover, sand allows only 

FIGURE 12
Air flow above a permeable screen (A) and an impermeable screen (B)

Source: Centre Technique Forestier Tropical, 1989
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a weak capillary rise of moisture. The top 20 to 30 cm of the dune act as a protective 
screen, thus reducing the loss of the moisture in lower levels that is essential for the 
establishment and growth of the species planted.

Choice of woody and grassy species
The choice of species depends on climatic and ecological conditions. Species selected 
for planting should meet the following criteria:

between daytime and night-time temperatures;

thus offsetting the effects of drought;

nitrogen-fixing species (legumes).
Some species adapt to various parts of dunes, others to the areas between dunes. 

After many trials, the main species selected for planting in Mauritania are as follows. 
On inland dunes. Prosopis juliflora, the only woody species that has so far had 
good, sustainable results on this type of soil, and Aristida pungens are planted on 
very mobile strip dunes. Leptadenia pyrotechnica, Aristida pungens and Panicum 
turgidum are planted in deflation zones (departure zones for sand and hence 
liable to scouring). Other woody species, mainly various acacias (especially Acacia
raddiana and A. senegal), Balanites aegyptiaca, Euphorbia balsamifera and Persica 
salvadora, are planted in more stable zones.
On coastal dunes. Only halophytic woody and grassy species (those resistant 
to soil salinity and salt spray) are able to grow on coastal dunes. These include 
Nitraria retusa, Tamarix aphylla, T. senegalensis, Casuarina equisetifolia, Atriplex 
halimus, A. nummularia and Zygophyllum spp.

Descriptions of some of the species used in Mauritania are given in Annex 1.

Planting techniques
Planting period. In Mauritania, planting and restocking in high-mortality zones begin 
with the annual reforestation season, a period usually corresponding to the rainy 
season, from July or August to the end of October. When there is insufficient rainfall, 
as is often the case, seedlings receive additional water before and after planting, so that 
the tap root can reach the layer of residual moisture in the soil more quickly and the 
plant can become established.

Density of planting. In arid and semi-arid zones, density will depend on the richness 
of the soil and the depth of residual moisture, but particularly on rainfall. The lower 
the rainfall, the greater the spacing along and between planting lines, in order to avoid 
competition between seedlings and exhaustion of the soil’s water reserves. However, 
the density selected must allow the slowing and suppression of wind erosion.

In Mauritania, according to these criteria, planting spacing ranges from 5 × 5 m
in squares (400 seedlings to the hectare) or staggered (462 seedlings to the hectare), 
to 7 × 7 m in squares (200 seedlings to the hectare) or staggered (235 seedlings to 
the hectare), to 10 × 10 m in squares (100 seedlings to the hectare) or staggered 

mobile dunes. The spacing between lines also encourages the natural development of 
grassy cover. The rule adopted recommends planting one woody seedling per hectare per 
millimetre of effective rain. Thus, in a region with annual rainfall of 200 mm, the advice is 
to plant 200 woody seedlings per hectare combined with perennial grassy species.
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Preparation of the ground. Planting lines are laid out with a rope 100 to 150 m long, 
marking the position of the planting holes according to the density selected, either 
between the counter-dunes perpendicular to the prevailing wind or within the internal 
grid if the winds come from various directions. Seedlings can also be placed parallel to 
the fences to form a live fence that may in the short term replace the dry plant matter 
used for mechanical stabilization. The holes are made along the planting lines shortly 
before or at the time of planting to avoid having their sides cave in. Where there is little 
or no surface moisture in the sand, an initial watering is recommended before actual 
planting in order to moisten the dry layer above the residual moisture.

Planting. When taken from the nursery, the seedlings and/or cuttings in containers are 
carefully selected and well watered. Only vigorous specimens with a well-developed aerial 
and root system are sent to the planting site. Care is taken to avoid their exposure to sun or 
wind during transport. The ideal ratio between the aerial and root parts is 2.5 or 3 to 1.

Given the poor spread of rainfall in dry or semi-dry zones, planting must be carried 
out during a very short period and should preferably be started after a good rain in 
order to ensure that the seedlings take well. Planting is always carried out during the 
coolest hours, but can be carried out during the day if the weather is cloudy or rainy.

The success of planting depends on speed of execution, good organization, good 
distribution of teams on the ground, and the quantity of rainfall.

At the time of planting, the polyethylene pouches must be removed (slit along the 
bottom and down the side with a very sharp implement), collected and destroyed.

Planting can be done either on the surface with the neck of the seedling at ground 
level, or at a depth, so that the neck is level with the moist sand, thus allowing the 
seedling to use the deep moisture of the dune soil from the start.

In order to protect seedlings from the abrasive effect of the wind and give them a 
good chance of taking root, the aerial part should be at least 30 or 45 cm above the soil. 
The root system must not be placed in direct contact with dry sand. After watering, 
the holes must be filled in with wet sand. At the foot of the seedling, the soil is then 
covered with dry sand to prevent watering water from evaporating.

There is no further application of water during the dry season.
On live and moving dunes, it is recommended that seedlings be watered with a 

hollow metal cylinder, 40 cm in diameter and 40 cm in height, which allows the water 

10 litres of water moistens 25 cm of sand, the amount of water to be used depends on 
the depth of residual moisture.

Watering and planting with a cylinder
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Direct sowing or sod seeding. This technique of broadcast sowing in seed holes is 
inexpensive and uses much less labour than planting. However, the sowing period must 
be carefully chosen, usually after a rainfall of more than 50 mm. The results in terms of 
germination and growth depend on the quantity and frequency of rainfall during the 
current season. In arid and semi-arid regions, direct sowing tends to have a low success 
rate with a generally very high mortality of seedlings after germination.

Only species with large seeds, such as acacias and balanites, can be sown directly, 
since they contain sufficient nutritional reserves to nourish the seedling until the roots 
are well established and capable of absorbing moisture and nutrition from the soil.

The seed may receive some treatment prior to sowing, in the form either of soaking 
in hot or cold water, or immersion in sulphuric acid to speed up germination. It is also 
best to coat the seed with rodenticide and insecticide.

In Mauritania, broadcast direct sowing can also be carried out with local annual and 
perennial grassy species or Cucurbitaceae (Colocynthus vulgaris), although the success 
rate will depend solely on rainfall.

For some years, broadcast sowing from aircraft has also been tried out in several 
of the country’s wilayas after good rainfall has been recorded. This method is fairly 
expensive, however, and requires large amounts of seed and a good knowledge of 
meteorological conditions, particularly wind direction and speed.

However, prudence is required regarding any scaling up of this type of sowing, and 
careful study of germination and growth rates of the various species in these difficult 
zones is needed.

Fencing off and posting of guards. Dune fixation installations are extremely delicate 
elements and require constant all-round protection for several years, especially against 
wandering livestock. Guards are preferably recruited from villages or towns near 
the areas requiring protection. Rural communities also have a major role to play in 
ensuring the sustainability of these woody and grassy plantations, which are the source 
of future income (fuelwood, stakes, seed, fodder, etc.).

Aerial sowing
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